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Figure 1: Influenza-A-virion.
he infl A-type virus is by the HA in) and NA
H5N1 has one HA type 5 protein (H5) as well as one NA type 1 protein (N1).

proteins.

Prerequisites for a potential avian influenza pandemic among humans

There is growing concern that the H5N1 virus might cause a severe pandemic in the near
future. Two out of three prerequisites for such a pandemic have already been fuffilled [1]:

@The majority of humans does not possess any kind of immunity against the HSN1 virus
and second,

@ the virus is able to replicate efficiently inside the human body.

The third prerequesite which has not been fulfilled yet is:

@ a fast and effective spreading of H5N1 in the human population through the means of
human to human transmission of the virus [2][3].

However, a mutation in the H5N1 virus, leading to these human pathogenic
characteristics, could at any time fulfill this third prerequesite [3][4][5].

One of the dreaded potential mutations

Only two amino acid exchanges at the HA receptor
binding site of HSN1 are required in order to optimize
binding of the virus to N-acetyl-neuraminic acid, which is
found on epithelial cells of the human lung [6]. These
mutations would enable direct human to human
transmission of the H5N1 virus.

Figure 2. Depiction of the trimeric HA protein
Interaction of HA with NA (in green) is shown [7].

Goal

Development of a vaccine for H5N1
Identification of peptides of the potential H5SN1
mutants which might elicit an immune response in
humans. Humans could be immunized with these
peptides before the outbreak of a pandemic.

Approach

@ Computer-based analysis of candidate peptides of the mutated HSN1 which bind to
MHC-I with high affinity and hence are immunogenic.

@ Verification of these candidates through ELISA and IFN-y ELISPOT analysis in a
laboratory setting.

@ Animal testing of the candidate peptides which have found to be promising in the
above mentioned tests.
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Entwicklung eines synthetischen Peptid-Vaccins gegen H5N1 basierend auf MHC-I-Epitopen

@ Prediction of immunogenic MHC-I S
epitopes from the modified H5N1 protein

by NetCTL 1.2.

@ The same method of prediction was also
used for the H5N1 nucleoprotein (NP),

the polymerase protein (PB1) and the matrix
protein (M1), since these proteins also harbor
MHC-I epitopes in their amino acid sequence.
@ The NetCTL 1.2 prediction has been
employed for all pre-defined 12 HLA (human
leukocyte antigen) types; these encompass 99%
of MHC-I alleles of the entire human population.

Figure 2. The NetCTL 2.1 Server

ELISA Experiment

The actual binding affinity between the synthetical peptides and the MHC-I alleles from
the respective HLA types for which peptides have been predicted by NetCTL 1.2, need
to be investigated by using qu ELISA (see Syl Hvid et al., 2002 [9])

In order to do this, all did. (9mer peptides) need to be synthesized with a
purity of 95%.

Animal studies and IFN-y ELISPOT analysis

The immunogenic potency of the peptides needs to be verified using IFN-y ELISPOT
analysis (see Wang et al., 2007). For this purpose we are planning to utilize

murine PBMC cells (peripheral blood mononuclear cells) infected with the H5N1 virus
(see Gao et al., 2006).

To assess the effectiveness of the peptide vaccine, mice need to be treated with the
MHC-I peptides which had been verified to be immunogenic. Subsequently these mice
will be infected with the HSN1 virus. As a control, mice which have not received the
vaccine, will be infected with H5N1.

Clinical Studies

Clinical studies are crucial, since results from animal studies cannot always be directly
extrapolated to humans. For example, the majority of substances (about 90%) which had
proven safe in animal studies failed in successive human trials. The typical duration of
clinical studies is: Phase | — several weeks; Phase Il — weeks to months, and Phase Il —
months up to several years.

Preliminary Results and Discussion

of
prediction method

pitopes using the P -based MHC-I epitope

The number of epitopes for the 12 HLA types, which are hypothesized to being
presented as CTL ligands in humans, range from n=193 for the modified H5 protein,
n=189 for the NP protein, n=272 for the PB1 protein and n=85 for the M1 protein, with a
total of n= 739 epitopes.

Of these, n=12 had also been identified as true CTL ligands in a study published by
Wang et al., 2007) [7]. These 12 immunogenic epitopes are highly conserved and found
in a variety of Influenza A subtypes, so also in the HSN1 virus.

20 epitopes which have been predicted for the modified H5 protein are also found in the
sequence stretch of H5 which has been shown to be immunogenic by Gao et al., 2006
[8]. It is therefore highly likely that these are true CTL ligands, able to trigger an immune
reaction in humans, and consequently potent to confer protective immunity for HSN1.
Two of these epitopes harbor the mutation found in the modified H5 protein. However,
these epitopes only bind to two HLA types, HLA-B27 und -39.

It can be concluded that the method used in this study (using mutated H5 which is
adapted to humans in its receptor binding site, and subsquently designing a vaccine
from these H5 epitopes for protection from the human-adapted version of H5N1) might
not prove successful.

Summary and Discussion

32 peptides wich are true CTL ligands and hence valid candidates for a MHC-I based
vaccine, have been identified in this study. Theses peptides bind to 11 out of 12 HLA
types, leaving only HLA type B44 with no true immunogenic CTL ligand identified.
Nevertheless, the 11 HLA types A1, A2, A3, A24, A26, B7, B8, B27, B39, B58 and B62
cover 99% of HLA alleles of humans of all ethnicities. This means that a peptide vaccine
based on these 32 epitopes could most likely confer sufficient immunity against H5N1 in
humans.

Due to the highly conserved epitopes found in the NP, PB1 and M1 proteins of HSN1,
such a vaccine might also protect from a human-adapted version of H5N1.

Verification of these data by ELISA experiments, animal studies and clinical studies are
currently being planned.

Development of a synthetic peptid vaccine against H5N1 based on MHC-1 epitopes
S. Mouradl , H. Gafsi
Institute for Genetic Engineering, Ecology and Health (IGEEH) /
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Avian influenza is caused by the influenza-A-Avirus HSN1 which is found in birds.
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Figure 1: Influenza-A-virion.

The influenza-A-type virus is characterized by the HA (hemagluttinin) and NA (neuraminidase) proteins.

H5N1 has one HA type 5 protein (H5) as well as one NA type 1 protein (N1).

Prerequisites for a potential avian influenza pandemic among humans
There is growing concern that the H5N1 virus might cause a severe pandemic in the near
future. Two out of three prerequisites for such a pandemic have already been fulfilled [1]:
e The majority of humans does not possess any kind of immunity against the H5N1 virus
and second,
e the virus is able to replicate efficiently inside the human body.
The third prerequesite which has not been fulfilled yet is:
e a fast and effective spreading of H5N1 in the human population through the means of
human to human transmission of the virus [2][3].

However, a mutation in the H5N1 virus, leading to these human pathogenic characteristics, could at any time
fulfill this third prerequesite [3][4][5].



http://www.zgoeg.de/

Development of a synthetic peptidvaccine against H5SN1 based on MHC-I epitopes

Methods

Computer-based MHC-I prediction

e Prediction of immunogenic MHC-I
epitopes from the modified H5N1 protein

by NetCTL 1.2.

e The same method of prediction was also
used for the H5N1 nucleoprotein (NP),

the polymerase protein (PB1) and the matrix
protein (M1), since these proteins also harbor

MHC-I epitopes in their amino acid sequence.

One of the dreaded potential mutations

Only two amino acid exchanges at the HA receptor

binding site of H5N1 are required in order to
optimize

binding of the virus to N-acetyl-neuraminic acid,
which is

found on epithelial cells of the human lung [6].
These

mutations would enable direct human to human
transmission of the H5N1 virus.

Figure 2. Depiction of the trimeric HA protein
Interaction of HA with NA (in green) is shown [7].

Goal
Development of a vaccine for H5N1

Identification of peptides of the potential H5N1
mutants which might elicit an immune response in
humans. Humans could be immunized with these
peptides before the outbreak of a pandemic.

e The NetCTL 1.2 prediction has been employed Figure 2. The NetCTL 2.1 Server

for all pre-defined 12 HLA (human leukocyte
antigen) types; these encompass 99% of MHC-I
alleles of the entire human population.



Development of a synthetic peptidvaccine against H5SN1 based on MHC-I epitopes

ELISA Experiment
The actual binding affinity between the synthetical peptides and the MHC-I alleles from the respective HLA

types for which peptides have been predicted by NetCTL 1.2, need to be investigated by using quantitative
ELISA (see Sylvester-Hvid et al., 2002 [9]).

In order to do this, all candidates (9mer peptides) need to be synthesized with a
purity of 95%.
Animal studies and IFN-y ELISPOT analysis

The immunogenic potency of the peptides needs to be verified using IFN-y ELISPOT analysis (see Wang et
al., 2007). For this purpose we are planning to utilize

murine PBMC cells (peripheral blood mononuclear cells) infected with the H5N1 virus (see Gao et al.,
2006).

To assess the effectiveness of the peptide vaccine, mice need to be treated with the MHC-I peptides which
had been verified to be immunogenic. Subsequently these mice will be infected with the HSN1 virus. As a
control, mice which have not received the vaccine, will be infected with H5N1.

Clinical Studies

Clinical studies are crucial, since results from animal studies cannot always be directly extrapolated to
humans. For example, the majority of substances (about 90%) which had proven safe in animal studies failed
in successive human trials. The typical duration of clinical studies is: Phase | — several weeks; Phase Il —
weeks to months, and Phase 111 —

months up to several years.
Preliminary Results and Discussion
Identification of candidate epitopes using the computer-based MHC-1 epitope prediction method

The number of epitopes for the 12 HLA types, which are hypothesized to being presented as CTL ligands in
humans, range from n=193 for the modified H5 protein, n=189 for the NP protein, n=272 for the PB1 protein
and n=85 for the M1 protein, with a total of n= 739 epitopes.

Of these, n=12 had also been identified as true CTL ligands in a study published by

Wang et al., 2007) [7]. These 12 immunogenic epitopes are highly conserved and found in a variety of
Influenza A subtypes, so also in the H5N1 virus.

20 epitopes which have been predicted for the modified H5 protein are also found in the sequence stretch of
H5 which has been shown to be immunogenic by Gao et al., 2006 [8]. It is therefore highly likely that these
are true CTL ligands, able to trigger an immune reaction in humans, and consequently potent to confer
protective immunity for H5SN1. Two of these epitopes harbor the mutation found in the modified H5 protein.
However, these epitopes only bind to two HLA types, HLA-B27 und -39.

It can be concluded that the method used in this study (using mutated H5 which is adapted to humans in its
receptor binding site, and subsquently designing a vaccine from these H5 epitopes for protection from the
human-adapted version of H5N1) might not prove successful.

Summary and Discussion

32 peptides wich are true CTL ligands and hence valid candidates for a MHC-1 based vaccine, have been
identified in this study. Theses peptides bind to 11 out of 12 HLA types, leaving only HLA type B44 with no
true immunogenic CTL ligand identified.
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Nevertheless, the 11 HLA types Al, A2, A3, A24, A26, B7, B8, B27, B39, B58 and B62 cover 99% of HLA
alleles of humans of all ethnicities. This means that a peptide vaccine based on these 32 epitopes could most
likely confer sufficient immunity against HSN1 in humans.

Due to the highly conserved epitopes found in the NP, PB1 and M1 proteins of H5N1, such a vaccine might
also protect from a human-adapted version of H5N1.

Verification of these data by ELISA experiments, animal studies and clinical studies are currently being
planned.
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2.2 Introduction / Leddel/

Avian influenza is caused by the influenza-A-A
virus H5N1 which is found in birds. The
influenza-A-type virus is characterized by the
HA (hemagluttinin) and NA (neuraminidase)
proteins. H5N1 has one HA type 5 proteins (H5)
as well as one NA type 1 protein (N1).

The majority of humans do not possess any kind
of immunity against the H5N1 virus. The virus is
able to replicate efficiently inside the human
body, for this reason should be opposite this
pandemic. However, a mutation in the H5N1
virus, only two amino acid exchanges at the HA
receptor binding site of H5N1 are required in
order to optimize binding of the virus to N-

acetyl-neuraminicacid, which is found on

epithelial cells of the human lung. It causes a fast
and effective spreading of H5N1 in the human
population.

And the goal of the research is the identification
of peptides of the potential H5N1 mutants which
might elicit an immune response in humans.
Humans could be immunized with these
peptides before the outbreak of a pandemic.
Approach

eComputer-based analysis of candidate peptides
of the mutated H5N1 which bind to MHC-I with
high affinity and hence are immunogenic.
eVerification of these candidates through ELISA
and IFN-y ELISPOT analysis in a laboratory
setting.

e Animal testing of the candidate peptides which
have found to be promising in the above
mentioned tests.
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2.3 Theoretical basis / duslud/ 4 L0/

2.3.1 Influenza-A-virus HSN1/ _wgnil "sT" 155\ HON 1

The avian influenza is causes by the influenza— 15,s1 (s @) » HONT " 155l

A-virus H5N1 that belongs to the family of )
able dl s ) gl

Orthomyxoviruses

Orthomyxoviruses

2.3.2 Structure of virus particles and the genome of influenza A Virus / s asiery ogpdl) Sl (S
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transcribed in the
nucleus, stealing 5' caps
from host mRNAs. These
are then translated at
ribosomes.

¢ On the outside surface
of the influenza virus is a
lipid bilayer with HA,
NA and M2 proteins
inserted into it. Inside
the bilayer are eight
separate, linear RNA
segments that make up
the viral genome!.

1 . . .
www.microbiologytext.com/index

@ el e a0
s doly 0 ) 3 el
oo 5 aas sl anall Al
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2.3.3 Genome structure of influenza virus / 13 ¥1 sgpdl oyt (Sea

Segment: Size(nt) Polypeptide(s)
1 2341 PB2
2 2341 PB1
3 2233 PA
4 1778 HA
5 1565 NP
6 1413 NA

M1
7 1027

M2

NS1
8 890

NS2

Function
Transcriptase: cap binding
Transcriptase: elongation

Transcriptase: protease activity (?)

Haemagglutinin
Nucleoprotein: RNA  binding; part of
transcriptase complex;

nuclear/cytoplasmic transport of vVRNA
Neuraminidase: release of virus
Matrix protein: major component of virion
Integral membrane protein - ion channel

Non-structural: nucleus; effects on cellular
RNA transport, splicing, translation. Anti-
interferon protein.

Non-structural: nucleus+cytoplasm, function
unknown

Genetics of influenza viruses. Ann Rev Genet. 2002 36: 305-332.

A representation of the flu
virus that shows the outer
shell and a cutaway
revealing the 8 RNA pieces
that comprise the genome
of the virus. The outer shell
is composed of lipids
obtained from the last host

cell.

This is decorated with hemagglutinin (HA,
yellow) and neuraminidase (NA, pink). HA
is necessary for entrance into cells, while
NA is needed for release from cells. NP is
the viral polymerase. These copies the RNA

genome into mRNA for protein synthesis
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and later in the life cycle makes copies of
each RNA for new viral particles. NP is
very error prone and creates many
mutations in the viral genome. HA and NA
therefore change rapidly, and escape
recognition by our immune systems.

The genome of the virus is composed of
eight (-) single-stranded RNAs (these (-)
strands cannot be translated into protein)
with each segment being complementary to
one mRNA. Six of the eight mRNAs code
for single proteins, while the remaining two
code for two proteins by differential
splicing of the RNA. Each mRNA segment
is associated with multiple copies of the
nucleocapsid protein (NP) and an RNA
polymerase (made from the viral proteins
PB1, PB2 and PA).
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BUDDING

POST-TRANSLATIONAL PROCESSING

TRANSLATION

RELEASE

ATTACHMENT

ENDOCYTOSIS,
ACIDIFICATION

FUSIONS
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-

Egloplasm

3 www.microbiologytext.com/index
4 Source: www.microbiologytext.com/index
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1. Adsorption

The virus becomes attached to the cells, and at
this stage, it can be recovered in the infectious
form without cell lysis by procedures that
either destroy the receptors or weaken their
bonds to the virions. Animal viruses have
specialized attachment sites distributed over
the surface of the virion e.g. orthomyxoviruses
and  paramyxoviruses  attach  through
glycoprotein spikes, and adenoviruses attach
through the penton fibers. Adsorption occurs
to specific cellular receptors. Some receptors
are glycoproteins, others are phospholipids or
glycolipids. These are usually macromolecules
with specific physiological functions, such as
complement receptors for EBV. Whether or
not receptors for a certain virus are present on
a cell depends on the species, the tissue and its
physiological state. Cells lacking specific
receptors are resistant. Attachment is blocked
by antibodies that bind to the viral or cellular
sites involved.

2. Penetration

Penetration rapidly follows adsorption, and
the virus can no longer be recovered from the
intact cell.

The most common mechanism is receptor
mediated endocytosis, the process by which
many hormones and toxins enter cells

The virion is endocytosed and contained
within a cytoplasmic vacuole

3. Uncoating

A key step in uncoating is the acidification of
the content of the endosome to a pH of about
5, owing to the activity of a proton pump
present in the membrane

The low pH causes rearrangement of coat

components, which then expose normally
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hidden hydrophobic sites.
They bind to the

membrane, causing the extrusion of the viral

lipid bilayer of the

core into the cytosol. For influenza virus, the
acid-sensitive component is the core HA2 unit
of the haemagglutinin, for adenoviruses, it is

the penton base.
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adenoviruses l il

Endosomal
membrane

Endosomal
proton pump

4. Viral Nucleic Acid Replication

Virulent viruses, either DNA and RNA,
shut off cellular protein synthesis and
disaggregate  cellular  polyribosomes,
favouring a shift to viral synthesis

The mechanism of protein synthesis shut-
off varies even within the same viral family
Poliovirus, using a viral protease, causes
cleavage of a 200 Kd cap-binding protein,
for initiation of

which is required

translation of capped cellular messengers.
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In contrast to virulent viruses, moderate Qoo Waee wlagps Sl Sl olugpdl ow oSS! g
viruses e.g. polyomaviruses may stimulate
the synthesis of host DNA, mRNA, and
protein alal) adsl)

This phenomenon is of considerable

Slggpdl 5 blly "a"L ) aas 544 O LSk polyomaviruse
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interest for viral carcinogenesis. )

Maturation and Release ool g s
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complex viruses®
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6 http://virology-online.com/general/Replication.htm
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This gene encodes a serum protein found in
association with the major histocompatibility
complex (MHC) class I heavy chain on the surface

of nearly all nucleated cells. The protein has a

can form amyloid fibrils in some pathological
conditions. A mutation in this gene has been
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shown to hypercatabolic

hypoproteinemia’
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The sequence of HLA-A*0201 was extracted from ncbi: http://www.ncbi.nlm.nih.gov/

ORIGIN

61
121
181
241
301
361
421
481
541
601
661
721

atggccgtca
cagacctggg
cgcggggagce
gacagcgacg
ccggagtatt
gacctgggga
aggatgtatg
gcctacgacg
gacatggcag
agagcctacc
gagacgctgc
catgaagcca

tggcagcggg

tggcgcceccecceg
cgggctctca
cccgcettcecat
ccgcgagceca
gggacgggga
ccctgcgcgg
gctgcgacgt
gcaaggatta
ctcagaccac
tggagggcac
agcgcacgga
ccctgaggtg
atggggagga

7 http://www.ncbinlm nih.gov/

aaccctcgtc
ctccatgagg
cgcagtgggc
gaggatggag
gacacggaaa
ctactacaac
ggggtcggac
catcgccctg
caagcacaag
gtgcgtggag
cgcccccaaa
ctgggccecctg

ccagacccag

ctgctactct
tatttcttca
tacgtggacg
ccgegggege
gtgaaggccc
cagagcgagyg
tggcgcttcce
aaagaggacc
tgggaggcgg
tggctccgca
acgcatatga
agcttctacc

gacacggagc

cgggggctct
catccgtgtc

acacgcagtt
cgtggataga
actcacagac
ccggttctceca
tccgcgggta
tgcgctcttg
cccatgtggce
gatacctgga
ctcaccacgc
ctgcggagat
tcgtggagac

ggccctgacc
ccggceccggce
cgtgcggttce
gcaggagggt
tcaccgagtg
caccgtccag
ccaccagtac
gaccgcggcg
ggagcagttg
gaacgggaag
tgtctctgac
cacactgacc

caggcctgca
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781
841
901
961
1021
1081

ggggatggaa
tacacctgcc

tcttcccage
gtgatcactg
ggagggagct
acagcttgta

ccttccagaa
atgtgcagca
ccaccatccc
gagctgtggt
actctcaggc

aagtgtga

gtgggcggcet
tgagggtttg
catcgtgggce
cgctgctgtg
tgcaagcagt

gtggtggtgc
cccaagcccce
atcattgctg
atgtggagga

gacagtgccc

cttctggaca
tcaccctgag
gcctggttcet
ggaagagctc
agggctctga

The sequence of 32-m was extracted from ncbi: http://www.ncbi.nlm.nih.gov/

ORIGIN

1
61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

aatataagtg
atgtctcgcet
atccagcgta
aatttcctga
aagaatggag
tctttctatc
cgtgtgaacc
gcagcatcat
gcttgctttt
ataataatgt
gtttgatgta
gtggggagca
atctcttgca
catactctgc
tttgttataa
gataaagtaa

tcataaaact

gaggcgtcge
ccgtggectt
ctccaaagat
attgctatgt
agagaattga
tcttgtacta
atgtgacttt
ggaggtttga
taatattgat
taacatggac
tctgagcagg
gagaattctc
ctcaaagctt
ttagaatttg
tgaatgaaac

ggcatggttg
tgatgtgtta

gctggcgggce
agctgtgctc
tcaggtttac
gtctgggttt
aaaagtggag
cactgaattc
gtcacagccc
agatgccgca
atgcttatac
atgatcttct
ttgctccaca
ttatccaaca
gttaagatag
ggggaaaatt
attttgtcat
tggttaatct
tctctta

attcctgaag
gcgctactct
tcacgtcatc
catccatccg
cattcagact
acccccactg
aagatagtta
tttggattgg
acttacactt
ttataattct
ggtagctcta
tcaacatctt
ttaagcgtgce
tagaaatata
ataagattca
ggtttatttt

2.4.1 Cloning of the HLA-A*0201 and b-2m gene from PBMC?

Protocol:

1.

Isolate’ the total RNA that was extracted from the peripheric blood monocytes (PBMC) from 10

ctgacagcat
ctctttctgg
cagcagagaa
acattgaagt
tgtctttcag
aaaaagatga
agtgggatcg
atgaattcca
tatgcacaaa
actttgagtg
ggagggctgg
ggtcagattt
ataagttaac
attgacagga
tatttacttc

tgttccacaa

ml human_s anticoagulative venous blood was dissolved in 50uL ddH20O.
RESULT: total RNA only

Quantify by ultraviolet or spectrophotometer. Goal: for incertitude that find RNA if the number <

1.3.
Amplify The extracellular fragment
transmembrane) using total RNA as

of HLA-A*0201

a template with the forward primer:

(including

ggagcagaga
atgggagccg
ctttggagct
agatagaaaa

tgtgtctctc

tcgggccgag
cctggaggct
tggaaagtca
tgacttactg
caaggactgg
gtatgcctgce
agacatgtaa
aattctgctt
atgtagggtt
ctgtctccat
caacttagag
gaactcttca
ttccaattta
ttattggaaa
ttatacattt

gttaaataaa

the fragment of

8 This step was extracted from Protein Expression and Purification 35 (2004) 210-21, form science direct

www.sciencedirect.com.

9 The procedures of this step as follows in peqGOLD kit and for more details please see the part 3.5.
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CCCTGACCCAGACCTGGGCGG-3 and the reverse primer 3'-
AGGGTCGGGTGGTAGGGGTAG-5".by PCR as follows:

RESULT: Amplification the DNA segment of HLA-A*0201 only.

4. Then using the PCR-product as a template amplified the just extracellular fragment of HLA-
A*0201 with the forward primer 5'-GGCTCCCACTCCATGAGGTAT-3" and the reverse primer
3’-GGGAGTGGGACTCTACCCTCG -5".

RESULT: by nested PCR can surely the amplification of DNA segment of HLA-A*0201.

5. Analogously, we constructed b-2m expression vector; however, there were some differences
between them. The fragment encoding b-2m was amplified using total RNA as a template with
the forward primer 5-GCATCCAGCGTACTCCAAAGA-3" and the reverse primer 3'-
ATTCACCCTAGCTCTGTACCG-5". The PCR protocol was the same as that used in
amplification of HLA-A*0201.

RESULT: Amplification the DNA segment of f2m only.

6. After purification from an agarose gel. The DNA sequences were verified by sequencing.

2.4.2 Expression of HLA-A*0201 and b-2m
We referred on this step to expression by pETvector with BL21 (DE3) (host strain for expression).

2.4.2.1 Prepare pET Vector:
To digest and gel-purify the vector'®:

Reagent:

- pET vector
- 10X restriction enzyme buffer

- EcoR I restriction enzyme

calf intestinal alkaline phosphatase

1. Assemble the following components in a microcentrifuge tube:

e 3 ug pET vector

e 3 ul 10X restriction enzyme buffer

e 1020 U EcoR I restriction enzyme (assuming compatible buffer; the total volume of enzyme
added should not exceed 10% of the reaction volume to avoid high glycerol concentrations)

e x ul Nuclease-free water brought to volume
30 pl Total volume

2. Incubate at the appropriate temperature (usually 37°C) for 2—4 h.

3. Run a 3 ul sample together with Perfect DNA™ Markers on an agarose gel to check the extent of
digestion.

10 This step from Novagen.”
lifeserv.bgu.ac.il/'wb/zarivach/.../Novagen%20pET%20system%20manual.pdf’
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4. When digestion is complete, add calf intestinal alkaline phosphatase (Calbiochem Cat.
No0.524576) directly to the remainder of the digestion. The enzyme functions in most restriction
buffers under the conditions described here. It is important to use the correct amount of enzyme;
too much can cause unwanted deletions and can be difficult to remove for future steps. Three ug
of a typical pET vector (5 kbp) corresponds to about 2 pmol DNA ends when linearized, or about 4
pmol ends if two enzymes were used for digestion. We recommend using 0.05 units of alkaline

phosphatase per pmol ends. Dilute the enzyme in water or 50 mM Tris-HCI, pH 9.0 just before use.
5. Incubate at 37°C for 30 min.

6. Add gel sample buffer to the reaction and load the entire sample into a large well (0.5-1.0 cm
wide) on a 1% agarose gel containing 0.5 pg/ml ethidium bromide. Run the gel far enough to
separate the linear plasmid from nicked and supercoiled species. It is useful to run uncut vector

DNA in an adjacent lane to help distinguish undigested from linearized plasmid DNA.

7. Visualize the DNA band with a long wave UV light source and cut the band from the gel using a
clean razor blade. Avoid over exposure to the light source, which can cause nicks and double
strand breaks in the DNA.

8. Recover the DNA from the gel slice. The SpinPrep™ Gel DNA Kit (Cat. No. 70852-3) is ideal for
this application. Resuspend the final product in a total volume of 30 pl (usually about 50 ng/ul
DNA). The DNA can be quantified spectophotometrically or using the PicoGreen kit from

Molecular Probes. Assume recoveries in the range of 50% for the ligation step.

9. Store the treated vector at —20°C until use.

2.4.2.2 Prepare the insert DNA with the adapter
Suggested Conditions for Adapter Addition to DNA™.

Reagent:

1. 5X adapter buffer

2. EcoR I(Not I) adapter (1 mg/ml)
3. 0.1MDTT

4. T4 DNA ligase (1 U/ul)

5. T4 polynucleotide kinase.

1. Add the following reagents to a microcentrifuge tube on ice.

- Up to 5 ug blunt-ended DNA
- 10 pl 5X adapter buffer (330 mM Tris-HCI (pH 7.6),50 mM MgCl2, 5 mM ATP)
- 10 pl EcoR I(Not I) adapter (1 mg/ml)'?

11 This step was extracted from invitrogen life technologies.

12 EcoR I(Not I) adapter may be used to add EcoR | cohesive ends directly to any blunt-ended DNA fragment. The
adapter is formed by annealing two oligonucleotides together forming a phosphorylated, blunt end and a
nonphosphorylated EcoR I half-site. Ligation to blunt ended DNA results in EcoR | half-sites on both ends of the DNA.
The adapted DNA may be ligated into any EcoR | containing vector. The adapter also contains the recognition
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- 7ul01MDTT
- distilled water sufficient to bring the volume to 45 pl.
2. Then add 5 ul of T4 DNA ligase (1 U/ul) and mix gently.

3. Incubate the reaction for a minimum of 16 h at 16°C.
4. Heat the reaction at 70°C for 10 min to inactivate the ligase.

5. Place the reaction on ice. The adapted DNA, after adapter removal (step 9) may be ligated
directly to any phosphorylated, EcoR I-digested vector.

However, if a dephosphorylated EcoR I-digested vector is used, the adapted cDNA must be
phosphorylated first before adapter removal (step 6).

6. Add 3 ul (30 units) of T4 polynucleotide kinase to the reaction from step 5.
7. Mix gently, and incubate the reaction for 30 min at 37°C.
8. Heat the reaction at 70°C for 10 min to inactivate the kinase and place the reaction on ice.

9. Remove the excess EcoR I(Not I) adapters by column chromatography (ie. cDNA Size
Fractionation Columns, Cat. No. 18092-015) or by some other method (ie. gel electrophoresis) and

then ligate into the appropriate vector.

2.4.2.3 LIGATION

Reagent:
- 10X Ligase Buffer (200 mM Tris-HCI pH 7.6,
- 100 mM MgCl2

- 100 mM DTT

- 10 mM ATP

- 50 ng/ul prepared pET vector

- T4 DNA ligase, diluted (with ligase dilution buffer) 0.2-0.4 Weiss units/ul
- Prepared target gene insert (0.2 pmol)

- Nuclease-free water

- Ligase
Procedures:

One consistently successful protocol for ligation is presented here.

sequences for Not | and Sal | restriction enzymes. Thus, DNA inserts may be cleaved from the vector using EcoR | or
either of the rare cutting enzymes, Not | or Sal I.

Adapter sequence: 5-pGTCGACGCGGCCGCG
CAGCTGCGCCGGCGCTTAA-OH-5'

Storage Buffer

10 mM Tris-HCI (pH 7.5)

100 mM NaCl

1 mMEDTA

Quality Control Assays:

This product has passed a self-ligation quality control assay.
Doc. Rev.: 100901

21



Development of a synthetic peptidvaccine against HSN1 based on MHC-I epitopes

1. For a standard reaction using DNA fragments with 2—4 base sticky ends, use 50-100 ng (0.015-

0.03 pmol) of pET vector with 0.2 pmol insert (50 ng of a 500 bp fragment) in a volume of 20 ul.
Assemble the following components in a 1.5 ml tube (these components are available separately in
the DNA Ligation Kit, Cat. No. 69838-3) or use the Clonables™ 2X Ligation Premix (Cat. No.
70573-3). Add the ligase last.

e 2 ul 10X Ligase Buffer (200 mM Tris-HCl pH 7.6,
e 100 mM MgCI2
e 2ul100 mM DTT
e 1ull10mM ATP
e 2 ul 50 ng/ul prepared pET vector
e 1l T4 DNA ligase, diluted (with ligase dilution buffer) 0.2-0.4 Weiss units/pl
e x ul Prepared target gene insert (0.2 pmol)
¢ vy ul Nuclease-free water to volume
20 pl Total volume
2. Add the ligase last, and gently mix by stirring with a pipet tip. Incubate at 16°C for 2 h to

overnight. Also set up a control reaction in which the insert is omitted to check for

nonrecombinant background.

Note: For blunt ends, use 10X more ligase (i.e., undiluted enzyme), reduce the ATP concentration to 0.1

mM and incubate for 6-16 h at 16°C or 2 h at room temperature.
Transformation INTO EXPRESSION HOST
Reagent:

e competent cell.
e 50C Medium.
e LB agar plates

Procedures:

1. Remove the appropriate number of competent cell tubes from the freezer (include one extra
sample for the Test Plasmid positive control, if desired). Immediately place the tubes on ice, so that
all but the cap is surrounded by ice. If the standard cells are to be used, place the required number
of empty 1.5 ml polypropylene microcentrifuge tubes on ice to prechill. Allow the cells to thaw on
ice for ~2-5 min.

2. Visually check the cells to see that they have thawed and gently flick the cells 1-2 times to
evenly resuspend the cells.

3. Standard Competent Cells:

Pipet 20 ul aliquots of cells into the pre-chilled tubes.

Singles Competent Cells:

Proceed to Step 4 or 5, depending on whether a Test Plasmid sample is included as a positive
control.

4. (Optional) to determine transformation efficiency, add 0.2 ng (1 ul) Test Plasmid provided with
Competent Cells to one of the tubes containing cells. Stir gently to mix and return the tube to the
ice.

5. Add 1 pl of a ligation reaction or purified plasmid DNA directly to the cells. Stir gently to mix
and return the tube to the ice, making sure that the tube is surrounded by ice except for the cap.
Repeat for additional samples.
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6. Incubate the tubes on ice for 5 min.

7. Place the tubes in a 42°C water bath for exactly 30 sec; do not shake.

8. Place the tubes on ice for 2 min.

9. Standard Competent Cells:

Add 80 pl of room temperature SOC Medium to each tube. Keep the tubes on ice until all have
received SOC.

Singles Competent Cells

Add 250 pl of room temperature SOC Medium to each tube. Keep the tubes on ice until all have
received SOC.

10. Selection for transformation is accomplished by plating on medium containing antibiotic for
the plasmid encoded drug resistance. Additional host-specific antibiotics may also be appropriate
to ensure maintenance of the host feature(s).

When using NovaBlue: if selecting for B-lactamase (carbR/ampR), no outgrowth (shaking
incubation) step is required, although slightly higher cloning efficiencies may be obtained with 30—
60 min outgrowth. Plate 5-50 pl cells directly on selective media. If selecting for kanamycin
resistance, shake at 37°C (250 rpm) for 30 min prior to plating.

When using strains other than NovaBlue: shake at 37°C (250 rpm) for 60 min prior to plating.
Prepare LB agar plates with appropriate antibiotic ahead of time

Notes: The outgrowth incubation is conveniently performed in a shaking incubator using a test
tube rack anchored to the shaking platform. Place each transformation tube in an empty 13 mm x
100 mm glass test tube in the rack. The snap-caps on the transformation tubes prevent them from
falling to the bottom of the test tubes, and all transformation tubes remain vertical.

During the outgrowth (or earlier if omitting outgrowth), place the plates at 37°C. If the plates contain
a lot of moisture, place them cover-side up and open the cover ~1/3 of the way to allow the plates to dry
for 30-45 min. If the plates do not need drying, keep them closed and place them cover-side down
in the 37°C incubator for ~20 min prior to plating.

11. Spread 5-50 ul of each transformation on LB agar plates containing the appropriate antibiotic
for the plasmid and host strain. When plating less than 25 pl, first pipet a “pool” of SOC onto the
plate and then pipet the cells into the SOC. Please see the part 4.6 for additional details on plating
technique.

Important: The appropriate amount of transformation mixture to plate varies with the efficiency of
both the ligation and the competent cells. As little as 2 ul will yield several hundred transformants
under highly efficient conditions (e.g., with NovaBlue cells giving > 4 x 10 8 cfu/ug). For
recombinants in NovaBlue, expect 10 5-10 7 transformants/ug plasmid, depending on the
particular insert and the ligation efficiency.

When using the Test Plasmid, plate no more than 5 ul (e.g., 5 ul of NovaBlue cells at 1 x 10 8
efficiency) or 10 ul (e.g., 10 pl of cells at 1 x 10 6 efficiency) of the final transformation mix in a pool
of SOC on an LB agar plate containing 50 pg/ml carbenicillin or ampicillin (because the Test
Plasmid carries the ampR gene).

12. Let the plates sit on the bench for several min to allow excess liquid to be absorbed, and then

invert and incubate overnight at 37°C.

2.4.3 Extraction and solubilization of inclusion bodies

Reagent:

- 10mM tris HC1, pH8
- 10 mM tris HCl, pH7
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- 8M Urea, 100 mM Tris HCl, pHS8
- 8Murea 20 mM Tris ,PH 8
- LYSOSYM (100 pg /ml)
- Phenyl methyl sulfonyl fluorid (50ug/ml)
- DNase (20pg/ml)
- RNase (20pg/ml)
- 1mM EDTA
- 0-100 mM NaCl
Purification of recombinant proteins:

1- The cell were harvested by centrifugation at an OD650 OF 1.8-2.0

2- The cell pellets were resuspended in 10 mM Tris HCL.pH 8 (20 ml) resuspension, containing
lysozyme (100 pg / ml), phenyl methyl sulfonyl fluoride (50 pg / ml), DNase(20 pg/ml),RNase
(20 pg / ml),and ImM EDTA and incubated at 22-c for 20 min.

3- The cells were lysed by sonication’® and then centrifuged (10000xg).for 20 min.

4- The pellet containing recombinant protein was washed with 10 mM Tris HCl, pH 8(20 ml).

5- It is then dissolved in 100 mM Tris HCl, pH8/8 M urea (10 ml), and centrifuged at 4°C for 1
hour.(150000xg)

6- The recombinant protein purified on Q Sepharose fast flow'.

Using a HiTrap 1-ml column with a syringe. (A) Prepare buffers and sample. Remove the column’s top cap

and snap off the end. Wash and equilibrate. (B) Load the sample and begin collecting fractions. (C) Wash,

elute, and continue collecting fractions's.

7- fractions, the purified HLA heavy chains contained stored at-20°C for use in the ELISA
experiment

2.4.4 ELISA assay of peptide-MHC complex formation:
Material:

13 Sonication is the act of applying sound (usually ultrasound) energy to agitate particles in a sample.

In biological applications, sonication may be sufficient to disrupt or deactivate a biological
material. This process is called sonoporation. Sonication is also use to fragment molecules of
DNA. This is an alternative to the freeze-pump-thaw(by Schlenk flask) and sparging methods.
It is especially useful when it is not possible to stir the sample, as with NMR tubes

14 The ion exchange chromatography Q sepharose FF was purchased from GE Healthcare. see
www.gelifesciences.com/hitrap for more details

15 Took from GE Healthcare.
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- Pan specific mouse anti HLA class I antibody,W6/32

- Polyclonal rabbit antihuman 32m-HRP

- dextran polymer conjugated with goat antirabbit IgG and HRP
- 96 well Maxisorp ELISA Plates

- Pluronic lutrol F-68

- Peptide

- 100mM carbonate buffer (PH 9.6)

- 107. w/v skimmed milk powder in PBS (SMP-PBS)

- 0.057. Tween-20 in PBS

- 0.3 mM Tris-maleat buffer( PH 6.6)

Day 1
-96 well Maxisorp ELISA Plates were coated and let overnight at 4°C with W6/32.

Using 50 ul/well at 5 pl/ml, in 100 mM carbonate buffer, PH 9.6.

Day 2
-Add 320 pl/ well 107. w/v skimmed milk powder in PBS ( SMP-PBS) to block the residual bind.

-Wash twice with 600 pl/ well of 0.05 /. Tween-20 in PBS at room temperature using an automated

plate washer to remove unbound W6/32 and blocking reagent

-On ice, purified recombinant HLA molecule in 8M Urea and 20mM tris PH8 were diluted 100-
fold into a 0.3 mM tris maleat buffer, PH 6.6, contaning human 32m, peptide and lutrol F- 68 at
the concentrations indicated.
3nM MHC-I HC is optimal

1g/L lutrol F-68
100nM (32m is optimal
10,000nM petid (optimal 1nM to 1uM)

- To allow complex formation the reaction mixtures were incubated at 18°C for 48h.

Day 3

Incubation

Day 4

-Just prior to the ELISA analysis, the reaction volume was diluted 10 times into 27. SMP/PBS at 4°C.

-50 ul/well with PBS/0.05% Tween 20 were transferred in triplicate to a W6/32 coated plate.
-The plate was incubated for 2h at 4°C.

-Washed 6 times with 600 ul/well with PBS/0.05% Tween 20 at room temperature.

-detect the binding complex,the plate was incubated for 1h at 4°c, with 50 ul/ well of a polyclonal
rabbit antihuman $2m-HRP diluted 1:2500 into 2% SMP-PBS and the washed 6*600 ul/well with
PBS 0.05% tween 20 at room temperature

-To enhance the detection, the plate was subsequently incubated for 30 min at room temperature
with a dextran polymer conjugated with goat antirabbit IgG and HRP diluted in 1:15 in 2% SMP-
PBS containing 1% normal mouse serum.

-Washed 6*600 pl/well with PBS/0.05% Tween 20 at room temperature.

-ELISA was developed with 3,3" 5,5 -tetramethylbenzidine hydrogenperoxide for 30 min at room
temperature.
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-Colorimetric reaction was read at 450nm using a Victor Multilabel ELISA counter
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2.4.5 More details:
I- The peqGOLD total RNA Kit

INTRODUCTION

The peqGOLD Total RNA Kit provides a rapid and easy method for the isolation of up to 100 ug of total
RNA from eukaryotic cells and tissues. This kit allows processing of a single or multiple samples in less
than 30 min. Normally, up to 1 x 107 cells or 40 mg tissue can be used in a single experiment. There is no
need for phenol/chloroform extractions and time-consuming steps such as CsCl gradient
ultracentrifugation or precipitation with isopropanol. While this kit may be used for isolation of RNA
from whole blood, we recommend to use the peqGOLD Blood RNA Kit (product # 12-6814) as it is
specifically designed for effective hemolysis and hemoglobin removal and gives therefore higher RNA
yields from blood.

RNA purified using the peqGOLD Total RNA Kit is ready for applications such as RT-PCR, Northern
blotting, poly(A)+-RNA (mRNA) purification, nuclease protection assays and in vitro translation.
peqGOLD Total RNA Kits are available with Safety-Line (Order No. 12-6834-xx) or Classic Line (Order
No. 12-6634-xx) columns. Safety-Line columns can be closed tightly by lids to avoid cross-contamination
more effectively. Classic-Line colums do not have lids for a more comfortable handling.

PRINCIPLE

The peqGOLD Total RNA Kit uses the reversible binding properties of the PerfectBind RNA Column, a
new silica-based material. This is combined with the speed of minicolumn spin technology. A
specifically formulated high salt buffer system allows more than 100 pg of RNA molecules greater than
200 bases to bind to the matrix. Cells or tissues are first lysed under denaturing conditions that
practically inactivate RNases. Samples are then applied to the PerfectBind RNA Columns to which total
RNA binds, while cellular debris and other contaminants are effectively washed out. High quality RNA
is finally eluted in RNase-free sterile water.

KIT COMPONENTS

peqGOLD Total RNA Kit

Order No. Safety-Line

Order No. Classic-Line

Components

PerfectBind RNA Columns

DNA Removing Columns

2.0 ml Collection Tubes

RNA Lysis Buffer T

RNA Wash Buffer I

RNA Wash Buffer II (conc.)

RNase-free Water

Instruction manual

STORAGE AND STABILITY

The peqGOLD Total RNA Kit components should be stored at room temperature. If stored under
these conditions, all components are stable for at least 12 months from the date of purchase.
During shipment crystals may form in the RNA Lysis Buffer T. Warm up to 37°C to dissolve.

BEFORE STARTING

Briefly examine this booklet and become familiar with each step. Prepare all components and have

the necessary materials ready before starting.

! Whenever working with RNA, always wear one-way gloves to minimize RNase contamination.

Use only fresh RNase-free disposable plastic pipette tips when using the supplied reagents.

! Work carefully but as quickly as possible during the procedure.

27



Development of a synthetic peptidvaccine against H5SN1 based on MHC-I epitopes

! Under cool ambient conditions, crystals may form in RNA Lysis Buffer T. This is normal and the
bottle should be warmed (37 °C) to dissolve the salt before use.

! RNA Wash Buffer Il is concentrated and has to be diluted with absolute ethanol as follows:
12-6834-00 Add 8 ml 100% EtOH to 2 ml Wash Buffer II.

12-6834-01 Add 80 ml 100% EtOH to 20 ml Wash Buffer II.

12-6834-02 Add 3 x 80 ml 100% EtOH to 3 x 20 ml Wash Buffer II.

! Store diluted RNA Wash Buffer II at room temperature.

! All steps must be carried out at room temperature (22 — 25 °C).

PEQGOLD TOTAL RNA ISOLATION PROTOCOL

Eucaryotic cells and tissue

Materials to be supplied by the user:

1100 % Ethanol

!' 70 % Ethanol in sterile RNase-free dH20

! Sterile RNase-free pipet tips and centrifuge tubes

1. Homogenization and lysis

a. Tissue

Excise tissue (~ 40 mg, 3 mm3) and promptly freeze in a small volume of liquid nitrogen.

Grind tissue with a ceramic mortar and pestle under approximately 10 ml of liquid nitrogen.

Wear gloves and take great care when working with liquid nitrogen.

Transfer the suspension into a pre-cooled 15 ml polypropylene tube. If the tube is not precooled (in
liquid nitrogen), the suspension will boil vigorously possibly causing loss of tissue. When the
liquid nitrogen has completely evaporated, add 400 ul RNA Lysis Buffer T. Transfer the lysate
directly into a DNA Removing Column placed in a 2.0 ml Collection Tube. Centrifuge at 12.000 x g
for 1 min at room temperature. Transfer the flow-through lysate into a new 1.5 ml tube.

For RNase rich tissues or more than 40 mg tissue, use 600 ul of RNA Lysis Buffer T. However, do not use
more than 50 mg tissue.

For homogenization, you may also use glass-, teflon- or electric homogenisators.

b. Monolayer Cells

For tissue culture cells grown in monolayer (adherent fibroblasts, endothelial cells etc.), lyse the
cells directly in the culture vessel as follows. Aspirate culture medium completely and add RNA
Lysis Buffer T directly to the cells. Use 800 ul for T35 flasks or 10 cm dishes, and 400 ul for smaller
vessels. Pipet buffer over entire surface of vessel to ensure complete lysis. Transfer the lysate
directly into a DNA Removing Column placed in a 2.0 ml Collection Tube. Centrifuge at 12.000 x g
for 1 min at room temperature. Transfer the flow-through lysate into a new 1.5 ml tube.

This method is preferable to trypsinization followed by washing because it minimizes RNA degradation by
nuclease contamination.

c. Suspension culture

For cells grown in suspension cultures, pellet cells at 1.500 rpm (400 x g) for 5 min. Pour off
supernatant and add 400 ul RNA Lysis Buffer T per 1 x 107 cells. Transfer the lysate directly into a
DNA Removing Column placed in 2.0 ml Collection Tube. Centrifuge at 12.000 x g for 1 min at
room temperature. Transfer the flow-through lysate into a new 1.5 ml tube.

2. Load and Bind

Add an equal volume (400 ul, 600 ul or 800 ul) 70 % Ethanol to the lysate and mix thoroughly by
vortexing. Place a PerfectBind RNA Column in a new 2.0 ml Collection Tube (supplied) and add
the lysate directly to the membrane. Centrifuge the PerfectBind RNA Column / Collection Tube
assembly at 10.000 x g for 1 min. Discard the flowthrough liquid and Collection Tube.
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A precipitate may form on addition of 70 % ethanol. Vortex and add the entire mixture to the column. The
maximum capacity of the PerfectBind RNA Column is 750 ul, larger volumes can be loaded successively.
However, the total binding capacity of a PerfectBind RNA Column is approx.

100 ug RNA.

3. Wash 1

Place the PerfectBind RNA Column in a fresh 2.0 ml Collection Tube, add 500 pl RNA Wash Buffer
I to the PerfectBind RNA Column and centrifuge for 15 sec at 10.000 x g. (supplied). Discard the
flow-throw liquid and reuse the collection tube in the next step.

4. DNase Digestion (optional)

Since PerfectBind RNA Column technology actually removes most of DNA without a DNase
treatment, it is not necessary to do DNase digestion for most downstream applications. However,
certain sensitive RNA applications might require further DNA removal. Following steps provide
on-membrane DNase I digestion (Order No. 12-1091).

a. For each PerfectBind RNA Column, prepare this DNase I digestion reaction mix:

DNase I Digestion Buffer 73.5 ul, RNase-free DNase I (20 Kunitz units/pl) 1.5 pl, Total volume 75.0
pl.

Note:

1. DNase 1 is very sensitive to physical denaturation, so do not vortex this DNase I mixture!

Mix gently by inverting the tube.

Prepare fresh DNase I digestion mixture directly before RNA isolation.

2. DNase I digestion buffer is supplied with RNase-free DNase set.

Standard DNase buffers are not compatible with on-membrane DNase digestion!

b. Pipet 75 ul of the DNase I digestion reaction mix directly onto the surface of PerfectBind RNA
resin in each column. Make sure to pipet the DNase I digestion mixture directly onto the
membrane.

DNase I digestion will not be complete if some of the mix stick to the wall or the O-ring of the
PerfectBind RNA Column.

¢. Incubate at room temperature (25 — 30 °C) for 15 minutes.

d. Place the PerfectBind RNA Column into a 2.0 ml Collection Tube and add 400 ul RNA

Wash Buffer I. Incubate the PerfectBind RNA Column at benchtop for 5 minutes.

Centrifuge at 10.000 x g for 5 minutes and discard flow-through. Re-use collection tube in the next
step. Continue with step 5.

5. Wash II

Add 600 pl completed RNA Wash Buffer II to the PerfectBind RNA Column and centrifuge for 15
sec at 10.000 x g. Discard the flow-through liquid. Repeat this wash step and discard the flow-
through liquid.

6. Dry (Important! Do not skip this step!)

Place the PerfectBind RNA Column containing your RNA in the collection tube used in step 5 and
centrifuge for 1 min at 10.000 x g to completely dry the column matrix. This step is essential to
remove ethanol from the column.

7. Elution

Place the PerfectBind RNA Column (step 6) into a fresh 1.5 ml microcentrifuge tube. Add 50 - 100
ul (depending on the desired final concentration of RNA) sterile RNAse-free dH2O directly to the
binding matrix in the PerfectBind RNA Column and centrifuge for Imin at 5.000 x g to elute RNA.
A second elution may be necessary if the expected yield of RNA is > 50 ug. Alternatively, RNA may be
eluted with a higher volume of water. While an additional elution increase total RNA vyield, the
concentration will be lowered since more than 80 % of RNA is recovered with the first elution. Pre-heating
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RNase-free dH20 to 70 °C before adding to the PerfectBind RNA Column and incubating the PerfectBind
RNA Column for 5 min at room temperature before centrifugation may increase yield.

DNA CONTAMINATION

No RNA extraction procedure can completely remove genomic DNA. For sensitive work (such as

RT-PCR or differential display) we suggest that you treat the eluted RNA with RNase-free DNase.
On-membrane DNase I Digestion is a simple and fast method and can be integrated into the

standard protocol between the washing steps (see page 14/15).

Also for RT-PCR, wuse intron-spanning primers that allow easy identification of

DNAcontamination.

A PCR reaction, which uses the RNA as template, will also allow the detection of DNA

contamination.
QUANTITATION AND STORAGE OF RNA

Determine the absorption of an appropriate dilution (10- to 50-fold) of the sample at 260 nm and
280 nm.

RNase-free water is slightly acidic and can dramatically lower absorption values. We suggest that you dilute
the sample in a buffered solution (TE) for spectrophotometric analysis.

One A260-unit is about 40 ug RNA/ml. The RNA concentration is calculated as follows:

RNA conc. (ug /ml) = Absorption260 x 40 x Dilution Factor

The ratio of A260/280 is an indication of nucleic acid purity. A value higher than 1.8 indicates >

90% nucleic acid.

Store RNA samples at — 70 oC in sterile RNase-free dH20. Under such conditions RNA prepared
with the peqGOLD system is stable for at least one year.

RNA QUALITY
It is highly recommended to determine the RNA quality prior to further applications.

Denaturing agarose gel electrophoresis and ethidium bromide staining can best assess the quality
of RNA. Two sharp bands should appear on the gel. These represent the 285 and 18S ribosomal
RNA bands. If these bands smear towards lower molecular weight RNA, then the RNA has

undergone major degradation during preparation, handling or storage.

Although RNA molecules less than 200 bases in length do not efficiently bind to the PerfectBind RNA
Column, a third RNA band, the tRNA band, may be visible when a large number of cells are used.
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B- Part Il

The protocol that will be practiced in MEGBI lab contains many modifications for the protocol of

part I to fit with the materials and the devices presented in the lab.

2.5 Amplification of the HLA-A*0201 and B-2m gene from PBMC

Reagent:

peqGOLD Kkit.

Forward primer for HLA-A*0201: 5-CCCTGACCCAGACCTGGGCGG-3’
Reverse primer for HLA-A*0201: 3'-AGGGTCGGGTGGTAGGGGTAG-5’
Forward primer 3 for HLA-A*0201: 5'-GGCTCCCACTCCATGAGGTAT-3’
Reverse primer 4 for HLA-A*0201: 3-GGGAGTGGGACTCTACCCTCG -5".
Forward primer for 32-m: 5-GCATCCAGCGTACTCCAAAGA-3’

Reverse primer for 32-m: 3'-ATTCACCCTAGCTCTGTACCG-5’

dNTP Mix

Sterile, distilled water

M DTT

(200 units) of M-MLV (RT)

RNase A

10XPCR Buffer [200mM Tris-HCI (PH 8.4), 500 mM KCI]

50 mM MgCl2

10 mM dNTP Mix

Amplification primer 1(10uM)

Amplification primer 2 (10uM)

Taq DNA/polymerase

Protocol:

1. Isolate'® the total RNA that was extracted from the peripheric blood monocytes (PBMC) from

10 ml human_s anticoagulative venous blood was dissolved in 50uL ddH20O.

RESULT: the total RNA only

2. Quantify by ultraviolet or spectrophotometer. Goal: for incertitude that find RNA if the number <
1.3.

3. Amplify the extracellular fragment of HLA-A*0201 (including the fragment of transmembrane)
using total RNA as a template with the forward primer: 5'-CCCTGACCCAGACCTGGGCGG-3’
and the reverse primer 3-AGGGTCGGGTGGTAGGGGTAG-5".by PCR as follows:

16 The procedures of this step as follows in peqGOLD kit and for more details see the last page.
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a. Add the following components to a nuclease-free microcentrifuge tube:

- Take 0.6yl of the Primer.

- Take 5ul of the total RNA.

- 1pl (10mM) ANTP Mix (10mM each dATP,dGTP,dCTP and dTTP at neutral PH).

- Add sterile, distilled water to 12 pl.

b. Heat mixture to 65°C for 5 min and quick chill on ice.

C. collect the content of the tube by brief centrifugation (e.g. 20s, 10 000 rpm)
And add:

- 4ul 5X First-Strand Buffer

17

-2ul 0.1 M DTT

c. Mix contents of the tube gently and incubate at 37 °C for 2 min
18

d. Add 1ul (200 units) of M-MLV (RT) , and mix by pipetting gently up and down.
e. Incubate 50 min at 37°C.
f. Inactivate the reaction by heating at 70°C for 15 min.
g. Incubate 40s at 90 °C (with PCR machine)
h. Immediately put the tube into ice for 1 min
i. Add 3ul RNase A
j. Incubate 20 min at 37°C (with PCR machine)
Now we have cDNA.
4-Add the above to a PCR reaction tube for a final reaction volume of 50 pl:
2.5ul 10xReaction buffer S

2.5ul 10xReaction buffer Y

10ul enhancer solution

1ul 40 mM dNTP Mix

1ul amplification primer 1(10uM)

1ul amplification primer 2 (10puM)
0.5 ul Taq DNA/polymerase (5U/ul)
2ul cDNA (from first-strand reaction)

Autoclaved, distilled water to 50 ul

17 DTT, Molecular Grade, is an antioxidant used to stabilize enzymes and other proteins containing
sulfhydryl groups. The liquid form of the product is a 100mM solution of DTT in water(Promega)

18 take the tube of M-MLV out and put in ice until thawed
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e Mix gently and layer 1-2 drops (50pl) of silicone oil over the reaction

¢ (Note: the addition of silicone oil is unnecessary in thermal cyclers equipped with a heated lid.)
¢ Heat reaction to 94°C for 2 min to denature.

e PCR program: 35 cycles:

e 10s95°C

e 10s 60°C

e 30-60s 72°C

e Take 5ul from the result and put in the second round PCR and repeat the same step.

(Note: we use inner primers 3 and 4 in the second round of PCR)

5-Put the PCR product on the gel agarose.

RESULT: Amplification the DNA segment of HLA-A*0201 only.

Analogously, we constructed [3-2m expression vector; however, there were some differences between
them. The fragment encoding {3 -2m was amplified using total RNA as a template with the forward
primer 5"-GCATCCAGCGTACTCCAAAGA-3 and the reverse primer 3-
ATTCACCCTAGCTCTGTACCG-5". The PCR protocol was the same as that used in amplification of
HLA-A*0201.

RESULT: Amplification the DNA segment of p2m only.

Purify from an agarose gel by QIA quick gel extraction kit . The DNA sequences were verified by

sequencing.

2.5.1 Prepare the insert DNA (HLA-A*0201 and £2m) with the adapter

Suggested Conditions for Adapter Addition to DNA2.
Reagent:

5X adapter buffer

EcoR I(Not I) adapter (1 mg/ml)

0.1MDTT

T4 DNA ligase (1 U/ul)

T4 polynucleotide kinase.

1. Add the following reagents to a microcentrifuge tube on ice.
Up to 5 pg blunt-ended DNA
10 pl 5X adapter buffer (330 mM Tris-HCI (pH 7.6),50 mM MgCl2, 5 mM ATP)

19 See MEGBI training courses book part I page 54-58
20 This step was extracted from invitrogen life technologies.
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10 pl EcoR I(Not I) adapter (1 mg/ml)?!

7ul 01 MDTT

distilled water sufficient to bring the volume to 45 pl.

2. Then add 5 ul of T4 DNA ligase (1 U/ul) and mix gently.

3. Incubate the reaction for a minimum of 16 h at 16°C.

4. Heat the reaction at 70°C for 10 min to inactivate the ligase.

5. Place the reaction on ice. The adapted DNA, after adapter removal (step 9) may be ligated directly
to any phosphorylated, EcoR I-digested vector.

However, if a dephosphorylated EcoR I-digested vector is used, the adapted ¢cDNA must be
phosphorylated first before adapter removal (step 6).

6. Add 3 ul (30 units) of T4 polynucleotide kinase?? to the reaction from step 5.

7. Mix gently, and incubate the reaction for 30 min at 37°C.

8. Heat the reaction at 70°C for 10 min to inactivate the kinase and place the reaction on ice.

9. Remove the excess EcoRI (Notl) adapters by gel electrophoresis and then ligate into the appropriate

vector.

Prepare the T7 RNA polymerase with the adapter

The protocol was the same as that used in preparation of insert DNA with the adapter.

2.5.2 Expression of HLA-A*0201 and p-2m

2.5.2.1 Vector preparation:

To digest and gel-purify the vector:
Reagent:

21 EcoR I(Not |) adapter may be used to add EcoR | cohesive ends directly to any blunt-ended DNA fragment. The
adapter is formed by annealing two oligonucleotides together forming a phosphorylated, blunt end and a
nonphosphorylated EcoR | half-site. Ligation to blunt ended DNA results in EcoR | half-sites on both ends of the DNA.
The adapted DNA may be ligated into any EcoR | containing vector. The adapter also contains the recognition
sequences for Not | and Sal | restriction enzymes. Thus, DNA inserts may be cleaved from the vector using EcoR | or
either of the rare cutting enzymes, Not | or Sal I.

Adapter sequence: 5'-pGTCGACGCGGCCGCG

CAGCTGCGCCGGCGCTTAA-OH-5'

Storage Buffer

10 mM Tris-HCl (pH 7.5)

100 mM NacCl

1 mM EDTA

Quality Control Assays:

This product has passed a self-ligation quality control assay.
Doc. Rev.: 100901

2 14 Polynucleotide Kinase (T4 PNK) catalyzes the transfer of the y-phosphate from ATP to the 5’-terminus of

polynucleotides or to mononucleotides bearing a 3’-phosphate group (1). T4 PNK is widely used to end-label short
oligonucleotide probes (2), DNA (3) and RNA (4) molecules (Promega)
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pET vector

10X restriction enzyme buffer

EcoR I restriction enzyme

1. Assemble the following components in a microcentrifuge tube:

3 ug pET vector

3 ul 10X restriction enzyme buffer

10-20 U EcoR I restriction enzyme (assuming compatible buffer; the total volume of enzyme added
should not exceed 10% of the reaction volume to avoid high glycerol concentrations)

x wl Nuclease-free water brought to volume

30 ul Total volume

2. Incubate at the appropriate temperature (usually 37°C) for 2—4 h.

3. Run a 3 pl sample on an agarose gel to check the extent of digestion.

4. When digestion is complete, add calf intestinal alkaline phosphatase (Calbiochem Cat. N0.524576)
directly to the remainder of the digestion. The enzyme functions in most restriction buffers under the
conditions described here. It is important to use the correct amount of enzyme; too much can cause

unwanted deletions and can be difficult to remove for future steps. Three ug of a typical pET vector

(5 kbp) corresponds to about 2 pmol DNA ends when linearized, or about 4 pmol ends if two

enzymes were used for digestion. We recommend using 0.05 units of alkaline phosphatase per pmol

ends. Dilute the enzyme in water or 50 mM Tris-HCl, pH 9.0 just before use.

5. Incubate at 37°C for 30 min.

6. Add gel sample buffer to the reaction and load the entire sample into a large well (0.5-1.0 cm wide)
on a 1% agarose gel containing 0.5 pg/ml ethidium bromide. Run the gel far enough to separate the
linear plasmid from nicked and supercoiled species. It is useful to run uncut vector DNA in an
adjacent lane to help distinguish undigested from linearized plasmid DNA.

7. Visualize the DNA band with a long wave UV light source and cut the band from the gel using a
clean razor blade. Avoid over exposure to the light source, which can cause nicks and double strand
breaks in the DNA.

8. Recover the DNA from the gel slice by purification with QIA quick gel extraction kit?® Resuspend
the final product in a total volume of 30 ul (usually about 50 ng/ul DNA). Assume recoveries in the
range of 50% for the ligation step.

9. Store the treated vector at -20°C until use.

2.5.2.2 Ligation

N.B: this step should be done in 3 eppendorfs tubes for HLA-A*0201, 32-m and T7 RNA polymerase.
Reagent:

10X Ligase Buffer (200 mM Tris-HCI pH 7.6,

100 mM MgCl2

23 Refer to MEGBI training courses book part I page 54-58.
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100 mM DTT

10 mM ATP, (or 2x rapid ligation buffer contains ATP)

50 ng/ul prepared pET vector

T4 DNA ligase, diluted (with ligase dilution buffer) 0.2-0.4 Weiss units/ul

Prepared target gene insert (0.2 pmol)

Nuclease-free water

Procedures:

1. For a standard reaction using DNA fragments with 2—4 base sticky ends, use 50-100 ng (0.015-0.03

pmol) of pET vector with 0.2 pmol insert (50 ng of a 500 bp fragment) in a volume of 20 pl. Assemble
the following components in a 1.5 ml tube:

2 ul 10X Ligase Buffer (200 mM Tris-HCl pH 7.6,

100 mM MgCl2

2 ul 100 mM DTT

1 ul 10 mM ATP

2 ul 50 ng/ul prepared pET vector

1 ul T4 DNA ligase, diluted (with ligase dilution buffer) 0.2-0.4 Weiss units/pl

x pl Prepared target gene insert (0.2 pmol)

v ul Nuclease-free water to volume

20 pl Total volume
2. Gently mix by stirring with a pipet tip. Incubate at 16°C for 2 h to overnight. Also set up a control

reaction in which the insert is omitted to check for nonrecombinant background.

2.5.2.3 Transformation

Preparation of E.coli competent cells?.
Reagent:

Competent cells J]M109.

LB Medium.

LB agar plates.

Procedures:

1. Remove the appropriate number of competent cell tubes from the freezer (include one extra sample
for the Test Plasmid positive control, if desired). Immediately place the tubes on ice, so that all but the
cap is surrounded by ice. If the standard cells are to be used, place the required number of empty 1.5
ml polypropylene microcentrifuge tubes on ice to prechill. Allow the cells to thaw on ice for ~2-5 min.
2. Visually check the cells to see that they have thawed and gently flick the cells 1-2 times to evenly
resuspend the cells.

3. Standard Competent Cells:

24 Refer to MEGBI training courses book part I page 62.
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Pipet 20 ul aliquots of cells into the pre-chilled tubes.

Singles Competent Cells:

Proceed to Step 4 or 5, depending on whether a Test Plasmid sample is included as a positive control.
4. (Optional) to determine transformation efficiency, add 0.2 ng (1 pl) Test Plasmid provided with
Competent Cells to one of the tubes containing cells. Stir gently to mix and return the tube to the ice.
5. Add 1 pl of each ligation reaction (ligation of HLA-A*0201 and ligation of T7 RNA polymerase) or
purified plasmid DNA directly to the cells. Stir gently to mix and return the tube to the ice, making
sure that the tube is surrounded by ice except for the cap. Repeat for additional samples.

6. Incubate the tubes on ice for 5 min.

7. Place the tubes in a 42°C water bath for exactly 30 sec; do not shake.

8. Place the tubes on ice for 2 min.

9. Standard Competent Cells:

Add 80 pl of room temperature LB medium to each tube. Keep the tubes on ice until all have received
LB.

Singles Competent Cells

Add 250 pl of room temperature LB Medium to each tube. Keep the tubes on ice until all have
received LB.

10. Selection for transformation is accomplished by plating on medium containing antibiotic
(ampicillin) for the plasmid encoded drug resistance.

When using strains other than NovaBlue: shake at 37°C (250 rpm) for 60 min prior to plating.

Prepare LB agar plates with appropriate antibiotic ahead of time

Notes: The outgrowth incubation is conveniently performed in a shaking incubator using a test tube
rack anchored to the shaking platform. Place each transformation tube in an empty 13 mm x 100 mm
glass test tube in the rack. The snap-caps on the transformation tubes prevent them from falling to the
bottom of the test tubes, and all transformation tubes remain vertical.

During the outgrowth (or earlier if omitting outgrowth), place the plates at 37°C. If the plates contain a

lot of moisture, place them cover-side up and open the cover ~1/3 of the way to allow the plates to dry for

30-45 min. If the plates do not need drying, keep them closed and place them cover-side down in the
37°C incubator for ~20 min prior to plating.
11. Spread 5-50 pl of each transformation on LB agar plates containing the appropriate antibiotic for

the plasmid and host strain. Please see the last page for additional details on plating technique.

Important: The appropriate amount of transformation mixture to plate varies with the efficiency of
both the ligation and the competent cells. As little as 2 ul will yield several hundred transformants
under highly efficient conditions (e.g., with NovaBlue cells giving >4 x 10 8 cfu/pg).

When using the Test Plasmid, plate no more than 5 pl (e.g., 5 pl of NovaBlue cells at 1 x 10 8
efficiency) or 10 pl (e.g., 10 ul of cells at 1 x 10 6 efficiency) of the final transformation mix in a pool of
LB on an LB agar plate containing 50 ug/ml carbenicillin or ampicillin (because the Test Plasmid

carries the ampR gene).
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12. Let the plates sit on the bench for several min to allow excess liquid to be absorbed, and then

invert and incubate overnight at 37°C.

2.5.3 Extraction and solubilization of inclusion bodies

Material:

10mM tris HC1, pH8

10 mM tris HCl, pH7

8M Urea, 100 mM Tris HCI, pH8
8M urea 20 mM Tris, PH 8
LYSOSYM (100 pug /ml)

Phenyl methyl sulfonyl fluoride (50pg/ml)
DNase (20pg/ml)

RNase (20pg/ml)

1mM EDTA

0-100 mM NaCl

Purification of recombinant proteins:

The cell were harvested by centrifugation at an OD650 OF 1.8-2.0

The cell pellets were resuspended in 10 mM Tris HCl.pH 8 (20 ml) resuspension, containing lysozyme
(100 pg / ml), phenyl methyl sulfonyl fluoride (50 pg / ml), DNase(20 pg/ml),RNase (20 pg / ml),and
1mM EDTA and incubated at 22°c for 20 min.

The cells were lysed by sonication? and then centrifuged (10000xg).for 20 min.

The pellet containing recombinant protein was washed with 10 mM Tris HCI, pH 8(20 ml).

It is then dissolved in 100 mM Tris HCl, pH8/8 M urea (10 ml), and centrifuged at 4°C for 1
hour.(150000xg)

The recombinant protein purified by an ion exchange chromatography Q Sepharose fast flow?®.

fractions, the purified HLA heavy chains contained stored at-20°C for use in the ELISA experiment

2.5.4 ELISA assay of peptide-MHC complex formation:

Material:

- Pan specific mouse anti HLA class I antibody, W6/32

- Polyclonal rabbit antihuman B2m-HRP or post primary block (from Novolink compact polymer
Detection kit)

25 Sonication is the act of applying sound (usually ultrasound) energy to agitate particles in a sample.

In biological applications, sonication may be sufficient to disrupt or deactivate a biological material. This
process is called sonoporation. Sonication is also use to fragment molecules of DNA. This is an alternative
to the freeze-pump-thaw (by Schlenk flask) and sparging methods. It is especially useful when it is not
possible to stir the sample, as with NMR tubes

%6 The ion exchange chromatography Q sepharose FF was purchased from GE Healthcare. see
www.gelifesciences.com/hitrap for more details
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- dextran polymer conjugated with goat antirabbit IgG and HRP or Novolink polymer (from
Novolink compact polymer Detection kit)

- 96 well Maxisorp ELISA Plates

- Pluronic lutrol F-68

- Peptide

- 100mM carbonate buffer (PH 9.6)

- 107. w/v skimmed milk powder in PBS (SMP-PBS) or Protein block (from Novolink compact

polymer Detection kit).
- 0.05/. Tween-20 in PBS

- 0.3 mM Tris-maleat buffer (PH 6.6)

Day 1
-96 well Maxisorp ELISA Plates were coated and let overnight at 4°C with W6/32.

Using 50ul/well at 5ul/ml, in 100 mM carbonate buffer, PH 9.6.

Day 2
Add 320 pl/ well 107. w/v protein block to block the residual bind.

Wash twice with 600 pl/ well of 0.05 7. Tween-20 in PBS at room temperature using an automated

plate washer to remove unbound W6/32 and blocking reagent

On ice, purified recombinant HLA molecule in 8M Urea and 20mM Tris PH8 were diluted 100-fold
into a 0.3 mM Tris maleat buffer, PH 6.6, containing human 32m, peptide and lutrol F- 68 at the
concentrations indicated:

3nM MHC-I HC is optimal

1g/L lutrol F-68

100nM (32m is optimal

10,000nM peptide (optimal InM to 1uM)

To allow complex formation the reaction mixtures were incubated at 18°C for 48h.

Day 3
Incubation

Day 4
Just prior to the ELISA analysis, the reaction volume was diluted 10 times into 27 protein block at

4°C.
50 pl/well with PBS/0.05% Tween 20 were transferred in triplicate to a W6/32 coated plate.
The plate was incubated for 2h at 4°C.

Washed 6 times with 600 pl/well with PBS/0.05% Tween 20 at room temperature.
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detect the binding complex, the plate was incubated for 1h at 4°c, with 50 ul/ well of a post primary
bock with 2% protein block and the washed 6*600 ul/well with PBS 0.05% Tween 20 at room
temperature

To enhance the detection, the plate was subsequently incubated for 30 min at room temperature with.
Novolink polymer.

Washed 6*600 pl/well with PBS/0.05% Tween 20 at room temperature.

ELISA was developed with 3, 3" 5, 5'-tetramethylbenzidine hydrogenperoxide?” for 30 min at room
temperature.

Colorimetric reaction was read at 450nm using a Victor Multilabel ELISA counter.

2.6 For more details:

The peqGOLD viral RNA Kit

INTRODUCTION

The peqGOLD viral RNA Kit is designed for isolation of viral RNA from cell free fluids such as
plasma, serum, urine and cell culture supernatants.

The kit is also suitable for isolation of total RNA from cultured cells, tissues and bacteria.

RNA purified using the peqGOLD viral RNA Kit method is ready for applications such as RT-PCR

Protocol: Purification of Viral RNA (Spin Protocol)
This protocol is for purification of viral RNA from 140 ul plasma, serum, urine, cell culture.

Important points before starting

m Read “Important Notes” (pages—30)

m All centrifugation steps are carried out at room temperature (15-25°C).

Things to do before starting

m Equilibrate samples to room temperature (15-25°C).

m Equilibrate Buffer AVE to room temperature for elution in step 11.

m Check that Buffer AW1 and Buffer AW2 have been prepared according to the

instructions on page 32.

m Add carrier RNA reconstituted in Buffer AVE to Buffer AVL

Important; if not have QIAamp Viral RNA mini, we can use peqGOLD Viral RNA Kit protocoles

visit www.peqlab.de

procedure

1. Pipet 560 pl of prepared Buffer AVL containing carrier RNA into a 1.5 ml microcentrifuge tube.
If the sample volume is larger than 140 pl, increase the amount of Buffer AVL-carrier RNA
proportionally (e.g., a 280 pl sample will require 1120 ul Buffer AVL—carrier RNA) and use a larger
tube.

77 Ready-to-use sensitive substrate for the detection of horseradish peroxidase activity. Absorbs at 450 nm (yellow end-
product). Ideal for ELISA and solution assays.
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* Fully automatable on the QIAcube. See www.qiagen.com/MyQIAcube for protocols.

2. Add 140 pl plasma, serum, urine, cell-culture supernatant, or cell-free body fluid to the Buffer
AVL—carrier RNA in the microcentrifuge tube. Mix by pulse-vortexing for 15 s.

To ensure efficient lysis, it is essential that the sample is mixed thoroughly with Buffer AVL to
yield a homogeneous solution. Frozen samples that have only been thawed once can also be used.
3. Incubate at room temperature (15-25°C) for 10 min.

Viral particle lysis is complete after lysis for 10 min at room temperature. Longer incubation times
have no effect on the yield or quality of the purified RNA.

Potentially infectious agents and RNases are inactivated in Buffer AVL.

4. Briefly centrifuge the tube to remove drops from the inside of the lid.

5. Add 560 pl of ethanol (96-100%) to the sample, and mix by pulse-vortexing for 15 s. After
mixing, briefly centrifuge the tube to remove drops from inside the lid.

Only ethanol should be used since other alcohols may result in reduced RNA yield and purity. Do
not use denatured alcohol, which contains other substances such as methanol or
methylethylketone. If the sample volume is greater than 140 pl, increase the amount of ethanol
proportionally (e.g., a 280 ul sample will require 1120 pl of ethanol). In order to ensure efficient
binding, it is essential that the sample is mixed thoroughly with the ethanol to yield a
homogeneous solution.

6. Carefully apply 630 ul of the solution from step 5 to the QlAamp Mini column (in a 2 ml
collection tube) without wetting the rim. Close the cap, and centrifuge at 6000 x g (8000 rpm) for 1
min. Place the QIAamp Mini column into a clean 2 ml collection tube, and discard the tube
containing the filtrate.

Close each spin column in order to avoid cross-contamination during centrifugation.
Centrifugation is performed at 6000 x g (8000 rpm) in order to limit microcentrifuge noise.
Centrifugation at full speed will not affect the yield or purity of the viral RNA. If the solution has
not completely passed through the membrane, centrifuge again at a higher speed until all of the
solution has passed through.

7. Carefully open the QIAamp Mini column, and repeat step 6.

If the sample volume was greater than 140 pl, repeat this step until all of the lysate has been loaded
onto the spin column.

8. Carefully open the QIAamp Mini column, and add 500 ul of Buffer AW1. Close the cap, and
centrifuge at 6000 x g (8000 rpm) for 1 min. Place the QIAamp Mini column in a clean 2 ml
collection tube (provided), and discard the tube containing the filtrate.

It is not necessary to increase the volume of Buffer AW1 even if the original sample volume was

larger than 140 pl.

9. Carefully open the QIAamp Mini column, and add 500 ul of Buffer AW2. Close the cap and
centrifuge at full speed (20,000 x g; 14,000 rpm) for 3 min. Continue directly with step 11, or to
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eliminate any chance of possible Buffer AW2 carryover, perform step 10, and then continue with
step 11.

Note: Residual Buffer AW2 in the eluate may cause problems in downstream applications. Some
centrifuge rotors may vibrate upon deceleration, resulting in flow-through, containing Buffer
AW?2, contacting the QIAamp Mini column.

Removing the QIAamp Mini column and collection tube from the rotor may also cause flow-
through to come into contact with the QIAamp Mini column. In these cases, the optional step 10
should be performed.

10. Recommended: Place the QIAamp Mini column in a new 2 ml collection tube (not provided),
and discard the old collection tube with the filtrate. Centrifuge at full speed for 1 min.

11. Place the QIAamp Mini column in a clean 1.5 ml microcentrifuge tube (not provided). Discard
the old collection tube containing the filtrate. Carefully open the QIAamp Mini column and add 60
ul of Buffer AVE equilibrated to room temperature. Close the cap, and incubate at room
temperature for 1 min.

Centrifuge at 6000 x g (8000 rpm) for 1 min.

A single elution with 60 pl of Buffer AVE is sufficient to elute at least 90% of the viral RNA from
the QIAamp Mini column. Performing a double elution using 2 x 40 ul of Buffer AVE will increase
yield by up to 10%. Elution with volumes of less than 30 pl will lead to reduced yields and will not
increase the final concentration of RNA in the eluate.

Viral RNA is stable for up to one year when stored at —20°C or -70°C.

Transformation?

Initial cloning should be done in a recA— cloning strain, such as NovaBlue, or other similar host that
lacks the gene for T7 RNA polymerase. This enables high percentage monomer plasmid yields for
examination of the construct sequence, as well as separation of cloning from expression. This
separation can be valuable in troubleshooting any difficulties that might arise during later
procedures.

The strains described above for cloning and expression with pET vectors can be prepared for
transformation by standard procedures. Expect BL21 (an expression strain) and its derivatives to be
transformed at about 1/10 the efficiency of the other strains. For convenience and consistent
performance, Novagen offers the relevant host strains as prepared competent cells, ready for high-
efficiency transformation.

DNA in ligation reactions containing high-quality reagents is suitable for direct addition to
Novagen’s Competent Cells (no more than 1 ul ligation should be used per 20 ul cells).

Inactivation of the ligase is not required prior to transformation. Plasmid DNA isolated using

standard preparation procedures is also usually satisfactory; however, for maximum efficiency, the

28 Extracted from Novagen
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sample DNA should be free of phenol, ethanol, salts, protein and detergents, and dissolved in TE
buffer (10 mM Tris-HCI pH 8.0, 1 mM EDTA) or in water.

Novagen’s Competent Cells are provided in 0.2 ml aliquots. The standard transformation reaction

requires 20 pl cells, so each tube contains enough cells for 10 transformations. Singles™ Competent
Cells are provided in 50 ul aliquots, which are used “as is” for single 50 ul transformations. Note that
there are a few steps in the protocol that vary for the Singles™ vs. standard cells. Novagen’s
NovaBlue and BL21 (DE3) Competent Cells are also offered in a highthroughput 96-well plate format
known as HT96™ Competent Cells (see Technical Bulletin 313).

Handling Tips

1. Upon receipt from Novagen, verify that the competent cells are still frozen and that dry ice is still

present in the shipping container. Immediately place the competent cells at —70°C or below. For

optimal results, do not allow the cells to thaw at any time prior to use.

2. Handle only the very top of the tube and the tube cap to prevent the cells from warming.
Keep the cells on ice whenever possible.
3. To mix cells, flick the tube 1-3 times. NEVER vortex the competent cells.

4. To avoid multiple freeze-thaw cycles of the standard 0.2 ml cells, dispense the cells into aliquots

after the initial thaw and store them at —-70°C or below (note that Singles™ Competent Cells are

provided as 50 pl aliquots, which are used “as is” and do not require dispensing. To dispense
aliquots of cells from the 0.2 ml stock, remove the stock tube quickly from the ice and flick 1-2 times
to mix prior to opening the tube. Remove a 20 ul aliquot from the middle of the cells, and replace the
tube immediately on ice. Place the aliquot immediately into the bottom of a pre-chilled 1.5 ml tube,
mix by pipetting once up and down, and then immediately close the tube and replace on ice. After all
of the aliquots are taken, return any unused tubes to the freezer before proceeding with the

transformation.

Plating techniques

1. Remove the plates from the incubator. If plating less than 25 ul of the transformation, we
recommend plating onto a pool of SOC, which facilitates even colony distribution on the plate
surface. Using a sterile pipet tip, place 40-60 ul of SOC in the center of a plate for a plating
cushion.

2. To remove the transformation sample, flick the transformation tube 5-8 times, open the cap and
immediately remove the sample volume from the middle of the transformation reaction.

3. Transfer the sample to the plate by dispensing the sample volume into the SOC cushion.

After the sample is out of the pipet tip, use the same tip to pipet up the sample volume’s worth of
SOC from the cushion edge and dispense that SOC back into the cushion. (This effectively rinses out
your pipet tip.)

ColiRollers™ Plating Beads

To use ColiRollers, simply dispense 10-20 beads per plate. The beads can be dispensed before or
after pipetting the transformation mix on the plate. Cover the plate with its lid and move the plate

back and forth several times. The rolling action of the beads distributes the cells. Several plates can
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be stacked up and shaken at one time. After all plates have been spread, discard the ColiRollers by
inverting the plate over a collection container. Cover and incubate (step 12 above).
ColiRollers™ Plating Beads are treated glass beads that eliminate the use of the spreader and alcohol flame

while evenly and consistently distributing cells without damage.

Standard spreader

Completely immerse the plating spreader (bent glass rod or equivalent) into ethanol and flame to
sterilize. After the flame is extinguished, allow the spreader to cool ~10 sec prior to placing the
spreader on the plate. Place the spreader on the LB agar at the outside of the plate (not touching
the pool of cells). This further cools the spreader on the LB agar before spreading the cells. Slowly
turn the plate while supporting the weight of the spreader.

Important: Do not press down on the spreader — use just enough pressure to spread the cells.
Spread until the sample is evenly distributed on the plate. If the plates are fairly dry, the sample
and cushion will quickly absorb into the plate. After the moisture is absorbed, do not continue
spreading. If the plates are wet, spread until the sample is evenly distributed. Do not spread until
the sample and cushion have absorbed completely into the plate, because overspreading can
decrease transformation efficiency. Instead, after spreading briefly, allow the plates to sit upright
at room temperature for ~15 min prior to placing them in the 37°C incubator. This will allow excess
moisture to absorb into the plates before the plates are inverted and placed in the incubator.
Incubate all plates, cover-side down, in the 37°C incubator for 15-18 h. To obtain larger colonies,
extend the incubation time slightly (1-2 h), but beware of the potential for development of satellite
colonies with extended incubations (usually > 36 h at 37°C; satellites are not commonly observed
when using carbenicillin or kanamycin). Once the colonies are at the desired size, the plates can be
placed at 4°C.

The Host Strains
Host Strains?
After plasmids are established in a non-expression host, they are most often transformed into a

host bearing the T7 RNA polymerase gene (#DE3 lysogen) for expression of target proteins. Figure
1 illustrates in schematic form the host and vector elements available for control of T7 RNA
polymerase levels and the subsequent transcription of a target gene in a pET vector. In ADE3
lysogens, the T7 RNA polymerase gene is under the control of the lacUV5 promoter. This allows
some degree of transcription in the uninduced state and in the absence of further controls is

suitable for expression of many genes whose products have innocuous effects on host cell growth.

29 United States & Canada 800-207-0144
Germany 0800 6931 000

United Kingdom 0800 622935

Or your local sales office
Www.novagen.com
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For more stringent control, hosts carrying either pLysS or pLysE are available. The pLys plasmids
encode T7 lysozyme, which is a natural inhibitor of T7 RNA polymerase, and thus reduces its
ability to transcribe target genes in uninduced cells. pLysS hosts produce low amounts of T7
lysozyme, while pLysE hosts produce much more enzyme and, therefore, represent the most

stringent control available in ADE3 lysogens (4).

Figure 1. Control elements of the pET system
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Several different host strains are available as *DE3 lysogens. The most widely used host is BL21,
which has the advantage of being deficient in both lon (5) and ompT proteases. Novagen has
introduced two derivatives of BL21 designed for special purposes. The B834 series is methionine
deficient and, therefore, enables high specific activity labeling of target proteins with 3S-
methionine or selenomethionine (6). The BLR strain is a recA- derivative that improves plasmid
monomer yields and may help stabilize target plasmids containing repetitive sequences. The
ADA494 strains are thioredoxin reductase (trxB) mutants that enable disulfide bond formation in the
E.coli cytoplasm. This allows for the potential production of properly folded, active proteins (7).
Other available strain backgrounds include the K-12 strains HMS174 and NovaBlue, which are
recA-, like BLR. These strains may stabilize certain target genes whose products may cause the loss
of the DE3 prophage. NovaBlue is potentially useful as a stringent host due to the presence of the
high affinity lacl’ repressor encoded by the F episome. In addition, Novagen offers the ADE3
Lysogenization Kit for making new expression hosts with other genetic backgrounds.

2.7 Results / st

2.7.1 Amplification of the HLA-A*0201 and B-2m gene from PBMC / 0201*Ya s dacl.ao
elandl al LIS g, 50l busall oo al2-liug

First: we isolated the total RNA form PBMC
as follows:

We drew 10ml of blood from a person, we

putted it in 4ml of EDTA (fig.1) to prevent

the  agglutination  (EDTA is an

anticoagulant) and we centrifugated it into

a centrifugation at 4000rpm for 8 minutes
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G ol i) Bl AT (3 Lgaias & ag (Laknd) wis) 2l
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(fig.2), we obtained the result designed in
fig.3 then we aspirated the phase 2 that
contains the white blood cells with a
micropipette 1000ul, we putted it in a 1.5ml
microcentrifuge tube finally we isolated the
total RNA by the peqGold viral RNA kit
(can be stored the result at 4°C).

Figure 1: putting the blood in 4ml
EDTA/ & ¢l oo Jo 10wy 11 5,500
o) slas e L4

8min /
F6:8 sl 1. 4.,74000

Second: we retrotranscripted the tRNA to
cDNA by M-MLYV reverse transcriptase as
described in part 3.6 step 3.

Third: we amplified the cDNA by PCR as
described in part 3.6 step 4, and we

obtained a quantity amplified of HLA-
A*0201 and [32-m.

Figure 4: Pipetting of
1pl of M-MLV(RT) /

1 pobazd 4 5500l
o A SsM-MLV

Figure 5: PCR machine /
Saldl Jola AT :5 8yl
Jeel
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Fourth: we purified the PCR product on an ooy Judodll 5aldl el & e iz Ll ;@qb

agarose gel;

1. we prepared the agarose gel as follows:

The preparation of an agarose gel: - Put 1g of

agarose in 100ml of TAE buffer 1xPH and
dissolve it at 90°C.
- Let the gel cool down to about 60°C

at room temperature.

- Put the gel on the gel rack then insert

the comb and let it to solidify.

o J.AlOO 3 )’j)L'G‘Y\ o tl Lapg — ] R_Lfd.b
e ansdn Ll f EWIVER R:.-);xl TAE (.1:.\,»

90

) 3yl > A s gsb (4060 Al apd olS -
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Figure 7: putting of the
gel on the gel rack / ;5.2

Gkl L_;Lf— (‘9\4&\ =28 7

Figure 6: Dissolve the gel at
90°C with agitation / :6 3,5/

Al w2290 e oI s

Figure 8: injetion of 10ul of
sample into the wells of gel

[ a) o ,gjbﬁ.,.lO c.b) 8 5)}.@-‘\
O A 3

Figure 9: migration of the
three bands (2 bands for
HLA-A*0201& 1 band for
p2-m)
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2. After the solidification of gel, we drew the
comb and the border of the gel rack, we
added 1liter of TAE buffer to cover all the
gel, then we injected 10ul of each sample (we
putted in each new eppendorf tube 6 ul of
the DNA (HLA-A*0201 or (-2m) + 3ul of
glycerol + 3ul of bormophenol blue) into the
wells of the gel prepared, we closed the lid
of electrophoresis chamber and applied the
voltage at 120 volts for 30min, (400mA, 400
Watts).

3. After the migration of bands we turned off
the power supply we removed the gel and
putted it into a deep vessel we covered it by
250ml of dH20 and we added 30ul of
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ethidium bromide and late it for 30min. then
we washed the gel 3 times from ethidium
bromide with dist.water.(250ml in each

times).

LWESUIRE: be curful with the ethidium
bromide!!! Use specific gloves, put the
waste liquid of ethidium bromide in a
specific place, and do not throw it in the
nature.

Ethidium bromide could cause a cancer and

it is mutagen.

4. We putted the gel on UV-machine to see if
we have bands or no, if yes, so the steps are

correct and we can continue the protocol.

Result: AlHamdullillah we observed the 3

bands and we could continue the protocol
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Figure 10:injection of 30ul of
ethidium bromde in the gel
recovered with 250ml dH,0.

Figure 11: soaking the gel with
ethidium bromide for 30min

Figure 12: observation of 2 bands of HLA-
A*0201 at the right an 1 band of p2-m at the
left on UV-machine

5. We marked off the border of each band on the
UV-machine (fig.14), then we putted the gel in the
deep vessel to cut the bands and should be
remove all the excess of gel (fig.15) then we
putted each band in a new eppendorf tube
(fig.16), we balanced each tube before and after
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the addition of band in it for obtain the weight of =~ | 2> §i < sty WO e aaid) alslay sl ST 05
bands to begin the purification of those bands . ] .
with the Qiaquick gel extraction kit® (the weight sl foset po cdan Ml el glal 035 o
of HLA-A*0201 was 1.32g, and for B2-m was il~32 0" 0201 Sl Lall O3ll) ShsSLS wdla
1.31g) then we stored the purified DNA at -20°C

- e A b hig L baaey (31.31 0 kg
until use.

L8\l Jz—\}\ & lorzos &> <-°20

Figure 13: marking off the border of Figure 14: cutting the DNA band from Figure 15: DNA band in
bands the gel eppendorf tube

2.7.2 Preparation of vector / Ui jad

To digest the vector we assembled the following B el 3 3 oS ot el L) aladl
components in a microcentrifuge tube:

3 ul pET vector PET B o 735 3
3 ul 10X restriction enzyme buffer %10 pldl a5t b e g S 3

1 pl (10-20 U) EcoR I restriction enzyme . : 20-10 S 1
No. )T, 5l abedll g5l s (5 - 3
23 ul Nuclease-free water brought to volume sl el 51 0 o )7

30 ul Total volume SUSsd) pr J sl e il Sn 23

We incubated at the appropriate temperature G o
(usually 37°C) for 2—4 hpfn tIl)’le water b};th. We e S sl Sl e
ran a 3 pl sample on an agarose gel to check the W o o 30937 e sl 3 Yl it S
extent of digestion (fig.16), when digestion is . SHEN s e a0 g Sn B Lining & o
complete, we added 1ul of calf intestinal

alkaline phosphatase (we diluted 0.2ul of calf D ltol ankass or 048 Loisy (16 550) ol o

intestinal alkaline phosphatase in 0.8 ul of water -Ss) lall (552l (sslall jslansdh apl o 2dy S

for obtain 0.05U) directly to the remainder of the ¢t
79 Ss0.8 Lol g5V 0 50240.05 ;55 [
digestion. We incubated at 37°C for 30 min in & =

the water bath then we injected the sample in 4 % s&Y §3la (V) o 72350.2 Je ol

30 For more detail see MEGBI training courses book part I page 54-58.
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wells in the gel (fig.17), we ran the gel to
separate the linear plasmid from nicked and
supercoiled species. We visualized the DNA
band with a long wave UV light source (fig.18)
and we cut the band from the gel using a clean

razor blade.

LERURE:  Avoid over exposure to the light
source, which can cause nicks and double strand
breaks in the DNA.

We balanced the bands to begin that purification
with QIA quick gel extraction kit3! Resuspended
the final product in a total volume of 30 ul
50 ng/ul DNA).

recoveries in the range of 50% for the ligation

(usually about Assume

step. Then we stored the treated vector at —20°C

until use.

Figure 16: visualization the

LI - Figure 17: injection
digestiof vector in the gel

the sample in 4 wells
in gel
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Figure 18: observation the bands in UV-machine

2.7.3 Ligation / kst s

We prepared 3 eppendorfs tubes and
we marked each eppendorf (the first
for the ligation of vector with HLA-
A*0201, the second for the vector
with B2-m, the third for the vector
with T7 RNA Polymerase).

Figure 19: Marking of each tube
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31 Refer to MEGBI training courses book part I page 54-58.
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We added in each eppendorf tube
(1.5ml):

2 ul 10X Ligase Buffer (200 mM Tris-HCl
pH?7.6,

8 ul 25 mM MgCl2

2 ul 100 mM DTT

1 ul 10 mM ATP

2 ul 50 ng/ul prepared pET vector

1 pl T4 DNA ligase, diluted (with ligase
dilution buffer) 0.2-0.4 Weiss units/pl

2 ul Prepared target gene insert (0.2
pmol)

2 ul Nuclease-free water to volume

20 pl Total volume
Then gently we mixed by stirring with a
pipet tip, we incubated at 16°C to

overnight.

2.7.4 Transformation / dlac Jaill

Transformation into host strain for cloning

H(e1.5) sl S s ¢

<10 56 Vja-wuﬁfvjj)g“‘ 2
25mM syl IS e 1ds e 8
A00mM DTT . 1Js s 2
A0Mm ATP .. 2J, 8 1

50ng/ul et pET U a2y Sar 2

O sl ol o) Gaisll 4 bl 5 oo 1S 1
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(0.2 pmol) jasi bl o 1y S 2
DS e J sl e g Sa 2
LS et 15 S 20
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In this step we would to prove if the ligation of 28 o UL S Gl o) By 0585 OF Loyl dleyldi o

the insert with the vector without adapter was
possible or no, for this reason we transformed
them in the host strain for cloning then we
platted them and if in the next day the colonies
was amplified on the plate this mean that

ligation is possible and vice versa.

For this step we brought a plate contains e.coli
from the hospital because when we worked in
the e.coli that presented in our lab we found it
death and not lost the time we worked this step

as follows:

1- We took some colonies from the plate then

we putted it in 5ml LB medium.

2- We incubated over night at 37°C with
shaking

3- In the second day we observed a big quantity
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of e.coli in the medium we distributed the
medium in 4 eppendorf tubes and we chilled
them on ice for 10 min, centrifuged them at
4000 rpm for 10 min at 4°C, discarded the
supernatant and resuspended the pellets each
in 600 pl of cold 0.1M calcium chloride, leaved
them on ice for 25 min, centrifuged them at
4000 rpm for 10 min at 4°C, resuspended each
pellet in 60 pl of cold 0.IM calcium chloride
(this step for competent cells) then we let some
microliter for the next step and we stored the
remaining at -20°C

4- We did the transformation as follows:

We pipetted 20 ul aliquots of cells e.coli from
the hospital into pre-chilled tube we added 1 pl
of each ligation reaction (we added the pET
that without cutting as control positive), stirred
gently to mix and we returned to the ice we
incubated 5 min on ice , we placed the tubes in
a 42°C water for exactly 30 sec. (do not shake),
we placed the tubes on ice for 2 min, we added
80 pl LB medium to each tube, kept the tube on

ice until all have received LB, incubated for 1

hour at 37°C with shaking.

5- We Platted them onto plate contain LB
medium with ampicillin then incubated
overnight at 37°C

6- We observed in the second day colonies on
the pate and that mean the ligation is possible

and we can continue with the expression.

7- For the plate that contains the pET (the
control positive) we took some colonies from it
and we putted it the 2.5ml LB medium with
ampicillin then we incubated it overnight at
37°C for 12-16 hours.

8- In the next day we centrifuged it and we
purified it with Qiaprep spin Miniprep kit then
we stored the result at -20°C.
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Figure 20: Al take some colonies from the plate. A2) put the colonies in LB medium and let
overnight at 37°C with shaking, next day observe the result as in A3, continue with the competent

cells, and the transformation.
(ol oa0 237 s Al S5 1B Jawny (3 rgms 2T e V1 o LS lsgast an, d5(120: 3,50V

il adas (3 & oy LSO b (3 JoST 03T (3 LaST 5gd i ool OF Lo LU o) (3

Figure 21: after preparing the LB medium with the ampicillin, BO) put it in the plate with attention
from introducing air bubbles, B0) take some microliter from the transformation and plate it on the

medium as fig. B3, B4)
o 2( < celabl o w8l 5SS ol e W) (3 40 2 (e Yl o 3 JT oy 2% s 212850V

4o 530 3LS) Laudl e geyily B aue o 1y S j2m,
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Figure 22: C1) after plating, incubate the plates overnight at 37°C, C2) in the next day take some colonies
from the plate and put it in LB medium with ampicillin as C3) and let it between 12-16h at 37°C.
B B LS bl g 0 JT s B gry comall o Slegermall jany s JUWl asll 3 (27 Ca37 e S AL Opedt 51z 0 Adee sy (1 7 222 Bypeall
0a37 e isls 16 =12 o e o455

e —®
Figure 23: this the result in each step when worked in the purification of plasmid not cutting for restored at -
20°C./ %20~ Jo bairs silly plae i) B 25 W p 0 Ao S & oY 0la 223 Syseal

Transformation into expression host 3_ual) LAY J40 uj‘ Jall) dlas
We tried in this step to work in host for il S D e Janll By Lk 2l e
cloning and we added in it the T7 RNA JU o gl T ) Sady o L] izl
Polymerase recombinant with the pET M8 Bles S e slily (L)l Ale 3 e o) pET

vector (step of ligation) and we added it é bl o120 S bzl 0201 Y s Sl
with the transformation of HLA-A*0201 ekl s 5> Joall s L STy i O o oals
recombinant and 30-m recombinant then e Al okt O g Ui S5 Bl OIS0 (5

we platted them onto petri dishes and we <l
. . T D
continued the protocol until ELISA test
for see if there was a complex that
meaning there is a protein and this step

is correct and vice versa.

To do this first should be prepared the
host strain, second should be done the
transformation, the plating then the
extraction the protein from the strain and
purified it, finally should be done the
ELISA test.

We took the E.coli top 10 from -70°C and
that should be competent and we
worked in it but when we plated onto
petri dish we didn’t saw in the second
day any colonies, for this reason we think

that the e.coli was died but for prove that
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we putted some micro liter of this e.coli
into 5ml LB medium and we incubated
them at 37°C with shaking for overnight
and in the second day we saw the
amplification of e.coli and that meaning
the e.coli wasn’'t died but it wasn’t
competent, we did the competent for the

e.coli as follows:

We dispensed the 5ml of sample that in
the tube in 4 eppendorf tube 1.5ml and
we let them in glace for 10 min, then we
centrifuged them at 4000 rpm at 4°C for
10 min, we discarded the supernatant
and we added 600ul of CaCl2 0.1M cold,
we let them in glace for 25 min then we
centrifuged at 4000 rpm for 10 min at 4°C
finally we resuspended each pellet in
60ul of CaCl2 0.1M cold, then we stored
3 eppendorf tubes at -20°C and we let
one eppendorf for wuse it in the

transformation.

Secondly, we did the transformation as

follows:

We pipetted 20 ul aliquots of cells top 10
into pre-chilled tube we added 1 pl of
each ligation reaction (first tube contains
ligation of HLA-A0201 and T7RNA
second it contains the

p0-m and T7RNA

polymerase), stirred gently to mix and

polymerase,

ligation  of

we returned to the ice, incubated 5 min
on ice, placed the tubes in a 42°C water
for exactly 30 sec. (do not shake), turned
the tubes on ice for 2 min, added 80 pul LB
medium to each tube kept the tube on ice
until all have received LB, incubated for
1 hour at 37°C with shaking.

then we platted them onto 2 plates

contain LB medium with ampicillin then
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37°C, we

observed in the second day colonies on

incubated overnight at
the plate, we took some colonies from
each tube and putted in 2.5ml LB
medium  contains
incubated them for 12-16 hours at 37°C

then we centrifuged them at 4000rpm for

ampicillin we

5 min, resupended the pellets in 229.84 ul
of tris HCI (10mM) and we added in it 25
ug lyososyme, 10 ul
phenylmethylsulfonylfluoride

(50mg/ml), 0.08 ul DNase (1000U) 0.08 ul
RNase (10mg/ml) 1 ul EDTA (ImM),
incubated at 22°C for20 min, heat shock
for 40s in a boiling water, centrifuged at
10000xg for 20min, washed the pellet
with 250 pl 10 mM tris HCl, PH §,
dissolved it in 125 pl of 100mM tris HCI,
PHS, 8M then should be
centrifuged at 4°C for 1 hour at 150000xg

but because we didn’t have a centrifuge

urea,

it speed more than 13000xg we centrifuge
them at 13000xg for 2 hours and saw a
pellet for this reason we continued in this

way,
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Figure 24: after incubation the colonies that contain the insert recombinant, D1, centrifuge them at 4000rpm for 5

min and obtain the result as D2), then resuspend the pellet with the bufter as D3) and incubated at 22°C tor 20

min as D4, then transfer them to microcentrituge tube, heat shock 40s as D5,.
9 (23 Byl B Sl e Jamas Waday 363 5 340 T o 4000 e gl Lt (15 caugh 3 Ul o 50 I Slegorall o das :24 S50l
(53 B LSLL 40 Jo ofd byl > Aok 039 3L bl I gty (45 o LS 433 20 5 %22 Jo aialy (33 B LS sl B el 3 Ladkey

We purified the protein of HLA-
A2020 and B0-m by anion exchange

chromatography Q sepharose fast
flow (QFF) as follows:

1. We filled the syringe with the
start buffer, removed the stopper
and connected the column to the
syringe  with the  provided
connector, drop to drop to avoid

introducing air into the column.

2. Removed the snap-off end at the

column outlet.

3. Washed out the preservatives
with 5 column volumes of start
buffer, at Iml/min for the HiTrap
1ml.

4. Washed with 5 column volumes

of elution buffer.

5. Finally equilibrated with 5

column volumes of start buffer.

6. applied the sample (the protein
of HLA-A0201) at 1ml/min for
HiTrap 1ml using a syringe fitted
to the luer connector

7. Washed with at least 5 column

volumes of start buffer or until no
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material appears in the effluent.

8. Eluted with 5-10 column
volumes of elution buffer.
9. After completed elution,

regenerated the column by
washing with 5 column volumes of
regeneration buffer (elution buffer)
followed by 5-10 column volumes
of start buffer. The column is now

ready for a new sample.

10. Applied the sample (the protein
of 30-m) at Iml/min for HiTrap 1ml
using a syringe fitted to the luer

connector.

11. Washed with at least 5 column
volumes of start buffer or until no

material appears in the effluent.

12. Eluted with 5-10

volumes of elution buffer.

column

13.  When we finished the
purification of the entire sample we
rinse the column with water then
washed with 5 column volumes 20
% ethanol at 1ml/min for the
HiTrap 1ml to prevent microbial
growth. Sealed the column with the
supplied stoppers. And stored at
4°C to 30°C.
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Development of a synthetic peptidvaccine against HSN1 based on MHC-I epitopes

Figure 25: E1) prepare the syringe with the provider connector and fill it with the start buffer as

E2), remove the stopper from the column and connect it with the syringe by drop drop as E4) to

avoid introducing air to the column.
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Figure 26: after the connection of syringe with the column remove the snap-off end the column as F2) wash the

column with the start buffer and the elution buffer as F3) then elute the sample in a sterile eppendort tube as F4)
then when it finish the rinsing of column seal it with the supplied stopper.
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Finally we began in the ELISA test as 6L LSkl 2 (3 Ll bo-b
follows: pan specific o oS 5 adsn L JLY asdl 3
In the first day we dilute 5 ul of pan _ _

- y _ HOLP ¢ mouse anti HLA class I antibody, W6/32
specific mouse anti HLA class 1| ~
antibody, W6/32 in 1ml of carbonate | Lazss ¢ 9.6 issdl iy (0.1M) QU}UQ1 r-L?-M o J-'l
buffer (0.1M) PH 9.6, and we putted
50 pl/well in A1, A2, A3, A4, A5, C1,

C2, C3, C4 and we let it at 4°C for el Al oq‘4 e 2l 4{ ‘-35 ‘243 "-15

overnight. gl or %10 L iowailly] 203, Sn 350 il g agd s
In the second day we added 350 . _ ) . -
ul/well 10% w/v protein block to block et e I R
the residual bind, then we washed | PBS 3 sl e %0.05 o ML/,J”QJ. 600~
twice with 600 pl/well of 0.05% tween

Sl 321 T il ool oK L}]’;’L:Jj‘,gu 50

Lo 3y Goezdll Jana sall WO/32 01 alijy wall 5> x>
in PBS at room temperature to remove

the unbound W6/32 and blocking -
reagent, then we diluted the purified
recombinant HLA-A(0201 molecule
100 fold into 100ul 0.3 mM tris maleat
buffer, PH 6.6, containing human 0-
m (100nM), peptide(optimal InM to
1uM) and lutrol F-68 (1g/L) and we

59




Development of a synthetic peptidvaccine against H5SN1 based on MHC-I epitopes

incubated them at 18°C for 48 hours.

In the fourth day of ELISA test we
diluted 2 pl fo the sample reaction in
10 ul of protein block with 40 ul PBS
0.05% Tween then we added 50 pl of
the sample in each this well C1, C2,
C3, C4 and we added on A1,A2, A3,
A4, A5, the same sample but without
dilution and we let the plate for 2h at
4°C,
300ul/well with PBS 0.05% Tween at

room temperature, and for detecting

then we washed 6xtimes

the binding complex, we incubated
the plate for 1h at 4°C, with 49 ul of
post primary block + 1 ul of protein
block, then we
300ul/well with PBS 0.05% Tween, we
added one drop of Novolink polymer

washed 6xtimes

/well and incubated them for 30min at
room temperature to enhance the
detection, then we washed 6xtimes
300ul/well with PBS 0.05% Tween, we
added 3 ul of 335  5-
tetramethylbenzidine

hydrogenperoxide in A1, A2, A3, C1,
C2, and we added 3 ul of DAB
Chromogen in A4, A5, C3, C4, and we
observed directly a change of color in
Al, A2, A3, C1, C2 from incolor to
blue color and after 30 min we
observed that color was change to
yellow and that was meaning there is
a complex and AlHamdullillah we
successful in the protocol and in our

experiment.
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Figure 27: G3) dilute the w6/32 (G2) with the carbonate buffer (G1) and put it the wells as G4.
4y B LS Ol 3 ogad (1) SUgySUl ohus o (23 W6/32 itz (35:27 by3all

" H4,
Figure 28: H1) put PBS with tween for the washing and discard them the waste as H2) then dry it by a towel as

HB3) then repeat the washing as the same method.
Al s e il les usl 5 Bp B LSl o air o 2z B WS Oegall B asyl o il ol oo PBS a2 (17 128 5y5all

Figure 29: add the protein bock then the post primary block then the Novolink polymer but after adding
each reagent should be wash by PBS with tween.
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Figure30: add drop of the Novolink polymer in each well as J0) then add in part of wells TMB (J2) and in the

second part DAB (J3), J4) observe the wells that have TMB change it color to blue after many seconds.

Sl of 5-Y (4 < 36) DAB oW1 ool 29 (25) TMBU! Slonadll 0 pod 3 (il o5 (Lis B WS dd JS° 3 adip chud @il e 808 il 130 Byl
S8 3y I g 6 TMB ells

Figure 31: observe the result after 30 min the color blue change to yellow in the wells A1, A2, A3, C1, C2, that
have the TMB.
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Appendix: 2.8
Step 1: Amplification of HLA-A0201 and (32-m gene from PBMC

1-April-2011 10:00 — 11:40
Extraction of white blood cell from the
whole blood

Purification of the white blood cells by | 12:30 — 5:00
kit

And retrotranscription the RNA to
cDNA

Result: cDNA
Storage: 4°C

2-April-2011 9:42 —» 2:30
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Amplification of the DNA by PCR for the
HLA-A0201 and (32-m and the nested PCR
for HLA-A0201

Result: DNA amplified impure
Storage: -20°C

4-April-2011 9:00 —* 12:30
Preparation of the solutions (TAE Buffer,

Tris base)

5-Apirl-2011 8:00 —» 12:30
Purification on Agarose gel

Gel purification by Qiaquick gel | 2:00 — 3:30

extraction kit

Result: DNA amplified pure
Storage: -20°C.

Step 2: Cloning of the HLA-A*0201 and (32-m gene.

7-April-2011 9:50 —»6:30

Preparation of vector

Result: treated vector

Storage: -20°C

8-April-2011 8:00 —> 1:00

Ligation With the over night

Growing the E.coli in the LB.medium 1:30— 2:30
With the over night

29-April-2011 11:40-—»4:30

Transformation with e.coli top10

Plating on LB agar

Incubation the e.coli that from hospital in

Ib medium

30-April-2011 10:00=»2:00

Transformation pET into e.coli top 10 and

plating onto LB plate.

Putting the e.coli that is form the hospital | 09:00=11:00

in 5ml LB medium

1-May-2011 10:00—»12:00

Competent cell the strain that is from the

hospital

Transformation the pET and the HLA- | 10:00-—%12:00

A*0201 into this strain
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Screening the colonies in 2.5ml LB medium
with 1.25ul ampicillin,
Preparation of PMSF

Plating on LB plates 11:00—»12:00
2-May-2011 9:00 —»9:30
Screening the pET. Incubation from 12-16 h
Preparation of 5ml of LB medium and | 9:30 —»10:15
putting the e.coli top 10 in it. Incubation over night.
3-May-2011 11:30—»12:30
Purification the pET by Qia prep kit.

Competent cells for the e.coli top 10 1:00 — 3:00
5-May-11 9:00 - 2:00

Competent cells for top 10

Transformation

Plating on Ib agar

6-May-11 9:00 —» 3:30
Preparation of FMSF

Screening the colondes in 2.5ml with 1.25ul

7-May-11 9:00 —» 2:00
Preparation of PMSF

9-May-11 9:00 —» 2:00

10-May-11
Preparation of PMSF
Flate the bacteria that did for it the screening

9:00 —=2:00

11-May-11

Screenung the colonies

9:00— 10:50

12-May-11

Lysis of the bacteria

Dissolve the protein

FPurification with chromatography QFF

9:00 —»7:40

13-May-11
The first day in ELISA test: preparation the
coated buffer with the carbonate buffer and

10:00 —»11:50

64




Development of a synthetic peptidvaccine against H5SN1 based on MHC-I epitopes

we putted it into the wells plate
14-May-11 5:00 — 1:00

The second day of ELISA test: preparation of | Overnight 45hours
PBS, tris maleat buffer and we make the
complex HLA-AD201 and the peptide
15-May-11 12:40— 6:10
Incubation and washing in the well plate of

ELISA test until arriving to the result.

2.9 References

iwww.microbiologybytes.com/virology/Or

i www.microbiologytext.com/index

i www.microbiologytext.com/index

~© Paul Digard, Dept Pathology, University of Cambridge
+http://virology-online.com/general/Replication.htm

v http://www.ncbi.nlm.nih.gov/

vi Protein Expression and Purification 35 (2004) 210-21, form science direct
www.sciencedirect.com

viil lifeserv.bgu.ac.il/wb/zarivach/.../Novagen%02pET%02system %02manual.pdf”
ixinvitrogen life technologies

« GE Healthcare. www.gelifesciences.com/hitrap

«i PeQLab Biotechnologie GmbH

xil WWW.qiagen.com

«it peptides@thinkpeptides.com Web: www.thinkpeptides.com, thinkpeptides - The
Magdalen Centre Oxford Science Park - Oxford OX4 4GA - United Kingdom
Registered in England No.: 387 3386 - VAT Registration No.: GB 749 9053 87

« http://sciencetrader.com/SMF/index.php?topic=44.0

x United States & Canada 800-207-0144,Germany 0800 6931 000,United Kingdom 0800

622935,0r your local sales office, www.novagen.com

65






Basics: Biotechnological upstream and downstream processing, DNA vaccine technology, Hepatitis B
vaccine production technology

Basics: Biotechnological upstream and downstream processing, DNA vaccine
technology, Hepatitis B vaccine production technology>?

32 From [MEGBI-VPP 2012] and [MEGBI-VPP 2013]
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MEGBI Vaccine Pilot Plant — 1%t Project Report (Feb 2012 - Jan 2013)
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Verification of the peptid candidate FLKDVMESM through ELISA and IFN-y ELISPOT analysis in

a laboratory setting

Ciganaall
TL et sere s e s e s sns s se s snessaessnnennns b gd 9igandl § dudle Uil Zli! dudes § dale §yla5
O (SOURCES AND UPSTREAM PROCESSING) gl 3ly2 ©oUialig 2 Lghsn1s (§ LIS S5 J1 Js-ae

2.1 ) ddloue g Ol>UEY jolassources oF BIOPHARMACEUTICALS( 73
2.1.1 ) sYsS SE. coli) cig ) suaaS (protein) Focke @Mﬁ (recombinant( 73
2.1.2 ) Snasyeast( 79
2.1.3 ) A=l LYl pllaifunghif 80

2.14 ) Lilyg et UlgIkransgenic animals( 81
2.2 ) axwllupsTREAM PROCESSING ( 82
84 ..ot (PREPARATION OF SELECTIVE AND DIFFERENTIAL AGAR) ($A039 duwl IR paxd
3.1 ) eIV &l 63iTvees oF Acar( 84

311 ) Jsilad] pMlemannitol Salt Agar (MSA)( 84
312 ) sb QigYI pXoEosin-Methylene Blue( 85
313 ) Kl pMovacConkey Agar( 86
3.2, Ola=all) 45LaSsuliBiocHEMICAL REACTIONS U 3929 LEY Joaid 6JJ| (6ram POsITIVECOCCI 87
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5.1.1 dole 8,557 Fehler! Textmarke nicht definiert.
51.2 ) <ldkiorequirements( Fehler! Textmarke nicht definiert.

5.2 WJJ\ (DESIGN) FEHLER! TEXTMARKE NICHT DEFINIERT.

5.3  CONSTRUCTION FEHLER! TEXTMARKE NICHT DEFINIERT.
5.4 ) Jﬁ’SLBJ}:‘:‘J‘ &HG-SMANUFACTING OF BIOREACTOR( FEHLER! TEXTMARKE NICHT DEFINIERT.

5.5 u..d& FEHLER! TEXTMARKE NICHT DEFINIERT.
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.3.3 ) ©lasol goSpECIFICATION(  FEHLER! TEXTMARKE NICHT DEFINIERT.
6.1.1 ) ool 5i9>kensors( Fehler! Textmarke nicht definiert.
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6.1.4 )_29v¢/Hardware(  Fehler! Textmarke nicht definiert.

6.1.5 Example for input/outputs of K8061 for the bioreactor system Fehler! Textmarke nicht
definiert.

6.1.6 Extended USB interface Board K8061 Fehler! Textmarke nicht definiert.
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[Walsh 2007] o 33551 a1 (3 83551s 3,50l

Propagation of working
bank cells, generating
starter cultures

Production-scale
cell culture

Working cell bank vial
removed from storage

A A J

Upstream processing

; S Y Concentration (if a1l harvesti
Main purification o Cell harvesting <
(Chromatonr'lph\f; necessary) and and recovery of
= 2 initial purification crude product

L Downstream

" processing

Product filling, freeze
drying (if required)
and sealing

Final product

; ‘ Labelling and
formulation

packaging

o
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LeLal o)y QLquﬁ Leds1s & L= 2SS U 54 (sources and upstream processing)

sources and upstream ) labol sy by sl @ W iS5 ol Jsx 4
(processing

(sources of biopharmaceuticals) &/uwow b GY 5lao 4.1

34 (recombinant) aese gae (protein) wiigd ,aeS (E. coli) SYsS | 4.1.1
cxiie 15355 OF S 3 gl AN 7l aelal a et Bl S e el i
glsl Blog a1 e denlidll Gl (3pnas e 3y Lasy iy S oleS 3 ol
oo 3o LS g O e Y ey cible atlaie 51 3 57 0 S
Ao oedl a3l L Osali Oglins (pig 7l 5 bard Led 0sfug Y ) L (3 el (55 e
Ly (1982 Q2) ARyl Adlgl WA (genetic engineering) <l dwlig Gzl ‘}f}“
&YsS .s) @ @ (humulin ()% w) (recombinant human insulin) sbes Y1 el (nlsansYl
oo W s a2l VSTl @ st gl Tase Blaas mdsn sl Y Jle L(E. coli
19\«0.}“ mj}f\ e Al J>-¢2 9 ¢ mucositis j—f Jome adlal M , keratinocyte kepivance
Dl sl s s (o (VST (6] ¢ el ] pllaS”
By oy 3l ) Slalal) & alb sl 2358 plaS” (E. coli) VsS . sl Jos .1
e 5o 01 ) 30 e al (prokaryotic) iz 53,
$YsS .sl 3 s of u.<.€ a2 (protein) (9, (expression) s oo &l Sl stus 2
Jg.&q g2y ol u-<'9 ol ) o) 49,8 N[ .(recombinant E. coli) @,\L\
IS ks e wUL 30 A 5908 mads (p e 0 Dbl G Jgog (590
Akl R Lz Y) Ay (L By g Bl ST o A5y 05 GYsS 5l LIS .3

-

[Walsh 2007], Ch5 .+ aslaxs 0seiall 34
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bl gl ol ((E. coli) $YsST s) o e s I oS s Losiasy Wlsdl ods
g 5 Ao gpdl 495
o il mdodl gV S e 34 B L (B coli) VS sl i T s
]
4L 51> (heterologous) = gs>slafd (g ais o
9yl (glycosylation® Logas-) (translation) el da Le wBdad Jgad 2L pie o
(E. coli) VS 5] mlaws J& (4l g ) (lipopolysaccharide) Jp)ls-ljsed 3929
aglaal) Slggnl He) (Bucoli) VoSl s 513 o2 Lawb st &) Slidgpdl wloms
J1s prall CSM gl LR s 58 Slend) as .(3 6(homologous proteins)
iled) aklas Wiey 4JA) |50 @a.u el L add st 3 Ladls mam VS .l
e (2 o= Cuys Al dd) () 285 e
Bl pllas oy 225U AIGYL B 250 5T anky L] Bl ddblas llas by
¢ 2\ of (centrifugation) (Aess) leitdl) iz
e DAY 8he o wgll 59l fad S chromatographic J) dawly 4Jsd ST 245
(Ecoli) ¢VsS . sl W= |3 oo sl (3Lo] arlie

35 Glycosylation is the reaction in which a carbohydrate, i.e. a glycosyl donor, is attached to a hydroxyl or
other functional group of another molecule (a glycosyl acceptor). In biology glycosylation refers to the
enzymatic process that attaches glycans toproteins, lipids, or other organic molecules. This enzymatic
process produces one of the fundamental biopolymers found in cells (along with DNA,RNA,
and proteins). Glycosylation is a form of co-translational and post-translational modification. Glycans
serve a variety of structural and functional roles in membrane and secreted proteins. (from: edited by Ajit
Varki ... (2009). Essentials of Glycobiology. Ajit Varki (ed.) (2nd ed.). Cold Spring Harbor Laboratories
Press. ISBN 978-0-87969-770-9.)

36 Heterologous (meaning 'derived from a different organism'), homologous: similar natural protein. Protein
homology is biological homology between proteins, meaning that the proteins are derived from a
common "ancestor". The proteins may be in different species, with the ancestral protein being the form of
the protein that existed in the ancestral species (orthology). Or the proteins may be in the same species,
but have evolved from a single protein whose gene was duplicated in the genome (paralogy).
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iygds (homogenization) & swd da 85ke o) 25lasYly deudl degemmall i (centrifugation)
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Slas Lo Lonis 05y el azbaS Ligas (gshaze Lgie &e dni (56 (protein folding) cxs)

£

- sl

sl & (heterologous protein) ol i oi5gp pe Iie oYl plor) L85 mil o) i) oYl
(25t 22 30 1 37 pa) B bl 5 8 B> (3 Jas (2t 0L bl ans wiins” (E.coli) sYsS
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Bkt o Ak 3 e Ui 10 sl B (thioredoxin) oty s cxdsnll s fied

3 . , .
. enterokinase (protease) ;Wgn)l g5y davly 3,20 3525 (peptides)

% From Wikipedia: (also called enterokinase) is an enzyme produced by cells of the duodenum and

involved in human digestion. It is secreted from intestinal glands (the crypts of Lieberkiihn) following the

entry of ingested food passing from the stomach. Enteropeptidase converts trypsinogen (a zymogen) into

its active form trypsin, resulting in the subsequent activation of pancreatic digestive enzymes. 12l
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PN 3 el il ]

Plasmid
vector T

(pTrxFus)

\L Expression
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Thicredoxin Protein of interest

Fusion protein

Key: (D =strong promoter
@ = thicredoxin gene

Q@ = nucleotide sequence coding for the peptide sequence which
serves as cleavage site for the protease (enterokinase)

@ = gene/cDNA coding for the protein of interest

Gary Walsh, Pharmaceutical Biotechnology — Concepts and Applications, Wiley, 2007, Fig. 5.1

Enteropeptidase is a serine protease (EC 3.4.21.9) consisting of a disulfide-linked 82-140 kDa heavy chain
which anchors enterokinase in the intestinal brush border membrane and a 35-62 kDa light chain which

contains the catalytic subunit.BlEnteropeptidase is a part of the chymotrypsin-clan of serine proteases, and

is structurally similar to these proteins.

[1] Kunitz M (March 1939). "Formation of trypsin from crystalline trypsinogen by means of enterokinase". J.
Gen. Physiol. 22(4): 429-446. doi:10.1085/jgp.22.4.429. PMC 2141988. PMID 19873112.

[2] Kiel B (1971). "Trypsin". In Boyer PS. The Enzymes, 3: Hydrolysis - Peptide Bonds. Amsterdam: Elsevier.
pp. 249-275.I1SBN 0-12-122703-0.

[3] Huang L, Ruan H, Gu W, Xu Z, Cen P, Fan L (2007). "Functional expression and purification of bovine

enterokinase light chain in recombinant Escherichia coli". Prep. Biochem. Biotechnol. 37 (3): 205-

17. d0i:10.1080/10826060701386695. PMID 17516250.
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LeLal o)y QL:;E}JJ, Leds1s & L= 2SS U 54 (sources and upstream processing)

OLadd) Ll ISadl 3 iy L (Wl olszed) (3 Lls iy (fusion protein) ¢s)lea¥) os )
(selective) JlisY! (release) 49| 4w (adhesion zones) Sladyl gblis 3 saxdl . (soluble form)
.kl (osmotic) 44l (shock) 4sd2)l (culture media) o

¢ (incubated) ;2% (5)leai¥l (ignd) 4BMb] Ay 1S 021 (purification) Wgnisd) Lty 1

Zhol e oST5 A [ sl e Al Aoy (38 8y00a)l o) Ly Ul (59l sl centerokinase
molecular ) x> wgmlS o Sl Ll (expression) madl a5l (inclusion body)

Loz ) (gl s &g (chaperones

i)l (folding) usz 0923 pll Oy r wgunds o» (molecular chaperones) dgjr wigmlS
(biological active) Ls> Lol (3-dimensional) ste¥l I glSCs wgillasl 5 olig,d Sl
Lot s | is Ay Lo ol wmsiy Wil om0 ol ol Bl (g b oo B3Le s Oty
o yé (hydrophobic) 4. sse,ds <lbls)

Loswas) (translation) 2l ey Lo odldas dudid (sV5S7.5) 2o prokaryotes wis)Sol 8,45 sis
aslall Slggpll o S5kl 2 dle Sliggpd) aed ] 2udasls (2 532 of K< (glycosylation
(JaY (3 asd) bil) glycosylated 05SS k) (3 Lan &5 Lee

383;%4" 3 L ozl 1) glycosylated  ;» el (3 byl

U3 s it TL-1 .(interleukins) aSed Y1 ST

(glycosylated & IFN-aJ! 51 )¢ IFN-a ¢ IFN-4

CNFs

TNFs

Gonadotrophins (FSH, ...)

Blood factors (e.g. Factor VII, VIII and IX)
EPO

Intact monoclonal antibodies

33 Table 5.4 from [Walsh 2007]: Proteins of actual or potential therapeutic use that are
glycosylated when produced naturally in the body (or by hydridoma technology in the
case of monoclonal antibodies)
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carbohydrate ) hsas SU 05U 34y pts (glycoproteins) &Sl Syl jan die Sy
(IL2) iVl e glycosylated pdll Sl (s wgbles e Wl 53 Y (component
055 0 e (VoS gl oYU ol oo (3L ol B (gp DLis o (JUM fe e
g d Slapr sy (Beoli) Vs sl Jlanznl glan Ld 53 Gl ol pllass” 43187
o Wl (9,2 e Jxt ([Walsh 2007], Ch7) L 3 JY pyrogenic amla)l . Lembkaw e (LPS)
Ogs bradl) i Ligas dodsznd) (downstream processing) &dxdl Slelr| s dodl dlig ozl
S Aiymo

(animal cell culture systems) &slgsd! L) 2alsl (3 (recombinant) Caligs 59y

Jro 3 (S gl s5g) Wl e L Sl LI (3 Sl o) o 550 a )
el A b bl s Jo 208 a2l eda e Bl sl O] il ods
. gl (99l (translation)

Al 2 3 OV s Lk glycosylated & &) Rsed) 2Veal) Sl e ikall (S
M Aot (858 OF e (2L L ogad) Vi 1S padsiies el BHK 5 CHO JI LD
1 Vol Sl e el Y (9,5 | s pblaxie] ek (iranslation) Al e
RCTIINO IRV RV

A ST azgmny ST oy sey dia diee slle by Bl WO (VST L6 oo Bl
BLEVL slpe 2 Al w0 s sl byl 30 ol el aoe STy el )l
Vel sl ZY femind Bilg R (gdl 2Y a2l (recombinant) 2bsk sl )
monoclonal ) ANl &sl-T slas alual 5 Sl e Lge slmad) dilsd) o5

.hybridoma Ol csd ‘_§5\ (antibodies
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z5 &y «(Namalwa &l+) (fxs lymphoblastoid 3D @ Lal el interferon J lule
L b(IFN-r) O} G T ale Olgins
(yeast) b 0 4.1.2
W G5 a5V 2l (recombinant) adgs slsk a3lo) ol iadsl S e Lol olsyl 5
i ol reibar ) jafladl e sus 5s (saccharomyces cerevisiae Logas) p
Lol jaSledl ods | pend
¢ el o o U eaddl s a5 wedl ole
G el s phlaxzaly cple iy pblanza) 20¥) WIS (3 domas 24 SIS oda (lans
(Bl e & -1 e Jlany) acbial
sl o gt el ) (gl (Ld Ras) Ldae Sl 3 Red Bepen Osen
Y
CShgte Ol [l deal = Lelis dwlie
.(RNA translation into amino acids) aa il Ay (g ) Jﬁ-’v’-? L pei
LS gl r 83date 1Y ) padl ST 30
heterologous ) I e o e gl e b,V oo e dla (Jl- 2 s
LS LBl (3 (protein
(heterologous protein) @)\5- A o M9y C\J—?\ U«L" BRIt «f e p—")b .1
o i bee) el e il JSle aie ) s OF Y1 (glycosylated)  LsSele
. recombinant Z\Al.?jl\ Z\.g\ri-\ LM Cags Lol G L s )T wﬁl\ laydee
Sl e UL B 51 (heterologous protein) s (i oy ol Sligtens A5 (VW ST (3 2

- (B.coli)sVsS™ 8! & 3] Slgtons oo T (350 el 0da IS gl
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JW?U & g Y ar recombinant lge e calo (it )\f{a%ﬂ oda JJ’.A e V';Jj‘ L;&
Olead) oda ST olsW pte J-{»w .(Saccharomyces cerevisiae) $pedl (3 dxis Alall Lﬁlﬂ-“

.glycosylated <

= &) (glycoproteins) 1y Sl gyl (oligosaccharide component) (§-4,l5-Le sSJgY1 54|
DAL sds o 635 (mannose) sl o Blle s Jo Lpee sd AL G
blood ) ¢ 52 o drpadl gl Ul Leges (mannose) ;jfL&\ g5 o Wl glycosylation
ll ) ol S il I aws Lot 308 LBl 0585 O gz colmaill o o . (stream
2 immunogenic 055G 0 S8 Bxad) Sw SlsSo Lang ¢ il g b e

(funghi) Jloall 2l Al 4.1.3

Joo 2V 3 el Slsgpdl e S it vgre LRl cheterologous (an) gieS age ladll
QW ) Lo 36 badl) clagas . sialsie 3wll) s Y) 345 . glucoamylase 3 a-amylase
Vool gd) Balall B ol Y A s Ay gte Al Al Sliden gxdl
Shpardl i Lol 5)adl bl cllze 2i 1 a3l Al 2l e ely S e 05
it (J- al e om0 (S glycosylation bUT L zall 59l (translation) 227 s L
mammalian (cell line) Wi Lax (3 8l ol sy Lo Lgle o &l ) LY o
e sl dele e of LA Cuai (serum) faas 2k G OF (S 1

o2t O Se @ ad ol ) assed) Yl e Bl Sl Lk oL kadll ST
@t Jlasiol Wi el il (S ageall ods . (recombinant) izl =zl (degrade)
oW O e w2 U gl Sl a i 22isd) bl a2 ) (mutant) Lo il
Sgo i 4 &l VI ((recombinant ) 2455H & badl) 2aV1 (3 fazt) S gl e sie lgs]

gk gand Ablgs oS g A1 ool 1A Blagll ol lig a5Y s By
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(transgenic animals) Uil ;s dall wlilga)l 4.1.4
oo Jer gl O LS Lals] s S Ly dime lg & heterologous (x59y 73]
miCI‘Oil’ljeCtil’lg W Jy\?- U’A 3J&L~° @ (}5.3 dL::—i}“ g_,JSj L} (transgenic) 13'\)3 Z\JJ.&U CJU}:;L\

(egg) L)) 4} (DNA) s O (53 ) aem)ls
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(upstream processing) gua// 4.2

From [Walsh 2007], Ch 5

82

Propagation of working
bank cells, generating
starter cultures

Production-scale
cell culture

Working cell bank vial
removed from storage

Upstream processing

Culture of the newly
constructed production
cell line

yhuulcd into ampoul\s

Master
cell bank

Working cell bank
Number |

Figure 5.6 The master cell bank/working cell bank S or simplici n
stem. Fi i
ngl 2 Sipineten Ry q y! r simpli |ty, each bank shown above contains

f would likely consist of several hundred i
number 2 will be generated from master cell bank vial number 2 only when a:(n.poules. Working cell ban.k
exhausted and so on working cell bank number 1 is

UPSTREAM PROCESSING 123

Ay

e

N

ey

AN

Y

A

R N
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NSNANY; N

X W

’_____:=§ ”—--~:S\ NN N

AN g
DN SSSSNNN

(a) (b) (9] (d)

Figure 5.7 Outline of the upstream processing stages involved in the production of a single batch of prod-
uct. Initially, the contents of a single ampoule of the working cell bank (a) are used to inoculate a few hun-
dred millilitres of media (b). After growth, this laboratory-scale starter culture is used to inoculate several
litres/tens of litres of media present in a small bioreactor (c). This production-scale starter culture is used
to inoculate the production-scale bioreactor (d), which often contains several thousands/tens of thousands
litres of media. This process is equally applicable to prokaryotic or eukaryotic-based producer cell lines, al-
though the bioreactor design, conditions of growth, etc., will differ in these two instances



http://ar.wikipedia.org/w/index.php?title=Upstream_(bioprocess)&action=edit&redlink=1

Ll sy ol Ledss ERE PSS J3-s (sources and upstream processing)

jon eguipment as employed in the biopharmaceutical sect
automated, with all fermentation parameters being adjus
f SmithKline Beecham Biological Services, s.a., Belgium. |
y-scale fermenter with recombinant microorganists used
Photograph (c) courtesy of Pall Life Seiences, Dublin, 1

Figure 5.8 Typical industrial-scale fermentat
Control of the fermentation process is highly
omputer (b). Photographs (a) and (b) courtesy ©
9%aph (c) illustrates the inoculation of a laborator
Production of a commercial interferon preparation.

From [Walsh 2007], Ch 5
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(Preparation of Selective and Differential Agar) S ;uig giliil s ) jussi 5

S 54 (media) Ol 2% (gram negative)@u\ AL IEC RUVE RS S (inhibit) &Y

.(tellurite agar). Thallium acetate(0.1-0.5g/L) ji Sodium azide ¢potassium Tellurite

& 5% (media) adla 2% (gram positive)%b,-‘ﬁﬂ ?‘J’J‘ i e LSl 3 (inhibit) &Y

. crystal violet (2mg/L) j penicillin (5-50 units/ml)

(Types of Agar) . Xo/Y/ eloil 5.1
(Mannitol Salt Agar (MSA)) Jsiilall b 5.1.1

Used for the isolation of staphylococci. The pathogenic one will appear as yellow colonies with
yellow zones, but the small red or pink colonies with no color changes to surrounding are the

nonpathogenic.

oj»,'an jyz.“ LJ ,J—MT L@.b.;ﬁ'—j ;L.é.\,a QW J.@.b.f.w oJ,QM ‘\,D)\.;-T staphylococci J\ JJ;J JM.ZAM:{
ot Osly w5 Oay (63,801 o L2V 0oL opke Ol Siats O oS

Procedure: ady bl

1) 5g Enzymatic Digest of Casein

2)1g Enzymatic Digest of Animal Tissue
3)1g Beef extract

4) 10g D-mannitol

5) 75g Sodium Chloride

6) 0.025¢g Phenol red

7) 15¢g Agar

8) Add purified water to obtain 1L ( ] 1 Jswo sl cle L))

9) Adjust pH to 7.4£0.2 at 25°C (x5 3 J) L) .

Boil to dissolve, autoclave 15 minutes to 121°C, cool to 60°C and pouring into Petri dishes.

60 ) ety SLB opd SR, a0t 4> 121 o) e akds 15 0l gdai oIl Codd il i

(Petri dishes).aols 4ol (3 LS & (yag Ligte 4y
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S j;f 9 L“; ) ("JM pa-; (Preparation of Selective and Differential Agar)

£

Storage gl

Stored at 2 - 30°C.once opened and recapped, place container in a low humidity environment at the

same storage temperature, protect from moisture and light by keeping container tightly closed.
d_g}lajj\ S Laslel ,u."aszﬁ 8, % L@.&Joj —% ;\}@.U B Leie A ghe a3 30 9 2 O Lo gﬁ’d”‘ﬂi

PSS ogeall Blay 550l

Packaging > bl
Mannitol salt agar ~ code No 7143A 500g

7143B 2Kg

7143C 10Kg
Expiration clgsV)

Dehydrated medium should be discarded if not free following or change in color.

(Eosin-Methylene Blue) gl ¢,59:3 p)a 5.1.2

Used for the isolation of Gram-negative bacteria, and to differentiate between that fermenting and

nonfermenting microbes of lactose and sucrose.
@h:wi Y sl c;b,(.«d\ e &S o b 4l 9 ¢ Gram-negative bacteriad! Jj Jorin

Lactose ferment colonies were either black or dark center with colorless outer, however the non

ferment are colorless.
s 055w Y Gl Osll) 5als Lehauy ol slasm Slegaz IS Jo gl okt ol 5l

Under acidic condition the dyes produce a dark purple complex associated with green metallic

sheen (acidity caused by the fermentation of lactose or sucrose).

Pl MY sgar DI BNt 5 L o) ekl a5V Ol ane fliallangedl b o2
LSS

E.coli: dark center and a greenish metallic sheen.

Enterobacter: large, muccoid pinkish colonies.

Salmonella: non colored colonies.

Procedure: 4 JE\

1) 10g bacto peptone
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2) 5g bacto lactose

3) 5g bacto sucrose

4)2¢g dipotassium phosphate
5) 13.5g bacto agar

6) 0.4g bacto eosin 'y

7) 0.065g bacto methylene blue

8) Add purified water to obtain 1L ( f 1 Jsosl) sbe QL.'M)

Adjust PH to 7.2, boil to dissolve, autoclave 15 minutes to 121°C, cool to 60°C and pouring into
Petri dishes.

S gSH0 aste 4> 121 o) > e adds 15 ol glas slsl) gdd @J'l\ L cuw.?f g J bz
.(Petri dishes) 40> A.Q.ij & L@.&Ma V‘: P9 4ste 433 60 J M‘j ML

EMOB Agar

For testing strains of bacteria for sensitivity to phage. In this case 5g of NaCl/1L is to be added into
the medium and the medium is to be made without added sugars to a final concentration of 1% as
in the typical EMB.

(MacConkey Agar) SKSall b 5.1.3

Supports the growth of all Salmonella and Shigella strains and give differentiation between these

enteric pathogens and the coliform group ( inhibit gram positive).
Colonies of coliform bacteria are brick-red and are surrounded by a zone of precipitate bile.

Salmonella and Shigella do not ferment lactose but give an alkaline reaction when grow, its colonies

are noncolored and transparent.

enteric pathogens J! (n: ;& 9 Shigellay Salmonells J) &) Joxivs Jﬁ.&: = (')u\ s

N Ol bl g (sus 3 J&T O;gf coliform JV <lesas. coliform group 9

26 05 g sl 2 ISa5 SN eS W E s 036 1 Shigellas Salmonella J) lssast

e
Procedure: aiy ol
1)17g peptone
2)3g proteose peptone (difco or polypeptone)
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S j;f 9 L“; ) ("JM );.aa-é:- (Preparation of Selective and Differential Agar)

3) 10g lactose

4) 5g NaCl

6) 1 mg crystal violet
7) 30 mg neutral red
8) 1.5g bile salts

8) 13.5¢g agar

9) Add purified water to obtain 1L ( 1 Jsosl) sbe QL&\)

Adjust pH to 7.1+0.2, boil to dissolve, autoclave 15 minutes to 121°C, cool to 60°C and pouring into
Petri dishes.

Spd S0, 4580 a3 121 o)l > Je adds 15 ol gl slell ool @J'l\ J.;u, JJT d J ez

(Petri dishes) o> 4.3.0)? L} L@-«ngd (‘: P9 “eke 4> 60 L;‘ J,,a’?j }u}

gram positive J/ 3939 ol deeii silll Biochemical reactions ) eSSl wlaxd 5.2
COCCi

5.2.1 Catalase test
A solution of dilute H20: is added to a bacterial smear on a glass slide.

The formation of bubble (O2) is evidence of catalase activity.

2H02 — 2 H:0
b 13 Ll e engmsll LSl ) Ciisd) LSy bl Bl e olls ez (s
Y s aslis Jo 8,05 e Ls s cler wolelid
Jadl) 47
gl ST 358 L o w8 s gt el 13 sl &l 3 VO el 3
(gl LS B n i ) plt 6B Jelid) e o Sy STy sl )
U JonaS” 3y by iSIW LitsS JpV famy o

2 H,0, - 2H,0+0,

Catalase test
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e T A P2,

Catalase reaction

The catalase test is also one of the main three tests used by microbiologists to identify species of
bacteria. The presence of catalase enzyme in the test isolate is detected using hydrogen peroxide. If
the bacteria possess catalase (i.e., are catalase-positive), when a small amount of bacterial isolate is

added to hydrogen peroxide, bubbles of oxygen are observed.

The catalase test is done by placing a drop of hydrogen peroxide on a microscope slide. Using an

applicator stick, a scientist touches the colony, and then smears a sample into the hydrogen
peroxide drop.

e If the mixture produces bubbles or froth, the organism is said to be 'catalase-
positive'.Staphylococci[31] and Micrococci[32] are catalase-positive. Other catalase-positive
organisms include Listeria, Corynebacterium diphtheriae, Burkholderia cepacia,Nocardia,
the family Enterobacteriaceae (Citrobacter, E.

coli, Enterobacter, Klebsiella, Shigella, Yersinia, Proteus, Salmonella, Serratia,Pseudomonas),
My cobacterium tuberculosis, Aspergillus, and Cryptococcus.

e If not, the organism is 'catalase-negative'. Streptococcus[33] and Enterococcus spp. are
catalase-negative.
While the catalase test alone cannot identify a particular organism, combined with other tests, such
as antibiotic resistance, it can aid identification. The presence of catalase in bacterial cells depends

on both the growth condition and the medium used to grow the cells.

Capillary tubes may also be used. A small amount of bacteria is collected on the end of the
capillary tube (it is essential to ensure that the end is not blocked, otherwise it may present a false
negative). The opposite end is then dipped into hydrogen peroxide which will draw up the liquid
(through capillary action), and turned upside down, so the bacterial end is closest to the bench. A
few taps of the arm should then move the hydrogen peroxide closer to the bacteria. When the
hydrogen peroxide and bacteria are touching, bubbles may begin to rise, giving a positive catalase

result.
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S j;f 9 L“; ) ("JM );.aa-é:- (Preparation of Selective and Differential Agar)

(Coagulase test) 5doml oSl Hlus| 5.2.2
el LpSs e 5,2 Y t\ﬂ\j Gl s siiall LSy o il adsaey g5V gl

Aele 18 Ul LY el @ ale dmzd) colST13) | ey a5l 50k 37

MCEL}& e ey i Oan LU dglgl deadl COISTI3)

Y L) e colSTIA

(o Sols B3 hiall) 92U cea ) Assiiall ¢ e ) oSN Arge L5 sl Lpze) e A ges e
S5 Apssiall ¢ ediaiUl A5 giiall

Caogulase act by a thrombinase like action. In normal blood clotting, the following raction occur.
Prothrombin + CaCl2 — prothrombinase thrombin
Thrombin + fibrinogen — thrombinase fibrin

Coagulase acts within host tissues to convert fibrinogen to thrombin.

Add 0.5 ml of dillute rabbit plasma to a small sterile tube contain the tested bacteria and put them
in a water bath to 37°C

Result: fibrin formation (clot plasma) — coagulase positive (staphylococcus aureus needs 4 hours).
mas A sl 3le Lsf gl e e s o)

3 enly Lt 3 LSl e (55 ke sl ) akie (T Ll e o 0.5 G
ggte 4> 37 e eed) o e

.(S. aureus wlelos 4 Gu;:).@m s aclio Jo 88 Lo |5 1des LDl Las 13
(Hemolysins) &gl )l wley 5] 5.2.3

ol s ML ) (S35 g (exotoxins) Ay oblas T (Hemolysins) VR ALk lep)
11.«:&,& ‘}J'“"L‘ (..U\

Test how will lyse the red blood cells.
We incubate the bacteria on a nutrient agar supplement with 5% concentration of sheep blood.

Result:

89


http://ar.wikipedia.org/wiki/%D8%AE%D9%84%D9%8A%D8%A9_%D8%A7%D9%84%D8%AF%D9%85_%D8%A7%D9%84%D8%AD%D9%85%D8%B1%D8%A7%D8%A1
http://ar.wikipedia.org/wiki/%D8%AE%D9%84%D9%8A%D8%A9_%D8%A7%D9%84%D8%AF%D9%85_%D8%A7%D9%84%D8%AD%D9%85%D8%B1%D8%A7%D8%A1
http://ar.wikipedia.org/wiki/%D8%AE%D9%84%D9%8A%D8%A9_%D8%A7%D9%84%D8%AF%D9%85_%D8%A7%D9%84%D8%AD%D9%85%D8%B1%D8%A7%D8%A1

Basics: Biotechnological upstream and downstream processing, DNA vaccine technology,
Hepatitis B vaccine production technology

1. Alfa hemolysins: partially lyse, produce green zone.
2. Beta hemolysins: complete lysis, clearing of hemoglobin.

3. Gamma hemolysins: no lysis, no changes.
D05 &S Ca)ls ps poe dre pdla e LSl g5 o GLg S 0SS e
S5 e OV am Ol i 4131, S S am s YA e s W) Osll1 gl 15

(P eSS e YN O s 131 L
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255 el L3 (bioreactor) - 5555 bysedl J515 Adadi Sllas
598k, sl sy ddpnss llec - (bioreactor) gL, oull Jiis 6

¥ ioreactor) g oJaull Jelioll Joc 4iS6. 1

Gl 22l Ll sl g [Hass, Portner 2011] oo (35wl ool oo 335500 fawdl (3 3500

- - - —bjo
BioProzessTrainer WinErs
ds Zeit | 041428
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5 Experimente zur prozessfuhrung,

Kinetik und Modellbildung

aerobe Prozessfihrung

HEFE_1

Saccharomyces cerevisiae

Startvolumen

Anfangskonzentration Glucose
Anfangskonzentration Ethanol

'Animpfkonzentration
Temperatur
Sauerstoffgehalt

5 12000
7 180,00
=8 210,00

8 ?‘ : 240,00
10 270,00
11 300,00
12 330,00
13 360,00

- 1,00

2,00
2,50

3,00
3,50

4,00
4,50
5,00
5,50
6,00

HEFE_1: Auswertung der Kenndaten

10,0 L
10,0 gL
0,0 gl
40 gL
35,0 °C
60,0 %

=
63
6.9
7.0
7.4
7.2
7.3
7.4
74
7,4
74

9,4
7.2
41
0,9
0.0
0,0
0,0
0,0
0,0
0,0
0.0
0.0
0,0

02

0,8
1,7
2,4

73]

1.7
1.3
0,9
0,6
0.3
01
0,1
0,0

35,0
35,0
35,0
35,0
35,0
35,0
35,0
35,0
35,0
35,0
35,0
32,0

34,9

60
60

6,0
6,0
6,0
6,0
6,0
6,0

der aeroben Kultivierung nach der differentiellen Methode
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~0,574
~0,508
~0.41¢
=0,319
-0,199
=0,095
-0,007

0,053

0,073

0,043
-0,049
-0,215

w
A Ethanol [g/L]

M 5

Die Berechnung der Kenngrofen der anaero-
pen Hefekultivierung erfolgt mit den gleichen
Methoden wie die Berechnung der Kenngréfen
der aeroben Kultivierung. Damit die Auswertun-
gen der aeroben (Abb. 5.2) und der anaeroben
Kultivierung (Abb. 5.3) einfacher zu vergleichen
sind, ist die Zeitachse beibehalten worden. Es ist
aber zu beachten, dass die Auswertung der Kenn-
grofen nur bis zum vollstindigen Verbrauch der
Glucose sinnvoll ist. Weil im anaeroben Betrieb
dann kein Wachstum mehr erfolgt, ergeben Be-
rechnungen von Kennzahlen, die die Wachstums-
rate beinhalten keinen Sinn.

Im Vergleich der beiden Kultivierungen fillt
auf, dass die Wachstumsphase bei der anaeroben
Kultivierung kiirzer ist als bei der aeroben Kulti-
vierung. Die Hefezellen haben keine Moglichkeit,
Ethanol zur Energiegewinnung umzusetzen. Dies
zeigt sich deutlich im Ausbeutekoeffizienten Bio-
trockenmasse/Glucose. Dieser ist bei der anaero-
ben Prozessfithrung deutlich geringer.

Die Erwartung fiir den Ausbeutekoeffizienten
Biotrockenmasse/Ethanol ist fiir die anaerobe
Prozessfithrung Null, da kein Abbau von Ethanol
zur Energiegewinnung stattfinden kann.

Experiment Hefe_2: batch-Prozess mit Saccha-
romyces cerevisiae bei verschiedenen anfing-
lichen Biomass® bstratkonzentrationen
sowie bei ver mperaturen

Aufgabe: D flusges n¢ von
batch-Kult ] | gs-
konzer B

Uberlegen Sie sich hierzu eine
Sie mit moglichst wenigen Experin
wertbaren Aussagen kommen kon
torieller Versuchsplan [Soravia and

Auswertung:

Bereiten Sie die Daten wie in Exper

auf und werten Sie diese entspreche

e Welche Startzellkonzentration v
optimal ansehen?

e Welche optimalen Anfangskoi
fiir Glucose wiirden Sie nach Au
Ergebnisse vorschlagen (Begriinc

e Vergleichen Sie diese Werte mit
ten.

Fiihren Sie ein Experiment mit den
wihlten Bedingungen durch und il
ob Ihre Prognosen zutreffen.

Experiment Hefe_3: batch-Prozes:
romyces cerevisiae; Bestimmung di
und des respiratorischen Quotient
rend einer Kultivierung.

Aufgabe: Durchfithrung einer einf;
Kultivierung mit geregeltem pO,-
mung des k;a-Wertes in Abhiingig
Rithrerdrehzahl mit den onlin
Sauerstoffkonzentration im Abgas
I6stsauerstoffkonzentration ., .
Bestimmung des Verlaufs des res
Quotienten (RQ) wihrend einer b
rung mit Hilfe der Abgasanalytik.

iel: Verfolgen des k;a-Wertes aus
pien wihrend einer Kultivierur

100



255 el L3 (bioreactor) - 555 bysedl J515 Adeadi Sllas
E.coli J/ go 4o/l gd L lus/ 6.3

batch ) Ecolic Ml (3 8a>ly 50 comtnd) md) 131 LSl S0 i 5 sl) 0 dogh

. (cultivation
.j».ﬂi Z\.wa ..«\.3.)\.4“3 c}s:Ji 3.1;—}& Wj : &.3»\.&‘
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t o) 44y
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o zum Wachstumsverhalten der Beisp
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o in den jeweiligen Zeitintervallen
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gle zum Experiment ¥
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olsiendl 435 1) |5-ds (protein purification) ks |5-15 &gl (downstream processing)

(processing
™
; e Concentration (if Sl hasvest
Main purification s il Cell harvesting <
necessary) and and recovery of
(chromatography) AR ¢ VETY
initial purification crude product

\_ Downstream
© processing

Product filling, freeze
drying (if required)
and sealing

Final product
formulation

Labelling and
packaging

Fig.: From [Walsh 2007]
ine Lids e gl e Ay g5 e L O Slbeall e el e Bl 8 gl A3
BESLS, Jomb , IV VL 35, Lol ) 0 e B e s s n gan) BT
Lapés, ailsl ¢1530 (chromatography)
Qidl] Gl Yl bl 7.1
) I 3 aniy b al A deal) JMs e s LS oy O end Bk
0N A Bl 38 ey BL) a5 25°0) BN Bl B (3 € s (20°C
Ll W lgled
e Je=s (rpm) sl 2 595 3000 25 Lo (centrifugation) 4ol a5k Waday e
LSl b S Lapdg )5Sl AR ULy e Lol 5 gmge 4y osllall 015
(ammonium sulfate ) pssiseY) Sl Jlarzal IV e gl adedl) 2ad T Ly
Al e ST ol de S e by il (precipitation) 457 s (NHL),SO,
B epll Caltsew (ammonium sulfate) pssiseY) SlypSd) (concentration) S5 <Dkl

539shl 3 SN LVl o gl hass iy Calsl) gl Gy U3
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.(chromatography) <!yaaw¥l 2y Lels Al s Jlamza) fiadl) e

(ammonium sulfate ) (}y}otﬂ‘ ol S o oekad dialysisd! fearas LM sds o L
(NH,).SO.

ol ol Y] g Sl el Y] iy 7.2
k:;d&uowwyméb@ywsjwjﬂs@L;;Jzu;\ﬁ&s}uuy@ﬁ%ﬂ
.(pH value) &ﬂ@‘ VSJSK@ dlezy OIS sl @35}:3‘ Looed) wlin

L™ i) s Taartgne OIS gl U o3 L;‘L‘ P 614,‘4 NaCl 0.85 % 4l Ciwzios ) 144
PBS ('phosphate buffered &Lzl M= - &3y Ly& pH 7.4 géﬁ*l)%‘&‘ (";Jj\ P sl £
ol BS YL e &Y lsel) ) sy Ol 1 V"@l‘ 9 -saline")

.chromatography column _J¢ &2y i5l> 55l ¢ sepharose !

.(laboratory scale) S Sl ¢ chromatography columns J Jle

|
|
|
l

http://wolfson.huji.ac.il/purification/index.html : - .
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lutg gl a5 1) |5-as (protein purification) W5 313 4> gudl (downstream processing)

.(production scale) 5! 3las (& chromatography columns J J\e

GE Healthcare
Bedienungsanleitung BioProcess LPLC- und MPLC-Saulen

GE Healthcare

Data file 18-1115-23 AD BioProcess Column

BPG Columns 100, 140, 200, 300
and 450 series

BPG™ columns are glass chromatography columns
designed for industrial applications which demand high
standards of hygiene. The columns are constructed from
component materials of the highest quality and withstand
the harsh conditions used for cleaning in place of packed
separation media. An overview of column characteristics is
shown in Table 1. The columns are characterized by:

s Hygienic design and operation. Microbial attachment
and growth is hindered through the use of calibrated
precision glass, high grade electropolished stainless steel
and an absence of dead pockets.

s Easy, efficient packing and running with the
singlescrew adapter.

* Operating pressures matching most BioProcess™ Media.

« All polymeric materials meet the requirements for USP Fig 1. BPG column family.
class VI, described in USP <88> Biological Reactivity Tests,
In Vivo.
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JismosSll b oo duill S5 7.2.1

datajfll:

BioProcess systems Now part of
GE Healthcare

-Wd-—-ﬂﬁ

BioProcess MPLC/HPLC Systems

BioProcess™ MPLC/HPLC systems comprise a family of stainless

steel, liquid chromatography systems for use in process-scale

applications where high pressures {20-80 bar) are required.

Reliable 24 hour-a-day unattended operation contributes to

cost-effective processing, all the way from feed introduction ro

final fractionation. BioProcess MPLC/HPLC systems simplify

chromatographic procedures and offer:

« UMNICORN™ software that meets GMP requirements, including
electronic signatures and records

« Precise control of gradient with feedback (Type Il system only)

« Compact, modular and sanitary design

« Multi-product processing, prepared for automated CIP

« Compatible MPLC and HPLC columns

— Fig 1. BioProcess MPLC and HPLC systermns allow cost-saving,
Eeneral S_VStem dESCfIIJlIOH unattended operation in biopharmaceutical processing.

BioProcess MPLC/HPLC system _ Type The standard configuration includes 4 inlet lines,

. : radient
The BioProcess MPLC/HPLC system — Type Il is an advanced g . B L
. . . blending loop with conductivity measurement or
gradient system designed to blend solvents continuously. NIR detection
Control o_f th_e blending system is bas_ed on con_ductlwty, NIR, bubble trap, pressure transmitter, flow meter after
or refractive index of the solvents; this results in very accurate

. . . . . the column,
and repr_oduuble gradients. The |nclu5|or_1 ofa bub_ble trap |n_ UV detector, and 5 fractionation valves. All systems
the gradient system ensures that the mobile phase is free of air. are

controlled by UNICORN software.

Several additional features/components are available
- to ensure
: ||§£ 5 e @ that systems match specific needs. These options
R include:
'E' QH_ - 2 extra inlet buffer lines
3 QH— -5 extra fractionation valves
; EJ EI - magnetic coupling of circulation pump
. - temperature control before or after the column
- conductivity meter in gradient blending system or
after the column
. - pressure transmitter after the column
b4 - pH meter before and after the column
ititi - refractive index detector for fractionation or gradient
Fraztszra blending system
- valve feedback
ig 3. Fiping and instrumentation diagram of a BioProcess - filter module
APLC/HPLC system — Type 11. - injection loop

- heat exchanger
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UNICORN control

UNICORN control software provides a single familiar interface
for both chromatography and membrane separations. It provides
efficient control of the process as well as flexible method
programming, extensive data evaluation and powerful reporting
functionality. In addition, UNICORN is compliant with FDA 21
CFR Part 11, satisfying the regulatory requirements for
electronic records and signatures.

s — - swaxze]
- B a4

T — = -~ e w— e e LR T——
e e (O TEED TS P T
‘,.‘z?—-_-_,, e 4=!;
; ' = e
- -

: - 5. BioProcess HPLC systems and HPLC columns are especially
‘ . . ible for purifying small biomolecules with media such as SOURCE.

o C system and column combinations are also available for

‘ ] lar applications.
Pl a8 b panme | e [T g |gase | AIROIABOII S +4

Fig 4. Same familiar interface for both chromatography and
membrane system

g i bl o 7.3

Please refer to [Mourad 2003] Samir Mourad, "Purification and characterization of a Glucose-I

phosohatase from Pantoea Agglomerans", Karlsruhe, 2003, www.aecenar.com/publications
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(Attenuated, dead or inactivated bacteria) abil p o azs i

a8 318 ol B AL 0SBl o8 aloV) s LB o) slul hes 8 LSS ol g B
Attenuated and inactivated viral vaccines

Jd by ke pap Lo U

CUS bl i a3l o ond ) amile iy oo ailyem a3 gl gl sl fonis
Toxoids and antigen based vaccines

) ) o el sl oslll bl A

Al 2L LSl Lgamno S bl oslll adlas & LSl oSS o Lyl

S RS N T e B R IR POVE S AR PONSPA U URO

The impact of genetic engineering on vaccine technology

AU P CRCITEEE W PN

e o e e bl M s 2 e e e e il (8T il S e e B3 1y LSS
) Sl Lai O S xinall

Peptide vaccine

R

Pl ced) ol 6 il e ol ankad (1) aal AN e ax STy aplie dal Bslio e daam AW

Legionella pneumophila ATCC 33152
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Phospholsipase A2

Vaccine vector

p@ubpuwﬂim&bub}wwycwubfﬁyﬁmﬁb:u»Ju-;\_;(.,qﬂ:.{éJ\&MCw
bl L Lo aslill e pot) M ol slezel LiSls g 131 aldh) o e o)Ll

il

Escherichia coli ATCC 25922
Escherichia coli ATCC 35150
Staphylococcus aureus ATCC 25923

Staphylococcus aureus
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What is claimed is:

1. A plasmid vector comprising a DNA sequence specifying Protein A; expression signals operably linked to
said DNA sequence for directing expression of the Protein A DNA sequence in a Gram-positive
microorganism of the species "B. subtilis"; a selectable phenotypic marker which is expressable in a Gram-
positive microorganism of the species "B. subtilis"; and a region of sequence homology with a chromosome
of a Gram-positive microorganism of the species "B. substilis”, said region of sequence homology being
capable of permitting integration of the Protein A DNA sequence into said chromosome.

2. The plasmid vector of claim 1 further comprising a selectable phenotypic marker which is expressable in
E. coli and a functional E. coli replicon.

3. A method of producing Protein A comprising cultivating in a nutrient medium a transformed Gram-positive
microorganism of the species "B. subtilis" transformed by a vector containing a nucleotide sequence coding
for Protein A and expression signals operably linked to said DNA sequence for directing expression of
Protein A in the transformed microorganism, to produce protein A; wherein the vector contains a DNA
fragment homologous to a region of the chromosome of said microorganism, and the nucleotide sequence
coding for Protein A is integrated into the microorganism host chromosome under recombination conditions.

4. The method of claim 3 wherein the vector is a plasmid capable of replication in E. coli.
5. The method of claim 4 wherein plasmids are prepared which contain DNA fragments homologous to
different regions of the chromosome of the Gram-positive microorganism, and such plasmids are linearly
integrated into their respective homologous regions of the host chromosome under recombination conditions

resulting in multiple insertions into the host chromosome.

6. The method of claim 4 wherein the plasmid contains a DNA fragment homologous to sequences of the
chromosomes of more than one species of Gram-positive bacteria.

7. The method of claim 4 wherein the plasmid contains more than one copy of the nucleotide sequence
coding for Protein A.

8. The method of claim 4 wherein the plasmid contains more than one copy of the nucleotide sequence
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coding for Protein A.

9. The method of claim 4 wherein the plasmid contains two tandem copies of the nucleotide sequence
coding for Protein A.

10. A protein A-producing strain of a Gram-positive microorganism of the species "B. subtilis”, wherein the
chromosome of said microorganism comprises a heterologous Protein A gene under the requesting central
of expression signals capable of directing expression of the Protein A gene.

11. A method of producing Protein A comprising cultivating in a nutrient medium a strain of Bacillus subtilis,
having the identifying characteristics of strain GX3305 (ATCC No. 39345).

12. Bacillus subtilis strain GX3305 (ATCC No. 39345).

Description:
BACKGROUND OF THE INVENTION

Protein A is a cell wall component produced by nearly all strains of Staphylococcus aureus (see e.g.
Forsgren, A., Infection and Immunity 2: 672-673 [1970]); and Sjoquist, J. et al., Eur. J. Biochem. 30: 190-194
[1972]). Protein A is useful in that it binds strongly and specifically to the Fc portion of immunoglobulin IgG
from a variety of mammalian sources, including human (Kronvall, G. et al., J. Immunol. 103: 828-833 [1969]).
Thus this protein has been used in diagnostic applications and has potential therapeutic value.

In most S. aureus strains, at least 70% of the Protein A produced is covalently linked to the peptidoglycan of
the cell wall (Sjoquist, J. et al., Eur. J. Biochem. 30: 190-194 [1972]. The site of attachment is the C-terminal
region of the Protein A molecule (Sjodahl, J., Eur. J. Biochem. 73: 343-351 [1977]). Some Protein A (15-
30%) is generally excreted into the growth medium, and there are several circumstances under which the
fraction of Protein A which is excreted can be increased. Some methicillin resistant strains of S. aureus
excrete essentially all their Protein A (Lindmark, R. et al., Eur. J. Biochem. 74: 623-628 [1977]). Low levels of
puromycin increase the amount of excreted Protein A, presumably by truncating the protein and thereby
eliminating its C-terminal cell wall attachment site, and protoplasts excrete nearly all the Protein A which they
synthesize (Movitz, J., Eur. J. Biochem. 68: 291-299 [1976]).

Protein sequence information is available for Protein A from S. aureus strain Cowan | (Sjodahl, J., Eur. J.
Biochem. 78: 471-490 [1977]). The Cowan | strain contains approximately 2x10° molecules of Protein A per
cell (Sjoquist, J. et al., Eur. J. Biochem. 30: 190-194 [1972]).

Protein A is synthesized in S. aureus only during exponential growth, and synthesis ceases as the culture
approaches stationary phase (Movitz, J., Eur. J. Biochem. 48: 131-136 [1974]). The level of synthesis of
Protein A in S. aureus is highly variable, and is strongly influenced by the growth conditions in some as yet
poorly defined ways (Landwall, P., J. Applied Bact. 44: 151-158 [1978]).

The Protein A gene from S. aureus strain Cowan | has been cloned in E. coli. Lofdahl, S., et al., Proc. Natl.
Acad. Sci. USA, 80, 697-701 (1983). This gene is contained in a 2.15 kilobase insert bounded by EcoRV
restriction sites. The gene has been inserted into a plasmid and cloned in E. coli, where low levels of
expression have been achieved. The chimeric plasmid which contains the Protein A gene has been
designated "pS
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Currently, industrial production of Protein A is carried out using mutant strains of S. aureus. A major
disadvantage of using S. aureus to produce Protein A is that all available production strains are human
pathogens. Although many genetic engineering experiments have been conducted using Escherichia coli,
that organism is not suitable for efficient production of Protein A, since it does not export protein outside the
cell. Furthermore, E. coli possesses disadvantageous pathogenic properties as well, i.e., produces
endotoxins.

There thus remains a need for the production of Protein A by means which are both safe and efficient.

SUMMARY OF THE INVENTION

In accordance with the present invention, Protein A-producing Gram-positive bacteria are prepared by
introduction into Gram-positive cells which do not normally produce Protein A, vectors containing the
nucleotide sequence coding for Protein A and expression signals directing expression of the Protein A gene
in the microorganism. Protein A can be produced by cultivating such cells in a nutrient medium under
protein-producing conditions.

DETAILED DESCRIPTION OF THE INVENTION

A method of achieving high level production of Protein A in Gram-positive microorganisms without
substantially inhibiting the growth of the host has been discovered. The method involves transformation of a
Gram-positive microorganism by introduction therein of a vector containing the nucleotide sequence coding
for Protein A. A Protein A gene may be obtained from Protein A-producing microorganisms, such as the
above-mentioned strains of S. aureus. A preferred source of the gene is plasmid pS

, which has been cloned in E. coli. See Lofdahl, S., et al. (supra). The gene may advantageously be excised
from that clone by digestion with endonuclease EcoRV.

The Protein A gene may contain its natural expression signals (i.e., transcriptional and translational initiation
sequences), or those signals may be replaced by other expression signals recognizable by the Gram-
positive host microorganism. Replacement of the natural expression signals with other recognizable Gram-
positive expression signals may be accomplished using conventional methods of molecular biology. Such
replacement involves cleavage of the natural expression signals from the Protein A sequence and fusion of
the desired expression signals to the Protein A gene.

Construction of the Protein A-producing strains of this invention involves inserting, by recombinant DNA
techniques, the Protein A gene into a plasmid vector. Such a vector may be prepared in vitro and inserted
directly into the Gram-positive bacterial host by transformation techniques. The vector is preferably cloned in
another organism for amplification and purification prior to transformation of the ultimate Gram-positive host
cells. The microorganism used for the intermediate cloning step may be an organism in which the vector will
be maintained and express selectable phenotypical properties. E. coli is the preferred microorganism for the
intermediate cloning step.

When the vector is constructed in vitro and first cloned in E. coli, it advantageously contains a functional E.
coli replicon as well as a phenotypic marker for E. coli. The vector also advantageously contains a
phenotypic marker for the Gram-positive host microorganism. In one embodiment of the present invention,
the vector also contains a functional replicon permitting autonomous replication in the Gram-positive bacteria
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selected. One or more copies of the Protein A gene may be inserted into this vector, and the vector then
used to transform the appropriate Gram-positive microorganism.

In preferred embodiments of this invention, the vector does not contain a replicon capable of functioning in
the Gram-positive microorganism selected, but rather contains a DNA sequence homologous to a region of
the chromosome of that Gram-positive microorganism. This construction permits linear integration of the
vector into the host chromosome in the region of homology. The vector is again advantageously constructed
in vitro and first cloned in E. coli as above; however, if desired, the gram-positive bacterial host may be
transformed directly with the chimeric plasmid. Such a vector transforms the Gram-positive microorganism
by recombination with the homologous region of Gram-positive host chromosome. An advantage of this
method is that there is less likelihood of loss of the Protein A sequence from the host, due to negative
selection favoring plasmid-free cells, and Protein-A producing strains prepared in this manner have been
found to be genetically stable.

The Gram-positive host microorganisms employed in this invention are advantageously selected from non-
pathogenic strains which do not normally synthesize Protein A. Although the invention will be described in
detail with regard to Bacillus subtilis, it is to be understood and will be appreciated by those skilled in the art
that the invention is applicable to a variety of Gram-positive microorganisms. Particularly preferred host
microorganisms are well known industrial strains of the genera, Bacillus and Streptomyces. Generally, it has
been found that Protein A is produced at optimum levels during the exponential growth phase of the
organisms, and production slows considerably thereafter. It has also been found that the period of Protein A
synthesis can be extended using sporulation deficient (spo’) Gram-positive hosts. When spo hosts are used,
the resulting strains are generally genetically more stable, the level of Protein A is higher, and, because
fewer proteases are produced by these cells, the Protein A product is more stable.

Transformation of the Gram-positive microorganism may be accomplished by any suitable means. A
particularly preferred transformation technique for these organisms is to remove the cell wall by lysozyme
digestion, followed by transformation of the resulting protoplasts. Chang, S., et al. Molec. Gen. Genet., 168,
111-115 (1979). Alternatively, cells competent for transformation can be transformed by a modification of the
method of Anagnostopoulos, C., et al., J. Bacteriol., 81, 741-746 (1961), as described in Example Il below.

The procedures used to clone the Protein A gene and construct Protein A-producing strains of B. subtilis
described herein are, except where otherwise indicated, accomplished by using conventional techniques of
molecular biology. Segments of DNA containing the sequence coding for Protein A are isolated. If the
sequences contain the natural expression signals for Protein A, the segments may be inserted into an
appropriate vector without further modification. If the sequences do not contain the natural expression
signals, or it is desired to replace them, the existing expression signals (if present) may be enzymatically
removed and a DNA sequence containing the desired expression signals may then be fused to the Protein A
gene. The Protein A sequences attached to the desired expression signals may then be inserted into an
appropriate vector.

Vectors appropriate for transformation of B. subtilis are generally plasmids, and are advantageously
constructed in E. coli. Such vectors contain a functional E. coli replicon, a phenotypic marker for E. coli, and
a phenotypic marker for B. subtilis. The vector may also contain a B. subtilis replicon, but preferably it does
not and instead contains a DNA sequence homologous to a region of the B. subtilis chromosome. Insertion
of the homologous DNA sequence into the vector permits recombination of the vector with the B. subtilis
chromosome, where it can be maintained at a copy number of one per genomic equivalent.
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One or more copies of the DNA sequences coding for Protein A and the desired expression signals are then

inserted into the vector. The presence of the E. coli replicon and phenotypic marker in the vector permit its

cloning and maintenance in E. coli, and allow for selection of clones containing the vector.

When an intermediate cloning step in E. coli is employed, one or more E. coli colonies which carry the
Protein A-containing plasmid are grown on suitable nutrient media, and the plasmids are isolated therefrom.
Cells of B. subtilis (i.e. competent cells of protoplasts) are then transformed by introduction therein of the
vector and successful transformants are selected by means of the B. subtilis phenotypic marker. Vectors
containing a B. subtilis replicon are capable of reproducing in the host and producing Protein A when the
cells are grown under protein-producing conditions. Alternatively, vectors not containing a B. subtilis replicon

but instead containing a DNA sequence homologous with the host chromosome will recombine with the host

chromosome and be replicated along with the host chromosome.

Preferred plasmid vectors for the cloning procedures described herein are graphically illustrated in the

drawings.

FIG. 1 depicts a vector designated pGX251, which was constructed from the E. coli vector pBR322 and the
B. subtilis vector pC194. In FIG. 1, the pC194 sequence 10 containing B. subtilis replicon 30 is fused to
pBR322 sequence 20 containing E. coli replicon 40. The pC194 sequence contains the CAT gene, which
specifies resistance to chloramphenicol. The pBR322 sequence contains a galactokinase (galK) gene, a

gene specifying ampicillin resistance (amp) and a transcription termination sequence 70 derived from
bacteriophage lambda. Plasmid pGX251 contains a unique EcoRV restriction site which provides a

convenient insertion site for the EcoRV fragment 60 from pS

which contains the protein A gene (pra). The most prevalent orientation of the pra gene is illustrated, but

either orientation can be employed, since the pS

EcoRV segment contains the appropriate expression signals.

FIG. 2 depicts plasmid pGX284, which is the preferred vector for the practice of the present invention. In FIG.
2, pBR322 sequence 15, containing E. coli replicon 55 was fused to pC194 sequence 25 containing no
replicon. Like vector pGX251, pGX284 specifies ampicillin (amp) and chloramphenicol (CAT) resistance,

contains the galactokinase (galK) gene, contains the lambda transcription termination sequence and the

unique EcoRV recognition sequence 65, providing an insertion site for the Protein A gene-containing
segment 45. In addition, pGX284 contains a segment of B. subtilis chromosomal sequences 35. The

presence of these sequences and the absence of a B. subtilis replicon permits linear integration of this vector

into the chromosomes of B. subtilis transformants.

A further embodiment of the present invention involves preparation of vectors differing in their homologous
chromosomal DNA sequences, but still containing one or more copies of the Protein A gene. Thus, vectors

can contain sequences from different regions of the B. subtilis chromosome, or even from chromosomes of
different species of Bacillus. This permits integration of the vectors into different parts of the host
chromosome in the corresponding regions of homology resulting in transformants with more than one vector

incorporated in the host chromosome.

Transformed B. subtilis cells are grown in a nutrient medium under protein-producing conditions resulting in
the production of Protein A by the cells and the secretion of Protein A into the medium. Protein A may then

be purified from the medium after removing intact cells using conventional techniques.
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Those skilled in the art will recognize that, although the present disclosure describes cloning and expression
of the entire Protein A gene, functional segments of that gene or fusions of the gene with other DNA
segments can also be cloned and expressed in accordance with the teachings herein. Such segments and
fusions are, therefore, intended to be within the scope of this invention.

The invention is further illustrated by the following examples which are not intended to be limiting. For the
DNA manipulation described in this and the following examples, the restriction endonucleases and other
enzymes used were purchased from New England Biolabs, Inc., Bethesda Research Laboratories, Inc.,
Boehringer Mannheim GmbH, and were used in the conventional manner as recommended by the
manufacturer, except as noted otherwise.

EXAMPLE |
Isolation of a DNA sequence containing the Protein A gene and Promoter
Region

Plasmid pSPAI (consisting of a 7.6 kilobase pair insert of DNA derived from S. aureus strain 8325-4 in E. coli
vector pBR322) at a concentration of 110 pg/ml was digested with restriction endonuclease EcoRV at 256
units/ml in a buffer ("EcoRV buffer") containing 150 mM NaCl, 6 mM Tris-HCI (pH 7.9), 6 mM MgCl;, 6 mM 2-
mercaptoethanol for 1 hour at 37° C., then for an additional 30 min. with an additional 256 units/ml EcoRV
endonuclease. A small EcoRV fragment (2.15 kb) was isolated by agarose gel electrophoresis and
electroelution, and found to obtain the Protein A gene and promoter region (see Examples Il and IV).

EXAMPLE lI
Insertion of the 2.15 kb pair fragment into Plasmid pGX251

Plasmid pGX251 (containing an E. coli replicon derived from plasmid pBR322, a B. subtilis replicon derived
from plasmid pC194, the gene for ampicillin resistance, the gene for chloramphenicol resistance and a
unique EcoRV site) was linearized by restriction endonuclease digestion with EcoRV (640 units/ml) at a
concentration of 40 pg/ml in EcoRV buffer for 1 hour at 37° C. Digestion was terminated by incubation for 8
minutes at 65° C. and was determined to be complete by agarose gel electrophoresis. The 2.15 kb EcoRV
fragment from Example | and linearized pGX251 were ligated at a concentration of 200 pg/ml EcoRV
fragment, 100 pg/ml linearized pGX251, in a buffer ("ligation buffer") containing 50 mM Tris-HCI (pH 7.8), 10
mM MgCl,, 2 mM dithiothreitol, 0.5 mM ATP, and 100 yg/ml bovine serum albumin, and 4x10°Units/ml T4
DNA ligase at 5° C. for 15 hours.

Calcium-shocked E. coli strain SK2267 (F, gal, thi’, TlR, hsdR4, recA’, endA’, shcB15) cells (0.2 ml),
prepared as described by R. W. Davis, et al., "Advances Bacterial Genetics" Cold Spring Harbor Laboratory,
N.Y. (1980) were transformed with the ligation mixture containing 0.2 pg linearized pGX251 and 0.4 ug of the
2.15 kb Eco RV fragment. Colonies were selected on standard L-broth plates containing 50 pg/ml ampicillin.
An ampicillin resistant transformant designated strain GX3311 produced approximately 1 pg/Asoo unit of
Protein A, determined by the method of Lofdahl, et al. (supra). The plasmid carried by this strain, designated
pgX2901, consisted of a single copy of the 2.15 kb Eco RV fragment in pGX251.

EXAMPLE Il

B. subtilis competent cell transformation by pGX251 containing Protein A
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gene and Protein A production therewith

Competent cells of B. subtilis, strain BR151 (Lovett, P. S., et al., J. Bacteriol., 127, 817-828 (1976)) were
transformed with 0.3 pg/ml plasmid pGX251 containing the protein A gene. To prepare competent cells, B.
subtilis strain BR151 was grown overnight at 37° C. on tryptose blood agar base (Difco). Cells were

resuspended in 10 ml SPI medium supplemented with 50 pg/ml each of lysine, tryptophan, and methionine to
give a reading of 50-70 on a Klett-Summerson colorimeter equipped with a green filter (Klett Mfg. Co., New
York). SPI medium consists of 1.4% K;HPO4, 0.6% KH; POs, 0.2% (NH)2 SO4, 0.1%
citraterd2H; O, 0.5% glucose, 0.1% yeast extract (Difco), 0.02% Bacto-Cusamino acids (Difco), and 0.02%

MgSO, @7H; O. The cultures were incubated at 37° on a rotary shaker (200-250 rpm) for 3-41/2 hours until

logarithmic growth ceased and the cells entered early stationary phase. The cells were then diluted 10 fold
into the same medium supplemented with 0.5 mM CacCl,. Incubation was continued for 90 min. The cells
were then centrifuged for 5 min. at room temperature, and resuspended in 1/10 volume of spent medium. 1

ml aliquots of the cell suspensions were frozen in liquid nitrogen and stored at -80° C. for use.

For transformation, the frozen competent cells were thawed quickly at 37° and diluted with an equal volume
of SPIl medium supplemented as above with amino acids. SPIl is the same as SPI except that the
concentration of MgSOs is increased to 0.04% and 2 mM ethyleneglycol-bis-(3-aminoethylether)-N,N,N',N'-
tetraacetic acid (EGTA) is added. Cells (0.5 ml) are mixed with 0.1 to 5 pyg of DNA in 13x100 mm glass
tubes. The cell suspensions are rotated at 37° C. for 30 min. Penassay broth (Difco) (1-2 ml) is then added
and incubation continued for 60 min. at 37° C. Cells are then recovered by centrifugation, resuspended in 0-2

ml Penassay broth, and plated on LB agar plates containing 5-10 pg/ml chloramphenicol.

Successful transformants were selected at 5 pug/ml chloramphenicol. The transformed B. subtilis strain was
designated GX3308. This strain was shown to produce small quantitites of Protein A by the procedure of

Lofdahl, et al. (supra), but lost the plasmid quickly upon culturing in a nutrient medium.

EXAMPLE IV

Insertion of 1 copy of the 2.15 kb fragment into Plasmid pGX284

Plasmid pGX284 (containing an E. coli replicon derived from plasmid pBR322, the gene for ampicillin

resistance, the gene for chloramphenicol resistance, a unique EcoRV site, and an undetermined B. subtilis

chromosomal sequence) was linearized by endonuclease digestion with ECORV at a concentration of 40
pg/ml in EcoRV buffer for 1 hour at 37° C. Digestion was terminated by incubation for 8 minutes at 65° C.
and was determined to be complete by agarose gel electrophoresis. The 2.15 kb EcoRV fragment from
Example | and linearized pGX284 were ligated at a concentratin of 200 pg/ml EcoRV fragment, 100 pg/ml

linearized pGX284 under the conditions described in Example 1.

Calcium-shocked E. coli strain SK2267 cells were transformed with the ligation mixture containing 0.2 ug
linearized pGX284 and 0.4 ug 2.15 kb EcoRV fragment. Colonies were isolated on standard L-broth plates
containing 50 pg/ml ampicillin. An ampicillin resistant transformant designated strain GX3320 produced
approximately 1 pg/Aeoo unit of Protein A. The plasmid carried by this strain, designated pGX2907 was
determined to consist of a single copy of the 2.15 kb EcoRV fragment inserted into pGX284. Transformed
Strain GX3320 has been deposited with the American Type Culture Collection, Rockville, Md., USA and has

been designated ATCC No. 39344.

EXAMPLE V
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B. subtilis protoplast transformation by pGX284 containing single copy of

Protein A gene and production of Protein A therewith

Protoplasts derived from B. subtilis strain 1S53 (spo0OAA677) were transformed with 0.1 pg/ml plasmid
pGX2907 containing a single copy of the Protein A gene. Strain 1S53 was obtained from the Bacillus Genetic
Stock Center, Ohio State University, Dept. of Microbiology, 484 West 12th Ave., Columbus, Ohio 43210
USA. Successful transformants were selected at 5 ug/ml chloramphenicol. A transformant (designated strain
GX3305) was found to produce approximately 50 pg/ml Protein A in the extracellular growth medium when
grown in a medium containing (per liter) 33 g tryptone, 20 g Yeast extract, 7.4 g NaCl, 12 ml 3M NaOH, 8 g
Naz; HPO4, 4 g KH; PO, for 17 hours at 37° C. GX3305 has been deposited with the American Type Culture
Collection, Rockville, Md., U.S.A. and has been designated ATCC No. 39345.

EXAMPLE VI

Insertion of 2 tandem copies of the 2.15 kb fragment into Plasmid pGX284

From the same tranformation described in Example IV, an ampicillin resistant transformant was isolated
(designated strain GX3202-2) which was determined by restriction endonuclease digest anlaysis to carry a
plasmid (designated pGX2907-2) in which two tandem copies of the 2.15 kb EcoRV fragment had been
inserted into pGX284.

EXAMPLE VI

B. subtilis transformation by pGX284 containing two tandem copies of

Protein A gene and production of Protein A therewith

Competent cells of B. subtilis strain BR151 were transformed with 0.3 pg/ml plasmid pGX2907-2, containing
two tandem copies of the Protein A gene. Successful transformants were selected at 10 pg/ml
chloramphenicol. One transformant designated strain GX3302-2 was grown in a standard fermenter (8L)
containing 2xL Broth for 7 hours. The final yield of Protein A was 47 mg/l in the extracellular growth medium

as determined by IgG binding activity by a competitive ELISA procedure as described by Lofdahl et al.
(supra).
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Fig. 1
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Abstract

A new process for the purification of protein A from Staphylococcus aureus has been developed achieving
purity of more than 98% with a recovery of 30%. The process involves extraction employing a specific buffer
containing Toluene-Triton X-100-EDTA and subsequent purification using macroporous glycidyl
copolymer. The process has been successfully used to purify protein A of both extracellular and intracellular
origin. The process is simple, rapid, inexpensive and efficient when compared to many other reported

processes. © 1998 Elsevier Science Ltd

Keywords: nickel removal, staphylococcus zureus, purification, affinity chromatography.

Introduction

Protein A is produced intracellularly or extracellularly
[1] by Staphylococcus aureus. It is covalently linked to
the cell wall and binds specifically to the Fc portion of
IgG [2].

Protein A is used in different immunological tests
[3] and also in the affinity purification of monoclonal
antibodies. Its major therapeutic application is the
removal of IgG from plasma in the treatment of
certain types of cancer [4] and in the induction of
endogenous interferon [5]. For therapeutic application
protein A should be in a highly purified form and
completely free from associated toxins.

Protein A is generally purified by gel filtration [6-8]
or affinity purification [9] using an immobilized form of
IgG. The matrices for IgG immobilization so far
reported are: Sepharose 4B, Sepharose 6B, DEAE-
Sephadex and DEAE-cellulose [10]. Application of
these matrices in the purification process suffers from
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There are very few reports available in the literature
and no data that document the influence of process
conditions on the productivity and/or economics of
purification steps.

In the present communication we used glycidyl
methacrylate ethylene glycol dimethacrylate, a synthetic
polymer as an IgG ligand binder/coupling agent and
developed a simple, rapid, reproducible and single step
process for purification of protein A from S. aureus
cells. The developed process is feasible for large scale
purification of both extracellular and intracellular
protein A.

Materials and methods
Chemicals
All media constituents (e.g. peptone, beef extract,

glucose) were purchased from Himedia (Bombay,
India). Protein A was obtained from the Sigma
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one or more of the following disadvantages when com-
pared with the multistep procedure of gel filtration; the
use of hazardous chemicals to activate the matrix (e.g.
cyanogen bromide), high cost and numerous opera-
tional limitations.

*To whom correspondence should be addressed.

Chemical Co. (St. Louis, MO, USA) penicillinase
(ELISA grade) and polymer matrix glycidyl methacry-
late ethylene glycol dimethacrylate (GMEGDMA) are
the products of R & D Division, Hindustan Antibiotics
Ltd (Pune, India). Other chemicals used were of ana-
lytical grade and procured from local suppliers.
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Purification of protein a from Slgphylococcus aureus by affinity chromatography on

polyacrylamide activated with thiophosgene
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Biotechnology Technigues

October 1996, Volume 10, Issue 10, pp 779-782
Protein A quantitation by competitive ELISA using penicillinase

N. Muniasamy, G. M. Bhopale, S. S. Ambedkar, S. R. Naik

Look Inside Get Access

Summary

A simple, sensitive and specific competitive ELISA method using penicillinase as a marker for quantitation of
protein A has been developed. The sensitivity of the assay is 20 ng/ml. This method is useful for estimating
the protein A concentration in fermented and extracted samples.
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FROTEIN A QUANTITATION BY COMPETITIVE ELISA USING PENICILLINASE

N. MUNIASAMY, G.M. BHOPALE, 5.5. AMBEDKAR & S.R. NAIK*
Research and Development, Hindustan Antibiotics Lid.,
Pimpri, Pune - 411 018, India.

SUMMARY : A simple, sensitive and specific competitive ELISA method using penicillinase as a
marker for quantitation of protein A has been developed. The sensitivity of the assay is 20 ng/ml. This
method is nseful for estimating the protein A concentration in fermented and exiracted samples,
INTRODUCTION : Protein A is a bacterial cell-wall protein found in  some strains of
Staphylococcus aureus (Bjork et al, 1972). Some methicillin-resistant strains also produce protein A
extraccllularly (Landwall, 1978). Protein A has potential applications in immunodiagnostics (Langone,
1980}, affinity purification of monoclonal antibodies and in the extracorporeal removal of [gG from
plasma (Freiburghaus et al., 1 988).

Protein A is quantified according to its ability to interact with the Fe portion of IgG employing
different immunological methods (Mancini et al., 1963; Laurell, 1972). However, the majority of these
methods are cither insensitive or time consuming or both (Landwall, 1978). Until now, ELISA methods,
protein A-peroxidase (Considing et al,, 1986) and protein A-alkaline phosphatase (Lofdahl et al,, 1983)
conjugates have been used. However, these ELISA methods have disadvantages: the need for high-cost

enzymes, limited availability of reagents and usage of carcinogenic chemicals (Harinath and Cheimaraj,
1992). To overcome these problems, we report here a simple, specific, inexpensive and sensitive ELISA
{Competitive) for quantitation of protein A using pencillinase as an enzyme marker.

MATERIALS AND METHODS :
Preparation and Purification of Protein A-Penicillinase Conjugate :

Protein A-penicillinase conjugate was prepared by the method of Avrameas (1969). To prepare
the conjugate, 2.0 ml phosphate buffer (0.1M, pH 7.0} containing 100 pl 4% glutaraldehyde, 0.2 mg
penicillinase (specific activity 800 IU/mg) and 0.3 mg protein A were mixed and incubated at 30° £ 2 °C
for 3 h with shaking and then dialysed against phosphate buffer (0.1 M, pH 7.0) at 4°C. The dialysed
conjugate was purified using Sepharose 6B column (1.2 em x 45 cm). The fractions of 2 ml were
collected using phosphate buffer (0.05 M, pH 7.0; flow rate 30 mlh) and absorbance of fractons was
measured at 280 nm (Fig.1). Protein A-penicillinase conjugate was confirmed in 18th fraction by
immunodiffusion method (Forsgen & Sjoquist, 1969) and iodometric test (Joshi et al., 1984) for protein A
and penicillinase respectively.

Fermentation :

Staphylococcus aureus (ATCC 2492) was grown in 15L fermenter (New Brunswick Scientific
Co.) using the culture media described by Forsgren & Sjoquist (1969). The fermentation conditions for
growth and biomass separation were followed as descnbed by Sjoquast et al. (1972),

Protein A Extraction :
The extraction methods adopted for the intra-cellular protein A were: heat extraction (Forsgren
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& Sjoquist, 1969), lysostaphin (Sjoguist et al., 1972) and surfactant (0.5ml of Triton X 100 in 0.0] M
phosphate buffer pH 7.0 agitated for 2 h). The protein A in extracted samples was confirmed
qualitatively and quantitatively by immunodiffusion method (Forsgen & Sjoquist, 1969) and ELISA
respectively.

Protein A Assay :

Each well of a microtitre plate was coated with 200 pl human IgG solution (2 pg/ml in 0.05 M
Na;CO0y/NaHCO; buiffer, pH 9.6). The plates were incubated (12 h at 4 °C) and washed three times with
saline (0.8% w/v) containing Tween 20 (0.05% w/v) solution. Protein A standards and protein A-
penicillinase conjugate (1:40 dilution) were diluted in phosphate buffer saline (PBS, 0.01 M, pH 7.0)
containing bovine scrum albumin (BSA) 50 ng/ml (PBBS). The PBBS was prepared as described by
Considine et al. (1986). The protein A standards (3-3000 ng/ml) were prepared in PBBS or in extracting
reagents or in sterile growth media viz. Trypticase soy broth, casein hydrolysate, yeast extract. The afore
mentioned media are commonly used for extracellular protein A production (Landwall, 1978). In each
well of the microtitre plate 100 pl conjugate was added and then followed by 100 pl standard protein A or
test samples. The contents in the well were mixed, incubated (1 h at 37 °C) and washed as mentioned
carlier. Starch-lodine pemicillin v solution (200 pl) was added to each of the well and kept at room
temperature (30° £ 2°C) for 30 min. The Starch-lodine Penicillin V solution was prepared as described
by Joshi et al. (1984). The enzyme-substrate reaction was stopped by adding 50 pl HyS0y (1 M) and then
read at 630 nm on EIA plate reader (Model: EL 310, BIO-TEK Instruments, Inc., USA). The persistance
or decolourization of the blue colour indicates the presence or absence of protein A, respectively
{Ambedkar ¢t al., 1987), The intensity of the blue colour is directly proportional to the protein A
concentration. Standard curve was drawn by plotting protein A concentration on X-axis and B-Bo
plotted on Y-axis, where B and Bo are the absorbance values at 620 nm of tests and control wells
respectively. A straight line was obtained for 20-2000 ng/ml which was selected from the linear portion
of the each standard curve by linear regression analysis using the method of least squares (Howel et al.,
1963).

RESULTS AND DISCUSSION :

Microtitre plate assay was carried out using 6 replicates for different protein A concentration in
PBBS as described carlier. The correlation cocfficient (r*) and residual errors were calculated (Table 1)
for each of standard curve, A standard graph is drawn (Fig. 2}, which is suggestive of a good fit between
dependent and independent variables. The correlation coefficient values are indicated even for the largest
possible value of r* that could be observed if the relationship between the variables are correct and resulls
are highly correlated (Waugh, 1952).

Further, the penicillinase-based ELISA was studied to validate the reproductbility of quantitation
of protein A. The absorbance (B-Bo) values were determined for each of the protein A concentrations (in
PBBS) and coefficient of variation was calculated (Table 2) by conducting 6 replicates of a number of
protein A concentration. The values of coefficient of variation ascertain a good reproducibility, within
20-2000 ng/ml protein A concentration. Therchy suggesting penicillinase based ELISA is more sensitive
than peroxidase based ELISA (Considine et al., 1986).

It was also observed that in Trypticase soy broth, casein hydrolysate yeast extract and extracting
reagents did not interfere during quantitation of protein A. The values of protein A obtained from
different extracts after their dilution by 100 and 200 tmes clearly indicate the accuracy, non interferences
by the reagents and reliability of penicillinase based ELISA method (Table 3).

Our findings are in agreement with the earlier report of Sjoquist et al., (1972) that the efficiency
of extraction of protein A from the cell of 8, aurcus is higher with lysostaphin as compared to heat
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9 Drug development phases

lilgnl y3> el9d yaxd 9 918l gl il 9l Y] Sl d] yooy 9.1

9.1.1 Project Overview

In the figure below, you can see the drug development process

How We Discover & Develop New Drugs

# of Drugs 250 ® @ @

=

Succeeding A A A A A
r x . 3 i r
rl o L] L] L] rl
: ~ 2 : : :
Discovery Preclinical Studies in Humans egulatory
3-4 Years 1Year 5-6 Years Review Launch

1yr

11 Years from Discovery to Launch

Source: PhRMA

9.1.2 Phase I: identification of drug candidate

In our case: H5N1 subunit vaccine

9.1.3 Phase ll:Preclinical Tests *°

Before a medicament is approved, the quality, safety and efficacy of any product must be
demonstrated. Demonstration of conformance to these requirements is largely attained by
undertaking clinical trials. However, preliminary data, especially safety data, must be obtained
prior to the drug’s administration to human volunteers. These safety data, has to be explored in
preclinical pharmacological and toxicological experiments accomplished in animals. Such
preclinical studies can take up to 3 years to complete, and at a cost of anywhere between US$10

million and US$30 million. On average, about 10% of potential new drugs survive preclinical tests.

Provided guidelines demonstrates the range of tests during preclinical studies.

“0Mostly from [Walsh 2007]
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9.1.3.1 Pharmacokinetics and Pharmacodynamics

Pharmacokinetics relates to the fate of a drug in the body, particularly its ADME (Absorption,
Distribution, Metabolism, and Excretion). The results of such studies not only help to identify any
toxic effects, but also point to the most appropriate method of drug administration, as well as the
most likely effective dosage regime to employ. Generally, ADME are undertaken in two species,
usually rats and dogs, in each case males and females. Sometimes it is necessary also using

primates.

Pharmacodynamic studies deal more specifically with how the drug brings about its characteristic

effects. Focus in such studies is often placed upon how a drug interacts with a cell/organ type.

9.1.4 Bioavailability and Bioequivalence

Bioavailability and bioequivalence are also usually assessed in animals. The Bioavailability of a
drug which is parenteral (e.g. by injection) delivered is virtually 100%. If the drug is delivered by

mouth, in most cases bioavailability is given at or near 0%.

Bioequivalence studies come into play if any change in product production/delivery systems was
being contemplated. These studies would seek to identify whether such modifications still yield a
product equivalent to the original one in terms of safety and efficacy. Modifications could include

an altered formulation or method of administration, dosage regimes, etc.

9.1.5 Protein pharmacokinetics

A condition to make pharmacokinetic/pharmacodynamic studies is the availability of an adequate
selective and sensitive assay. The assay have to describe the characteristics of the therapeutic
protein in the presence of a complex soup of “contaminant” molecules, how it is given in body
(e.g. tissue extracts or body fluids). The specific characteristics of those drugs can be realized either

via immunoassay or bioassay.

The macromolecular structure of drugs and the fact that relatively minor structural alterations can
potentially have a major influence upon bioactivity are often complicating factors. For example, an
immunoassay may be blind to the oxidation of an amino acid residue, or very limited proteolytic
processing, although such events can activate or decrease bioactivity. Pharmacokinetic and indeed
pharmacodynamic characteristics of therapeutic proteins can be rendered complicated by a

number of factors, including:

The presence of serum-binding proteins. Some biopharmaceuticals (including insulin-like growth
factor (IFG)) are notable in that the blood contains proteins that specifically bind them. Such
binding proteins can function naturally as transporters or activators, and binding can affect

characteristics such as serum elimination rates.

Immunogenicity. Many therapeutic proteins are potentially immunogenic when administered to
humans. However, human proteins can also be potentially immunogenic. Antibodies raised in this

way can bind the therapeutic protein, neutralizing its activity and/or affecting its serum half-life.
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Sugar profile of glycoproteins. The exact glycosylation pattern which is caused by therapeutic
glycoproteins in different eukaryotic expression systems, can influence protein activity and

stability in vivo.

9.1.6 Toxicity studies

Acute toxicity is usually assessed by administration of a single high dose of the test drug to
rodents. Both rats and mice (male and female) are usually employed. The calculation of the LDso
value is outdated. Nowadays, calculation of the approximate lethal dose is sufficient. Chronic
toxicity studies require large numbers of animals. Most chronic toxicity studies demand daily
administration of the test drug at three different dosage levels. The highest level should ideally
induce a mild but observable toxic effect, whereas the lowest level should not induce any ill effects.
During this process all animals are subjected to routine clinical examination, and periodic analyses

(e.g. blood, urine tests).

Reproductive toxicity and teratogenictiy. Fertility studies aim to assess the nature of any effect of the
substance on male or female reproductive function. The drug is administered to males for at least
60 days. Females are dosed for at least 14 days before they are mated. Specific tests carried out
include assessment of male spermatogenesis and female follicular development, as well as
fertilization, implantation and early foetal development. A teratogen is any substance/agent that
can induce foetal developmental abnormalities. Examples include alcohol, radiation and some

viruses.

Mutagenicity. Mutagenicity tests aim to determine whether the proposed drug is capable of
inducing DNA damage, either by inducing alterations in chromosomal structure or by promoting
changes in nucleotide base sequence. These tests are usually carried out in vitro and in vivo, often

using both prokaryotic and eukaryotic organisms.

For phase II: upstream — downstream without clean room

9.1.7 Phase lll

Production for clinical tests (upstream — downstream — pilot site with clean room)
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10 Hepatitis B DNA vaccine technology
(HBsAg vaccine) o guug i/l 35 il 26/ 10. 1
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Biologicals Institute, A division of Indian Immunologicals Limited),
Juaall 853 9 Slaedaill o38 IS &lIGenevac B (Serum Institute), Shanvac B

10.2 Genetic Engineering Part: Initial inserting HBSAg into S.cerevisiae - Methods
and Protocols*’

10.2.1 Transformation von Plasmid-DNA in superkompetente

E. coli

Soll Plasmid-DNA aus Saccharomyces cerevisiae isoliert werden, so
empfichlt sich die Isolation mit dem ,,Yeast DNA Isolation System* von
Stratagene (siehe 2.2.7). Dabei wird eine einzelne Hefekolonie innerhalb
von 10 min aufgeschlossen, kurz bei 10.000 x g in einer Tischzentrifuge
(Heraeus) zentrifugiert und ein Aliquot des Uberstands in superkompetente

4 Mostly from [Braun 2001]
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XL1-blue transformiert. AnschlieRend wird vorgegangen wie unter
2.1.7 Praparation und Reinigung von Plasmid-DNA beschrieben.

superkompetente XL1-blue Stratagene
®-Mercaptoethanol-Stammlosung:

®-Mercaptoethanol 1,42 M Sigma

Mg2+-L0sungen:

MgCl2x 6 H20 1 M Merck

MgSO4x 7 H20 1 M Merck

beide Losungen steril filtrieren (0,2 um).

Glucose-L 6sung:

Glucose 2 M Merck

steril filtrieren (0,2 um).

NZY+Broth:

Casein-Hydrolysat, sdurehydrolysiert 10 g/l Roth

Hefeextrakt 5 g/l Difco

NaCl 5 g/l Roth

bei 121°C 20 min autoklavieren und vor Gebrauch pro Liter folgendes
zusetzen:

je 12,5 ml der beiden Mg2+L6sungen und 10 ml Glucose-L6sung

Die bei -80°C gelagerten superkompetenten XL1-blue werden auf Eis
langsam aufgetaut, vorsichtig gemischt und jeweils 75 ul in eisgekiihlte
15 ml-Falconréhrchen (Falcone 2059 polypropylene tubes) vorgelegt. Es
werden jeweils 1,3 pl ®-Mercaptoethanol (Endkonz.: 25 mM) dazupipettiert
und 10 min auf Eis inkubiert, wobei jeder Ansatz zu Beginn und

dann alle 2 min vorsichtig durchmischt wird. Danach werden 2 ul eines
Hefezelllysats (2.2.8) dazupipettiert und alles 20-30 min auf Eis inkubiert.
Fir die Kontrolltransformation wird anstelle des Zellysats 0,1 ng

eines Kontollplasmids dazupipettiert. Die Zellen werden anschlie3end 40
s in einem 42°C warmen Wasserbad erhitzt, dann sofort auf Eis gestellt
und 2 min inkubiert. Jedem Ansatz werden 400 ul NZY+ Broth zugesetzt
und die Zellen 1 h bei 37°C und 225-250 rpm inkubiert. 5 pul der
Kontrolltransformation

werden auf einer LB/Amp-Agarplatte ausplattiert und

Uber Nacht bei 37°C inkubiert. Die restlichen Transformationsansétze
werden komplett auf LB-Agarplatten mit dem entsprechenden Antibiotikum
ausplattiert und ebenfalls bei 37°C lber Nacht inkubiert. Bei der
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Kontrolltransformation sollten 100-500 Kolonien, bei den restlichen
Transformationen 10-200 Kolonien auf den LB-Agarplatten wachsen.

Hybridisierung komplementérer Oligonukleotide

Fur die Klonierung von DNA-Fragmenten, flr die keine Matrize vorliegt,
mussen koplementare Oligonukleotide der gewunschten Sequenz

konstruiert werden. Dabei werden die Uberhdngenden Enden dieser synthetischen
Oligonukleotide komplementar zu den kohé&siven Enden der

zur Klonierung verwendeten Restriktionsenzyme gewahlt. Auch die Klonierung
kleiner DNA-Fragmente (< 100 bp), die bei 366 nm kaum sichtbar

sind und deswegen nur schlecht mittels praparativer Gelelektrophorese
aufgereinigt werden konnen, lai3t sich auf diese Weise erleichtern.
Hybridisierungspuffer, pH 8,0:

Tris/HCI 10 mM Sigma

EDTA, Dinatriumsalz 1 mM Sigma

NaCl 50 mM Roth

Die synthetischen Oligonukleotide werden in Hybridisierungspuffer aufgenommen
(200 pmol/ul). Je 20 ul (4 nmol) der komplementéren Oligonukleotide

werden zusammen in ein Eppendorfcup pipettiert, in einem

Thermomixer (Eppendorf) bei 95°C fiir 5 min inkubiert und im ausgeschalteten
Heizblock langsam auf RT abgekihlt. Die entstandenen doppelstrangigen
DNA-Fragmente kdnnen anschlieRend sofort in ein entsprechend

verdautes Plasmid ligiert (2.1.6.2) werden.

Dephosphorylierung gespaltener linearisierter DNA

Bei Klonierungen mittels Schnittstellen, deren kohasive Enden komplementar
sind (z.B. Eco RI und Mun 1) sollte die Plasmid-DNA vor der

Ligation dephosphoryliert werden. Ansonsten werden vorwiegend die
Enden des Plasmids miteinander ligiert.

Fir die Dephosphorylierung von 0,5-1 pg gespaltener DNA wird folgendes
zu einem 20 pul-Restriktionsansatzas pipettiert:

2 ul 10 x Reaktionspuffer fir Alkalische Phosphatase Boehringer

2 ul Alkalische Phosphatase (1 U/ul) Boehringer

16 ul autoklaviertes H2Opidest

Der Ansatz wird 30 min bei 37°C in einem Thermomixer (Eppendorf)

130



Hepatitis B DNA vaccine technology

inkubiert und das gewiinschte DNA-Fragment anschlieBend mittels praparativer

Agarose-Gelelektrophorese aufgereinigt (2.1.7.3, 2.1.7.4).

10.2.2 Arbeiten mit Saccharomyces cerevisiae

10.2.2.1 Plasmide

Plasmid Gri

Be | Beschreibung

Referenzen

GAL4 AD-Plasmide:

pGAD GH | 7.9 kb

LEUZ-Gen zur Selektion m Len Hefen
Amp' zur Selektion in £. coli

van Aelst et al.

1993

pGAD T7

8.0 kb

LEUZ-Gen zur Selektion m Len Hefen
Amp' zur Selektion n £ coli

Clontech

GAL4 DNA-BD-Plasmide:

Kan® zur Selektion n E. cali

pGBT 9 5.5 kb | TRPI-Gen zur Selektion m Trp" Hefen | Access.: U 07646
Amp' zur Selektion n £, coli Barteletal , 1993
pGBK T7 | 7.3 kb | TRPI-Gen zur Selektion m Trp” Hefen | Clontech

Louret et al., 1997

Tab. 2.3: Yeast Two Hybrid-Klonemngsvektoren (Clontech).

Plasmid Beschreibung Referenzen
pCL 1 Wildtyvp GAL4-Gen Fields & Song,
LEUZ Gen zur Selektion in Lew Hefestammen, | 200
Amp’ zur Selektion m £. coli
PGAD T7-T SV 40 large T antigen ga70z in pGAD T7 Clontech
PGBE T7-23 Maus p33 (72:390) m pGBK T7 Clontech
PGBK T7-Lam | Human Lamm C gg230 m pGBK T7 Clontech

Tah. 2.4: Yeast Two Hyvbrid-Kontrollplasmide (Clontech).

Plasmid | Gralie

Beschreibung

pYES2 | 59kb

Amp" zur Selektion in E. coli

GAL1-Promoter, Protemnexpression Galaktose-mduzierbar

[RAI-Gen zur Selektion i Ura” Hefestdmmen

pYES3 | 59kb

Amp" zur Selektion in E. coli

GALI1-Promoter, Protemexpression (Galaktose-induzierbar

TRPI-Gen zur Selektion m Trp” Hefestéimmen

Tah. 2.5: Galaktose-induzierbare Expressionsvektoren (Invitrogen).
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3.1.1.1. Hefestamme

Saccharomyces cerevisiae: HF7c (Feilotter et al., 1994)

Genotyp: MATa, ura3-52, his3-200, ade2-101, lys2-801, trp1-901, leu2-3, 112, gal4-
542, gal80-538,

LYS2::GALluas-GAL1taTA-HIS3,

URA3::GAL417mersx3)-CYClrata-lacZ

Reportergene: HIS3, lacZ

auxotrophe Marker: trpl, leu2, cyhr2

Saccharomyces cerevisiae: Y187 (Harper et al., 1993)
Genotyp: MAT{, ura3-52, his3-200, ade2-101, trp1-901, leu2-
3,112, gal4®, met-, gal80®,
URA3::GALluas-GAL11atA-lacZ

Reportergene: lacZ

auxotrophe Marker: trpl, leu2

Saccharomyces cerevisiae: PJ69-2A (James et al., 1996)
Genotyp: MATa, trp1-901, leu2-3, 112, ura3-52, his3-200,
gal4®, gal80®,

LYS2::GALluas- GAL1taTA-HIS3,
GAL2uns-GAL27ATA-ADEZ2

Reportergene: HIS3, ADE2

auxotrophe Marker: trpl, ura3, leu2

Saccharomyces cerevisiae: AH109 (James et al., 1996)
Genotyp: MATa, trp1-901, leu2-3, 112, ura3-52, his3-200,
gald®, gal80®,

LYS2::GALluas-GAL1taTA-HIS3,
GAL2uas-GAL2tata-ADE?2,
ura3::MEL1luas-MEL1tata-lacZ

Reportergene: HIS3, ADE2, lacZ

auxotrophe Marker: trpl, ura3, leu2

Saccharomyces cerevisiae: INV Scl

Genotyp: MATY, his3®1, leu2, trp1-289, ura3-52
auxotrophe Marker: trpl, ura3, leu2, his3
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3.1.1.2. Kultivierung von Saccharomyces cerevisiae,

Anlegen von Glycerolkulturen

Glycerol (autoklavieren) Merck

Kanamycin Sigma

Agar, fur Platten Difco

YPD Medium Clontech/Anachem
Minimal SD Base Clontech/Anachem
Minimal SD Base / Gal / Raf Clontech/Anachem
DO-Supplemente: Clontech/Anachem

-His, -Leu, -Trp, -Ura, -His/-Trp, -Leu/-Trp, -Trp/-Ura, -Leu/-Trp/-His, -Leu/-Trp/-
His/-Ade

Das Komplettmedium (YPD) wird nach Herstellerangaben in H2Opbidest.
gelost, mit NaOH pH 5,8 eingestellt und in einem Autoklaven mit
Schnellrickkihlung (HICLAVE HV-85, NeolLab) bei 121°C 15 min
autoklaviert.

Zur Herstellung von Selektionsmedium (synthetic dropout, SD) wird
Minimal SD Base bzw. Minimal SD Base/Gal/Raf zusammen mit dem
gewinschten DO Supplement nach Herstellerangaben in H2Ovidest. gelost,

mit NaOH pH 5,8 eingestellt und in einem Autoklaven mit Schnellriickkiihlung
bei 121°C 15 min autoklaviert.

Zur Herstellung von Agar-Platten wird dem Flussigmedium 20 g/l Agar
zugesetzt, anschliel3end der pH-Wert mit NaOH oder HCI auf 5,8 eingestellt
und in einem Autoklaven mit Schnellriickkiihlung bei 121°C 15

min autoklaviert.

Bei Bedarf kann dem Medium nach dem Autoklavieren 15 ug/ml Kanamycin
(Stammlésung: 30 mg/ml in EtOH) zugesetzt werden. Dabei sollte

das Medium aber schon abgekdihlt sein (max. 50°C).

Die Kultivierung von Saccharomyces cerevisiae erfolgt im allgemeinen

Uber Nacht in Flissigmedium bei 30°C und 220 rpm in Schikanekolben.
Zum Anlegen von Glycerol-Kulturen werden die Hefezellen bis zu einer
ODeoo von 0,5-0,7 (logarithmisches Wachstum) in Flissigmedium

kultiviert. Die Zellen werden bei 5.000 x g fur 5-10 min pelletiert und

das Pellet in demselben Volumen Flissigmedium mit 25% Glycerin
resuspendiert. Die Aliquots werden bei -80°C gelagert.
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3.1.1.3. Kreuzung von Saccharomyces cerevisiae Stimmen

(Mating)

Die Zellen zweier Hefestimme mit passendem mating type (MATa,

MATY{) kdnnen zu einem diploiden Hefestamm, mit den Eigenschaften

beider Stdmme, verschmelzen.

Von jedem der beiden vortransformierten Hefestimme wird eine 2-3 mm

grolRe Kolonie (< 2 Monate alt) gepickt und in 500 pl YPD-Medium (mit

15 pg/ml Kanamycin) in einem 1,5 ml Eppendorfcup resuspendiert. Die

Zellen werden ca. 20 h bei 30°C und 200 rpm kultiviert, auf SD-Mediumplatten
ausplattiert und 2-3 Tage bei 30°C inkubiert.

3.1.1.4. Transformation von Plasmid-DNA in Saccharomyces

cerevisiae

Heringssperma-DNA 10 mg/ml Stratagene

DMSO 100 % Sigma

PEG-Stammldsung:

PEG 3350 50 % Sigma

bei 121°C 20 min autoklavieren.

TE-Puffer (10x), pH 7,5:

Tris/HCI 0,1 M Sigma

EDTA, Dinatriumsalz 10 mM Sigma

bei 121°C 20 min autoklavieren.

LiAc (10x), pH 7,5:

Lithiumacetat 1 M Sigma

pH-Wert einstellen und bei 121°C 20 min autoklavieren.
PEG / LiAc-L6sung: immer frisch aus den Stammldsungen ansetzen
Endkonz.: fir 10 ml L6sung:

PEG 3.350 40 % 8 ml 50 % PEG

TE-Puffer (10x) 1 x 1 ml 10 x TE

LiAc 1 x1 ml 10 x LiAc
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Herstellung kompetenter Hefezellen
Transformation Scale

Small Large Library

» YPD-Medium am Tag vor der Transfor- 50 ml 50ml 150 ml
mation mit 2-3 Hefekolonien (2-3 mm
Durchmesser) in Erlenmeyer-Kolben mit
Schikanen animpfen

«16-18 h bei 30°C und 200 rpm bis zur
stationfiren Phase (ODgy = 1.5) kultivie-
ren

« Teil der Ubernachtkultur in frisches Me-  300ml 300 ml 1 Liter
dium iiberfithren — ODgyp = 0.2-0.3

» weitere 2-4 h bei 30°C und 220 rpm kul-
tivieren. bis zu ODggy = 0.4-0.8

« Zellen 5 min bei 1.000 x g und RT pelle-
tieren

« Zellpellet in H,O resuspendieren (vor- 25-50 ml 25-50ml 500 ml
texen)

« Zellen 5 min bei 1.000 x g und RT zen-
trifugieren

« Zellpellet i frisch hergestelltem, steri- 1.5ml 1.5ml 8 ml
lem 1 x TE/LiAc resuspendieren

Kompetente Hefezellen kénnen einige Stunden bei RT gelagert werden.
Bei Library-Screens sollten sie aber sofort verwendet werden, um mdglichst
gute Ergebnisse zu erzielen.

Transformation von Plasmid-DNA in kompetente

Hefezellen
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Transformation Scale

Small Large Library

« sterile PEG/LiAc-Lisung herstellen 10 ml 10 ml 100ml
+ in jedem Cup vorlegen. gut mischen:
BD-Vektor mit baijt: 0.1 pg 20-100pg  0.2-1.0mg
AD-Vektor mit Library: 0.1pg 10-50pg  0.1-0.5mg
Carrier DNA® (10 mg/ml); 0,1 mg 2 mg 20 mg
«zu jedem Ansatz die kompetenten 0O.1ml 1ml 8 ml

Hefezellen zugeben und gut mischen
(nicht vortexen)

+ PEG/LiAc-Losung zugeben, vortexen 0.6 ml 6 ml 60 ml
+ 30 min bei 30°C und 220 rpm inku-

bieren
« DMSO zugeben. vorsichtig mischen 70 ul 700 7 ml

« Hitzeschock: bei 42°C fiir 15 min in-
kubieren; Large und Library Scale ge-
legentlich mischen

+ Zellen auf Eis abkiihlen

« Zellen bei 1.000 x g und RT pelletie- 5s 5 min 5 min
ren

» Uberstand abnehmen
« Zellen in 1 x TE-Puffer resuspendie- 0.5ml 1.0 ml’ 10 ml

tet oder 10,0 ml
« jeweils 100 ul/ 200 pl auf einer Agar-

platte (SD: @ 100 mm / 150 mm) aus-

plattieren

6 Hermgssperma Carrier-DNA vorher ca. 10 mun be:r 95 °C kochen, dann sofort auf
_ Eis akiihlen
" 1.0 ml bei simultaner Kotransformation. 10 ml bei sequentieller Transformation

3.1.1.5. Praparation von Plasmid-DNA aus Saccharomyces cerevisiae
,,Yeast DNA Isolation System* Stratagene
Eine Hefe-Kolonie (& 2-3 mm) wird in 20 pl Lysepuffer in einem 1,5 ml
Eppendorfcup resuspendiert, 30 s in flissigen Stickstoff getaucht und bei
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37°C aufgetaut. Nach 5-mintiger Inkubation bei 95°C wird die Membranfraktion

30 s bei 14.000 x g in einer Tischzentrifuge (Heraeus) pelletiert

und der Uberstand in ein frisches Eppendorfcup tiberfihrt. 2 pl des
Plasmid-haltigen Uberstands werden wie unter 2.1.1.6 beschrieben in
superkompetente E. coli transformiert. Zur Gewinnung einer ausreichenden
Menge Plasmid-DNA wird vorgegangen wie unter 2.1.7.5.1 Préparation
und Reinigung von DNA beschrieben.

3.1.1.6. Expression von Proteinen in Saccharomyces cerevisiae
Zur Expression von Proteinen in Saccharomyces cerevisiae sollten moglichst
hoch exprimierende, induzierbare Vektoren, z.B. pYES 2, verwendet
werden. Sollen Proteine exprimiert werden, die toxisch auf Hefe wirken,
muss allerdings auf schwécher exprimierende Vektoren zuriickgegriffen
werden.
Nach Transformation des gewiinschten Vektorkonstrukts werden die
Hefen zunéchst auf nicht induzierenden SD-Agarplatten ausplattiert. Die
Hefezellen einer 50-100 ml-Ubernachtkultur (SD-Induktionsmedium,
z.B. SD Base Gal/Raf; pYES 2) werden nach 2.3.2 aufgeschlossen und
die Proteinexpression mittels Polyacrylamid-Gelelektrophorese (2.3.6)
Uberpruft. AnschlieBend werden die Hefen Gber Nacht im Grol3ansatz (2-
3 1) bis zu einer ODsoo von 0,8-1,2 (je nach Hefestamm) kultiviert, nach
2.3.3 aufgeschlossen und das Protein anschlieRend z.B. tiber Nickelsaulen
(2.3.4, Protein mit HisTag) angereinigt.

3.1.1.7. Aufschluf® von Saccharomyces cerevisiae mittels alkalischer Lyse
Der Aufschluf3 erfolgt nach einer VVorschrift von Silve et al. (1991) durch
alkalische Lyse mit anschliel3ender Proteinféallung.

TCA 50 % Sigma
Tris/HCL pH 6.8 1 M Merck

Lyselosung:
NaOH 1.85 M Merck

B-Mercaptoethanol 7% Sigma

B-Mercaptoethanol inmer frisch zusetzen.
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Die Hefezellen bis zur friihen log-Phase (H 1 x 107 Zellen/ml) in Flussigkultur
wachsen lassen und bei ODeoo = 1,0 (in YPD) bzw. 0,8 (in SD

Base) 3 ml der Zellsuspension 5 min bei 14.000 x g zentrifugieren. Das
Zellpellet mit 1 ml H2Ovidest waschen, in 100 ul frisch hergestellter Lysel6sung
resuspendieren und 10 min auf Eis inkubieren. Anschlie3end

werden die Proteine durch Zusatz von 50% TCA und 5-min(tiger Inkubation
auf Eis gefallt und bei > 12.000 x g in 10 min pelletiert. Das Pellet

wird durch Zugabe von 500 pl Tris-Puffer (1 M) neutralisiert (Pellet

nicht resuspendieren). Das Pellet in 50-100 pl H2Ovidest aufnehmen, ewvtl.
beschallen, die Proteinkonzentration nach Bradford (2.3.5) bestimmen

und mittels SDS-PAGE (2.3.6) und Western Blot (2.3.7) analysieren.

3.1.1.8. Aufschluf® von Saccharomyces cerevisiae mittels Zymolase-Verdau
PBS, pH 7.5:

Na,HPO,; x 7 H,O 7 mM Sigma
NaH,PO,; x H,O 3 mM Sigma
NaCl 150 mM Roth

Kaliumphosphat-Puffer, pH 7.5:
K2HPO4 1M Sigma
KH,PO, 1M Sigma

Sorbitol-Lésung:
Sorbitol 2M Sigma

Zvmolase-Losung:

20 mg/ml Zymolase 20T (ICN #320921) in Wasser: frisch ansetzen

Puffer A (10 x):

KH,PO, 350 mM Sigma
MgCL x 6 H,O 65 mM Merck
pH-Wert mit K;HPO, auf 6.5 einstellen
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Losung B [pro ml]: 1.2 M Sorbitol in Puffer A
600 ul  Sorbitol (2 M)

100 nl  Puffer A (10x)

300 nl  dest. Wasser

Losung C [pro ml]:

100 nl  Zymolase-Losung

100 nl  Kalimmphosphat-Pufter, pH 7.5 (1 M)
600 nl  Sorbitol (2 M)

200 ul  dest. Wasser

PEBS mit Inhibitoren. pH 7.5 [pro 10 mlj:

Stammldsung: Endkonz.:
Pepstatin A 3 ml I mg/ml (in DMSO) 0.1 mg/ml Sigma
Leupeptin 30 ul 1 mg/ml 1 pg/ml Sigma
Benzamidin 3 ml 1.5 M 150 mM Sigma
Aprotinin 30ul 2.5 mg/ml 2.5 pg/ml Sigma
PMSF 30 ul 100 mM 0.1 mM Sigma
EDTA 300l 0,1 M 1 mM Sigma

Die aufzuschlieflenden Hefezellen werden bei 5.000 x g 5 min abzentrifugiert und das Pellet in
demselben Volumen Losung B resuspendiert. Die Zellen werden erneut pelletiert, in demselben
Volumen Losung C resuspendiert und 1h bei 37°C inkubiert (Verdau der Zellwand
"I Spheroplasten). Die empfindlichen Spheroplasten werden bei 3.500 x g und 4°C

5 min abzentrifugiert und anschliefend in PBS mit Inhibitoren (%2 des Zellvolumens)
resuspendiert. Durch Beschallen (3-5 x, jeweils 20-30s) mit einem Ultraschallstab werden die
Spheroplasten unter Eiskithlung aufgeschlossen. Die Membranfraktion wird bei 20.000 x g, 4°C in
20-30 min pelletiert.

3.1.1.9. Reinigung von Proteinen iiber Nickel-S&ulen

Ni-NTA Superflow Qiagen

TALON 2 ml Disposable Gravity Column Clontech
Waschpuffer, pH 8,0:

100 mM NaCl Roth

20 mM Tris/HCI, pH 8,0 Merck
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20 mM Imidazol Sigma
Elutionspuffer I, pH 8,0:

100 mM NaCl Roth

20 mM Tris/HCI, pH 8,0 Merck
50 mM Imidazol Sigma
Elutionspuffer 11, pH 8,0:

100 mM NaCl Roth

20 mM Tris/HCI, pH 8,0 Merck
100 mM Imidazol Sigma
Elutionspuffer 111, pH 8,0:
100 mM NaCl Roth

20 mM Tris/HCI, pH 8,0 Merck
500 mM Imidazol Sigma

Elutionspuffer 1V, pH 8,0:

1 M Imidazol Sigma
Regenerierungspuffer, pH 5,0:
0,5 M MES Sigma

Die S&aule mit 5-10 ml H2Ovidest durchspuilen, das Saulenmaterial vorsichtig
aufschitteln, etwa 1 ml in die Sdule fullen und absetzen lassen. Die

befiillte Sdule zweimal mit 1 ml Waschpuffer spulen, die Probe auftragen
und 5 min inkubieren. AnschlieBend zweimal mit jeweils 1 ml Waschpuffer
waschen und die Probe mit jeweils 1 ml Elutionspuffer I, Il und

III schrittweise von der Sdule eluieren. Den Durchlauf, saimtliche Waschfraktionen

und Eluate getrennt sammeln. Mit 1-2 ml Elutionspuffer IV

kann vor Regenerierung der Sdule der letzte Rest Protein heruntergespult
werden. Dann wird sie mit 3 x 1 ml Waschpuffer gewaschen und
anschlieBend mit 5 ml MES (20 mM) regeneriert. Die Saule kann nach
Zugabe von 1-2 ml Waschpuffer bei 4°C gelagert werden.

3.1.1.10.Proteinbestimmung nach Bradford
Dieser Test wurde 1976 von Bradford entwickelt und eignet sich fir

Proteinbestimmungen in Lésungen, die Pufferchemikalien und reduzierende
Stoffe enthalten. Fir Proben, die Detergenzien wie Triton X-100
0.4. enthalten ist dieser Test jedoch ungeeignet.

140



Hepatitis B DNA vaccine technology
Spektrophotometer Ultrospec 3000 Pharmacia Biotech

BSA-Eichstandard Boehringer

Bradford-Reagens (5x):

0.1 g Coomassie Brilliant Blue G 250 Serva
50ml  Ethanol, 50 % (v/v) Merck
100 ml  Phosphorsaure, 85 % Merck

mit destilliertem Wasser auf 250 ml auffiillen.

Diese L6sung mul3 vor Gebrauch 1:5 verdinnt und durch einen Faltenfilter
filtriert werden und sollte auBerdem mindestens 4 Wochen stehen.

Zu 1,0 ml Bradfordreagenz in einer Kiivette werden 50 ul Probenlésung
pipettiert. Das Ganze wird gut gemischt und nach 10 min wird die Absorption
der Probenldsung bei 595 nm bestimmt. Die Probenldsung

sollte 5 bis 50 ug Protein enthalten. Als Leerwert werden 50 pl des zur
Probenverdiinnung verwendeten proteinfreien Puffers anstelle der Probenlésung
pipettiert. Ein Serumalbumin-Standard sollte im Bereich von

1 ug bis 70 ug aufgenommen werden.
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10.3 HBsAg vaccine production

Table 1. Commercially available yeast-derived vaccines (selection)

Recombinant host

Trade name

Company

organism

HBV vaccine

AgB Laboratorio Pablo Cassara; | H. pofymorpha
(LPC)

Biovac-B Wockhardt H. polymorpha

ButanhG Instituto Butantan/ H. polymorpha
I1.G. Biotecnologia

Engerix B GlaxoSmithKline S. cerevisiae

Enivac-HB Panacea P pastoris

Gene Vac-B

Serum Institute of India

H. polymorpha

Hepavax-Gene

Green Cross Vaceine

H. polymorpha

Probivac Probimed H. polymorpha
Recombivax Merck and Co., Inc. S. cerevisiae
Shanvac-B Shanta P pastoris

Multivalent vaccines

(Including rHBsAQ)
Infanrixhexa GlaxoSmithKline S. cerevisiae
HB+HIB+Palio+DTP (HBsAqQ)
Tritanrix GlaxoSmithKline S. cerevisiae
HB+HIB+DTP (HBsAQ)

HPV vaccine Gardasil SD S. cerevisiae

10.3.1 Upstream Processing (guioll sic dxJlaall wllec)

From  http://www.biopharminternational.com/biopharm/Downstream+Processing/Recombinant-Vaccine-
Production-in-Yeast/ArticlesStandard/Article/detail /485189
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10.3.1.1 Recombinant Vaccine Production in Yeast (D)IO>J| u\S @un"_g uyb[o" al.iim).

Methylotrophic yeast provide balanced production of the membrane and protein components of a recombinant viral particle.

o gl el Sl o Rl Uil sladll e Ojlse s b2y (Methylotrophic O s

Product-containing cells are usually generated by a two fermenter cascade, consisting of a 5-L seed
fermenter used to inoculate the 50-L main fermenter. The whole fermentation process, starting
from a single vial from the working cell bank, yields a biomass of more than 10 g dry cell weight
per liter in 55 hours. The production fermentation is carried out in synthetic medium feeding

glycerol in the first phase, and a mixture of glycerol and methanol in the second phase.”

¢ N nad asznd Sy 803l (5-Lseed o 33le et gy W= e (5525 pendd)
) e st Gy e dhes ST

o2 10 oo 8T s 28 g Al WO Ol 0 300 g o 15 el s JS7

casle B5 Vs sl a3 sl LY

NELUSTVINE:
Remark: There should be used a one-way bioreactor for the first project period.

10.3.2 Downstream Processing (wuoall dic dallea)l wldac)

The vaccine particles are harvested and cells are disrupted by a sequence of ion exchange, ultra
filtration, and gel filtration steps.” The purified HBsAg particles are formulated by adsorption to an
aluminum hydroxide adjuvant and addition of a preservative. A single adult dose containing 10 or
20 g of rHBsAg may be administered in three single injections at 0, 1, and 6 months.
sl e, 3Aldll g8 wlles | yles U5l ddee ST ollas sue Lol s e Gres DI CLEU\ olya a o
C ) sl
deSyyten e eVl o plaesV) s ales SN e s 3 ol (oo o) e sl danll) oy ads
podY]
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11 Downstream processing elements for Hepatitis B DNA vaccine
production process
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The present invention relates to a method for the production of a hepatitis B antigen suitable for
use in a vaccine, the method comprising purification of the antigen in the presence of cysteine, to

vaccines comprising such antigens.

4 [Patent Engerix B]
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Claims:

1. A method for producing a stable, immunogenic hepatitis B vaccine without
thiomersal suitable for human use, the method comprising:
2. Canals A5y Hhall g (gl aladind Colia: $omeeeoe Os2 Sl QLY elia Al #L0Y 46 L)

(a) expressing the hepatitis B surface antigen (HBsAg) as a recombinant protein in Saccharomyces

cerevisiae;

( Naps ) & osale oogp S (- )+ S Ol s s

(b) processing the yeast cells to provide a crude antigen preparation;
Azl dxdb Gla_d el LY adles
(c) subjecting the crude antigen preparation to gel permeation
chromatography, wherein the elution buffer used in the gel permeation
chromatography does not contain thiomersal, thereby producing an antigen-

containing eluent;

035ad) Ll £5le S (3 putsudl dodoad)l Jolt s n sy, ol 0351 L) ilog S szl sl joad Adas ¢ oas
el gt Jd m bl A Gllny —mm o st el

(d) subjecting the antigen-containing eluant from step (c) to ion exchange
chromatography;

2Ll dolal L2 gleg Sadkeny o al M 3 dznad) o (goldb) Jolt) adlayg

(e) adding cysteine to the antigen-containing eluant obtained after step (d);

s\ e =l Lzl Je ool Jaloeald el L)

(f) subjecting the preparation from step (e) to ultracentrifugation, thereby
obtaining a purified HBSAg;

A LS ol dazes Jo fad QWb S s bl adad dall A L) e W sl adles
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(g) combining the purified HBsSAg with a pharmaceutically acceptable
excipient to produce a stable, immunogenic hepatitis B vaccine suitable for
human use;and wherein no thiomersal is added to the resulting vaccine.

o S Al e 4 by (o5 (5l plaaid]

2. A method according to claim 1, wherein the cysteine is added to a final
concentration of between 1 and 10 mM.

pa 10 W1 oo Gl S el Bl G Gua ) IV ela¥) s 3Ll

3. A method according to claim 1, wherein the cysteine is added to a final
concentration of about 2 mM.

eos 2 Dt sl STl wilsl cd B ) G oW Y s Wbl

4. A method according to claim 1, wherein the ultracentrifugation is cesium-chloride
ultracentrifugation.

el dslS s 5 3 055 M el s o, IV oY1 e

5. A method according to claim 1 which further comprises an ion-exchange
chromatography step after gel permeation (c) and before ultracentrifugation (d).

6. A method according to claim 5, wherein the ion-exchange chromatography is
anion-exchange chromatography.

3 p Dol Ly S 0S5 saladl ol Laleglag S o B sl VI o 33

United states

patent application publication
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purification of HBV antigens for use vaccines
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correspondence address glaxosmithkline
il ¥ Al Olgs
ABSTRACT

The present invention to a method for the production of a hepatitis B antigen suitable for use in a
vaccine , the method comprising purification of the antigen in the presence of cysteine to vaccines
comprising such antigens.
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Flow diagram of the thiomersal free production process for Engereix B™
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11.1.1 Fermentation
European Patent 0199698

Produced in yeast

Burst in the precence of a non-ionic detergent, pH of the supernatant is adjusted to 6. Liquid or

solid polyethylene glycol is added until supernatant is clarified.

Ultrafiltration

1.1 Outline of the production process

_[0053] Hepatitis B surface antigen may be produced by fermentation of an appropriate strain of Saccharomyces
cerevisiae, for example that described in Harford et. al. (loc. cit.).

_[0054] At the end of large-_scale fermentation of the recombinant yeast strain, the cells are harvested and broken open
in the presence of a mild surfactant such as Tween 20. The surface antigen is then isolated by a multistep extraction

and purification procedure exactly as described above in Example 1 up to the step of the first gel permeation on
Sepharose 4B.

The preparation of hepatitis B surface antigen is well documented. See for example, Harford et. al. in Develop. Biol.
Standard 54, page 125 (1983), Gregg et. al. in Biotechnology, 5, page 479 (1987), EP-_A- 0 226 846, EP-_A-_0 299108
and references therein.

11.1.2 Required Devices for Downstream Processing
11.1.2.1 Thiomersal free production process
Centrifuge

Bead Mill (Grinding)

Ultrafiltration

4B Gel permeation chromatography

Anion exchange chromatography
Ultracentrifugation

Desalting gel permeation chromatography

Sterile filtration

Separation techniques Designed to eliminate

different types of yeast
aluminum hydroxide adsorption
Tween 20 e Yeast strain Broken open
e liberate the desired
protein
thiomersal
Cysteine (amino acid) Purification
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5 potassium bichromate
(K,Cr,05)
Sepharose 4B extraction and |recombinant yeast
purification strain
4
(a gel permeation
column)
4 vapour generator
4 Mercury
2 Bead Mill (Grinding)
3 Ultrafiltration
3 4B Gel permeation
chromatography
e Anion exchange
chromatography
] ] o a purified
3 Ultracentrifugation Purification
HBsAg
4 Desalting gel permeation
chromatography
4 Sterile filtration
Centrifuge
1,3
3 CaCl2
4 the AUSZYME(kit) Abbott Laboratories. to assay HBsAg
4 Cesium chloride CsCl Ultracentrifugation
Glycerol medium feeding First phase
1
glycerol and methanol medium feeding Second phase
immunological assay.
ELISA
Antibody response in mice 28 days.
Ion exchange | For purification on
3 DEAE-matrix
chromatography Fast flow column.
4 Sp-trisacryl ™ LS column Supernatant of step 4 Is purified on it.
4 FORMALDEHYDE Concentrated HBsAg

eluate is treated with it
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MINITAN ™ HBsAg solution concentrated on it.
4
PELLICON ™
A SEPHACRYL 400 Purification of concentrated retentate
4 0.2 MICRON FILTER Eluate from | Filtration
SEPHACRYL 400

To eliminates residual

lipids, DNA and minor

4 Ti 15 rotor from Beckman Zonal Centrifugation | protein contaminants from

the HBsAg preparation. It
is performed by it.

DNase Treatment of HBsAg
NaCl dialysis Buffer solution
Na pOs dialysis Buffer solution

DTTor 2-mercaptoethanol

TRAVENOL (kit) Solid phase radioimmunoassay for HBsAg

ABBOTT (kit) Known standard

CHO (kit) Recombinant HBsAg

HEPTAVAX B R (kit) Plasma derived HBsAg vaccine

RECOMBIVAX HB (kit) Yeast recombinant vaccine

AUSAB ETA (kit) To test serum for presence of anti HBsAg
antibodies

WHO (kit) Reference serum for calibration
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AKTA process step 4 purification (liquid chromatography)

Biopharmaceutical Manufacturing and production large scale .
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AKTA crossflow

AKTA crossflow gtep 4 purification(automated filtration system)
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GE Healthcare AKTA

Protein purification by

design
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3.1.1.11. Production Process of Hepatitis B Surface Antigen in the Presence of Thiomersal*®

[0051]The Hepatitis B surface antigen (HBsAg) +of SB Biologicals hepatitis B monovalent vaccine
(Engerix B®) is expressed as a recombinant protein in Saccharomyces cerevisiae (see Harford et al.
loc. cit.). The 24 kD protein is produced intracellularly and accumulated in the recombinant yeast
cells. At the end of the fermentation the yeast cells are harvested and disrupted in the presence of a
mild surfactant such as Tween 20 to liberate the desired protein. Subsequently the cell
homogenate, containing the soluble surface antigen particles, is prepurified in a series of

precipitations and then concentrated via ultrafiltration.

[0052]Further purification of the recombinant antigen is performed in subsequent chromatographic
separations. In a first step the crude antigen concentrate is subjected to gel permeation
chromatography on Sepharose 4B medium. Thiomersal is present in the elution buffer at the 4B gel
permeation chromatography step. The elution buffer has the following composition: 10 mM Tris,
5% ethylene glycol, pH 7.0, 50 mg/L thiomersal. Thiomersal is included in this buffer to control
bioburden. Most of this thiomersal is removed during the subsequent purification steps including
ion exchange chromatography, ultracentrifugation and desalting (gel permeation) so that purified
bulk antigen preparations prepared by the original process contain about 1.2 ug and less than 2 ug
of thiomersal per 20 pg of protein.

[0053] An Ion-Exchange chromatography step is performed using a DEAE-matrix and this pool is
then subjected to a Cesium-gradient ultracentrifugation on 4 pre-established layers of different
Cesium chloride concentrations. The antigen particles are separated from contaminating cell
constituents according to their density in the gradient and eluted at the end of the centrifugation
process. Cesium chloride is then removed from this pool by a second gel permeation on Sepharose

gel.
[0054]When HBsAg is prepared by the process containing thiomersal in the 4B gel permeation

buffer, protein concentrations of over 30 mg/ml are recovered in the pooled HBsAg containing

fractions from the CsCl gradient, corresponding to an equivalent concentration of HBsAg as
assayed by the AUSZYME kit from Abbott Laboratories.

[0055]The CsCl ultracentrifugation step usefully eliminates residual lipids, DNA and minor
protein contaminants from the HBsAg preparation. It is performed by zonal centrifugation in a Ti
15 rotor from Beckman Instruments, Fullerton, Calif. at a speed of 30,000 rpm for about 40 to 60
hours. The sample to be purified is applied to layers of CsCl solution with final concentrations of
0.75, 1.5, 2.5 and 3.25 M CsCl. At the end of centrifugation the gradient is eluted into fractions.
Fractions containing HBsAg may be identified by UV absorbance at 280 nm or by testing dilutions
of the fractions with the AUSZYME kit. The HBsAg band is at a density of 1.17 to 1.23 g/cm?.

4 From [Patent Engerix B]
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[0056]The solution containing the purified HBsAg is sterile filtered before being used to make a

vaccine formulation.

[0057]Purification from the yeast cell lysate is complex as the antigen is produced intracellularly
and a series of separation techniques designed to eliminate different types of (yeast) contaminants
are necessary to obtain pure bulk antigen. The steps of purification are important, as the product to
be purified is a lipoprotein particle containing multiple copies of the surface antigen polypeptide
and this structure must be maintained throughout the purification process. It is a particularity of
this process that it yields surface antigen particles which are fully immunogenic without the need

for further chemical treatment to enhance immunogenicity (compare EP0135435).

[0058]The details of the production process are further described in European Patent 0199698.

11.1.3 Production and Characterization of Yeast-Derived HBsAg by a Thiomersal Free Process**

Production and Purification of Yeast-Derived HBsAg
1.1 Outline of the Production Process

[0059]Hepatitis B surface antigen may be produced by fermentation of an appropriate strain of

Saccharomyces cerevisiae, for example that described in Harford et. al. (loc. cit.).

[0060]At the end of large-scale fermentation of the recombinant yeast strain, the cells are harvested
and broken open in the presence of a mild surfactant such as Tween 20. The surface antigen is then
isolated by a multistep extraction and purification procedure exactly as described above in

Example 1 up to the step of the first gel permeation on Sepharose 4B.
1.2 Thiomersal-Free Purification Process

[0061]In the thiomersal free process the following two changes have been introduced compared to

the process described in Example 1.

[0062]1. The elution buffer at the 4B gel permeation chromatography step no longer contains

thiomersal.

[0063]2. Cysteine (2 mM final concentration) is added to the eluate pool from the anion exchange

chromatography step.

[0064]1t was found that omission of thiomersal from the 4B gel permeation buffer may result in
precipitation of the HBsAg particles during the CsCl density gradient centrifugation step with loss

of product and aggregation or clumping of the recovered antigen.

[0065]Addition of cysteine at 2 mM final concentration to the eluate pool from the preceding anion
exchange chromatography step prevents precipitation and loss of antigen during CsCl density

centrifugation.

4 From [Patent Engerix B]
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[0066] 2. Cysteine is a preferred substance for this treatment as it is a naturally occurring amino
acid and can be removed at the subsequent desalting step on a gel permeation column using

Sepharose 4BCLFF as the column matrix.

[0067] There are no other changes in the manufacturing process compared to the process described

in Example 1.

[0068] The thiomersal free process yields bulk antigen of a purity and with properties comparable

to antigen from the process of Example 1.

1.2a
[0069] The thiomersal added to the 4B buffer at 50 ug/ml is thought to decompose and the
resulting ethyl mercury may attach covalently to free sulphydryl groups on cysteine residues of

the protein. The protein contains 14 cysteine residues of which 7 are located between positions 101
and 150.

[0070]This region of the protein is believed to be located at the surface of the particle and contain
the major antigenic region of HBsAg including the immunodominant a region and the recognition
site for the RF1 monoclonal antibody (Waters J et al, Postgrad. Med. J., 1987:63 (Suppl. 2): 51-56.
and Ashton-Rickardt and Murray J. Med. Virology, 1989:29:196). Antigen purified with thiomersal
present in the 4B gel permeation buffer contains about 0.5-0.6 pg mercury at the end of the

purification process. This mercury is not fully removed by simple dialysis.

[0071]In one experiment, 0.56 pug Mercury per 20 pg protein was measured on bulk antigen
preparation. This preparation was dialysed for 16 hours at room temperature against 150 mM
NaCl, 10 mM NaPOs buffer pH 6.9. At the end of dialysis, a concentration of 0.33 ug Hg per 20 ug

protein was measured.

[0072] In contrast, dialysis in the presence of a reducing agent such as L-cysteine at 0.1 to 5.0
mg/ml, DTT at 50 mM or 2-mercaptoethanol at 0.5 M, followed by a second dialysis to remove the
reducing agent, results in reduction of the mercury content of the antigen preparation to less than
0.025 ug Mercury per 20 ug protein. This is the lowest limit of detection of the method.
[0073] The mercury content was determined by absorption spectrophotometry. The antigen is
diluted in a solution containing 0.01% w/v of potassium bichromate (K:Cr207) and 5% v/v of nitric
acid. Standard solutions are prepared with thiomersal as the mercury source. The atomic
absorption of sample and standard solutions is measured after vaporisation in a vapour generator,
with a mercury-specific cathode at 253.7 nm. Atomic absorption of the dilution liquid is measured
as blank. The mercury content of the sample is calculated via the calibration curves obtained from

the standard solutions. Results are expressed as pg of mercury per 20 ug of protein.

11.2 Production of HBSAg in Mammalian Cells

Patent from 1991
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. US005242812A
United States Patent [ (1] Patent Number: 5,242,812
Even-Chen {451 Date of Patent: Sep. 7, 1993
[54] METHOD FOR PRODUCTION AND
PURIFICATION OF HEPATITIS B VACCINE OTHER PUBLICATIONS
. 1987, 3 al of the Chi i i
[75] Inventor: Zeev Even-Chen, Yavneh, Israel ]S-gzieityallﬂl): 71 4c.mm of the Chinese Biochemical
[73] Assignee: Bio-Technology General Corp., New Molnar-Kimber et al. 1988, J. Virology 62(2): 407-416.
York, N.Y. Zwerner et al. 1979, Methods in Enzymology, vol. 58:
221-229.
21] Appl. No.:
211 Appl No.: 790,485 Primary Examiner—Keith C. Furman
[22] Filed: Nov. 12, 1991 Attorney, Agent, or Firm—John P. White
Related U.S. Application Data (571 AB cr
o = Application Processes are provided for producing purified, hepatitis
[63]  Continuation of Ser. No. 480,166, Feb. 14,1990, aban- B surface antigen particles in mammalian cells which
doned, which is a continuation-in-part of Ser. No. comprise culturing mammalian cells which produce the
307,777, Feb. 7, 1989, abandoned. i , produc
particles in a culture medium supplemented with a
(7 13 1T o S — CO7K 3/26; COTK 3/28;  serum free of high molecular weight contaminant prote-
CO7K 3/20; CO7K 15/14  ins and recovering the purified, hepatitis B surface anti-
[52] U.S. Cl woovoeroeeoereeereeresee 435/70.3; 424/88;  gen particles.
424/89; 435/69.3; 530/395; 530/412; 530/414;  Removal of molecules having a molecular weight
530/415; 530/416; 530/417; 530/806; 935/65 greater than about 3 10° daltons by prefractionation,
[58} Field of Search .. .. 424/88, 89; 435/70.3,  for example, allows cells to be grown in culture media
435/69.3; 530/412 414 416, 417, 415, 806,  containing high levels of fetal calf serum, removes high
935/65 molecular weight contaminant proteins which may be
" inhibitory to cell growth and simplifies purification of
[56] References Cited HBsAg since high molecular weight contaminant prote-
U.S. PATENT DOCUMENTS ins are the major contaminants removed by purification
4,349,539 9/1982 Wampler ........oocoococcemmerreceeec 424789  Processes.
4,558,011 12/1985 Brzosko et al. . .. 435/272
4,738,926 4/1988 Hamada et al. .....ccovvervnnenen 435/239 43 Claims, 10 Drawing Sheets
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ERODUCTION AND PURIFICATION SCHEME OF HBSAG PARTICLES

STER 1

162

PRODUCTION OF HBsAG PARTICLES IN TISSUE
CULTURE SYSTEM USING FCS - SUPPLEMENTED
CULTURE MEDIA THAT WAS PREFRACTIONATED ON A
PELLICONTM 300,000 MW CUT OFF MEMBRANE - ONLY
FILTRATE (PROTEINS< 300,000 MW) IS ADDED TO
CELL CULTURE. RETENTATE ON THE MEMBRANE
(PROTEINS > 300,000 MW) IS DISCARDED.

-
COLLECT CULTURE MEDIA DAILY, POOL AND
PURIFY BY FIRST CLARIFYING CRUDE MEDIUM T™M
CONTAINING HBsAG PARTICLES ON A PELLICON
0.22 MICRON MEMBRANE - ONLY FILTRATE IS
PURIFIED FURTHER. RETENTATE (CELLS AND CELL
DEBRIS) ON MEMBRANlE 1S DISCARDED.

-
CONCENTRATION OF HBsAG PARTICLES FROM
CLARIFIED CRUDE MEDIUM (FILTRATE OF ST_FP 2)
AND DIALYSIS AGAINST PBS ON A PELLICONTM
300,000 MW CUT OFF MEMBRANE - ONLY
RETENTATE IS PURIFIED FURTHER (PROTEINS
ABOVE 300,000 MW). FILTRATE 1S DISCARDED
(PROTEINS BELOW 300,000 MW). RETENTATE
CONCENTRATED FURTHER ON MINITAN'M 300,000

CUT-OFF MEMBRANE.
!

w
RETENTATE OF STEP 3 IS PURIFIED BY GEL
FILTRATION | ON A SEPHACRYL S-400TM
COLUMN. FOLLOWED BY CONCENTRATION
OF ELUTED HBsSAG PEAK FRACTIONS ON
MINITAN'M (300,000 MW CUT OFF
MEMBRANE). I

1

-
CONCENTRATED HBsAG ELUATE OF STEP 4
PURIFIED FURTHE@ lfsv GEL FILTRATION Il ON
SEPHACRYL S-400 COLUMN, FOLLOWED BY
CONCENTRATICON OF E ED HBsSAG PEAK
FRACTIONS ON MINITAN'M (300,000 MW CUT OFF
MEMBRANE).
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1. Pst 1. Pstl
2. Isolate 3.8kb fragment | 2 ISolate finear
form

T4 DNA Ligase

Pst
Hindill
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R

STEP 1

STEP 2

STEP 3

STEP 4

Figure 4
TION AND PURIFI HEME OF HBSAG PART

PRODUCTION OF HBsAG PARTICLES IN TISSUE
CULTURE SYSTEM USING FCS - SUPPLEMENTED
CULTURE MEDIA THAT WAS PREFRACTIONATED ON A
PELLICONTM 300,000 MW CUT OFF MEMBRANE - ONLY
FILTRATE (PROTEINS< 300,000 MW) IS ADDED TO
CELL CULTURE. RETENTATE ON THE MEMBRANE
(PROTEINS> 300,000 N||W) IS DISCARDED.

v
COLLECT CULTURE MEDIA DAILY, POOL AND
PURIFY BY FIRST CLARIFYING CRUDE MEDIUM ™
CONTAINING HBsAG PARTICLES ON A PELLICON
0.22 MICRON MEMBRANE - ONLY FILTRATE IS
PURIFIED FURTHER. RETENTATE (CELLS AND CELL
DEBRIS) ON MEMBRANIE IS DISCARDED.

v .
CONCENTRATION OF HBsSAG PARTICLES FROM
CLARIFIED CRUDE MEDIUM (FILTRATE OF STEP 2)
AND DIALYSIS AGAINST PBS ON A PELLICONTM

300,000 MW CUT OFF MEMBRANE - ONLY

RETENTATE IS PURIFIED FURTHER (PROTEINS
ABOVE 300,000 MW). FILTRATE IS DISCARDED
(PROTEINS BELOW 300,000 MW). RETENTATE
CONCENTRATED FURTHER ON MINITAN'M 300,000

CUT-OFF MEMBRANE. |
I

v
RETENTATE OF STEP 3 IS PURIFIED BY GEL
FILTRATION | ON A SEPHACRYL S-400TM
COLUMN. FOLLOWED BY CONCENTRATION
OF ELUTED HBsAG PEAK FRACTIONS ON
MINITANTM (300,000 MW CUT OFF

MEMBRANE). :

v
CONCENTRATED HBsAG ELUATE OF STEP 4
PURIFIED FURTHER BY GEL FILTRATION Ii ON
SEPHACRYL S-400'M COLUMN, FOLLOWED BY
CONCENTRATION OF ELUTED HBsAG PEAK
FRACTIONS ON MINITAN'M (300,000 MW CUT OFF
MEMBRANE).
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FIGURE 7
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11.3 Overview: Required Devices for Engerix B Downstream Processing

I-centrifugation

[l-grinding bead mill

Link: http://www.omni-inc.com/omni-bead-ruptor-12-homogenizer-p-522.html

.

[1l- centrifugation
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IV-centrifugation

.

V- ultrafiltration

link: http://www.solarisgroup.org/tytan-micro-ultra-filtration.html
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[Flg.2] Principle of Ultra Filtration

Water Smal molecules  Large molecues

Altered water

N\
IR

Mernbrare

|

VI- 4b gel permeation chromatography

chromatographic gel permeation column : A typical Waters GPC instrument including A. sample

holder, B.Column C.Pump D. Refractive Index Detector E. UV-vis Detector

|

VII- anion exchange chromatography
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chromatographic anion exchange column
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Vlll-ultracentifugation

x‘

link:http://www.medicalexpo.com/prod/beckman-coulter-international-sa/high-performance-

bench-top-laboratory-centrifuges-75322-507590.html

.

IX-desalting gel permeation

l| desalting gel permeation

X-steril filtration
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: Downstream J! ileal 40331 YY)

JEvn| EAgRAL >\ ayl
Y centifuge
\4 ultrafiltration
Vi Chromatographic
" nan gel  permeation
columns
Vil Chromatographic
Y an anion exchange
columns
VI ultracentrifuge
IX Desalting gel
(N (N permeation
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11.4 Chromatographic Purification device - process scale

11.4.1 Purification system:

From “AKTAprocess™ Operating Instructions”: Chapter 5 (Operation)
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11.4.2 AKTAprocess

1

A

1

‘iﬂ

,,,,,
N e

System with standard configuration: front view

The illustration below shows a front view of the standard configuration of AKTAprocess
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Part Functicn

1 pH probe
| 2 | Battery limit: System outiets (2
3 | o probe colibrotion holder
& | EMERGENCY STOP
. Battery limit: Colurnn 1 connedtions ()
- Flow meter
| Berthery B Cormmen waste outiet

Swiveling wheel with brake (4]

i m | - % LA

Cammon waste colecton cup

=]

Pre-oolurmn pressune rmeter

(=
e

. Skid manewvering handle [£]

. Ar trap

I Openotar consake with keyboard ond manitor
. Indicatar lamp - ALARM

Indicatar lamp - RUN/PALISE

m | e W R

Indicatar lamp - POAWER
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rear view
The illustration below shows a rear view of the standard configuration of AKTAprocess.

N
w

Part Functicn

) Prieumatic air supply connection part
. 18 I SYETEM POWER SWAITCH
- 19 . EMERGEWCY STOP
| 20 . Pressune rmeter
| 21 . Pre-colurmn conductivity meber
. 22 . Systerm pumg &
| 23 - Moveable air sersor
| 24 . Battery limit: System inbeb: |2]
£5 I Post-column conductivity meber
- 26 . Systern lobel
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System with all options: front view

The illustration below shows a front view of an example of AKTAprocess with all optional
Components

thd

Part Function
27 Battery limik: Sysbem outhets [10)
- Fi| I Battery limit: Calurmn 2 connedions (2)
| Fa] . Battery lirmit: CIP { fodChrom™ valves
| n . Pre-colurmn pH probe calibration cup
| il . Pre-colurmn pH probe
. iz . Sarnple purmg inlet
| 33 . In-fine: Fiber
rear view

The illustration below shows a rear view of an example of AKTAprocess with all optional
Components
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Function
14 Presure meter with PCV option (2]
. 5 I Presune contral walee
- 15 . Flow meter
[ 7 . Systerm pump B
[ 34 . Battery limit: Butfer B inlets {6
. 39 . Battery lirmit: Butfer & inlets {100
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s

A7 \

= : 21
P — !
2
L] ‘l
[ - q
33 | — : l

o [ 2|l 2|9

1 Valve body centre, i.d. 10 mm

2 Valve body right, i.d. 10 mm

9 Valve block mounting plate DNO8, DN10
10 End connection left, i.d. 10 mm

12 Block rod 1, to valve bodies DNO8 & DN10
12 Block rod 2, to valve bodies DN0O8 & DN10
12 Block rod 3, to valve bodies DN0O8 & DN10

12 Block rod 4, to valve bodies DN0O8 & DN10
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12 Block rod 5, to valve bodies DN0O8 & DN10

Cable conductivity sensor Dsub-ODU, length =

17
2.2m

Assembly / Disassembly tool to conductivity
sensor

17

17 O-ring kit

17 Conductivity sensor,i.d. 8 mm

19 Cable air sensor RJ12-ODUG, length =5.4 m
19 Cable air sensor RJ12-ODUG, length =2.4 m
19 Air sensori.d. 10 mm

21 Cable to pressure sensor RJ12-Binder

21 Cable to pressure sensor RJ12-Binder

21 Pressure sensor PAA35LXH 12bar

22 Pressure flow cell,i.d. 10 mm

22 O-ring 17.2x1.78 mm

26 Local display for flow meter

26 Flow meter DN10

27 TC adaptor, i.d. 10 mm

27 O-ring kit 17.04x3.53 mm, for TC adaptor

33 Clamp Tool CV Lewa Pumps

33 Pump head hygenic forpump 90 PP EPDM
33 Valvebody & guide kit90 PP

33 Wear & Tear Kit

33 Pump Hygienic 3x90 PP EPDM
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a7
0 728
:;” . z
1 |
=
1 Valve body centre, i.d. 10 mm
7 Actuator DN10 90
7 Valve body air trap, i.d. 10 mm
12 Block rod 1, to valve bodies DNO8 & DN10
12 Block rod 2, to valve bodies DNO8 & DN10
12 Block rod 3, to valve bodies DN0O8 & DN10
12 Block rod 4, to valve bodies DN0O8 & DN10
12 Block rod 5, to valve bodies DN0O8 & DN10
36 O-ring kit for air trap 10 mm
36 Sight glass 34x95x17 mm
36 Air trap, i.d. 10 mm
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37 Actuator DNO8 0

37 Valve body angled right, i.d. 3 mm
37 Diaphragm DNO8

38 Clamp, 3inch TC

38 Gasket, 91 mm TC, i.d. 73 mm

38 Filter house, i.d. 10 mm

38 Filter Cartridge

72 Actuator manual valve DNO8

48
S8
157700
' E
- d A
o —
4 —
4

Valve body centre, i.d. 10 mm
Valve body right, i.d. 10 mm
Valve body right, i.d. 10 mm

Valve body centre, i.d. 10 mm

o o A~ N B

Valve body left, i.d. 10 mm
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10 End connection left, i.d. 10 mm

11 End connection right, i.d. 10 mm

12 Block rod 1, to valve bodies DN0O8 & DN10
12 Block rod 2, to valve bodies DNO8 & DN10
12 Block rod 3, to valve bodies DNO8 & DN10
12 Block rod 4, to valve bodies DNO8 & DN10
12 Block rod 5, to valve bodies DNO8 & DN10
15 pH cable CPK9 TOP 68, length =5 m

15 pH electrode

16 Adaptor pH flow cell

16 Adaptor nut

16 Cleaning-in-place (CIP) Cap to pH flow cell
16 pH flow cell

19 Cable air sensor RJ12-ODUSG, length =5.4 m
19 Cable air sensor RJ12-ODUSG, length = 2.4 m
19 Air sensor i.d. 10 mm

20 Level sensor capasitive IFM

21 Cable to pressure sensor RJ12-Binder

21 Cable to pressure sensor RJ12-Binder

21 Pressure sensor PAA35LXH 12bar

22 Pressure flow cell,i.d. 10 mm

22 pH and pressure flowcell i.d. 10 mm

22 O-ring 17.2x1.78 mm

24 UV flow cell, i.d. 1 inch

24 UV flow cell, i.d. 8 mm

24 O-ring kit

26 Local display for flow meter

26 Flow meter DN10

27 TC adaptor, i.d. 10 mm

27 O-ring kit 17.04x3.53 mm, for TC adaptor
31 Console complete without touch screen
31 Console complete with touch screen

32 Keyboard UK/US IP65

73 Long optical fibre kit, 500 mm
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Profibus/AS-I gateway
Wire ASI-cable 2-port buscable, length =13 m
Connector ASlI-cable

Computer AAEON AEC-6850
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28 Communications cable RJ45-RJ45/IP67, length = 10 m

34 Frequency converter 0.75kW / 1ph

35 Frequecy converter profibus interface
39 Pressure regulator
40 Pressure switch PM11-NA

65 Contactor 25A 24V DC

66 Fuse 10 A, 1 POL

67 Opto Coupler DEK-OE-24DC

68 Trafo Mains 2000VA 1-PHASE

69 Power supply AC/DC 24V 75W DIN
70 Power supply ASi, 30 VDC 2.4 A
71 Power supply AD/DC 12V 75 W DIN

3 Actuator DN10 O
3 O-ring, DN10
3 Block rod 1, to valve bodies DN0O8 & DN10
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3 Pneumatic quick fitting T M5 /i.d. 6 mm
3 Pneu. quick fitting (L)M5/i.d. 6 mm

3 Diaphragm DN10

3 Valve body left, i.d. 10 mm

11 End connection right, i.d. 10 mm

21 Cable to pressure sensor RJ12-Binder
21 Cable to pressure sensor RJ12-Binder

21 Pressure sensor PAA35LXH 12bar
22 Pressure flow cell,i.d. 10 mm

22 O-ring 17.2x1.78 mm

33 Clamp Tool CV Lewa Pumps

33 Pump head hygenic forpump 90 PP EPDM
33 Valvebody & guide kit90 PP

33 Wear & Tear Kit

33 Pump Hygienic 3x90 PP EPDM

48 Pump manifold, i.d. 10 mm

63 TC clamp kit, 25 mm TC

63 O-ring, DN10

63 TC gasket 25 mm, i.d. 15 mm

63 TC Gasket, 25 mm, i.d. 16.5 mm
63 End cap,25mm TC

63 TC-gasket kit, i.d. 10 mm

80 Wheel kit

3.1.1.12. Structural components

Electric cabinet
The electric cabinet serves as the container for all electrical and pneumatic equipment.

Skid

The rigid stainless steel structure supports all process components and the electric
cabinet.

The structure is designed for handling in a production environment and to be easy to
move and keep clean.

The steel structure protects all installed components while still allowing easy access.
The structure occupies a small box-shaped space that makes it easy to fit into any
location in the production facility.

Control system
AKTAprocess is fully automated by means of the UNICORN control system. Once the required
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methods are created and approved, a non-expert user can safely operate the system.

Control unit

A CU-960 control unit is the controlling interface between UNICORN and the components of
AKTAprocess.

The CU-960 control unit is located inside the cabinet.

Computer
The computer is built into the cabinet and fully protected from the outside environment.

User console

The display and input equipment is ergonomically designed for usage in a clean production
environment.

Communications

Communication with most controlled components mounted outside the cabinet uses the PROFIBUS™
industry standard communication protocol and hardware. The PROFIBUS connection and other
communication ports are located on the underside of the electrical cabinet, as shown in the illustration below.
For information on where to connect the PROFIBUS signal cable to the AxiChrom Master, see the
AxiChrom User Manual
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Part Function

1 USE connection port

2 Ethernet connection port
3 Customer I/O connaction
4 FROFIBUS connection

3 UPS Power

Inlets and outlets

This section describes the inlets and outlets, including the drain outlet, of AKTAprocess
that are provided in the standard configuration.

Connections

The standard configuration of AKTAprocess has two inlets, two outlets and connections
for one column. As shown in the flowchart in Section 3.5 Flowchart, on page 72
AKTAprocess has a moveable air sensor that may be connected to any inlet.

For standard AKTAprocess configurations the pressure on the inlets should be in the
range 0 to 0.2 bar. The outlets can handle backpressure up to 1 bar.

Drains

All drains from AKTAprocess are collected to a single drain outlet. The drains are first
collected in an open cup to ensure that no back pressure is applied on any parts of the
processing system.

Meters and sensors

This section describes the meters and sensors that are installed as standard components
of AKTAprocess.

Overview

AKTAprocess is provided with a set of sensors and meters that provide data to the control
system, enabling it to control the progress and detect the performance of the process
in a satisfactory way.

The basic system setup includes meters and sensors that measure pressure, flow, conductivity

(Cond), pH, air, temperature and UV. Measurement of these parameters enables
basic isocratic operation and the air sensor before the column also makes sure that no
air enters the column during processing.

Flow meter measurement principle

The measuring principle of the flow meter is based on the controlled generation of
Coriolis forces. Refer to the flow meter manual in the product documentation package
for more information.

System pump
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This section describes the basic AKTAprocess system pump. In the standard configuration,
a single system pump is provided that supports isocratic operation.

Pump type

The system pump is a triple head diaphragm pump, or a 5-headed diaphragm pump for
flow rates 45 to 2000 I/h. The process wetted parts of the pump heads are effectively
sealed from non-sanitary components of the pump.

The pump is provided with stroke length adjustment knobs. These are factory preset at
delivery and must not be adjusted by the user.

Pump stroke frequency
The pump stroke frequency is controlled by the flow that is set in the UNICORN control
software.

Safety monitoring

The system is protected from exceeding the high pressure limit by the electronic module
ALP-900, an air, level and pressure monitoring system that is situated inside the cabinet.
The ALP-900 monitors:

1 The pressure in each pressure sensor

2 The pressure difference between each pressure sensor

3 The temperature in the process liquid

If any of the monitored parameters reaches a critical limit, the ALP-900 will shut down
the pumps independently from the UNICORN control system.

Air trap

An air trap is installed in the flow path of AKTAprocess. This section describes the air trap
and the sensors that are used for liquid level control.

Air trap function

The function of the air trap is to de-gas buffers. A vortex is created in the air trap and
the liquid in the air trap is pressed downwards and outwards by the centrifugal force
generated while air is separated in the center of the chamber. The rotation eliminates
pockets of stagnant liquid, which prevents unwanted build-up of solids (e.g., bacterial
cells) and simplifies the cleaning of the air trap.

Level sensors

Two sensors for automatic liquid level control are installed in the air trap. This sensor
assembly consists of a high and a low level sensor. The sensors must be re-calibrated

if the LED indicator displays a red light while the liquid level is still far from the low or
high level markers.

It is recommended that after a power down a calibration of the level sensors

should always be performed. See Section 6.6.2 Air trap calibration, on page 153.

Note:
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When the air trap is filled with liquid that foams easily, for example liquids
containing detergents and protein solutions (sample), large volumes of air

should not be allowed to enter into the air trap. If foam is formed it may

interfere with the automatic liquid level control.

Note:

Always position a movable air sensor at the inlet of the sample or detergentcontaining
liquid. The air sensor will set the system to Pause when air is detected,

which will prevent the build up of foam in the air trap or can trigger

the next step in the method.

3.1.1.13.Valves

General description

With the exception of the filter housing options that have either one or three manual air
outlet valves, all valves are diaphragm valves that are actuated by compressed air. The
valve actuators are controlled by an ASi bus.

The inlet and outlet valve configurations are identical. Each valve consists of a valve
body, a diaphragm and an actuator. Two valves are combined into a valve block.

Due to their size and weight, the valves for 1" systems are mounted in turnable cradles.

Valve LED indicator lights
The valve LED indicator lights are illustrated below.

4 R
CLOSED | &
ERECR | @
OPEN | O
POWER | @
. FAULT | @
S/
Label Color Description (when applicable)
CLOSED Crange Steady light: Actuator in closed position
ERROR Red Steady light: Programming, sensor or internal errar
OPEN Yellow Steady light: Actuater in open position
POWER Green Voltoge on
FAULT Red Steady light: Slave address error

Valve default positions

When the system is powered up and connected to compressed air, the default positions

for the various valves are given in the table below. If no control signal is present, for example
if the mains power is shut off, the valves will revert to Closed positions.

Air trap valves
The air trap valve blocks are directly connected, either to the optional filter valve blocks
or to tubing going to the pre-column air sensor, in order to minimize the dead volume
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that is caused by connecting valve blocks with tubing.
The layout of the air trap valves is illustrated below.

¢;"'i‘u»"—lf}23

H

T20-NK —
t —

b
<
()
~
I
KV-022
XV-071
h
Valve positions Open valvels)
Bypass XV-022
Inline (Default) MW-021 4+ HV-024
Fill VD21 + XWV-023
Fill_inline V021 + BV-023 + ¥V-024
Out_through_drain | ¥V-021 + XV-024 + ¥V-071
Crain (Mo flowl HV-023 + V024 + V071

The Drain valve position is used for example when the air trap is emptied before disassembly
or to lower the liquid level in the air trap. The pump(s) must be set to 0.0 I/h when
the Drain valve position is used.

Instruction Setting

Valves:AirTrap = Bypass

Fill

Fill_inline

Drain

Out_through_drain

The instruction System:Settings:Specials:AirTrapPauseFunction defines if the valve
goes back to the default position (Inline) or if it remains in position when the system is
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set to Pause.

Sample connection valves

The optional sample pump is connected to the sample connection valve, where the feed
from System pump A and the optional gradient pump B is also connected, after the air
trap and the optional filter. Sample inlet valves are available only on systems that are
delivered with a sample pump.
When an inlet valve is open (A, B or Sample inlet valves), the corresponding sample
connection valve will also open. The sample connection valves cannot be controlled
independently by the operator.

Note:
The alarm for the sample inlet valves must be disabled if the sample pump is
disconnected. See Section5.1.5 Final checks, on page 123 for UNICORN settings.

Column valves

The column valve sets (column 1 and the optional column 2) each consist of six valves.
Similar to the inlet valve blocks, the blocks are connected directly to each other to enable
the shortest possible flow path.

3.1.1.14.0Optional components
Extra system pump inlets
Up to eight extra inlets with individually controlled valves can be installed.

This means that AKTAprocess is able to manage up to ten individual inlets for system
pump A.

Extra system outlets
Up to eight extra system outlets with individually controlled valves can be installed.
This means that AKTAprocess is able to manage up to ten individual outlets in total.

System pump B

AKTAprocess can be provided with a second system pump. The addition of a second
system pump enables AKTAprocess to operate as a gradient system.

The B-pump can be provided with up to six individually controlled inlets.

If the System pump B option is selected, an extra flow meter can also be provided to

enable the individual pump flows, as well as the total system flow, to be measured.
The B-pump type is identical to the A-pump.

In-line filter

A filter can be installed between the air trap and the column to prevent foreign objects
from contaminating the column. Different types of in-line filter are available, including
a disposable capsule filter option. Filter housings may be made of steel or polypropylene.
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Two columns
AKT Aprocess can be configured to incorporate a second column. With this option, the
AKT Aprocess can supply two columns, one after the other with mobile phase.

Sample pump

The sample pump allows sample to be injected into the column without the need to use
any of the system pumps for this purpose.

There are two optional inlets feeding the sample pump. The sample pump is also provided
with an extra pressure meter that protects the system against over pressure.

Extra pressure meter
An extra pressure meter can be installed after the column to accurately measure the
pressure drop over the column.

Extra pH meter
An extra pH-meter can be installed before the column on a gradient system to enable
the gradient to be monitored.

Filter valves

The optional in-line filter valve block set is identical to the air trap valve block set. There
is also a manual valve for air evacuation, HV-301.

The layout of the filter valves is illustrated in the following diagram.

Capsule filter and valves

A disposable capsule filter option may be selected instead of the in-line filter option described
above. The disposable capsule filter housing is made of polypropylene and includes

two additional manual valves for air evacuation, as illustrated below.
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Part Function

1 Manual valve HY-301
2 Outlet to manual valve HY-303
3 Capsule filter housing
4 Outlet to manual valve HV-302

The layout of the capsule filter valves is illustrated in the following diagram.

HV-301

e £

s Y5

r ]

w ~J

XV-026

XV-072

Valve positions Open valve(s)
Bypass (default) KV-026
Inline HV-025 + MV-027

Out_through_drain | ¥V-025 + ¥V-027 + Xv-072

Drain (Mo flow) HW-301 + ¥\V-027 + #¥W-072

The Drain valve position is used, for example, when the filter housing is emptied before
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replacing the filter. The pump(s) must be set to 0.0 I/h when the Drain valve position is
used.

Pressure control valves (PCV)

AKTAprocess can be provided with up to two optional pressure control valves, PCV-341 and PCV-342, as
shown in the illustration below.

The function of the PCVs is to protect the system from 'free flow' if the inlets are fed with
a higher pressure than 0.2 bar.

The pressure control valve option allows the pressure on the inlets to be regulated and

the flow through the system via individual system pumps to be controlled.

ALP2 PCV safety monitoring

If AKTAprocess is optionally configured to include a pressure control valve, or valves, the
system will also be equipped with an ALP2 air, level and pressure monitoring system.

The ALP2 unit protects against exceeding maximum operating pressures by monitoring
pressure between the pumps and the PCVs.

CIP / AxiChrom manifold

A CIP / AxiChrom manifold with four individually controlled valves enables UNICORN to
control CIP with up to four inlets and control processing together with a connected
AxiChrom column.

See Using the CIP/AxiChrom manifold option, on page 139 for more information about
connections for CIP. For Intelligent Packing with AxiChrom columns, see AxiChrom
manuals for details on connection.
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Anybus™ X-gateway

The system can be provided with an optional Anybus X-gateway to enable communication
between AKTAprocess and the customer network. The signals transferred can both be
analog process readings, digital status and handshake signals. The Anybus X-gateway

is located inside the electrical cabinet. The interface to the gateway is PROFIBUS Slave
through a M12 connector in the bottom of the electrical cabinet.

The Anybus X-gateway copies I/O-data in both directions, thus enabling data exchange
between two optically isolated PROFIBUS networks. The Anybus X-gateway connections
can be used for many different applications. See the PROFIBUS Communication Interface
documenation for a description of how the different 1/0-data is addressed in the memory
space.
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3.1.1.15.Flowchart
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Capsule filter option

The illustration below shows the corresponding air trap and filter block alternative section
of the flowchart if the capsule filter option is selected.
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*}{U—DZE I HV-301
* HV-303

FH-231

720-AX

XV-026
#“V-071 ®V-072

Note: Black represents standard components; Red represents optional components

3.1.1.16.Process components
The following table lists the process components that are shown in the flow chart.

Tag Function (gtyl MNote

1,2 COutlets

3to 10 Outlets | Optional

Al A2 Buffer A inlets

A3 o AlD Buffer A inlets Optional

AT-221 Alrtrap

Blto B6 Buffer B inlets Part of system pump B option
C1T Column 1 top connection
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Tag Function (qty) Note

C1B Column 1 bottom connection

C2T | Colurmn 2 top connection Part of column 2 option

C2B Column 2 bottom connection  Part of column 2 option

ClP1to CIP4 | CIP inlets

CIPC | CIP common inlet

FH-231 | Filter - Option

HW-301 Filter vent valve Part of filter option, manual

HV-302 | Capsule filter bottom manual  Capsule filter option only
valve

HV-303 Capsulefittertop manualvalve  Capsule filter option only

M1, M2 | Sample inlsts Part of sample pump option

p-201 A | System pump A

P-201B System pump B Option

p-202 | sample pump Option

PCV-341 | Pressure control valve, Ainlets  Option

PCV-342 Pressure control valve, Binlets  Option

W Common waste

®V-001, ¥V-002 | Buffer A inlet valves

HV-003 to ¥V-010 | Buffer Ainlet valves Opticnal

®¥-011 to XV-016 | Buffer B inlet valves - Part of system pump B option

®y-017 | Sample connection valve Part of sample pump option

HV-018, ®¥V-019 Sample inlets valves Part of sample pump option

®W-021 | Air trap inlet valve

Hy-0p22 Alrtrop byposs valve

®W-023 | Air trap vent valve

HV-024 | Airtrap outlet valve

®V-025 | Filter inlst valve Part of filter option
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Tag Function (qty) Note

HV-026 Filter bypass walve Part of filter option
®V-027 Filter outlet valve - Part of filter option
HV-028 System connection valve Part of sample pump option
¥V-031 Column 1 top inlet valve

¥V-032 Colurn 1 bottom inlet valve

HV-033 Column 1 top valve

KV-034 Column 1 bottom valve

HV-035 Column 1 top outlet valve

XV-036 Column 1 bottom outlet valve

HV-037 Column 2 top inlet valve Part of column 2 option
¥V-038 Column 2 boftom inlet valve Part of column 2 option
HV-039 Column 2 top valve Part of column 2 option
¥V-040 Colurmn 2 bottom valve Part of column 2 option
HV-041 Column 2 top outlet valve Part of column 2 option
®V-042 Colurmn 2 bottom outlet valve  Part of column 2 option
KV-051, ¥v-052 Outlet valves

KV-053 to ¥V-060 Outlet valves - Optional

¥V-071 Air trap drain valve

HV-072 Filter drain valve Part of filter option
XV-081 to XV-084 CIP / AxiChrom manifold Option

3.1.1.17.Meters and sensors
The following table lists the meters and sensors that are shown in the flow chart.
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Tag Function Mote

AE-151 Buffer inlet air sensor Movable

AE-152 | Pre-column air sensor Final check that no air enters the column

AT-121 | Post-column pH-meter

AT-131 | Post-column UV-meter Peak detection

CE/TE-101 Pre-column conductivity meter  Also includes a temperature meter

CE/TE-102 Post-column conductivity Peal detection and CIP-control, also includes
meter a temperature meter

FT-141 System flow meater Measures the total system flow

LEH-167 Air trap high level meter

LEL-166 | Airtrap low level meter

PT-111 | Fre-filter pressure meter Option

PT-112 Pre-colurmn pressure meter Guards the column from over pressure,

detects clogged column

PT-114 | Sample pump pressure meter  Part of sample pump option

PT-115 PCV pressure meter, A inlets part of PCV option

PT-116 | FCV pressure meter, B inlets | part of PCV option

3.1.1.18. Connect a column
Considerations for AxiChrom columns

AxiChrom columns can be packed using AKTAprocess and Intelligent Packing.

Small diameter columns, up to 200 mm diameter, use AKTAprocess pumps to drive the
adapter hydraulically.

Larger AxiChrom columns, 300 mm diameter and above, use an AxiChrom Master connected
to the AKTAprocess Profibus connector.

See respective AxiChrom column manuals for information on hose connections.

For more details regarding using AxiChrom with AKTAprocess, refer to the AxiChrom
user manual.

Preparations

The air sensor alarm(s) before the column must be disabled before filling the system/column
with liquid (Alarms:Air_Alarm:Disabled).

Connect an empty column

Follow the instruction below to connect an empty column to AKTAprocess.
Step Action
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1 Connect tubing between the system valve marked COLUMN BOTTOM and
the column bottom.

2 Connect tubing between the system valve marked COLUMN TOP and the column top.

Connect a packed column without bypass lines/valves

Follow the instruction below to connect a pre-packed column without by-pass lines/valves
to AKTAprocess.

Step  Action
1 Connect tubing to the system valve marked COLUMN BOTTOM, but do not
connect the other end of the tubing to the bottom of the column at this time.

2 Set the system column valves to the UpFlow position.
3 Using the pump, fill the system with an appropriate liquid for column installation.
4 When the system, including the tubing connected to the column bottom system valve, is

filled with liquid, connect the other end of the tubing to the bottom of the column.

5 Connect tubing between the top of the column and the system valve marked COLUMN

TOP.
Connect a packed column with bypass lines/valves

Follow the instruction below to connect a pre-packed column with bypass lines/valves
to AKTAprocess.

Step Action

1 Connect tubing between the column bottom and the system valve marked
COLUMN BOTTOM.

2 Connect tubing between the column top and the system valve marked
COLUMN TOP.
3 Set the system column valves to the UpFlow position.
4 Using the pump, fill the system with an appropriate liquid for column installation.
5 When the system, including the tubing connected to the column, is filled

with liquid, stop the pump.

6 Use the manual valves on the column to change from bypass to in-line.
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AxiChrom™ 300-1000 columns
AxiChrom process column family has been designed to deliver reproducible results from
process development to production scales. This is facilitated by the innovative Intelligent

Packing where UNICORN™ software, AKTAT™ systems and AxiChrom columns work together
to facilitate a convenient operation for packing of the bed via axial compression
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The images below show a 600 column (left) and an AxiChrom Master unit (right).

Intended use

The AxiChrom family of process columns has been designed for low pressure chromatographic
separation of biomolecules such as proteins, peptides and oligonucleotides in

GMP-regulated environments. AxiChrom columns are intended for production use only

and should not be used for diagnostic purposes in any clinical or in vitro procedures.

The columns are not suitable for operation in a potentially explosive atmosphere or for
handling flammable liquids. If the columns are used for purposes other than those

specified in the user documentation, safe operation and the protection provided by the

system may be impaired.

3.1.1.19.0verview of the column and parts

10

11
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Part  Function Part  Function

1 Top unit 8 Bottom bed support and distribu-
tor plate

2 Worrm gear and bellows ] Column stand

3 Servo motor 10 Process chamber

4 Top mobile phase inlet/outlet 1 Column tube

5 - Adapter 12 - Slurry inlet

3] - Adapter bed support and distribu- | 13 - Bottom mobile phase inlet/outlet

tor plate
7 - Media valve assembly 14 Rinse inlet

Inlet and outlet system

e The tubing connection at the Top mobile phase on the adapter is the only liquid
connection at the top of the column.
e At the bottom the center inlet/outlet is the bottom mobile phase.

e The Slurry inlet is connected to the slurry tank from where the media slurry is drawn
into the column. Inside the Media valve under the column, the Slurry inlet has a liquid
connection with the Rinse inlet.

e The Rinse inlet is used to flush the Media valve, the Slurry inlet and the tube to the
slurry tank free from residual media after filling and unpacking the column. When a
filling process has ended, the Media valve closes and a pump connected to the Rinse
inlet pumps the liquid through the Media valve, and then through the Slurry inlet to
the slurry tank.

e The Slurry inlet and Rinse inlet have no connection to the Bottom mobile phase
flowpath. When the Media valve is open, the Slurry inlet and Rinse inlet lead directly
to the process chamber. Liquid in the mobile phases, on the other hand, has to flow
through the bed supports to reach the process chamber.

Connection flanges
e Tri-clamp 25 is used for the 300, 400, 450 and 600 columns.
e Tri-clamp 50 is used for the 800 and 1000 columns.

Valve holder (accessory)

The valve holder accessory is useful for fixing components to the column assembly,
particularly when a number of serially connected valves and sensors are used. The valve
holder is clamped on the front stand tube with a U-rod and holds the components with
3-pronged clamps. One valve holder carries two clamps. Different sizes of U-rod are
used for AxiChrom 300-600 columns and AxiChrom 800-1000 columns respectively.
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Valve holder accessory (inset] and mounted with valves and sensors on front stand tube.

AxiChrom Master

AxiChrom Master is a self-contained operator console featuring interactive guides for
work procedures such as packing, unpacking and maintenance. The user interface is a
touch screen panel.
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The interactive firmware guides the user and reduces the risk of making mistakes. The
operator has control over the workflow, and can use manual control for adapter movement
and open or close the Media valve.

One AxiChrom Master unit can be used to control up to ten columns (one at a time).

AxiChrom Master specifications

Parameter Value

Weight Approximately 73 kg (161 lbs)

Length = width = height | 670 = 590 = 1090 mm

Material Stainless steel, ASTM 316 and ASTM316L (EM
1.4401/1.4436 and EN 1.4404/1.4432/1.4435)
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.

)

1 Emergency stop switch

2 Display for AxiChrom master

3 Air filter regulator

4 Air solenoid valve

5 AxiChrom Master Control Unit (Spare Part)
6 Circuit breaker
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7 Contactor 25A 24V DC
8 Mains filter 3x480 V 16A
9 Safety relay

10 Circuit breaker

11 Circuit breaker 4A, 1-pole

12 Power supply 400 V AC - 24V DC
13 Wheel gasket

14 Wheel without brake

15 Wheel with brake

16 Air quick connector

17 Mains Switch

18 Air hose kit

19 AxiChrom master encoder cable
20 AxiChrom master motor cable

21 AxiChrom master profibus cable

22 AxiChrom master pressure cable

Weights, volumes and related dimensions of axichrom
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Column

Tube inner diameter (A) 300 400 450 600 800 1000

{rmm)

Footprint (B=C) [mm) 1110 = 1110 = 1110 = 1180 = 1470 = 1720 =
320 600 520 780 1080 1300

Sufet},-r zone (mm) 3200 = 3200 = 3200 = 3200 = 3500 = 3800 =
2600 2600 2700 2800 3100 3300

Column cross section [cm?] | 707 1257 1590 2827 5027 7854

Max bed volume, 21/35 36/63 48/80 85/141 151/251 236/393

short/long tube (liters)

Weight of empty column, = 420/440 | 460/480 | 710/760 | 835/900 & 2150/2240 | 2560/2680
short/long column,
stainless stesl bed support
(kg)

Weight of empty column, | 414/434 | 451/471 | 699/749 | 818/883 & 2122/2212 | 2517/2637
short/long column, plastic
bed support (kg)

Heights in different operating states

Column Tube 300 400 450 600 800 1000
Max height 1 (D) Shart? 2200 2230 2340 2630 | 2650
Long3 2720 2730 2860 | 3150 | 3170
Height (O) when adapter is at max bed Short 1740 1760 1870 | 2160 | 2170
height ' ' 1 I '
Long 2200 2220 2330 | 2620 | 2630
Min height (delivary height) Short 1450 | 1460 | 1480 13590 | 1880 | 1890

Long 1710 | 1720 | 1740 1850 | 2140 | 21350

Max slurry filling height | Short | 2040 - 2060 - 2185 . 2335 | 2490
| Long | 2333 - 2580 - 2700 | 2830 | 3005
Max operating height (D) during priming Short 2060 2080 2190 | 2480 | 2490
| Long | 2380 1 2600 - 2710 | 3000 | 3010
Max adapter stroke height for filling | Short | 5%@ | - 578
| Long | 830 | 838

Operating conditions
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Parameter

Maximum operating pressure L | 4par
Operating te rr‘npueru::tl..lre2 20C to +30°C

Operating pH> lto 14

3.1.1.20.Materials

Background information

The materials used to manufacture AxiChrom columns have been chosen for their biological
and chemical compatibility with the solvents used during operation and cleaningin-

place (CIP) procedures. The columns have also been designed to comply with the

varying hygienic requirements at the different stages of development and production.

Polymer materials in AxiChrom columns in contact with process liquids have been selected

for their biological compatibility according to the United States Pharmacopeia (USP) Biological
Reactivity Tests, In vivo and conform to USP class VI requirements, compliance

with Code of Federal Regulations (CFR), Food and Drug Administration, Title 21, Part 177

and being animal free or complies with the conditions in the CPMP Note for Guidance
(EMEA/410/01 Rev.2).

Column tubes for AxiChrom 300-1000 columns are available in acrylic plastic or stainless
steel. Use and maintenance of AxiChrom columns with stainless steel column tubes differs
from that for acrylic plastic column tubes in two major respects:

e Stainless steel column tubes are not transparent, so the bed cannot be observed
directly. This affects packing and unpacking procedures.

e Stainless steel column tubes are manufactured in a single piece, with no removable
tie rods, top or bottom flanges or corresponding O-rings. This does not affect normal
operation or maintenance procedures but results in a spare parts and accessories

list that differs from that of acrylic columns.

Parts list and materials

Component Material In contact
with process
stream

Adapter backing plate Stainless steel ASTM 316 or ASTM Mo

532205

Adaopter seals and snap | UHMWEPE [ultra high melecularweight | Yes
ring polyethylene|
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Component Material In contact
with process
stream

Bed support Stainless steel ASTM 316L and ASTM Yes

532205 or PE [polyethylene] cr UHMWPE

Column tube PMMA [pelymethyl methacrylate) or Yes

Stainless steel ASTM 316L

Distributor PP |polypropylens] Yes

Dynamic seals FFPM [full fluorinoted propylene Yas

manomer} or UHMWPE

Media valve body PP Yes

Static seals EPDM (ethylene propylene diene Yes

maonomer}

Top mobile phase PP Yes

Bottom backing plate Stainless steel ASTM 316 No

Lid Stainless steel ASTM 316 No

Stand Stainless steel ASTM 316 No

Chemical resistance

AxiChrom columns are resistant to chemical agents used in protein recovery, including buffer
solutions for adsorption, elution and washing, and to solutions effective in cleaning, sanitization
and storage. Table lists chemicals that may or may not be used with AxiChrom columns. The

concentrations listed are not normally exceeded during an operating cycle.
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Chemical Concen- Time/fcycle Comments Operating
tration! restrictions temperature
Acetic acid 25% 3h Cleaning-In-Place | 2°Cto 30°C 64-19-7
[CIF)
Acetone 296 1h Efficiency test 2°Cto 30°C 67-64-1
Ammonium 2M3 5h Adsorption 2°Cto 30°C 7783-20-2
sulphate
Benzyl alco- 204 12 months Storage 2°C to 30°C 100-51-6
hal
Ethanol 20% 12 months Storage 2°Cto 30°C 64-17-5
and max. 0.5
bar
Ethanol 7096 3h CIP 2°Cto 30°C 64-17-5
Ethanol/ 2096/ 109 3h CIP 2°C 1o 30°C 64-17-5/
acetic acid 54-18-7
Guanidinium &M 5h CIP 2°C 1o 30°C 50-01-1
hydrochloride
Hydrochloric 01M 1h CIP 2°Cto 30°C 7847-01-0
acid [pH=1) &
Isopropanol 30067 1h CIF 2°Cto 30°C 67-63-0
Chemical Concen- Time/cycle Comments Operating
tration1 restrictions temperature
Phosphoric 5% 8h Forpassivationof | 2°Cto 30°C 7664-38-2
acid stainless steel
bed supports
Sodium 0to3M*&8 | 3h Purification, CIP | 2°Cto 30°C 7647-14-5
chloride
Sodium imM 24 h, room CIP 2°C to 30°C 1310-73-2
hiydroxide [pH = 14] temp. to 30°C
Sodium 0.01 M 12 months Storage 2°C to 30°C 1310-73-2
hydroxide [pH =12
Sodium 1M/ 2086 3h CIP 2°C 1o 30°C 1310-73-
hydroxide/ 2/64-17-5
ethanol
Sodium 1M3 3h Adsorption 2°C to 30°C 7757-82-6
sulphate
Urea g M3 5h Purification, CIP 2°C to 30°C 37-13-6
Comrmonly 10to 250 24 h Equilibration, ad- | 2°Cto 30°C
used agueous | mM, sorption, elution
buffers for pH 2 to 10
chromato-
graphic use
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3.1.1.21.Connections
Connections on Master and column

The illustrations below show the AxiChrom Master connector panel and the connection

points on a column.

Oy sm]O °
/ !
z 3
Part  Description Part  Description
1 Prneumatic air supply 5 Motor feedback
2 Power switch 6 Pressure sensor connector
3 Power supply cable 7 Profibus signal cable connector
il Motor power cable 8 Two air outlet connectors
Cl—— Part Description
14 9 Slurry inlet
E: —¥ 10 Bottom mobile phase inlet/outlet
11 Rinse inlet
12 Top mobile phase inlet/outlet
/E 13 Motor power and motor feedback
14 Pressure sensor (FIS_119, mounted on
hose to system)
15 Preumatic inlets with 2 connectors

9 15 10 11

215



Basics: Biotechnological upstream and downstream processing, DNA vaccine technology,

Hepatitis B vaccine production technology

Connect column, Master, and
external system

The table below shows how to connect the column, Master and an external system.

From
Pneumatic air supply (1) on the Master

Motor power cable [4) on the Master

Motor feedback (5] on the Master

Pressure sensor connector [8) on the
Master

Profibus signal cable (7} on the Master

To
Wall socket air outlet [5.5-7 bar)

Motor power [the right connector) on the
column (13}

Motor feedback [the left connactor] [13)
on the column

Pressure sensor mounted on system (14)

Profibus connection on an AKTAprocess
systam

Twao air outlet connectors [8) on the
Master

Slurry inlet (9} on the column

Pneumatic inlets with 2 valves [13) on
the column

Slurry tank

Bottom mobile phase [10] on the column

Rinse inlet (11} on the column

Bottom maobile phase on o system (Col-
umnl bottom valve on the AKTAprocess
systam)

A system [CIP2 Inlet on the AKTAprocess
system)

Top mobile phase (12) on the column

Protection ground cable on the column
stand

Power supply cable [3) on the Master

Mobile phase on a system [CIP1 Inlet on
the AKTAprocess system)

Ground
[See Grounding the column, on page 65)

Power supply connector [380-400 VAL,
50-60 Hzl with protective ground

[The AxiChrom Master is delivered with
CE or UL approved cables.)

Recommended mobile phase tubing inner diameters
Note: e All dimensions are given in millimeters.

e A dash (-) means that the combination is not compatible with Intelligent

Packing.

e TC25 connectors do not have the same inner diameters as the tubing. See

Tubings, on page 187 for details.

Table 3.1: Tubing inner diameters recommended for top and bottom mobile phase
connections for different column inner diameters.

216




Downstream processing elements for Hepatitis B DNA vaccine production process

AKTAprocess 300 400

dimension
& mm PP - ! | - - -
9.4 i il 9.4
6.4 6.4 b.4
3/8"ss - . { - - -
9.4 9.4 9.4
B4 6.4 B.4 0.4
10 mm PP 9.4 9.4 9.4 127 - -
127 | 12,7 | 127 | 191
6.4 6.4 6.4 0.4
1/2" 55 9.4 9.4 9.4 127 - -
127 | 127 | 127 | 181
G4 254 | 254
1"PPand 55 - - - 12.7
1 - 347 | 347
19.1

Power requirements and connections
The general requirements are:

Reguirement Value

Supply voltage 380-400 VAC
Morninal current 10-15/16 A NTD [Non-Time Delay) [min. -max.)
Frequency 20 -60Hz

Max voltage (Morth Americal | 480 Y/277 VAC

Max current B A
Max power consumption 2400 VA
Short circuit rating 5 ka

Color coding of cable conductors

Conductor Color

Protective ground [earth] | Green/yellow
Live 1 Mo 1 or Black
Live 2 Mo 2 or Brown
Live 3 Mo 3 or Gray
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The black, brown and grey conductors may be connected to any of Live 1, 2 and 3. The phase connection is
detected automatically

. Compressed air requirements

It is important for personal safety and safe operation to use the correct pressure and
quality of compressed air for the pneumatic valve control. The basic requirements are:

e Free of oil and particles
e -30°C dew point
e 551t07 bar

The pneumatic air supply connections on AxiChrom Master are illustrated in Connections
on Master and column, on page 59.

Rupture discs

To secure equipment and personal safety, rupture discs are available as accessories.
Installation of rupture discs will change the maximum operating pressure for

the column from 4 to 3.8 bar (g) due to rupture disc characteristics.

Note:

For column sizes 300-600 there is a special T-junction provided for use with rupture
discs.

181
ol =
o (k-
2 4 R TN
3
T -

1 T-junction 3 Vent

2 Rupturs disc 4 Clamp

Figure 3.2: Rupture disc assembly

3.1.1.22.Column and system setup
In this section
This section describes how to connect the AxiChrom column to tanks, pumps and for
example an AKTAprocess system, for priming, packing and unpacking sequences in the
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AXxiChrom Master.

Manual configuration

The following manual setup makes it possible to perform all processes available in the

AxiChrom Master: PRIMING, INTELLIGENT PACKING and UNPACKING. The setup comprises
two way valves and shut-off valves to utilize different flow paths for the different

procedures.

Slurry

Buffer

Column

Sy rint I I E—

TOWOSEE ) 1 Z o
' o ===

To waste

Symbol  Function

Pressure relief valve, rupture disc or similar
T-piace

I 2-way membrane valve/shutoff valve

2-way membrane valve/shutoff valve with bleed, can be replaced with
-[::-(]% two 2-way membrane valves and a T-piece

Possible flowpaths for different column operations
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Process Flow path alternatives (from > to)

Pump > bottom mobile phase > waoste (valve 3)
Priming
Column > bottom mobile phase > waste (valve 6]
Packing Column > bottom mobile phase » waste (valve &)
Rinse pump > valve 2 = valve 4 > rinse > slurry tank
Unpacking pump > bottom mobile phase > top mobile phose » waste
"upflow" [valve &)
) pump > bottom mobile phase > top mobile phose = closed »
Unpacking "'me- | media valve open to slurry tank
dia push out and
down flow” pump > valve 2 = top mobile phaose > bottom mobile phase =
waste (valve 6)

Manual configuration: minimal setup

The following manual setup makes it possible to perform the PRIMING and INTELLIGENT
PACKING procedures available in the AxiChrom Master. The setup comprises two way
valves and shut-off valves to utilize different flow paths for the different procedures.

g 3
Sharry

Buffer
Calurmn
slurmy inlet Rinze inlet
Towoste ) 2
-~
b
To wasts

Possible flowpaths for different column operations
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Process Flow path alternatives (from > to)

Pump > bottom mobile phase > top maobile phase > waste (valve 5)

Priming
Column > bottom mobile phase > waste (valve 6}

Packing Column > bottom mobile phase > waste (valve 6)

Rinse Pump = valve 2 = rinse > slurry tank

Automatic configuration connecting AKTAprocess

The following setup makes it possible to perform all procedures that are available in the
Method wizard in UNICORN: Priming, Intelligent Packing and Unpacking. The setup is

simplified by using AKTAprocess controlling the pump and valves for flow directions.

Outlet 1iwaste Cutlet 2 (blocked by
valve/blind flangs)
Slurry Column 1 top valve /Cﬂlumn 1 bottom valve

Slhurry inlet \

CIP Linlet CIP 2 inlet

Bottomn mobile phose
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Column 1 top valve

Profibus connection

Column 1 bottom valve ©©©|© (@

_LORMONONONG

CIP 1inlet
Side port of CIP/Column \

CIP 2 inlet \&Y I ‘ =

Connecting to an AKTAprocess system
To simplify automated priming, column packing with HETP evaluation or column unpacking

procedure, the AxiChrom column has to be connected to a AKTAprocess system
(equipped with the optional CIP/Column Packing valve block) as described below.

Procedure

1 Connect a short piece of tubing of suitable length and the same inner diameter
as the system, from Columnl top valve to Side port of the CIP/Column Pack
valve block.

2 Connect the AxiChrom Master pressure transmitter PIS_119 to INLET CIPL.

3 Connect a pressure relief valve or similar to PIS_119.

4 Connect a tube of suitable length and inner diameter, from the column Top
mobile phase to the pressure relief valve on AxiChrom Master pressure transmitter
PIS_119. For tube diameter recommendations see Recommended mobile

phase tubing inner diameters, on page 62.

5 Connect a tube of suitable length and inner diameter from CIP2 on the process
system CIP/Column Pack valve block to the Rinse inlet on the column.

6 Connect a tube of suitable length and inner diameter from Bottom mobile
phase on the column to a pressure relief valve, rupture disc or similar and then

to Columnl bottom valve on the process system.

7 Connect the profibus cable from the Profibus connection situated under the
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electrical cabinet of the AKTAprocess system to the Profibus connection on the
AxiChrom Master.

Connecting AxiChrom Master to AKTAprocess via Profibus

Connect the Profibus cable
1 Power down the AKTAprocess and Master units.

2 Remove the Profibus termination plug from the AKTAprocess bulkhead connector.
3 Connect the Profibus cable to the AKTAprocess bulkhead connector. Make sure

that the cable barrel is straight and engages correctly in the threads of the
connector.

4 Remove the protective cap from the Profibus connector of the Master unit.

5 Connect the Profibus cable to the Profibus connector of the Master unit.

3.1.1.23.Appendix A Parts list and diagrams
A.1 Part numbers and names
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104 Tube holder 400 to 1000

105 - Tube holder bracket

106 - Holder

109 Locking part

111 ‘ Fastener, adaptor

115 | Fastener, Tube holder 300 to 600
116 | Flushing connection

117 Flushing connection nut

126 - Plate

127 - Shock absorber, lower

128 Top plate

129 | Level display

132 | Tube Roller, asm

133 | Flexible tube 3/4in, TC25

134 Lid support. complete

136 | Locking pin, asm

137 - Flushing Inlet Tubing L1000

143 - Hax Head Screw 1S 4017 MBx25 A4-70
144 - Screw Me5-H M3x14
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145 Screw M10 X 25

146 . Hex Head Scraw SO 4017 M12x45 A4-70
1438 Hex Head Screw IS0 4017 M16x40 A4-70
1449 I Hex Heod Screw IS0 4017 M16x45 A4-70
150 - Hex Head Screw M12x45

151 . Hex Head Screw M12xd5

152 Hex Head Scraw M12x45

154 - Parallel Pin IS0 2338 12mEx60 A2

155 - Foot M30

157 Hex Nut IS0 4032 M30 A4-70

159 . Domed Cap Nut M10

160 - Hex Head Screw IS0 4017 MEx16 A4-70
161 . Washer IS0 7089 6.4x12x1.6 A4

163 Washear IS0 7089 13x24x2.5 A4

165 . Washer 21x37

169 - Washer Nylon 13x24x2.5

170 - Washer Nylon 10.5x21x2.5

171 . Maotor

172 Hex Head Screw IS0 4017 M24x60 A4-70
173 . MBS M20x200 A4-T0

174 Hex Head Bolt IS0 4014 M16x80 A4-70
175 . Hax Socket Head Cap Screw 150 4762 M10x30 A4-70
178 - Hex Socket Head Cap Screw IS0 4762 MEBx30 A4-70
131 - Hex Nut IS0 4032 M16 A4-70

132 . Hex Nut IS0 4032 M8 A4-70

193 Pneumatic Connection Plug

194 . Pneumatic Connection Plug

225



Basics: Biotechnological upstream and downstream processing, DNA vaccine technology,
Hepatitis B vaccine production technology

196 O-ring 54x3

197 - O-ring 6.02x2.62

1938 O-ring 26.64x2.62

201 . Column tube

202 - Tie rod

203 ‘ Flangs, bottom

204 Flange, top

211 - O-ring 673.1x9.525

213 - Hax Head Screw M20x60

221 Hinge lower asm

231 ‘ Hax head screw IS0 4017 M16x45 A4-70 [SS] column tube]
232 - Hex head screw 1SO 4017 M16x50 A4-70 (SS column tube)
301 I Bed support bottormn 600, 10 or 20 um
302 Bed support adapter 600, 10 or 20 pm
401 - Distributor bottom 600

402 - Distributor adaptor 600

403 - Bed support screw bottom 300-600

404 . Bed support screw adaptor 300-600

405 Distributor adoptor ring 600

406 I Snap ring 600

409 Fastener, bottom

411 l T-piece, 3TC, ASME BPE OT- 18, 1/2in, 5F5
412 - Pressure Transmitter

413 - Q-ring 26.7x1.78

414 - O-ring 600x10

415 O-ring 556.86%6.985

416 l C-ring 506.86x6.985
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417 O-ring 30x3.5

421 | Hex Socket Head Cap Screw IS0 4762 M8x25 AL-70
422 Washer IS0 7089 8.4x16x1.6 Al

423 | Farallel Pin ISO 2338 6m6x16 A2

431 - Hex Nut 1ISO 4032 M10 A4-70

432 | Washer IS0 7089 10,5x20x2 A4

501 Tube Maobile Phase, bottom

502 - Tube Slurry inlet/outlet, bottom

503 - Tube Rinse, bottom

504 Connector top inlet

505 | End cap

506 - TC clamp for TC 25

S07 | TC-gaosket, TC25 1015, EFOM

508 Inner Connecter Rinse (only used with PP tubes on 300-600 columns)
509 | O-ring [only used with PP tubas on 300-800 columns)
511 - Top Inlet/outer body

512 - O-ring 16x3 EPCM7O

313 | Farallel Pin IS0 2338 4M6x16 A2

516 Valve body, outer

517 | Valve body, inner

518 Q-ring holder

519 | Piston

521 - Fneumatic cylinder

537 - Washear

341 | O-ring 125x5

542 Top inlet

543 | Valve
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Position Name

601 O-ring 14x3

B02 | C-ring 48x3.5

BO3 O-ring 21.2x3

BO4 | O-ring 27x4

BO7 | O-ring 48x3.5

611 | O-ring 48x3.5

512 O-ring 27x4

614 | O-ring 48x3.5

516 | C-ring 14x1.78

617 O-ring 14x1.78

618 | O-ring 8x3

624 | O-ring 14x3

628 | O-ring 565x11

641 Scraper

710 | Bellows

711 | Screw and gear

712 | Adapter rod with level scale
713 | Adapter rod

a01 Hex Heod Bolt M20=110
8oz | Hex Head Bolt M24x300
203 Hex Nut M24

811 | Botiom baocking plate
g1z | Adapter backing plote
813 | Lid

814 | Adapter stop

S04 Level display label

3.1.1.24.A.2 Columns with any bed support material

Note: ® The numbers correspond to position numbers in Material Conformity and Spare
Parts.

* Grey circles indicate parts which retain pressure or are in contact with process fluids
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172 (176)  (128)
( \
\__/ , S

412

Parts 411 and 412 are mounted on the system.
Part 133 (Storage solution fill hose) is dismounted after commissioning
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.-'———__@

LH‘)

@
= —@

Part 536 is not included in newer inlet/outlets.
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11.4.3 Columns with acrylic tubes
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3.1.1.25.Columns with stainless steel tubes
(17 2 (1o8)
172 17 ff; 125

S soluton T Pk,
Dirravunied afer
COMPAERONING

Mounted on stem
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3.1.1.26.A.3 Columns with plastic bed supports

-—'E:I Surmbsr commmgorc & Pow. re. in Molecal conformty and Soone port el 13?
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11.4.4 A 4 Columns with stainless steel bed supports

(137)
08, eF i
oy o 1

.= 5|5 fd”g —
G | &=
(39 —?ﬂ

i g e
N |
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3.1.1.27.A.5 Media valve and tubes
Columns with stainless steel tubes and 800 and 1000 columns with PP tubes
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300-600 columns with PP tubes

@
3
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3.1.1.28.Profibus

[ = |

11.4.5 AKTA Distributor: Regional Contact Information

Lebanon
Biopharm S.AR.L.
P.O. Box 166418

Badaro-Sami el Solh Street
Beirut, Lebanon

Customer Service
Telephone 1:+ 961 1 381 078
Fax nr: + 961 1399 573

Email: mct@biopharmlb.com

Technical Support

Support to Algeria, Bahrain, Cyprus, Egypt, Greece, Iran, Iraq, Jordan, Kuwait, Lebanon, Malta,
Morocco, Oman, Pakistan, Qatar, Republic of South Africa, Saudi Arabia, Syria, Tunisia, United
Arab Emirates and Yemen.
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Telephone 1:+ 30 210 96 00 687
Fax nr: + 30 210 96 00 693

Email: service@hvd.qgr

Instrument Service

Email: service@hvd.gr

11.5 Bioprocess modelled by software "SuperPro"
http://www.intelligen.com/superpro_overview.html

There can be downloaded a evaluation version. With this version diagrams can be built, but not

stored (if they have more than 2 elements).

On the next sheet there is a process model example.
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11.6 Recovery of recombinant S.cerevisae cells

From The Elements of Immunology , https://books.google.com.lb/books?isbn=8131711587, Fahim
Halim Khan:

use is hepatitis B vaccine. A single gene for the major surface antigen of hepatitis B virus [Hhs.ﬂ.g}
is cloned in yeast cells, The recombinant yeast cells are grown in fermenters, HbsAg, the surface
antigen, is expressed and accumulates inside the yeast cells. The yeast cells are then harvested and
then burst open by high pressure releasing the recombinant HbsAg (among other proteins). HbsAg
is then purified by a standard biochemiecal technique such as affinity chromatography. The purified
antigen has been shown to induce humoral imminity. This approach has been used to make several

From cCatherine Charcosset, Membrane Processes in Biotechnology and Pharmaceutics:

3.3.2 Concentration and clarification of cells

Another common application of MF is the concentration and washing of cultures of
single-cell organisms where the product is intracellular or cell associated [7]. Common
cases include recombinant veast cultures producing proteins and antigen particles, and
recombinant £, coli producing proteins in the form of solid inclusion bodies. The next
step is usually cell lysis and recovery of the product from cell debris. Separation of
product from cell debris can often be performed by MEF, as detailed in the next section.
Russotti et al. [107] have used cross-flow MF for the harvest of recombinant yeast
in a short period of time to minimize the risk for product degradation. MF studies with
flat sheet membranes showed high throughput with initial fluxes on the order of water
fluxes (>1000 1 m " h~", regime I, <2 min), followed by a rapid decay towards a low
pseudo-steady state flux (20 1 m *“h™’, regime II, =2 min). Large pore membranes
(0.65 um) were found to be more suitable for harvesting yeast (10 pm size) without
cell leakage than smaller pore ones (0.22 pm and 0.45 pm). Among operating
parameters, feed flow rate (i.e. shear rate) had a significant impact on average flux,
whereas change in TMP afforded little improvement. In another recent example, Lee
[108] concentrated recombinant yeast cells using a cross-flow MF unit containing
a 0.2 pm membrane device. The concentrated cells were homogenized by several
passes through a high-pressure homogenizer. The homogenate was then clarified
Passes OUEI d IEH-Pressule nOHOBeniicl,  1HE DOIIUEZSHHE. Wik el Clainea
using cross-flow ME. The clarified material was concentrated by UF and buffer-
exchanged before delivering the material to down-stream for further purification.

3.3.3 Separation of products from fermentation broth

Microorganisms are sources of valuable enzymes, proteins and other bio-products.
They produce two basic types of biological molecules: extracellular, which are
excreted into a growth medium, and intracellular, which are retained inside the
cytoplasm of the cells [9]. A variety of host microorganisms have been studied. The
most often wsed organisms are E. coli, 5. cerevisiae and Bacillus subtilis. Several
other microbial strains have been used for production of microbial enzymes, such as
Aspergillus niger and Kluyveromyees fragilis (for production of catalase), Saccha-
romyces lactis and Kluyveronyees lactis ([-galactosidase), Bacillus coagulans and

From Process Scale Bioseparations for the Biopharmaceutical Industry, edited by Abhinav A. Shukla, Mark

R. Etzel, Shishir Gadam:
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fouling due to media components, and influence of osmotic pressure. Patel et al.
[21] have compared the different filter formats: pleated-sheet microfilter, tubular
microfilter, and hollow fiber ultrafiltration (UF), in terms of flux and cell yields
obtained with CFF of yeast cell suspensions, They found that the UF module had
much lower fouling rate than with the pleated-sheet microfilter that had rapid
plugging and significant cleaning issues. Bailey and Meagher [27] performed
a similar comparison between the hollow fiber and plate and frame formats for
microfiltration of recombinant Escherichia coli lysate and found both options to
be comparable in performance under optimized conditions. Sheehan et al. [22]
performed a comparison of the centrifugation vs. membrane-based separations
of extracellular bacterial protease and found the membrane process to be twice
as cost effective as the centrifuge and equivalent to a precoated filter, on the
basis of unit cost of enzyme product recovered. Industrial studies demonstrating
robust operation of tangential flow filtration (TFF) for harvest of mammalian
cell culture [23] and CFF for harvest of recombinant yeast cell product [26] have
also been reported. More fundamental studies investigating the various aspects
of filtration processes such as membrane fouling, mathematical modeling, and
critical flux determination have also been published [24,28,29].

Pilot-scale harvest of recombinant yeast employing microfiltration: a case study, Gregory

Russotti?, A.Edward Osawa? Robert D. Sitrin?, Barry C. Buckland?®, William R. Adams®, Steven S. Lee' Copyright
© 1995 Published by Elsevier B.V.:

Abstract

In order to develop a cost-effective recovery process for an intracellular product, crossflow microfiltration
was studied for the harvest of a recombinant yeast under severe time constraint. It was required to
process yeast broth in a short period of time to minimize the risk for product degradation. Preliminary
microfiltration studies employing flat sheet membranes showed high throughout with initial fluxes on the
order of water fluxes (> 1000 LMH, regime |, 52 min), followed by a rapid decay towards a low
pseudo-steady state flux (20 LMH, regime Il, > 2 min). Exploitation of these high fluxes and control of their
eventual decline were crucial in establishing a rapid crossflow filtration process. The effect of several
parameters, such as initial cell concentration, shear rate, transmembrane pressure, membrane pore size
and medium composition on filtration performance were investigated to better understand the flux decline
mechanisms. We found that the major contributor to flux decay was reversible fouling by the cake
formation on the membrane surface. Within the operating boundaries of our microfiltration system, large-
pore membrane (0.65 um) was much more desirable for harvesting our yeast (10 p size) without cell
leakage than smaller pore ones (0.22 um and 0.45 ym). Among adjustable operating parameters, feed
flow rate (i.e., shear rate) exerted significant impact on average flux, whereas manipulation of
transmembrane pressure afforded little improvement. Although initial cell concentration affected adversely
the permeation rates, growth medium components, especially soy-peptone, was deemed pivotal in

determining the characteristics of cell cake, thus controlling yeast microfiltration.
Keywords: Crossflow filtration; Microfiltration; Saccharomyces cerevisiae; Yeast; Recombinant
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DISRUPTION OF Saccharomyces cerevisiae
USING ENZYMATIC LYSIS COMBINED WITH HIGH-PRESSURE HOMOGENIZATION

Clark Baldwin and Campbell W. Robinsont
Department of Chemical Engineering, University of Waterloo,
Waterloo, Ontario, Canada N2L 3G1

ABSTRACT

The disruption of commercially-available pressed Bakers' yeast (Saccharomyces
cerevisiae) was studied using a relatively new high-pressure homogenizer (the Microfluidizer).
Initial experiments using only mechanical disruption generally gave low disruption yields (i.e.,
less than 40 % disruption in 5 passes). Consequently combinations of two disruption methods,
namely enzymatic lysis and subsequent homogenization, were tested to identify achievable
levels of disruption. The enzyme preparation employed was Zymolyase, which has been shown
to effectively lyse the walls of viable yeast. Yeast cell suspensions ranging in concentration from
0.6 to 15 gDWI/L were disrupted with and without enzymatic pre-treatment. Final total disruption
obtained using the combined protocol approached 100 % with 4 passes at a pressure of 95
MPa, as compared to only 32 % disruption with 4 passes at 95 MPa using only homogenization.
A model is presented 1o predict the fraction disrupted while employing this novel enzymatic pre-
treatment.

INTRODUCTION

An abundance of valuable biochemicals can be produced by microorganisms. Some of
these products can be made to be secreted by the microorganism; however in some cases this
is not possible to achieve and the cells must be disrupted to release their contents. There are
many different methods for cell disintegration. Some of these methods can be used in
association with one another, in order to take advantage of their combined benefits [1].

The Microfluidizer, a high-pressure homogenizer, has recently been tested with native and
recombinant strains of E. coli [2]. The cell suspension is forced through two parallel channels
(2x100 pm) and the separate high-velocity streams are directed at each other in front of a wall.

Preliminary disruption experiments with Saccharomyces cerevisiae using Microfluidization
alone indicated the need for an improved disruption methodology. A combination of methods
was suggested and an enzymatic pre-treatment using Zymolyase to "soften up” the cells was
employsd.

Zymelyase-20T is commercially available from Seikagaku Kogyo Co., Ltd. It is produced
by a submerged culture of Oerskovia xanthineolytica (previously classified as Arthrobacter
luteus). An essential enzyme respansible for lysis of viable yeast cells in this preparation is p-
1,3-glucan laminaripentachydrolase [3-6).

Using Zymolyase as a pre-treatment to Microfluidization, a study of various
homogenization operating conditions (i.e., disruption pressure and number of passes) has been
undertaken in order to determine the acceptability of using the Microfluidizer as a method for
mechanical disruption of yeast. An empirical model is presented to account for the introduction
of this novel enzymatic pre-treatment regime.
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MATERIALS AND METHODS

ENZYME EMPLOYED FOR PRE-TREATMENT

Zymolyase-20T, produced by a submerged culture of Oerskovia xanthineolytica, Is a
relatively new enzyme preparation which effectively lyses the walls of viab'a yeast cells [7 8]
Zymolyase-20T has 20,000 unitsp of Iytic activity, defined below, toward Brewers' ysast
(Saccharomyces uvarum, resting stage).

Ome unit of lytic activity is defined as that amount which resufts in a 30 % decrease in
apsorpance at 800 nm (A 800} of the reaction mixture under the following conditions:

Feaction Modure
Enzyme............0.1 mg/mL solution 1mL
Substrate........ Yeast Cell Suspansion
(2 mgDWimL) 3 mL
Buffer..............M"15 Phosphate Butfer
pH 7.5 & mL
Deionized watar 1mL
Total volumea 10 mL

After incubation for 2 h at 25 °C with gantla shaking, A 800 of tha mixtura is determined.
As a referance, 1 mL of delonized water is used instead of the anzyme solution,

o4 decrease in A 800 = (A B00 ref, - A 8O0 react. mixture) X 100%
initial A 800 ref.

When an A 800 dacrease of 60 %, equivalent 1o 2 units of activity, is observed in the
reaction system, the yeast calls are completely lysed, namealy 1 unit of Zymolvase-20T lyses 3
mg dry weight of Brawers' yeast [9).

DISRUPTION EQUIPMENT

The disruption devica used in this work was a Microfiuidizer high-pressure homoganizer
(model M110T with extra heavy duty pump; Microfluidics Corp., Newton, MA,, U.S.). The
disruptor consisted of an air-driven, high-pressure pump (rafio 1:250; required air pressure 0.6-1
MPa) and a special dizrupiion chamber with an additional back pressure unit. A minimum
sample size of 20 mL is required for procassing. Further details are given in [2].

STRAINS AND ANALYTICAL

Commercially-available pressed Bakers' yeas! (Saccharomyces cerevisias) was
resuspended in deionized waler to a cell concentration of 2 mgDW/mL. The rasulting reaction
mixture thus has a yeast cel concentrafion of 0.6 gDW/L. The above enzymatic pre-treatment
(priar to homogenization) was camed out for 2 h, with the percent decrease in A 800 found at
the end of the 2 h incubation (the course of the enzymatic lysis was followed by sampling the
reaction and reference mixtures every 15 min.).

The buffered and partially lysed yeasi suspension after enzymatic pre-treatmant was
cooled to 4 °C and was subseguant'y homogenized at various operating pressures (30-85 MPa)
and at up 10 five passes through the homogenizer. The resulling homogenized yeast
suspensions were cooled using ice packs, as was the disruption chambear. The Microfludizer
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11.6.1 How to Use Avestin Emulsiflex C3 Homogenizer to Disrupt Cells

Cell Biology > Cell viability > Cell lysis

Fungi > Saccharomyces > Saccharomyces cerevisiae > Other compound

Author: Zongtian Tong
1/5/2011, 7257 views, 1 Q&A

[Abstract] The EmulsiFlex-C3 homogenizer is powered by an electric motor. The pump does not
require a compressor for it to run. This equipment can be used to disrupt cells at a large scale. The
EmulsiFlex-C3 has a fixed flow-through capacity of 3L/h. It has the ability to process samples as
small as 10 ml. The homogenizing pressure is adjustable between 500 and 30,000 psi. In this
protocol, we describe the use of the Avestin Emulsiflex C3 Homogenizer to disrupt S.

pombe and S. cerevisiae cells.

Equipment

Figure 1. Avestin Emulsiflex C3 homogenizer

Procedure

Switch on the homogenizer at the back.

Turn on nitrogen. Pressure reads 80 psi.

Unscrew the funnel cap. Check if the funnel cap is on to make sure ethanol does not evaporate.
Turn red stop knob close wise and push green knob to start.

Pump residual ethanol out of the tubing.

o o > W bdp R

Pour DI water into the funnel to wash ethanol out. Keep air pressure on occasionally to make sure no

cell debris is left from the last user.

7. Before load your samples, take the funnel off and roll it on ice to keep it cool. Install the funnel back to
the top. Put the steel coil heat exchanger into ice to cool down the samples.

8. Load your samples into the funnel. Turn on the homogenizer. Let the samples run through the tubing

back to the funnel before air pressure is on.
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9. Turn on air pressure. Air pressure at 40 psi, gauge pressure = 20,000 psi and < 25,000 psi. The
maximum pressure is 30,000 psi. Leave the tubing in a sample collection tube chilled on ice.

10. S. Pombe samples need to be passed through 5~6 times to reach 80~90% efficiency. S.
cerevisiae samples need to be passed through 8~9 times to reach 80~90% lysis efficiency. Check
samples under a microscope.

11. If the homogenizer is clogged by the samples, cap the funnel and blow with nitrogen tube.

12. After samples are done, take off the funnel and rinse it with DI water.

13. Run more water to flush out cell debris. Keep the air pressure on occasionally.

14. Run ethanol and leave 1/3 of a funnel volume of ethanol in the funnel.

References

1. http://lwww.avestin.com/English/c3page.html

How to cite this protocol: (2011). How to Use Avestin Emulsiflex C3 Homogenizer to Disrupt Cells. Bio-
protocol Bio101: ell. http://www.bio-protocol.org/ell

11.7 Crossflow filtration

I

& P19/ UF-101 '
IErafilbr ation l
I

The whey proteins are concentrated using crossflow ultrafilters (UF-101).
From Wikipedia, the free encyclopedia

Jump to: navigation, search

Feed Retentate
Plr. I ® 'Q ’{:I D I'_'II-D W L | F{'Lt
) D e .3 0 oo ,}l;: a . &
| GDQG v |:§ 1 GDDCI
t | N | ‘I L ll ll | t

Parmeate

Poer
In chemical engineering, biochemical engineering and protein purification, crossflow

filtration[1] (also known as tangential flow filtration[2]) is a type of filtration (a particular unit
operation). Crossflow filtration is different from dead-end filtration in which the feed is passed

through a membrane or bed, the solids being trapped in the filter and the filtrate being released at
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the other end. Cross-flow filtration gets its name because the majority of the feed flow travels
tangentially across the surface of the filter, rather than into the filter.[1] The principal advantage of
this is that the filter cake (which can blind the filter) is substantially washed away during the
filtration process, increasing the length of time that a filter unit can be operational. It can be a

continuous process, unlike batch-wise dead-end filtration.

Besonders dafiir geeignet sind Hohlfasern (Kapillarmembran oder auch Hohlfaden genannt), deren
Leistungsfahigkeit noch durch den sogenannten Pinch-Effekt verstarkt wird. FEine {ibliche
Hohlfaser hat einen Innendurchmesser von circa 1,5 mm (3,0 mm bis 0,1 um mdoglich) und eine
Porengrofie von 200 bis 5 nm (2 um bis 1,0 nm moglich). Je nach Anwendung werden hunderte bis
tausende Kapillaren in Modulen zusammengefasst und vergossen (Hohlfasermodule). Mit Hilfe

einer Zirkulationspumpe wird das unfiltrierte Produkt solange durch die Kapillaren zirkuliert, bis

die Trubstoffe im Retentat so konzentriert sind, dass eine Entleerung und Reinigung erforderlich

wird.

| BtBtht
e |

Diagram of cross-flow filtration

This type of filtration is typically selected for feeds containing a high proportion of small particle
size solids (where the permeate is of most value) because solid material can quickly block (blind)

the filter surface with dead-end filtration. Industrial examples of this include the extraction of

soluble antibiotics from fermentation liquors.

247


http://en.wikipedia.org/wiki/Cross-flow_filtration#cite_note-IUPAC-1
http://en.wikipedia.org/wiki/Filter_cake
http://de.wikipedia.org/wiki/Hohlfaser
http://de.wikipedia.org/wiki/Pinch-Effekt_(Str%C3%B6mungslehre)
http://de.wikipedia.org/wiki/Zirkulationspumpe
http://de.wikipedia.org/wiki/Retentat
http://de.wikipedia.org/wiki/Reinigung_(Instandhaltung)
http://en.wikipedia.org/wiki/Filtration
http://en.wikipedia.org/wiki/Antibiotic
http://en.wikipedia.org/wiki/Fermentation_(biochemistry)
http://en.wikipedia.org/wiki/File:Crossflow-filtration.svg

Basics: Biotechnological upstream and downstream processing, DNA vaccine technology,
Hepatitis B vaccine production technology

§ |

Filtration unit for industrial cross-flow filtration
Charakteristische Merkmale der Cross-Flow-Filtrationstechnologie sind die weitgehende
Eliminierung von Filterhilfsmitteln, d. h. deren Beschaffung, Lagerung, Handhabung und

Entsorgung, die rasche, arbeitsextensive sowie die qualitatsschonende Verarbeitung.

Die Cross-Flow-Filtration ist sehr energieaufwéandig. Ein grofier Teil der in die Forderung des
Feeds investierten Energie geht durch das Retentat verloren. Deshalb wird an den Stellen, wo

darauf verzichtet werden kann, immer stéarker auf die Dead-End-Filtration zuriickgegriffen.

11.8 Dead-End Filtration
To be described

11.9 Anion exchange chromatography*

Anion-exchange chromatography is a process that separates substances based on their charges

using an jon-exchange resin containing positively charged groups, such as diethyl-aminoethyl

groups (DEAE).” In solution, the resin is coated with positively charged counter-ions (cations).
Anion exchange resins will bind to negatively charged molecules, displacing the counter-ion.
Anion  exchange chromatography is commonly used to  purify proteins, amino

acids, sugars/carbohydrates and other acidic substances ® with a negative charge at

higher pH levels. The tightness of the binding between the substance and the resin is based on the

strength of the negative charge of the substance.
General technique for protein purification

A slurry of resin, such as DEAE-Sephadex is poured into the column. After settling, the column is

pre-equilibrated in buffer before the protein mixture is applied. Unbound proteins are collected in

4 http://en.wikipedia.org/wiki/Anion-exchange_chromatography
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the flow-through and/or in subsequent buffer washes. Proteins that bind to the resin are retained
and can be eluted one of two ways. First, the salt concentration in the elution buffer is gradually
increased. The negative ions in the salt solution (e.g. Cl-) compete with protein in binding to the
resin. Second, the pH of the solution can be gradually decreased which results in a more positive
charge on the protein, releasing it from the resin. As buffer elutes from the column, the samples are

collected using a fraction collector.

11.10 Final product formulation*®
High-resolution chromatography normally yields a protein that is 98-99 per cent pure.
Final product formulation bings the product in the final format. This envolves:

- Addition of various excipients

- Filtration of the final product through a 0.22 pum absoulute filter, then aseptic filling into
final containers.

- Freeze-drying if the product is to be marketed in a powedered format.

Fig.: 0.22 um filter

46 [Walsh 2007], ch.6.9
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11.11 Bioreactor/Tank

s 3611491 L/Datcn
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5 0250 Media Prep ME
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5 112 B 4 15308.75 Libatch
| P-11 /BR-101
Production Bioreactor 20000 L)
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P-34 / MP-104 Sterile Fitration
Media Prep 31

S.cerevisiae needs as nutrition only sugar.

11.12 Disc-Stack Centrifuge
_’_| |_'_|'

b
L

P-15/DS-101

Centrifugation

S-033
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11.12.1

Example for Supplier: Huanding China

Pre-fermenter %

WAL

Virus cubure

-
5 Main fermenter
(3

(ﬂ 1TJ“ FAERR
l Virus cubure :
& = = 2 e Liquid
4 Ammm| [ g
Bt oy (™ P55 Steam AR K Effoent
J (D —

ator

HEEHE

Continucus sterifzer
$BIZ 7 Raw vaccnes
el
N.nnem tank . X
R Retreeze
. ‘ Jis——=
7KWaIer Al
J" 0 B
s ~— - (]
AT EaW
Additves Mding tank
LHFERE Capacity(L/h) E i Weight(Kg) APRIRST (<* 58 * ) Dimension(L*W*H)
BTSX15 400~1000 1100 950 x 950 x 1250
BTSX35 ‘ 1000~3000 1500 1400 x 1400 x 1450
BTSX85 3000~70000 1800 1750 x 1450 x 1850
BTSX150 ] 14000-30000 3700 1850 x 1500 x 1850
BTSX200 20000-40000 4800 2100 x 1700 x 2200
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2014-12-26 13:57 GMT+02:00 Chouse Hu <chousehu@huading-separator.com>:
Dear Samir Mourad

do you think $250,000 dollar in your budget ?
Best Regards

Chouse Hu

On Dec 27, 2014 850 AM, "Chouse Hu" <chousehu@huading-separator.com> wrote:
our cheapest centrifuge can be used in this case at all, that means nothing for you.

please refer to Westalia Separator, and learn what a particular centrifuge can meet your demand.
then, you could try to find out an alternative from China, to reduce your cost.

http://www.westfalia-separator.com/no cache/contact/locations-worldwide/view.html

11.13 Homogenization

PHYSICAL METHODS
|
| |
MECHANICAL NON-MECHANICAL
Bead Milling Decompression
Homogenization Osmotic shock
Micro Thermolysis
Fluidization Freeze-thaw
Sonication Desiccation
French Press
Impingement
Colloid Mill
Method of cell lysis disadvantages
freeze-thaw very slow
chemical lysis can cause changes in protein structure, difficulties in
purification, expensive detergents
enzymatic lysis often not reproducible, enzyme stability,
incubation time, necessity of removing the lysis
enzymes, expensive scale-up, often combination with
other method necessary
cell bomb only applicable to specific cell types
high pressure homogenizer (e.g. | expensive equipment, high maintenance due prone of
french press) orifices’ clogging
centrifugation only for very weak cell walls
ball mill / bead mill uneven processing = incomplete lysis, protein

medium and product, time-consuming cleaning

denaturation, low efficiency whilst relatively high
energy consumption, complex separation of milling
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11.13.1 Principle
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11.13.2 Suppliers

11.13.2.1 Ningbo Scientz company

High Pressure Homogenizer JG-IA Series

Acting on high-pressure principle, the instrument is used for extruding cells, especially suitable for
smashing thick-wall cells, germs and denser solution samples. Having no noise, less temperature
rise and no metal ion contamination, it has wide application of such research fields as protein
study, nucleic acid extraction, cell disruption in genetic engineering labs of colleges, scientific

research institutes and pharmaceutical factories.

e Specifications:

50ml/times Continuous
Model IG—IA Capacity increase samples for
scientific research
Maximum
Voltage 380 VAC operating 256 Mpa (37120 psi)
pressure
P y . Max Pressur
ressute Hydraulic System ax Hressure 170 mm
device stroke
. P lat
Sample tube ®25mm Stainless fessute plate 6.8 mm/s
speed
55X X 5t v .
Dimensions 333%600x1170 | Largest volume 50 ml/times
mm of sample

11.13.2.2 Zhangjiagang Beyond Machinery Co., Ltd.
Model Number: GJB, Shipping Terms: FOB Port: Shanghai
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Unit Price: USD 10,000/Sets quantity: 1 Sets

Lead Time: 30days Payment Terms: T/T Quotation Valid Till: 2015-1-28

jsbey SEEREIaN

11.14 Dead-End Filter

P-16/DE-108
Polizhing Fitler

11.15 Protein-A Chromatography
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Cperation Sequence for Procedure: P-18 (in C-101)

Ayyailable Operationz

Elute

E quilibrate
Hald

Load
Fegenerate
SIP

Wiash

e L

e 1y

Operation Sequence

¥ fa ¥

EQUILIERATE-1 [Colurmn E quilibration]
Colurnn Testing [Holding)

LOAD-1 [PEA Calumn Loading)

WiASH-T [Column W ash]

ELUTE-1 [Colurmn E lution]
REGEMERATE-1 [Column Regeneration]
Chramatographic rig CIP [|n-Place-Cleaning]

[T e T TR TR TN

51P-1 [In-Place-Steaming]

Operation Sequence for Procedure: P-19 (in DE-109)

Available Dperations

Filker
Fluzh

Transfer Out

Operation Sequence

™ Ea Ao¥:

SET UP [Holding]
FILTER-1 [Dead-End Filtration)

11.16 Gel filtration chromatography

Molecular Weight Ranges for Gel Filtration Media

102 10° 104 10° 108 107 108
| Sephacryl 5-100 HR |
| Sephacryl $-200 HR |
Sephadex G-10] | Sephacryl 5-300 HR |
Sephadex G-15 | | Sephacryl $-400 HR |
[S-dex G-25 |
| Sephadex G-50 |
| Sephadex G-75 |
| Sephadex G-100 |
| Sepharose 6B and CL-6B |
Sepharose 4B and CL-4B |
| Superdex 30 | [ Sepharose 2B and CL-2B |
| Superdex 75 |
Superdex 200
| Toyopearl HW-40
| Toyopearl HW-50 |
| Toyopearl HW-55 |
| Toyopearl HW-65 |
| Toyopearl HW-75 |
1 I mrrn AN | [ R [ AT [ L EErn
102 4 103 504 4 105 4 108 5107 g 108
4B Sepharose
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—_ | FUrnrcaton s ecron |

GFL "wash
+
GFL Eluant@— -] P
- 5-115
+
.’_
+_
b - P R
1 M = P-19 /%106
f: Ly Storage
Wigh P18/ C102
Gel Filtration
Lighwfaste B
11.16.1 sensor/actuator list

similiar to AKTA process

Akta process Sensors and actuators 13.12.13

Teil

Air trap

Filter

Filter vent valve

Capsule filter bottom manual valve

Capsule filter top manual valve
System pump

Sample pump

Pressure control valve
Buffer A inlet valves

Buffer B inlet valves

Sample connection valve
Sample inlets valves

Air trap inlet valve

Air trap bypass valve

Air trap vent valve

Air trap outlet valve

Filter inlet valve

Filter bypass valve

Filter outlet valve

System connection valve
Column 1 top inlet valve
Column 1 bottom inlet valve
Column 1 top valve

Column 1 bottom valve
Column 1 top outlet valve
Column 1 bottom outlet valve

N RPN R P R R

[E
o

P P R R R R R P R PR R R RPBRNRPRO

Anzahl Item Price
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Column 2 top inlet valve
Column 2 bottom inlet valve
Column 2 top valve

Column 2 bottom valve
Column 2 top outlet valve
Column 2 bottom outlet valve
Outlet valves

Air trap drain valve

Filter drain valve

CIP / AxiChrom manifold
Buffer inlet air sensor
Pre-column air sensor
Post-column pH-meter
Post-column UV-meter
Pre-column conductivity meter
Post-column conductivity
System flow meter

Air trap high level meter

Air trap low level meter
Pre-filter pressure meter
Pre-column pressure meter
Sample pump pressure meter
PCV pressure meter, A inlets

R R R R P P R P R R P R R PR R R OR R R R PR R

PCV pressure meter, B inlets

11.17 Ultrafiltration

Zlan

L 5122 5125
Lig " azte 2
E 51
d PP | Pi12/DE-
P14/ UF-101 = P13 /%104 Diebris 2 Falizhing

ltrafiltrabon Storage Iil
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rormatagraphy

From SuperPro Example Bgal
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11.18 Diafiltration

Same equipment as ultrafiltration

5109

5-043

F 9

=103

P-20 /1 V-107
storage

o nATE

Operation Sequence for Procedure: P-20 (in V-107)

b i 2

10—

P-21 !/ DF-11
Diafiltration

=

—{8] 5102

=044

Avallable Dperations

Charge

CIP

Cool

Evacuate

Extract / Phaze Split
Gas Sweep

Heat

Haold

Fressunize

Pull Ir

Pull Dut S
Purge / Inert

React [Stoichiometric)

Sample

SIP

Split [Component Flow]

Store

Tranzfer In

Tranzfer Out

Went

Operation Sequence for Procedure:

Operation Sequence

SET LIF' [Heldlng]
TRAMSFER-IM-1 [Tranzfer In]
TRAMSFER-OUT-1 [Transfer Out]
TRAMSFER-IM-2 [Transfer In)
TRAMSFER-OUT-2 [Trangfer Out]
CIF-1 [In-Place-Cleaning)

P-21 (in DF-101) ' .

Ayailable Operations

Concentrate [Batch)
Chafilter

Fluzh

Haold

SIP

Operation Sequence

}( gﬂ n—T- E: E: Ei

SIP-1 [In-Place-Steaming)
FLUSH-1 [Fluzh)
DIAFILTER-1 [Diafiltration)
CIF-1 [In-Place-Cleaning)
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11.19 Chemical Virus Inactivation

109 5-043

| Chemical Virus Inactivation |

:

=] 5-110

P20/ V-107 P21 /DFAM pazivary 04 i
- B ) _— P-23/DE-110
Storage 5042 Diafitration Virus Inactivation Polishing Fiter

771.84 Libatch 048
772.02 Libatch

Operation Sequence for Procedure: P-22 (in V-111) &

Ayaillable Operations Operation Sequence

Charge SIP-1 [ln-Place-Stearming]

CIp TRANSFER-IM-1 [Transfer In)
Cool PULLAN-1 [Pull In]

Evacuate _ HOLD-1 [Holding)

Extract / Phase Spit TRANSFER-OUT-1 [Transfer Out)

Gias Sweep CIP-1 (In-Place-Cleaning]
Heat I
Hald = U
Freszurize

Full In B
Pull Qut Sl
Purge / Inert

React [Stoichiometric)

Sample

S5IP

Split [Compaonent Flow]

Store

Tranzfer In

Trather Ot

Went

11.19.1 Solvent/detergent (S/D) inactivation®’

This process, developed by the New York Blood Center,[5] is the most widely used viral
inactivation method to date. It is predominantly used in the blood plasma industry, by over 50
organizations worldwide and by the American Red Cross [1]. This process is only effective for
viruses enveloped in a lipid coat, however. The detergents used in this method interrupt the
interactions between the molecules in the virus's lipid coating. Most enveloped viruses cannot
exist without their lipid coating so are destroyed when exposed to these detergents. Other
viruses may not be destroyed but they are unable to reproduce rendering them non-infective.
The solvent creates an environment in which the aggregation reaction between the lipid coat

and the detergent happen more rapidly. The detergent typically used is Triton-X 100.

47 http://en.wikipedia.org/wiki/Virus_processing#Viral_inactivation
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Chemical Structure of Triton X-100 (n = 9-10).

This process has many of the advantages of the "traditional" removal techniques. This process
does not denature proteins, because the detergents only affect lipids and lipid derivatives. There
is a 100% viral death achieved by this process and the equipment is relatively simple and easy to
use. Equipment designed to purify post-virus inactivated material would be necessary to guard

against contamination of subsequent process streams.

S/D treatment utilizes readily available and relatively inexpensive reagents, but these reagents
must be removed from the product prior to distribution which would require extra process
steps. Because this process removes/inactivates the lipid coating of a virus, viruses without any
sort of lipid envelope will be unaffected. There is also no inactivation effect by the buffers used

in this process.

11.20 Introduction to Siemens S7 PLC system
11.20.1 Definition of PLC:

PLC is an acronym for Programmable Logic Control (logic controllers programmable). This
description of the system that controls the process (exp machine to print newspapers,
facility for packing cement, piston to cut plastic ...). This process is carried out in

accordance with the instructions of the program in the device memory.

11.20.2 Function of PLC:
PLC controls the process in which the actuators are connecting to links feed (for example,
24 volts) specific to the PLC exits Outputs. Through these links we can run and turn off the

engine, open and close the valves, or turn on and turn off the lights.
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The lamp lighted

+ 24V ' %

1]
Output HH > PLC control the actuators
]

+ o i
MJ The lamp off

11.20.3 Where to get the information about the PLC operation mode:

PLC receives the information about the operation from the signal - generator connected to the
entrances of the PLC. These signal generators can be, for example, sensors recognize the status of
the working parts, keys or buttons. This specific situation can be open or closed. The difference
between Note normally open NC: Normally Closed is ineffective when they are closed and

petitions NO: Normally Open Normally open that are not effective when they are open:

+ 24v —‘I Closed circuit

+ 24v i

| Inputs H“ The entrances to collect information on the PLC operation mode
|
+ ov

PLC
Open circuit
+ 24V

11.21 Introduction to the DLL for the USB Interface Board K8061:
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The K8061 interface board has 8 digital input channels and 8 digital output channels. In

addition, there are 8 analogue inputs, 8 analogue outputs and one PWM output. The

number of inputs/outputs can be further expanded by connecting more (up to a maximum

of eight) cards to the PC's USB connectors. Each card is given its own identification

number by means of three jumpers, A1, A2 and A3 (see table 1 below for card numbering).

Connection to the computer is optically isolated, so that damage to the computer from

the card is not possible.

11.22 Definition of a relay

A relay is usually an electromechanical device that is actuated by an electrical current. The

current flowing in one circuit causes the opening or closing of another circuit. Relays are

Relay

like remote control switcher and are
used in many applications because of
their relative simplicity, long life, and
proven high reliability. Relays are
used in a wide variety of applications
throughout industry, such as in

telephone exchanges, digital

263



Basics: Biotechnological upstream and downstream processing, DNA vaccine technology,
Hepatitis B vaccine production technology

computers and automation systems. Highly sophisticated relays are utilized to protect
electric power systems against trouble and power blackouts as well as to regulate and

control the generation and distribution of power.

How do relays work?

All relays contain a sensing unit, the electric coil, which is powered by AC or DC
current. When the applied current or voltage exceeds a threshold value, the coil
activates the armature, which operates either to close the open contacts or to open the
closed contacts. When a power is supplied to the coil, it generates a magnetic force that
actuates the switch mechanism. The magnetic force is, in effect, relaying the action from
one circuit to another. The first circuit is called the control circuit; the second is called
the load circuit.

There are three basic functions of a relay: On/Off Control, Limit Control and Logic
Operation.
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Specification, System Design, Detailed Devices and Plant Design, and
Automation for the MEGBI Vaccine Pilot Plant MEGBI-VPP*®

4 From [MEGBI-VPP 2012] and [MEGBI-VPP 2013]
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12 Chromatographic Purification Device: Specification

12.1 sensor/actuator list
similiar to AKTA process

Akta process Sensors and actuators 13.12.13
Teil Anzahl Item Price
Air trap 1

Filter

Filter vent valve

Capsule filter bottom manual valve
Capsule filter top manual valve
System pump

Sample pump

N PN R R R R

Pressure control valve

[EEN
o

Buffer A inlet valves

Buffer B inlet valves

Sample connection valve
Sample inlets valves

Air trap inlet valve

Air trap bypass valve

Air trap vent valve

Air trap outlet valve

Filter inlet valve

Filter bypass valve

Filter outlet valve

System connection valve
Column 1 top inlet valve
Column 1 bottom inlet valve
Column 1 top valve

Column 1 bottom valve
Column 1 top outlet valve
Column 1 bottom outlet valve
Column 2 top inlet valve
Column 2 bottom inlet valve
Column 2 top valve

Column 2 bottom valve
Column 2 top outlet valve
Column 2 bottom outlet valve
Outlet valves

Air trap drain valve

Filter drain valve

CIP / AxiChrom manifold

P P R O R R R P R PP R RPRPRPRRPRRRPRRRPRRRPRRRPRNRO
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[ERN

Buffer inlet air sensor
Pre-column air sensor
Post-column pH-meter
Post-column UV-meter
Pre-column conductivity meter
Post-column conductivity
System flow meter

Air trap high level meter

Air trap low level meter
Pre-filter pressure meter
Pre-column pressure meter
Sample pump pressure meter
PCV pressure meter, A inlets

T O e S e T O S Y

PCV pressure meter, B inlets
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13 Concept

13.1 Mechanical structure

The concept is to install a simplified DNA vaccine production line based on devices of GE Health

and other suppliers.

(As increment: simplified monoclonal antibodies production line using the same equipment)

The stainless structure shall be built by TEMO. The instrumentation and special pipes etc. shall be
buyed for GE Health or others.

'k Ay
;e ot o
ST y

\.'I

Fig.: Solaris downstream line. The MEGBI-VPP downstream line shall be similar to this.

13.2 Automation System

The automation system shall have a C++/phython user interface and a Simatic S7 interface to the

sensors/actuators.

w [ oum

ttwerdrel . Prozesszet | 000000
Glusose =
Tank ek o 24 | Restisutzeit | 120000
0 asmischstati -
X in
L in
: -

[sscmmomees crevsee | [smwrcnnca |
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14 System Design
14.1 Mock-up model for the MEBGI vaccine pilot plant
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System Design
14.2 Integration Overview

Based on the EngerixB patent and the films Bioprocessing Part 2_ Separation _ Recovery and
Bioprocessing Part 3_Purification which describe in details the process of Fluorecence Protein
Production in E.coli there shall be designed a simplified system for HBSAg vaccine. Using
SuperPro SW for describing the design.

L of- gkt 2,
(s taa, /:;.(La

(DEHAE -wn
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Clean-in-place (CIP)&Steam-in- | Upstream Processing (USP) — Downstream Processing (DSP) Automation
place (SIP) and intermediate

storage

~

MEGBI-VPP, last update: January 29, 2015
Altfa Laval - disc stack separator technology J

{5 [y

!( 2 2‘.-
{ur.iﬁ

®

14.3 Fermentation
75 L/batch

Q\ vabve 2

[warm/cold)

warm
wates tank

valve 1
{warm/ookd)

valve3
fon/foff)
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14.4 Centrifugation with Disc Stack Centrifuge (1)

14.5 Homogenization with Homogenizer
N@-F NI DI

14.6 PEG precipitation
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Disc Stack Centrifuge for Biotech & Pharmaceutical

FOB Price US $10000-1.000,000) Sat | Getlatast Prca

Min.Order Quantity 1Set’Sets
Joply Ability 100 SetSets per Month
Port SHANGHA]
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14.7 Centrifugation with Disc Stack Centrifuge (2)

14.9 Centrifugation with Disc Stack Centrifuge (3)

Disc Stack Centrifuge for Biotech & Pharmaceutical

FOB Price US $10.000-1.000,000) Sat | Getlatast Pnca
Min.Order Quantity 1Set'Sets

Supply Ability 100 SetSets per Monih

PorL SHANGHA]

Disc Stack Centrifuge for Biotech & Pharmaceutical

FOB Price US $10000-1.000,000)Sat | Getiatest Pnca
Min.Order Quantity 1Set'Sets

Supply Ability 100 SetSets per Monih

Port SHANGHA
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14.10 Ultrafiltration

14.11 Gel permeation chromatography with Sepharose 4B

IR = |

Outw Destoben Amkhe Werkieige Mabro formil Memus fowts Hfe

WEL s O -2 e e = = Operation Sequence AKTAread tern 103310 E
e e e e _ = T e H eady System w
BRalseEd ‘sﬁ"z’ L 3 K X éa 8% B z E:i N\’TAprochsy:uaxW(]ordOOM
Sra——rr— - I S ST e e e e 1 Gradient option (~Ready/ ~ Proc
b= a8 EQUILIBRATE-1 [Calumn Equilibration
e [T R— Cokamn: Tosting [Haidng) Installation/ Qualfication Chrom:
8 stk LOAD-1 (PBA Column Loading)

WASH-1 [Column Wash)

ELUTE-1 [Column Elution)

Strip [Column Regeneration]

Rinse [Column Wash)

Chromatographic rig CIP (In-Place-Cleaning)

Comte At &%

Baaknmingen & Bomchate

2apmcn

< [ 210115 OvomatogaphicCohmm
B Cube

B Zybrder

[
8 2yodeos
B 2indenn
& Zyhosems
e

Enerschut wet

14.12 IEX chromatography with anion echange (DEAE matrix)

= = [ |
Cutw  Dewtisbmn Amkhe Wekseige Mabio foemiil  Memus Feute  HYe o R
- TS = B : = peration Sequence
YT Y T T T TSP b oF o o - AKT Aready System 103 310 Eu
BRlaLSED AOACT L XS X b BF E}- EoEE AKTAprocess max 180 or 400 V|
eccihmumgen 8 Ggorschel B I IO AT o Tl b bt ] Gradient option (~Ready/ ~ Proc
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ibien - - Installations Quai hrom:;
ek Fiaik A Column Testing (Holding) nstallation/ Qualfication Chrom

LOAD-1 (PBA Column Loading)

WASH-1 [Column Wash)

ELUTE-1 [Column Elution]

Strip [Column Regeneration)

Rinse [Column Wash)

Chromatographic rig CIP [In-Place-Cleaning)
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14.13 Cystein addition

14.14 Ultracentrifugation

Pooled fractions contain HBSAg

PKII Ultracentrifuge

eKll Ultracentrifug

o

Figure: Alfa Wassermann Ultracentrifuges
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14.15 Desalting Gel permeation chromatography with Sepharose 4BCLFF

‘I‘: :....' e Oper l R I
[Cw&s A O - = v e - = peration Sequence
= = = = AKTAready System 103 310 Ew
3 A - [ )= o- B
,ﬂ BA4Qki &S!thil‘:&* ecd X éa E—f— E:_ o & E-_ AKTAprocess max 180 or 400 W

Dracichmenyen & Gychohes Gradient option (~Ready/ ~ Proc

Appibatica =

EQUILIERATE-1 [Column E quilibration]

M) T Psegotaiitmn 3 Colurnn Testing (Holding) Installaton/ Qualfication Chrom:
[ et LOAD-1 (PBA Column Loading)
o=l == WASH-1 [Column Wash)

Mokl | Autguten,
Besskhnangen & Bigmschaten

ELUTE-1 [Column Elution)

Stp [Column Regeneration]

Rinse [Column W ash)

Chromatographic rig CIP (In-Place-Cleaning)

e
= [ 310115 OvomateaphicCohmm
B Cube
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15 Detailed Devices Mechanical Design

Done as 6 weeks practical work for 4 students (former planned as master thesis)

W AECENAR
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MEGBI Bioreactor

Homogenizaten
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TPEG precpitaion
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MEGBI-VPP system design:

Downstream System (Purification) from Solaris Group (in this way MEGBI-VPP downstream processing shall be developed)

|

Disc stack centrifuge from Huading/China

Master Thesis

Modeling and Integration of devices for the vaccine production plant MEGBI-VPP

. Modeling of Homogenizer (3 weeks)

Modeling of Disc Stack Centrifuge in including CIP/SIP functional elements (mechanics) (3 weeks)
Modeling Process Scale Gel Permeation and ion exchange chromatographic devices (3 weeks)
. Modeling of Process Scale Ultrafiltration Device (3 weeks)

Integration of Devices to MEGBI-VPP downstream processing (DSP) unit (2 weeks)

. Documentation (3 weeks)

Keywords: CAD, Tool ProEngineer, Process Scale Homogenizer, Process Scale Centrifugation, Process Scale Protein
Chromatography, Biotechnology
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AECENAR

Association for Economical and Technological Cooperation

in the Euro-Asian and North-African Region

T —

Project: MEGBI-VPP (Detailed Devices Mechanical Design for 3¢ MEGBI-VPP Report )
Report of Practical Work Jun/Jjul 2015 (6 Weeks), Final version: 19 Aug 2015
Authors: Jihad Samarji, ZaherChendeb, Ibrahim Zaaroura,

!aalgaﬁya

OBJECTIVE AND PURPOSE OF THE ASSOCIATION:
The association is committed to the promotion of international cooperation in the economic and
scientific fields in order to achieve the idea of international understanding and a closer relationship
between institutions the Middle East, in Europe and its neighbors. To Download the AECENAR
flyer as pdf please click here: AECENAR Brochure 2014

INSTITUTE:
MEGBI - Middle East Genetics and Biotechnology Institute

PROJECT:
MEGBI-VPP / DNA Vaccine Pilot Plant, Recombinant Vaccine Technology / Biotechnological
Upstream & Downstream Processing Hepatitis BDNA Vaccine Pilot Plant

PROJET CURRENT TASKS:

Modelling of homogenizer

Modelling of Disc Stack Centrifuge in including CIP/SIP functional elements (mechanics)
Modelling Process Scale Gel Permeation and Ion Exchange Chromatography Devices
Modelling of Process Scale Ultrafiltration Device

Integration of Devices to MEGBI-VPP Downstream processing (DSP) unit

Documentation

SKILLS NEEDED:

280


http://aecenar.com/downloads/doc_download/26-aecenar-research-center-aug-2008-jan-2014

Detailed Devices Mechanical Design

CAD, Process Scale Homogenizer, Process Scale Centrifugation, Process Scale Protein

Chromatography

SOFTWARE USED:
FREECAD ( + Python MACROS ), Microsoft OFFICE, Adobe Suite, Windows OS / Linux OS

N ARG K

15.1 Demonstration and Modelling of the Ultracentrifuge.

“To Separate the High Density from the Low Density Molecules, We Use The Ultracentrifuge.”
-Jihad Samarji

Figure 20.1 PKII Ultra Centrifuge

15.1.1 DEVICE DETAILS & SPECIFICATIONS

The ultracentrifuge is a centrifuge optimized for spinning a rotor at very high speeds, capable of
generating acceleration as high as 2000000 g (approx. 19600 km/s?). There are two kinds of
ultracentrifuges, the preparative and the analytical ultracentrifuge. Both classes of instruments

find important uses in molecular biology, biochemistry, and polymer science.

In our Case we’re using the Preparative Ultracentrifuge
Preparative ultracentrifuges are available with a wide variety of rotors suitable for a great range of
experiments. Most rotors are designed to hold tubes that contain the samples. Swinging bucket

rotors allow the tubes to hang on hinges so the tubes reorient to the horizontal as the rotor initially
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accelerates. Fixed angle rotors are made of a single block of material and hold the tubes in cavities

bored at a predetermined angle.
In our Case we're using the Zonal Rotor

Zonal rotors are designed to contain a large volume of sample in a single central cavity rather than
in tubes. Some zonal rotors are capable of dynamic loading and unloading of samples while the

rotor is spinning at high speed.

Preparative rotors are used in biology for pelleting of fine particulate fractions, such as cellular
organelles (mitochondria, microsomes, and ribosomes) and viruses. They can also be used
for gradient separations, in which the tubes are filled from top to bottom with an increasing
concentration of a dense substance in solution. Sucrose gradients are typically used for separation
of cellular organelles. Gradients of caesium salts are used for separation of nucleic acids. After the
sample has spun at high speed for sufficient time to produce the separation, the rotor is allowed to
come to a smooth stop and the gradient is gently pumped out of each tube to isolate the separated

components. In our Case we're using it to produce anti-bodies

We Need To Design a Density Gradient Ultracentrifugation System for large scale and pilot scale

downstream processing of viral vaccines and virus like particles.

Models Available KII and PKII
Process Air 2.83 m*/min
Process Cocling 4.5 2C, 4 |fmin
Electrical Supply 15A, 1ph 230V

Table 1.1 Ultracentrifuge
Environmental Conditions 0-40°C, RH 85% KHN&PKII
specifications

Clean Room Classifications Class B,C,D
Bio-containment Up to BL3

Systern Footprint 2140 x 1330 (W x D)
Height Requirements 295 cm (PKII 220 cm)
System Weight 1270 kg (PKII 1204 kg)

So we're going to design something close to the ALFA WASSERMAN KII & PKII Continuous Flow
Ultracentrifuge model. See figure 1.1 and 1.2
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Figure 1.2 Ultracentrifuge annotation in Chinese

The Ultracentrifuge can be used For Uranium Enrichment which makes it very dangerous and
Complicated, Therefore gaining information about this particular machine is very limited. This is
by far the clearest picture describing the Ultracentrifuge on the internet.

In fact, searching for the Keyword “Ultracentrifuge” on Google makes you suspicious for Global

Terrorism. BE CAUTIOUS
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15.1.2 PART DIMENSIONS & DESIGN
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s 1.
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P11 A

Figure 1.3 Ultracentrifuge First Group Parts Annotations
1. Air Turbine 2.Upper spindle 3.Locks 4.Air Turbine Support 5.Upper Capsule Cap 6.Upper Body 7. Anti-

frictional body 8.Capsule 9.Rotor 10.Bolts & Nuts 11.Lower Capsule Cap 12.Lower Body 13. Lower Spindle

14.Lower Spindle Support 15.Bolts

297



Specification, System Design, Detailed Devices and Plant Design, and Automation for the MEGBI

Vaccine Pilot Plant MEGBI-VPP

6. % /

Figure 1.4
ULTRACENTRIFUGE
SECOND GROUP PART
ANNOTATIONS

1. Lift Support 2.Feeding
Machine 3.Air Turbine Lift
Holders 4.Horizontal Lift
Arm b5.Vertical Lift Arm 6.
Tubes

Remark: This Design Is for Educational Purposes. This is just a Prototype Concept Which will Not

Work Because Some Parts Are Missing.
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15.2 Demonstration and Modelling of the Disc Stack Centrifuge

“To Separate a Liquid from Solid or Liquid from Liquid, We Use the Decanter or the Disc Stack or
a Filter Depending On the Amount ofSolids”-Jihad Samarji

Figure 2.1 Disc Stack Centrifuge

15.2.1 DEVICE DETAILS & SPECIFICATIONS

Conical plate centrifuge (also known as disc bowl centrifuge or disc stack separator) is a type
of centrifuge that has a series of conical discs which provides a parallel configuration of

centrifugation spaces.

The conical plate centrifuge is used to remove solids (usually impurities) from liquids or to
separate two liquid phases from each other by means of an enormously high centrifugal force. The
denser solids or liquids which are subjected to these forces move outwards towards the rotating
bowl wall while the less dense fluids moves towards the center. The special plates (known as disc
stacks) increase the surface settling area which speeds up the separation process. Different stack
designs, arrangements and shapes are used for different processes depending on the type of feed
present. The concentrated denser solid or liquid is then removed continuously, manually or
intermittently, depending on the design of the conical plate centrifuge. This centrifuge is very

suitable for clarifying liquids that have small proportion of suspended solids

There is 3 Designs for the disc Stack Centrifuge
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In our case, we need to make mass production of substance in big scale and without stopping to

clean the disc stack centrifuge from solids so we're going to use the Self-Cleaning Centrifuge.

The Self Cleaning Centrifuge has a Movable plate that operates by the pressure of water

underneath it,

When the water is sank, the movable plate goes down to open small nozzles for the solids to pass

outside. When all the solids are ejected, water is re-flooded beneath the movable plate to make it

goes up and block the nozzles.

We should come up with something similar to this:

Litilities consumption

Technical specifications

Electric power mias. 46 kKW Thrmghpul capacity max. 52 méth
Operating liquid during discharge 10 Ih Bowl speed 4,300 rpm
Coolirng water, jacket 300 Ih Bowl volume 66 |
Cooling water, il 80 Ih Sludge space 17 |
Sealing liquicd 100 h Motar speed synchron. 60,7 Hz 1,821 rpm
Flushing liquid, per discharge 25301 Motor power installed 52 KW
ATEX design codes Starting time 68 min
BODOSM: EXN2G T4 Xforzone 1 & 2 Inert gas design Stopping time withaut brake B0 min
BD 95Y: EX Il 3 G T4 X for zone 2 Electrically protected Inlet pressure at 46 m3h 300 kPa
Material data Outlet pressure, methyl ester phase min. 200 kPa
Bowl body, hood and lock ring g5 14418 Cutlet pressure, heavy phase 200 kPa
Frame top part and hood 8.5, 1.4401 UMS 316800 Sound pressure 78 dB(A)
Frame bottom part Cast iron Overhead hoist lifting capacity min. 1,200 kg

Gaskets and O-rings Fluorocarbon rubber

Table2.1 Disc Stack Centrifuge Specifications. See also figure 2.1 and 2.2
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1. Feed valve 10. Oil filler and gauge

2. Centrate out 11. Flat driving belt

3. Pneumatic butterfly valve 12. Cyclone with recirculation tube
4. Cooling jacket 13. Solids pockets

5. Bowi 14. Pneumatically operated slide
6. Cooling water 15. Motor

7. Axial seal 16. Unibase frame

8. Check valve 17. Foundation

9. Spindle cartridge

Figure 2.21 Disc Stack Centrifuge Annotation
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15.2.2 PART DIMENSIONS & DESIGN
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Figure 2.3 Disc Stack Centrifuge Annotations
1. Motor 2.Upper Body 3.Inlet-Outlet Shaft 4.Inner Upper Body 5.Lower Body 6.Disc Stack

7. Pulley 8.Belt 9.Movable Plate 10.Maintenance Cover 11.Inner Lower Body 12.Support 13.
Shaft
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15.3 Chapter 3: Demonstration and Modelling of the Ultrafiltration.

“To Filtrate a Huge Supply of Substance or Water we need an Ultrafiltration Device”-Jihad

Samarji

Figure 3.1 Ultrafiltration Machine
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Ultrafiltration

Microfiltration 0,01 micron
‘ Sand Filtration 0,1 micron i
Screening

- _ Ultrafilterec
Raw Water Water

Colloidal Virus Dissolved
Hairs Bacteria Organic salts

Red blood cells macro-molecules

Figure 3.2 a small demonstration about the Ultrafiltration Process
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15.3.1 DEVICE DETAILS & SPECIFICATIONS

Ultrafiltration (UF) is a variety of membrane filtration in which forces
like pressure or concentration  gradientslead to a separation through a membrane.
Suspended and solutes of high molecular weight are retained in the so-called retentive, while
water and low molecular weight solutes pass through the membrane in thepermeate.
This separation processis used in industry and research for purifying and concentrating
macromolecular (103 - 106 Da) solutions, especially protein solutions. Ultrafiltration is not
fundamentally different from microfiltration. Both of these separate based on size exclusion or
particle capture. It is fundamentally different from membrane gas separation, which separate
based on different amounts of absorption and different rates of diffusion. Ultrafiltration
membranes are defined by the molecular weight cut-off(MWCO) of the membrane used.

Ultrafiltration is applied in cross-flow or dead-end mode.

Ultrafiltration is used in Industries such as chemical and pharmaceutical manufacturing, food and
beverage processing, and waste water treatment, employ ultrafiltration in order to recycle flow or

add value to later products. Blood dialysis also utilizes ultrafiltration.

In our case we're going to use the ultrafiltration device for Protein concentration. See Figure.3.1
and 3.2

Time and .
Foulant Reagent Mode of Action
Temperature
Fats and oils, proteins, 0.5M NaOH 30-60 min Hydrolysis and
polysaccharides, bacteria | with 200 ppm CI2 25-55 °C oxidation
_ 0.1 — 0.5M acid 30-60 min o
DMNA, mineral salts , T o Solubilization
(acetic, citric, nitric) | 25-35 °C
Fats, oils, ) . . .
, 0.1% SDS, 30 min — overnight | Wetting, emulsifying,
biopolymers, i _ i . .
, 0.1% Triton X-100 | 25-55 °C suspending, dispersing
proteins
Cell fragments, fats, 30 min — overnight )
_ _ Enzyme detergents Catalytic breakdown
oils, proteins 30-40°C
i 30 min — overnight )
DMNA, 0.5% DMNAase Enzyme hydrolysis

20-40°C

Table 3.2 SUMMARY OF COMMON TYPES OF FOULING AND THEIR RESPECTIVE CHEMICAL
TREATMENTS
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15.3.2 PART DIMENSIONS & DESIGN
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The Ultrafiltration is Simple, no need for further dimensions nor annotations. It contains 2 Tanks,
one for filtrated substance and the other for non-filtrated substance which is connected to a set of
filters. The device also contains 2 pumps to boost the substance into the pipes. For more

information about the ultrafiltration process, see figure.5
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15.4 Demonstration and Modelling of the Chromatography Device
-ZaherChendeb-

15.4.1 DEVICE DETAILS & SPECIFICATIONS

AxiChrom<Chromatography>

The AxiChrom column platform is a revolutionary concept in column chromatography that
simplifies column handling at all scales from process development to full-scale production.
AxiChrom columns introduce three key features — Intelligent Packing, Intuitive handling, and

Predictable scale-up — that together make process chromatography easier, safer, and more efficient.

The AxiChrom process column family has been designed to deliver reproducible results from
process development to production scales. This is facilitated by the innovative Intelligent Packing
where UNICORN™ software, AKTA™ systems and AxiChrom columns work together to facilitate

a convenient operation for packing of the bed via axial compression.
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The Intended use of The AxiChrom family of process columns has been designed for low pressure

chromatographic separation of biomolecules such as proteins, peptides and oligonucleotides in

GMP-regulated environments.

The AxiChrom columns are intended for production use only and should not be used for
diagnostic purposes in any clinical or in vitro procedures. The columns are not suitable for
operation in a potentially explosive atmosphere or for handling flammable liquids. If the columns
are used for purposes other than those specified in the user documentation, safe operation and the

protection provided by the system may be impaired.

15.4.2 PART DIMENSIONS & DESIGN
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The Chromatography column contains eight main parts: top, handle, cylinder, piston, disc, bottom,

base, and column.

15.4.2.1 Top

The top is fixed by nuts with three columns that pass through it, and it contains two other holes to

let the tube of the piston pass through it
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“rv’c’

15.4.2.2 Handle
I used a handle instead of a motor, because it doesn’t need a high power to rotate it and it is

cheaper

Bearing is placed on the bottom between two rings
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15.4.2.3 Cylinder

Is made of Plexiglas, it's where we put the solid particles
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15.4.2.4 Piston

Contains a ring to avoid fluid leaks and to let the piston move easily and two tubes where fluid

passes through into the piston
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72.5 mm

9mm

— 42 mm

>

12m

72.5 mm

l—— 42 mm

7 mm
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15.4.2.5 Disc

Is placed on the bottom of the cylinder. It contains holes of diameter 0.25 mm to separate big

molecules from small ones and it contains a ring to avoid leakage
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15.4.2.6 Bottom

Contains three external holes fixed to the three columns by bolts.it has a conical shape to let the

fluid reach to the center
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15.4.2.7 Base

Contains three legs and three external holes to fix the columns by bolts
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15.4.2.8 Column
It is the part that connects the top, bottom and base parts together.
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15.5 Demonstration and Modelling of the Pump
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15.6 Demonstration and Modelling of the Homogenizer

-Ibrahim Zaaroura-

15.6.1 DEVICE DETAILS & SPECIFICATIONS

A homogenizer is a piece of laboratory or industrial equipment used for the homogenization of
various types of material, such as tissue, plant, food, soil, and many others. Many different models

have been developed using various physical technologies for disruption.

Homogenization is a very common sample preparation step prior to the analysis of nucleic acids,

proteins, cells, metabolism, pathogens, and many other targets.

15.6.1.1 Working principle

High Pressure Homogenization is a process of increasing the consistency of a product by means of
dispersions. The product is displaced under the generation of high pressure and is forced through
homogenizing valve gap. Cavitation’s turbulence and sheer force break the product into particles

of size less than 1 microns.
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Valve
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Imp act ring
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seat
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Acting on high-pressure principle, the instrument is used for extruding cells, especially suitable for
smashing thick-wall cells, germs and denser solution samples. Having no noise, less temperature
rise and no 28 metal ion contamination, it has wide application of such research fields as protein
study, nucleic acid extraction, cell disruption in genetic engineering labs of colleges, scientific

research institutes and pharmaceutical factories.

15.6.1.2 Specifications

MODEL JG-IA CAPACITY 50/ML  SCIENTIFIC
RESEARCH
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VOLTAGE 380 VAC MAX  OPERATING | 256 MPA
PRESSURE

PRESSURE DEVICE | HYDRAULIC MAX PRESSURE | 170 MM

SYSYTEM STROKE

SAMPLE TUBE 25 MM STAINLESS | PRESSURE  PLATE | 6.8 MM/S
SPEED

DIMENSIONS 800x910x810 LARGEST VOLUME | 50ML/TIMES
SAMPLE

15.6.2 PART DIMENSIONS & DESIGN

15.6.2.1 BASE PART

-box (sketch) with thickness =175 mm that contains the crankshaft and pistons to operate

the process (breaking cells).
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-Cover for Base with thickness =25mm

15.6.2.2 CRANK SHAFT AND PISTONS

-Taking into account the dimensions of the shaft and pistons according to the

box dimensions.
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15.6.2.3 Pocket circle with R= 55mm to pass the cylinder of the pistons
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15.6.2.4 With same sketch for pistons and box bind the two parts together.
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Homogenized
Product

_’

i Ad justable valuve handle

Praduct Immzm/l< (@ I Stage

Znd
Stage

—

Impact

Gap: o
bhetween —
the valuve S=

and valwve

Product

15.6.2.6 Futting the cover over the box and fixed it with bolts and added the shaft comes out from
crank shaft and connecting to pulley, this pulley also connected to other one with belt.
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-belt thickness =10 mm

-Large circle with R=165 mm and small R=70 mm
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15.6.2.7 Select a motor drive and connected to the small pulley to drive the second and the pistons
start work
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-Small motor and electricity box
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15.6.2.9 Finally close the machine with stainless wall

FINAL IMAGE: HOMOGENIZER
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15.7 Final Assembly of the MEGBI Plant

storage

“Due to the lack of Assembly Features in FREECAD, Assembling These Parts Together. Was
harder than Modelling Itself “~ Jihad Samarji
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MODELLING AND ASSEMBLING MEGBI-VPP IS DONE

NEXT STEP: IS TO MAKE AN AUTOMATION SYSTEM TO SIMULATE THE WORK OF THIS
PLANT

THIS CHAPTER CONTAINS INFORMATION GATHERED FROM PERSONAL EXPERIENCE
AND THE INTERNET.
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16 Automation System Design and GUI

This task was done as master thesis from Haitham Hindy, Lebanese University, Tripoli
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558k gall S8l A5LE 5 (Fermentation) Sk ) sad)

Downstream System (Purification) from Solaris Group (in this
way MEGBI-VPP downstream processing shall be developed)

Operation sequence
of ion exchange

PLC System for MEGBI-VPP
downstream processing

EQUILIBRATE -1 {Column Equilibration

chromatography Column Testing (Holding) system: Siemens $7-300
< LOAD-1 [PBA Column Loading) with PROFIBUS
device (to be WASH-1 (Column Wash]
ELUTE-1 (Column Elution)
automated) Strip [Column Regeneration)
Rinse [Column Wash)

Chromatographic rig CIP [In-Place-Cleaning]

Master Thesis

Automation of measurement of temperature, pressure and pH data and automation

of fluid flow of a biotechnological production plant

. Design of Software (State machines) for Homogenizer, Disc Stack Centrifuge in including CIP/SIP functional
elements, Process Scale Gel Permeation and ion exchange chromatographic devices, Process Scale Ultrafiltration
Device (6 weeks)

. Graphical User Interface for the automation of MEGBI-VPP downstream processing (DSP) unit (4 weeks)
. Adaptation of a Graphical User Interface to a Siemens S7 PLC system (6 weeks)
. Documentation (3 weeks)

Keywords: measurement of temperature, pressure and pH data, Automation of fluid flow, PLC, Siemens S7, Programming,
User Interface, C++/Java, Biotechnology

For automation system basics please refer to chapter 2, sections 15-17
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16.1 Automation System Specification

Table 3: List of Process devices with machine, PI diagram symbol and instruments needed.

PROCESS DEVICES VALVES/
PI DIAGRAM SYMBOL/CAD MODEL SENSORS
NUMBERS NUMBERS PUMPS
V1 T1
V2 PH1
P-10 V-101 V3 MF1
V4 PR1
V5 PO1
V1
—+F V2
T2
V3
P-11 DS-101 ME2
V4
Centrifuge V5 PR2
V6
P-12 S-103 g ; azl:‘:’ V1
Storage
V1 T3
e > Vo MF3
P-13 H-101
V3 PR3
Homogenizer
PU1
P-14 S-102 g ; azl:" V1
Storage
V1
V2 T4
P-16 V-102 V3 MF4
V4 PR4
V5
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‘I"I’l‘l"l"?‘l"l"l"l’"

Precipitation

P-16

DF-101

>
L4

7

Ultra-filter

V1
V2
V3
V4
V5
PU2

T5
MF5
PR5

P-17

S-103

Storage

V1

P-18

C-101

THeeserered

V1
V2
V3
V4
V5
Vo6
PU3

T6
MFé
PR6

P-19

S-104

Chromatography

Storage

V1
PU4

P-20

C-102

TYteyrreeey

Chromatography

V1
V2
V3
V4
V5
Vo6

17
MF7
PR7
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Ik "
P-21 S-105
PU4
Storage
p V1
i
} V2 T8
P22 Vv-103 i V3 MF8
+H B
i V4 PRS
+ ;
Precipitation V5
—— [l V1
: T9
V2
P-23 DS-102 " ME9
V3
Centrifuge [ 4 va PRI
P-24 S-106 m Vi
Storage
V1
=¥ V2
4
V3
) T10
P-25 C-103 ia V4 MF10
P
7] Vs PR10
i : V6 PU5
Chromatography e =
P-26 S-107 m Vi
Storage
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V1
V2
P-27 E-101
ol V3
Blender V4
P-28 S-108 E ; BEE V1
Storage
Vi
V2 T11
P-29 E-101 V3 PR11
Filter with 0.22 micro V4 MF11
V5
P-30 S-110 + Vi Pl
H e
Steam generater
P-31 S-109 E ; azﬁ V1 -—
Storage

With this list can make the screen, we have painted a miniature in a paper A4 link the

instruments together in order to process the next process and we have introduced the

valves to get this:
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Figure 22: Painting the Downstream Processing.
Next step we have used this image to create the graphical user interface, we have collected

the SuperPro with paint to make all instruments and process together and get the image:
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Graphical User Interface \
/ Adaption layer
\
VELEMAN VELEMAN VELEMAN 4
BOARD BOARD BOARD
K8061 K8061 KS061 PLC S7 SIEMENS

Outputs Outputs  Inputs Inputs Inputs
I t Output
(Actuators e (Actuator (Sensors) hal 'ensors) Outputs (Sensors)
Pumps) (Sensors)  pumps) (Actuators, (Actuators, Pumps)
Pumps)
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16.2 Graphical User Interface
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Figure 2.23: PI Diagram which represents the MEGBI-VPP Processing.
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So by using the concepts and the specification of the production for the vaccine, we have
organized the PI diagram for the MEGBI-VPP Processing and finally we get the PI
diagram full needed to continue our project and to be the first step that has done and now
this PI diagram (figure 2.1) represents the MEGBI-VPP Processing. On this PI diagram we
have putted 3 pipelines white represents the road which will pass by the vaccine and some
materials adding in many machines, we thought about cleaning the machines, everything
need clean after use to get a perfect production, for that we have created the 2 next
pipelines red and blue, the red one is the road of the steam water coming from a steam
generator and the other one is the road of the dirty water ,it's the dirt coming from the
production of the vaccine hepatitis b and beside the bioreactor we have added the
temperature control system specific for it ,we have putted the valves necessary on the
pipes to controls the in and out of fluid for the machine , and we have putted the pumps
but we make look about the position that we have to use pump , so as we know if there is
a elevation between the machine we need a pump so that is the condition that we have

based on it.

Next have to use the PI diagram on Python to create the control screen, we have passed by
many problems on python start by how to install, how to run, and how to use, we have
searched on internet sites to answer on this questions, and we get the answer needed by
the Python book* and internet sites[6] then we have used this reference for knowing the
codes needed on Python to create this screen and how we should use it, first the idea of
the control screen is controlling the fluid flow by open and close the valves, turning on
and off the pumps, watching the status of each instruments on this screen for that we have

needed buttons, labels texts list box background and window...

The hard job was on installing the Python, run it and how to choose the specific code for
each thing we have to create on the screen so we have putted a plan about the things that
we will show on the control screen, so as we talk before we need buttons by a specific code

on Python we have created 68 buttons, 58 for valves and 10 for pumps , and we have

“Book name: Wx Python in Action
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organized it like each valve beside it the button specific for it , so we have identified the
position of the valve to know where we will put this button and we did this for the 68
buttons. Before button we have used the PI diagram created with a specific code on
Python to the background of the control screen and with a specific code too we have
created a window for this screen and we have created a bar status for this screen with 2
buttons 'exit' 'about’, plus we have written on 'about’ information about this screen and
what it's represents. Next we have created two list box (one for valves, other for pumps)
concerning the list name of the actuators (valve or pump) beside it we have putted a label
for each actuators to shows on it the status of the actuators, this status we will use it to
controls the actuators by open/close or turn on/off by a 'ON' or 'OFF' on label, so we have
created on Python a condition between the label and button which we can use the click on
button to get 'ON' for first click 'OFF' for other for a manual work, and for the full
automation we have putted a "Turn ON" button that we will click on it to begin the
production process. Now we have the window with the PI diagram background, buttons,
and two list box and if we click on button we get the status of it on label in list box this for
a manual work and we have the "Turn On" button, So the control screen is done and ready
to use (figure2.2). About all specific codes used you can see the full program in Annex2

and see the codes.

Some difficulties during installation

= Command Prompt = B

icrosoft Windows [Version 6.3.9766861
Cc> 28013 Microsoft Corporation. All »ights reserved.

UszerssHaysszam>C:\Python34 Scripts~Pip install numphy
ollecting numphy

sUsers Hayssam>C:Python34 ~Scripts~FPip install

ssUserssHayssamn>C:~Python34 Scriptsseasy_install numphy

Bearching for numphy

Reading https:/pypi.puthon.orgssimple/numphy”

ouldn’t find index page for ‘numphy’ <maybe misspelled?>

Bcanning index of all packages (thisz may take a while)

[Reading https: “pypi.python.orgssimple~

o local packages or download links found for numphy

error: Could not find suitable distribution for Reguirement.parse!’numphy’>

ssUsers~Hayssam>

Figure 24 : Error Command 2
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To repair this error, must upgrade the pip package:

(o | Command Prompt - C\Python34\Scripts\Pip install --upgrade pip - DO SN

icrosoft Windows [Uersion 6.3.96801]
201 Microsoft Corporation. All rights reserved.

am>C:\Python34\Scripts\easy_install._.exe
- filenames. o» regquirements specified {(see ——help>

:N\UsersN\Hayssam>C:\Python34\Scripts\Pip install nump_hy

vol‘lect ing numphy

:\Users\Ha_yssam)C:\Pyt}|0n34\Scripts\Pip insf:::_lll **upgr:{\de pil_)

ollecting pip
Downloading pip—7 2—py —none—any.whl {1 _.1MB>
1806~ 'tnﬂﬂttﬂtntﬁﬂﬂﬂttﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂt' 1.1MB 53kB/s
Installing collected packages p1p
Found existing 1n\,tallat10n- pip 72.8.3
Uninstalling pip—7.8.3:
Successfully uninstalled pip—7.6.3

Figure 25: First step of upgrading.

=X Command Prompt - o IEl
Successfully uninstalled pip-7.8.3

:\Users\Hayssam>

Figure 26 : Done step of upgrading.

For complete the installing must define the entire package like that example and run it:
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7 Python 343 Shell

File Edt Shell Debug Options Window Hel

g e S ue : v e - CyUsers(Hayssam/Deskiop...py (343) - D
Python 3.4.3 (v3. L& Py‘[ho

Type "copyright”, ‘File Edt Format fun Options Window Help ‘
o File Edit Shell Debug Options Window Help

Python 3.4.3 (v3.4.3:9073f1c32601, Feb
Ded)] on wind2

Type "copyright”, "credits" or "license |y oy 2
W RE
e ¥y print |'Bython working')
Python working |
¥y

Figure 27 : Python working.
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After installing and running the Python, must continue to written:

First how to insert a background, that background should be the screen, the previous
image was painted must be that background, the Python had a code to use an image like a

background we used the code to my image.

This is the code:

R R R R R R R R R R R R KRR R R R R R R R R R R R R R R R R R R R KR R R R R R R R R R R R R R R R R R R R R R R R KRR R R R R R R R R R R R R R R R
BACKGROUND IMAGENAME =\"C:\Users\Hayssam\Desktop\GUI 22041SMEGPI-VFP PI DIAGRAM.FPHG"

clazs MyBackgroundPanel (wx.Panel):

def init  (=elf, parent):
wx.Panel. init (self, parent)
self.bmp = wx.Bitmap (BACKGROUND TMAGENAME)
zelf.Set5ize (self.bmp.GetSize())
gelf.Bind (wx.EVI_PAINT, =elf.on paint)

def on paint(=self, event = lone):
de = wx.BufferedPaintDC (self, =self.bnp)

Figure 28 : Python 1
After this we had created a window from a code across written a new class, use the wx.Frame

function, put name for this window and some developed.This is the code:
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clazz MyFrame (wx.Frame):

def _ init (self, parent = lone, title = "MEGBI Vaccine Pilot Plant (MEGBI-VPF) Overview Upstream & Downstream Process"):

wx.Frame. init (self, parent, -1, title)
panel = MyBackgroundPanel (self)

LABELSTYLE = wx.BORDER SUNKEN | wx.ST_NO AUTCRESIZE | wx.ALIGN CENTER HORIZONTAL

nenuFile = wx.Menu()

nenuFile.Append (1, "&ibout...")
menuFile.AppendSeparator()
menuFile.Append(2, "Exit")

nenuBar = wx.HenuBar ()

nenuBar.Append (menuFile, "File")
self.SetMenuBar (menuBar)
self.CreateStatusBar()

gelf,SetStatusText ("Welcome to MEGPFI Project!")
2elf.Bind (wx.EVT_MENU, zelf.Cnfbout, id=l)
2elf.Bind (wx.EVT MENU, gelf.OnQuit, id=2)

m
h

f OnAbout (zelf, event):

wx.MesgsageBox ("This is a Screen controller of MEGPI Froject”,"Welcome to my python", wx.OK | wx.ICON INFORMATION, self)
f CnQuit(self, event):
self.Clozel()

s

=)
m
Fh

Figure 29 : Python 2
After the frame class, must put the finale class for the main loop, this is for show the

background and the frame without it nothing done.

This is the code:

#**%%k%kk**%%kkk**%%kkk main definition and TUDp R R R R

def main():
"MMTesting™""
MyBackgroundPFanel = wx,PBySimplelpp (wx.Panel)
f = MyFrame ()
d=ValveListBox|()
d. Shaw ()
f.Center()
f.5haw ()
MyBackgroundPanel .MainLoop ()

Figure 30 : Python 3
Next increased buttons for valves and pumps cause needed to click on it to open and close

the valve, turn on or to turn off the pump, for that we used the code in python to create
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the buttons but we must specify the position of the valve or pump to put the button near

of it, to know that button to that valve or pump.

The code in python given much of details like we can name the button and position for it

in screen so that easy to create in my screen . I have 67 valves and 10 pumps.

This is the code:

# Create Valwves

V1
wx.5taticText (panel, -1, " V1 ", (15,300))
self.button V_1 = wx.Button(panel, -1, "V1", pos=(95,100),s=size=(20,20))

self.Eind[w;.EVT_EUITGN, 2elf.V1l, self.button V 1)

def V1 (=self, event):
wx.MezzageBox ("V1 iz Open ", "Open"”, wx.O0E|wx.ICON INFORMATION)

Figure 31 : Python 4

Getting this screen in first try, if we click on V1 will be given “V1 is Open”:

375



Specification, System Design, Detailed Devices and Plant Design, and Automation for the MEGBI
Vaccine Pilot Plant MEGBI-VPP

Figure 32 : Button V1 Created
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Next step is creating label and collected it with buttons to show if we click the valve

button will give “ON” or “OFF”

We need a code through which we can enter a condition and we can access to open-close
the valve plus give in the label “ON”-“OFF”, and turn off-on the pump plus give “ON"-
IIOFFII.

This is the code:

# Create Valwves

#V1
wx.5taticText (panel, -1, W1 ", (18,300))
gself.button ¥V 1 = wx.Button(panel, -1, "V1", pos=(55,100),=size=(20,20})

self.Bind (wx.EVI_BUTTCN, self.V1, self.button V_1})

[w)
m
Hh

V1(=self, event):
valve status ON = 'CM°
valve status OFF = 'OFF'

if self.Valwvel.GetLabel (j==valve_status_ON:
self.Valvel.S5etLabel (valve status_OFF)

wx.MessageBox ("V1 is Open ", "Cpen", wx.0E|wxz.ICON TNFORMATICH)
g2elf.Valwvel.Setlabel (valve =status ON)

wx.MessageBox ("V1 is Close", "Closed", wx.O0E|wx.ICOH INFORMATICH)

=1

Figure 33 : Python 5

With this code we have continued the Screen Controller to get it, this all buttons and labels
represent the actuators, for the sensors we have developed some labels because the data of

the sensors are taked from Velleman board.

We passed by some problems with function, how we will join the button with label and
how to connect the label with condition ‘if ...else” to given “ON” or “OFF”, and the order

of steps. With the help from www.Python-forum.org, there we asked about the problem,

and how to fix it.

They have given us help and repaired the code just in exception case.

This was the wrong code:
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CODE: SELECT ALL

F1
self.butten V1 = wx.Butten(panel, -1, "V1", pos=(85,100),3ize={20,20))
3elf.Bind {wx.EVT_BUTTCN, self.V1, self.butten V_1)

def ¥V1{self, event):

valve_status_ON = 'ON'
valve_status_OFF = 'OFF"
if 3elf.V1.Bind{"<Buttcn-1>", callback):
#3elf.V1l == True:
#valve_status = valve_status_CON

seli.Valvel.SetLabel (valve_ status_CN)

Wx.MessageBox ("V1 13 Cpen ", "Cpen”™, Wx.OH|wx.ICON_INFCRMATICH)

Figure 34: Shot of the wrong code in forum.

And this was the right code after the help from the forum python site:

CODE: SELECT ALL

def V1(aeli, event):
valve_status_CN = "CI'
valve_status_CFF = 'OFF'

if self.Valvel.GetLabel {)==valve_status CN:
3elf.Valvel.SetLabel (valve_status_COFF)

wx.MeasageBox ("V1 is Open ", "Open”, wx.O|wx.ICON_INFCRMATICN)
elae: :

geli.Valvel.Jetlabel (valve_status_CIN)
wx.MeszageBox ("V1 is Clese", "Closed™, wi.OK|wx.ICCH INFORMATION)

Figure 35 : Shot of the right code in forum.
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After writing the code for all the buttons, labels, text, we go the Controller Screen:
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Figure 36 : The control screen full of buttons

380



Automation System Design and GUI

So as we talk before, the next step is connecting the control screen to USB Velleman K8061
board, we have used a specific code on Python to can the screen read the board and run it,
before that we have defined the device of the USB board to pc by 2 dll files named
"K8061.dll" " mpusbapi.dll" we downloading it from a site I, when the board was

connected to the screen we get a command shows the message between it (figure 2.3).

56 Board is now connected!
SE Board Is now connected!

il V55 ——————
Figure 2.37 : Command between the USB board and the control screen .

This is the code:

ke ke R o R R R R R R RO KR Run USE System EEEE R ERRRE R AR AR RR AR

L L LT T T T
def CpenlUS5BBoardThread(self):
self.dl]l = windl1.E8061
i = zelf.counterUS5EBoards
for doit in range(0,i41):
try:
=zelf.dll.0penDevice ()
zelf USECpened = True
% debug info
print ('USE Board is now connected!')
#end debug info
except:
txt = ('Please Check USE EBoard connection')
print ('txt')

return

Figure 38 : Python 6
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Next of this code, must know how to connect the screen to the Velleman board, for that we
must read about Velleman board, how to connect it ,how many inputs outputs ,the

channels it has, and the actuators sensors which represents the outputs inputs .

And to connect the temperature sensors and get value, we must use a function to make the
Velleman board read the value of the sensors and represents it in the label, to read the
value should we use self.dll.ReadAnalogChannel(Adress,Channel) function ,the address
of the board used is 0 and channel was 1., next is the code:

3 temperature Zensors value

wx.StaticText (panel,-1," Temperature Valus ", (100,12))
self.tenp Vaporizer out = wx.StaticText(panel, size = (26, -1}, pos = (200, 10), style = LABELSTYLE )

new value = str(self.dll.ReadinalogChannel (0,1})
self.tenp Vaporizer out.Setlabel (new value)
self.tenp Vaporizer out.Refreshi)

Figure 39 : Python 7
After knowing how to run, we must collect the circuit of the temperature sensor:

16.3 Adaptation of Device Sensors and Actuators
16.3.1 Actuators (Valves)

Next we will talk about the actuators and sensors, and how we have connected it to the
USB board to control them by the control screen. But when we makes the connection
between the temperature sensors USB board we get wrong results that make a question
about temperature so we have canceled it from the project and we continue about
automation system by control the fluid flow from the actuators. To connect the actuators
to USB board we need a relay, this relay will control the valve by open/close when they
takes the order from the board same to pump by turn on/off, so we have built this relay by

using a schema (figure 2.4).
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-

Masse l
to Source

Figure 2.40:Schema represents the construction of relay.
So with this schema (figure 2.4), we build it by: relay-small board-tapes-welding

Figure 2.41: installation a relay.
And we use it to connect the actuators so as we can see on figure it's like a switch but with

order this order come from the board, plus this actuators have connected to outputs

(digital or analog).
Source

USB Actuators

Velleman (valve

Board pump)

4 steps to link the relay and make the connection between the board and the actuators:

- Connecting the relay to source (220V)
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- Connecting the relay to actuators (220V)
- Connecting the relay to outputs channel(5V-12V)

- Connecting the relay to power of USB board(12V)

After knowing how to connect the actuators, we take a valve and we will try to connect it,
so as we talk before, we have connected the valve to relay, then we have linked the relay

and we get the circuit between the board, valve, relay, source (figure 2.6).

Figure 2.42 : The circuit between the board, valve, relay, source.
And we will test it to make sure the valve the circuit is working good and ready to use it in

the test stand, so we will try to open and close it from the screen by clicking on button and
we take many pictures showings the test, as we see the blue color mean the valve is getting
open so the order from the board has been arrived to valve to open and the red light on
the board in the outputs channel confirm the same thing (figure 2.7) ,and vice versa the red

light disappeared when we close the valve so that confirm the same thing that the board

gives the order to open or close(figure 2.8), so the control of the valve is working .
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hen the valve gets opened.

o

Figure 2.43 : The circuit w

Figure 2.44 : The circuit when the valve get closed.
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So we have 58 valves and 10 pumps concerning the production,and the valves , the pumps

have used on temperature control system for bioreactor and the cleaning way,and we will
make a connection on the PI diagram between the all actuators and the boards ,PLC.so we
have connected each valve to a output channel on board or PLC(figure 2.9),16 outputs

(digital + analoge) on board ,16 on PLC.
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Figure 2.45 : Network between the actuators and the boards,PLC.

16.3.2 Sensors

( j(
/

T-1908d
9002 guoWelPA @
o

—-—

U

)
,\\\ .

Figure 46 : The circuit of Temperature sensor with Velleman board.

|
J
t

This is the circuit, in which we have connected the temperature sensor to Velleman board
across a connection, we have put it on inputs channel one but we have to connect it to

output at same time, for even take electricity from that output it just the only way to filled.

So we need 2 connections, one on inputs channel 1 position 1, and other in outputs
channel 2 position 1 plus ground and it’s ready to work.
After the scan and test shows that there is the temperature sensor malfunction and it

should be removed from the project for a reason of time constraints.

We take 3 shots to show how the sensor didn’t give a constant value this shows that there

malfunction, plus all the connection was right.
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Figure 47 : 3 Shots show the malfunction.
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Now, how to connect the outputs represents across valves and pumps.

For example we worked on valve, must click on V1, that button give order to Velleman
board to open or close the valve. So we have used a code to connect the python code valve

to the board.
This is the code:

def V1(=self, event):
walve status ON = 'O’
valve status OFF = 'CFF'

# open the USE board

if egelf.Valwel.GetlLabel ()==valve_status_ OFF:
self.Valwvel.S5etlabel (valve status ON)

zelf.Cpenl5BEoardThread ()

gelf.dll,.S5ecDigitalChannel (0, 1)

wx.MessageBox ("V1 is open ", "Open", wx.OH|wx.ICON INFORMATICHN)
self.timer = wx.Timer ()

self.timer.Bind (wx.EVI_TIMER, self.on timer)
self.timer.S5tart (0)

wx.MessageBox ("V1 is Cpen ", "Cpen”, wx.0X|wx.ICON INFORMATICHN)
self.Valvel.Setlabel (valve status OFF)

cime.=slesp(2)

self.dll.ClearDigitalChannel (0,1)

print '"Digital Channel Cleared, V1 turn off'

wx.MessageBox ("V1 i1s Close","Closed", wx.OK|wx.ICON INFORMATICH)

a1

Figure 48 : Python 8

We have used timer to get order fast if we click it opens directly and same to close it.

Now if I click on valve V1 they give V1 is open and the board take the order to open it,

same to close it.
How to connect the valve to the Velleman board:
There should be a relay, like we see:

Must make a relay, we start with collect the contents
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Needed:
e relay
e  Small board
e Tapes
e Welding

the relay play the role of the brood , but with order.

For example , if a request from the board to open the actuators ,this brood will hatched

and give the power required to actuators.

So when we click on button at screenthe board get order to open or close the
actuators,and the relay is helping to do this order,across a signal from the board represent

by 0.5V.

Figure 49: Building a relay.
This work like an electric transformer:
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4 tapes:

- First one is getting 220V from source.
- the other is 220V linked to Valve(because the valve working on 220V)
- the other is connected to the source of Velleman board that mean take 12V

- The last one is connected to channel Analog outputs.

And we take a picture of the circuit:

Figure 50 : The circuit of Valve with Velleman board

Now must test it:
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Figure 51 : Testing the process.

The valve is open, that blue color on valve means that the valve was open.

-
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L

Figure 52 : The circuit when the valve gets opened.

They is red light on near the series of light, that light meaning the valve is getting order

and open that is working when The button was clicked, so the valve was open.

Next click to close it, and we should showing it too:
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Figure 53 : Testing Process.
The valve is closed; we didn’t saw the blue color.

Figure 54 : The circuit when the valve get closed.
We saw in this picture the red light is off, that means the board gives order to valve to turn

off, and is sawing in screen V1 “OFF”.

Next, we have moved to the test stand, we have painted the circuit needed, across a

website [2].
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We have taken part of The Downstream processing, and we will test it across the board,

valve, pump, and the control screen.

liquid water
in in
Ultra-centrifuge Storage
Valve

Valve — y Wwater
out

< [ Chromatography C A}

Pump

Figure 55 : Diagram for the part of downstream processing used.

We saw liquid enter to the ultra-centrifuge and continue across the valve to Storage.
After the storage, the liquid continue to Chromatography across valve and pump.

We saw in the way a line to water-in, that line is used to clean the storage, and more the

line of water-out is used to get rid of the dirty water.

Across the diagram we will create a schema to the process that will test it.
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KB061
Velleman
board

[

e —————————————

_____

Storage
— -

Temperature sensor

Pump

Valve

.

Figure 56 : Schema of the part of downstream processing used.

The contents of this schema:

- T1 represent the ultra-centrifuge.
- T2 represent the Chromatography.
- T3 represent the Storage of water used for cleaning.

- USB Velleman K8061 board connected to laptop.

This schema is a miniature of the really circuit.
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Figure 57 : Test stand.

Like we saw in schema we have built the test stand:
The board is connected to pc, and the control screen was working and ready to test,

With using of plastic pipes, we have linked T1 to valve and the valve to the storage, plus

T3 to the valve too.
On the other we have linked the storage to valve, the valve to pump and pump to T2.

We have worked hard to build it, like we saw, we used plastic pipes, the mechanics tools,

cash cables ...

Finally getting the test stand:
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Figure 58 : The test stand ready for work.

16.4 Functional Operation Algorithm of Automation System

Prot A-E quiil.
Prot&-VWash
X
ProtA-Elut
N Protein-A
Prot4-Reg. :
+
+
*  ——
— i
5037 F {2858 69 Libatch )
M e Rl
- [ ¥ =3
S-035 gh P-18/C-101 P-18 / DE-108
PBA Chromatography Prota-VWaste Polig hing Fitler 5
45841.35 Libatch
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Operation Sequence for Procedure: P-18 (in C-101)

A allable Operations Operation Sequence
04 g-|- B o-|-
* | X O BF g F g
Elute EQUILIERATE-1 [Columnn E quilibration)
E quilibrate Colurnn Testing [Holding)
Hald LOAD-T [PB& Colurnn Loading)
Load WASH-1 [Column W azh)
Regererate ELUTE-1 [Colurmn Elution]
5IF REGEMERATE-1 [Column Regeneration)
Wash .--_=.¢ o2 Chromatographic rig CIF [In-Place-Cleaning)

L o o Ry L B (LI B N L [y W T T T}

51P-1 [In-Place-5teaming]

Operation Sequence for Procedure: P-19 (in DE-109)

Available Dperations Operation Sequence

X L B g B

Filker SET UP [Holding]

Flush FILTER-1 [Dead-End Filtration)
Hald

SIF

Tranzfer Out

Now we have created a algorithm represents the production of the vaccine process by
process plus the valve necessary and the order of open/close turn on/off for the process
and we have based on this algorithm to made the full automation of the system of
production the vaccine by control the fluid flow, so we have based on this algorithm to
collect on Python® a code can with it "Turn On' the system to start the production, so with
the algorithm we have created the Python code that we have need to the automation

process and it's done ,ready to test, just click on "Turn On".
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Figure 2.59a : Algorithm represents the automation of the production (Overview)
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Figure 2.60b : Algorithm represents the automation of the production (as in overview, but two pictures)
After creating that algorithm, we have moved to the test stand, the idea of this step is to

build a part of the PI diagram of the MEGBI-VPP Processing and testing it ,so we have to
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choose the circuit that we will based on it build the test stand. By a website [9] we have
created the diagram that represents this part. We will test it by the board, valve, pump,

and the control screen.

liquid water
in in
Ultra-centrifuge Storage
Valve

Valve — water
out

< [ Chromatography C A}

Pump

Figure 2.61 : Diagram for the part of MEGBI-VPP Processing used.

The liquid enter to ultra-centrifuge and continue by a valve to Storage, then to
Chromatography by valve and pump (figure 2.11). This liquid represents the production
and this is the part that we have chosen to base on it to build our test stand. We saw in the
way a line to water-in that line is to clean the storage, and more the line of water-out is to
get rid of the dirty water. With this Diagram we have created a Schema represents the test

stand that we will build and each machine, instruments have to use (figure 2.12).
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KB061
Velleman
board

[

e —————————————

_____

Storage

&

Temperature sensor

Pump

Valve

b -

Figure 2.62 : Schema for the part of the MEGBI-VPP Processing used.

The contents of this schema:

- T1 represent the ultra-centrifuge.

- T2 represent the Chromatography.

- T3 represent the Storage of water used for cleaning.
- T4 is not used.

- USB Velleman K8061 board connected to laptop.

This schema is a miniature of the really circuit that we will build a really one like it.
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Figure 2.63 : Test stand.

As we saw in schema we have built the test stand (figure 2.13). The board is connected to
pc, and the control screen was working and ready to test, with using of plastic pipes, we
have linked T1 to valve and the valve to the storage, plus T3 to valve too, T4 is not used.
On the other we have linked the storage to valve, the valve to pump and pump to T2, here
we have used a pump cause we want to send the production to T3 and T3 is located at a
height of 2 meters We have worked hard to build it, like we saw we use plastic pipes, the

mechanics tools, instruments, cash cable ...
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Figure 16.14 a: The test stand after build it.
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Figure 16.14b: Installed Electrical Control Cabinet
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17 Testing the automation system

We have divided our work to tow part of results, the first one will examine all the
actuators in the test stand to see if there is any problem or to see if everything is all right, it
has been working on three tests by trying to control the actuators on the test stand from
the control screen, then the other will examine the full automation system of the
production of the vaccine by testing the Python code that based on algorithm to do this

automation and control all the process of the production.

17.1 Testing the Test Stand

We start with the test of the test stand we made three tests:

17.1.1 Test 1
On this test ,will examine the valve by sending water from the ultra-centrifuge to
the storage and will exercise control over them and see if we can introduce water into the
storage when we open the valve by pressing the button of valve on control screen and the
usb board will give the order to open.In short,will click the button of valve on screen to

open it and other click to close it.

Figure 3.1 : The Test 1 concerning open and close a valve.

PRECONDITION TEST ACTIVITY POST CONDITION TEST
SUCCEED/FAILED
PIPES WITHOUT OPENING AND | FIRST CLICK VALVE
SUCCEED
WATER CLOSING THE VALVE. OPEN

408



Testing the automation system

OTHER CLICK VALVE
CLOSE

17.1.2 Test 2:

On this test ,will examine the valve with the pump by sending water from Storage

to the Chromatography and will exercise control over them and see if we can introduce

water into the Chromatography when we open the valve and turn on the pump,used

pump here because the slot was from under so the liquid haved a low pressure,plus the

Chromatography exist at high so must use pump to increase pressure.By pressing the

button of valve with pump on the control screen and the usb board will give the order to

open and turn on the pump.In short,will click the button of valve with pump on screen to

open it ,turn on the pump and other click to close it and turn off the pump.

Figure 3.2: The test 2 concerning open/close valve turn on/off pump.

PRECONDITION

TEST ACTIVITY

POST CONDITION

TEST SUCCEED/FAILED
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OPENING AND | FIRST CLICK VALVE
CLOSING THE VALVE | OPEN  AND  PUMP
PIPES WITHOUT WITH TURN ON
SUCCEED
WATER
TURNING ON AND OTHER CLICK VALVE
CLOSE AND PUMP
OFF THE PUMP.

TURN OFF

17.1.3 Test 3:

In this test ,will examine the two previous two tests together.

Figure 3.3: The Test 3 concerning open/close 2 valves and turn on/off pump.

PRECONDITION TEST ACTIVITY POST CONDITION TEST SUCCEED/FAILED
OPENING AND VALVE1 OPEN
CLOSING THE PUMP TURN ON SUCCEED
VALVE(V1) WITH VALVE 2 OPEN
PIPES WITHOUT
e TURNING ON AND
OFF THE PUMP.
VALVE 1 CLOSE
OPENING AND
PUMP TURN OFF SUCCEED
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CLOSING THE VALVE
(V2) AT SAME TIME.

VALVE 2 CLOSE

17.2 Testing the full automation of the MEGBI-VPP Processing:

On this part we will test the automation system that we have created before and get the

results about it, this automation is for the production only so they haves the valves and

pumps necessary for it , we not including the valves necessary to cleaning.so as we see on

algorithm before we have 35 valves 9 pumps so we needed 42 outputs ,divided on 3

boards each one have 16 outputs(digital analogue),but we will test the automation on

board and screen cause we haven't the 35 valves 9 pumps so test the automation system by

the board and the screen is enough cause that mean we will test the outputs and it's

enough. Now we will shows all the results on list of pictures started by turning on the

system by click on "Turn on":

Figure 3.4: The test of the automation system by Turn on.
With clicking on "Turn On", the system is start (figure 3.4), and the full automation is

started to test, this full automation can gives to us the controls of the fluid flow.
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Figure 3.5: The test of the full automation system step A,B and C.

The automation is working good, as we see (figure 3.5) the valve V1 is open and the red

light on board mean that , so when it close this red light will disappeared and that what

we shows in this picture
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Figure 3.6: The test of the full automation system step E,F and G.
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Figure 3.7: The test of the automation system by last step.

The system continues the step to finish at all the step of production and they automatically

turned off, so the full automation is working and the test is succeed.
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18 Integration of MEGBI-VPP based on Budget Plan for completing a
minimal Prototype Plant

18.1 Overview

This version (minimal Prototype Plant) includes:

- cost reduction option: vessel with chemical opening of cells instead of homogenizer

- disc stack centrifuge instead of ultracentifuge
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18.2 Cost Planning November 15

Ibownslmam [average comptexnyicast |
Processing # cf mechnical pieces of part w0 oo et Costs
Disc Stack Centrfuge 20 $1.400 1 $1.400
Homogerizer 10 $1.200 1 $1.200
Tl ey Foény
A0 FRA Colre Loadeg)
WA sy
ATES Cr
Emr_.u-Pon\u
Chromatogr. Column it ] HIE
imech) 8 [T $400 3 $1.200
Dpssion Sequeecs
| Xhoipop
EDULBRATE [Tokon Eqrakoe
Cokan T esdng FHokdeg)
L0A0S PR4Cabre Losirg]
WASHH Dok waeh|
ELUTE-! Cohan Ehrice)
Sup e Ragreralie
Ukrafiltration Unit Palgormiimay $200 1 $200
(hwoewegraghve g (P frifce (eanng
Ukracenirifuge (used) 5 $70 o $1.400 1| st.400
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e AT - aty
Moxing/Storing tanks S ragach: §OF e Ourg $60 "
Total Devices $62
Integration
(piping. ) 1/2
inch $1
; | |
Automation = == R
System ‘
&
Item ce # of pleces _ \é \
pump $60 1 Y
-
-
lelectronic valve $50. ot p
-
Toad price $3.500
Mechanical Parts USP : $0
Mechanical Parts DSP_ | $7740
Automation System $3500
ST MEGET VPP
Rest Budget
Requirement $11.240]

Alternative was:

Personnel Cost: 4 months welder: 4000 USD, 4 months Eng.: 6000 USD)

Planned for Nov 15 - Feb 2016

- Integration of Automation System to the whole plant (Material Budget: 10 000 USD),
Planned for Mar-Aug 16 (as Master Thesis)

- Manufactoring of Devices and Integration. Budget: 20.000 USD (Material Costs: 10.000 USD,

18.3 Manufactoring Planning of minimal system
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18.3.1 Package 1: vessels for storing and mixing

Placing of storages based on flowdiagram

Costs: 1500%

18.3.2 Package 2: Chromatographic Columns, Disc Stack Centrifuge, Homogenizer

Costs: 1400%

18.3.3 Package 3: Pumps & Valves
Costs: 3500%

18.3.4 Package 4: Piping
Costs: 1500%
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18.4 Manufactored 24.12.-30.12.2015 (based on minimal system)

18.4.1 Design

18.4.2 Costs

1 sheet stainless steel 316: I1m x2m x 2mm -> about 150%

1 sheet stainless steel 304: 1m x2m x 2mm -> about 100$

stage material: 6m x 38 mm x 38 mm ->35$

Material

Staff

storage & mixing tanks (stainless steel 316)

and metal stage (stainless steel) -> about 850 $
4 rolls (15%)

1 pump stainless steel 1,5 bar (55%)

Welder (Mohammad Qammah) for 7 days (all
in 315 $)

There were total costs of 1230 $.
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Integration of MEGBI-VPP based on Budget Plan for completing a minimal Prototype Plant

—

18.5 Sitill missing (to be manufactored/buyed in 2016 insha Allah)
piping

disc stack centrifuge

homogenizer
2 columns

Adaption of automation system

For manufactoring disc stack centrifuge and homoginizer a CNC machine is needed.
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19 Annex

19.1 Annex 1a: How to install Python

- download python from www.python.org , we downloading python 3.5 version for

windows 8
-install Python by run the program and continue the steps.
Needed a series of packages:

e Numpy-1.9.2
e DPy2exe
e PyDDE
¢  wxPython-3.0.2.0
To install each package u should to open a command and write:

“C:\location of your python\Scripts\Pip install package name.”

We  have putted a CD  with this document  concerning:

Share View

Home
|_E>| Ij & cut lﬁ ‘ng x Eﬁ [ New item - 2 3 Open - HH setect all
= [ Copy path g A Edit

" 4 FEasy access -
New ies
folder & b History 57 Invert selection

Clipboard Organize Hew

(€ (3) ~ 1 L » ThisPC » Desktop » qui »
Python Program video

Select none
Copy Paste _ Move Copy Delete Rename
[3] Paste shorteut 1o te E

Open Select

»0 Faverites

B Desktop Bl
18 Downloads
] Recent places

doc Gul old
& Homegroup

18 This PC
Il Apple iPhone
J Desktop

iy TIDE73700F (C:)
a New Volume (E:)
& CD Drive (G)

€ Netwark

1% TECHNICOLOR
%) TOSHIBAA

Gitems 1 item selected

o= o . » ENG

TeloflsNé
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19.2 Annex 1b: Connecting Veleman Board, Drivers

For the veleman board there are needed drivers. These drivers are only compatible to

Windows XP, not to Windows 7. Following files are needed:

K8061.d11
unicows.dll

w9xpopen

The drivers must be in the same folder as the .py file.

| . v Computer » Lokaler Datentrager (D) » AECENAR » MEGEI » MEGBI-VPP » GUI »

Ten ¥ = Offnen In Bibliothek aufnehmen « Freigeben fir » Brennen Neuer Ordner
iten MName : Anderungsdatum Typ Grafke
ktop . FreeCAD-Data 07.10.201509:41 Dateiordner
wnloads J old (8.10.2015 09:39 Dateiordner
=tzt besucht J release 0710.2015 09:41 Dateiordner
=] 081005_MEGEI-VPP_downstream 08.10.2015 08:57 PY-Datei 60 KB
theken R 220415MEGPI-VPP_PL DIAGRAM 12.11.2013 09:47 PMNG-Bild 209 KB
er || 280415MEGPI-VPP_PI_DIAGRAM_1300:62... 12.11.201309:26 PNG-Bild 263 KB
wmente B 300415MEGPI-VPP_PLDIAGRAM 30.04.2015 10:47 PNG-Bild 605 KB
sik %] K&061.dll 08.12.2007 00:00 Anwendungserwe... 33 KB
=05 %) unicows.dll 2811.2007 15:32 Anwendungserwe... 253 KB
CE wixpopen 06.04.2013 19:54 Anwendung 49 KB
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19.3 Annex 2a: phython automation code only in maintance mode (without full
automation)

#%!/usx/bin/env python

#% -#*- coding: iso-8859-15 -*-
import sys

tkinter import #

random
time
WX
thread

---------------------- panel frame S R

EACEGROUND IMAGENAME = "220415MEGPI-VEE PI DILGRARM. PHNG"

cla=ss MyBackgroundPanel (wx.Panel):

def  init  (=2elf, parent):
wx.Panel. init_ (self, parent)
self.bnp = wx.Bitmap (BRACKGROUND IMAGENAME)
zelf.SetSize (self.bmp.GetSize ()
gelf.Bind (wx.EVI_PAINT, s=elf.on paint)

def on paint(=2elf, event = llone
de = wx.BufferedPaintDC (self, =self.bng)

clazs MyFrame (wx.Frane):

def _ init_ (self, parent = None, title = "MEGBI Vaccine Pilot Plant (MEGBI-VFP) Overview Upstream & Downstream Process"):

self.testUSE
zelf,dll

zelf,USEAdrD
self,U5BCpened
self.counterU5EBoards

wx.Frame. init_ (self, parent, -1, title)
panel = MyBackgroundPanel (self)

LABELSTYLE = wx.BORDER_SUNKEN | wx,S5T NO AUTORESIZE | wx.ALIGN CENTER HORIZCNTAL

nenuFile = wx.Henu()

nenuFile,Append(l, "&About...")

nenuFile. AppendSeparator |
nenuFile,Append(2, "Exit")

nenuBar = wx.MenuBar()

nenuBar.Append (menuFile, "File")

self, SetMenuBar (menuBar)
self.CreateStatusBar()

self,SetStatusText ("Welcome to MEGPI Project!')
2elf.Bind (wx.EVI _MENU, self.Onfibout, id=l)
self.Bind (wx.EVI_MENU, self.OnQuit, id=2)
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# temperature sensors value

wx.5taticText (panel, -1, " Temperaturse Valus ", (100,12)

self.temp Vaporizer out = wx.S5taticText (panel, size = (26,
new_walue = str(self.dll.ReadinalogChannel (0,1))
zelf.temp Vaporizer out.Setlabel (new_walue)

self

zelf
zelf

self

self

self
zelf

zelf
zelf

self
self

self
self

self
self

self
self

self
self

self
self

self
self

self
self

self
self

self
self

temp Vaporizer out.Refreshi)

#Valves

V1

button V1 = wx.Button(panel, -1, "V1", pos=(95,100),=2ize=(20,20))

.Bind (wx.EVT_BUTTCN, self.Vl, self.button V_1)

FV2

Jbutton V2 = wx.Button(panel, -1, "V2", pos=(150,90),=5ize=(20,20)

+Bind (wx.EVI_BUTTON, self.V2, self.button_V_2)

)

.button V_3 = wx.Button(panel, -1, "V3", pos=(150,135),size=(20,20)

.Bind (wx.EVT_BUTTCN, self.V3, self.button V_3)

#V4

.button V_4 = wx.Button(panel, -1, "V4", pos=(150,265),=2ize=(20,20)

.Bind (wx.EVI_BUTTCN, self.V4, self.button V_4)

#V5

Jbutton_V_5 = wx.Button(panel, -1, "Vi", pos=(210,135},size=(20,20)

.Bind (wx.EVI_BUTTCN, self.V5, self.button V_5)

.Bind (wx.EVT_BUTTCON, self.vilz,

button V_13 = wx.Button(panel,
.Bind (wx.EVT_BUITCN, self.vV13,

FV14
button V_14 = wx.Button(panel,
.Bind (wx.EVI_BUITCN, self.vl4,

-1, "VE", pos=(215,185),size=(20,20))

-1, "¥7", pos=(215,220),size=(20,20))

-1, "VEv, pos=(282,180),size=(25,20))

-1, "Va", pos=(282,158),size=(25,20))

-1, "Vi0", pos=(322,110),size=(25,20))

self.button_ ¥V_10)

-1, "V11", pos=(380,250),size=(25,20))

self.button ¥_11)

FVa

.button V_6& = wx.Button (panel,

.Bind (wx.EVT_BUITON, self.V6, self.button V_6&)
FVT

.button V_7 = wx.Button (panel,

.Bind (wx.EVT_BUITON, self.V7, self.button V_T7)
FVa

.button V_8 = wx.Button (panel,

.Bind (wx.EVT_BUITON, self.V&, self.button V_3)
FVa

.button_V_95 = wx.Button (panel,

.Bind (wx.EVT_BUITON, self.V3, self.button_ V_3)
FV10

button V_10 = wx.Button(panel,

.Bind (wx.EVT_BUITCN, self.viO0,
FVi1

button V_11 = wx.Button(panel,

.Bind (wx.EVT_BUITCN, self.vi1l,
#Fviz

button V_12 = wx.Button(panel,

-1, "Vi2", pos=(413,195),size=(25,20))

self.button ¥V_12)

-1, "V13", pos=(380,130),size=(25,20))

self.button ¥V _13)

-1, "Vi4", pos=(410,100),size=(25,20))

self.button V_14)

style = LABELSTYLE
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#VLS
self.button ¥_15 = wx.Button(panel, -1, "V15", pos=(460,112),size=(25,20))

self.Bind (wx.EVT_BUTTON, self.V15, self.button V_15)

#V1le
self.button V_16 = wx.Button(panel, -1, "V1&", pos=(460,73),size=(25,20))
self.Bind (wx.EVI_BUITON, self.V1e, self.button V_18)

FVLT
self.button V_17 = wx.Button(panel, -1, "V17", pos=(460,38),size=(25,20)})

zelf.Bind [w;.EVI'_EUITGN, 5elf. V17, self.button V_17)

#Vis
self.button V_18 = wx.Button(panel, -1, "V1E", pos=(522,18),size=(25,20))
self.Bind (wx.EVI_EBUITON, self.V18, self.button WV_18)

FVig
gelf.button ¥V 19 = wx.Button(panel, -1, "V18", pos=(635,18),=5ize=(25,20))
self.Bind (wx.EVI_BUITON, self.V19, self.button V_19)

FVao
self.button V_20 = wx.Button(panel, -1, "VZO", pos=(635,72),size=(25,20)})

self.Eind[w;.EVI_EUITGN, self.V20, self.button V_20)

#V21
self.button ¥V_21 = wx.Button(panel, -1, "VI1", pos=(675,112),size=(25,20))
self.Bind (wx.EVI_EBUITON, self.V21l, self.button WV_21)

FVaz
self.button V_22 = wx.Button(panel, -1, "ViIZ", pos=(635,153),=size=(25,20))
self.Bind (wx.EVI_BUITON, self.V22, self.button V_22)

V23
self.button_V_23 = wx.Button(panel, -1, "V23", pos=(780,18),size=(25,20))
self.Bind (wx.EVI_BUITON, self.WV23, self.button V_23)

Fv24
self.button_V_24 = wx.Button(panel, -1, "VZ4", pos=(770,120),size=(25,20)})

self.Bind Ew;.EVI'_EUI'TGN, self.vV24, self.button V_24)

FV25
self.button_V_25 = wx.Button(panel, -1, "VZ5", pos=(770,155),size=(25,20)})
2elf.Bind (wx.EVI_BUITON, =elf.V25, self.button V_25)

FV26
self.button_V_26 = wx.Button(panel, -1, "VZ&", pos=(870,155),size=(25,20)})
self.Bind (wx.EVI_BUTTON, =self.WV2&, self.button V_26)

V27
self.button V 27 = wx.Button(panel, -1, "V27", pos=(510,185),=size=(25,20)})
2elf.Bind (wx.EVI_EBUTTON, =elf.V27, self.button V_27)

#v23
self.button V 28 = wx.Button(panel, -1, "VIE", pos=(&620,185),=ize=(25,20))

self.Bind Ew;.EVI'_EUI'TGN, self.vV2g, self.button V_28)

FV29
self.button_V_29% = wx.Button(panel, -1, "VZ3", pos=(680,185),size=(25,20)})
self.Bind (wx.EVI_BUITON, self.V23, self.button V_29)

FV30
self.button_V_30 = wx.Button(panel, -1, "V30", pos=(620,240),size=(25,20)})
self.Bind (wx.EVI_BUTTON, self.W30, self.button V_30)

FU31
gelf.button V 31 = wx.Button(panel, -1, "V31", pos=(710,235),=size=(25,20))

self.Bind (wx.EVT BUTTON, self.V¥31, self.button V 31}
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self.
self.

self.
self.

self.
self.

self.
self.

self.
=elf.

=elf.
self.

self.
self.

self.
self.

self.

self

self.
self.

self.
self.

self.
self.

self.
self.

self.
=elf.

self.
self.

self.
self.

self.
zelf.

self.
self.

self.
self.

=elf.
self.

self.
self.

FV32
button V32 = wx.Button (panel,
Bind (wx.EVI_BUTTON, =elf.V32,

#V33
button_V_33 = wx.Button(panel,
Bind (wx.EVI_BUTTON, =elf.V33,
#V34
button_V_34 = wx.Button(panel,
Bind (wx.EVI_BUTTON, =elf.V34,
FV35
button V_35 = wx.Button(panel,
Bind (wx.EVI_BUITON, self.V35,

FV3E
button V_36 = wx.Button(panel,
Bind(wx.EVI_BUITON, =elf.V3e,

FV37
button V37 = wx.Button (panel,
Bind (wx.EVI_BUTTON, =elf.V3T,
FV3a
button V_38 = wx.Button (panel,
Bind (wx.EVI_BUTTON, =2elf.V3E,
#V3o
button V 3% = wx.Button (panel,

Bind (wx.EVT BUTTON, self.V3g,

#V40
button_V_40 = wx.Button(panel,

.Eind[w;.EVT_EUTTGN, =elf.V40,

FVal

button V_41 = wx.Button(panel,

Bind (wx.EVT BUTTCON, =elf.V41,

#Va2

button V_ 42 = wx.Button(panel,

Bind (wx.EVT_BUTTCON, =self.v42,
FV43

button_V_43 = wx.Button(panel,

Bind(wx.EVI_BUITCH, self.V43,
FV4a4q

button V_ 44 = wx.Button(panel,

Bind (wx.EVT_BUTTCON, =self.V4d4,
FV45

button V_45 = wx.Button(panel,

Bind(wx.EVI_BUITCH, self.V45,
FV4E

button V_46 = wx.Button(panesl,

Bind (wx.EVT BUTTCON, =self.V4s,
#VaT

button V_47 = wx.Button(panel,

Bind (wx.EVI_BUTTCON, =elf.V47,
Fv48

button_V_48 = wx.Button(panel,

Bind(wx.EVI_BUITCNH, self.V48,
#V49

button V 495 = wx.Button(panel,

Bind (wx.EVT_BUTTCON, =self.V43,
FVS0

button_V_50 = wx.Button(panel,

Bind (wx.EVI_BUITCH, self.VSO0,
FVs1

button ¥V 51 = wx.Button(panel,

Bind (wx.EVT_BUTTCON, =elf.V51,
#V52

button V_52 = wx.Button(panel,

Bind (wx.EVI_BUITCH, self.VSZ,

-1,
zelf

_1'_
self

_1‘_
self

_1’

self.

-1,

=elf.

-1,

self.

-1,

self.

-1,

self.

-1,

self.

_1'
self.

-1,
self.

_1'_
=elf.

_1’
self.

_1‘_
=elf.

_1'
self.

-1,
self.

-1,
zelf.

-1,
self.

_1‘_
=elf.

_1'
self.

-1,
=self.

"y32", pos=(950,182),size=(25,20))
button_V_32)

"W3s", pos=(977,182),size=(25,20))
.button V_33)

my34n, pos=(1083,188),=5ize=(25,20))
button V_34)

"Y35", pos=(1083,220),size=(25,20})

button V_35)

"yig", pos=(1170,110),size=(25,20))

button V_36)

"W3T", pos=(1200,110),=5ize=(25,20))

button V_37)

"Y38", pos=(1240,150),size=(25,20))

button V_38)

"33, pos=(1273,205),size=(25,20))

button V_33)

"40", pos=(483,314),size=(25,20))

button V_40)

"y41", pos=(478,398),size=(25,20})

button V_41)

"4z, pos=(540,314), size=(25,20})

button_WV_42)

"Y43", pos=(548,398),size=(25,20})

button V_43)

"y44"™, pos=(580,300),size=(25,20))

button_WV_44)

"Y45", pos=(620,314),size=(25,20))

button V_45)

"45", pos=(T&0,440),size=(25,20})

button V_48&)

"T4T", pos=(T&0,400),size=(25,20))

button_V_47)

myasw

button V_48)

"y49", pos=(880,428),size=(25,20))

button_WV_43)

"Y50", pos=(870,377),size=(25,20))

button V_50)

"Y51M, pos=(963,450),size=(25,20})

button_V_51)

"Y527, pos=(1005,470),size=(25,20))

button V_52)

, pos=(783,375),size=(25,20)})
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self.
self.

self.
self.

self. -
.Bind (wx.EVI_BUITON, self.V54, self.

self

=elf.
self.

self.
self.

self.
self.

self. »
.Bind (wx.EVI_BUTTON, self.V58, self.

self

self.
self.

self.
self.

self.
self.

self.
=elf.

self.
self.

self.
self.

self.

self

self.
self.

self

self.

self.
self.
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FWs2
wWx.Button (panel,

button V 52 = -1,

Bind (wx.EVI_BUTTCON, =self.V52, self.

#Vs3
button ¥V _53 = wx.Button(panel, -1,
Bind (wx.EVI_BUTTON, self.V53, self
FV54
button_¥V_54 = wx.Button(panel, -1,

$V55
button ¥V 55 = wx.Button(panel, -1,
Bind (wx.EVI_BUTTON, self.V55, self
$VSE
button_V_56 = wx.Button(panel, -1,

Bind (wx.EVI BUTTON, self.V56, self.

FV5T
button_V_57 wx.Button (panel, -1,
Bind (wx.EVI_BUTTON, self.V57, self
#V58

= wx.Button (panel,

button V 58

_1'

#Punps

#P1
button_P_1 = wx.Button(panel, -1,
Bind (wx.EVI_BUITON, =elf.Fl,
#P2
= wWx.Button (panel,

button_F_2 -1,

"V52", pos=(1005,470),=5ize=(25,20))
button V_52)

"YE3", pos=(1030,395),size=(25,20))
button_V_53)

"V54", pos=(1080,395),=size=(25,20))
button V_54)

"VEEY, pos=(1118,377),5ize=(25,20))
button_V_55)

"W5&", pos=(1158,468),size=(25,20))
butcon V_56)
"W5T", pos=(1190,420),=size=(25,20))
.button V_57)

mYEE", pos=(710,580),=size=(25,20))
button_V_58)

"P1", pos=(150,180),size=(20,20})

gelf.button P 1)

"p2", pos=(150,220),=size=(20,20})

Bind (wx.EVI_BUTITCN, =self.PF2, self.button F Z)

#P3
button P 3 = wx.Button(panel, -1,

"B3", pos=(510,40),=ize=(20,20))

Bind (wx.EVI_BUTTCN, self.F3, self.button_F_3)

b4
= wWx.Button (panel,

button_F_4 = -1,

"P4", pos=(880,18),size=(20,20))

Bind (wx.EVI_BUITON, =elf.F4, self.button_P_&ﬂ

#P5
button P 5 = wx.Button(panel, -1,

npgm

pos=(730,187),size=(20,20))

Bind (wx.EVT_BUTITON, self.P5, self.button P 5)
#P6
button P & = wx.Button(panel, -1,

Bind (wx.EVI_BUITCON, =el1f.Fé&,

#P7
wx.Button (panel,

button P 7 = -1,

#Pa
= wWx.Button (panel,

button_ P 8§ -1,

Bind (wx.EVI_BUITON, self.FP3,
#P10

button P 10 = wx.Button (panel,

Bind (wx.EVT_BUITCN, =self.P10,

_1'

npgn,
gelf.button P &)

g
o

npET,

rrPgrr'
self.button P 9)

pos=(1083,130) ,=ize=(20,20))

pos=(380,328),size=(25,20))

.Bind (wx.EVT_BUITCN, self.P7, self.button_P_7)

pos=(710,423) ,size=(25,20))

Bind (wx.EVT_BUTTON, self.P8, self.button_P_8)
#Pa
.button P 9 = wx.Button(panel, -1,

pos=(3900,380) ,=size=(25,20))

"P10", pos={1200,380),size=(25,20))

self.button P 10}
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monitoring valwve status

WX

WX

WE

WH.
WH.
WH.
WH.
WH.
WH.
WH.
.StacicText (panel,-1,"
WH.
.StaticText (panel, -1, "
WH.
WH.

WX

WX

#Text column 1

StaticText (panel, 20, "
WH.
.StaticText (panel, -1, "
WH.
WH.
WH.
WH.
WH.
WH.
WH.
WH.
.StaticText (panel, -1, "
WH.

StaticText (panel,-1,"

StaticText (panel,-1,"
StaticText (panel,-1,"
StaticText (panel,-1,"
ScacicText (panel,-1,"
ScacicText (panel,-1,"
StaticText (panel,-1,"
StaticText (panel,-1,"
StaticText (panel, -1, "

StaticText (panel, -1, "

#Text column 2
StaticText (panel,-1,"
StaticText (panel,-1,"
StaticText (panel,-1,"
StaticText (panel,-1,"
StaticText (panel,-1,"
StaticText (panel,-1,"
ScacicText (panel,-1,"

StaticText (panel,-1,"

StaticText (panel, -1, "
StaticText (panel, -1, "

#Text column 3

WH

WX

.StaticText (panel,-1,"
WH.
wWH.
WH.
WH.
.StaticText (panel,-1,"
WH.
WH.
WH.
WH.
WH.
WH.

StacticText (panel, -1, "
StaticText (panel, -1, "
StaticTlext(pansl,-1,"
StaticText (panel,-1,"

StaticText (panel, -1, "
ScacicText (panel, -1, "
StacticText (panel, -1, "
StaticText (pansl, -1, "
StaticText(panel,-1,"
StaticText (panel,-1,"

$Text column 4

WH.
WH.
WH.
.StaticText (panel, -1, "
WH.
WH.
WH.
WH.
.StaticText (panel, -1, "
WH.
WH.
WH.

WE

T

ScacicText (panel, -1, "
StacticText (panel, -1, "
StaticText (pansl, -1, "

StaticText (panel,-1,"
StaticText (panel,-1,"
StaticText (panel, -1, "
StacticText (panel, -1, "

StaticTlext(pansl,-1,"
StaticText (panel,-1,"
StaticText (panel,-1,"

#Text column 5

WH .
WX.
WX,
WH .
W
WX,
WK .
WH .
WX.
WX

BctaticText (panel,-1,"
StaticText (panel, -1, "
StaticText (panel,-1,"
StaticText (panel,-1,"

.StaticText (panel, -1, "

StaticText (panel,-1,"
StaticText (panel,-1,"
BctaticText (panel,-1,"
StaticText (panel, -1, "

.StaticText (panel, -1,"

Valve Selected

w1 o
vz ow
w3 v
waom
V5w
Ve "
w7

=l
3

-l
SIS I
oW

=
3

=
+

=
+

w37
V38
V39
Va0
Val
V42
V43
V44
V45
Vag
Va7

V4s

"

"

 (18,300))
(18,328))
, [18,352))
, [18,378))
, (18,402))
(18,428))
,[18,454))
, [18,480))
. (18,5086))
", 118,532))
", 118,558))
", 118,584))

", 185,300))
", 185,328))
", 185,352))
", 185,378))
", 185,402))
", 185,428))
", 185,454))
", 185,480))
", 185,50&))
", 185,532))
", 185,558))
", 185,584))

", (155,300}
", (155,326} )
", {155,352}
", ({155,378))
", (155,402} )
", (155, 428))
", (155, 454) )
", (155,480} )
", {155, 508) )
™, {155,532} )
", {155, 558) )
", ({155, 584) )

", (223,300))
", (223,326))
™, (223,352))
", (223,378))
", (223,402))
", (223,428))
", (223,454))
", (223,480))
", (223,5086))
", (223,532))
", (223,558))
", (223,584))

a9 v, (293, 300))
V5O ", (293, 326))
w51 v, (293,352))
w52 v, (293, 378))
V53 ", (293, 402) )
W54 v, (293, 428))
V55 7, (293, 454) )
V56 ", (293, 480))
V57 ", (293, 506))
w58 v, (293, 532))

", (10,270}))
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#Label Column 1

self.Valwvel wx.5taticText (panel, =size = (26, -1), pos = (45, 300), =tyle = LABELSTYLE)
g2elf.Valve? = wx.S5taticText (panel, =ize = (2Z&, -1}, po= = (45, 326}, =tyle = LABELSTYLE)
self.Valved = wx.5taticText (panel, size = (26, -1}, po=s = (45, 352}, =style = LABELSTYLE)
self.Valved = wx.S5taticText (panel, size = (26, -1}, pos = (45, 378), style = LABELSTYLE)
self.Valvedh = wx.S5taticText (panel, =ize = (26, -1}, po=s = (45, 402), style = LABELSTYLE)
self.Valvet = wx.S5taticText (panel, =ize = (26, -1}, po=s = (45, 4282), =style = LABELSTYLE)
self.ValveT = wx.5taticText (panel, size = (26, -1}, pos = (45, 454}, style = LABELSTYLE)
self.Valveg = wx.S5taticText (panel, =size = (26, -1}, po=s = (45, 480), style = LABELSTYLE)
g2elf.Valved = wx.S5taticText (panel, =ize = (2Z&, -1}, po= = (45, 5068}, =tyle = LABELSTYLE)
self.Valvelld = wx.S5taticText (panel, size = (26, -1), pos = (45, 532), style = LABELETYLE)
self.Valvell = wx.S5taticText (panel, size = (26, -1), pos = (45, 558), style = LABELESTYLE)
g2elf.Valvel? = wx.S5taticText (panel, =ize = (2&6, -1), po=s = (45, 584), =tyle = LALEELSTYLE)

#Label column 2

self.Valvel3 = wx.5taticText (panel, =size = (26, -1}, pos = (115, 300), =tyle = LABELSTYLE)
g2elf.Valveld = wx.S5taticText (panel, =ize = (26, -1), po=s = (115, 32&), =tyle = LABELSTYLE)
self.Valvels = wr.5taticText (panel, =size = (26, -1), pos = (115, 352), style = LABELSTYLE)
self.Valveld = wx.5taticText (panel, size = (26, -1), pos = (115, 378), style = LABELSTYLE)
self.Valvel? = wx.5taticText (panel, =ize = (26, -1), pos = (115, 402), =tyle = LABELSTYLE)
gelf.Valvelsd = wr.5taticText (panel, =ize = (26, -1), pos = (115, 428), =style = LABELSTYLE)
self.Valveld = wx.5taticText (panel, size = (26, -1), pos = (115, 454), style = LABELSTYLE)
self.Valvel2d = wx.5taticText (panel, =size = (26, -1), pos = (115, 480), =tyle = LABELSTYLE)
g2elf.Valvell = wx.S5taticText (panel, =ize = (26, -1), po=s = (115, 50&), =tyle = LABELSTYLE)
self.Valvel2?2 = wx.S5taticText (panel, size = (26, -1), pos = (115, 532), style = LABELSTYLE)
self.Valvel23 = wx.S5taticText (panel, size = (26, -1), pos = (115, 558), style = LABELSTYLE)
gzelf.Valveld4 = wx.S5taticText (panel, =ize = (26, -1), po=s = (115, 584), =tyle = LABELSTYLE)

o

#Label column

self.Valvel2d = wx.S5taticText (panel, size = (26, -1), pos = (185, 300), style = LABELSTYLE)
self.Valve2g = wx.5taticText (panel, size = (26, -1), pos = (185, 326), style = LABELSTYLE)
self.Valvel27 = wx.S5taticText (panel, =ize = (26, -1), pos = (185, 352), =tyle = LABELSTYLE)
gelf.Valvel: = wx.S5taticText (panel, =ize = (26, -1), pos = (185, 378), =tyle = LABELSIYLE)
self.Valve?d = wx.S5taticText (panel, =ize = (26, -1), pos = (185, 402), =tyle = LABELSTYLE)
self.Valve3l = wx.5taticText (panel, =ize = (26, -1), pos = (185, 428), s=style = LABELSTYLE)
self.Valve3l = wx.S5taticText (panel, =ize = (26, -1), pos = (185, 454), =tyle = LABELSTYLE)
self.Valve32 = wx.S5taticText (panel, size = (26, -1), pos = (185, 4820), style = LABELSTYLE)
self.Valve33 = wx.S5taticText (panel, =ize = (26, -1), pos = (185, L50&6), =style = LABELSIYLE)
self.Valve3d4 = wx.S5taticText (panel, =ize = (26, -1), pos = (185, 532}, =tyle = LABELSTYLE)
gelf.Valve3s = wx.5taticText (panel, s=size = (26, -1), pos = (185, 558), style = LABELSTYLE)
self.Valve3b = wx.S5taticText (panel, =ize = (26, -1), pos = (185, 584}, =tyle = LABELSTYLE)

#Label column 4

self.Valve37 = wx.S5taticText (panel, =ize = (26, -1), pos = (253, 300), =tyle = LABELSIYLE)
self.Valve3E8 = wx.S5taticText (panel, size = (26, -1), pos = (253, 326), style = LABELSTYLE)
self.Valve3d = wx.S5taticText (panel, =ize = (26, -1), pos = (253, 352), =style = LABELSIYLE)
self.Valvedd = wx.S5taticText (panel, =size = (26, -1), pos = (253, 378), =tyle = LABELSTYLE)
gelf.Valvedl = wx.5taticText (panel, =size = (26, -1), pos = (253, 402), style = LABELSTYLE)
self.Valved2 = wx.S5taticText (panel, =ize = (26, -1), pos = (253, 428), =tyle = LABELSTYLE)
gelf.Valved3 = wx.StaticText (panel, =ize = (26, -1), pos = (253, 454), =tyle = LABELSIYLE)
self.Valvedd = wx.S5taticText (panel, =ize = (26, -1), pos = (253, 480), =tyle = LABELSTYLE)
self.Valved4d = wx.S5taticText (panel, size = (26, -1), pos = (253, 506), style = LABELSTYLE)
self.Valvedt = wx.S5taticText (panel, =ize = (26, -1), pos = (253, 532), =style = LABELSIYLE)
self.Valved7 = wx.S5taticText (panel, size = (26, -1), pos = (253, 558), style = LABELSTYLE}
self.Valveds = wx.StaticText (panel, =ize = (26, -1), pos = (253, 584), =style = LABELSIYLE)

#Label column 5

zelf.Valvedd = wx.S5taticText (panel, =size = (26, -1), pos = (323, 300), =style = LABELSTYLE)
zelf.Valveil = wx.5taticText (panel, =ize = (26, -1), pos = (323, 326), =style = LABELSTYLE)
zelf.Valvebl = wx.5taticText (panel, size = (26, -1}, pos = (323, 352), =style = LABELSTYLE)
self.Valvelb2 = wx.S5taticText (panel, =size = (26, -1), pos = (323, 378), s=style = LABELSTYLE)
zelf.Valve’3 = wx.5taticText (panel, size = (26, -1), pos = (323, 402), style = LABELSTYLE)
z2elf.Valvebd = wx.S5taticText (panel, =size = (26, -1), pos = (323, 428), =tyle = LAEBELSTYLE)
zelf.Valvelbls = wx.S5taticText (panel, =size = (26, -1), pos = (323, 454), =style = LABELSTYLE)
zelf.ValveSt = wx.5taticText (panel, size = (26, -1), pos = (323, 480), style = LABELSTYLE)
2elf.Valvel7 = wx.S5taticText (panel, =size = (26, -1}, pos = (323, 508), =style = LABELSTYLE)
zelf.Valveis = wx.S5taticText (panel, =ize = (26, -1), po=s = (323, 532), =style = LABELSTYLE)
zelf.Pl = wx.5taticText (panel, size = (26, -1}, po=s = (60, 10), style = LABELSTYLE)

zelf.P2 = wx.5taticText (panel, size = (26, -1}, pos = (&0, 40), style = LABELSTYLE)

wx.5taticText (panel,-1," BP1 ", (20,10))
wx.53caticText (panel,-1," B2 ", (20,40))
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#kkki{i{i{i{kkkkkkkkkkki{i{i{i{ Run USB Syst’em e R R R R R R R R R R
def CpenUSEBoardThread(self):
self.dll = windll.X8061

i = self.counterU5EEBoards
for doit in range(0,i+l1):
try:

g2elf.dll.Cpenbevice ()

gelf.USECpened = Trus
# debug info

print ('US5B Board is now connected!')
#end debug info

except:
txt = ('Please Check US5B Board connection'})
print ('txt')
return
FEEEEEEEEEEAERARERREEREEEE Menu Bar FEEEEERAEEAARRREEEEERAEES

def COnflbout(self, event):
wX.MezsageBox ("This i=s 2 Screen controller of MEGPI Project™,
"Welcome To my python", wWx.O0K | wx,ICON INFCEMATICN, self)
def CmQuit(=self, ewvent):
self.Clase()
def on_ timer(self, event = lone):
new_vwvalue = str(windll.K8061.ReadhnalogChannel (0,1})

FREER AR R Define Valwvue REERA R R R
#zzzsl:sl:sl:sl:sl:sl:sl:sl:sl:sl:sl:sl:sl:sl:sl:sl:sl:sl:sl:sl:sl:sl:zzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzsl:sl:sl:sl:sl:sl:sl:sl:sl:sl:sl:zzzzzzzzzzzzzzzzzzzzzzzz

def V1(self, ewvent):
valve_ status_ON = "CN'

-~
o

valve_status OFF =
# open the USEB board

if self.Valvel.Getlabel ()j==valve_status OFF:
self.Valvel.Setlabel (valve status_ON)
self.0penUS5BBoardThread ()
gelf.dll.SetDigitalChannel (0,1)
wWx.MessageBox ("V1 1s open ", "Cpen", wx.CK|wx.ICON_INFORMRTION)
gelf.timer = wx.Timer ()
self.timer.Bind (wx.EVI_TIMER, self.on_timer)
self.cimer.S5tarc (D)

self.Valvel.Setlabel (valve_status_OFF)
time.sleep(2)

self.dll.ClearDigitalChannel (0, 1)

print 'Digital Channel Cleared, V1 turn off'
def V2 (self, ewvent):
valve status_ON = "CN'

AFF!

valve status_ OFF =

1 gelf.Valveld.GetLakel ()==valve_status_CN:
self.Valve2.Setlakel (valve_status_COFF)
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def V3(self, event):
wvalve status CN = 'CN'
walve status OFF = 'OFF’
if gelf.Valve3.Getlabel ()==valve status ON:
zelf.Valve3.Setlabel (valve_status OFF)

=lss:.

self.Valve3.Setlabel (valve_status_ON)

def V4(self, event):
wvalve status CN = 'CN'
walve status OFF = 'OFF’
if gelf.Valved.Getlabel ()==valve status ON:
zelf.Valved.Setlabel (valve_status OFF)

=lss:.

self.Valve4.5etlabel (valve status ON)

def V5i(self, ewvent):
wvalve status CN = 'CN'
valve status OFF = '"COFF!'
if self.ValveS.GetLabel ()==valve_ status ON:
self.ValveS.SetLabel (valve_status OFF)

els

zelf.Valves.Setlabel (valve status ON)

def Vo (self, event):
wvalve status CN = 'CN'
valve status OFF = '"COFF!'
if self.Valve&.GetLlabel ()==valve_ status ON:
self.Valveé.Setlabel (valve_status OFF)

els

zelf.Valve6.Setlabel (valve status ON)

V7 (self, event):
valwve status ON = "CH'
valve status OFF = 'C-FF'l
if zelf.Valve7.Getlabel (}==valve_status_ON:
self.ValveT7.5etlabel (valve_status_OFF)

g

self.ValveT7.5etlabel (valve_status_ON)
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def VE(=self, ewvent):
valve status ON = 'CNH°
valve status OFF = 'COFF"

zelf.Valved.Getlabel (}==valve_ status ON:
self.Valwves.5etlabel (valve_status_OFF)

self.Valwves.5etlabel (valve_status_CON)

f V9i(=elf, ewvent):

valwve status ON = 'CN°

valve =status OFF = 'OFF"

if self.Valved.GetLabel (}==valve status_ON:
gelf.Valved,.5etlabel (valve_ status_ OFF)

gelf.Valved.5etlabel (valve status_ON)

T V10 (=self, event):
valve status ON = 'CNH°
valwve status_OFF = 'CEF’"

1f =elf.Valvell.GetLabel (}==valve_ status ON:

self.Valwvell.Setlakbel (valve_ status_OFF)

zelf.Valveld.Seclabel (valve status_ ON)

f V1l({=self, event):
valwve status_CN = 'CON°
valve status OFF = 'OFF"

if self.Valvell.GetLabel (}==valve_status_ ON:

gelf.Valvell.Setlakbel (valve_ status OFF)

else

zelf.Valwvell.Seclabel (valve status_ ON)

def V12 (self, event):
valve status ON = 'CH'
valve_ status OFF = "OFF’

if self.Valvel2.GetLabel ()==valve_status_OCN:

self.ValwvelZ,.S5etlabel (valve_ status_ OFF)

self.Valvell.S5etLabel (valve status_ON)

ief V13 (self, ewvent):
valve_status_ON = 'CN'
valve_status_OFF = 'OFF’

if self.Valvel3.Getlabel ()==valve_status_ON:

self.Valvel3.Setlabel (valve_status_OFF)

zelf.Valvel3.Setlabel (valve_status_ON)

def V14 (self, event):
valve_status_ON = 'CN'
valve status OFF = 'OFF®

if =elf.Valveld.Getlabel (j==valve_status ON:

zelf.Valveld.Setlabel (valve status OFF)

zelf.Valveld.Seclabel (valve status ON)

def V15 (=self, event):
valve status ON = Q'
valve status OFF = 'OFF®

if 2elf.Valvels5.Getlabel (j==valve_ status_ON:

zelf.Valvels.5eclabel (valve status_ OFF)

zelf.Valvels.S5eclabel (valve status_ ON)

def Vlia(=self, ewvent):

wvalve status ON = 'O’

wvalve_status_OFF = 'OFF"

if self.Valvelég.Getlabel (}==valve_ status CON:
gelf.Valvel6.5eclabel (valve status OFF)

self.Valvel6.Setlabel (valve status CON)
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def V17 (self, event):
wvalve status ON = "ON'
valve status OFF = 'OFF'
if 2elf.Valvel7.Getlabel (j==valve_status_ON:
gelf.Valvel7.5etlabel (valve status_ OFF)

gelf.ValvelT7.5etlabel (valve status_ ON)

def V1B (self, ewvent):
wvalve status ON = "CI'
valve status OFF = 'OFF'
if self.Valvelf.Getlabel (j==valve_status_ ON:
self.Valvelt.5etlabel (valve status OFF)

gelf.Valvels.5etlabel (valve status CN)

els

def V189 (self, ewvent):
wvalve status ON = "CIN'
valve_status_OFF = 'COFF'
if self.ValvelS.Getlabel (j==valve_status_CN:
gelf.Valveld.5etlabel (valve_status_OFF)

self.ValvelS.5etlabel (valve_status_CN)

els

def W20 (self, ewvent):
wvalve_status_ON = "CN'
wvalve_status_OFF = 'CFE'
if self.Valveld.GetLabel (j==valve_status_CN:
self.Valve20.5etlabel (valve_status_OFFjll

-

self.ValveZ0.5etlabel (valve_status_CN)

def V21 (self, ewvent):
valve_ status ON = "CN'
valve status OFF = "OFF!
if self.Valwell.GetlLabel ()==valve_status_OCN:
self.Valvell.Setlabel (valve status OFF)

self.Valvell.Setlabel (valve status_ON)

def V22 (self, ewvent):
valve_ status ON = "CN'
valve status OFF = "OFF!
if self.Valwell.GetlLabel ()==valve_status_OCN:
self.ValvelZ.Setlabel (valve status OFF)

self.ValvelZ.Setlabel (valve status CON)

def V23 (self, ewvent):

valve_ status ON = "CN'

valve status OFF = "OFF!

if self.Valwel3.GetlLabel ()==valve_status_OCN:
self.Valvel3.S5etlabel (valve status OFF)

gelf.Valvel3.Setlabel (valve status CHN)

def VZ4 (self, ewvent):
valve_ status ON = "CN'
valve status OFF = "OFF!
if self.Valweld.GetlLabel ()==valve_status_OCN:
self.Valve24.5etLabel (valve_status_C-FF]l

self.Valvel4.Setlabel (valve status ON)

def V25 (self, ewvent):
valve_status_ON = "CN°
valve status_OFF = 'OFF’
1T self.ValvelZs5.GetlLabel ()==valve_ status_CN:
self.Valvels. Setlabel (valve status_OFF)

els

zelf.Valvels,Setlabel (valve status_ CON)
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def VZe(zelf, ewvent):
valve_status_ON = 'CHN'
valve_ status OFF = "COFF'

if 2elf.Valvelé.Getlabel ()==valve_ status ON:

gelf.Valvelé.Seclabel (valve status OFF)

self.Valvel&.Setlabel (valve status ON)

def V27 (=self, ewvent):
valve_status_ON = 'CHN'
valve_ status OFF = "COFF'

1f =elf.Valvel7.Getlabel ()==valve_ status ON:

gelf.Valvel7.5eclabel (valve status OFF)

self.Valve27.5etLabel (valve_status ON)

def VZE(=self, ewvent):
valve_status_CN = 'CNI°"
valve_status_OFF = "CFF'

1f zelf.Valvelg.Getlabel ()==valve_ status ON:

gelf.Valveld.Seclabel (valve status OFF)

self.Valveld.Setlabel (valve_status_ ON)

def VZ9(=self, ewvent):
valve_ status ON = '0N°
valve_status_OFF = "CFF'

Lf 2elf.Valveld.Getlabel ()==valve_ status ON:

gelf.Valveld.5eclabel (valve status OFF)
self.Valvel2d.5etlabel (valve status ON)
def V30 (=self, ewvent):
valve status_ON = "CN'
valve_ status_OFF = 'COFF'

if self.Valve30.GetLabel (j==valve_status_OCN:

self.Valve30.5etlabel (valve_status_OFF)

self.Valve30.5etlabel (valve_status_CN)

def V31l (self, ewvent):
valve_ status_ON = "CN'
valve_ status_OFF = 'COFF'

if self.Valve3l.GetLabel ()==valve_ status_ON:

self.Valve3l.5etlabel (valve_status_ OFF)

self.Valve3l.5etLabel (valve_ status_ON)

def V32 (self, ewvent):
wvalve_ status CON = 'O’
wvalve_ status OFF = 'OFF’

1f self.Valve3Z.Getlabel ()==valve_ status_0ON:

self.Valve32.S5etlabel (valve_ status_OFF)

self.Valve3Z.S5etlabel (valve status_ON)

def V33 (=elf, event):
valve status ON = "ON'
valve status OFF = 'OFF'

if =2elf.Valve3i3.GetlLabel (j==valve_ status_ ON:

gelf.Valve33.5etlabel (valve status_ OFF)

gelf.Valve33.5etlabel (valve status_ ON)

def W34 (=zelf, event):
wvalve_status_CN = "CH'
wvalve_status_OFF = 'COFE"’

if 2elf.Valwveid.Getlabel (}==valve_ status ON:

gelf.Valve34.5etlabel (valve status OFF)

gelf.Valve34.S5etlabel (valve status ON)
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def W35 (=self, ewvent):
valve status ON = "CN°
valve status OFF = 'OFF"
if 2elf.Valve35.Getlabel ()==valve_ statuz_ ON:
self.Valve35.S5etlabel (valve status_OFF)

zelf.Valve3s.Setlabel (valve status_ON)

-

def V36 (=self, ewvent):
valve_ status CN = 'CN°
valve_status OFF = 'CFF'
if self.Valve36.Getlabel (j==valve_status_CN:
zelf.Valve36.5etlabel (valve status_ OFF)

zelf.Valve36.5etlabel (valve status_ ON)

els

def W37 (self, event):
valve status ON = "CN°
valve status OFF = 'OFF"
£ zelf.Valve37.Getlabel (j==valve status_O0N:
zelf.Valve37.5etlabel (valve status_ OFF)

-

self.Valve37.5etlabel (valve status_OCN)

def V3B (=zelf, event):
valve status ON = "CON°
valve_ status OFF = 'OFF'
if self.Valve38.Getlabel ()==valve_status_CN:
zelf.Valve3g.5etlabel (valve status_OFF)

zelf.Valve38.5etlabel (valve status_ON)

els

def W39 (=self, event):

valve_status_ON = "CH'

valve_status_OFF = 'COFEF’

1f self.Valve39.Getlabel (})==valve_status_OM:
gelf.Valve3s.Seclabel (valve status_ OFF)

—

=

self.Valve3S.Setlabel (valve_ status_ ON)

def W40 (=self, event):
valve_status_ON = "CH'
valve_ status OFF = 'COFE°
1f zelf.Valved40.Getlabel (}==valve_status_OM:
gelf.Valved4d.Seclabel (valve status_ OFF)

self.Valve4d.S3etlabel (valve_ status_ ON)

def W41 (self, event):
valve_status_ON = "CH'
valve_ status OFF = 'COFE°
1f zelf.Valvedl.Getlabel ()==valve_status_O0MN:
gelf.Valve4l.Seclabel (valve status_ OFF)

self.Valve4l.Setlabel (valve_ status_ ON)

def W42 (self, event):
valve_status_ON = "CH'
valve_ status OFF = 'COFE°
if 2elf.ValvedZ.Getlabel ()==valve_status_0N:
gelf.Valve42.3eclabel (valve status_ OFF)

self.Valve42.Setlabel (valve_ status_ ON)

def V43 (self, ewvent):
valve_ status _CN = "CN'
valve status OFF = 'OFF'

if self.Valve43.GetLabel ()==valve_ status_CN:
self.Valve43.Setlabel (valve_status_OFF)

=

self.Valwve43.5etlabel (valve status_ON)
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def V44 (self, event):
valve status ON = "CON°
valve status OFF = 'OFF'

if self.Valves4.Getlabel ()==valve_status_CN:

zelf.Valved4.S5etlabel (valve status_OFF)

zelf.Valve44.5etlabel (valve status_ ON)

els

def W45 (=zelf, event):
valve_status ON = "CN°
valve status OFF = 'OFF"

if self.Valve4s.Getlabel (j==valve_ status CHN:

zelf.Valve45.5etlabel (valve status_ OFF)

=

self.Valve45.5etlabel (valve status_OCN)

els

def V46 (=self, event):
valve status ON = "CON°
valve status OFF = 'OFF"

if self.Valvess.Getlabel ()==valve_status_CN:

self.Valve46.S5etlabel (valve status_OFF)

zelf.Valved6.5etlabel (valve status_ON)

els

def V47 (gelf, event):
valve_status ON = "CN°
valve_status OFF = 'OFF"

if s=elf.Valved47.Getlabel (j==valve_ status CN:

zelf.ValvedT.5etlakbel (valve_status_OFFjl

self.Valve47.5etlabel (valve status_OCN)

els

V4E (self, ewent):
valve status OM = "CH'
valve status OFF = 'GFF°

if self.Valvedg.GetlLabel (J==valve_status_ON:

self.Valve4g.3etlabel (valve_ status OFF)

self.Valve48.Setlabel (valve_status_CN)

V49 (self, ewvent):
valve status _ON = "OH'
valve_status_OFF = 'OFF°

if =elf.Valved49.Getlabel (}==valve_ status_ ON:

zelf.Valve4d.3eclabel (valve status OFF)

self.Valve4S.5etlakbel (valve_ status_ ON)

V50 (self, ewent):
valve status OM = "CH'
valve status OFF = 'COFF’

if =elf.ValveS0.GetLabel ()==valve_ status_ON:

self.Valves0.S5etlakbel (valve_status_OFF)

zelf.Valvesd.Seclabel (valve status_ON)

V5l (=self, ewvent):
valve status _ON = "OH'
valve_status_OFF = 'OFF°

if self.Valveil.GetLabel(}==valve_ status_ ON:

gelf.Valvesl.Seclakbel (valve_ status OFF)

self.Valvesl.Setlabel (valve_status_CON)

def V52 (=self, event):
valve status _ON = "GN’
valve status OFF = 'CFF!’

if self.ValvesSZ.GetLabel (}==valve_status_CN:

zelf.Valves2.Setlabel (valve_status OFF)

self.Valve5Z.5etlabel (valve status ON)
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def VB3 (self, ewvent):
valve_ status ON = "CN'
valve_ status OFF = "OFF’
1T self.Valwes3.GetlLabel (}==valve status_ON:
self.Valves3.Setlabel (valve status_OFF)

self.Valves3.5etlabel (valve status_ON)

def VB4 (self, ewvent):
valve_ status ON = "CN'
valve status OFF = "OFF’
if self.ValweS4.GetlLabel (}==valve status_ON:
self.ValwveS4.5etlabel (valve status_OFF)

self.Valves54.5etlabel (valve status_ON)

def VES(self, ewvent):
valve_ status ON = "CN'
valve status OFF = "OFF’
if self.ValwesS5.GetlLabel (}==valve status_ON:
self.WValwves5.5etlabel (valve status_OFF)

self.Valwves5.5etlabel (valve status_ON)

def VEe(self, ewvent):
valve_ status ON = "CN'
valve_ status OFF = "OFF’
if self.ValweSé.GetlLabel (}==valve status_ON:
self.Valve56.5etlabel (valve status_OFF)

self.Valve56.5etlabel (valve status_ON)

def WET(self, event):

valve_status ON = "CN"

valve status_OFF = 'OFF'

1f gelf.Valve57.Getlabel (}==valve_status ON:
self.Valve57.5etLabel (valve_status_OFF)

self.Valves7.Setlabel (valve_status_ON)

def VEB(=self, ewvent):
valve_ status CN = "CN'
valve status OFF = 'OFF'
1f self.ValveS8.Getlabel (j==valve_status_ON:
self.ValveS58.5etlabel (valve_ status_OFF)

self.ValveS8.5etLabel (valve status_ON)

R R R R R R Define Pumps R R R R R R R R

[self,event):

wx.MezzageBox ("F3 i= Open ", "Punp"”, wx.0K|wx.ICON THFORMATION)
def B2 (=self,event):

wx.HMessageBox ("F3 is Open ", "Pump", wx.O0H|wx.ICON INFORMATICHN)
[zelf,event):

wx.MessageBox ("F3 is Cpen ", "Pump"”, wx.O0K|wx.ICCHN INFCOEMATICN)
def P4 (self,ewvent):

wx.MessageBox ("F4 1= Cpen ", "Punp"”, wx.0K|wx.ICON INFOEMATICN)

def BS (=self,event):
wx.HMessageBox ("F5 is Open ", "Pump", wx.OH|wx.ICON INFORMATICHN)

[self,event) :
wx.MessageBox ("F& 1= Cpen ", "Punp"”, wx.0K|wx.ICON INFOEMATICN)

def BT (=self,event):
wx.MezzageBox ("F7 i= Open ", "Punp"”, wx.0¥|wx.ICON THFORMATION)

def P8 (self,ewvent):
wx.MessageBox ("FE is Cpen ", "Punp"”, wx.O0K|w=x.ICCOH TINFOEMATICN)

[self,event):
wx.MezzageBox ("FS i= Open ", "Punp"”, wx.0K|wx.ICON THFORMATION)

def P10 (=self,event):
wx.MessageBox ("F10 is Cpen ", "Pump", wx.0E|wx.ICCN INFCEMATICHN)
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def main():
mrTescing™m"
MyBackgroundPanel = wx,PySimplelpp (wx.Panel)
f = MyFrame()
d=ValvelListBox()
d.Show()
f.Center()
f.5how()
MyBackgroundPanel  MainLoop ()

if name =" main "

main{)

19.4 Annex 2b: phython automation code including full automation

D:\AECENAR\MEGBI\MEGBI-
VPP\ AUT\ CDMasterThesisHayssamHindy \ GUI\ 101015_14MEGBI-VPP_automation.py

#

# Name: MEGBI monitoring software

# Purpose:

#

# Author:  abd el rahman, Samir, hayssam
#

# Created:  09/05/2013

# Copyright: (c) aecenar 2013, 2015

# Licence: <AECENAR>

#

##!/usr/bin/env python
## -*- coding: is0-8859-15 -*-

import sys

#from tkinter import *
import threading

#from PIL import Image, ImageTk
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import random

#import tkinter
import time

#from pymouse import PyMouse

#import ctypes

from ctypes import *

import wx

#import thread

2224 e o e e e S A 32 26 4 A o o 2 2 2 4 A e O
# panel frame

#**************************************************************************************************

#wx.SetDefaultPyEncoding("iso-8859-15")
BACKGROUND_IMAGENAME = "220415MEGPI-VPP_PI_DIAGRAM.PNG"

#BACKGROUND_IMAGENAME =\"C:\Users\ Hayssam \ Desktop \ GUI 220415MEGPI-
VPP_PI_DIAGRAM.PNG"

##"hintergrundbild.jpg"

class MyBackgroundPanel(wx.Panel):

def __init__ (self, parent):
wx.Panel.__init__(self, parent)
self.bmp = wx.Bitmap(BACKGROUND_IMAGENAME)
self.SetSize(self.bmp.GetSize())
self.Bind(wx.EVT_PAINT, self.on_paint)
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def on_paint(self, event = None):

dc = wx.BufferedPaintDC(self, self.bmp)

class MyFrame(wx.Frame):

def __init_ (self, parent = None, title = "MEGBI Vaccine Pilot Plant (MEGBI-VPP) Overview

Upstream & Downstream Process"):

self.testUSB =True
self.dll = None

self. USBAdr0 =

self. USBAdr1 =1

self. USBAdr2 =2
self.USBOpened = False
self.counterUSBBoards =3

wx.Frame.__init__(self, parent, -1, title)

panel = MyBackgroundPanel(self)

LABELSTYLE = wx.BORDER_SUNKEN wx.ST_NO_AUTORESIZE
wx.ALIGN_CENTER_HORIZONTAL

menuFile = wx.Menu()

menuFile. Append(1, "&About...")
menuFile. AppendSeparator()
menuFile. Append(2, "Exit")
menuBar = wx.MenuBar()

menuBar.Append(menuFile, "File")
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self.SetMenuBar(menuBar)
self.CreateStatusBar()
self.SetStatusText("Welcome to MEGPI Project!")
self.Bind(wx.EVT_MENU, self.OnAbout, id=1)
self.Bind(wx.EVT_MENU, self.OnQuit, id=2)

#Valves

#V1
self.button_V_1 = wx.Button(panel, -1, "V1", pos=(95,100),size=(20,20))
self.Bind(wx.EVT_BUTTON, self.V1, self.button_V_1)

#V2
self.button_V_2 = wx.Button(panel, -1, "V2", pos=(150,90),size=(20,20))
self.Bind(wx.EVT_BUTTON, self.V2, self.button_V_2)

#V3
self.button_V_3 = wx.Button(panel, -1, "V3", pos=(150,135),size=(20,20))
self.Bind(wx.EVT_BUTTON, self.V3, self.button_V_3)

#V4
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self.button_V_4 = wx.Button(panel, -1, "V4", pos=(150,265),size=(20,20))
self.Bind(wx.EVT_BUTTON, self.V4, self.button_V_4)

#V5
self.button_V_5 = wx.Button(panel, -1, "V5", pos=(210,135),size=(20,20))
self.Bind(wx.EVT_BUTTON, self.V5, self.button_V_5)

#Ve
self.button_V_6 = wx.Button(panel, -1, "V6", pos=(215,185),size=(20,20))
self.Bind(wx.EVT_BUTTON, self.V6, self.button_V_6)

#V7
self.button_V_7 = wx.Button(panel, -1, "V7", pos=(215,220),size=(20,20))
self.Bind(wx.EVT_BUTTON, self.V7, self.button_V_7)

#V8
self.button_V_8 = wx.Button(panel, -1, "V8", pos=(282,180),size=(25,20))
self.Bind(wx.EVT_BUTTON, self.V8, self.button_V_8)

#V9
self.button_V_9 = wx.Button(panel, -1, "V9", pos=(282,158),size=(25,20))
self.Bind(wx.EVT_BUTTON, self.V9, self.button_V_9)

#V10
self.button_V_10 = wx.Button(panel, -1, "V10", pos=(322,110),size=(25,20))
self.Bind(wx.EVT_BUTTON, self.V10, self.button_V_10)

#V11
self.button_V_11 = wx.Button(panel, -1, "V11", pos=(380,250),size=(25,20))
self.Bind(wx.EVT_BUTTON, self.V11, self.button_V_11)

#V12
self.button_V_12 = wx.Button(panel, -1, "V12", pos=(413,195),size=(25,20))
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self.Bind(wx.EVT_BUTTON, self.V12, self.button_V_12)

#V13
self.button_V_13 = wx.Button(panel, -1, "V13", pos=(380,130),size=(25,20))
self.Bind(wx.EVT_BUTTON, self.V13, self.button_V_13)

#V14
self.button_V_14 = wx.Button(panel, -1, "V14", pos=(410,100),size=(25,20))
self.Bind(wx.EVT_BUTTON, self.V14, self.button_V_14)

#V15
self.button_V_15 = wx.Button(panel, -1, "V15", pos=(460,112),size=(25,20))
self.Bind(wx.EVT_BUTTON, self.V15, self.button_V_15)

#V1e6
self.button_V_16 = wx.Button(panel, -1, "V16", pos=(460,73),size=(25,20))
self.Bind(wx.EVT_BUTTON, self.V16, self.button_V_16)

#V17
self.button_V_17 = wx.Button(panel, -1, "V17", pos=(460,38),size=(25,20))
self.Bind(wx.EVT_BUTTON, self.V17, self.button_V_17)

#V18
self.button_V_18 = wx.Button(panel, -1, "V18", pos=(522,18),size=(25,20))
self.Bind(wx.EVT_BUTTON, self.V18, self.button_V_18)

#V19
self.button_V_19 = wx.Button(panel, -1, "V19", pos=(635,18),size=(25,20))
self.Bind(wx.EVT_BUTTON, self.V19, self.button_V_19)
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#V20
self.button_V_20 = wx.Button(panel, -1, "V20", pos=(635,72),size=(25,20))
self.Bind(wx.EVT_BUTTON, self.V20, self.button_V_20)

#V21
self.button_V_21 = wx.Button(panel, -1, "V21", pos=(675,112),size=(25,20))
self.Bind(wx.EVT_BUTTON, self.V21, self.button_V_21)

#V22
self.button_V_22 = wx.Button(panel, -1, "V22", pos=(635,155),size=(25,20))
self.Bind(wx.EVT_BUTTON, self.V22, self.button_V_22)

#V23
self.button_V_23 = wx.Button(panel, -1, "V23", pos=(780,18),size=(25,20))
self.Bind(wx.EVT_BUTTON, self.V23, self.button_V_23)

#v24
self.button_V_24 = wx.Button(panel, -1, "V24", pos=(770,120),size=(25,20))
self.Bind(wx.EVT_BUTTON, self.V24, self.button_V_24)

#V25
self.button_V_25 = wx.Button(panel, -1, "V25", pos=(770,155),size=(25,20))
self.Bind(wx.EVT_BUTTON, self.V25, self.button_V_25)

#V26
self.button_V_26 = wx.Button(panel, -1, "V26", pos=(870,155),size=(25,20))
self.Bind(wx.EVT_BUTTON, self.V26, self.button_V_26)

#V27
self.button_V_27 = wx.Button(panel, -1, "V27", pos=(510,185),size=(25,20))
self.Bind(wx.EVT_BUTTON, self.V27, self.button_V_27)
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#V28
self.button_V_28 = wx.Button(panel, -1, "V28", pos=(620,185),size=(25,20))
self.Bind(wx.EVT_BUTTON, self.V28, self.button_V_28)

#V29
self.button_V_29 = wx.Button(panel, -1, "V29", pos=(680,185),size=(25,20))
self.Bind(wx.EVT_BUTTON, self.V29, self.button_V_29)

#V30
self.button_V_30 = wx.Button(panel, -1, "V30", pos=(620,240),size=(25,20))
self.Bind(wx.EVT_BUTTON, self.V30, self.button_V_30)

#V31
self.button_V_31 = wx.Button(panel, -1, "V31", pos=(710,235),size=(25,20))
self.Bind(wx.EVT_BUTTON, self.V31, self.button_V_31)

#V32
self.button_V_32 = wx.Button(panel, -1, "V32", pos=(950,182),size=(25,20))
self.Bind(wx.EVT_BUTTON, self.V32, self.button_V_32)

#V33
self.button_V_33 = wx.Button(panel, -1, "V33", pos=(977,182),size=(25,20))
self.Bind(wx.EVT_BUTTON, self.V33, self.button_V_33)

#V34
self.button_V_34 = wx.Button(panel, -1, "V34", pos=(1083,188),size=(25,20))
self.Bind(wx.EVT_BUTTON, self.V34, self.button_V_34)
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#V35
self.button_V_35 = wx.Button(panel, -1, "V35", pos=(1083,220),size=(25,20))
self.Bind(wx.EVT_BUTTON, self.V35, self.button_V_35)

#V36
self.button_V_36 = wx.Button(panel, -1, "V36", pos=(1170,110),size=(25,20))
self.Bind(wx.EVT_BUTTON, self.V36, self.button_V_36)

#V37
self.button_V_37 = wx.Button(panel, -1, "V37", pos=(1200,110),size=(25,20))
self.Bind(wx.EVT_BUTTON, self.V37, self.button_V_37)

#V38
self.button_V_38 = wx.Button(panel, -1, "V38", pos=(1240,150),size=(25,20))
self.Bind(wx.EVT_BUTTON, self.V38§, self.button_V_38)

#V39
self.button_V_39 = wx.Button(panel, -1, "V39", pos=(1273,205),size=(25,20))
self.Bind(wx.EVT_BUTTON, self.V39, self.button_V_39)

#V40
self.button_V_40 = wx.Button(panel, -1, "V40", pos=(483,314),size=(25,20))
self.Bind(wx.EVT_BUTTON, self.V40, self.button_V_40)

#V4l
self.button_V_41 = wx.Button(panel, -1, "V41", pos=(478,398),size=(25,20))
self.Bind(wx.EVT_BUTTON, self.V41, self.button_V_41)

#V42
self.button_V_42 = wx.Button(panel, -1, "V42", pos=(540,314),size=(25,20))
self.Bind(wx.EVT_BUTTON, self.V42, self.button_V_42)
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#V43
self.button_V_43 = wx.Button(panel, -1, "V43", pos=(548,398),size=(25,20))
self.Bind(wx.EVT_BUTTON, self.V43, self.button_V_43)

#Vv4a4
self.button_V_44 = wx.Button(panel, -1, "V44", pos=(580,300),size=(25,20))
self.Bind(wx.EVT_BUTTON, self.V44, self.button_V_44)

#V45
self.button_V_45 = wx.Button(panel, -1, "V45", pos=(620,314),size=(25,20))
self.Bind(wx.EVT_BUTTON, self.V45, self.button_V_45)

#V46
self.button_V_46 = wx.Button(panel, -1, "V46", pos=(760,440),size=(25,20))
self.Bind(wx.EVT_BUTTON, self.V46, self.button_V_46)

#v47
self.button_V_47 = wx.Button(panel, -1, "V47", pos=(760,400),size=(25,20))
self.Bind(wx.EVT_BUTTON, self.V47, self.button_V_47)

#V48
self.button_V_48 = wx.Button(panel, -1, "V48", pos=(783,375),size=(25,20))
self.Bind(wx.EVT_BUTTON, self.V48, self.button_V_48)

#V49
self.button_V_49 = wx.Button(panel, -1, "V49", pos=(880,428),size=(25,20))
self.Bind(wx.EVT_BUTTON, self.V49, self.button_V_49)
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#V50
self.button_V_50 = wx.Button(panel, -1, "V50", pos=(970,377),size=(25,20))
self.Bind(wx.EVT_BUTTON, self.V50, self.button_V_50)

#V51
self.button_V_51 = wx.Button(panel, -1, "V51", pos=(963,450),size=(25,20))
self.Bind(wx.EVT_BUTTON, self.V51, self.button_V_51)

#V52
self.button_V_52 = wx.Button(panel, -1, "V52", pos=(1005,470),size=(25,20))
self.Bind(wx.EVT_BUTTON, self.V52, self.button_V_52)

#V53
self.button_V_53 = wx.Button(panel, -1, "V53", pos=(1030,395),size=(25,20))
self.Bind(wx.EVT_BUTTON, self.V53, self.button_V_53)

#V54
self.button_V_54 = wx.Button(panel, -1, "V54", pos=(1080,395),size=(25,20))
self.Bind(wx.EVT_BUTTON, self.V54, self.button_V_54)

#V55
self.button_V_55 = wx.Button(panel, -1, "V55", pos=(1118,377),size=(25,20))
self.Bind(wx.EVT_BUTTON, self.V55, self.button_V_55)

#V56
self.button_V_56 = wx.Button(panel, -1, "V56", pos=(1158,468),size=(25,20))
self.Bind(wx.EVT_BUTTON, self.V56, self.button_V_56)

#V57

self.button_V_57 = wx.Button(panel, -1, "V57", pos=(1190,420),size=(25,20))
self.Bind(wx.EVT_BUTTON, self.V57, self.button_V_57)
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#V58
self.button_V_58 = wx.Button(panel, -1, "V58", pos=(710,580),size=(25,20))
self.Bind(wx.EVT_BUTTON, self.V58§, self.button_V_58)

#Pumps

#P1
self.button_P_1 = wx.Button(panel, -1, "P1", pos=(150,180),size=(20,20))
self.Bind(wx.EVT_BUTTON, self.P1, self.button_P_1)

#P2
self.button_P_2 = wx.Button(panel, -1, "P2", pos=(150,220),size=(20,20))
self.Bind(wx.EVT_BUTTON, self.P2, self.button_P_2)

#P3
self.button_P_3 = wx.Button(panel, -1, "P3", pos=(510,40),size=(20,20))
self.Bind(wx.EVT_BUTTON, self.P3, self.button_P_3)

#P4
self.button_P_4 = wx.Button(panel, -1, "P4", pos=(880,18),size=(20,20))
self.Bind(wx.EVT_BUTTON, self.P4, self.button_P_4)

#P5
self.button_P_5 = wx.Button(panel, -1, "P5", pos=(730,187),size=(20,20))
self.Bind(wx.EVT_BUTTON, self.P5, self.button_P_5)

#P6
self.button_P_6 = wx.Button(panel, -1, "P6", pos=(1083,130),size=(20,20))
self.Bind(wx.EVT_BUTTON, self.P6, self.button_P_6)
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#P7
self.button_P_7 = wx.Button(panel, -1, "P7", pos=(380,328),size=(25,20))
self.Bind(wx.EVT_BUTTON, self.P7, self.button_P_7)

#P8
self.button_P_8 = wx.Button(panel, -1, "P8", pos=(710,423),size=(25,20))
self.Bind(wx.EVT_BUTTON, self.P8, self.button_P_8)

#P9
self.button_P_9 = wx.Button(panel, -1, "P9", pos=(900,380),size=(25,20))
self.Bind(wx.EVT_BUTTON, self.P9, self.button_P_9)

#P10
self.button_P_10 = wx.Button(panel, -1, "P10", pos=(1200,380),size=(25,20))
self.Bind(wx.EVT_BUTTON, self.P10, self.button_P_10)

#control buttons

#Turn ON button
self.button_Turn_ON = wx.Button(panel, -1, "Turn On", pos=(40,40),size=(60,20))
self.Bind(wx.EVT_BUTTON, self. MEGBIVPPFullAutomationStart, self.button_Turn_ON)
self. ON = wx.StaticText(panel, size = (40, -1), pos = (140, 40), style = LABELSTYLE)

#Text column 1
wx.StaticText(panel,20," Valve Selected : ",(10,270))
wx.StaticText(panel,-1," V1 *,(18,300))
wx.StaticText(panel,-1," V2 *,(18,326))
wx.StaticText(panel,-1," V3 *,(18,352))
wx.StaticText(panel,-1," V4 ",(18,378))
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wx.StaticText(panel,-1," V5 ",(18,402))
wx.StaticText(panel,-1," V6 ",(18,428))
wx.StaticText(panel,-1," V7 ",(18,454))
wx.StaticText(panel,-1," V8 ",(18,480))

(

(

(
wx.StaticText(panel,-1," V9 ",(18,506))
wx.StaticText(panel,-1," V10 ",(18,532))
wx.StaticText(panel,-1," V11 ",(18,558))
(

wx.StaticText(panel,-1," V12 ",(18,584))

#Text column 2
wx.StaticText(panel,-1," V13 ",(85,300))
wx.StaticText(panel,-1," V14 ",(85,326))
wx.StaticText(panel,-1," V15 ",(85,352))
wx.StaticText(panel,-1," V16 ",(85,378))
wx.StaticText(panel,-1," V17 ",(85,402))
wx.StaticText(panel,-1," V18 ",(85,428))
wx.StaticText(panel,-1," V19 ",(85,454))
wx.StaticText(panel,-1," V20 ",(85,480))
wx.StaticText(panel,-1," V21 ",(85,506))
wx.StaticText(panel,-1," V22 ",(85,532))
wx.StaticText(panel,-1," V23 ",(85,558))

wx.StaticText(panel,-1," V24 ",(85,584))

#Text column 3

wx.StaticText(panel,-1," V25 ",(155,300))
wx.StaticText(panel,-1," V26 ",(155,326))
wx.StaticText(panel,-1," V27 ",(155,352))
wx.StaticText(panel,-1," V28 ",(155,378))
wx.StaticText(panel,-1," V29 ",(155,402))
wx.StaticText(panel,-1," V30 ",(155,428))
wx.StaticText(panel,-1," V31 ",(155,454))
wx.StaticText(panel,-1," V32 ",(155,480))
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wx.StaticText(panel,-1," V33 ",(155,506))
wx.StaticText(panel,-1," V34 ",(155,532))
wx.StaticText(panel,-1," V35 ",(155,558))
wx.StaticText(panel,-1," V36 ",(155,584))

#Text column 4

wx.StaticText(panel,-1," V37 ",(223,300))
wx.StaticText(panel,-1," V38 ",(223,326))
wx.StaticText(panel,-1," V39 ",(223,352))
wx.StaticText(panel,-1," V40 ",(223,378))
wx.StaticText(panel,-1," V41 ",(223,402))
wx.StaticText(panel,-1," V42 ",(223,428))
wx.StaticText(panel,-1," V43 ",(223,454))
wx.StaticText(panel,-1," V44 ",(223,480))
wx.StaticText(panel,-1," V45 ",(223,506))
wx.StaticText(panel,-1," V46 ",(223,532))
wx.StaticText(panel,-1," V47 ",(223,558))

wx.StaticText(panel,-1," V48 ",(223,584))

#Text column 5

wx.StaticText(panel,-1," V49 ",(293,300))
wx.StaticText(panel,-1," V50 ",(293,326))
wx.StaticText(panel,-1," V51 ",(293,352))
wx.StaticText(panel,-1," V52 ",(293,378))
wx.StaticText(panel,-1," V53 ",(293,402))
wx.StaticText(panel,-1," V54 ",(293,428))
wx.StaticText(panel,-1," V55 ",(293,454))
wx.StaticText(panel,-1," V56 ",(293,480))
wx.StaticText(panel,-1," V57 ",(293,506))
wx.StaticText(panel,-1," V58 ",(293,532))
#wx.StaticText(panel,-1," V59 ",(293,558))
# wx.StaticText(panel,-1," V60 ",(293,584))
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#Label Column 1
self.Valvel = wx.StaticText(panel, size = (26, -1), pos = (45, 300), style = LABELSTYLE)
self.Valve2 = wx.StaticText(panel, size = (26, -1), pos = (45, 326), style = LABELSTYLE)
self.Valve3 = wx.StaticText(panel, size = (26, -1), pos = (45, 352), style = LABELSTYLE)
self.Valve4 = wx.StaticText(panel, size = (26, -1), pos = (45, 378), style = LABELSTYLE)
self.Valveb = wx.StaticText(panel, size = (26, -1), pos = (45, 402), style = LABELSTYLE)
self.Valve6 = wx.StaticText(panel, size = (26, -1), pos = (45, 428), style = LABELSTYLE)
self.Valve7 = wx.StaticText(panel, size = (26, -1), pos = (45, 454), style = LABELSTYLE)
self.Valve8 = wx.StaticText(panel, size = (26, -1), pos = (45, 480), style = LABELSTYLE)
self.Valve9 = wx.StaticText(panel, size = (26, -1), pos = (45, 506), style = LABELSTYLE)
self.Valvel( = wx.StaticText(panel, size = (26, -1), pos = (45, 532), style = LABELSTYLE)
self.Valvell = wx.StaticText(panel, size = (26, -1), pos = (45, 558), style = LABELSTYLE)
self.Valvel2 = wx.StaticText(panel, size = (26, -1), pos = (45, 584), style = LABELSTYLE)

#Label column 2
self.Valvel3 = wx.StaticText(panel, size = (26, -1), pos = (115, 300), style = LABELSTYLE)
self.Valvel4 = wx.StaticText(panel, size = (26, -1), pos = (115, 326), style = LABELSTYLE)
self.Valvel5 = wx.StaticText(panel, size = (26, -1), pos = (115, 352), style = LABELSTYLE)
self.Valvel6 = wx.StaticText(panel, size = (26, -1), pos = (115, 378), style = LABELSTYLE)
self.Valvel7 = wx.StaticText(panel, size = (26, -1), pos = (115, 402), style = LABELSTYLE)
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self.Valvel8 = wx.StaticText(panel, size = (26, -1), pos = (115, 428), style = LABELSTYLE)
self.Valvel9 = wx.StaticText(panel, size = (26, -1), pos = (115, 454), style = LABELSTYLE)
self.Valve20 = wx.StaticText(panel, size = (26, -1), pos = (115, 480), style = LABELSTYLE)
self.Valve2l = wx.StaticText(panel, size = (26, -1), pos = (115, 506), style = LABELSTYLE)
self.Valve22 = wx.StaticText(panel, size = (26, -1), pos = (115, 532), style = LABELSTYLE)
self.Valve23 = wx.StaticText(panel, size = (26, -1), pos = (115, 558), style = LABELSTYLE)
self.Valve24 = wx.StaticText(panel, size = (26, -1), pos = (115, 584), style = LABELSTYLE)

#Label column 3

self.Valve25 = wx.StaticText(panel, size = (26, -1), pos = (185, 300), style = LABELSTYLE)
self.Valve26 = wx.StaticText(panel, size = (26, -1), pos = (185, 326), style = LABELSTYLE)
self.Valve27 = wx.StaticText(panel, size = (26, -1), pos = (185, 352), style = LABELSTYLE)
self.Valve28 = wx.StaticText(panel, size = (26, -1), pos = (185, 378), style = LABELSTYLE)
self.Valve29 = wx.StaticText(panel, size = (26, -1), pos = (185, 402), style = LABELSTYLE)
self.Valve30 = wx.StaticText(panel, size = (26, -1), pos = (185, 428), style = LABELSTYLE)
self.Valve31 = wx.StaticText(panel, size = (26, -1), pos = (185, 454), style = LABELSTYLE)
self.Valve32 = wx.StaticText(panel, size = (26, -1), pos = (185, 480), style = LABELSTYLE)
self.Valve33 = wx.StaticText(panel, size = (26, -1), pos = (185, 506), style = LABELSTYLE)
self.Valve34 = wx.StaticText(panel, size = (26, -1), pos = (185, 532), style = LABELSTYLE)
self.Valve35 = wx.StaticText(panel, size = (26, -1), pos = (185, 558), style = LABELSTYLE)
self.Valve36 = wx.StaticText(panel, size = (26, -1), pos = (185, 584), style = LABELSTYLE)

#Label column 4

self.Valve37 = wx.StaticText(panel, size = (26, -1), pos = (253, 300), style = LABELSTYLE)
self.Valve38 = wx.StaticText(panel, size = (26, -1), pos = (253, 326), style = LABELSTYLE)
self.Valve39 = wx.StaticText(panel, size = (26, -1), pos = (253, 352), style = LABELSTYLE)
self.Valve4( = wx.StaticText(panel, size = (26, -1), pos = (253, 378), style = LABELSTYLE)
self.Valve41 = wx.StaticText(panel, size = (26, -1), pos = (253, 402), style = LABELSTYLE)
self.Valve42 = wx.StaticText(panel, size = (26, -1), pos = (253, 428), style = LABELSTYLE)
self.Valve43 = wx.StaticText(panel, size = (26, -1), pos = (253, 454), style = LABELSTYLE)
self.Valve44 = wx.StaticText(panel, size = (26, -1), pos = (253, 480), style = LABELSTYLE)
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self.Valve45 = wx.StaticText(panel, size = (26, -1), pos = (253, 506), style = LABELSTYLE)
self.Valve46 = wx.StaticText(panel, size = (26, -1), pos = (253, 532), style = LABELSTYLE)
self.Valve47 = wx.StaticText(panel, size = (26, -1), pos = (253, 558), style = LABELSTYLE)
self.Valve48 = wx.StaticText(panel, size = (26, -1), pos = (253, 584), style = LABELSTYLE)

#Label column 5

self.Valve49 = wx.StaticText(panel, size = (26, -1), pos = (323, 300), style = LABELSTYLE)
self.Valve50 = wx.StaticText(panel, size = (26, -1), pos = (323, 326), style = LABELSTYLE)
self.Valve51 = wx.StaticText(panel, size = (26, -1), pos = (323, 352), style = LABELSTYLE)
self.Valve52 = wx.StaticText(panel, size = (26, -1), pos = (323, 378), style = LABELSTYLE)
self.Valve53 = wx.StaticText(panel, size = (26, -1), pos = (323, 402), style = LABELSTYLE)
self.Valve54 = wx.StaticText(panel, size = (26, -1), pos = (323, 428), style = LABELSTYLE)
self.Valve55 = wx.StaticText(panel, size = (26, -1), pos = (323, 454), style = LABELSTYLE)
self.Valve56 = wx.StaticText(panel, size = (26, -1), pos = (323, 480), style = LABELSTYLE)
self.Valve57 = wx.StaticText(panel, size = (26, -1), pos = (323, 506), style = LABELSTYLE)
self.Valve58 = wx.StaticText(panel, size = (26, -1), pos = (323, 532), style = LABELSTYLE)
#self.Valve59 = wx.StaticText(panel, size = (26, -1), pos = (323, 558), style = LABELSTYLE)

######temperature sensors
wx.StaticText(panel,-1," Temperature : ",(1100,592))
self.temp = wx.StaticText(panel, size = (40, -1), pos = (1200, 590), style = LABELSTYLE)
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FRRRRAR AR A AR AR AR Run USB System e85 o o o S8 S S S0 S S

FRHRRRA AR AR AR AR A KRR AR AR KA AR A AR AR AR R AR AR AR AR AR AR AR AAA AN KA AR ARAAAAA AR A

def OpenUSBBoardThread(self):
self.dll = windll.K8061
i = self.counterUSBBoards
for doit in range(0,i+1):
try:
self.dll.OpenDevice()
self. USBOpened = True
# debug info
print ('USB Board is now connected!")
#end debug info
except:
txt = ('Please Check USB Board connection')
print ('txt')

return

HERBRHR SRR AR HR R AR R AR R AR R AR RS R SRR S 1 4

def OnAbout(self, event):

wx.MessageBox("This is a Screen controller of MEGPI Project","Welcome to my python",
wx.OK | wx.ICON_INFORMATION, self)

def OnQuit(self, event):
self.Close()
def on_timer(self, event = None):

self.Close()

def Sensors(self,event):
answer = self.dll.ReadAnalogChannel(0,1)

new_value = str(answer)
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self.temp.SetLabel(answer)
#power for the temperature sensor (255 >>>>5V power)

self.dll.OutputAnalogChannel(0,6,255)

#********************** [)efhle \7a1V1le O340 o o 6 2K e o e A O

#**************************************************************************************%*%*%*%*%*%*

def MEGBIVPPFull AutomationStart (self, event):

valve_status_ ON ='ON'
valve_status_ OFF ='OFF'

if self. ON.GetLabel()==valve_status_OFF:
self. ON.SetLabel(valve_status_ON)
self.OpenUSBBoardThread()
self.timer = wx.Timer()
self.timer.Bind(wx.EVT_TIMER, self.on_timer)
self.timer.Start(100)
print'system is turning on'
self.dll.SetDigitalChannel(0,1)
print'V1 is open’
self.Valvel.SetLabel(valve_status_ON)
time.sleep(5)
self.dll.SetDigitalChannel(0,2)
print'V2 is open'’
self.Valve2.SetLabel(valve_status_ON)
self.timer.Start(40)
time.sleep(20)
self.dll.ClearDigitalChannel(0,1)
self.dll.ClearDigitalChannel(0,2)

print'V1is close'
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self.Valvel.SetLabel(valve_status_OFF)
print'V2 is close'
self.Valve2.SetLabel(valve_status_OFF)
self.dll.SetDigitalChannel(0,3)

print'V3 is open'
self.Valve3.SetLabel(valve_status_ON)
self.timer.Start(40)

time.sleep(20)
self.dll.SetDigitalChannel(0,4)
self.dll.ClearDigitalChannel(0,3)
self.Valve3.SetLabel(valve_status_OFF)
print'V3is close'

print'V4 is open'
self.Valve4.SetLabel(valve_status_ON)
#self.timer.Start(30)

#time.sleep(20)
self.dll.SetDigitalChannel(0,5)
self.dll.ClearDigitalChannel(0,4)

print'V4i close'

self.Valve4.SetLabel(valve_status_OFF)
print'V5 is open’
self.Valveb.SetLabel(valve_status_ON)
self.dll.SetDigitalChannel(0,6)

print'P1 is turn on'
#self.timer.Start(400)

time.sleep(20)
self.dll.ClearDigitalChannel(0,5)
self.dll.ClearDigitalChannel(0,6)
print'V5is close'
self.Valveb.SetLabel(valve_status_OFF)
printP1 is turn off’
self.dll.SetDigitalChannel(0,7)
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print'Vé is open'
self.Valve6.SetLabel(valve_status_ON)
#self.timer.Start(40)

time.sleep(5)
self.dll.ClearDigitalChannel(0,7)
print'Vé6 is close'
self.Valveb6.SetLabel(valve_status_OFF)
self.dll.SetDigitalChannel(0,8)

print'V7 is open'
self.Valve7.SetLabel(valve_status_ON)
#self.timer.Start(400)

time.sleep(20)
self.dll.OutputAnalogChannel(0,2,255)
print'V8 is open'
self.Valve8.SetLabel(valve_status_ON)
self.dll.ClearDigitalChannel(0,8)
print'V7 is close'
self.Valve7.SetLabel(valve_status_OFF)
#self.timer.Start(40)

time.sleep(5)
self.dll.OutputAnalogChannel(0,2,0)
print'V8is close'
self.Valve8.SetLabel(valve_status_OFF)
self.dll.OutputAnalogChannel(0,3,255)
print'V9 is open'’
self.Valve9.SetLabel(valve_status_ON)
self.dll.OutputAnalogChannel(0,4,255)
print'P2 is turn on'
#self.timer.Start(400)

time.sleep(20)
self.dll.OutputAnalogChannel(0,3,0)
self.dll.OutputAnalogChannel(0,4,0)
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self.dll. OutputAnalogChannel(0,5,255)
print'V9is close'
self.Valve9.SetLabel(valve_status_OFF)
print'P2 is turn off'

print'V10 is open'
self.Valvel0.SetLabel(valve_status_ON)
#self.timer.Start(40)

time.sleep(5)
self.dll.OutputAnalogChannel(0,5,0)
print'V10 is close'
self.Valvel0.SetLabel(valve_status_OFF)
self.dll.OutputAnalogChannel(0,1,255)
print'V11 is open'
self.Valvell.SetLabel(valve_status_ON)
self.timer.Start(400)

time.sleep(20)
self.dll.OutputAnalogChannel(0,1,0)
self.dll.OutputAnalogChannel(0,7,255)
print'V11 is close'
self.Valvell.SetLabel(valve_status_OFF)
print'V12 is open’
self.Valvel2.SetLabel(valve_status_ON)
#self.timer.Start(40)

time.sleep(5)
self.dll.OutputAnalogChannel(0,7,0)
print'V12 is close'
self.Valvel2.SetLabel(valve_status_OFF)
self.dll.OutputAnalogChannel(0,8,255)
print'V13 is open'’
self.Valvel3.SetLabel(valve_status_ON)
#self.timer.Start(400)

time.sleep(20)
self.dll.OutputAnalogChannel(0,8,0)
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self.dll.SetDigitalChannel(1,1)

print'V13 is close'
self.Valvel3.SetLabel(valve_status_OFF)
print'V14 is open'
self.Valvel4.SetLabel(valve_status_ON)
self.dll.SetDigitalChannel(1,2)

print'P3 is turn on'’

#self.timer.Start(40)

time.sleep(5)
self.dll.ClearDigitalChannel(1,1)
self.dll.ClearDigitalChannel(1,2)
print'V14 is close'
self.Valvel4.SetLabel(valve_status_OFF)
print'P3 is turn on'
self.dll.SetDigitalChannel(1,3)

print'V15 is open'
self.Valvel5.SetLabel(valve_status_ON)
#self.timer.Start(50)

time.sleep(5)
self.dll.ClearDigitalChannel(1,3)
print'V15 is close'
self.Valvel5.SetLabel(valve_status_OFF)
self.timer.Start(100)
self.dll.SetDigitalChannel(1,4)

print'V16 is open'’
self.Valvel6.SetLabel(valve_status_ON)
#self.timer.Start(20)

time.sleep(10)
self.dll.ClearDigitalChannel(1,4)
self.dll.SetDigitalChannel(1,5)
self.dll.SetDigitalChannel(1,6)

print'V16 is close'
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self.Valvel6.SetLabel(valve_status_OFF)
print'V17 is open'
self.Valvel7.SetLabel(valve_status_ON)
print'V18 is open'
self.Valvel8.SetLabel(valve_status_ON)
#self.timer.Start(500)

time.sleep(20)
self.dll.ClearDigitalChannel(1,5)
self.dll.ClearDigitalChannel(1,6)
print'V17 is close'
self.Valvel7.SetLabel(valve_status_OFF)
print'V18 is close'
self.Valve18.SetLabel(valve_status_OFF)
self.dll.SetDigitalChannel(1,7)

print'V19 is open'
self.Valve19.SetLabel(valve_status_ON)
self.dll.SetDigitalChannel(1,8)

print'P4 is turn on'

#self.timer.Start(50)

time.sleep(10)
self.dll.ClearDigitalChannel(1,7)
print'V19 is close'
self.Valve19.SetLabel(valve_status_OFF)
self.dll.ClearDigitalChannel(1,8)
printP4 is turn off’
self.dll.OutputAnalogChannel(1,1,255)
print'V20 is open'’
self.Valve20.SetLabel(valve_status_ON)
#self.timer.Start(50)

time.sleep(5)
self.dll.OutputAnalogChannel(1,1,0)
print'V20 is close'
self.Valve20.SetLabel(valve_status_OFF)
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self.dll. OutputAnalogChannel(1,2,255)
self.dll. OutputAnalogChannel(1,3,255)
print'V21 is open'’
self.Valve21.SetLabel(valve_status_ON)
print'V22 is open'
self.Valve22.SetLabel(valve_status_ON)
#self.timer.Start(500)

time.sleep(20)
self.dll.OutputAnalogChannel(1,2,0)
self.dll.OutputAnalogChannel(1,3,0)
print'V21 is close'
self.Valve21.SetLabel(valve_status_OFF)
print'V22 is close'
self.Valve22.SetLabel(valve_status_OFF)
self.dll.OutputAnalogChannel(1,4,255)
self.dll.OutputAnalogChannel(1,5,255)
print'V23 is open'
self.Valve23.SetLabel(valve_status_ON)
print'P5 is turn On'

#self.timer.Start(40)

time.sleep(5)
self.dll.OutputAnalogChannel(1,4,0)
self.dll.OutputAnalogChannel(1,5,0)
print'V23 is close'
self.Valve23.SetLabel(valve_status_OFF)
printP5 is turn off’
self.dll.OutputAnalogChannel(1,6,255)
print'V24 is open'’
self.Valve24.SetLabel(valve_status_ON)
#self.timer.Start(500)

time.sleep(20)
self.dll.OutputAnalogChannel(1,6,0)
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print'V24 is close'
self.Valve24.SetLabel(valve_status_OFF)
self.dll. OutputAnalogChannel(1,7,255)
print'V25 is open'
self.Valve25.SetLabel(valve_status_ON)
#self.timer.Start(50)

time.sleep(5)
self.dll.OutputAnalogChannel(1,7,0)
print'V25 is close'
self.Valve25.SetLabel(valve_status_OFF)
self.dll.OutputAnalogChannel(1,8,255)
print'V26 is open'
self.Valve26.SetLabel(valve_status_ON)
#self.timer.Start(600)

time.sleep(20)
self.dll.OutputAnalogChannel(1,8,0)
print'V26 is close'
self.Valve26.SetLabel(valve_status_OFF)
self.dll.SetDigitalChannel(2,1)

print'V27 is open'
self.Valve27.SetLabel(valve_status_ON)
#self.timer.Start(40)

time.sleep(5)
self.dll.ClearDigitalChannel(2,1)
print'V27 is close'
self.Valve27.SetLabel(valve_status_OFF)
self.dll.SetDigitalChannel(2,2)

print'V28 is open'’
self.Valve28.SetLabel(valve_status_ON)
#self.timer.Start(60)

time.sleep(10)
self.dll.SetDigitalChannel(2,3)
self.dll.SetDigitalChannel(2,4)
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print'V29 is open'’
self.Valve29.SetLabel(valve_status_ON)
print'V30 is open'
self.Valve30.SetLabel(valve_status_ON)
self.dll.ClearDigitalChannel(2,2)
print'V28 is close'
self.Valve28.SetLabel(valve_status_OFF)
#self.timer.Start(40)

time.sleep(5)
self.dll.ClearDigitalChannel(2,3)
self.dll.ClearDigitalChannel(2,4)
print'V29 is close'
self.Valve29.SetLabel(valve_status_OFF)
print'V30 is close'
self.Valve30.SetLabel(valve_status_OFF)
#self.timer.Start(600)

time.sleep(20)
self.dll.SetDigitalChannel(2,5)

print'V31 is open'
self.Valve31.SetLabel(valve_status_ON)
self.dll.SetDigitalChannel(2,6)

print'P6 is turn on'

#self.timer.Start(50)

time.sleep(5)
self.dll.ClearDigitalChannel(2,5)
self.dll.ClearDigitalChannel(2,6)
print'V31 is close'
self.Valve31.SetLabel(valve_status_OFF)
printP6 is turn off’

#self.timer.Start(40)

time.sleep(5)
self.dll.SetDigitalChannel(2,7)
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print'V32 is open'’
self.Valve32.SetLabel(valve_status_ON)
#self.timer.Start(600)

time.sleep(20)

print'V32 is close'
self.Valve32.SetLabel(valve_status_OFF)
self.dll.ClearDigitalChannel(2,7)
self.dll.SetDigitalChannel(2,8)

print'V33 is open'
self.Valve33.SetLabel(valve_status_ON)
#self.timer.Start(50)

time.sleep(5)
self.dll.ClearDigitalChannel(2,8)
print'V33 is close'
self.Valve33.SetLabel(valve_status_OFF)
self.dll.OutputAnalogChannel(2,1,255)
print'V34 is open'
self.Valve34.SetLabel(valve_status_ON)
#self.timer.Start(50)

time.sleep(5)
self.dll.OutputAnalogChannel(2,1,0)
print'V34 is close'
self.Valve34.SetLabel(valve_status_OFF)
self.dll.OutputAnalogChannel(2,2,255)

self.dll.OutputAnalogChannel(2,3,255)
print'V35 is open'’
self.Valve35.SetLabel(valve_status_ON)
print'P7 is turn on'

#self.timer.Start(50)

time.sleep(5)
self.dll.OutputAnalogChannel(2,2,0)
self.dll.OutputAnalogChannel(2,3,0)
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print'V35 is close'
print'P7 is turn off'

print'System is turning off'

else:
self. ON.SetLabel(valve_status_OFF)
wx.MessageBox("Turning OFF ","System", wx.OK|wx.ICON_INFORMATION)

#self.dll.OutputAnalogChannel(3,8,255)
#
#def V1(self,event):
# valve_status_ ON ='ON'
# valve_status_ OFF ='OFF'

# self. OpenUSBBoardThread)()
#time.sleep(0.5)
#self.dll.SetDigital Channel(0,1)
#self.timer = wx. Timer()
#print'V1 is open’
#self.V1.Open()
#self.timer.Bind(wx.EVT_TIMER, self.on_timer)
#self.timer.Start(120)
#def V2 (self,event):
# self.OpenUSBBoardThread()
# self.dll.SetDigitalChannel(0,2)
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# self.Valvel.SetLabel(valve_status_ON)

#else:
#self. ON.SetLabel(valve_status_ON)
#wx.MessageBox("Turning ON ","System", wx.OK|wx.ICON_INFORMATION)

def Vi(self, event):
valve_status_ ON ="'ON'

valve_status_OFF ='OFF'

if self.Valvel.GetLabel()==valve_status_ON:
self.Valvel.SetLabel(valve_status_OFF)
# wx.MessageBox("V1 is Open ","Open", wx.OK|wx.ICON_INFORMATION)
else:
self.Valvel.SetLabel(valve_status_ON)
#wx.MessageBox("V1 is Close","Closed", wx.OK|wx.ICON_INFORMATION)

def V2(self, event):
valve_status_ ON ="'ON'
valve_status_OFF ="'OFF'

if self.Valve2.GetLabel()==valve_status_ON:
self.Valve2.SetLabel(valve_status_OFF)
# wx.MessageBox("V1 is Open ","Open", wx.OK|wx.ICON_INFORMATION)
else:
self.Valve2.SetLabel(valve_status_ON)
#wx.MessageBox("V1 is Close","Closed", wx.OK|wx.ICON_INFORMATION)
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def V3(self, event):

valve_status_ ON ="'ON'

valve_status_OFF ='OFF'

if self.Valve3.GetLabel()==valve_status_ON:
self.Valve3.SetLabel(valve_status_OFF)
# wx.MessageBox("V1 is Open ","Open", wx.OK|wx.ICON_INFORMATION)
else:
self.Valve3.SetLabel(valve_status_ON)
#wx.MessageBox("V1 is Close","Closed", wx.OK|wx.ICON_INFORMATION)

def V4(self, event):
valve_status_ ON ="'ON'

valve_status_OFF ='OFF'

if self.Valve4.GetLabel()==valve_status_ON:
self.Valve4.SetLabel(valve_status_OFF)
# wx.MessageBox("V1 is Open ","Open", wx.OK|wx.ICON_INFORMATION)
else:
self.Valve4.SetLabel(valve_status_ON)
#wx.MessageBox("V1 is Close","Closed", wx.OK|wx.ICON_INFORMATION)

def V5(self, event):
valve_status_ON ="'ON'
valve_status_OFF ="'OFF'

if self.Valve5.GetLabel()==valve_status_ON:
self.Valveb.SetLabel(valve_status_OFF)
# wx.MessageBox("V1 is Open ","Open", wx.OK|wx.ICON_INFORMATION)
else:

self.Valveb.SetLabel(valve_status_ON)
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#wx.MessageBox("V1 is Close","Closed", wx.OK|wx.ICON_INFORMATION)

def Vé6(self, event):
valve_status_ ON ="'ON'

valve_status_OFF = 'OFF'

if self.Valve6.GetLabel()==valve_status_ON:
self.Valve6.SetLabel(valve_status_OFF)
# wx.MessageBox("V1 is Open ","Open", wx.OK|wx.ICON_INFORMATION)
else:
self.Valve6.SetLabel(valve_status_ON)
#wx.MessageBox("V1 is Close","Closed", wx.OK|wx.ICON_INFORMATION)

def V7(self, event):
valve_status_ ON ="'ON'

valve_status_OFF ='OFF'

if self.Valve7.GetLabel()==valve_status_ON:
self.Valve7.SetLabel(valve_status_OFF)
# wx.MessageBox("V1 is Open ","Open", wx.OK|wx.ICON_INFORMATION)
else:
self.Valve7.SetLabel(valve_status_ON)
#wx.MessageBox("V1 is Close","Closed", wx.OK|wx.ICON_INFORMATION)

def V8(self, event):
valve_status_ON ="'ON'
valve_status_OFF ="'OFF'

if self.Valve8.GetLabel()==valve_status_ON:
self.Valve8.SetLabel(valve_status_OFF)
# wx.MessageBox("V1 is Open ","Open", wx.OK|wx.ICON_INFORMATION)
else:

self.Valve8.SetLabel(valve_status_ON)
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#wx.MessageBox("V1 is Close","Closed", wx.OK|wx.ICON_INFORMATION)

def V9(self, event):
valve_status_ ON ="'ON'
valve_status_OFF ='OFF'

if self.Valve9.GetLabel()==valve_status_ON:
self.Valve9.SetLabel(valve_status_OFF)
# wx.MessageBox("V1 is Open ","Open", wx.OK|wx.ICON_INFORMATION)
else:
self.Valve9.SetLabel(valve_status_ON)
#wx.MessageBox("V1 is Close","Closed", wx.OK|wx.ICON_INFORMATION)

def V10(self, event):
valve_status_ ON ="'ON'

valve_status_OFF ='OFF'

if self.Valvel0.GetLabel()==valve_status_ON:
self.Valve10.SetLabel(valve_status_OFF)

else:

self.Valvel0.SetLabel(valve_status_ON)

def V11(self, event):
valve_status_ON ="'ON'
valve_status_OFF ="'OFF'

if self.Valvell.GetLabel()==valve_status_ON:
self.Valvell.SetLabel(valve_status_OFF)

else:
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self.Valvell.SetLabel(valve_status_ON)

def V12(self, event):
valve_status_ ON ="'ON'

valve_status_OFF ='OFF'

if self.Valvel2.GetLabel()==valve_status_ON:

self.Valvel2.SetLabel(valve_status_OFF)

else:

self.Valvel2.SetLabel(valve_status_ON)

def V13(self, event):
valve_status_ ON ='ON'

valve_status_OFF ='OFF'

if self.Valvel3.GetLabel()==valve_status_ON:

self.Valve13.SetLabel(valve_status_OFF)

else:

self.Valvel3.SetLabel(valve_status_ON)

def V14(self, event):
valve_status_ ON ="'ON'
valve_status_OFF ="'OFF'

if self.Valvel4.GetLabel()==valve_status_ON:

self.Valvel4.SetLabel(valve_status_OFF)

else:

self.Valvel4.SetLabel(valve_status_ON)

def V15(self, event):
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valve_status_ ON ="'ON'

valve_status_OFF ="'OFF'

if self.Valvel5.GetLabel()==valve_status_ON:
self.Valvel5.SetLabel(valve_status_OFF)

else:

self.Valvel5.SetLabel(valve_status_ON)

def V16(self, event):
valve_status_ ON ="'ON'

valve_status_OFF ='OFF'

if self.Valvel6.GetLabel()==valve_status_ON:
self.Valvel6.SetLabel(valve_status_OFF)

else:
self.Valvel6.SetLabel(valve_status_ON)
def V17(self, event):
valve_status ON ="'ON'
valve_status_OFF ='OFF'

if self.Valvel7.GetLabel()==valve_status_ON:
self.Valvel7.SetLabel(valve_status_OFF)

else:

self.Valvel7.SetLabel(valve_status_ON)

def V18(self, event):
valve_status_ ON ='ON'
valve_status_OFF ="'OFF'
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if self.Valvel8.GetLabel()==valve_status_ON:

self.Valvel8.SetLabel(valve_status_OFF)

else:

self.Valvel8.SetLabel(valve_status_ON)

def V19(self, event):
valve_status_ ON ="'ON'

valve_status_OFF ='OFF'

if self.Valve19.GetLabel()==valve_status_ON:

self.Valve19.SetLabel(valve_status_OFF)

else:

self.Valve19.SetLabel(valve_status_ON)

def V20(self, event):
valve_status_ ON ="'ON'
valve_status_OFF ='OFF'

if self.Valve20.GetLabel()==valve_status_ON:

self.Valve20.SetLabel(valve_status_OFF)

else:

self.Valve20.SetLabel(valve_status_ON)

def V21(self, event):
valve_status_ON ="'ON'
valve_status_OFF ="'OFF'

if self.Valve21.GetLabel()==valve_status_ON:

self.Valve21.SetLabel(valve_status_OFF)
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else:

self.Valve21.SetLabel(valve_status_ON)

def V22(self, event):
valve_status_ ON ="'ON'

valve_status_OFF ='OFF'

if self.Valve22.GetLabel()==valve_status_ON:
self.Valve22.SetLabel(valve_status_OFF)

else:

self.Valve22.SetLabel(valve_status_ON)

def V23(self, event):
valve_status_ ON ="'ON'

valve_status_OFF ='OFF'

if self.Valve23.GetLabel()==valve_status_ON:
self.Valve23.SetLabel(valve_status_OFF)

else:

self.Valve23.SetLabel(valve_status_ON)

def V24(self, event):
valve_status_ON ="'ON'
valve_status_OFF ="'OFF'

if self.Valve24.GetLabel()==valve_status_ON:
self.Valve24.SetLabel(valve_status_OFF)

else:

self.Valve24.SetlLabel(valve_status_ON)
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def V25(self, event):
valve_status_ ON ="'ON'

valve_status_OFF ='OFF'

if self.Valve25.GetLabel()==valve_status_ON:

self.Valve25.SetLabel(valve_status_OFF)

else:

self.Valve25.SetLabel(valve_status_ON)

def V26(self, event):
valve_status_ ON ="'ON'

valve_status_OFF ='OFF'

if self.Valve26.GetLabel()==valve_status_ON:

self.Valve26.SetLabel(valve_status_OFF)

else:

self.Valve26.SetLabel(valve_status_ON)

def V27(self, event):
valve_status ON ="'ON'
valve_status_OFF ='OFF'

if self.Valve27.GetLabel()==valve_status_ON:

self.Valve27.SetLabel(valve_status_OFF)

else:

self.Valve27.SetLabel(valve_status_ON)

def V28(self, event):
valve_status_ ON ='ON'
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valve_status_OFF ="'OFF'

if self.Valve28.GetLabel()==valve_status_ON:
self.Valve28.SetLabel(valve_status_OFF)

else:

self.Valve28.SetLabel(valve_status_ON)

def V29(self, event):
valve_status_ ON ="'ON'

valve_status_OFF ='OFF'

if self.Valve29.GetLabel()==valve_status_ON:
self.Valve29.SetLabel(valve_status_OFF)

else:

self.Valve29.SetLabel(valve_status_ON)

def V30(self, event):
valve_status ON ="'ON'
valve_status_OFF ='OFF'

if self.Valve30.GetLabel()==valve_status_ON:
self.Valve30.SetLabel(valve_status_OFF)

else:

self.Valve30.SetLabel(valve_status_ON)

def V31(self, event):
valve_status_ ON ='ON'
valve_status_OFF ="'OFF'
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if self.Valve31.GetLabel()==valve_status_ON:

self.Valve31.SetLabel(valve_status_OFF)

else:

self.Valve31.SetLabel(valve_status_ON)

def V32(self, event):
valve_status_ ON ="'ON'

valve_status_OFF ='OFF'

if self.Valve32.GetLabel()==valve_status_ON:

self.Valve32.SetLabel(valve_status_OFF)

else:

self.Valve32.SetLabel(valve_status_ON)

def V33(self, event):
valve_status_ ON ="'ON'
valve_status_OFF ='OFF'

if self.Valve33.GetLabel()==valve_status_ON:

self.Valve33.SetLabel(valve_status_OFF)

else:

self.Valve33.SetLabel(valve_status_ON)

def V34(self, event):
valve_status_ ON ='ON'
valve_status_OFF ="'OFF'

if self.Valve34.GetLabel()==valve_status_ON:

self.Valve34.SetLabel(valve_status_OFF)
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else:

self.Valve34.SetLabel(valve_status_ON)

def V35(self, event):
valve_status_ ON ="'ON'

valve_status_OFF ='OFF'

if self.Valve35.GetLabel()==valve_status_ON:
self.Valve35.SetLabel(valve_status_OFF)

else:

self.Valve35.SetLabel(valve_status_ON)

def V36(self, event):
valve_status_ ON ="'ON'
valve_status_OFF ='OFF'

if self.Valve36.GetLabel()==valve_status_ON:
self.Valve36.SetLabel(valve_status_OFF)

else:

self.Valve36.SetLabel(valve_status_ON)
def V37(self, event):
valve_status_ON ="'ON'

valve_status_OFF ="'OFF'

if self.Valve37.GetLabel()==valve_status_ON:
self.Valve37.SetLabel(valve_status_OFF)

else:
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self.Valve37.SetLabel(valve_status_ON)

def V38(self, event):
valve_status_ ON ="'ON'

valve_status_OFF ='OFF'

if self.Valve38.GetLabel()==valve_status_ON:

self.Valve38.SetLabel(valve_status_OFF)

else:

self.Valve38.SetLabel(valve_status_ON)

def V39(self, event):
valve_status_ ON ='ON'

valve_status_OFF ='OFF'

if self.Valve39.GetLabel()==valve_status_ON:

self.Valve39.SetLabel(valve_status_OFF)

else:

self.Valve39.SetLabel(valve_status_ON)

def V40(self, event):
valve_status_ ON ="'ON'
valve_status_OFF ="'OFF'

if self.Valve40.GetLabel()==valve_status_ON:

self.Valve40.SetLabel(valve_status_OFF)

else:

self.Valve40.SetLabel(valve_status_ON)

def V41(self, event):
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valve_status_ ON ="'ON'

valve_status_OFF ="'OFF'

if self.Valve41.GetLabel()==valve_status_ON:
self.Valve41.SetLabel(valve_status_OFF)

else:

self.Valve41.SetLabel(valve_status_ON)

def V42(self, event):
valve_status_ ON ="'ON'

valve_status_OFF ='OFF'

if self.Valve42.GetLabel()==valve_status_ON:
self.Valve42.SetLabel(valve_status_OFF)

else:

self.Valve42.SetLabel(valve_status_ON)

def V43(self, event):
valve_status ON ="'ON'
valve_status_OFF ='OFF'

if self.Valve43.GetLabel()==valve_status_ON:
self.Valve43.SetLabel(valve_status_OFF)

else:

self.Valve43.SetLabel(valve_status_ON)

def V44(self, event):
valve_status_ ON ='ON'
valve_status_OFF = 'OFF'
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if self.Valve44.GetLabel()==valve_status_ON:

self.Valve44.SetLabel(valve_status_OFF)

else:

self.Valve44.SetLabel(valve_status_ON)

def V45(self, event):
valve_status_ ON ="'ON'

valve_status_OFF ='OFF'

if self.Valve45.GetLabel()==valve_status_ON:

self.Valve45.SetLabel(valve_status_OFF)

else:

self.Valve45.SetLabel(valve_status_ON)

def V46(self, event):
valve_status_ ON ="'ON'
valve_status_OFF = 'OFF'

if self.Valve46.GetLabel()==valve_status_ON:

self.Valve46.SetLabel(valve_status_OFF)

else:

self.Valve46.SetLabel(valve_status_ON)

def V47(self, event):
valve_status_ ON ='ON'
valve_status_OFF ="'OFF'

if self.Valve47.GetLabel()==valve_status_ON:

self.Valve47.SetLabel(valve_status_OFF)
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else:

self.Valve47.SetLabel(valve_status_ON)

def V48(self, event):
valve_status_ ON ="'ON'

valve_status_OFF ='OFF'

if self.Valve48.GetLabel()==valve_status_ON:
self.Valve48.SetLabel(valve_status_OFF)

else:

self.Valve48.SetLabel(valve_status_ON)

def V49(self, event):
valve_status_ ON ="'ON'
valve_status_OFF ='OFF'

if self.Valve49.GetLabel()==valve_status_ON:
self.Valve49.SetLabel(valve_status_OFF)

else:

self.Valve49.SetLabel(valve_status_ON)
def V50(self, event):
valve_status_ON ="'ON'

valve_status_OFF ="'OFF'

if self.Valve50.GetLabel()==valve_status_ON:
self.Valve50.SetLabel(valve_status_OFF)

else:
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self.Valve50.SetLabel(valve_status_ON)

def V51(self, event):
valve_status_ ON ="'ON'

valve_status_OFF ='OFF'

if self.Valve51.GetLabel()==valve_status_ON:

self.Valve51.SetLabel(valve_status_OFF)

else:

self.Valve51.SetLabel(valve_status_ON)

def V52(self, event):
valve_status_ ON ='ON'

valve_status_OFF ='OFF'

if self.Valve52.GetLabel()==valve_status_ON:

self.Valve52.SetLabel(valve_status_OFF)

else:

self.Valve52.SetLabel(valve_status_ON)

def V53(self, event):
valve_status_ ON ="'ON'
valve_status_OFF ="'OFF'

if self.Valve53.GetLabel()==valve_status_ON:

self.Valve53.SetLabel(valve_status_OFF)

else:

self.Valve53.SetLabel(valve_status_ON)

def V54(self, event):
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valve_status_ ON ="'ON'

valve_status_OFF ="'OFF'

if self.Valve54.GetLabel()==valve_status_ON:
self.Valveb4.SetLabel(valve_status_OFF)

else:

self.Valveb4.SetLabel(valve_status_ON)

def V55(self, event):
valve_status_ ON ="'ON'

valve_status_OFF ='OFF'

if self.Valve55.GetLabel()==valve_status_ON:
self.Valveb5.SetLabel(valve_status_OFF)

else:

self.Valveb5.SetLabel(valve_status_ON)

def V56(self, event):
valve_status ON ="'ON'
valve_status_OFF ='OFF'

if self.Valve56.GetLabel()==valve_status_ON:
self.Valve56.SetLabel(valve_status_OFF)

else:

self.Valve56.SetLabel(valve_status_ON)

def V57(self, event):
valve_status_ ON ='ON'
valve_status_OFF = 'OFF'
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if self.Valve57.GetLabel()==valve_status_ON:

self.Valve57.SetLabel(valve_status_OFF)

else:

self.Valve57.SetLabel(valve_status_ON)

def V58(self, event):
valve_status_ ON ="'ON'

valve_status_OFF ='OFF'

if self.Valve58.GetLabel()==valve_status_ON:

self.Valve58.SetLabel(valve_status_OFF)

else:

self.Valve58.SetLabel(valve_status_ON)

def V59(self, event):
valve_status_ ON ="'ON'
valve_status_OFF ='OFF'

if self.Valve59.GetLabel()==valve_status_ON:

self.Valve59.SetLabel(valve_status_OFF)

else:

self.Valve59.SetLabel(valve_status_ON)

def V60(self, event):
valve_status_ ON ='ON'
valve_status_OFF ="'OFF'

if self.Valve60.GetLabel()==valve_status_ON:

self.Valve60.SetLabel(valve_status_OFF)
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else:

self.Valve60.SetLabel(valve_status_ON)

def V61(self, event):
valve_status_ ON ="'ON'

valve_status_OFF ='OFF'

if self.Valve60.GetLabel()==valve_status_ON:
self.Valve60.SetLabel(valve_status_OFF)

else:

self.Valve60.SetLabel(valve_status_ON)

def V62(self, event):
valve_status_ ON ="'ON'
valve_status_OFF ='OFF'

if self.Valve60.GetLabel()==valve_status_ON:
self.Valve60.SetLabel(valve_status_OFF)

else:

self.Valve60.SetLabel(valve_status_ON)
def V63(self, event):
valve_status_ON ="'ON'

valve_status_OFF ="'OFF'

if self.Valve60.GetLabel()==valve_status_ON:
self.Valve60.SetLabel(valve_status_OFF)

else:
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self.Valve60.SetLabel(valve_status_ON)

def V64(self, event):
valve_status_ ON ="'ON'
valve_status_OFF ='OFF'

if self.Valve60.GetLabel()==valve_status_ON:

self.Valve60.SetLabel(valve_status_OFF)

else:

self.Valve60.SetLabel(valve_status_ON)

def V65(self, event):
valve_status_ ON ="'ON'
valve_status_OFF ='OFF'

if self.Valve60.GetLabel()==valve_status_ON:

self.Valve60.SetLabel(valve_status_OFF)

else:

self.Valve60.SetLabel(valve_status_ON)

def V66(self, event):
valve_status_ON ="'ON'
valve_status_OFF = 'OFF'

if self.Valve60.GetLabel()==valve_status_ON:

self.Valve60.SetLabel(valve_status_OFF)
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else:

self.Valve60.SetLabel(valve_status_ON)

33 3 3 3 3 3 3o o o o S S 3 3 33 o o o 3 3 3 3 e 0 o o 3
# Define Pumps

#**************************************************************************************%*%*%*%*%*%*

def P1 (self,event):

wx.MessageBox("P1 is Open ","Pump", wx.OK|wx.ICON_INFORMATION)

def P2 (self,event):
wx.MessageBox("P2 is Open ","Pump", wx.OK|wx.ICON_INFORMATION)

def P3 (self,event):
wx.MessageBox("P3 is Open ","Pump", wx.OK|wx.ICON_INFORMATION)

def P4 (self,event):
wx.MessageBox("P4 is Open ","Pump", wx.OK|wx.ICON_INFORMATION)

def P5 (self,event):
wx.MessageBox("P5 is Open ","Pump", wx.OK|wx.ICON_INFORMATION)

def P6 (self,event):
wx.MessageBox("P6 is Open ","Pump", wx.OK|wx.ICON_INFORMATION)

def P7 (self,event):
wx.MessageBox("P7 is Open ","Pump", wx.OK|wx.ICON_INFORMATION)

def P8 (self,event):
wx.MessageBox("P8 is Open ","Pump", wx.OK|wx.ICON_INFORMATION)

def P9 (self,event):
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wx.MessageBox("P9 is Open ","Pump", wx.OK|wx.ICON_INFORMATION)

def P10 (self,event):
wx.MessageBox("P10 is Open ","Pump", wx.OK|wx.ICON_INFORMATION)

bEEE SRS S B S S S B S S S S S S S S S e R

AR AR A A A listbox e 63 S o S S S

#>(->(->(->(->(->F>(->F>(->F>(->F>(->F>(->F>(->F>F>(->F>(->F>(->F>(->6>(->F>(->(->(->(->(->(->(->(-*>(-*>(-*>(-***>(-***************************************************
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class ValveListBox(wx.Frame):

def __init__(self):

wx.Frame.__init__(self, None, -1, Pumps list', size=(250,300))

panel = wx.Panel(self,-1)

#List1=Listbox()

#Listl.insert(1,'P1")
#Listl.insert(2,'P2")
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#Listl.insert(3,'P3")
#Listl.insert(4,'P4")
#Listl.insert(5,'P5")
#Listl.insert(6, 6"
#Listl.insert(7, P7")
#Listl.insert(8,' P8")
#Listl.insert(9, P9")
# List1.insert(10,'P10")

LABELSTYLE = wx.BORDER_SUNKEN wx.ST_NO_AUTORESIZE
wx.ALIGN_CENTER_HORIZONTAL

wx.StaticText(panel,20," Pumps Selected : ",(10,10))
wx.StaticText(panel,-1," P1 ",(18,40))
wx.StaticText(panel,-1," P2 ",(18,70))
wx.StaticText(panel,-1," P3 ",(18,100))
wx.StaticText(panel,-1," P4 ",(18,130))
wx.StaticText(panel,-1," P5 ",(18,160))
wx.StaticText(panel,-1," P6 ",(18,190))
wx.StaticText(panel,-1," P7 ",(18,220))
wx.StaticText(panel,-1," P8 ",(18,250))

wx.StaticText(panel,-1," P9 ",(18,280))
wx.StaticText(panel,-1," P10 *,(18,310))

self. Pump1 = wx.StaticText(panel, size = (40, -1), pos = (60, 40), style = LABELSTYLE)

self. Pump?2 = wx.StaticText(panel, size = (40, -1), pos = (60, 70), style = LABELSTYLE)

self. Pump3 = wx.StaticText(panel, size = (40, -1), pos = (60, 100), style = LABELSTYLE)
self. Pump4 = wx.StaticText(panel, size = (40, -1), pos = (60, 130), style = LABELSTYLE)
self. Pumpb5 = wx.StaticText(panel, size = (40, -1), pos = (60, 160), style = LABELSTYLE)
self. Pump6 = wx.StaticText(panel, size = (40, -1), pos = (60, 190), style = LABELSTYLE)
self. Pump? = wx.StaticText(panel, size = (40, -1), pos = (60, 220), style = LABELSTYLE)
self. Pump8 = wx.StaticText(panel, size = (40, -1), pos = (60, 250), style = LABELSTYLE)
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self. Pump9 = wx.StaticText(panel, size = (40, -1), pos = (60, 280), style = LABELSTYLE)
self. Pump10 = wx.StaticText(panel, size = (40, -1), pos = (60, 310), style = LABELSTYLE)

#sampleList=[P1','P2','P3','P4','P5','P6','P7','P8', P9',' P10']

#
'V21','V22','V23','V24','V25','V26','V27','V28','V29','V30','V31','V32','V33','V34','V35','V36','V37','V38,’
V39','V40',

# 'V41','V42','V43','V44','V45','V46','V47','V48']

#wx.StaticText(panel,-1,"Pumps",(20,5))

#wx.ComboBox(panel,-1," valve ",(20,30),wx.DefaultSize,sampleList, wx.CB_DROPDOWN)
#wx.ComboBox(panel,-1," valve ",(150,30), wx.DefaultSize,sampleList, wx.CB_SIMPLE)

# listBox = wx.ListBox(panel, -1, (0, 0), (250, 300), sampleList,wx.LB_EXTENDED)

# listBox.SetSelection(3)

# listbox = wx.CheckListBox(panel,-1,(20,20),(100,300),sampleList, wx.LB_SINGLE)
def P1 (self,event):

pump_status_ON ="'ON'
pump_status_OFF = "'OFF'

if self. Pump1.GetLabel()==pump_status_ON:
self. Pump1.SetLabel(pump_status_OFF)

else:

self. Pump1.SetLabel(pump_status_ON)
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wx.MessageBox("P1 is Open ","Pump", wx.OK|wx.ICON_INFORMATION)

def P2 (self,event):
wx.MessageBox("P2 is Open ","Pump", wx.OK|wx.ICON_INFORMATION)

def P3 (self,event):
wx.MessageBox("P3 is Open ","Pump", wx.OK|wx.ICON_INFORMATION)

def P4 (self,event):
wx.MessageBox("P4 is Open ","Pump", wx.OK|wx.ICON_INFORMATION)

def P5 (self,event):
wx.MessageBox("P5 is Open ","Pump", wx.OK|wx.ICON_INFORMATION)

def P6 (self,event):
wx.MessageBox("P6 is Open ","Pump", wx.OK|wx.JICON_INFORMATION)

def P7 (self,event):
wx.MessageBox("P7 is Open ","Pump", wx.OK|wx.ICON_INFORMATION)

def P8 (self,event):
wx.MessageBox("P8 is Open ","Pump", wx.OK|wx.ICON_INFORMATION)

def P9 (self,event):
wx.MessageBox("P9 is Open ","Pump", wx.OK|wx.ICON_INFORMATION)

def P10 (self,event):
wx.MessageBox("P10 is Open ","Pump", wx.OK|wx.ICON_INFORMATION)
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FRRRAAAAAAAAAAAAAAA AN main definition and 100p HEXEXEXARRRRRRA A A A A4S

FRHERRRA AR AR AR AR AR KA A AR KA AR A AR AR AR AR AR AR AR AR AR AR AR AR AAAAAR AR ARAAAAAAR A

def main():
""”Testing”""
MyBackgroundPanel = wx.PySimpleApp(wx.Panel)

f = MyFrame()

#in D:\AECENAR\MEGBI\MEGBI-
VPP\ AUT\ CDMasterThesisHayssamHindy \ GUI\ 101005_MEGBI-VPP_downstream.py the

follwowing two lines are not in comment
#d=ValveListBox()
#d.Show()
f.Center()
f.Show/()
MyBackgroundPanel. MainLoop()
if name ==" main_ "

main()
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19.5 Annex 3: Electrical circuits for connection between veleman board, relais and
actuators (pump. valve)

UsE output
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pump Fl I
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12
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Trans
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Rough Business Plans and Commercializing Market Strategy
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20 Project Management / g g il 5,13
20.1 Project goal /ae// (9w

The goal is to install a DNA vaccine production plant.

1. HBSAg vaccine production based on S.cerevisae

2. later on migration to MAB production in E.coli

20.2 Budget Planning

20.2.1 Akta Based Plant

Prices 2015
including transport
and
Smaller Scale Prices 2014 douane in Lebanon
Bioreactor (offer from
2013) 130.000 € 175760 €]
Uniflux (Filtration) 10 172.000 € 232.544 €
ktaready 140,000 € 189.280 €
Ultracentrifuge 50.000 € 67.600 €|
[DNA Laboratory 130,000 €}
Total 795.184 €
Prices 2015
including transport
X and
Medium Scale Prices 2014 douane in Lebanon
Bioreactor Xcell 240000 € 324.480€
Uniflux (Filtration) 30 305.000 € 412.3650€
AktaProcess 170.000 € 220840€
Ultracentrifuge 50.000 € 67.600€
DNA Laboratory 130.000 €]
UNIFLUX 30: 161 200 Eure
Filtration Tank (Basic 250 L) 106 000 Euro
[Total 1.164.280 €] ; )

XDR-200 Bioreactar 180 360 Eura
Fully canfigures: + 24 200 Euro
Installation/ Qluziifi cation Biorezctor 34 750 Euro

UMIFLL 10 Gincluding 10 Ltank] 135 800 Eurc -
Installavon/ Qualficaton Fitration 34 750 Eurg DF Uniflux: 305 000 EUR

MEGBI-VPP

Akta based Draft Design
(Prices 2014, +4% for 2015)

USP

Xeellerex ™ XDR cell
culture
bioreactor system

240 000 EUR

akTAready Systern 103 310 Euro

ARTAprocess max 180 or400 I 131 200 Euro
Gradient option (~Readys ~ Process + 22.000 Euro
Installstonf Qualficston Chromatogrsphy © 20,300 Euro

DS

Akta ready: 150 000 EUR
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20.2.2 Patent Based semi-own manufactoring

Last update: 24.12.2014

[Price inchuding
Device No. | Device Name t & cusic
= Do S Conrige o Baen &
S .
W I_,‘ e
1|Disc Stack Centritugs 1 $25.000
High Pressure Hor
P
= . L
Hom: $15.000} ﬂ
‘Storage Tank'
PEG Precipitation mixing tank
100L $2.000,
l}g—c&-* 2 $25.000)
Storage Tank/
(CaCl2 Pracipitation midng tank
S{100L $2.000,
40001 hollow fiber ultrafiltration water treatment
machine
U5 $4000-6000 Uni | Get Latest Price
Leave Messages

$5.000
Storage Tank
7{100L for UF $2.000,

1000

$18.000]

$2.000,

$3.000]

SIGMA-ALDRICH"

PRODUCTS ~  SERVICES v INDUSTRIES ~ ACCOUNT + ORDER W -
Germany ome @ a
DEAE Sepharose® Fast Flow
GE Healthoars, 17-0798-01, pack of 600 mL.
[ rcnc:
— Q
Bestellen @ | Safetya Peer o
Preis und Verflugbarkeit
Eigenschaften
T —— Dot sian
S r Proten wramon @i o[ ] OO
[DFF100 DEAE-Sepharose® Fast Flow sasaryar oo Excaangor Type abic)
12| Aldrich) $17.000) - ol o ETT————
for
13]100L $2.000|
ALEA VIASSERMNANN
Separation
ot o, ’- Hepatitis B Vaccine | K5 Rotor g
ot e 0% Macory: 0% Reticaion facter: x 10 =
S
- g
<
E
&
o s z
@*

w400 et
Bufter Pt s b e 9 emprove o sttty ofthe prochet

(octore e racient materl)

il a0 e matenat in canfied o cture st

R time 15 8 Powrs ot spees

The ot i unkoases staticaly in 500 m fractions.

Experienced dean out raages around 95 to 100%.

14|Utra
15[20 L Chomat
16j20L rose 4 F
[Storage Tank
1711004
Sterile Liquid Filtration Appiication
" & 2 "
1” \ ) S i g |
Prefimer  Partce ier  Fst fmer  Shot fter
18/sterie fitration 0.22 Mirometer $2.500|
IChemicals. 5000]
78000)
man months
1 1
Total $343.500
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20.2.3 Budget for MEGBI Vaccine Production Pilot Plant (MEGBI-VPP)
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MEGBI-VPP

DNA Vaccine Piot Plant for production of Hopattis B virus.
2015

Upstream Processing specific |cost per
reacto Costs imonth
[Materia Costs Personnel Corts Stugent o¢|
Guration Speciaized
fystem piece piece price [rotal rask months) __|oualification price / month rotal worker 1000¢]
Behattar integration Mechanics.
s00¢] s00¢] Aleng. 2000¢] 2000 efengineer 2.000
integration Automation
Behsiter s0¢j 100 ¢fsystem 1leng. 2000¢] 2000¢]
[Abdeckwalie 10€ 100 fProgramming Control 1[En- 2000¢] 2000¢]
RECENAR
Blech 120 120 ¢fProject Managing
Pumpe £ 30
i 3 0
200 00
20 20
100 100
o, sensor 1200€ 1200(]
[Aushun wtValve 200 200
wtValve 200 200
Behatter 50 50
PH Regulierung Behaiter %0 100
utValve 200 400
Behaiter % 50
utValve 200 200
lemens 57 PLC 1500 1500
500 500
[Total Upstream
5000 [Processing Unit (Bioreactor) _ 17.980 ¢
[Downstream INoedad
Processing prico por pieco [proces nosded |Costs. Jstart
Homogenzzor 1.000¢] 1 1.000€]
NCTAceady Sy 103210 B0
AThgrocess mae 18001400y 31 200
Gt ety Prcess S0
Prototype Chiomatoge.
[Procoss 13000¢] 3l 39000¢]
Prototype Chiomatogr.
|Process o€
unsatitration Unit 1500¢] i 1.500€]
£
.t ")
o€
10500¢] 1 10500¢]
1.000¢] 4 4000¢
Pump 700¢ 5 4200¢
systom, GUI) 10000
|Total
Total [Down:
Devices|73.200 € [Processing Unit 76.200 €
montriy rate for
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This calculation was presented to LASeR (Prof Moustafa Jazar, Dr Ammar Assoum, Dr Bachar al-
Hasan) and discussed at LU Doctoral School in Tripoli (Dr Ammar Assoum, Dr Bachar al-Hasan,
Dr Mohammad Khalil). Result: LASeR waits for the opinion of Prof Monzer Hamze (Status 17
March 2015), one phone call with Dr Monzer in March 15, then no further anwers).
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20.2.4 Budget Plan for completing a minimal Prototype Plan (Status November 15)
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This version includes:

- cost reduction option:

with chemical

vessel

opening of cells instead

of homogenizer

- disc stack centrifuge

instead of ultracentifuge
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20.3 Business Plan 1 (presented Dec 2014)

Businessplan

Invest + Return of Invest

2015 |2016 2017 (12018 2019 2020

MEGBI-VPP

< 20

Building of a DNA Building of a DNA vaccine production
vaccine production plant at a scale of about 50 Mio.
plant at a scale of EUR
about 15 Mio. EUR

Germany/ .
Lebanon Kuwait Turkey or an Arab country
Investment 0144 Mo.€ 0.576 Mio. € 0.6 Mio. € » 048 Mio. €

1.2 Mio. €

2.64 Mio. € insha Allah
02.12.2014 Prognonsted Output
(220% in 5 years)
20.3.1 Investors for Business Plan 1

Ubersicht der Investoren am MEGBI-VPP

Stand: FLiz0A
Investoren
Gesamtentwickdungswert 1. 200, D €
Antele am Gewinn [Entwickung)
nvest or Hihe des Investi i onswertes bis Aprl 2011 Bemerkmg/Datum der Invest ton
Amine Bouafif 100,25 € 0,008354.2% | Imvestion bezahit {Uberweisung ca 11.12 14)
Na=er Al Araimi 1200 € 0, L0000 | Investition bezahlt [Uberweisung 27.12.14)
David Yildiz GO0 £ 10,5000 | Investion berahit (bar ca. B12.14)
AECENAR 133,000 11 ,0833333% |DMA Labor 130TEU R, Miete lan-fun 15 3TEUR
SR 134 SD0E 11 2416675
Restentwickungsanteile TEMO 1065100 £ BE.TEM

derzeit ist der griBre Teil der Projekbdo kumente Gffentlich zusinsich und hier & nsehbar:

hitp:/ftemo-ek de/E himl
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20.3.2 Location Concept of Business Plan 1
Cooperation between Europe and the Middle East

By the cooperation with Turkish and Arab partners the MEGBI-VPP project creates
working possibilities for the young educated people in the Middle East region and helps
to stabilize the region.

And with the help of God, the Almighty, this will be a big effort for a better and peaceful
future for the two neighbour regions Europe and North-Africa/Middle East.

The genetic engineering laboratory of the pilot plant (for step 1) is based in North
Lebanon at the nice village Ras Nhache. Threre were also undergone the prestudies of
the project.

Bioreactor (step 2) and purification (step 3) will be implemented at TEMO Biotechnology
site at Heidelberg, Germany

The administration of the project will be done by TEMO Biotechnology in Germany.

b”‘afe Q

JEmo

Og _ %

TEMO Biotechnology

TEMO e.K.
Im Klingenbiihl 2a
691283 Heidelberg, Germany

k\."‘aw’ Ha,,
()
°
Bupyns®

Email:  info@temo-ek.de
Website: www.temo-ek.de

o

e R STR IRCFSURC
old — oyl s\.d—LaLr_»IJ

Middle East Genetics and Biotechnology
Institute (MEGBI)

Main Road, Ras Nhache, Batroun, Lebanon,
Wwww.aecenar.com/institutes/megbi

Email: info®aecenar.com
\. = -

_—
)

s V V

vt e
g
Genetic T
Engineering ‘ﬂ‘ —
Labwith - 4 L > S T =y
Biosafety Level 2 . LS B9, - e
———_—— ’ - \--:} ) . -
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20.4 Business Plan 2 (Presented Feb 2015 to Azm Association)

Bismillah

MEGBI-VPP Businessplan and Feasibility Study

1.

18.2.2015

The Goal: a Facility able to produce vaccines and
antibodies based on fermentation and purification
(biotechnological upstream and downstream
process)

The Goal is a company like this

C' | [) www.syncaobiopartners.com/gmp-manufacturing

\pps B Gocgle EF Signin

STRT0e (W Enter a word or phrase GO

Bia Partners

s v n c o GMP Biopharmaceutical Manufacturing

Home About Us Services How We Work News & Events Careers Contact Us

Services GMP Manufacturing

Introduction

Process Development SynCo’s  muli 2 es e anufacturing
Analytical capa fi i r orldwide
s quality stan As one of
GMP Manufactunng approximately 10 biopharmaceutical CMOs in the world with both
irobial fuct clinical 3 commergal ng experience our clients
P benefic g risks and overall costs i
3 5 & benefit from r op ervice offering, providing
Aseptic Filling & Lyophilization '-’. proaram flexbibty, reduction n tme and agan s reduction of
Quality Assurance costs

Downlaads By outsourcng anufacturing needs to SynCo, SynCo's
clients c: i cus on other core

compet a successful business.

Facility History

1988 - Cetus Corporation, Emeryville, CA, US establishes its European headquarters,

EuroCetus B.V. in Amsterdam, the Netherlands.

1990-1991 - EuroCetus facility licensed for production and release of ProLeukin (IL-2) for

Europe and rest of world, except US and Japan.

1992 - Chiron Corporation acquires Cetus Corporation. Eurocetus B.V. becomes Chiron B.V.

1996 - Facility licensed for commercial production of Pertussis vaccine.

1997 - Facility licensed by WHO for commercial production of Meningitis A polysaccharides.

1997-1999 - Facility licensed by UK, MCA and Italian Health Branch for Meningitis C
polysaccharide and CRM197 carrier protein for conjugated vaccine Menjugate®.

2000 - Facility acquired by Dr William J. Rutter. SynCo Bio Partners B.V. established.

2001 - Facility licensed by EMA and Health Canada for Meningitis C polysaccharides and
CRM197 carrier protein for Menjugate® production.

2004 - Installation of new air handling systems completed for all of its facilities.

2005 - Installation of new aseptic filling machine in its Class A zone, allowing larger batches
sizes and expansion of filling ranges.

2005 - Expansion of GMP facilities to allow production of a wider range of protein, vaccine
and live biotherapeutic products.

2006 - Facility licensed by Korean FDA for commercial production.
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2008 - Expansion of process development capabilities to enable a greater range of projects
to be completed.
2009 - Facility licensed by ANVISA for commercial production.
2011 - Expansion of the Class A zone of its aseptic filling facility successfully completed,
allowing SynCo to support new product launches in the US and the rest of the world.

2. Business Plan for our plant
Year 2009-2015 2016 2017 2018
MEGBI Vaccine Licenced for Licenced for
Production Pilot Plant production of production of
(MEGBI-VPP) diagnostic antibodies Hepatitis B
(diagnosis of blood antigen vaccine
groups) in (similar to
Lebanon/Jordan/Turkey | Engerix) in
and other Arab Lebanon and
Countries other Arab
Countries
Investment | 120,000 € 4 Mio. EUR
Costs (still open to complete:
65.000 EUR)
Return of About 20 x 250 blood
Invest laboratories&blood
banks:
2017-2019
5000x40x 12 EUR = 2.4
Mio. EUR income per year
7.2 Mio. EUR
2.1. 2009-2015
MEGBI-VPP pilot plant shall convince an investor to invest in the next steps
Genetic Engineering | Upstream Processing | Downstream Processing Unit (Protein
Laboratory (Bioreactor) Purification)

Baneic -
Engnasring

Lab with :

Biosalaty Lawd 2 re "

r"n .
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2.2, 2016
A plant like this:

culture Akta based Draft Design

broreactor system N
240 000 EUR (Prices 2014, +4% for 2015)

o — MEGBI-VPP

USP

Medium Scale

Bloreactor Xoall
Unifiux { Filration) 30
AkraProcess

Ulerace nrifuge

DNA Laboratory

|Total

DS}

Alta teady 140 000 EUR

Azm Association (Faisal Maulawi, Dr Dani Saaduddin, Dr Kifah Tout) visited AECENAR Center
at Ras Nhache on 6™ March 2015 and Business Plan 2 was discussed. Result (Status 17t March

2015): Azm wants a more detailed business plan with detailed market strategy.

20.5 Time Schedule / wio i/l JsaxJ/

Nov/Dec 14: Financement and Concept Phase

Jan — June 15: Finishing of Development of MEGBI Vaccine Production Pilot Plant (MEGBI-VPP)

Planned Staff
System Design with SuperPro 15.12.-24.12.2014
Automation System (GUI, veleman | 1.3.-15.10.2015 Haitham Hindi (Master Student)
board)
Design of mechanical parts with | Mai - July 2015 Practicants from BAU (Jihad, Zaher,
FreeCAD Ibrahim, Fadi)

(Vessels, Storage Tanks, columns, Disc
Stack  Centrifuge,  Ultracentrifuge,

Homogenizer)

Materials List (sensors, actuators,

chemicals to be purchased)

Manufactoring a low cost version of | 16.3.-30.7.15
MEGBI-VPP (
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[MEGBI-H5N1 2011] Abdulwahab N., Mourad S., Borghol S., Laboratory verifiving of the peptid
candidate FLKDVMESM by ELISA and IFN-y ELISPOT analysis (Step 2 in MEGBI H5N1 peptid
vaccine research project), Ras Nhache, June 2011 (engl./.=_=)

[MEGBI-VPP 2012] Samir Mourad, Rihab EI Merheb, Layal Chbib, * MEGBI Vaccine Pilot Plant — 1st
Project Report (Feb 2012 — Jan 2013)", Introduction to Biotechnological upstream and downstream
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[MEGBI-VPP 2013] Samir Mourad, Jawdat Al Khatib, Rafiq Mourad, Hassan Derbani, MEGBI Vaccine
Pilot Plant — 2nd Project Report (Feb 2013 — Dec 2013),
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(Dictionnary English - Arab) wllb.aoll gl

Please see http://www.arab-ency.com/

dialysis in biochemistry, dialysis is the process of
separating molecules in solution by the
difference in their rates of diffusionthrough a
semipermeable membrane, such as dialysis
tubing.
cellular
detergents Reinigungsmittel
dialysis
protein expression FEap S
heterologous Sl
olog B o
protein i
thioredoxin . :
OrenS9dysed
plasmid KWWY
fusion protein NI
on pro )N g
Medium (Media)/ Medium .
Culture Medium
purification L
incubation Oliais|
hydrophobic d ob
yarop 4 999 R
stimulated G
Ammonium sulfate | Ammonium sulfate precipitationis a . 5}) ..
precipitation method used to purify proteins by altering {5 ‘ UL‘U‘{J":’J’
their solubility. It is a specific case of a more
general technique known as salting out.
recombinant alsge
glycoproteins i Sl ol I
Mannose 8
b
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Ol _* 2 (Dictionnary English - Arab)

Immunogenic
initialization I Y)
sensors Sensoren .

to research : Ti 15 rotor from Beckman
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