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L. Basic techniques for working with DNA / (g5l jaed! 3 Jaald denle) ol dal)

Overview /aolc § ks

In this
techniques for working with DNA are

course some fundamental
trained. The duration of this course is 5
days.

Molecular  biological ~and  genitival
experimental strategies are used today for
many tasks in agriculture, pharmaceutical
and medical sciences. For this the goal of
this

techniques in this field.

course block is to teach basic

The techniques learned in this course block
will be used, insha Allah, to clone a human
SRY gene, starting with the isolation of the
DNA, with PCR and then compiling a
plasmid vector. In one of the next courses,
this vector shall be used to transform a

plant.
Learning goals:

-Gene isolation

-PCR
-Methods to produce and analyse
recombinant DNA (Electrophoresis,

Plasmid technology, Restriction enzymes)
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L. Basic techniques for working with DNA / (g5l jaed! 3 Jaald denle) ol dal)

Time Table / <Bgdl Jox>

Mon | 8-12 | Theoretical background of the training course and methods, Discussion of the
workflow of the training course / Joadl 3 aridlieg gyl d ka5 anlys
13 -18 | Preparation of plates for bacteria (LB plates with ampicillin/IPTG/X-Gal, SOC medium)
/LS e piliia juiaad
Tue 8-12 | DNA isolation, primer design for PCR / kil 3oLl |sli Gl e, LA 3o
13-18 | PCR to isolate SRY gene / s S9! il Jpa) el 3ol)) Jolis
Wed | 8-12 Agarose gel to check the PCR and isolate the PCR product / gz o gl o Y el
ekl 31 ol
13-18 | Ligation of SRY gene in pGEM-T, Transformation in E.coli and plating (overnight
growth) / Jelt I3 ae s LpSl ) iy 4Dl o) oy Bkes
Thu 8-12 | Screening of E.coli colonies, inoculation of minipreps (overnight growth) / wlesest >
J =iy LS iminiprep
13 -18 | Sight seeing tour (history and antique culture area in Byblos) /
Fri 8-12 Miniprep of the plasmid DNA (Isolation of recombinant plasmid from E.coli cells) / J;s
Sl LY e Calisl) DUl
14-19

Restriction digest and Agarose Gel, Discussion / 23l , (559,5Y) YAl 5 LByl an

Required Lab Devices / dglholl jusoll )

Common / P

Refrigator and freezer for the following temperatures:/ ks &) > e @S 5\,

4°C
-20°C

-70°C (storage of pGEM-T Easy Kit)
PCR and gel purification of PCR product / gzl aMgl £259 Johuiiad! 8 ,0ddt Jolis

Incubator / &>

Thermocycler/ Jbwd) 3.1 felis
Electrophoresis device / oMl U S el AT

Precision weight / 335 015

Ligation and plasmid isolation from E.coli / & s3]l é;,,ay\ oo AU Jreg Loy ddes

Microcentrifuge capable of 14,000 x g / 3.,U

Vortex apperature / 4l9s




L. Basic techniques for working with DNA / (g5l jaed! 3 Jaald denle) ol dal)

List of suppliers in Lebanon and kits/materials / o0 ol o8 5, 90ll doils
slgo g wlegome

Sigma, http:/www.sigmaaldrich.com
Contact in Lebanon

Ibra Hadad, Beirut, Lebanon, Phone: 961 1 614233, Fax: 961 1 616020, E-mail: ibra@ibrahadad.com
Adpress: schari’ al-Arid, Sodiqo, Bank as-Sina’a wal amal, Galerie Haddad, 6t etage

Qiagen

Contact in Lebanon

Contact: QIAGEN in Lebanon, Order: +961-1-39 66 77, NUMELAB s.a.r.l. — Lebanon, Mrs. Myriam Daou
Address: Le 457 New Naccache, P.O.Box 70-410, Antelias- LEBANON, Telephone: +961-1-39 66 77, Fax. +961-
1-39 66 88

Email: numelab@numelab.com , Website: www.numelab.com

List of kits/materials from Qiagen

Name Details Cat. No. List Price (for Lebanon)
QIAquick Gel Extraction(50 QIAquick Spin Columns, Buffers,|28704 More than 100 EUR
Kit (50) Collection Tubes (2 ml)
QIAprep Spin Miniprep|For 50 high-purity plasmid minipreps: 50|27104 More than 100 EUR
Kit (50) QIAprep Spin Columns, Reagents, Buffers,

Collection Tubes (2 ml)

Aternatively there can be used similar kits for example from Peqlab.

Promega

Contact in Lebanon

Promega distributor in Lebanon:

Atom Medical Company, s.a.r.l., Mr. Tonius Ajjub, 03 628732

P.O. Box 90-1203, Dora, St. Joseph Street, Zohour Building, Beirut,

Tel: (961) 1249836, Fax: (961) 1 249838, E-mail Address: ATOMMED@cyberia.net.lb

List of kits/materials from Promega
Ligation kit:

pGEME-T Easy Vector System II mm Al1380 20 reactions

Plasmid extraction from E.coli:

Wizard® Plus SV Minipreps DNA Purification System mam A1330 50 preps

GHR
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L. Basic techniques for working with DNA / (g5l jaed! 3 Jaald denle) ol dal)

1 Introduction to Theory and Methods /\§ _,Ja." 9 d _,Jc':.i." o .J>'.\o

1.1 Molecular cloning / gy i/ Gliiw Y/
Molecular cloning refers to the

procedure of isolating a defined DNA

sequence and obtaining multiple

copies of it in wvivo. Cloning is
frequently employed to amplify DNA
fragments containing genes, but it can

be used to amplify any DNA sequence

such as promoters, non-coding
sequences, chemically synthesised
oligonucleotides and randomly

fragmented DNA. Cloning is utilized

in a wide array of biological

experiments and technological
applications such as large scale protein
production.
In the classical restriction and ligation
cloning protocols, cloning of any DNA
fragment essentially involves the
following steps:

1. Isolation of the genetic material

(DNA or ¢cDNA) from the donor

organism
2. DNA fragmentation with
restriction endonucleases or

specific amplification of DNA parts
with PCR

3. ligation of DNA fragments to a

plasmid (vector)
4. transformation

(transfection (Putting vector into a cell,
which is therefor transformed), ...)
screening/selection

Although these steps are invariable among
cloning procedures a number of alternative

routes can be selected at various points
depending on the particular application;
these are summarized as a
strategy’.

Isolation of insert (1. and 2.)
Initially, the DNA fragment to be
cloned be
Preparation of DNA fragments for

“cloning

needs to isolated.

Capall Ll ks Je Slslm) J1 ) Floma) iy
phoiy Lo TS g el (3 s el Bae S gty
aielal o Sl e gl Ll ada aislial sl
7 g s §f (promoter) o5 Ul e Al o
eAB 2 "WleS au.(non coding  sequences)
Sy Bl akd  ( oligonucleotides ) <l sSsel
el @ el S el . e
b S ey gl i g S ikl g gl

oy (3 Asewizd Cuj\ Jees 9 x:hn.J“ &) OVSsen
A LA Bl adad e ) izl o, 2SS

B S s (cDNA Ly 2 sl e 1

tislae o USHal abaid) a5l dbuly LAl obki 2
el e o) Lol AT 5 b e Bl wlgyd dsls
(vector) desdU s L) alsd Loss 3

(s o o B s aadU oy B 4
e 22 D

FlitaVl el Gy calg & Ll ada OF e (21 e
Ll o) Lgelbnal abadl Gl o sde la dog,
Aol sl > el g¢ B oligby e Mslazel daliz
N

(21) 52510 b ks Jie

05S OY s Lmlemol s g Gl ki 2l 3
ot ke 3 e O Sa et Bl wlad jad . dgiee
G b gb e 0 b UL B el e d L i) b))
Ka oSy SR ool Sl Joli>>0
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L. Basic techniques for working with DNA / (g5l jaed! 3 Jaald denle) ol dal)

cloning can be accomplished in a iSeal) GBedll 4T jt CM\ ("v"'t. M\ il o of "Laf
number of alternative ways. Insert i

preparation is frequently achieved by L_;\-f;ég‘ Jadl AT absly agfigy (LA (ultra sond)
]rjr:le talzts r(r);ypoall}; ronelj:SZcz}oljnHI;IiZ;iil(;ar; .(Agrose gel electrophoresis) 559,V adel)
restriction enzyme digestion, DNA 3 05 13 "Lyl dlenzels "WileS olginudleotide J\ ¢ S&
sonication and fractlo.natlon by agarose | S S e oY A s Y ey g AL
gel electrophoresis. Chemically
synthesized oligonucleotides can also 3¢ 5V glosa¥l pliinl o O (S5 izl Ul olas
be used if the target sequence size does (e SleS S5y o) YT 5l (DNA Flaczals
not exceed the limit of chemical )

synthesis. Isolation of insert can be

done by using shotgun cloning, c-DNA

clones, gene machines (artificial 3) by s
chemical synthesis).

Ligation (3.)

Insert
—1 restriction —_—
-1_- e Ligalion
Transformation (4.) Jé}’““ les

Following ligation, the ligation product (‘_ S S C“‘U Ly b i e &jfy‘ Ly &,

(plasmid) is transformed into bacteria
for propagation. The bacteria is then »» S5y ead ey Lyl LY e Ll

plated on selective agar to select for . L )
:ﬁmj Lesed Lol I ol sastl, |
bacteria that has your plasmid of b blet) g blasl o 2,40 ol et

interest. Individual colonies are Picked Jsmald a0 QﬁMaxiprep gl ezl
and tested for the wanted insert.

Maxiprep can be done to obtain large Ll é” Sl o el AedUl e 518 a8 e
quantity of the plasmid containing your el
inserted gene.

Transfection (Putting vector into a cell, (st S add) el s DUl =29) Sl ides
which is therefor transformed) ) i N . i
Following ligation, a portion of the cled o JU Jbosle Lol Jolds oo sport 5l Loyl Bles
ligation reaction, including vector with .| sJts, LS I il Cgllal) gl (3 ezl G
insert in the desired orientation is

transfected into cells. A number of ‘-.":Eﬂ\‘”\':ﬂ':"":{ L=l o] @'ﬂj J-"‘%—’j"l\ o) P
alternative techniques are available, . . e i
such as chemical :lensitization of cells, LSl ! &>3-(gene gum)biolistics 5 ‘“;LEJG_Q !
electroporation and biolistics. Chemical dzwesis Sldee Clby ¥ Y Joriy L UL 4o LlesS

sensitization of «cells is frequently . 1 e L
employed since this does not require Jorios S LS el adle BT Lo g9

specialized equipment and provides UL 5a LS g 2Ll ale J‘)‘ 5L U1 o) by Leie
relatively high transformation
efficiencies. Electroporation is used e biolistics JI. dled xé Tl Olemglial 3
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when extremely high transformation
efficiencies are required, as in very
inefficient cloning strategies. Biolistics
are mainly utilized in plant cell
transformations, where the cell wall is a
major obstacle in DNA uptake by cells.
The bareial transformation is generally
observe by blue white screning.
Selection (5.)

Finally, the transfected
cultured. As the aforementioned
procedures are of particularly low

cells are

efficiency, there is a need to identify the
cells that contain the desired insert at
the appropriate orientation and isolate
these
transformed. Modern cloning vectors
include selectable markers (most

from those not successfully

frequently antibiotic resistance markers)
that allow only cells in which the
vector, but not necessarily the insert,
has

Additionally, the cloning vectors may

been transfected to  grow.
contain colour selection markers which
provide blue/white screening (via «-
factor complementation) on X-gal
medium. Nevertheless, these selection
steps do not absolutely guarantee that
the DNA insert is present in the cells.
Further investigation of the resulting
colonies is required to confirm that
cloning was successful. This may be
of PCR,

restriction fragment analysis and/or

accomplished by means

DNA sequencing.
N Transformation
vector
with bacterial cell
insert
bacterial cell

putting on LB plates with
antibictika

L3
F building of colonies

Sy A s e WL D B 3 ) S
SAL Lo dsley O L3 e Ll planel (3 4, dds
BV g W) sl IV e i) des 14

(-5) el Lhes

e s gy aual Ml D LY
UST 55 (2 ABLL Slel V1 OF Loy ()
e Bl LS 2 O ) 2 s ae ol [ diadons
WIS e Wie g ol slEVL dgllal) deiizd) G s
St obdle fedd il Fleaal) e ) Al
s (&) (s wlolaad) Ll wldle 0LV o lane)
S 5l dy e e s ) Dl L
s 41 BLoVL. sl vzl Bl alad w2
Sl el olbde e gt OlldadUl Ll OIS
Loy o (LS Ll b ) pamdll 2V G)5Y)
Y b eda et 06 (25 mey L (x-gal) e ST JlAe
U WS (3 gemizad) Bl sgmy MY Jo poias
O oo ST Slosastl il 3 8T Gl o OF o gllas
sl Jols g b e s 328 (Say md 6 Fle)
Ll s of e Ly ¢ ol

LU

Figure: Transformation and

selection

)L,..:r’:ﬂ\ 3 Jg}’;ﬂ\ idas BM

no growing
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1.2 DNA igw /S99l yda>)/

Deoxyribonucleic acid
(DNA) is a nucleic
acid that contains the
genetic  instructions
used in the
development and
functioning of all
known living
organisms and some
viruses. The main
role of DNA
molecules is the long-
term  storage  of
information. DNA is
often compared to a ¢
set of blueprints or a

recipe, since it =
contains the g
instructions needed :

to construct other
components of cells,
such as proteins and
RNA molecules.

The DNA segments
that carry this genetic
information are
called genes, but
other DNA sequen-
ces have structural
purposes, or are
involved in
regulating the use of
this genetic informa-
tion.

Chemically, DNA consists of two
long polymers of simple units
called nucleotides, with backbones
made of sugars and phosphate
groups joined by ester bonds.
These two strands run in opposite
directions to each other and are
therefore anti-parallel. Attached to
each sugar is one of four types of
molecules called bases. It is the
sequence of these four bases along
the backbone that encodes

e Y el
DNA iYLy Gl ol cpomanS™S)
Deoxyribonucleic ¢4l O (53
G 99l ot sa (acid
G ad sldadl e e
SIS rloedl psladl Caas
Gl LS olagpdll (lesy 2
LU aedl oloddl 52
IS aed sl oY
oy om it LK
Slasbeell A1 Joglall e
el aibyl s adl
S Jl Bloyl LW olgd
Slgdl eds Pl e Sk
Ll wlaghall - Lo Jguadl
B ol g Slgpd) L
ot G LA adas sy
eay oS aly Sl

9 Genes <Lkl ljgyd

AV el O WS el
 ragaly &S )

sy Sy e 05Sa (Sl Lde) ody Ul e (WiLas
St g Dl B 0 O 33550 ISy Sl ol
iogest (omeS Yl s g Sw) ey S5 $2 S
29 (i)l g Gpged) Aol Sl Amgid BBy i gd
It G b S e[Sty sl S Sl st
S5 0080 8y Sligill d gt fa okt sl S
S 305 S 3y 2bls 2lasy b ol w8l 5 5IS3



L. Basic techniques for working with DNA / (g5l jaed! 3 Jaald denle) ol dal)

information. This information is
read using the genetic code, which
specifies the sequence of the
amino acids within proteins. The
code is read by copying stretches
of DNA into the related nucleic
acid RNA, in a process called
transcription.

Within cells, DNA is organized
into structures called chromosomes.
These

duplicated before cells divide, in a

chromosomes are
process called DNA replication.
Eukaryotic
plants, fungi, and protists) store
their DNA inside the cell nucleus,
while in prokaryotes (bacteria and

organisms (animals,

archae) it is found in the cell's
Within the
chromosomes, chromatin proteins
such as histones compact and
organize DNA. These compact

cytoplasm.

structures guide the interactions
between DNA and other proteins,
helping control which parts of the
DNA are transcribed

Bl Aelpdl) LS| g Byl By b o AU 355l
Aol 0SB Wbyl ab o Sl S JSKa Lo
IS dsb e Bamgjadl sl s amy - B S
Lad U e Seolis o BT B i (3 liwsdll S
G PR I RO RGP RN PR
oy o kes 3 cipnll 555 e sl Ul G5 Bl b,
Whis Al _plerl U SIS A o2y L transcription g
89 -2l u*:b-&.\-m 9yl LQ@-J translation 43 Lles IO
G b Bl Sl e O3 (ign ) obadd) Ay wn O
.spliceosomes s sws sl ¥y TiboSOmMeS Slases 5l 2o LS
Pl V1) Slsmsag SU s LT (3 R s Bl ooy
Genome pidly oy b 055 gesast 3 Olagugas Sy (el
o I CVRNU S R
¢ U5 425 Replication Ul Caslian Bm Lad Slo g gag Sl

. eukaryotes slsd) SlLid~ (39 prokaryotes sl @y e S

1.2.1 Comparison of different genome sizes/agisall slosl glgil Cliso w @5, lio

Organism

Virus, Phage A

Bacterium, Escherichia coli

Plant, Arabidopsis thaliana

Yeast, Saccharomyces cerevisiae

Genome size (base pairs) Note

50,000

4,000,000

157,000,000 First plant genome sequenced, Dec
2000.

20,000,000
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Nematode, Caenorhabditis elegans

Insect, Drosophila melanogaster aka Fruit
Fly

Fish, Tetraodon nigroviridis,
Puffer fish

Human

Note: The DNA from a single human cell has a
length of ~1.8 m (but at a width of ~2.4

nanometers).

98,000,000

type of| 305 000,000

First multicellular animal genome,
December 199811

130,000,000

Smallest vertebrate genome known

3,200,000,000

so 1.8 g o) LYl s 3 bt b iy
(st 2.4 Qo e S

1.3 PCR (Polymerase chain reaction) /fuluial/ J/)JOJ/}J// Jelis

The polymerase chain reaction (PCR)
is a technique widely used in
molecular biology. It derives its name
from one of its key components, a
DNA polymerase used to amplify a
piece of DNA by in vitro enzymatic
replication. As PCR progresses, the
DNA thus generated is itself used as a
template for replication. This sets in
motion a chain reaction in which the
DNA template is exponentially
amplified. With PCR it is possible to
amplify a single or few copies of a
piece of DNA across several orders of
magnitude, generating millions or
more copies of the DNA piece. PCR
can be extensively modified to
perform a wide array of genetic
manipulations.

PCR is very versatile. Many types of
samples can be analyzed for nucleic
acids. Most PCR uses DNA as a
target, rather than RNA, because of
the stability of the DNA molecule and
the ease with which DNA can be
isolated. Almost all PCR applications
employ a heat-stable DNA
polymerase, such as Taq polymerase,

tgLYL) J..J.M:.J\ 8 ol Jt Je

uﬂui}\g U dyg dles < -PCR ybeax=) ¢ (reaction

Polymerase chain

Ust oo L — ilend) ol o 839l Ll deS aay
B o g ool SlusdSdl ol
imys @ WU sk Slex 3 pos ¢ il STR Y
35 dL dped) 5 ¢ Ll aledl) SIS g lgmis 5 30
Ll e ST

o 4t sl ol ag k) Ll (3 dnilidly deld) g bl e
Y Ed @ Jonill DNAN jlads @3] 589 (S o
Jols o cait) Blops DNA pag Jelid) JS . DNAY
Osb S o Jolid) depy BLol) a8 Caslian o Lols
M= DNA ik o el (e e Jsmadl ooy &
Al $5mg 353

el WV o gl s ga ) el el O
pid 8y (DNA) dugsdl (2t bl n ditall LS
Usew 3 Ul i) LY CowyRNA) B oy L
Us eyl kel padsdl Jolss olighs IS pasas e
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an enzyme originally isolated from
the bacterium Thermus aquaticus.
This DNA polymerase enzymatically
assembles a new DNA strand from
DNA building blocks, the nucleotides,
single-stranded DNA as
template and DNA oligonucleotides

using

(also called DNA primers) required
for initiation of DNA synthesis. The
vast majority of PCR methods use
cycling,
heating and cooling the PCR sample

thermal ie, alternately
to a defined series of temperature
steps. These thermal cycling steps are
necessary to physically separate the
strands (at high temperatures) in a
DNA double helix (DNA melting)
during DNA

synthesis (at lower temperatures) by

used as template
the DNA polymerase to selectively
amplify the target DNA. The
selectivity of PCR results from the use
of primers that are complementary to
the DNA targeted
amplification under specific thermal

region for
cycling conditions.

Developed in 1983 by Kary Mullis,
PCR is now a common and often
indispensable technique used in
medical and biological research labs
for a variety of applications. These
include DNA cloning for sequencing,
DNA-based phylogeny, or functional
analysis of genes; the diagnosis of

hereditary diseases; the identification

of genetic fingerprints (used in
forensic sciences and paternity
testing); and the detection and

diagnosis of infectious diseases. In
1993 Mullis won the Nobel Prize in
Chemistry for his work on PCR.

o I ) s ede AU e Sl R Shedy
63 Lot gond o V1 s Jom o ST g LS
Jlaazasly S5 5Bl sl wlaSs) SSelSodl o s
Loy i) O adSedl OB g (IS 5de Uy La
bl Jolis Bl wlame, Ul s T Zsllan oag(Gl o3l
e s el o W xR g e Jdodl
e Sl ALl Bl el feledldy el
s

Ul ol ol el Juadd 2y, A 20 skl odag
DS pasd & oy (Bl Bl B e Ul OLsY)
(aisen 3> Gy o) Bl e ol Lads ol Bodl el
cogllll Ll dielas o5 1S 5 Bl Sl pedss plisisal,
(primers) wleall Lo Ladodll Shedod) ol a0 Aoz
ploiy Ll e s gn goadl _aallal) Gl 8™ S
s S5l 55 piad I3 g Bl el dkend oy 2aiS”
R S TS I | S U - NN ER 1R B L P
Sl 1A Sl

B el 8 ks 38 e (51 54T 1983 e
Bhas 3 [0y lmgdslly Bl DY Sl (3 Jenias
, ol aiby |IZ  DNA-based phylogeny ,bl #lain)
3 Benadl) gl Slead G, B SLa) e
Ciall Y aas G Jlesly el Gl ple
o ko) e 3 g 371 I 1993 5 3 e S
Y SR BRI PO W R VAT
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A strip of eight PCR tubes, each containing a
100pd reaction

PCR Jelis guse oo pl100 e Lo 7 o2 2520l (ol

1.3.1 PCR principles and procedure / Juluiall § 5ol Jela wlel 3| ¢ Ssbo

PCR is used to amplify specific regions of a
DNA strand (the DNA target). This can be a
single gene, a part of a gene, or a non-
coding sequence. Most PCR methods
typically amplify DNA fragments of up to
10 kilo base pairs (kb), although some
techniques allow for amplification of
fragments up to 40 kb in size

i pe g ddles

A basic PCR set up requires several
components and reagents. These
components include:

DNA template that contains the DNA
region (target) to be amplified.

Bl oo 3302 dilais delal fdacll 8 ud) 2@ Jomnnd
o, G e s, Ay s Jeked Ll 0SS OS2
ke bkl 5ol Jelss B b jam 355 O9s Lk
AV x5 10kb () et G ddelias Jo Lo Lo

o=t 3 40kb )

Figure 1b: A primitive three-temperature thermal cycler for PCR.

Jes i1 JSeliModern thermocycler are closed and programmable /

Al s aadl Wl o)~ e &6 Lol ailad el §ald)

Uy ole e Jedeall Sl el slae] Cllay
2J.¢\.;.’J\ oda JA.JJ
Aaelaall bl Lol ik e ) (gg4 LA CJG

Two primers, which are complementary to Gl dabd 2SS a2 (LWl oolgy) wlepall o 0L

the DNA regions at the 5' (five prime) or
3' (three prime) ends of the DNA region.

R TP Ito Ty VN i - 1P

A DNA polymerase such as Tag el alze ;"j & gst j; s D6 e LA e (‘.v.j

polymerase or another DNA polymerase
with a temperature optimum at around
70°C.

e 70 8w
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Deoxynucleoside triphosphates (ANTPs; also
very commonly and erroneously called
deoxynucleotide  triphosphates), the
building blocks from which the DNA
polymerases synthesizes a new DNA

strand.

Buffer solution, providing a suitable
chemical environment for optimum
activity and stability of the DNA
polymerase.

Divalent cations, magnesium or

manganese ions; generally Mg? is used,
but Mn?* can be utilized for PCR-
mediated DNA mutagenesis, as higher
Mn? concentration increases the error
rate during DNA synthesis

Monovalent cation potassium ions.

The PCR is commonly carried out in a
reaction volume of 10-200 pl in small
reaction tubes (0.2-0.5 ml volumes) in a
thermal cycler. The thermal cycler heats
and cools the reaction tubes to achieve the
temperatures required at each step of the
reaction (see below). Many modern
thermal cyclers make use of the Peltier
effect which permits both heating and
cooling of the block holding the PCR
tubes simply by reversing the electric
Thin-walled tubes
permit favorable thermal conductivity to

current. reaction
allow for rapid thermal equilibration.
Most thermal cyclers have heated lids to
prevent condensation at the top of the
reaction tube. Older thermocyclers
lacking a heated lid require a layer of oil
on top of the reaction mixture or a ball of
wax inside the tube.

ar| wile Lafs ANTPS ) djpdSinsyl (63 Sl sis
&l et S (WSSl (6> Dlisis)
o B Jedind miad Gl e o

Sl g blad dwlis keS8 g ), Wlate 4l
LA e

Lodsle el o papsllls oo IS0 S Slssls
Jeli 3 ST aalisna] 0 el OY pgplll pusi
oo J S S b oldled Jali— fudeal) §al)
(o) el S5 M sl ey oy kil
el Ogl oo 8K (ol 0551

w3 3 A9 10200 (o iy Jeeeod) Sl Jolis
2 Wl il es 5 (02:0.5 ml aem) s
3 Rl 3 Eys sind b A g G T
sl e ) L elsl il Adeal) s e Al IS
S (BlgaS By sl 26 n g gadl g 4
@M\w\m.\@ﬂ\jw\ydﬁm
M S Pl e el Sl el ol
A Jdeos o Ohadl 2230 oW LT L SLeSU)
Sl I gl plana. (ol O35l (3 s Alin 0SS
23l sV e (ol b1 (3 Sl aile aladd
oo dib b g a2k ) s oYY eda
w1 el ot o 8875 Ll ) e e
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1.3.1.1Procedure / &le| )2 Xl
Figure 2: Schematic

B e oy n 2 (K2

drawing of the PCR 5 e

cycle. (1) Denaturing $ 11Denaturation g1y Jededd Sl el
at  9496°C. (2 * ; 96.94 .
Annealing at ~65°C (3) * - e LAk
Elongation at 72°C. ’ Ll LG 20wl 2y, °
Four cycles are shown ‘ ZoAnnealng _* g Lng tj«ml d‘.‘.l-’”( ) ¢

here. The blue lines —————=—
represent the DNA

o bl ks 3) 65 e

3 Elongation " e .o
template to  which ¥ ¥ 4 il ods G e 72
primers (red arrows) Ll CJB i 3,580 dad) olyas
anneal that are -'! _ 6 jj »
extended by the DNA R T, ’ G et el olezll L
polymerase (light ~————— B L o X
green circles), to give ¥ 183 spadl A1g2) Bl Slraddyy Lo

shorter DNA products ——
(green lines), which

' ' U;F&M(;%\

_ _, — e e .
themselves are used as - Gl (Yl L2y gl
templates as PCR e : ;

emp = —_— 3 S @ L W
progresses. The PCR = ;

usually consists of a . ol gt ko) ) el
series of 20 to 40 1283 . B, 05l
repeated temperature ) — GLQ Ll b o)
changes called cycles; ~  =———= — oo 40 1 20 o 8y
each cycle typically = = = ——

consists of 2-3 discrete - — - 9, ©he sl g Ayl ol
temperature steps. - - ) . S

Most commonly PCR is ¥ Dlglaot 3-2 oo 9 IS
carried out with cycles Exponential growth of short product 3 oj{; Le 33\_95 aise il >

that have three
temperature steps (Fig.
2).

The cycling is often preceded by a single
temperature step (called hold) at a high
temperature (>90°C), and followed by one
hold at the end for final product extension
or brief storage. The temperatures used
and the length of time they are applied in
each cycle depend on a variety of
parameters. These include the enzyme
used for DNA synthesis, the concentration
of divalent ions and dNTPs in the reaction,
and the melting temperature (Tm) of the
primers.

Initialization step: This step consists of
heating the reaction to a temperature of
94-96°C (or 98°C if extremely thermostable

paldl Jels (3 al> Ol

2 ety bl

s Bl 5 B (3 el sds L L UL
g5y et ((p90) Wle dps s 0555y By iyl
dsb gt Bl Sl 5y ) ad o el
isgas e dazad 93 IS 3 ik on o)) dssll Gl
¢ dNTPs 5 51 all SUedl 1S3, B anad
(B Eosle) el 3> lgaa] B> o Jelad

S el s e Al sds (oef 1 odngdl A
(S Sadsdl plsant ¢ 131 %2 98 i) °» 96-94
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polymerases are used), which is held for 1-
9 minutes. It is only required for DNA
polymerases that require heat activation
by hot-start PCR.

Denaturation step: This step is the first
regular cycling event and consists of
heating the reaction to 94-98°C for 20-30
melting of DNA
template and primers by disrupting the
hydrogen bonds between complementary

seconds. It causes

bases of the DNA strands, yielding single
strands of DNA.

Annealing step: The reaction temperature is
lowered to 50-65°C for 20-40 seconds
allowing annealing of the primers to the
single-stranded DNA template. Typically
the annealing temperature is about 3-5
degrees Celsius below the Tm of the
primers used. Stable DNA-DNA hydrogen
bonds are only formed when the primer
sequence very closely matches the
template sequence. The polymerase binds
to the primer-template hybrid and begins
DNA synthesis.

Extension/elongation step: The temperature
at this step depends DNA
polymerase used; Taq polymerase has its

on the

optimum activity temperature at 75-
80°C,10I1 and commonly a temperature of
72°C is used with this enzyme. At this step
the DNA polymerase synthesizes a new
DNA strand complementary to the DNA
template strand by adding dNTPs that are
complementary to the template in 5' to 3'
direction, condensing the 5'-phosphate
group of the dNTPs with the 3'-hydroxyl
group at the end of the nascent (extending)
DNA strand. The extension time depends
both on the DNA polymerase used and on
the length of the DNA fragment to be
amplified. As a rule-of-thumb, at its
the  DNA
polymerase will polymerize a thousand
per Under
conditions, i.e., if there are no limitations

optimum  temperature,

bases minute. optimum
due to limiting substrates or reagents, at
each extension step, the amount of DNA
target is doubled, leading to exponential

(geometric) amplification of the specific

G Bl ede e Al U sds . @y 9-1 sl
ol Shad ol ol Aanly ()l Lot ) Bl
oo oad G LW a= L s b el e Al
e el s e il el Byl ol
B Olgd 3wt 5 . 6 30-20 54k 72 98-94
v At Lyl ey (B L3l gl G
e Jsadly Wlasl Lo op L ablad) Gl oYL
2 U Juubes

Jolidl Gl a0 Bl B e g il ke dle s
G e & w6 40-20 54k % 65-50 e
055 8ol Lo, Ll LB _Le (LAl gonly) wle il
Sl Bl Ay e ol Aleall ods Gl iy
s 05T g Bygte wlys D=3 O dlexnd) ol
oo o okl el G g ) Ll )
B By el Ak o pb B s OF 13] (58
gt ik s g gl Sl ) Shedsdl gtk £
RERY

dazad AU sda 3 A By Bl Wi/ ok dl> s
Sradg) Sleadsr AU Joo 1 Jomrn B lady Begs o
072 Jo Ll 370 80-72 e o (35 3mnd)
g s Us Al st e psi g @Y1 we OIS 13
o Wil dNTPs 8L sllall Ul CJB e e
D Slig g ges (S5 02301 D W @ W
ldor Ld wlé 3 '3 LS5bl Aeset ae dNTPs
Bl Glhader oo JS7 he doam dpiladl e 239 G
, Aol 30eliS Lgzielan 34 Gl dalss Job g fasd
eah OF Bl Shedg aslanaly |, il ayl 4 asyadl 3
oda b (3 3l B (3 g sdSys Bamy Gl Ll
; Bl ASH o ad 305 Sas S 40l ol Sy
ccasliazn Bl 4SO dyuf sl IS8
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DNA fragment.

Final elongation: This single step is
occasionally performed at a temperature of
70-74°C for 5-15 minutes after the last PCR
cycle to ensure that any remaining single-
stranded DNA is fully extended.

Final hold: This step at 4-15°C for an
indefinite time may be employed for short-
term storage of the reaction.

74-70 e Gl o5 3amly alma adn 1 Sl fysladl
Sedsd el 3 5 2T L aass 15-5 sl
Sl i) bl odbs o of oo asTlll ko)

Rtgtey

st 5 T 15-4 e als sl o iasled) suaa

Figure 3: Ethidium bromide- & ang day gy 2 YU fedeaal) 3aldl Lol g O L3 e

stained PCR products after gel

electrophoresis. Two sets of o (3 pdoznds ( gel electrophoresis )Ml S, oSl Ladll a7

primers were used to amplify

o 3l b U fedes dielal wle sl s Olissast @ ol
a target sequence from three < Sy el Adelial wleptll o Qlisgest &y
different tissue samples. No iicls Y i Seall 3 sy LS 5 adlell in ) o ol 3

amplification is present in

sample #1; DNA bands in #slas 3 4 s 3 52 bl @ LT, LoV acall 3 ol

sample #2 and #3 indicate
successful amplification of the

) QY oSl e Ll DI e o 5 sl Gl Jlis

target sequence. The gel also s 5522l G| eld o st I Ul sy 9 (positive control

shows a positive control, and a

DNA ladder containing DNA J# o 2l Ul a6 wladll o350 5 oo ] oSUT J5bo

fragments of defined length
for sizing the bands in the
experimental PCRs.

e kel 5l Jolis

Figure 3 /3 [

To check whether the PCR generated Ci” Ll W Lot 5000 Jels OS5 Lo giedl)

the anticipated DNA fragment (also

sometimes referred to as the amplimer amplimer or " s Ul lede sy LS dndgrl

or amplicon), agarose gel
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electrophoresis is employed for size
separation of the PCR products. The
size(s) of PCR products is determined
by comparison with a DNA ladder (a
which
contains DNA fragments of known size,

molecular weight marker),
run on the gel alongside the PCR

products (see Fig. 3).

o GV el L;‘\J.J-G-Q‘ Jedll stz (amplicon)
S ey Ll dalsy lis 5 gl LAl Jlak) o>

Lwliie Dgall Ll o odad e ean o) (27!

el ol oo Gl Bl 3L Joe oD e feni s )

(3 JSKad sty el

1.3.2 PCR stages / Juluidl 5 0l Jelss Jsl 0

The PCR process can be divided into
three stages:

Exponential amplification:
cycle, the amount of product is
doubled (assuming 100% reaction
efficiency). The reaction is very
specific and precise.

At every

Levelling off stage: The reaction slows
as the DNA polymerase loses activity
and as consumption of reagents such
as dNTPs and primers causes them to
become limiting.

Plateau: No more product accumulates
due to exhaustion of reagents and
enzyme.

e 3 AL el Sl ol tikas e S5

i0S Caela 1( exponential amplification ) L}Mt}f\ daclias
gou2 Joli s (100% ) 595 IS7 3 amzll G

NEOLE]

Jelad) ales Lo :(leveling off stage ) Ll slszayl al>
Joo sl SU aSYgz] oy ablzs Bl jadsdl s Lokis

. oleell y ANTPs

e C“'U V'{\JJ oo A Y :L”SMJ\ Sy al-

Lol g sl S

1.3.2.1 PCR optimization /.Jiio‘)“ Jaudsinl | 5_,3]._1.” Jels

In practice, PCR can fail for various
reasons, in part due to its sensitivity to
contamination causing amplification of
spurious DNA products. Because of this,
a number of techniques and procedures
have been developed for optimizing PCR
conditions. Contamination with
extraneous DNA is addressed with lab
protocols and procedures that separate
pre-PCR mixtures from potential DNA
contaminants. This usually involves
spatial separation of PCR-setup areas
from areas for analysis or purification of
PCR products, and thoroughly cleaning
the work surface between reaction setups.
Primer-design techniques are important
in improving PCR product yield and in
spurious
products, and the usage of alternate
buffer polymerase
enzymes can help with amplification of

avoiding the formation of

components  or
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long or otherwise problematic regions of
DNA.

1.3.3 Primer design / & i)l asouni

For PCR there must be designed two o A el Jelid L) sl oo 0L awensd %

oligonucleotides (primers). Please
refer to the practical part (chapter 2)
to see at the example (SRY gene),

how to do this.

, SRY ) i s (@) oadll) lasll 5kl aml, Ellias

Wy L)) 44y

1.3.4 Application of PCR / Juduiall 8 0ldl Jelis §uldo

1.3.4.1

PCR allows isolation of DNA fragments
from genomic DNA by selective
amplification of a specific region of DNA.
This of PCR augments many
methods, such as generating hybridization

use

probes  for  Southern or  northern
hybridization and DNA cloning, which
require larger amounts of DNA,
representing a specific DNA region. PCR
supplies these techniques with high
amounts of pure DNA, enabling analysis
of DNA samples even from very small
amounts of starting material.

Other applications of PCR include DNA
sequencing to determine unknown PCR-
amplified sequences in which one of the
amplification primers may be used in
Sanger sequencing, isolation of a DNA
sequence to expedite recombinant DNA
technologies involving the insertion of a
DNA sequence into a plasmid or the
genetic material of another organism.
Bacterial colonies (E.coli) can be rapidly
screened by PCR for correct DNA vector

constructs.

Isolation of genomic DNA / mgu;” S9 3.'|J| uAn>J| J =

U/ V% S Y s ove U S W R P P SO
ddal) lenzal (33 L4t 3542 dilais Bielag gt
generating ) (pmgd oliid Ay i Gl .
Flosaly e JW of Csd ( hybridization probes
Bl Jof, o9l aedl pr 858 ST LS G5 U
Skl Bl e adle 2aST aiidl ol dep. L) e d3us
AW B TR BN LR PRIN IR

Jois feded) Sl el ol wlalkr dls
kel o1 el p et e o) Gl ks
U ddelal ¢ al) plisea) b Sa gl 5 Gome pill
Jedes Je ) (sanger sequencing ) Ale Jookus o
2y e U B 2 3 gl (spsdl o
c AT r g Bl o DU fls Ll s
kel 8oV Jolis (3 (Eucoll) S olegest alazs

Ll 3aST85l) g Bl e AU ey ales ol
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Figure 4: Electrophoresis of
PCR-amplified DNA
fragments. (1) Father. (2)
Child. (3) Mother. The child
has inherited some, but not all
of the fingerprint of each of its
parents,
unique fingerprint.

giving it a new,

1 2

DN b kil S Ladl 14 S
S (1) Jededll 51 Jolisy daslall
A et Bl By Ml (2)
L od g bW o B Slead

A5l Rea 4 T3,

-

S

PCR may also be used for genetic fingerprinting; a
forensic technique used to identify a person or
organism by comparing experimental DNAs
through different PCR-based methods. Some
PCR methods high
discriminative power and can be used to

'fingerprints' have

identify  genetic  relationships  between
individuals, such as parent-child or between
siblings, and are used in paternity testing (Fig.
4).

determine evolutionary relationships among

This technique may also be used to

organisms.

Sleadl 1Y Loyl fonty Jododd 300 Lelis
Blie Pt o el dyea s Cus 1))
o Jobedll 5ol el e b se e g L)
5 Y e Y k) B s s
s L) @ Ll pasnned 9 slasl) o of Jabal)
S gy o wid Cus o (4 Sy

i

1.3.4.2 Amplification and quantitation of DNA / S g gill A0l dw0S Masi ¢ daclao

Because PCR amplifies the regions of DNA that
it targets, PCR can be used to analyze
extremely small amounts of sample. This is
often critical for forensic analysis, when only a
trace amount of DNA is available as evidence.
PCR may also be used in the analysis of ancient
DNA that is tens of thousands of years old.
These PCR-based techniques have been
successfully used on animals, such as a forty-
also on

thousand-year-old mammoth, and

human DNA, in applications ranging from the

analysis of Egyptian mummies to the
identification of a Russian Tsar.
Quantitative =~ PCR  methods allow the

estimation of the amount of a given sequence
present in a sample — a technique often applied
to quantitatively determine levels of gene
expression. Real-time PCR is an established
tool for DNA quantification that measures the
accumulation of DNA product after each round
of PCR amplification.
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1.3.4.3 PCR in diagnosis of diseases/ubbam JY-Y-V- el T | ii)nl;” Jelw

PCR allows early diagnosis of malignant

diseases such as leukemia and

lymphomas, which is

highest developed in cancer research

currently the

and is already being used routinely.
PCR assays can be performed directly
on genomic DNA samples to detect
translocation-specific malignant cells at
a sensitivity which is at least 10,000 fold
higher than other methods.

PCR also permits identification of non-
cultivatable or slow-growing
microorganisms such as mycobacteria,
anaerobic bacteria, or viruses from tissue
culture assays and animal models. The
basis for PCR diagnostic applications in
the
infectious agents and the discrimination
of non-pathogenic from pathogenic

microbiology is detection  of

strains by virtue of specific genes.
Viral DNA can likewise be detected by
PCR. The primers used need to be
specific to the targeted sequences in the
DNA of a virus, and the PCR can be
used for diagnostic analyses or DNA
sequencing of the viral genome. The
high sensitivity of PCR permits virus
detection soon after infection and even
before the onset of disease. Such early
physicians a
treatment. The
amount of virus ("viral load") in a

detection may give
significant lead in

patient can also be quantified by PCR-

based DNA quantitation techniques
(see below).

1.3.4.4 History / &, Lill

A 1971 paper in the Journal of Molecular
Biology by Kleppe and co-workers first
described a method using an enzymatic
assay to replicate a short DNA template
with primers in vitro. However, this early
manifestation of the basic PCR principle
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s Sl (3 1L Bl ol 23U e o S
of aaSI s 13 el e (3 o) 5l el
SV o Bl il SISy madlly Syl s
e Sl (S8 2 2l

dacly gogpdl Gasdl aeadl e S LS S
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Jol plastial sy pegpdll Jaedt e bl ot
el 3 kol 51 tmiadl Bl ol Gl
o Joekeetll Sl ol e BJW Bl gl
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S a2t Lededl A2 e 1971 mio 3
Jos a b Jo iy Josdl & 4Dy s (Kleppe)
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did not receive much attention, and the

invention of the polymerase chain reaction
in 1983 is generally credited to Kary Mullis.
At the core of the PCR method is the use of

Jols Ak g kel 5l Jelid 1983 e 3
Jolis aa bl S alezaYl e fat 4 S)adsl
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a suitable DNA polymerase able to
withstand the high temperatures of >90°C
(>195°F) required for separation of the two
DNA strands in the DNA double helix after
cyclee. The DNA
polymerases initially employed for in vitro

each  replication
experiments presaging PCR were unable to
withstand these high temperatures. So the
early procedures for DNA replication were
very inefficient, time and
large DNA

and handling

consuming,
required amounts  of
polymerase

throughout the process.

continual

A 1976 discovery of Taq polymerase a DNA
polymerase purified from the thermophilic
bacterium, Thermus aquaticus, which
naturally occurs in hot (50 to 80 °C (120 to
175 °F)) environments paved the way for
dramatic improvements of the PCR
method. The DNA polymerase isolated
from T. aquaticus is stable at high
temperatures remaining active even after
DNA denaturation, thus obviating the need
to add new DNA polymerase after each
cycle.  This
thermocycler-based  process

automated
DNA

allowed an
for
amplification.

At the time he developed PCR in 1983,
Mullis

California for Cetus Corporation, one of the

was working in  Emeryville,
first biotechnology companies. There, he
was responsible for synthesizing short
chains of DNA. Mullis has written that he
conceived of PCR while cruising along the
Pacific Coast Highway one night in his car.
He was playing in his mind with a new
way of analyzing changes (mutations) in
DNA when he realized that he had instead
invented a method of amplifying any DNA
region through repeated cycles of
duplication driven by DNA polymerase.

In Scientific American, Mullis summarized
the procedure: "Beginning with a single
molecule of the genetic material DNA, the
PCR can generate 100 billion similar
molecules in an afternoon. The reaction is
easy to execute. It requires no more than a
test tube, a few simple reagents, and a
source of heat." He was awarded the Nobel
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his
invention, seven years after he and his

Prize in Chemistry in 1993 for
colleagues at Cetus first put his proposal to
practice. However, some controversies have
the intellectual
practical contributions of other scientists to
Mullis' work, and whether he had been the
sole inventor of the PCR principle. (see

remained about and

main article: Kary Mullis)

1345 Patentwars / w9 all gl,is] bel 5

The PCR technique was patented by
Cetus Corporation, where Mullis worked
when he invented the technique in 1983.
The Taq polymerase enzyme was also
covered by patents. There have been
several high-profile lawsuits related to
the technique,
unsuccessful

an
by
DuPont. The pharmaceutical company
Hoffmann-La Roche purchased the rights

including

lawsuit  brought

to the patents in 1992 and currently
holds those that are still protected.

A related patent battle over the Taq
polymerase enzyme is still ongoing in
several jurisdictions around the world
between Roche and Promega. The legal
arguments have extended beyond the
life of the original PCR and Taq
polymerase patents, which expired on
March 28, 2005

1.4 Restriction enzymes / glbidY/ cilay il

A restriction enzyme (or restriction endonuclease)
is an enzyme that cuts double-stranded DNA
following its specific recognition of short nucleotide
sequences, known as restriction sites, in the DNA.
Such enzymes, found in bacteria and archaea, are
thought to have evolved to provide a defense
mechanism against invading viruses. Inside a
bacterial host, the restriction enzymes selectively
cut up foreign DNA in a process called restriction;
host DNA is methylated by a modification enzyme
(a methylase) to protect it from the restriction
enzyme’s activity. Collectively, these two processes
form the restriction modification system. To cut the
DNA, a restriction enzyme makes two incisions,
once through each sugar-phosphate backbone (i.e.
each strand) of the DNA double helix.
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Restriction enzyme glossary

¢ restriction — is a specific type of rule that defines
a finite (and generally absolute) boundary defined
for a type of process or function

* enzyme — a protein that catalyzes a chemical reaction
* endonuclease — an enzyme that cleaves the
phosphodiester bond within a polynucleotide chain
such as DNA. A restriction enzyme is a type of
endonuclease.

* molecular recognition — used by restriction
enzymes to locate specific sequences of DNA on
which to bind and subsequently cleave

® recognition site or recognition sequence — the DNA
location/sequence to which restriction enzymes
bind

* restriction site — the DNA sequence that is cleaved
by the restriction enzyme

1.4.1 Recognition sites / g b il g0

5'-GTATAC-3'
3,_| CljxlllAT G5 as it does on the forward strand
Restriction enzymes recognize a specific
sequence of nucleotides? and produce a
double-stranded cut in the DNA that
prevents the phage from replicating. While
recognition sequences vary widely, with
lengths between 4 and 8 nucleotides, many of
them are palindromic; that is, the sequence on
one strand reads the same in the reverse
direction on the complementary strand.rs
The meaning of "palindromic” in this context
is different from what one might expect from
its linguistic usage: GTAATG is not a
palindromic DNA sequence, but GTATAC is
(GTATAC is complementary to CATATG).

Fo lSard sl A s ] (63 s sd)
SUSSSsYI e p95 58 plag) @ LI
gyl a5l daaly pdsrd) Al Lasd)
sl @ by gl ol Bl s
B gl Jokos 130 Lol 33020 &30
R IRCIT N I RER RN

il gokeill U fuds a1 pllasy) a3y
t\.ha‘}[\ (‘:ﬂ
of Tolael Ll B @l (a1 s Gl

A palindromic recognition site reads the same on the reverse strand

AslSsdll o ol fedis e Bpat plasiV) )
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o Ta e S 0B 0I5 8 5 4 o U5
o bl T Jobs oo eSS g (oY) gl
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SMATTC

GGG

CCCLGG
CC

EcoRI digestion produces "sticky" ends
i) B8 =z EcoRI pllasyl el

Smal restriction enzyme cleavage produces "blunt" ends

53l 44 =z Smal glasy! el

Recognition sequences in DNA differ for
producing
differences in the length, sequence and

each restriction enzyme,

strand orientation (5' end or the 3'end) of a

sticky-end "overhang' of an enzyme
restriction.
Different  restriction enzymes that
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recognize the same sequence are known |, A>ls JS" Ol YI.( neoschizomer) s &)

as neoschizomers. These often cleave in a
different the sequence;
however, the specific type that cleaves in

location of

the same location as the prototype is
known as an isoschizomer.

Bacteria prevent their own DNA from
being cut by modifying their nucleotides
via DNA methylation.

1.4.2 Enzyme classes / Gloy )J}” el y‘l

Restriction endonucleases are categorized
into three general groups (Types I, II and
III) based on their composition and enzyme
cofactor requirements, the nature of their
target sequence, and the position of their
DNA cleavage site relative to the target
sequence.

1.4.3 Typel/Jg‘Xl gqill

Type I restriction enzymes were the first to
be identified and are characteristic of two
different strains (K-12 and B) of E. coli.l8
These enzymes cut at a site that differs, and
is some distance (at least 1000 bp) away,
from their recognition site. The recognition
site is asymmetrical and is composed of
two portions - one containing 3-4
nucleotides, and another containing 4-5
nucleotides — separated by a spacer of
about 6-8 nucleotides. Several enzyme
cofactors, including S-Adenosyl methionine
(AdoMet),

triphosphate (ATP) and magnesium (Mg?)

hydrolyzed adenosine
ions, are required for their activity. Type I
restriction enzymes possess three subunits
called HsdR, HsdM, and HsdS; HsdR is
required for restriction, HsdM is necessary
for adding methyl groups to host DNA
(methyltransferase activity) and HsdS is
for cut site

important specificity of

recognition  in  addition to  its

methyltransferase activity

1431 Type i/ gilill gqill
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Typical type II restriction enzymes differ
from type I restriction enzymes in several
ways. They are composed of only one
subunit, their recognition sites are usually
undivided and palindromic and 4-8
nucleotides in length, they recognize and
cleave DNA at the same site, and they do
not use ATP or AdoMet for their activity
— they usually require only Mg? as a
cofactor. These are the most commonly
available and used restriction enzymes. In
the 1990s and early 2000s, new enzymes
from this family were discovered that did
not follow all the classical criteria of this
enzyme class, and new subfamily
nomenclature was developed to divide this
large family into subcategories based on
deviations from typical characteristics of
type II enzymes. These subgroups are
defined using a letter suffix.

Type IIB restriction enzymes (e.g. Bcgl
and Bpll) are multimers, containing more
than one subunit. They cleave DNA on
both sides of their recognition to cut out
the recognition site. They require both
AdoMet and Mg2+ cofactors. Type IIE
(e.g. Nael)
cleave DNA following interaction with

restriction endonucleases
two copies of their recognition sequence.
One recognition site acts as the target for
cleavage, while the other acts as an
allosteric effector that speeds up or
improves the efficiency of enzyme
cleavage. Similar to type IIE enzymes,
type IIF restriction endonucleases (e.g.
NgoMIV) interact with two copies of their
recognition sequence but cleave both
sequences at the same time. Type IIG
restriction endonucleases (Eco57I) do
have a single subunit, like classical Type
II restriction enzymes, but require the
cofactor AdoMet to be active. Type IIM
restriction endonucleases, such as Dpnl,
are able to recognize and cut methylated
DNA. Type IIS restriction endonucleases
(e.g. Fokl) cleave DNA at a defined
their
recognition

distance from non-palindromic

These
dimers.

asymmetric sites.

enzymes may function as
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Similarly, Type IIT restriction enzymes . IOl e 3 LuSe j;\-i\-:-"&! ‘J.u 3y J o

(e.g., BpulOI and Bsll) are composed of
two different subunits. Some recognize
palindromic sequences while others have
asymmetric recognition sites.

1432 Typelil/ Ul gqill

Type III restriction enzymes (e.g. EcoP15)
recognize two separate non-palindromic
sequences that are inversely oriented. They
cut DNA about 20-30 base pairs after the
recognition site.”) These enzymes contain
more than one subunit and require AdoMet
and ATP cofactors for their roles in DNA
methylation and restriction, respectively.

1.4.3.3 Nomenclature / L:Jl,go...ﬁ."

Since their discovery in the 1970s, more than
100 different restriction enzymes have been
identified in different bacteria. Each enzyme
is named after the bacterium from which it
was isolated using a naming system based on
bacterial genus, species and strain. For
example, the name of the EcoRI restriction
enzyme was derived as shown in the box.

E Escherichia  (genus)

Co coli (species)

R RY13 (strain)

I First (order of identification in

identified the bacterium)

Yo osheins s e Boan (sd)) EcoP15 Jee
o g Lo w1 5 Loy Lolis] 012
By oo ST ety @35l e Coay Le das 2030 bp
5Lp o9 (3 ddsluwll ATP 9 AdoMet Moy

oo € yng skl

a1 100 o ST ols] b 1970 2
LG B 3 e Sl 58 Gl il slleg)
LS S S S i et sl S iy

EcoRT: Lehudosy Lgss

Sy g

Al Lees

RY13 :lghudus

(S gn sy @331 e JW gl s T

1.4.4 Restriction enzymes as tools / <) g3lS gUaBY) cilay il

Isolated restriction enzymes are used to
manipulate  DNA for different scientific
applications.

They are used to assist insertion of genes into
plasmid vectors during gene cloning and
protein expression experiments. For optimal
use, plasmids that are commonly used for
gene cloning are modified to include a short
linker sequence (called the multiple cloning site,

G Ll e ol pasins Wgall syl gl
kb Jlesy saelll 3 Lafy gealad) ol bl il
5 Flemay) ddes P e BB e b
A ) s ) el oyl
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or MCS) rich in restriction enzyme
recognition sequences. This allows flexibility
when inserting gene fragments into the
plasmid vector; restriction sites contained
naturally within genes influence the choice of
endonuclease for digesting the DNA since it
is necessary to avoid restriction of wanted
DNA while intentionally cutting the ends of
the DNA. To clone a gene fragment into a
vector, both plasmid DNA and gene insert
are typically cut with the same restriction
enzymes, and then glued together with the
assistance of an enzyme known as a DNA
ligase.

They can be used to distinguish gene alleles
by specifically recognizing single base
changes in DNA known as single nucleotide
polymorphisms (SNPs). This is only possible if
a SNP alters the restriction site present in the
allele. In this method, the restriction enzyme
can be used to genotype a DNA sample
without the need for expensive gene
sequencing. The sample is first digested with
the restriction enzyme to generate DNA
fragments, and then the different sized
fragments separated by gel electrophoresis. In
general, alleles with correct restriction sites
will generate two visible bands of DNA on
the gel, and those with altered restriction
sites will not be cut and will generate only a
single band. The number of bands reveals the
sample subject's genotype, an example of
restriction mapping.

In a similar manner, restriction enzymes are
used to digest genomic DNA for gene
analysis by Southern Blot. This technique
allows researchers to identify how many
copies (or paralogues) of a gene are present
in the genome of one individual, or how
many gene mutations (polymorphisms) have
occurred within a population. The latter
example is called Restriction Fragment
Length Polymorphism (RFLP).

1.4.5 Examples/ Jﬁol

Examples of restriction enzymes include:

Source

)-LAJ\

Enzyme
Y

Recognition Sequence

ENCN WA

& ) Flaal far (o) b by fdes
Jea] die oS gk ey Ma g gl Slgpl
Jls wsle 0SS ) syl wlse , ade b alas
b me gl o Y gyl g5l L) 8 S b
SY 2l Gakd awld 3 Y] skl b s
IS e DU (3 Bl b L) ddes s
dn o Byl @l i @ U by DU
e il Gy oY sl abuly gLl ells
Ay el Lt sty (DNA ligase) LGl
il oYL Gy Leodbuly okl (alleles)
g2 SNP 013 Lais Sk 1da 9 (SNPs) b S5l
el sda 3 A G sl pllsYl o
Bl Ggs L) s B psity OF (S6 plal)
3 @ ek Bl ads L o g Judes )
g O e el o Lels Sy Joais
G S S e B e b g LYY
Sy Mg MW S5 413 LT pllaiP doe sl Bl
i Ll sue gl pMA) e Bl e iy dleds

Byl bl o5 e Je 35l sk
bl ko oyl bl ptsnns , able wiyle
.(Southern blot) <M Ojgw davly alddy ogdl
FYENgE G s dbag =W e dadl ol
T I Vet I C A B E N NP pee
S sas oy el e, sl (oldlally ol
restriction fragment length ) ,adl s> Jsb

. (polymorphism

beziy ) Sl e el
Cut

gLy g
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EcoRI
EcoRIl
BamHI
HindIIl
Tagl
Notl
Hinfl
Sau3A
Pooll*
Smal*
Haelll*
Alul*
EcoRV*
Kpnl2a
Pst1291
Sacli29
Salll29]
Scall29]
Sphli2)
Stul Bois1

Xball®

Escherichia coli

Escherichia coli

Bacillus amyloliquefaciens
Haemophilus influenzae
Thermus aquaticus
Nocardia otitidis
Haemophilus influenzae
Staphylococcus aureus
Proteus vulgaris

Serratia marcescens
Haemophilus aegyptius
Arthrobacter luteus
Escherichia coli

Klebsiella pneumoniae
Providencia stuartii
Streptomyces achromogenes
Streptomyces albus
Streptomyces caespitosus
Streptomyces phaeochromogenes
Streptomyces tubercidicus

Xanthomonas badrii

*=Dblunt ends a5l 4l

N=CorGorTor A
W=AorT

15 Cloning vector / & Leulicad/ <)L

5'GAATTC
3'CTTAAG

5'CCWGG
3'GGWCC

5'GGATCC
3'CCTAGG

5'AAGCTT
3TTCGAA

5'TCGA
3'AGCT

5'GCGGCCGC
3'CGCCGGCG

5'GANTC
3'CTNAG

5'GATC
3'CTAG

5'CAGCTG
3'GTCGAC

5'CCCGGG
3'GGGCCC

5'GGCC
3'CCGG

5'AGCT
3'TCGA

5'GATATC
3'CTATAG

5'GGTACC
3'CCATGG

5'CTGCAG
3'GACGTC

5'GAGCTC
3'CTCGAG

5'GTCGAC
3'CAGCTG

5'AGTACT
3'TCATGA

5'GCATGC
3'CGTACG

5'AGGCCT
3'TCCGGA

5TCTAGA
3'AGATCT

34

5--G  AATTC--3'
3--CTTAA G5
5 CCWGG--3'
3--GGWCC --5'
5--G GATCC—-3'
3--CCTAG G--5'
5--A AGCTT---3
3-TTCGA A--5
5T CGA--3'
3--AGC T--5'
5--GC GGCCGC—-3'
3---CGCCGG CG-—-5'
5--G ANTC--3
3-—-CTNA G5
5 GATC--3'
3--CTAG --5'
5--CAG CTG—-3'
3--GTC GAC—-5'
5---CCC GGG—-3'
3--GGG CCC--5'

5---GG CC---3'
3'--CC GG--5'
5--AG CT--3'
3--TC GA--5'
5--GAT ATC--3'
3'—-CTA TAG--5'

5'---GGTAC C---3'
3'---C CATGG---5'

5'---CTGCA G---3'
3'---G ACGTC---5'
5'---GAGCT C---3'
3'---C TCGAG---5'
5'---G TCGAC---3'
3'---CAGCT G---5'
5'---AGT ACT---3'
3'---TCA TGA---5'
5'---G CATGC---3'
3'---CGTAC G---5'
5'---AGG CCT---3'
3'---TCC GGA---5'
5'---T CTAGA---3'
3'---AGATC T---5'
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&

Fromoter

Protein b‘nding
glutathione S-transferase

4000 alke

lac repressar

WiLltiple Cloninq
pGEX-3X
4952 bp

beta-lactamase
2000

A cloning vector is a small DNA vehicle
into which a foreign DNA fragment can be
inserted. The insertion of the fragment into
the cloning vector is carried out by treating
the vehicle and the foreign DNA with the
same restriction enzyme, then ligating the
fragments together. There are many types
of cloning vectors. Genetically engineered
plasmids and bacteriophages (such as phage
A) are perhaps most commonly used for
this purpose. Other types of cloning vectors
include bacterial artificial ~chromosomes
(BACs) and yeast artificial chromosomes

(YACs).

1.5.1 Common Features /4S il Olowll

Most commercial cloning vectors have
key features that have made their use in
molecular biology so widespread.

In the case of expression vectors, the main
purpose of these vehicles is the controlled
expression of a particular gene inside a
convenient host organism (eg. E. coli).
Control of expression can be very
important; it is usually desirable to insert
the target DNA into a site that is under
the control of a particular promoter. Some
are T7
promoters, lac promoters (bla promoter) and

commonly used promoters

cauliflower mosaic virus's 35s promoter (for
plant vectors).

To allow for convenient and favorable
insertions, most cloning vectors have had
nearly all their restriction sites engineered

Figure: The pGEX-3x plasmid is a popular cloning
vector.

Aol s ¢ JSIIp GEX-3x. ¢ Lz 36 Ao gores 92

Lol 8yl Ll Cb Ja st a Gl 3L
iy BUI e gald 5 Leml ] S Sl aladl ods

Be domgy Ll Ly sl B Byl ol
Uy gl ol plaszaYl oML e gl
b Ylemzw] S 085 6 phage A o Uil
Jois plozal Ol e gl plgl dls | Ladll
S oY) Slgse S

(ghadl il

lagisegS o

U @ ) Logdsd) Blai (3 s Lgaldoina) e
WSS el g S 0dd gl el padl Alil
Joo (Bgml) 2L 1) Gl ok s pne
gl 5l e T (900 bl el 3 (Sl LS
Nl Blarn o f 0 0T LadW e ) 5 el Gl
s 7-o Jasa o Lps S 2D (promoters)
5 e 35 Sy (lac promoter) 4Y i
cauliflower mosaic virus's 35s ) ULdl <YL L4l

Ly Oliee G 2, ) CL..M‘QZ\ 5 (,.Jm.»

-(promoter

S 2y aladll bl adas 3Lol, s
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out of them and a synthetic multiple
cloning site (MCS) inserted that contains
many restriction sites. MCSs allow for
insertions of DNA into the vector to be
targeted and possibly directed in a chosen
orientation. A selectable marker, such as
an antibiotic resistance [eg. beta-lactamase
(see figure)] is often carried by the vector
to allow the selection of positively
transformed cells (see Screening below). All
plasmids must carry a functional origin of
replication (ORL not shown in figure).

Some other possible features present in
cloning vectors are: vir genes for plant
transformation, sites  for
chromosomal insertion, lacZa fragment for

intergrase

o complementation and  blue-white
selection, and/or reporter genes in frame
with and flanking the MCS to facilitate the
production of recombinant proteins [eg.
fused to the Green fluorescent protein (GFP)
or to the glutathione S-transferase (see

figure)].

Bdigll plasY) wile ot oyl Lo SUE MU
Ml Wi Bl ae Floia] &dlse aialy Lein Ll @}-
gl @Blye o, plBY) Wlor o ) o o2
Y 3 Ly amall 5 bl SNBL e W) Bl
izl

beta-) Lstl wlslaod) Legill oo jlos| ©ldle s
BB el B e WL 3 (lactamase
Joddl bt OF weapdd) e e (olsl il Tolg) 12
(K20 3 2o b S ORE: Joe) S s oY)
SML 3 skl 5 S x Y ol an
BElory L) s (vir gene) b ol (p el
sy Y mlad, Slagiens S 5505 (integrases sites) J il
y o2 s GV sl m e s W Al (lac z o) W
Floma) @lsn @Bl pay )| (3 sl Sl S/
REILFURCHEN PPV P I N OV W

1.5.2 Screening: example of the blue/white selection / oa=¥1[a, ¥ Osll) JLd) Ao Jla : (2 sl

Many general purpose vectors such as
pUC19 usually include a system for
detecting the presence of a cloned DNA
fragment, based on the loss of an easily
scored phenotype. The most widely used
coli  B-
galactosidase, whose integrity can easily be

is the gene coding for E.

detected by the ability of the enzyme it
the
colourless substrate X-gal (5 bromo-4-

encodes to hydrolyze soluble,
chloro-3-indolyl-beta-d-galactoside) into
an insoluble, blue product (5,5'-dibromo-
4,4'-dichloro indigo). Cloning a fragment
of DNA within the vector-based gene
encoding the (3-galactosidase prevents the
production of an active enzyme. If X-gal
is included in the selective agar plates,
transformant colonies are generally blue
in the case of a vector with no inserted
DNA and white in the case of a vector
containing a fragment of cloned DNA.

S ol L5 Pucl9 o fels Jarll 5L e )
Ll ewiadl Al skl sy e
Sy s @ o) e Ll xS gl
JUS) Wsgunr Ogndatay ol o, Sl eI by 5 050
Olgd oo S dI st @l mpY) 5,8 sl aS)
5-bormo,4-)gal-xJ) 855 989 Us) Jam ¥ ) 3ol
LG &) LD (chloro,3-inodolyl-beta-d-galactoside.

JUER

(5,5'-dibromo-4,4’-dichloro ~ &,;¥! Ol uhw Ol ol
A sp bV U o Bl a adab L) indigo)
x-gal OB @il sl e SlyeSIle — Ly
$8) 055 Wgmill Slogast) BV Amis Jlax) &
05 s @ 15) Lol U1 gzl Gl s o 4 13)

Ol sliay Olegast] olds
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1.6 Ligase /by Ml os il jlsd

In molecular biology, DNA ligase is a
particular type of ligase (EC 6.5.1.1) that
can link together two DNA strands that
have single-strand breaks (a break in both
complementary strands of DNA). The
alternative, a double-strand break, is fixed
by a different type of DNA ligase using the
complementary strand as a template but
still requires DNA ligase to create the final
phosphodiester bond to fully repair the
DNA.

DNA ligase has applications in both DNA
repair and DNA replication. In addition,
DNA ligase has extensive use in molecular
biology

recombination experiments.

laboratories for Genetic

oo gy B A Ll g
Bl o Ok Loy iz Ul (Be.6.5.1.1) s
Ll s o JS7 3 Jlail) obaine 1S ol
et Bl e mese s Jlaile Ll bl
syl Ll am SIUAI Sl e adlz plgl alaudy,
Jbs Y1 Lo xamd (phosphodiester) fwl (s

. L)

BLEYL oS5 g Ll ool &l ells bl 5l

o) B Lol Sl (3 plg) waband )
e S el

1.6.1 Ligase mechanism/ ( oy )l a5il) sledll 4Sui0

Sl (83 pphensdll o )y Led o U Sl 2SS
BE me Ay bUsdSes 37 LSyl RS Gy 2L
Cls ¥ el el ddes 2T WISl B olin ol
) S e 2480 55all Jlie Lisy. Saslad) ATP

The mechanism of DNA ligase is to

form two covalent phosphodiester
bonds between 3' hydroxyl ends of one
nucleotide with the 5' phosphate end of
another. ATP is not required for the
ligase reaction. A pictorial example of
how a ligase works (with sticky ends):

NCESRCRAT

Ligase will also work with
blunt ends, although higher
enzyme
different reaction
are required.

cade el Lok g adie g5 S5 A Ayl sl

i

concentrations and

conditions

37



L. Basic techniques for working with DNA / (g5l jaed! 3 Jaald denle) ol dal)

1.6.2  Applications in molecular biology research / duis _',>_J| > 3] 3.|.|J| le[ o9 Oliaubs

DNA ligases have become an indispensable
tool in modern molecular biology research
DNA
sequences. For example, DNA ligases are

for  generating  recombinant
used with restriction enzymes to insert
DNA fragments, often genes, into plasmids.
One vital, and often tricky, aspect to
performing  successful ~ recombination
experiments involving ligase is controlling
the optimal temperature. Most experiments
use T4 DNA Ligase (isolated from
bacteriophage T4) which is most active at
25°C. However

successful ligations, the optimal enzyme

in order to perform
temperature needs to be balanced with the
melting temperature Tm (also the annealing
temperature) of the DNA fragments being
ligated.

If the ambient temperature exceeds Tm,
homologous pairing of the sticky ends will
not occur because the high temperature
disrupts hydrogen bonding. The shorter the
DNA fragments, the lower the Tm. Thus for
sticky ends (overlaps) less than ten base
pairs
performed at very low temperatures (~4-

long, ligation experiments are
8°C) for a long period of time (often
overnight).

The common commercially available DNA
ligases

bacteriophage T4, E. coli and other bacteria.

were originally discovered in

1.6.3 DNA ligation / td! Ly ikes

DNA ligation is the process of joining
together two DNA molecule ends (either
from the same or different molecules).
Specifically, it involves creating a
phosphodiester bond bond between the 3'
hydroxyl of one nucleotide and the 5'
phosphate of another. This reaction is
usually catalyzed by a DNA ligase
enzyme. This enzyme will ligate DNA
fragments having blunt or overhanging,
complementary, 'sticky' ends. Typically, it
ligate with

is easier to molecules

i) Lorgdoedl ST (3 Lgse 58 Y 3T LW Sl sl
JE L e L aligl) Bl odles 4y anad
J=s) e @ gl Olepl an B Sl Jlenal
AU o)

9 OV r 287 3 Rmall 5 dagll o) e ol
pid ol (lame. Ll A 5L dy iy (Sl
ot gAod) (T4 DNA LIGASE) 4o Ll ]
e Lebne fon &) (do(bacteriophages) <L)
el -hfja:wdkiij.}@j-aiﬂa-’y325
s we Wil @Y1 Bl A 0S5 O
ek o 3 Gl akas 0L g

Fladl) Iy ades jolons Lol 3> aays cSlST 13
M gL OV am ) adeall sdgiilil LAl e
By g Sl Ll olal) gomgdl Ll dles Jlow
iy Wl o Jsand) QUL maisll 0L 3l
CRagdSis iy 10 o 1 1 Usk e (Jiad
Aysb 37 Sy 5yl Gomy> 3) s ods L)) ddes o
(O B 3 L Ay el e

4o SUWI e Yol Caiss) LlE el G

C T LSy asle) (SGsl

@UM\J@@FQB@W@UM\@)@A&
e () Sl oo ol Sl b e L) Legiany
Fool ($ogmiwsdll Loy slii) e (gebay ailicdyasll as
Poliwsdl 5 JoW) aglSill 31 LSl o Ll
S I P Jelad) ddee VI U slSu
A e TS N R E R

Ll el

) 2 lalSae 83>
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complementary sticky ends than blunt
T4 DNA ligase is the most
used DNA ligase
molecular biology techniques and can

ends.
commonly for
ligate 'sticky' or blunt ends.

The two components of the DNA in the
ligation reaction should be equimolar and
around 100pg/ml. Most commonly, one
wants to ligate an insert DNA molecule
into a plasmid, ready for bacterial
Typically, DNA and
plasmid vector are individually cut to

transformation.

yield complementary ends, then both are
added to a ligation reaction to be
circularised by DNA ligase. If the plasmid
backbone to insert DNA ratio is too high
then excess 'empty' mono and polymeric
plasmids will be generated. If the ratio is
too low then the result may be an excess

of linear and circular homo- and
heteropolymers.
1.6.3.1 Materials / 3'5o!

Reagents/ oLl

e T4 DNA ligase

e 10x T4 DNA Ligase Buffer

¢ Deionized, sterile H-O

e DPurified, linearized vector
(likely in H2O or EB)

e DPurified, linearized insert
(likely in H2O or EB)

OB bl 118 9 by by eVl e Bile
SN s» (T4 DNA LIGASE) 4o Gl 5l plasecsl
doelll ULl Loy OF SIS OY agd) ol (3 lesed
Ly Jels adae 3 Bl crwla¥) ppaidl. Lyl 55U
SN 100pg/ml. s> 1 5SH 3 omaloe U O %
Al b dedU e Bl S e Lsclegd
Olebadl wedUI BL 5 Ll aale el U Lazd
Jols dles J) 0BLay. dalSae 48 o aST 1) Leusy
G O L) Sl ety Ot Loghamn gl Loyl
PENCR PNV WUEO S S SO [ S g W]
ST LA aedU e lasy e Jsaad

Dbedgair 5 ledgsass o Joad) i G )

40 U.U\ )L&J °
4o o BiEw V.hn.a x10 o
:ﬁ\.sﬁ\ $> V.:Uu e @

(EB}\ S & v_?m') 62.;.44 V.:.L"M J.;\.: °

(EB o el o o335 3Linac Ragitons L3l LU L) a3 o

1.6.3.2 Equipment/ <!

Vortex : el o]l

1.6.3.3  Protocol for 10l ligation mix / afy Jaks) JsS559 p10uL

e uL 10X T4 ligase buffer
e 61 molar ratio of insert to vector
(~10ng vector)

e Add (85 - wvector and insert
volume)ul ddH=0

e (0.5uL T4 Ligase

e (larger ligation mixes are also

commonly used)

4o 5 s X 10pL @

(10 mg oo BUly BUl Je Gl Jts) des 0,126 @

oo (634 LA LAl g U e e 85 L)) @
oW

4o BIEW o 05uL e

(Ll 88 oS Ly e sy 0
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1.6.3.4 Calculating Insert Amount / L@J)lJ ) sl _,n” LaJl ‘UQS n,JL.D

Insert Length in bp

Insert Mass in ng = 6 x

The insert to vector molar ratio can have a
significant effect on the outcome of a ligation and
subsequent transformation step. Molar ratios can
vary from a 1:1 insert to vector molar ratio to 10:1.
It may be necessary to try several ratios in parallel
for best results.

x Vector Mass in ng

Vector Length in bp

Ab e BU 1 sty sl LA Yse 3
SSa @i Syl Al g b)) s 3 S
Voo dd oo 5850 Gl Vse awd il O
G5l o 05 6.1:10 d) i1 e o
F Jeadl e Jgamll Gl i Be gl

1.6.3.5 Method / & al!

1.

Add appropriate amount of
deionized H20 to sterile 0.6 mL
tube

Add 1 pL ligation buffer to the
tube.

Vortex buffer before pipetting to
ensure that it is well-mixed.
that the buffer
contains ATP so repeated freeze,

Remember

thaw cycles can degrade the
ATP thereby decreasing the
efficiency of ligation.

Add appropriate amount of
insert to the tube.

Add appropriate amount of
vector to the tube.

Add 0.5 uL ligase.
Vortex ligase before pipetting to
ensure that it is well-mixed.
Also, the ligase, like most
enzymes, is in some percentage
of glycerol which tends to stick
to the sides of your tip. To
ensure you add only 0.5 pL, just
touch your tip to the surface of
the liquid when pipetting.

Let the 10 pL solution sit at
22.5°C for 30 mins

Denature the ligase at 65°C for
10min

Dialyze for 20 minutes if
electroporating

Use disks shiny side up

( 0.6)d1 32651 2 sl o B8 s> il ]
i o

sV A b e e T s 2

$lgd o S JlemmaV1 L5 gl (3 (2l Ll

- S

s Solel (g I ATP e s o2l Ol S5

JWls ATP sladi JI (535 OV S Ol IS5 adese

ke ade s e es )

Jbwsly s Gl e sl 2SI e ) 3
]

sV 1 U e 330 2 i il 4

Sbdh s 0.5l ce) B

algd o S LoV L3 aeladl 3 5Ll Ll

- S

JoptedS) 10 i a8 domgie @YD oo SN s Liay)

Bl o S g W i)l gak g

s 1235.0.5uL

123> 30 5ul.2 225 e Jolt) 0 10UL cpa>l .6

&6 10 sl 500 35 65 Jo 5l il 52 .7

Dialyze for 20 minutes if electroporating .8
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10. Store at -20°C

1.6.3.6 Critical steps / W& (>4
Troubleshooting

Factors affecting efficiency (From Tom
Ellis)
A protocol analysis experiment for a
typical DNA ligation (7.2 kb vector + 0.6
kb insert, sticky ends) gave optimal
ligation efficiency when 50 ng of vector
was ligated overnight at 16°C with a 2:1
insert:vector molar ratio and standard
T4 ligase. Ligase was heat inactivated at
65°C for 20 mins before 2 uL (of 20 uL)
was used to transform commercial heat-
shock
efficiency was marginally decreased by
1 hr
temperature using 100 ng vector

competent  cells.  Ligation

doing a ligation at room
1.Using insert:vector molar ratios of 5:1
and 1:1

Ligation efficiency was
decreased (x100) by

1. Sticky end ligation with a larger
insert (5.2 kb vector + 2.6 kb insert)

2.Blunt end ligation

noticably

Ligation efficiency
decreased (x10000) by
1.Using DNA fragments that have been
exposed to ethidium bromide and UV

was  severely

during the gel extraction procedure
(difficult  to  avoid  but  heartily
recommended)

2.Using the NEB Quick Ligation Kit
(possibly a bad batch)

For additional trouble shooting, check
out the NEB FAQ page for T4 ligation:

1.6.3.7 Notes / <\k>Me

1.Make sure the buffer is completely

melted and dissolved. The

white

skl Agd) e b O pisal 9
Cp 20 e wp 10

(TOM ELLING! p5 o) 31 Jo S5 &)l olsal)
Kb7,2) ordsadl Gl Loyl sl o) J 5S35 o8
e Joe Loy, 30US™ (] 206 43 0 Us Kb0,6.. iU
21 0" 16 e LU Al W) e 50ng Loy ¢
el S e st g BUI Je L1 B Ve dd
o 2ul M 3 adds 20 51765 e de LB
Wl gl ke Pl e @l bgmil) (Alenid

. (competent cells) &zl

o 100ng Jleazal & 131, uls [Kay Loy )l 3:LS™ 2iss
Caele sl @l Byl s e U

I/1 55/ e sl Gl ] U [ Yee B Jlenzel 1
iy (100%) Bomle JSty L)l 36UiS” s

52Kkb) wsly oLl Gl e 1S Jedesy aoll) aledl Ly
(NG e 2,6kb + U e

ol BlE Ly 2

talal (x1000) 3y Loyl LS iy

Lo anW) g dongn podddU o mme &l Ga) adad Jloazal 1
S e Jadl dlee JSr(uy) i) Gy
(Led nll

(e 055 0F S8y pypdl Loy NEB 5502 plisiza2
4o L NEB_FAGisiv xli3lol 2

Jae 3 2 Ll s 5 e O e a5 T

precipitate is BSA according to NEB. &g Ji5 ¥ ool i, O SST_NEB st BSA 52

Make sure the buffer still smells strongly
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like "wet dog" (to check if the DTT is still
good).

2.Because ligase buffer contains ATP,
which is unstable and degraded by
multiple freeze/thaw cycles, you may
want to make 10-20ul aliquots from the
original tube. Ligase buffer may be spiked
with additional ATP.

3.If you are having trouble with your
ligation, NEB offers FAQ's (Quick
Ligation T4 DNA ligase) and tips to help.
4.Prior to the ligation, some heat their
DNA slightly (maybe ~37°C) to melt any
sticky ends which may have annealed
improperly at low temperatures.

5.Tom Knight has read that ligase can
inhibit By  heat-
inactivating the ligase, this inhibition can

transformation.

be avoided. However, according to the
NEB FAQ, heat-inactivation of PEG
(which is present in the ligation reaction)
also inhibits transformation, therefore a
spin-column purification is recommended
prior to transformation if you are having
problems.

6.Treating PCR products with proteinase
K prior to restriction digest dramatically
improves the efficiency of subsequent
ligation reactions.

7.Using SYBR Safe DNA Gel Stain is a
safer, non-carcinogenic alternative to
ethidium bromide.

8.T4 DNA Ligase is very sensitive to
shear, so spinning your ligation mix or
vortexing it to mix it can affect your
yields. Instead try mixing with the pipette
tip or slowly resuspending the solution.

1.6.3.8 Acknowledgments / yii 9 S5
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el “p 37 aabais 3l e LAl ao Lyl (5.4
woiwﬂ;uﬁa@udﬁﬁg\a}j@uaﬂ
RS Gl e

s il s ol Ui OF ary Gl Of ol 25 13.5
gy ,ells oo s SL Bl Ol S e a3
ides (3 3970 & INPEG 3> i) OB neb_fag
alsszal Las) o S et e Ll (Sl Jelis
i 3yl s OTI3 |y gl LISPIN 350l

ot pla) 13 1S 5Ll dawlyPCRJ #1230, 6
W o)l felidl 3T o 15087

s» SYBR SAFE DNA GEL STAIN s Jleszal.7
et S dengp 0V e ol sy, UL S
Ol )

il M abdll e b e 92 4o LW L8
d ($8 ot o Buaedl r Yoty DU G el L)
agllel) 1S e Sy a3 0V ¢y

This protocol is primarily based on a5 Gl Loy PNV IERPNCIVNI ot JO Y S PN

Endy:DNA ligation using T4 DNA
ligase.

1.6.3.9 References/ &=/l
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1.7  Plasmid preparation / «j)J/ 2>

TYuesweweyTuu

Minipreparation of plasmid DNA and
Ding dong DNA is a rapid, small-scale
isolation of plasmid DNA from bacteria. It
is based on the alkaline lysis method
invented by the researchers Birnboim and
Doly in 1979. The extracted plasmid DNA
resulting from performing a miniprep is
itself often called a "miniprep".
When bacteria are lysed under alkaline
conditions both DNA and proteins are
precipitated. Some scientists reduce the
concentration of NaOH used to 0.1M in
order to reduce the occurrence of ssDNA.
After the addition of acetate-containing
neutralization buffer the large and less
chromosomal ~DNA
precipitate, but the
bacterial DNA plasmids can renature and
stay  in Addition  of
phenol/chlorofrom can dissolve and
denature proteins, like DNase. This is

supercoiled and

proteins small

solution.

especially important if the plasmids are to
be used for enzyme digestion. Otherwise,
smearing may occur in enzyme restricted
form of plasmid DNA.

Minipreps are used in the process of
molecular cloning to analyze bacterial
clones. A typical plasmid DNA yield of a
miniprep is 20 to 30 pug depending on the
cell strain.

1.7.1 Miniprep Protocol / JsSs »Miniprep

From

http://www.protocol-online.org/prot/Molecular_Biology/Plasmid/Miniprep/,

Plasmid miniprep. 0.8% agarose gel ethidium bromide-
stained.

Bl Y e 0. 90.0,8(MINIPREP) s e

Aegn etV

& J93 ks U3 g 4Dl Us sMINIPREPERATION
2y pro Ol Je a LS e L) die OY mpd
ol 8 e Ased) (ol el sl e o0k
gl L B e 1979 2 & s 5 s
MINIPREP o Lo 138 4515 d> (3 ¢a MINIPREP s

g o Al by adl o LSl 508 S v Les
ASyed 555 e slaldl any el oigall 5 L)
. ssSDNA JI G U39 (0.1M) J Joried) pg3 502l
o oS AwS, Jile ooz o S5t RGO E TS
Bl oSy oy i Gadsnll 5 U Jligipen S
Bl ) (3 g ammb Sale] e o Soty el (Sl
Joo Sl gk padiy Jo eS8 g oS Jgndl
et A} OT13] gl sy (DNase) Ll
J:Jagﬂ ol CL.M..;ML ilee Miniprepd\ Cadsiein)
Miniprep (¢ Ul Ll 2.8 8sley LSl leses

O ks et 20-30ug O (2

e.g.

http://penguin.uchc.edu/~intron/Protocols/Alkaline%20lysis.html:

Mini-prep

Mini-prep
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1. Spin down 1.5 ml of overnight
culture in eppie for 1 minute on
high.

2. Asprirate supernatant and
resuspend cell pellet in 100 pl
Solution I (25 mM Tris-HCl, pH
8.0, 10 mM EDTA).

3. Add 200 pl Solution II (0.2 N
NaOH, 1.0% SDS) and mix
gently by inversion.

4. Add 150 ul Solution III (3M
KOACc, pH 4.8 [60 ml 5M KOACc,
11.5 ml HOAc, 28.5 ml H2QO]),
vortex briefly to mix, and spin
for 5 minutes on high.

5. Transfer supernatant to fresh
tube  containing 500 pul
phenol:chloroform, vortex and
spin for 5 minutes on high.

6. Transfer aqueous layer to
fresh tube containing 1 ml
ethanol, mix well by inversion,
and spin for 5 minutes on high.
7. Remove supernatant and
wash pellet with 100 ul 75%
ethanol, spin for 1 minute.

8. Remove as much of ethanol as
possible and dry tubes by
leaving on bench with lids open
for ~5 minutes.

9. Resuspend DNA in 40 ul of 20
ng/ml RNase A H20.

10. Use for transformation,
restriction digestion,
sequencing, etc.

3 ol @ U Al oy s gl S e 15ml Jel. ]
odlg dads sl dlle de e e (eppie)

100l 3 Jéo¥l @ il miy s el 3 Lo Lais).2
.(25 mM Tris-HCl, pH 8.0, 10 mM EDTA) I Jsks e

a2l=Ty (0.2 N NaOH, 1.0% SDS) I Jsk2 - 200pl cil.3
ASY) sl gy dagm,

, (KOAC) pselisdl oD 0 3M) T Jsk2 e 150pL .4
60 ml 5M KOAc, 11.5 ml HOAG, 285 |4.8a5 5ol )5
5sul o es ¢ e K2 gl Lol ([ml H20
Adle dmys e 356

o 500Ul e st 2T sl L sV Lef 3 L w15
5ol i ans & walglll 3 abalel ) ayshg SO [ il
Adle dew e 356

oo 1 e gt s ol sl k) 1516
65 55l e ans ¢, anSTally Tur abalsl | J5lnyl
Al ae . Lo

100pL < bl 3 il sl & U il aabs 1.7
Sy ai3s sl jeud anog (V075 JsluY) s

G clat Ogs e BT & Jgley) OSGY s U8
L6 5 sl

S CO R QS QU R
(RNaseA 20g/ml)

S WM B BV NP P S NER I R ey 10

1.8 Separating DNA with Gel Electrophoresis / p3¢l/ b gS! fuadll dawly Ld! fuad

1.8.1 Materials / 3\5oJ)

Typically 10-30 pl/sample of the
DNA fragments to separate are
obtained, as well as a mixture of
DNA fragments (usually 10-20) of
known size (after processing with

L ) SISy Jadll Gl ala e 226/10-30pl oo oot B3l
o L s ) Leeld Gl (20-10 0 35le) L) wlas e
el ool (el el e V) Bl plde e s ST
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DNA size markers either from a
commercial source or prepared
manually).

- Buffer solution, usually TBE
buffer or TAE 1.0x, pH 8.0

- Agarose

- An ultraviolet-fluorescent dye,
ethidium bromide, (5.25 mg/ml in
H:0). The stock solution be
careful handling this. Alternative
dyes may be used, such as SYBR
Green.

- zNitrile rubber gloves. Latex
gloves do not protect well from
ethidium bromide

- A color marker dye containing a
low molecular weight dye such as
"bromophenol blue" (to enable
tracking the progress of the
electrophoresis) and glycerol (to
make the DNA solution more
dense so it will sink into the wells
of the gel).

- A gel rack

- A "comb"

- Power Supply

- UV lamp or UV lightbox or other
method to visualize DNA in the
gel

1.8.2 Preparation / szl

There are several methods

(oG9

ioged) dmps 1.0x TAE §f TBE ol Ssle ga laze Jol2 -
8.0

.)'5)\.'931\ -

&3 5.25 mg/ml) Leagn psd] domaniil Bb Lo sl dkeo —
bl dreall plusna) Sy, 0t Jsl e me ol 4] (W)
. ¢l2d) SYBR Js

e Y) o oo Y Bl SHLE OY Ll e Bellas Sl -
sy

Slaeall o a0y e Bl W) B 528 -
ol o pamdl e oSand ) GV Jpdsasad e sVl
Do (3 Gad IE Ul and ) JpmedSV 5 (o3l SleSl
(PO

Pl ab -

aia -

- SuS -

G Lo il 35 c90 Gl of i) Bb Lo 2nsl 93 Lo —
OO e G a5 dmaid)

for la o Toses N Jilly | WD s Spas Gb s

preparing gels. A common example is
shown here. Other methods might
differ in the buffering system used,
the sample size to be loaded, the total
volume of the gel (typically thickness
is kept to a constant amount while
length and breadth are varied as
needed). Most agarose gels used in
modern biochemistry and molecular
biology are prepared and run
horizontally.

1 Make a 1% agarose solution in
100ml TAE, for typical DNA
fragments (see figures). A solution of
up to 2-4% can be used if you analyze
small DNA molecules, and for large

35l )l aldsiin] o (il 8 (62 Y1 Bk L
o 3318) POl Lyl ool e il oo S e

(2 9 Jskll 3 B (i Bime 8Ly BlinsY)
PR SV AT RIS B PR TR BTN WO P RNAT N

il lede ot 5 pad 2 Loy

il TAE oo b 100 ¢ 50Y Job2 0 %01 ol 1
o e b alsna] LS (S L T A dgad) LA
, ol Ll ol U4 cus i3] dgldt e %04 ) 2
o %0 0.7 s Ja b sl Laf S 5500 clgi

Jskst!
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molecules, a solution as low as 0.7%
can be used.

2 Carefully bring the solution just to
the boil to dissolve the agarose,
preferably in a microwave oven.

3 Let the solution cool down to about
60 °C at room temperature, or water
bath. Stir or swirl the solution while
cooling.

Wear gloves from here on, ethidium
bromide is a mutagen.

4 Add 5 pl ethidium bromide stock
(10 mg/ml) per 100 ml gel solution for
a final concentration of 0.5 ug/ml. Be
very careful when handling the
concentrated stock. Some researchers
prefer not to add ethidium bromide to
the gel itself, instead soaking the gel
in an ethidium bromide solution after
running.

5 Stir the solution to disperse the
ethidium bromide, then pour it into
the gel rack.

6 Insert the comb at one side of the
gel, about 5-10 mm from the end of
the gel.

7 When the gel has cooled down and
become solid, carefully remove the
comb. The holes that remain in the gel
are the wells or slots.

8 Put the gel, together with the rack,
into a tank with TAE. Ethidium
bromide at the same concentration can
be added to the buffer. The gel must
be completely covered with TAE, with
the slots at the end electrode that will
have the negative current.

1.8.3 Procedure / &is! > Y

o s Y Copld gy S 03 & sl s w22
REWH

@ o BA Bl i e Tp 60 &> o o) 4513
e OF ] Syl o sle 2>

et rgr poa Y OV, SN o) g Taslog L
(el (oo ) il

100 & (10mg/ml) Lagy psdsY) 0952 oo SuL il 4
- 05ug/ml J Sled 5SS e OF A oS Jgl2 e o
o Sk deny oY 0y g Jaladl s T T 87
el ank Sy and ) e pndsYl Sl pae sLoldll
el gz Lais 316

OO b (3 anial F dng psdY) e g Sl -5
B e 510mm o Lo, O e dgm sl e L2l 256
R

Wl Lall J0g ol Tl may oUW 5 L 7
ol UV e 2 (3 A5 B sl

Bl & gl TAE plaie Jihe & Gl e U1 0.8
e o S ki o SLeS) i) AN 5, S0l
JASIL O sy OF g 5l ) Blas OF (S ons
A gl agd) e 05T 0T (g WU s TAE JU

-(negative current)

After the gel has been prepared, use a j;

micropipette to inject about 2.5 ul of stained
DNA (a DNA ladder is also highly
recommended). Close the lid of the
electrophoresis chamber and apply current
(typically 100 V for 30 minutes with 15 ml of
gel). The colored dye in the DNA ladder and
DNA samples acts as a "front wave" that runs

46

il Jesza] Dl oS e L
72 Bl e 2501 (s> s (micropipette)

(L b Ll ey Tl
rig gpﬁﬁ\ badll @ olae gl
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faster than the DNA itself. When the "front 15 323 30 3ul 100V 3sley. L |
wave" approaches the end of the gel the v "‘P &= )L}J J'G'Q

current is stopped. The DNA is stained with gé'“ Ll e wlie o L) H—-ﬂj O‘jﬁ“ W-((M‘

thidi bromide, and is th isibl d . ¢ ¢
ethidium bromide, and is then visible under =~ ... . . @MY\ 5 U amll 2l -

ultraviolet light.
1. The agarose gel with three slots/wells M s ot o R e IV el ol
©). LS 10b e LY plale OV LWL S Sl
- - jﬂ ﬁ' R ° -
2. Injection of DNA ladder (molecular ! . LfJ .
weight markers) into the first slot. L ediy Bl ssal) Axd) ot ol O

3. DNA ladder injected. Injection of

Dzt 3 4 Aoy (559N S L
samples into the second and third slot. o 3 e i)Y U 1

4. A current is applied. The DNA moves Lol V'L” . ‘_;jy\ dd)) (3 @a 2
toward the positive anode due to the i
negative charges on its phosphate RINURCHES T PR U BTN &e 3
backbone. Sz LA O LYy JLS W as 4

5. Small DNA strands move fast, large

DNA strands move slowly through the el jjj\ u‘"‘l‘jy\ SUWPS-WPAY ik ol
gel. The DNA is not normally visible i

during this process, so the marker dye L (’M‘ G e S pral L) fds 5
is added to the DNA to avoid the DNA . : .

da 3l O S Y oS )
being run entirely off the gel. The da o ol oSe Yy ;“}b I
marker dye has a low molecular weight, @MT o &) Al s o 1J o o)
and migrates faster than the DNA, so as T
long as the marker has not run past the

lgs el ods 3, o 4 13 G LA

f;’lld oi the gel, the DNA will still be in .()ML\ i (3 Jlp Y L) ol A

e gel. )

6. Add the color marker dye to the DNA L) b e Gl drnall Cal .6
ladder.

- Agarose gel with samples o ol o L”Sj))\i&\ 53‘\.&\
loaded in the slots, before the
electrophoresis process 25U, ianl) b8 ol

A pattern  of DNA-bands |, 4,281 -4 Ul ~a - 34
under UV light & <
hmeniid) G
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(T (T Figure: Schematic drawing of
4 the electrophoresis process, see
/@%\ text for description of steps

2 gl adl S heall b o)

Y o @ g © o 1 s
N
. % Y : T = =,
— G S m—

2 Experimental Part: Cloning of SRY gene / ¢, SU! ! #luiis] & oadl s 2nd)

2.1  Isolation of human cells and amplification of SRY gene with PCR (2" day) / ddsliasy Olui ¥/ L= Jie

(lill p9ll) foodiozal) ol fo 7 oty (5 ST e

2.1.1 SRY gene/SRY 2!

SRY (Sex-determining Region Y) is a sex- y Cﬁ“ﬁ"ﬁ)g\ e b saz @l ol s SRY

determining gene on the Y chromosome in .
the therians (placental mammals and Al g deadl oLl
marsupials)

This intronless gene encodes a Jad) dsgaz 3 'C}AL”SJU"C@JA\-P Al pan CoYl on

transcription factor that is a member of .

the high mobility group (HMGtt)-box Mo . U Lol cndgpdl e S0V e (HMGtt) &)l
family of DNA-bindin roteins. . s . . . .
This };rotein is the testisgdetirmining SRY Uiy Ll o Ul 5y el s Jole oo oy
factor (TDF), also referred to as the NES U RE IRV Ty sl
SRY protein, which initiates male

sex determination.

Sequence of SRY: JwkwiSRY

1 gttgagggge tettgaggec ggagaaatgc aagtttcatt acaaaagtta acgtaacaaa
61 gaatctggta gaagtgagtt ttggatagta aaataagttt cgaactctgg cacctttcaa
121 ttttgtcgea ctetecttgt ttttgacaat geaatcatat gettetgeta tgttaagegt
181 attcaacagc gatgattaca gtccagetgt gcaagagaat attcecgcte tecggagaag
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241 ctcttectte ctttgeactg aaagctgtaa ctctaagtat cagtgtgaaa cgggagaaaa
301 cagtaaaggc aacgtccagg atagagtgaa gegacccatg aacgcattca tegtgtggtce
361 tcgegatcag aggegcaaga tggcetctaga gaatcccaga atgegaaact cagagatcag
421 caagcagctg ggataccagt ggaaaatgct tactgaagee gaaaaatggce cattctteca
481 ggaggcacag aaattacagg ccatgcacag agagaaatac ccgaattata agtatcgacc
541 tcgtcggaag gegaagatge tgecgaagaa ttgeagtttg ctteccgeag atccegctte
601 ggtactctge agcgaagtge aactggacaa caggttgtac agggatgact gtacgaaagc
661 cacacactca agaatggagc accagctagg ccacttaccg cccatcaacg cagecagcte
721 accgcagcaa cgggaccgct acagecactg gacaaagctg taggacaatc gggtaacatt
781 ggctacaaag acctacctag atgctecttt ttacgataac ttacagcect cactttctta
841 tgtttagttt caatattgtt ttcttttctc tggcetaataa aggcecttatt catttca

The sequence is given in the direction 3’------- 5 o 3 o) s

3D structure of TDF (there are several variants in the database, e.g. 1J46 and 1HRY):
Testis
determining
factor

TDF (HMG-
Domain, green)
with DNA (blue)
according to
PDB 1]46

http://www.rcsb.org/pdb/explore/images.do?structu
reld=1HRY
FASTA format sequence of the protein (version lhry):
>1HRY:A | PDBID | CHAIN | SEQUENCE
VOQDRVKRPMNAFIVWSRDQRRKMALENPRMRNSEISKQLGYQWKMLTEAEKWPFFQEAQKLQAMHR
EKYPNYKYRP
>1HRY:CIPDBID | CHAIN | SEQUENCE
GTTTGTGC
>1HRY:BIPDBID | CHAIN ISEQUENCE
GCACAAAC

2.1.2 Devices / oYl

Shaker Incubator / 82 ss 25l

Thermocycler(PCR) / Jedwid) 3001 felis
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Water bath / (s 29>

2.1.3 Material / >'50d)

PBND buffer (for explose the membrane): ( W cLaé ymidy PBND ok
0,372g KCl (50 mM)
2,5ml Tris pH 8.3 (10 mM) . (50Mm) el jslS 0 0.372g

1ml MgCI2 (2.5 mM)
Gelatine(0.1 mg/ml)
450u1 NP-40 (0.45%) .(0.1mg/mly (D>
450l Tween-20 (0.45%)

(10mM) 8.3 iss ixys e tris® ;o 2.5ml

NP40 (0.45%) -+ 450l

Tween-20 (0.45%) . 450uL
Primers / hSRY5/5gligagages tatizaganc sgaga’ .
AV hSRY3: 5'-tgaaatg aataaggcct ttattageca-3’ 1
(hSRY3 is complementary sequence of 5-| tggctaataa aggccttatt e
catttca -3’ ‘ R~
Important remark: The SRY gene has PGEM-T 3 3 axg [FRANE P N O) thals A=
to be put later in pGEM-T vector and . .
then has to be cut out from it <ledw xoy % el 14d . EcoRI g5l ankd & oo g
afterwards with EcoRI. For this reason ‘ ;
Slezl) sda ) 1 3 o Ss LEcoRIJ) a3y sUasy)
there has to be put at both primers a Sl eds oy ¢ JQ} coRIJ Eh g
EcoRI cutting sequence. In this course P oY1 Al 1 OB SU 539550 o]
primers without these EcoRI cutting
sequences are used. So the last step of
the course (restriction digest with
EcoRlI) is not possible.

2.1.4 Protocol / JsSgig

1. If you are male: Take

sLadll e s df Gl 1 185 casT13) 1
Ls’:jil\ o ‘_gjsj doeans J:-E ,  Slad
.Mn e | e §J>LAU" =~
Figure: Putting the smear | : ) o s d=l elle ujj S 3
probe in an Eppendorf
Take a smear of your tube oo ke bl r_ﬂ\ b e ujgl.sd.\
oral mucosa. Take it bl Lzl e el )
. £ o & S e gl dm dxfy 0 SlaldU)

a smear of your oral
mucosa. Take it with
a plastic spatula.
Ask for a probe of a
female oral mucosa

smear.
If you are female:

with a  plastic
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spatula. Ask for a = iu ol 3 B

probe of a male oral

mucosa smear

Each of the smear o oomssl OV G Lo 25 oF) ekl S
Sl Gl W) e IS

You have now two

Eppendorf tubes & PBND H@‘ o 20pLe
Rpe V) sl o j.j
For each Eppendorf tube: s JQ

2. Add 3pl Proteinase K . )
(10mg/ml). Then incubate 4w2>! &. (10mg/ml) ( Protease k) S ;Lssndl oo BuL ol 2

several (about 3-5) hours at P e . .
55 °C(for  activation the (e Joe L) e 55 S (Sl 4 5 3) el sl

(marked as “male” and
as “female”) is flushed
with 20ul PBND buffer
into an Eppendorf tube.

enzyme). 53 Casedy dass 1550l %2 95 legiz=1.3
-y * - .
3. Incubate at 95°C for 15 (73 s ) ‘ &
minutes (95°c: for B 1S o ) 1 L) 5l elas &)1 (3 ancoy 4
denaturation the proteinase o e
K) . (&l 32Uy Ga) e 5 UL
4.Set up of PCR:(time *3 the (10 M) Hsry5 ¢, i e 0.6 UL
yield). .
5ul of DNA (from your (10 pM) hsry3 g =4+ 0.6 pL
probe) L
. (15mM MgCh) +20*10 :» 2 uL
0.6p1 hSRY5 (10uM) (15mM MgCly 710 ¢ 2
0.6ul hSRY3 (10uM) .(10mM)dNTPs 0.4 puL
2ul 10xbuffer(15 mM MgCl2) '
0.411 ANTPs (10mM) (50mM)p 5251 10,6 pL
0.6ul MgCI2 (50mM) ey 36 0.2 UL
0.2ul Taq polymerase
10.6ul H20 W) % 10.6 pL
5. Performing the PCR reaction: . o T . .
Program the cycler as follows: Q) ol e Sypull iy bl e Jelis sike ks 5
40 cycles of: L (5L 893 S5 395 40
40sec. at 95°C - .
40sec. at 53°C 295 e x40
1 min. at 72°C o .
(95°C for denaturation the ) 353 L 40
double brind of DNA, 53°C for _°C 72 LSL" |
activation the primer, 72°C for
activation the polymerase). @wl\ Jos Lapiad ¢ 53, udl L;DM v k)i e (95)
Gldsd) s Janzad °0 72,
Result: Obtain yield of DNA NERUR j)ft 1S e Jgad) laall oda 0 o)

2.15 Gel electrophoresis / sl St Jad!

2.1.5.1 Devices /<Yy
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Precision Balance / 383> Oy Gel rack with voltage supply: UV machine: &g b ax2Y) &

Agitator machine (with heating possibility) / 55| o) Ll Al

A lasea)

2.1.5.2 Material / 3'5ad!

1. TAE buffer 1.0xpH8.0 (preparated 33 5t 8 ibsdl *1 TAE V-E-ml
in part 2.1.5.4). )

(.2.1.5.4
2. Agarose
3. Ethidium bromide (Stock T )L&fﬁ\.z
solution: 1g Eth.bromide in 100 ml
dest. water) S gy peY) 855 o0 1g ol sl ) e fﬁi**':?l-?’

-( V.Eal\ U o 100ml

2.1.5.3 Preparation of gel / p\g! yr>

e weight 1% agarose for 100ml Jlé_if) TAE Blo oo 100m1‘)§j b)\_gy\y 1% O) e
TAE (see part 2.1.5.4).

¢ Dissolve the agarose on the (2154 & TAE Py ias e
agitator = machine  (agarose o AL o N
dissolve at 70 °C). ) 370 v 441 & o Jﬁ)u&\ w0

e Let the solution cool down to ) S deys Je 3 Jols d50 e
about 60°C at room temperature.

e Stir or swirl the solution while y ) kes I3 2l e
cooling. Lol as £ a5 s W sl e

e Put the gel on the gel rack and &t b e (5 e
insert the comb. e a1 e

e Let the gel to solidify.

Figure: Gel rack
b 3b 850
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2.1.5.4 Preparation of TAE buffer 10xpH8.3 / alioll ).u.ax Qe.STAE dbges]l d 55 10

1. 20ml EDTA (0.5M).
2. 240ml acetic acid

£

L5.,LAJ M u.pb)) 6‘ 3 8o S o 20ml

(5%). .(0.5M). (k)
3. 400 ml Tris base

. 00 " . \ .
(0.01M). (5%) < 2 240ml

4. 240ml distillated
water.

5. Regulate with
NaOH(2M) the pH on

8.2-8.4. gue:pHMeter ianly 8.4-82 e ikt ams us
-(NaOH) pp33eall Sy

.( 0.01M) tris base : 400ml

.(distillated water) V‘E"l\ s -0 340 ml .4

2.1.5.5 Separating DNA with gel electrophoresis and visualization of DNA under UV light / ‘5\5« SRV -1
dondind) B8 b dndY) e audys e @bﬁﬁ\ il AT
: 4 Figure: Gel rack with voltage supply

a5 ¢Sl T 9 2Ol 3b 1 350

I Take of each of your 3 Eppendorf |y &)}g( . b.f-:%d 3 o J{J’) Bl e 4 L el I
tubes (male DNA, female DNA, DNA (3 i .
ladder) 4ul DNA and add as into a £ sk =l O 2 ey 5 (A s, s

new Eppendorf tube as follows: dUl o sl 5 e Lol
e For male smear probe: 4ul 4 (LE.;LW Sf-il\) IRV 4HL DS sl u}ﬁ,y o
DNA (from smear) +3ul )
bromophenol blue + 3ul gV e BHL + GV dsrdsagnd) e BHL

glycerol. N T Ly . P

* For female smear probe: 4ul S L’VU\UAZLHL Fes o e
DNA (from smear) +3ul el SV o BHL + @fy\ Jsidag ) oo BHL
bromophenol blue + 3ul )
glycerol. o BuL + L o e 4 uL: s ol Y e

e For DNA ladder: 4ul ladder .k i
DNA +3ul bromophenol blue el 2 BUL + G5V s
+3ul glycerol. U ab e et U i 3 ol IS 10 L o

II Inject 10ul from each eppendorf

tube in the slots/wells of gel il

preparated on the gel rack
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III Close the lid of the electrophoresis
chamber and apply the voltage of 80 V for
1h30min.

IV After migration of the band; put the
gel into a deep vessel (to put Ethidium
bromide on it and to wash it afterwards).
V Soaking of gel with Ethidium bromide:
Put 250 ml dest. water and afterwards
30ul of ethidium bromide stock solution
into the vessel with the gel. Let it soaking

for 30 min.

Warning: Be careful with ethidium
bromide!!! Use specific gloves, put the
water with ethidium bromide in a specific
place, do not throw it in the nature.
Ethidium bromide could cause cancer
(propably onkogen) and it is mutagen.

VI Wash the gel from ethidium bromide 3

times with dist. water (250ml).

VII Put the gel on UV- machine. Insha
Allah you will see bands for the DNA
ladder and the male DNA:

Figure: Injection into gel slots

O Sl s a1 Sl

D i o8 @ LS OO Ol eles T
8OV e 2i3s 30 sk S S

anid) Goot cleg 3 DU 2y Bl ay ams A IV
(Sl 3 ald & ag daeny 0 Y

250ml s Yaids 30 5L doesy paddYU I aBLV

Figure: Gel in the deep vessel / G sl89 2 adgll 350

phoaal 11 Yl me Joledl 3 00 (g r i
G dergp padkdY) e mgsl ) o asld ohladll
Ol oy 85 &Y L dngdall (3 4y Yy ol O
(B il esdly ool abll ouky
e Y de (250ml) pkall s (3 la 3 WS i v
ey
B elei] g Ameii) G Lo 22V AT e pOUI VI
Bl ohed 5 (5, ST Bl iy (5
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Figure: DNA bands appearing under UV light of the UV machine / £ L) = sk
i) 355 Lo axi Y

PR

2.2 Gel purification / po¢// 445

Before the PCR product is ligated into . ;.;  » Ll fededll 5 ald) ol e C“L\ Slall s
a plasmid it is purified on a agarose '

gel from unspecific reaction products. - &3> ) slsklg 2O s

221 Devices/ ol

2.2.2 Material / 55!

2.2.3 Protocol / JoSgig I

QIAqUICk Gel Extraction Kit Protocol r IS d){}-’:’j I QIA qule gel extraction klt
using a microcentrifuge

This protocol is designed to extract el 8L gl

and purify DNA of 70 bp to 10 kb s o
| e L) Las S Y IRV
from standard or low-melt agarose i 70bp ¢pe e T dl JdsSsand ¢
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gels in TAE or TBE buffer. Up to 400 )T TAE ("&l\ L} Lﬁj})u‘t}“ (,M\ dbjb lm u’L‘-‘l )T 10kb
mg agarose can be processed per spin i .
column. This kit can also be used for O‘))M Sgale < Sy o 400mg Jf‘ idles ug": TBE

DNA cleanup from enzymatic € ) e ) .
Y el e b Laf ales o L oda
reactions. Y Jelid) e Ll calas O LgSs dsgadtl o

For DNA cleanup from enzymatic _as| | Ls.cy;_;i}[\ Jeladl e B Caoud JoSigpd) i pusaay
reactions using this protocol, add 3 )

volumes of Buffer QG and 1 volume &° ¢~ 1 JQ QG VL‘M e (’L’“"‘ 3 J;LA_:J\ s 3“’
of isopropanol to the reaction, mix, =, | 4§ ;1 S bl Jaila !
and proceed with step 6 of the < i o VTR

protocol.  Alternatively, use the Min Elute Cilw) degast adsnnl S5 e Yo 8 . JsSg el
MinElute Reaction Cleanup Kit.

Important points before starting
mThe yellow color of Buffer QG sl b Dol bl
indicates a pH <7.5 L. . i

mAdd ethanol (96-100%) to Buffer PE 3 (31 &bged| a3 OF 1] iy QG plall 20V 041
before use (see bottle label for

. reaction

volume). 7.5 (Soled
mAll centrifugation steps are carried ezl L3 PE V_&A\ &= (96-100%) JszY! -
out at 17,900 x g (13,000 rpm) in a o

conventional table-top & 17,9007g(13,000 rpm) s e N
microcentrifuge at room temperature. A 5 Gy e sl) d 4T
Procedure / <! >

1. Cut the D.NA fragment from the Sy il b e g}j)\-biﬂ‘ ?M‘ oo Gl o Cﬁl’l
agarose gel with a clean sharp scalpel.

Minimize the size of the gel slice by ) .U\jj\ ()ML\ | CI AC e Jjb-
removing extra agarose. . ) ) :

2. Weigh the gel slice in a colorless » abn-l 3 ool . L&) o SUs gl (B dskdll a2
tube. Add 3 volumes of Buffer QG to y

1 volume of Jize (100 mg ~ 100 pl) P o o> 1 J o6 e

For example, add 300 ul of Buffer QG o 8 Jﬁ VLM v g &

to each 100 mg of gel. For >2% agarose o plw>I 6 Caol, sV I 2 %o SN DL
els, add 6 volumes of Buffer QG. The

5 Q & Qia quick 3sle 3 OBl e (S guadll LS. QG V-hm

maximum amount of gel slice per
Q.IAquick column is 400 mg; for gel Qja sl oy rg ri) BpeS oda e ,531 , 400mg
slices >400 mg use more than one

QIAquick column. . quick

3. Incubate at 50°C for 10 min (or
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until the gel slice has completely
dissolved). To help dissolve gel, mix
by vortexing the tube every 2-3 min
during the incubation.

IMPORTANT: agarose
completely. For >2% gels, increase

Solubilize
incubation time.

4. After the gel slice has dissolved
completely, check that the color of
the mixture is yellow (similar to
Buffer QG without dissolved
agarose).

If the color of the mixture is orange or
violet, add 10 pl of 3 M sodium
acetate, pH 5.0, and mix. The color of
the mixture will turn to yellow. The
adsorption of DNA to the QIAquick
membrane is efficient only at pH <7.5.
Buffer QG contains a pH indicator
which is yellow at pH <7.5 and orange
or violet at higher pH, allowing easy
determination of the optimal pH for
DNA binding.

5. Add 1 gel volume of isopropanol
to the sample and mix.

For example, if the agarose gel slice is
100 mg, add 100 ul isopropanol. This
step increases the yield of DNA
fragments <500 bp and >4 kb. For
DNA fragments between 500 bp and 4
kb, addition of isopropanol has no
effect on yield. Do not centrifuge the
sample at this stage.

6. Place a QIAquick spin column in a
provided 2 ml collection tube.

7. To bind DNA, apply the sample to
the QIAquick column, and
centrifuge for 1 min.

G gdy OF JI 5l ) 363 10 8 "aB0 S a3
ielgllly gt Ll | OLgdlt e adlg dustana (JalSOU

Lo M §8s 3-2 IS
2% oo ST oA 0150 . JolSIL o)V OLgd % cala

ot By sl £

Lol Ogf o Bl oy JaSL oY) Capls dad
() |3 0G phaall biles aylindly oY)

Vs e 10 PL il , i o QU L) 09 0IST13)
Ol sgm OF g abalsl ¢ 5.0 ao5adl a3, 5M psdsall
QIA i e LW ol 5:lS 08 . oW o5l )
bl g2 7.5 ol of Bl asgm amps e 0S5 quick
o o Ol Llny E dbsed) Bl i5e e QG
of Jy ol 08 13 Wl L B8 of 7.5 aogs sy
Vggom gy U, Ble Bogad) 2oy 0L oty Vg iy
Ll Loy i) dsgad Gy s

abalsly doall Jlg o) 0 G @2 0 1 a2l.5
53l g Y DU e 100mg OST13] , JE e e
Bl wdab 2057 e 5 2l b sdn - 5! e 100 pL
o b U wlad) W dkb e ST g 500bp oo BT 2 &)
Ao ¥ S e S5 Y Jsibsneny) el b 400bp-4kb
W) el (3 dall

s oo el (@ Qiaquick Ol g35als a6
.( collection tube ) gslod!

1 sud Wi, Qiaquick 338 (B Lol o Ul L2y .7
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volume of the column

reservoir is 800 ul. For sample volumes of
more than 800 ul, simply load and spin
again.

8. Discard flow-through and place
QIAquick column back in the same
collection tube.

Collection tubes are reused to reduce
plastic waste.

9. Recommended: Add 0.5 ml of Buffer
QG to QIAquick column and centrifuge
for 1 min.

This step will remove all traces of
agarose. It is only required when the
DNA will subsequently be used for direct
sequencing, in vitro transcription, or
microinjection.

10. To wash, add 0.75 ml of Buffer PE to
QIAquick column and centrifuge for 1 min.
Note: If the DNA will be used for salt-
sensitive applications, such as blunt-end
ligation and direct sequencing, let the
column stand 2-5 min after addition of
Buffer PE, before centrifuging.

11. Discard the flow-through and
centrifuge the QIAquick column for an
additional 1 min

at 17,900 x g (13,000 rpm).

IMPORTANT: Residual ethanol from
Buffer PE will not be completely removed
unless

the flow-through is discarded before this
additional centrifugation.

12. Place QIAquick column into a clean
1.5 ml microcentrifuge tube.

13. To elute DNA, add 50 pl of Buffer EB
(10 mM Tris-Cl, pH 8.5) or water (pH
7.0-8.5) to the center of the QIAquick
membrane and centrifuge the column
for 1 min. Alternatively, for increased
DNA concentration, add 30 pl elution

A3

ot 0713 W B00 UL 52 3salalt OB iVl
Olgel) e g aall fod OF b A3 e ST

dpale g Uel oF LI dRkN B Pl ) .8
o) 390lall ki J) Qiaquick

2SO L BaS” Lad aaldl s salall Jlenza) slay
396 J| QG phw o 05ml il
313 43 odily Qiaquick

OT13) wgllas a9 5Vl Wi s by al M) ol
S, el @ el ele feled Jestegw G
. microinjection

sle JI PE ok o0 075ml cael , Jil. 10

L Bd1g Aad Ul g Qiaquick

el Al Slikd feateen LA OST1Y] ¢ Al
Al A, el fded) 5 ol ald) by i
PE olaill 534 555 5-2 54l 50

G By dsW A wely L w11
17.900*G(13.000rpm)

£ BV PE plae oo LolSJL Jap o) Al Jglo)) tpla
Al aslel s L) o)

-1.5ml deeker 84U g5l b Qiaquick 46l e .12

10mM tris ) EB ok o 500l ol , Ly 13
slid kal (@ (PH 7.0-85) sk 9f (CI, PH 8.5
oo Y gl Bty AiBs Bud 3gelalt i o Qiaquick
Dy ke oo 301 Rl , UM S5 By, &3
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buffer to the center of the QIAquick
membrane, let the column stand for 1
min, and then centrifuge for 1 min.
IMPORTANT: Ensure that the elution
buffer is dispensed directly onto the
QIAquick membrane for complete elution
of bound DNA. The average eluate
volume is 48 ul from 50 ul elution buffer
volume, and 28 ul from 30 pl. Elution
efficiency is dependent on pH. The
maximum elution efficiency is achieved
between pH 7.0 and 8.5. When using
water, make sure that the pH value is
within this range, and store DNA at -
20°C as DNA may degrade in the absence
of a buffering agent. The purified DNA
can also be eluted in TE (10 mM Tris-Cl, 1
mM EDTA, pH 8.0), but the EDTA may
inhibit subsequent enzymatic reactions.
14. If the purified DNA is to be analyzed
on a gel add 1 volume of Loading Dye

to5 volumes of purified DNA. Mix
the solution by pipetting up and down
before loading the gel.

Loading dye contains 3 marker dyes
(bromophenol blue, xylene cyanol, and
orange G) that facilitate estimation of
DNA
optimization of agarose gel run time.
Refer to Table 2 (page 15) to identify the
dyes according to migration distance and
agarose gel percentage and type.

migration distance and

S50 Qiaquick slis s & (elution buffer)

Aad Loyl Lol o3 230 350l
Qiaquick sl e 5ale gis oladl OF o uSTh  ala
o Al BL) e Jiee L ) Bl AlS
gl SeliST AY) e e e 50l e 48l
3] o5 gadll plaa) 3l Aosad) Aoy dileze
Jorzs Loie 10 .8.5-7.0 ( 2oped) By OIS
- e L O F ile e BT e usTh el
Bl 225 ool Lalal) Ol Py 0 Ss 4l LS™020
10 mM Tris-Cl, 1 mM EDTA, pH ) TE & 0555 Of -

i a5l e 393y af 8 T 3 65 (sl OT VL (8.0

1 Gl Sl o g Ul @l Jow 01S713) 14
o a5 S (loading dye) gl Jooows (0 oo
3 13m0 duzod dauly Jolowadl Ll . dudl G
O e a2y J3 Yy

Isysnll) fLeo¥l o oldle B o oall Jeod (5524
&) ((orange G) ¢ JEA , OS] Jsbw , 3N
Syl 33lizaY) 5 ol Gl Bl 2055 o Lgoas
(A5 imiv ) 2 Jgadt amly Jorid) w3y DU s
455 5 O Ay 8l Bl Ty (LY e il

2.3 Ligation of PCR product in pGEM-T Easy (Promega) / é,ol/l Jckii iio by,

9 Luluic/pGEM-T Easy (Promega)
In PCR Taq polymerase was used. If jlou 7 130y fodocll 5uldl Jolit (3 jhody S fonive
S et B Bl ety bl S el e OB
dauly Jesieze 540 oda (nucleotide A) (5T A slSydl

T/;} Ry Flaizayl

Taq polymerase is used, the PCR
products include at the 3 end a
overhanging A nucleotide. This feature

is used by the so-called T/A cloning.

The DNA fragments (SRY gene) are

cloned into a vector which has
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overhanging 5 T nucleotides. So these (ST 3 A lSed) et @l U 3 Al ) dﬂ
vector endings are compatible to the
endings of the PCR products, and the el Jeldi me SLLE oo N s
PCR products can be ligated with high . . . . . . .

W3 e 3s S s el 1 Loy, oSGl ey |
efficiency into the vector. One of such S C‘l 7 e

vectors is the pGEM-T Easy. . pGEM-T Easy s» ML sda A,

2.3.1 Devices/ 1Y
Table centrifuge for Eppendorf tubes / s, Uy 34,0 Jgd

Vortex / 419>

2.3.2 Material / >'50d)

Promega pGEM T Easy (Promega Cat. #A1380)

¥rnl 2009
-
Seal 1820 Magl 2707 7l 1 slart
- el et Apal 14
) Aatll 20
1 ori Sphi 26
BstZl 31
Mcol 37
Ao BstZl | 43
& . Mokl 43
PGEM"-T Easy  jacZ Sacll | 49
Vector EcoRl | 52
(3015bp)
Spel 64
EcoRI Ta
Mot 7
BstZI 77
Pstl 88
ori Sall a0
Mdel a7
Sacl 109
Bat¥l |118  Z
Msil 15'1' 2
=
T sps g
Product Size Cat#
pGEM®-T Easy Vector System 1 2 reactions AT3ED

For Laboratory Use. Indudes:
12pg  pGEMET Easy Vector (50ng/ pl)
12pl  Control Insert DNA [dng/pl)
10ha T4 DNA Ligase
Al X Rapid Ligation Bulter, T4 DNA Ligase
12ml  MI09 Competent Cells, High Efficiency (6 * 200ul)
1 Protocol

Storage Conditions: For Cat.# A3610, A1380, store the Competent Cells at
=70°C. All other components can be stored at -20°C.

2X Rapid Ligation Buffer, T4 DNA pGEM-T & JBgadly Ll 3l 4 S, Ly e fais X2
Ligase (provided with pGEM-T i i

Easy II Kit) ( Easy II Kit

60mM Tris-HCI (pH 7.8) 60mM Tris-HCI (pH 7.8)
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20mM MgCI2
20mM DTT
2mM ATP

10% polyethylene glycol (MW8000,
ACS Grade)

Store in single-use aliquots at —20°C.

Avoid multiple freeze-thaw cycles.

20mM MgClI2

20mM DTT

2mM ATP

10% polyethylene glycol (MW8000, ACS Grade)

— e By B e S pls) o G B2 S Lais)

J)ﬂ\ g_,.ij.kﬂ\j 61.‘15\ g_,..‘;- 0(20

2.3.3 Protocol for Ligations Using the pGEM®-T Easy Vector and the 2X Rapid Ligation Buffer /
Jﬁ\.:.‘\ ] Ja.;)]\ J}fy’)ﬂ pGEM-T Easy )2@,.& by P.E_A X

1. Briefly centrifuge the pPGEM®-T or
pGEM®-T Easy Vector and Control
Insert DNA tubes to collect contents
at the bottom of the tubes.

2. Set up
described below.

Note: Use 0.5ml tubes known to have
low DNA-binding capacity (e.g.,
VWR Cat.# 20170-310).

Vortex the 2X Rapid Ligation Buffer

ligation reactions as

Sl 5 pGEM-T f pGEMIT Easy Bl jlassly 4511

Y ol (3 (55! o L e ol 51 Ll wlai,

LSLJY\ Q doye B LS Loy JI Jad 595, slae] 2
B U 8] Ogme bV e 05ml pdsszal 1 oala>Se

S5 Lo I mye oot x 2 J Balgall) Jonnad U Loy f miois

vigorously before each use. bl J57 4

Standard Positive Background
Reaction Control  Control

2X Rapid Ligation Buffer, T4 DNA Ligase  5pl 5ul 5ul

pGEM®-T or pGEM®-T Easy Vector (50ng)  1pl Tl Tul

PCR product Xpl* - -

Control Insert DNA - 2l -

T4 DNA Ligase (3 Weiss units/pl) 1pl Tl 1nl

deionized water to a final volume of 10pl 10ul 10pl

*Molar ratio of PCR product:vector may require optimization (see Section VL.C).

3. Mix the reactions by pipetting.
Incubate the reactions 1 hour at room
if the
maximum number of transformants is
required, incubate the reactions
overnight at 4°C.

temperature. Alternatively,

Notes (from Promega):

S ES P Ol LU RUNPTICY I N (RS PG
Callee Jall e osus il OSTIR)L el3 e Yay o L3l
ed e L b el O] o

promega ;o <>

1. Use only Promega T4 DNA Ligase supplied with this

system to perform pGEM®-T and pGEM®-T Easy Vector
ligations. Other commercial preparations of T4 DNA
ligase may contain exonuclease activities that may remove
the terminal . Use only Promega T4 DNA Ligase supplied

Y4 o L) L lel
oY . &l ales iad promega
S g5t B oY iyl ol
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with this system to perform pGEM®-T and pGEM®-T
Easy Vector ligations. Other commercial preparations of
T4 DNA ligase may contain exonuclease activities that
may remove the terminal deoxythymidines from the
vector.

2. 2X Rapid Ligation Buffer contains ATP, which degrades
during temperature fluctuations. Avoid multiple freeze-
thaw cycles and exposure to frequent temperature
changes by making single-use aliquots of the buffer.

3. It is important to vortex the 2X Rapid Ligation Buffer
before each use.

4. Longer incubation times will increase the number of
transformants. Generally, incubation overnight at 4°C will
produce the maximum number of transformants.

from the vector.

2. 2X Rapid Ligation Buffer contains ATP, which degrades
during temperature fluctuations. Avoid multiple freeze-
thaw cycles and exposure to frequent temperature
changes by making single-use aliquots of the buffer.

3. It is important to vortex the 2X Rapid Ligation Buffer
before each use.

4. Longer incubation times will increase the number of
transformants. Generally, incubation overnight at 4°C will
produce the maximum number of transformants.

Wl dl ooy of Skl

oo e 2 dl deoxythymidine
. s

ATP e @52 byl ol x2.2
Olmydy oladh M e ey )
S a5 pddl A
DOt 8 Sl LA wlal) ol
ol s sl ) 2eSd)
S e e U5 sk ek L
Aty Jlaazsy 230

) Ll ol x2 bl ol e 3
ez ST L3 welgl 3

sde e Ay Bladl e bl c 3l
L sk Bladl 0S5 Gale. oY gl
Ced e

2.4 Transformation of E.coli JM109 by plasmid DNA carrying SRY gene (3" day) / A gﬁﬂd}/ M

o Jolo! daiSJ) U dawlpSRY (S agl)

For the transformation there are used o 8 g Amgiie g jale L Oﬁ of £ J_E_._;\ I

cells which are already made competent

or preperate by the following protocol. JM109 a>gill g8 L}gw')!\ ol . JsSsia ) s M

These competent E.coli JM109 cells are
provided with the Promega pGEM-T
Easy Kit II

. Promega pGEM-T Easy Kit IT (s 5,520

2.4.1 Protocol: Preparation of E.coli competent cells / duglgall 4, ,udl LI 51655 1JsSgi90

4> gisall

1.5et up 5ml culture of
E.coli
Aincubate over night at
37°C on a rotry shaker

in LB medium

62

,(L.B medium) JI (gdas Laws 3 aigedll JQJWY\ o 5ml slas). 1
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" Figure: Tube with E.coli culture in Shaker Incubator / W) &b Axg s,«-s.Ui
ool 13 d8gy et i gl SG Y1

2.Add 1ml of the over night ¢ .3 JIdlawd) 0 100ml 3 JU IS ) 0 1 ml ool 2
culture to 100ml L.B medium ( olela EN JM};)&J}J\ ias L w@ °r 373_9 o]

.dncubate at 37°c on a shaker
until the ODes0=0.3(about 3h) CU\ Q3 oy ( —=UY) & 50ml x2 ) asll o c«l\ s 3

3.Ahqu0t Cult—ure into 2 *50ml Lﬂ;")l -or 4 L;_p dﬂj; 10 S.Ll 4000 rpm LﬁJ,_p ._.L,‘JT _dﬂj; 10 s_kl
Oakridge tubes chill on ice for 10 P , . P P
min . Centrifuge at 4000 rpm for <~ 20ml w5l JS 3 bl e & f e e N G L
10min at 4°c.Discard supernatant .(0.1M.)3,LJ! (.}:MJ@ dyyslS”
and resuspend the pellets each in

20ml of cold 0.IM calcium

chloride.

4.Leave on ice for 25min. UG> 10 34l 4000rpm P Jsl Laass 25 sl =g sS4
centfifuge at 4000rpm for 10m1:n .(0.1M) (’ﬁ:"J&M SslS e 2ml e U3 b og’ 4 e
at 4°c resuspend each pellet in

2ml of cold 0.IM calcium

chloride.

2.42 Devices/ <N

Waterbath / (oesd 25>
Shaking incubator / &2 ss a5~

2.4.3 Materials (other than JM 109 from Promega pGEM-T Easy Kit ll)1 / $) 3 JM 109 from

Promega pGEM-T Easy Kit II.(

! From Promega, pGEM- T and pGEM-T Easy Systems, Technical Manual, Section XI.C.
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e LB plates with ampicillin/IPTG/X-

Gal
LB medium (per liter)
10g Bacto®-tryptone
5g Bacto®-yeast extract
5g NaCl
Adjust pH to 7.0 with NaOH.

LB plates with ampicillin

Add 15g agar to 1 liter of LB
Allow the
medium to cool to 50°C before

medium. Autoclave.

adding ampicillin to a final
concentration of 100ug/ml. Pour
30-35ml of medium into 85mm
Petri dishes. Let the agar harden.
Store at 4°C for up to 1 month or
at room temperature for up to 1

week.

LB plates with ampicillin/IPTG/X-
Gal

Make the LB plates with
ampicillin  as  above;  then
supplement with 0.5mM IPTG
and 80ug/ml X-Gal and pour the
plates. Alternatively, 100ul of
100mM IPTG and 20ul of 50mg/ml
X-Gal may be spread over the

surface of an LB-ampicillin plate
and allowed to absorb for 30
minutes at 37°C prior to use.

IPTG stock solution (0.1M)
1.2g IPTG
Add water to 50ml final volume.

Filtersterilize and store at 4°C.

X-Gal 2ml)
100mg

indolyl-B-D-galactoside
i 2ml N,N’-
dimethylformamide. Cover with

5-bromo-4-chloro-3-

Dissolve in

aluminum foil and store at —20°C.

=S PTG~ & @ T [ bl a0 o Il i
Gl @) g JTdan Loy

. bacto —tryptone -+ 10g

bacto-yeast extract .+ 5g

p2gall dlS 0 5g

pn3sal) deeSypiin Aoy 7.0 Lo dosed) iy Jue
ol o 3 T 2

O dasll sl e 3 T oy o 2 SO LY e 158 i
S A 0K s bV B35 S8 e 50 o o
SV 5T o ade ) ol e 30-35ml il . 100ug/ml
Bl s e ped o e 4 s b e SV G F L e
PO

-Ju_ﬁl/@;}gcﬁt/wtggdtw

ke Cail ¢, Ll 2 LS el o g T ks ]
o Y sl Je— ST e 80pg/ml 5 > 3 g ST e 0.5mM
— S oo 20ul 5 (100mM) o & 3 T e 100l s, I3
£ el po g Il Bmio mlaw Je oaaT & (50mg/ml) JL
Jlnzeyl 13 75 37 o 125 30 U3l slasiYl U o)
(0IM) > & g $Tdss 2%

G a gl log

Ao e st o S e e 50 ml ) s s
4 e g e

(F2)Je— )

Sl —(go Ly — Jpdnl =3 9,88 ~4= 545,-5 4 100mg
oo slln gt oy Joms — 0101 e 2ml 3 s
"o =20 e oE g psiadV)

The genotype of JM109 is recAl, endAl, gyrA96, thi, hsdR17 (rK—,mK+), relAl, supE44, A(lac-proAB), [F',

traD36, proAB, laclqZAM15] (5).
Protocol /

J555 90!
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1. Prepare two LB/ampicillin/IPTG/X-
Gal plates for each ligation reaction,
plus plates
transformation efficiency (see Section

two for determining
“Trasformation Control”). Equilibrate
the plates to room temperature prior to
plating (Step 10).
2.Centrifuge the tubes containing the
ligation reactions to collect contents at
the bottom of the tube. Add 2ul of each
ligation reaction to a sterile 1.5ml
microcentrifuge tube on ice (see Note 1).
Set up another tube on ice with 0.Ing
uncut plasmid for determination of the
efficiency of the
cells (see Section
“Trasformation Control”).
3.Remove tube(s) of frozen JM109 High
Cells
storage and place in an ice bath until

transformation
competent

Efficiency Competent from
just thawed (about 5 minutes). Mix the
cells by gently flicking the tube.

Note: Avoid excessive pipetting, as the
competent cells are extremely fragile.

4. Carefully transfer 50ul of cells into
each tube prepared in Step 2 (100pl cells
for determination of transformation
efficiency).

5. Gently flick the tubes to mix and
place them on ice for 20 minutes.
6.Heat-shock the cells for 45-50 seconds
in a water bath at exactly 42°C (Do not
shake).

7. Immediately return the tubes to ice
for 2 minutes.

8. Add 950ul room temperature SOC
medium to the tubes containing cells
transformed with ligation reactions and
900ul to the tube containing cells
transformed with uncut plasmid (LB
broth may be substituted, but colony
number may be lower).2

9. Incubate for 1.5 hours at 37°C with
shaking (~150rpm).

10. Plate 100ul of each transformation
culture onto duplicate
LB/ampicillin/IPTG/X-Gal plates. For
the transformation control, a 1:10
dilution with SOC medium is

[ & @ & kel po g T Bmio 0 L) 5.1
o Ll ol sl L) el e IS — S
B> o Dleinal) Ojly L gl 35UST Wtoed il
(10 ape) Lede JUa 15 20301 5

@ el et Ll ol e mgdl bW 462
G sl ) e ST o 20l L sV i
G5t ) 3 2T Ol e ZH 3 gns 5 15ml L
WU s 8e Sty dmu 2 LD e 0.1ng e
Sl

3 Lz B e LSOV e Bl WA 1.3
W Ta alsl (365 B UMy s 0T I 3L o5
Aagesy sV D

Mg o) W Ll dadll foxias ¥ ik
240 3 e opsl 1S W e 50 i w14
(A 35S ayasd W e 100

20 s ol & o s ekl Rese oY 25

oot o= 3 336 50-45 sl AL W a6
(o) 42 s

oids 2 5w A1 T s a1

(SOC medium) Hsw ikl Lol -0 9501 C2f.8
o Lyl felss me AU W Jo sl sV )
e st @l s J1900ul 5, A > s
Jlomia] (Sad) pa ) gobaie sl DU e ABLY LI
(S Slogastt sae Sy ol 0G 3 JT Lol
il ae Tp 37 e Graiy aele sl 219
.(150rpm)

gl e omio & lle gl 0 510001 210
yJal (Sl Je = 8] o g Lol
ool OST13) S dill Lt 1:10 L) o) Cai
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recommended for plating. If a higher ianlyy L Sl b, lesadl e S sde sa

number of colonies is desired, the cells ]
may be pelleted by centrifugation at JéwY¥ 3 il x>, 36> 10 5.l gx1.000 Js 34,1

1,000 x g for 10 minutes, resuspended in e . - ,
200pl1 of SOC medium, and 100ul plated ﬂfu e 100“1 o2l Jy 95'\'& h‘”"” o’ 200 ul

on each of two plates. i)l oy J_{st atb
11.Incubate the plates overnight (16-24

hours) at 37°C. In our experience, if

100ul is plated approximately 100 37;519(:‘9\"” 24—16)‘_}#\ ot i)l J&‘ll

colonies per plate are routinely seen
when using competent cells that are 1 x 100 o 100u1 B P L R R Nt

108cfu/ug DNA. Longer incubations or o . o o -
storage of plates at 4°C (after 37°C % Aozl O phissa) @13 glans Bomdial) (3 Aegest

ove.r.night incubation) may be used .to o) jt i olall Blad) . U e 1x108cfu/ug s> -
facilitate blue color development. White . .
colonies generally contain inserts; 3 ( ! I wlad ¢ 37 Ay l=iall s 4 o
however, inserts may also be present in . .6y .

20 Olesast! f3le | N | 3 2 L
blue colonies. biacd) Slegos! 35 SN O slaF Jeie ) fontd

Please  see  Section  “Screening Lo (ssd Y <5l lesast) Ll sl Gl P
Transfo'rmants for Inserts: Preselection S
DLy SN Bl oV am) )l arly clliab

colaglall e gl (oY gl Jf}[\ Syl

Notes: ISR

of transformants” for more information.

1. In our experience, the use of larger (17 x ;- ) j«f'ﬁ\ sy of Lamg) W3 ) ol a1
100mm) polypropylene tubes (e.g., Falcon ’ ’ . )

Cat.# 2059) has been observed to increase . ks> 3cUS o i OV gpd) iuse G (100mm

transformation efficiency. Tubes from some o
< L99A5L-.\ Ao o ME el e e YU

manufacturers bind DNA, thereby decreasing e o P ot Y

the colony number, and should be avoided. Rt ).U@-fgu_m Laldl e ngﬂ; &) c;\.cr.s&\.Z
2.  Colonies containing [3-galactosidase -

activity may grow poorly relative to cells Slesesl, L lsb godl dny WD 58 2 e

lacking this activity. After overnight growth, G oI ol ensk] e .
c, el @ ?A.sk- VR u?&..u G,

the blue colonies may be smaller than the B T < =

white colonies, which are approximately one Al 3 elle s

millimeter in diameter.

Promega recommends to transformation 50l ads a3 Sl o of N J ) as) e e o
control.? This won’t be done in this course. 2 - = é : S e T

2.5 Screening Transformants for Inserts: Preselection of transformants (4" day) / 3/,e// Uilll & Ygei and
& o) Yl Sy Y1 L Y1 - @il

Successful cloning of an insert into the LGEM®E-T and B L Gl e L) Lz
pGEM®-T and pGEM®-T Easy Vectors P P S ;

interrupts the coding sequence of B- IS —ly ey bl L2l pGEM®-T Easy
galactosidase; recombinant clones can
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usually be identified by color screening on
plates. the
characteristics of PCR products cloned into
the pGEM®-T and pGEM®-T Easy Vectors
affect the

obtained following

indicator However,

can significantly ratio of

blue:white colonies
transformation of competent cells. Clones
that contain PCR products, in most cases,
produce white colonies, but blue colonies
can result from PCR fragments that are
cloned in-frame with the lacZ gene. Such
fragments are usually a multiple of 3 base
pairs long (including the 3’-A overhangs),
and do not contain in-frame stop codons.
There have been reports of DNA fragments
of up to 2kb that have been cloned in-frame
and have produced blue colonies.

Even if your PCR product is not a multiple
of 3 bases long, the amplification process
can introduce mutations (e.g., deletions or
point mutations) that may result in blue
colonies when competent cells are
transformed with the fragment inserted
into the pGEM®-T or pGEM®-T Easy
Vectors.

The white colonies have to be verified with
plasmid miniprep.

( recombinant clones) b Sleged) B S&
OB ells we s EE Sl e 05l o il
B e aseid) L) 50l Lol e ailias
e 5l welazily pGEM®-T and pGEM®-T Easy
Ly o Lede Jsad @ 0l sl dl 1B legadt 3
G Flama¥l OV plaas (3L asd) LA Y2
Slesadl mmy fobod) Bl fols mme e g4
el Jolis adad dmgs 3L 35 O ST, sl
lac Z ) o BY Cro p W] (3w oz s )
Jsall (3 3bpd ddelias 0SS L sle xlaidll oda . (gene
S o V) LY e (3 sl ey ey Y S
Jos 5 Y e 3 o) I B wdad e U
=l O ) sy olB) Sheatens ol g 2kbJ Uil
5 ikl 2w of aslall iles 0GL 3bp o B
e mr Bznas) LI Jgomss Ladis 585 oot gt
pGEM®-T and pGEM®-T <ML e s Ll

. Easy

.( plasmid miniprep)

White colony /

il i

2.5.1 Protocol / JsS5 9,

Set up mini cultures of 4 white
colonies in 2.5ml LB/Ampicilin.
The cultures are incubated over
night at 37°C.

[aedl loy o o 2.5 3 wlogez 4 o s Slslyj s
037 e L Db pd o Cg el el L o
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" Figure: Taking E.coli with sterile soft loop /

2.6 Isolation of recombinant plasmid from E.coli cells with Qiagen Miniprep kit (5'h day): | 4ol Je

deparmo & ‘!J}Q‘y/ L e cilige/Qiagen Miniprep (molst// ro};JI)

The plasmid has to be isolated from the overnight cultures o e S AUl e
IAprep Spin|For 50 high-purity plasmid minipreps: 5027104
lc\l/[infprele)p II)(it QIAprep gpuf Coi;mpns, Reagents%’ Biffers, . J-,\U\ D deel QL‘))}\
(50) Collection Tubes (2 ml)
Kit Contents
QlAprep Spin Miniprep Kit (50) (250)
Catalog no. 27104 27106
QlAprep Spin Columns 50 250
Buffer P1 20 ml 73 ml
Buffer P2 20 ml 73 ml
Buffer N3* 30 ml 140 ml
Buffer PB* 30 ml 150 ml
Buffer PE (concentrate) 2x6ml 55 ml
Buffer EB 15 ml 55 ml
LyseBlue 20l 73yl
RNase Af 200 730 pl
Collection Tubes (2 ml) 50 250
Handbook 1 1

Storage: QIAprep Miniprep Kits should be stored dry at room temperature (15-25°C). Kits can be
stored for up to 12 months without showing any reduction in performance and quality. For
longer storage these kits can be kept at 2-8°C.

Olegadt ol OISl (0(25—15) B2 5yl Ay e il O £ Qiagen Miniprep &ssas © -y

o e ST 3y % 82 Lo baady A sda e a3l Ll O
If any precipitate forms in the °( 8-2 e ol de Sl 3 by Ll Sla 0lsT13|
buffers after storage at 2-8°C it i
should be redissolved by warming &3 dx .JleszaYl J3 °a 37 e Sl sda ol O (%
the buffers to 37°C before use. After .t . . ¢
addition of RNase A and optional (lyses blue) Gyy¥) i Ol Jolall 5 (RNase A) sl ) =4
LyseBlue reagent, Buffer P1 is stable °, 8§_9 306 suh ) amN) e oLk P1 LLl

. D -] )J.Luw: ot -] ..

for 6 months when stored at 2-8°C. f < . . . il
RNase A stock solution can be 4 8)l> x> 3—" 0% Ol ug-‘: (RNase A) ! L f"};‘ J}B
stored for two years at room i Bl
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temperature.
2.6.1 Principle / i1l

The QIAprep miniprep procedure is based
on alkaline lysis of bacterial cells followed
by adsorption of DNA onto silica in the
presence of high salt (1). The unique silica
membrane used in QIAprep Miniprep Kits
completely replaces glass or silica slurries
for plasmid minipreps. The procedure
consists of three basic steps:

m Preparation and clearing of a bacterial
lysate

m_|Adsorption of DNA onto the QIAprep
membrane

m Washing and elution of plasmid DNA
All steps are performed without the use of
CsC],
bromide, and without alcohol precipitation.
Preparation and clearing of bacterial
lysate

The QIAprep miniprep procedure uses the

phenol,  chloroform, ethidium

modified alkaline lysis method of Birnboim
and Doly (2). Bacteria are lysed under
and the lysate is
subsequently neutralized and adjusted to
high-salt binding conditions in one step.

alkaline conditions,

After lysate clearing, the sample is ready
for purification on the QIAprep silica
membrane.

DNA adsorption to
membrane

QIAprep columns, strips, and plates use a
silica membrane for selective adsorption of
plasmid DNA in high-salt buffer and
elution in low-salt buffer. The optimized

the QIAprep

buffers in the lysis procedure, combined
with the unique silica membrane, ensure
that only DNA will be adsorbed, while
RNA, cellular proteins, and metabolites are
not retained on the membrane but are
found in the flow-through.

Washing and elution of plasmid DNA
Endonucleases are efficiently removed by a
brief wash step with Buffer PB. This step is
essential when working with endA+ strains
such as the JM series, HB101 and its
derivatives, or any wild-type strain, to
ensure that plasmid DNA is not degraded.

S L= 3 o5 of ez Qiagen Miniprep <l¢>|
Ll ol e dslud LSl WS (basic)
g D
oG Lk J& 5 Qiagen Miniprep isgast (3 pdsicin
ol sz‘ﬁ . miniprep iU glass or silica slurries
tpeled Jole 3 s sl >

Sl e ity el

. Qiaprep sLis e LAl olate) —

LAl Dy i) g fed -

p Jsdl) Jlema] Op> e Al L0 sds aen
eep 0939y eagn patl gl olST ) py58s oIS
JeSJl

B St S iy eaou

ekl s 3l ausals Qiaprep miniprep <lsl)
LS (2) (Bimboim,Doly) L 5 fsim oo 53
By Apa 3 Ul @ ey Bl Dyt o plaien
LS ST il s il M - YY) 20K, 2asye by
.Qiaprep Kk slié o aidl §als sl a4l |

Qiaprep slis & UMl jolaw)
slis plind wlmdally , Jeadl, Qiaprep, 254l
e Ol e (3 Bl Dl o) e Sl
% A Y L e SO Bl 3wy,
Com sl b slid o ol slas)
, lgedl BN Ogs e Lais G plats) e STl

.(metabolites) a2V oF bl sl

U1 S ) 5
Shasl ) S& (endonucleases) LSy a1 (c:ﬁ
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The Buffer PB wash step is also necessary
when purifying low-copy plasmids, where
large culture volumes are used. Salts are
efficiently removed by a brief wash step
with Buffer PE. High-quality plasmid DNA
is then eluted from the QIAprep column
with 50-100 pl of Buffer EB or water. The
purified DNA is ready for immediate use in
a range of applications — no need to
precipitate, concentrate, or desalt.

Note: Elution efficiency is dependent on
pH. The maximum elution efficiency is
achieved between pH 7.0 and 8.5. When
using water for elution, make sure that the
pH value is within this range. Store DNA at
—-20°C when eluted with water since DNA
may degrade in the absence of a buffering
agent.

DNA yield

Plasmid yield with the QIAprep miniprep
system varies depending on plasmid copy
number per cell (see page 39), the
individual insert in a plasmid, factors that
affect growth of the bacterial culture (see
pages 39-42), the elution volume (Figure 1),
and the elution incubation time (Figure 2).
A 1.5 ml overnight culture can yield from 5
to 15 ug of plasmid DNA (Qiagen Miniprep
Handbook, Table 1, page 14). To obtain the
optimum combination of DNA quality,
yield, and concentration, we recommend
(LB) medium for
growth of cultures (for composition see
Qiagen Miniprep Handbook,page 41),
eluting plasmid DNA in a volume of 50 ul,

using Luria-Bertani

and performing a short incubation after
addition of the elution buffer.

2.6.2 Protocol / J 859,

S IM LI feadl dis Gege Al U o PB bl abes
ol 1y et J Bl sl OF e aSTH wilazss
F i, L) e dne B 3ad Ll (g0
Sl B g dad) e Bl e g il e Lu

-Sosd) Gobdl) jal

Ont e A ged) donyy il mlsanY) sl 1 A
et Roged) s O a Ll uSThy L 8.5-7.0
Ly Ca =20 de LAl O oW plasna) e Ll
Bl e o lae Jols 535 ot sl pluim)
Gl deS

glw sl Qiaprep minprep pls ae LSl 28
by ,B9 i Jail) add) (3 jenid) desDUl sun
S S5 @) Ml e e Wi (e
el ol (42-39 1mino Jal) dsg)l 1S
L1.5 .2 Kady prendd wlas w3y, (1 S
15pg J) D o 428 085 OF (S L I oyl e
Qiagen Miniprep Handbook, Table ) 44Ul Us e
75 588 5 RS @0 Je Jpamdl (1, page 14
for ) @l @l Ll sl g LA

composition see Qiagen Miniprep Handbook,page

wlan| Clley 50ul o 3 LUl Us C\J.>w>[ (41
.C\J.sqm'g\ V.h,,a sl |3
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In the following text is described the Plasmid
DNA Purification using the QIAprep Spin
This
protocol is designed for purification of up to 20

Miniprep Kit and a Microcentrifuge.

ug of high-copy plasmid DNA from 1-5 ml
overnight cultures of E. coli in LB (Luria-Bertani)
medium. For purification of low-copy plasmids
and cosmids, large plasmids (>10 kb), and DNA

QlAprep Spin Procadure
in micrecantrifuges  en vacuum manifelds

Pelleted bocieria

'
Resuspend
:ml‘dm

P

Procedure / <! >

1.Resuspend pelleted bacterial cells in 250 ul
Buffer P1 and transfer to a microcentrifuge
tube.

Ensure that RNase A has been added to

L AES Blee e feaddl S2ll @0l
—ssls ,Qiprep spinMiniprep kit, dawly
oo 20l RAS Jo Jen JoSuadl s sdUd
Jell Jisb aeg sl LSGYY e 1.5ml e desDU)
ot ST g e ad WL gL JT g dall gl 8

dx>l e £ 10kb

prepared using other
methods, refer to the

S & AT Sy

recommendations on - Qiagen Miniprep
Qiagen Miniprep :. i
1 3| Sl .
Handbook, page 44. % o’
Please read “Important 3 a.ldl ol
Notes”  of  Qiagen ) .
Miniprep Handbook, sl )8 S s
pages 15-21 Dbefore 21-15 imiv 3
starting. Note: All -
protocol steps should Jol» >
be carried out at room .
temperatur 05 S s
A ) dmys

Jlast @ Pl (3 Beil) LSl Y

R V) syl uj,j

Buffer P1. No cell clumps should be visible
after resuspension of the pellet. If LyseBlue
reagent has been added to Buffer PI,
vigorously shake the buffer bottle to ensure
LyseBlue particles are completely dissolved.
The should be
completely by vortexing or pipetting up and
down until no cell clumps remain.

2. Add 250 pl Buffer P2 and mix thoroughly

bacteria resuspended

ST U esl ) sl Pl ol of e ash
F 130 L) ey WD S g ¥ 4 g (RNaseA)
abls Comd P1 ool e Y1 3 sl Ll L)
LSl s OF gt Sl pde OF ) Tax
Bl e ¥ S rad) o dalpdl Ll akuly LIS

A e S
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by inverting the tube 4-6 times.

Mix gently by inverting the tube. Do not
vortex, as this will result in shearing of
DNA.
inverting the tube until the solution becomes

genomic If necessary, continue
viscous and slightly clear. Do not allow the
lysis reaction to proceed for more than 5 min.
If LyseBlue has been added to Buffer P1 the
cell suspension will turn blue after addition
of Buffer P2. Mixing should result in a
homogeneously colored suspension. If the
suspension contains localized colorless
regions or if brownish cell clumps are still
visible, continue mixing the solution until a
homogeneously  colored
achieved.

3. Add 350 pl Buffer N3 and mix immediately

and thoroughly by inverting the tube 4-6

suspension s

times.

To avoid localized precipitation, mix the
solution thoroughly, immediately after
addition of Buffer N3. Large culture volumes
(e.g. 25 ml) may require inverting up to 10
times. The solution should become cloudy. If
LyseBlue reagent has been used, the
suspension should be mixed until all trace of
blue has gone and the suspension is colorless.
A homogeneous colorless  suspension
indicates that the SDS has been effectively
precipitated.

4. Centrifuge for 10 min at 13,000 rpm
(~17,900 x g) in a table-top microcentrifuge.

A compact white pellet will form.

5. Apply the supernatants from step 4 to the
QIAprep
pipetting.
6. Centrifuge for 30-60 s. Discard the flow-
through.

spin column by decanting or

7. Recommended: Wash the QIAprep spin
column by adding 0.5 ml Buffer PB and
centrifuging for 30-60 s. Discard the flow-
through.

This step is necessary to remove trace
nuclease activity when using endA+ strains
HB101 and
derivatives, or any wild-type strain, which

such as the JM series, its
have high levels of nuclease activity or high
carbohydrate content. Host strains such as
XL-1 Blue and DH50™ do not require this

oY (3 T abalst 5 P2 i) e 250uL el 2
Lol 6-4 o

Balgllly el Ragmiy V) B ISt g gy Ll
Jol) o OF (] Syl o Ayl oda ez
13) plazell o Jolidl aoe ) sl Y 2 T Y] Lo
Ol mzg @13 Ll 363 5 e Y aleall ol
B2l GV ] 65 Jpmzed P1 ol 3 G5
1ib 3 U meead T abale (g I P2 Lol
A ga bz G510l sl

ot Wy g abalsly N3 Ll e 3500 Cif3
e 6-4 e LN LB SN

BLo| day 35l LISy el s il B8 Lol
oo ASY bl (s 5,80 als- Y1 LT NG el
el ¢ 13 Lsle Jdl e OF ) 65 10
o k) ey ez OF (] B (2 3531 0
05 095

y 13.000pm is.e e zts 10 50l 574
.3l 3 (17.900xg

Driae janl o e 055

Shes spele @ A4 A=l e mll L 155
2l dauly Qiaprep
.(pipetting) _2waed) ilos
B #,258 60-30 suL 1576

Z\Ja,.ﬂ\f jt ( decanting)

0.5ml dawly Qiaprerp Oyl s9ale Ll timenas.”/
B s 2 60-30 sl iy ¢ PB (lase s
die il SLSel Lla soa AhY 300 Al e
9 HB101 3 JM aluds o A" Lenls dDla alisan)
S e e Slgien e 2T s o Lgnly
s ¥ oaaal SV ol S o ksl
Y WA T (P
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additional wash step. e 0.75ml  dlo nrep Olall] 3 esle 5 8
o 0.75n 'y Qiaprep O)9 dgs s

8. Wash QIAprep spin column by adding 0.75 . L

ml Buffer PE and centrifuging for 30-60 s. 25U 60-30 5. oisT & PE S

9. Discard the flow-through, and centrifuge . . - L
’ Lo DY sulg 2as) dodor e sl L .9
for an additional 1 min to remove residual by sy 4 ) ot JJ =

wash buffer. N LT I

Important: Residual wash buffer will not be

completely removed unless the flow-through 5 Ebee Jf e J“LQL? Jgi o) Joid ;'“)L“‘ Lla, tale
is discarded before this additional .;  f N . W Ve
Casg O - PE(JLL-\&;.\J Ly ol UL
centrifugation. Residual ethanol from Buffer > QS.: 3 2l Jpte i ?
PE may inhibit subsequent enzymatic AP N el dles
reactions.

oo Rt 12 Qiapr e a1
10. Place the QIAprep column in a clean 1.5 e ol el @ Quaprep 2l o2 0

ml microcentrifuge tube. To elute DNA, add 1 Mm ) EB (,JL,A o 50ul sl Ll adlyy (: 1.5ml
50 ul Buffer EB (10 mM Tris-Cl, pH 8.5) or . . _

water to the center of each QIAprep spin ©Ls> 298 S rai & <l ol (Tris Cl PH 8.0
Eglir?l:;let stand for 1 min, and centrifuge Aas L@‘ \ .u\ s" sy 325 “-S-’“T s" Qiaprep

2.7  Restriction digestion: cutting out the recombinant DNA (SRY gene) from plasmid and visualization on

agarose gel (5" day) / d[/}a// IRy 869 S LY gz LLas SRY gene Mg/ e 4y 5 besiS) o
(sl a0l

With the restriction digest we want to 5 & Gl abs of 0 0S5 OF Wy slaBY) a5l dal
(J" © 'J" H U": ﬁ

confirm the a proper DNA fragment has ) Cb c f:
been cloned into the plasmid vector. LU 3L 8
On both sides of the insertion site of

EM-T Easy is a ECORI ;s 33U3) a3lss o Cpagdl DS
pGEM-T Easy is a EcoRI interface, that PGEM-T Easy is a EcoRI .+ 831, Ey ot ¢
means that the insert could be cut (‘:}'T i)y AU e J.a\.()\.g anles S e | g
completely out of the plasmid with i

EcoRI digest. . EcoRI v.#a&\

2.7.1 Protocol / JgSgi I

1.Set up restriction digest and .og 37 Lst delu sal Wl 3 daﬂ\ (:jT ,.@.41
incubate for at least 1 hour at ; a2
37oC \ft\.ﬁaﬁ}}\ 2R wra
Restriction digest set up: LD Us e 1uL
1ul Plasmid DNA .

2ul 10xBuffer <10 ¢ 2k
0.2l EcoRI . ECoRI :» 0.2 ulL
16.8 ul H20 (ad 20 ul with H20)

20l W e 16.8uL
2.After 1 hour of digestion 2 ul 20uL Sted! (,_,,LJ.\

probe buffer is added and the
whole probe is put onto a 1%
agarose gel. Also add a DNA

P ano g ool o 2uL il p2bl hes p sl an .2

73



L. Basic techniques for working with DNA / (g5l jaed! 3 Jaald denle) ol dal)

ladder into another column to be : T . S
O Cg L ) Bl Ly @2l L) SIS P
able to identify the largeness of -+ 7 V-LN & = ¢ &

analysed DNA molecule. There .897bp Jle> LAl O S
should be a DNA with 897bp.
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Overview /éolc § k5

This chapter describes the techniques necessary 4|} 1.5 iye,all Ol Chay U 1ds
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II. Detection of Influenza virus with nested PCR

3 Introduction / isaid

There are two tests for the new
influenza virus (causing the «swine
influenza»):

® Fast antibody test

® Genetic (PCR) test

The fast antibody test is not reliable,
because is has a failing rate of about
50%.

The Genetic (PCR) test is today done
with a real time (RT) PCR machine.
This machine costs at least about
40.000 USD. Here is Gel
electrophoresis needed.

If no RT PCR machine is available, but
only a PCR machine, the test could be
done by nested PCR.

The key to successful purification of

no

RNA from cells and tissues is speed .
Cellular Rnases should be inactivated
as quickly as possible at the verry first
stage in the extraction process . Once
the endogenous Rnases have been
destroyed , the immediate threat to
the intergrity of the RNA is greatly
reduced ,
proceed at a more graceful pace.

Because of the wurgency ,many
methods for the isolation of the intact

and purification can

RNA from cells wuse strong
denaturants such as guanidinium
hydrochloride or  guanidinium

thiocyanate to disprut cells, solubilize
their and denature
endogenous Rnases simultaneously.

components,

The use of guanidinium isocyanate in
RNA extraction, first mentioned
briefly by Ullrich et al.1977 , was
documentd in papers published by
Han et al. 1987 and Chirgwin et al .
1979. The Han method is labrious as it
involves solubilization of RNA pellets
in progressivley smaller volumes of 5
M guanidinium thiocyanate.In the
Chirgwin method, cultured cells or
tissues are homogenized in 4 M
the

guanidium isothiocyanate,and

Y gpd) Slosmdll a ey dlia
3Ll S e o @
(PCRy &)l jams @

Bed Mg 6V [ Osmian o 830N plen S gl el
Joles all dauly aodl olsy Bl ass Gl 50% Juas Lid
s W ods o . ( real time PCRy fol.d) 5.
Suesdl fadl AV 2 Y ey L Sl Yes 40.000
.gel electerophoresisy 3l
PCR 47 Sy 535 5e real time PCR a7 w5713
. PCR nested 3 o L=yl oz 0 (S8 ,55 520 Ladoy
L e RNAY o ol 2ed) 25 ol il
T S R
Y dhes o LY A0 (3 dees (Rnases)alol
AU a5, ean (Rnasesy o)) @) oot a5
Bhasy ) S St alin RINAY (o) ol 2ol
WO o B Jiad B lall e il Lyl dx )
poeilgd) dyslSypas e (g8 Sty WU dnl 16 psns
2Ry 58U sl W sed pplsdl) Sl of
Slgwgp] phbaa] dly w3y 3 sl B el and
Ullrich. ahauty 91800 3 85,60 glon] & st
@ s Han et al 1987 aimw 3 a5, , et al. 1977
Chirguin et al. 1979 @i

U Sl s o (sl sl ¢ (Hany obs 2z
el SM e pao e 3 L (RNA
Lk 2l (Chirgwing gppes aab &y ol
el e AM G a0 s

1S Soley e olib ) fab] il 5,0l gisy)
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lysate is layered onto a dense cushion
of CsCl . Because the buoyant density
of RNA in CsCl (1.8 g/ml ) is mush
greater than that of other cellular
components,rTRNAs and mRNAs
migrate to the bottom of the tube
during ultracentrifugation (Glisin et
al. 1974 ). As long as the step
gradients are not overloaded, proteins
remain in the guanidium lysate while
DAN floats on the CsCl cushion.
Because the Chirgwin method yields
RNA of very high quality and purity
and is not labor/intensive, it became
the standard technique during the
early  1980s
undergraded high molecular weight
RNA . However, the method has one
weakness; IT is
processing
samples. For this purpose, it has been

for isolation of

unsuitable for

simltaneous of many
almost completely displaced by the
single step technique of Chomczynski
and Sacchi ( 1987), in which the
guanidinium thiocyanate homogenate
is extracted of with phenol;chloroform
at reduced PH. Elimination of the
ultracentrifugation step allows many

be processe
and speedily at
modest cost and without sacrifice in

samples to
simultaneously

yield or quality of RNA. For many
the step
technique described in protocol 1

investigatorse, single
remains the method of choice to
isolate RNA from cultured cells and
most animal tissues.

There are two circumstances in which
single-step
recommended. First , the procedure

procedure is  not
does not extract RNA efficiently from
adipose tissues that are rich in
triglycerides. RNA is best prepared
these fatty by a
modification  of method  of
described by
Tavangar et al Second, RNA
prepared by guanidine lysis is
sometimes  contaminated to a

from sources

the
Chirgwin et al. ,

s yalST e
Lol (1.8g/ml CsCl y 3 auslh B wks” of

Al s craisndl GG, o2V D U Sa e 25
@ o) L D ol el @ oleiey il
S Cond Ol i el Lo (1974
@ B 0Bsh M pplsdll alad 3 A5 Sl sl
3 Al By s st ik O Wy psedplST Sols
ad) ool S/ e a2 U e Bl
Sla e dsgme Sl Jid 1980 a3 wwllll
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] i)l ods oy e olie ddlas (3 8,0
Joas Al
of e 1987 a. 3Sacchi y Chomecezynsky
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significant ~ extent by  cellular
polysaccharides and proteoglycans .
These contaminant are reported to
prevent solubilization of RNA after
precipitation with alcohols , to inhibit
Reverse-transcriptase-polymerase
chain reaction (RT-PCRs), and to bind
to membranes during RNA blotting .
If contamination by proteoglycans
appears to be a problem , include an
organic extraction step and change
the condition used to precipitate the
RNA .

The yield of total RNA depends on
the tissue or cell source, but it is
generally in the range of 4-7ug/mg of

starting tissue or 5-10 ug/10° cells.

dnr Ul sl wdd e gl i L0Lessgnd) 9 LD
el Jebes ol Cadgrd L JsSIVL s
DV sleall Leds trancriptase polymerase
Sa 058 Okessgdl o gl gb 13 LN e
Lol pa 5 slasW) ploa] a3 e Al

LA o dleazad)

Reverse

e Sy il ek of amns YL Al UG 3T slas
5- oo sl il WY e A-THE e mol Bsle
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4  Purification of RNA from tissues / iy ;e G} &is

This protocol describes a single-step for
the purification of RNA. Cells are
homogenized in guanidinium
thiocyanate and the RNA is purified
from the lysate by extraction with
phenol-chloroform at reduced PH. This
method allows many samples to be
processed simultaneously and
quickly.The yield of total RNA depends
on the tissue or cell source and is
generally in the range of 4-7ug per ml
starting tissue or 5-10ug per 10°cells.All
reagents used in this protocol must be
prepared with diethyl
pyrocarbonate(DEPC)-treated H2O.

Procedure:

1.Prepare cells or tissue samples for

isolation of RNA as appropriate for the
material under study. Consult the table
below for the amounts of the solution D
(4 M guanidinium thiocyanate , 25 mM
sodium citrate-2H.0,0.5%  (wt/vol)
sodium lauryl sarcosinate, 0.1 M 2-
mercaptoethanol) required for different
types of samples.

Amount of tissue or cells /| Amount of

solution D

.100mg of tissue 3ml
75ml(1-75)flask of cells 3 ml

60mm plate of cells 1ml

90mm plate of cells 2ml

For tissues:

A-Isolate the desired tissues by
dissection and place them immediately
in liquid nitrogen.

B-Transfer100 mg of the frozen tissue to
a mortar containing liquid nitrogen and
pulverize the tissue using a pestle. Keep
the tissue frozen by the addition of
liquid nitrogen.

C- Transfer the powdered tissue to a

WML LGN 245 e sy Al iy JSgp)) La
lysate oy 2Rl Ul 5 ollsd pauddlsal) (3 Al
CRgedl Ay e B e ST Sl e Lol el
Aty wdy 3 pdis 0L Sliall o el ees W) 0
o gl W e G U gt e aST sy
o e\ S 4T e e 3 Bl sl s
e W e 100N s 550 10-5 5 a1 2
o or2f Ot IS W g Jems B Julsd
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s

SINPEN|

Low a0 B Jpd B o lis ol WA 3
Jsb2 2o U Jaud) s anhld)l o desoill S5
25mM |, Ulwss pdilsl) 0 4M ] (solution D)
Jus pmesall e (0.5% (wi/vol)) — 2H2Opsssall e
540 @kl [( 0.1 M 2-mercaptoethanol), () <y,

bl e gl
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II. Detection of Influenza virus with nested PCR

polproylene snap-cap tube containing 3
ml of solution D and homogenized at
15-25 °C for 15-30 s with a polytron
homogenizer(kinematica).

For mammalian cells grown in

suspension:
A-Harvest the cells by centrifugation at

200-1900g at 15-25 °C 5-10
min.Resuspend the cells in 1-2 ml of

PBS (137mM
10mM Na:HPO: ,

for

sterile ice-cold
Nacl2.7mM K],
2mM KH2POy).

B-Harvest  the
centrifugation

cells again by
the PBS

completely by aspiration and add 2 ml

remove

of solution D per 10+ cells.
C-Homogenize the lysates with a
Polytron homogenizer at 15-25 °C for
15-30 s.

cells grown in

For mammalian

monolayers:

A-remove the medium and rinse the
cells once with 5-10 ml of sterile ice-cold
PBS.

B-remove PBSand lyse the cells in 2ml

of solution D per 90mm culture dish
(Iml per 60mm dish).Transfer the
lysates to a polypropylene snap-cap
tube.
C-Homogenize the lysates with a
polytron homogenizer at 15-25 °C for
15-30 s.

2-Transfer the homogenate to a fresh
tube and sequentially add 0.1ml of 2 M
sodium acetate(PH 4.0),1 ml of phenol
and 0.2 ml of 49:1(wt/vol) chloroform/
isoamyl per millilitre of solution D.
After addition of each reagent ,cap the
tube and mix the contents thoroughly

by inversion.
3-Vortex the homogenate vigorously for

10 s. Incubate the tube for 15 min on ice.

4-Centifuge the tube at 10,000 g at 4 °C
for 20 min and then transfer the

Lil- Bl Jlerzals LY b & il L) s
sl L) 3Ly ke O s

e 52 snap cap ookl sl UL I B3y JBTC
sl %2 25-15 Lo Libnns alas| ¢ ) Jl2 0 o3
(kinematica ) =l Os7dsl oo 256 30-15

Gelad) 3 oladl D gl

<= g1900-200 _le sl Jo e WO dasf-A
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o 137mM ) el 3 Ul PBS Joke e bo 2-1 3
o 2mM L pesgall Sling a 2.7mM, psdseall a)slS
(e S i b

iauly SLISPBS Jske il & 5Ll Taus LS 4aaTB
AOHTON st Jshe e 12 il ¢ Lagad)
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25-5 e el 0325l ae (lysate) il il C
450 30-15:54 %
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Ll gt
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upper,aqueous phase containing the
extracted RNA to a fresh tube.

5-Add an equal volume of isopropanol
to the extracted RNA.Mix the solution
well and allow the RNA to precipate at
-20 °C for at least 1 h.

6-Collect the precipitated RNA by
centrifugation at 10.000g at °C for 30
min.

7-Carefully decant the isopropanol and
dissolve the RNApellet in 0.3 ml of
solution D for every 1ml of this solution
used in step 1.

the
microcentifuge tube, vortex it well and

8-Transfer solution to a
precipate the RNAwith 1 volume of
isopropanol at -20 °C for 1 h or more.

Collect the precipitated RNA by
centrifugation at maximum speed at 4
°C for 10 min in a microcentrifuge.
Wash  the  pellet with
75%ethanol, centrifugeagain and
remove any remaining ethanol with a

twice

disposable pipette tip.Allow the pellet
to air dry for a few minutes before
dissolving it in 50-100ul of DEPC-
treated H2O and storing at -70 °C.

9-Estimate the concentration of the
RNA by measuring the absorbance at
260 nm of an aliquot of the final

preparation.
Purifed RNA is not immune to
degradation by RNase after

resuspension in

the 0.5%SDSsolution.Some investigators
therefore prefer to dissolve the pellet of
RNA in 50-100 ul  of stabilized
formamide and store the solution at -20
°C. RNA
formamide by precipitation with 4
volumes of ethnol. For further details
,please see the panel on STORAGE OF
RNA.

SDS should be removed by chloroform

can be recevored from

extraction and ethanol precipitation
before enzymatic treatment of the

gy 10 s 55a =l Ll=i3
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II. Detection of Influenza virus with nested PCR

RNA(e.g,
transcriptase, and in vitro translation).
The redissolved RNA can then be used
for mRNA purification by oligo (dT)-

primer extension,reverse

cellulose chromatography or analysed
by standard techniques such as blot
hybridization or mapping.

RNA prepared from tissues is generally
not contamined to a significant extene
with DNA. However,RNA prepared
from cell lines undergoing spontaneous
apoptosis
with  fragments
degraded genomic DNA,RNAprepared

or induced is  often

contaminated of
from transfected cells is almost always
contaminated by fragments of the RNA
used for transfection.Some investigators
therefore  treat the final RNA
preparation with RNase-free DNase
.Alternatively, fragments of DNA may
be removed by preparing poly(A)"
RNA by oligo(dT)chromatography.

primer extension,reverse

By B Y
U qedi 8sle] (transcriptase, and in vitro translation
auly G RNAM) LU GBI & e of S
25 aldey jt oligo (dt) —cellulose chromatographie
Ay ng o gl e e e S BB
o ple sl g3y ogle pd Ssle sa BV e L U))
Wl 6 WU L e 22t BJI U3 ey .( DNA) LI
9 Bl 2l Gl alady Bgle 05 L WL &Y ot of
e b 0T Wb Uum aglowd) W o a2 G
> 3l Jb=s) ades R ;\.\xJ\) eldad) dlanznl) G ) d&&
A @) U sladll (3 wla Sl g b s sl
(RNase) UJl a5l wlgdl 3 a8l L)) 0sdad) e dle
Ul alas o5 e Vb 5 (DNase) Ll gl e JUH
poly(A)*  RNA s

.oligo(dT)chromatography

by ey Ll

4.1 STORAGE OF RNA / l,/l o jsi

After precipitation with ethanol,store the
RNAas follows:

* Dissolve the precipate in deionized and
store at -20 °C. Formamide provides a
chemically stable environment that also
protects RNA against degradations by
RNases. Purified, salt-free RNA dissolves
quickly in up
concentration of 4 mg/ml

formamide to a
At
concentrations, samples of the RNA can
be  analysed  directly by = gel
electrophoresis, RT-PCR, or RNase

protection, saving time and avoiding

such

potential degradation. If necessary , RNA
can be recovered from formamide by
precipitation with 4 volumes of ethanol as
described by Chomczynski or by diluting
the formamide fourfold with 0.2 M NaCl
and then adding the conventional 2
volumes of ethanol.

¢ Dissolve the precipitate in an aqueous
-80 °C. Buffers
commonly used for this purpose include

buffer and store at

fde LSTUA 05, dgiln Yl U C“"; A

e R L R
Ll U o ToleanS s Lo daleysdl) 5950 .20°C
359 pde ,45) (RNases) UJ) @il dauly Loadads 1a
s Alegdll (3 de ey OLedl e Laaely U 3 CLU
o Sl S e L e \aed e el ST e
gel) ekl e fadll &l e 5500 Ll S Ul
(RNase) U\ e5! 4~ of , RT-PCR , (electrophoresis
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4 o BV @ aned Pl e bl o anle (S
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SDS (0.1-0.5%) in TE (PH 7.6)or in DEPC- 395 Sl : bl (3 dlesel L
treated HO containing 0.1 mM EDTA S - 2 i - <

(PH 7.5). The SDS should be removed by 0.1-0.5%) in TE (PH 7.6)or in DEPC-) (SDS) #5352
chloroform  extraction and ethanol

precipitation before enzymatic treatment treated FLO containing 0.1 mM EDTA (PH 7.5)

of the RNA (e.g, primer extension, reverse 3 — I Jelay) CM ) 2999 Jj.\ﬁ\.g i)l #£SDS
transcription, and in vitro translation).

e Store the precipate of RNA as a LY LSEJ"Y\ CM\JJJ“"‘Y\

suspension at -20 °C in ethanol. Samples Jel¥l 3 -20° adadlST G e A S
of the RNA can be removed , as needed , TEE G LSLQ i JJ o o

with an automatic pipetting device. #af dawly ,ixld) v el S8 B e bl
However , because precipitates of RNA ¢ ) ;

' F oy pdeine USRI IVINEINE AL
are lumpy and sticky , and partly because J @j J e G0N &Y )
of losses onto the surfaces of disposable . < 3sle) OB il Clz”” e Bl s g

pipette tips , the recovery of RNA is
inconsistent. Aabais e

in 3l ok 55
http://mar.oxfordjournals.org/cgi/pdf extract/19/14/4011; A Rapid membrane-based viral RNA
/solation method for the polymerase chain reaction, Kevin R.Porter et.al., Naval Medical Research
Institute, Bethesda, MD and the Walter Reed Army institute for Research, Washington, DC, USA

eIl adlpie alasS Slge Jlenza) i3l Ll PCRUV (3 aslisinaY Bl s dossnd) G L)
sl 5 sl Sl sis)

Pl s oo fall (3 859l Slagpdll e RNAJN 3o ) olVi-sladdl 2 b Cias La
o s ean Ll bsall had) ales dauly slidll e o uall @ sapmll ol sl
G 25l ) LlSesn ) g sLadll OME e ldlSyd dod i Sl gl g gl dlanlyy SAl-clas
-t |

) Strips of !mhilﬂn-P ml_:ml:lraru: {polyvinylidene difluoride
Methods used 1o prepare RNA for use in PCR generally require (PVDF}, Millipore Corporation, Bedford, MA), measuring 3/32

’ R inches by 1 172 inches, were placed on three (3) thicknesses of
the use of hazardous chemicals such as guanidine isothiocyanate, Whatman 3MM filter paper. One hundred microliters of human

chloroform and Ehfnﬂi. . serum spiked with varying amounts of West Mile virus (Family

Here we deseribe a rapid membrane-based methad for the Flaviviridae, RNA genome), strain 9568, were spotted near the
tsotation of RNA from viruses present in serum. In this system end of the membrane in two 50 ul spots. A 1 ml uberculin
whole virus panticles present in serum are immobilized on a syringe was used to apply the samples by positive pressure (1,
membrane by positive pressure filtration. Digestion of the 2. The meImrang Sp spots were immediately immereed inio

3 : ! 0.5 mi microfuge wbes containing 81.75 ul of digestion buffer
rrmmhmnc-hn!md !:mmc]: with a.dtu!rgem and proteinase K (79.25 4l di;m;‘:“:d waasr. 0.5 pln'%ween—zs bl f:f'pmeinm
releases nuclen: ucid from its capsid and destroys nbonucleases K (20 mg/ml)) and the tubes closed with a portion of the
present in the sample, membeane extending ouside. The wbes were incubated ar 50°C
) for one hour and subsequently heated to 95°C for 10 minutes
to inactivate the proteinase K. After removal of the membranes,
Il (0.33 ug) each of sense and antisense sirand primer was
added. The specimens were heated 1o 68°C and cooled on ice
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to allow prim-:r ar:nr:aling_ chucntiall_lf added were 5 gl 2 mM
stock of deoxyribonecleotide triphosphates, 10 gl 0= PCR
buffer, 0.5 gl RNAsin (Sigma Chemical, 51 Louis, MO}, and
(.25 gl (200 unitsful) of murine maloney leukemia vinus reverse
|rar|5¢r“ipus:. Fnll.uwjng a one hour incubation at 42°C, brief
denaturation at 94°C and a second 42°C incubation, 0.5 ul of
Tag DNA polymerase (1.25 units) was added 1o give a final
volume of 100 al. Samples were then amplificd vsing a PCR
protoco] for West Nile virus (3).

Ten microliters of FCR product were Southern transferred 1o
Mytran membrane, The membrane was hybridized w a 151-base
pair digoxigenin-labeled probe (Genius Kit, Boehringer
Mannheim Biochemicals, Indianapolis, IN). Hybridized probe
was detected by chemiluminescence using Lumi-Phos (Bochringer
Mannheim Corporation, Indianapohis, [N).

84

A positive signal was scen in lanes Al through A5 (Figure
1}, No signal was seen with human BRNA or dengue virus BNA,
another flavivirus, Vins-free serum also failed o show any
bands.

The daa presented show this membrane-based procedure to
be rapidd, sensitive and less cumbersome than conventional viral
RNA isolation techmigues. The hydrophobic Immobilon-P
membrane has a very high protein binding capacity. lis nucleic
acid binding efficiency is extremely low. This allows any nucleic
acid that is liberated 1o stay in solution while muech of the protein
can be adsorbed back onto the membrane. This pressure blotting
membrane technigue has been used previously for the detection
of antibodies o other wopaviruses (1) and meningococcal
podysaccharide (2).

This membrane-based method was able o detect as few 25 6.5
plague forming units of KNA virus in 100 gl of serum. This
degree of sensitivity should be adequaze for the detection of RNA
viruses that produce low-level viremias.
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5

PCR is a powerful method to amplify
specific sequences of DNA from a large
complex mixture of DNA. For example,
you can design PCR primers to amplify
a single locus from an entire genome.
From a single template molecule, you
can

produce over 1 billion copies of the PCR
product very quickly. However, the
capacity to amplify over one billion fold
the possibility
amplifying the wrong DNA sequence

also increases of
over one billion times. The specificity of
PCR is determined by the specificity of
the PCR primers. For example, if your
primers bind to more than one locus
(e.g. paralog or common domain), then
more than one segment of DNA will be
To these

possibilities, investigators often employ

amplified. control for
nested primers to ensure specificity.

Nested PCR means that two pairs of
PCR primers were used for a single
locus (figure 1). The first pair amplified
the
experiment. The second pair of primers
(nested primers) bind within the first
PCR product (figure 4) and produce a
second PCR product that will be shorter
than the first one (figure 5). The logic

locus as seen in any PCR

behind this strategy is that if the wrong
locus were amplified by mistake, the
probability is very low that it would
also be amplified a second time by a
second pair of primers.

5!’
3!’

..GCAT...TTGG...
..CGTA...AACC...

Figure 1.

Segment

Nested PCR strategy.
DNA  with dots
DNA
sequence of unspecified length. The
double large
distance between the portion of DNA

of
representing  nondiscript

lines represent a

illustrated in this figure. The portions

Nested PCR / z9>;0)l Judusioll  ,0ldl Jelss

oo b mislal 48w b o Ldedll ) felis
JW L e ((DNA) Ll oo dims g 58 Lo 0 L
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DNA ¢y 521y alale o ST ,( paralog sl Sjis Sl
LUk ot JlasY e e sld) | Caslan.
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S ST (ol e e ae padl 0K 1) Y oY)
oo (Fy plsiel ¢ W8 &l au Nested PCR
oo (1 sy samty aaladl bl ol Jels ey
o W gl PCRAE (6 (3 o5 LS aalaid) aislial Jo3)
3)3-2) e PCR Jol o> Ly (Nested PCR) PRIMER
3o AoV Al el 05w B PCR U e 5 (4
Bielias slas & 13 &Y Amdliayl ods ey 0 S (5
sl 8l o T eo aaslall Jlas) | LoV al= U 3 (e

N e G g sals
// ...GCGC...ATAT.. 3’
«++.CGCG...TATA.. 57

& DNAJ ;o &l NESTED PCR Zemslie): 1 350

Jsb 93 Ledear ol Ul ald. DNAJ) aholes 28 LI

il Gn Sl L OMig Camasll abedl sas e

2~  DNAJ

IR @Q lia s>l .DNAJ
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II. Detection of Influenza virus with nested PCR

of DNA shown with four bases in a A Sl el g i b6 Cio (3 (bases)kisylSh
row represent PCR primer binding i

sites, though real primers would be Jsbl 05 Rt g2l ol oy oA e @84l Ll
longer.
5 ..GCAT...TTGG.... «....GCGC...ATAT.. 3'

<+tata

gcat
3, ..CGTA...A—ACC.... ....CGCG...TATA.. 5,

Figure 2. The first pair of PCR o d)f}f\) A 5l el Erie o dﬂ\ CJJ'M 2 )50

primers (blue with arrows) bind

to the outer pair of primer & sl o C"j—u-’ Ll @wl\ o L}.z-)\.'J-\ @,’5\ = (V.@MJ\
binding sites and amplify all the bl pds o U
DNA in between these two sites. PR R O
5" GCAT...TTGG.... ««..GCGC...ATAT 3°
3’ CGTA...AACC.... «+:.CGCG...TATA 57

Figure 3. PCR product i Lsd aaelall e JoV Al a Jbdd ) el @»3 8y 92

after the first round of

amiplificaiton.  Notice g3 Jobwdld Sl Jelii ¢ 0 o Br)d) (base) &dsdSsedl ol
that the bases outside
the PCR primer pair are CML @ o257yt ¢
not present in the

product.

5" GCAT...TTGG.... ««..GCGC...ATAT 3’
<Ccgcg

ttgge
3’ CGTA...AACC.... ....CGCG...TATA 5°

Figure 4. Second pair of nested Jof L, { YN nested PCR o & »ol -4 3
primers (red with arrows) bind o ( & A ot @ @) i

to the first PCR product. The @««l\ o gl @J'-U il Ll @‘)—U ) el el e &=

binding sites for the second pair . " T .

gl aBlel) e Talslst Al PALIRINCH A
of primers are a few bases 2 - 5t > AL (base) LdslSy iy e
"internal" to the first primer o ﬂ\ ¢ =1L

binding sites.
5’ TTGG.... e+ +.GCGC 3’
3" AACC.... «+..CGCG 5’

Figure 5. Final PCR product after second ;54 a1 1) 1 224 A s els mze 53
round of PCR. The length of the product A R JS e 9 B0

is defined by the location of the internal ¢ &M a5l 31l O st dsb 35 me o5 PCR (e
primer binding sites. g
ol
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When a complete genome sequence is f o 25U J'@""J\ ored ’%Kfﬁ"ﬂj’\ b a5 Ladie
known, it is easier to be sure you will not j .

amplify the wrong locus but since very é\&“ fyer O o LB sas 0Ny Caslas ) Uad il
few of the world's genomes have been . : . . .
sequenced complete%y, nested primers s ng o mested primer el ol el
will continue to be an important control NG E BEVINUN L &
for many experiments.

The primer sequences £ RN

Influenza A virus
(A/Ohio/07/2009(HIN1)) segment 4 .l (A/Ohio/07/2009(HIN1)) A \J'leb'ﬁl\ oo

4 hemagglutinin (HA) o .
gene, complete cds. -cds J" L{’(HA) ‘J‘“’ﬁl'{ Lol (gene)ir>

FJ984401 (http://www.ncbi.nlm.nih.gov/nuccore/F]984401)

Primer Influenza HIN1 Indication 1. Round: 215bp

HIN1-F 5-AGCAATTGAGCTCAGTGTCATC-3’

HIN1-R 5-GAGGACTTCTTTCCCTTTATCATT-3’

Primer Influenza HIN1 Indication 2. Round: 160bp
H1N1-F_nested 5’-CATTTGAAAGGTTTGAGATATTCCC-3’

HI1N1-R_nested 5'-ttgctgagctttgggtatga-3

>¢11229396503 | gb 1 £j984401.1 | influenza a virus (a/ohio/07/2009(h1n1))

segment 4 hemagglutinin (ha) gene, complete cds

atgaaggcaatactagtagttctgctatatacatttgcaaccgcaaatgcagacacattatgtataggttatcat

gcgaacaattcaacagacactgtagacacagtactagaaaagaatgtaacagtaacacactctgttaaccttct

a
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II. Detection of Influenza virus with nested PCR

gaagacaagcataacgggaaactatgcaaactaagaggggtagccccattgcatttgggtaaatgtaacatt

gct

ggctggatcctgggaaatccagagtgtgaatcactctccacagecaagcetcatggtcectacattgtggaaacatc

t

agttcagacaatggaacgtgttacccaggagatttcatcgattatgaggagctaagagAGCAATTGA
GCTCAGTG

TCATCATTTGAAAGGTTTGAGATATTCCCcaagacaagttcatggcccaatcatgactc

gaacaaaggtgtaacg

gcagcatgtcctcatgetggagcaaaaagcettctacaaaaatttaatatggctagttaaaaaaggaaatTCA
TAC

CCAAAGCTCAGCAAatcctacattAATGATAAAGGGAAAGAAGTCCTCgtgct

atggggcattcaccatccatct

actagtgctgaccaacaaagtctctatcagaatgcagatgcatatgtttttgtggggacatcaagatacagcaa

&

aagttcaagccggaaatagcaataagacccaaagtgagggatcaagaagggagaatgaactattactggac

acta

gtagagccgggagacaaaataacattcgaagcaactggaaatctagtggtaccgagatatgcattcgcaatg

gaa
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agaaatgctggatctggtattatcatttcagatacaccagtccacgattgcaatacaacttgtcagacacccaag

ggtgctataaacaccagcectcccatttcagaatatacatccgatcacaattggaaaatgt

Remarque: before
starting put a
FILTOSTAT  FS
CODE

Ll e e B ole>Sufiltostat
FS code FFP2 D

FFP2 D
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II. Detection of Influenza virus with nested PCR

6 Pratical Part/ Jeal s !

6.1 Taking the probe / dc s/ s/

-

Cotton steril

[ s s

6.2 Purification of RNA from probe / dc i3/ ;0 b,/ 4iéis

Protocol: Purification of Viral RNA
(Spin Protocol)

This protocol is for purification of
viral RNA from 140 pl plasma,
serum, urine, cellculture

Important points before starting

m Read “Important Notes” (pages—

98)

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
AW?2 have been prepared according
to the instructions at the end of this
chapter

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
See page 33 or 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

¢spin protocoly .ol RNA w45 1 ]85,

U e 140U oo pndl) B 2 ga JiSiasdl s
gl WU o Jed el

T D dege b

(98 imin) "tagl) Sl T3

¢ 25_15) ma 3> amps e (g F 3L Olshs aa
(3>

) D Lghes o A1 LAY

(2 25-15)ma 3l tomy> (ot Slial) 31 B0

¢ gl Adadd 8301 3> gt AVE (Bl 351> 455150
A1 a-h

Slli)Y) ot et AW2 5 AWT bl OF e 324
NIRRTV 35

AVL ol 4] AVE ol (3 350l BUI G G-
QlAamp Viral RNA mini isse2 GE Y oS 13 cala

¢ pegGOLD Viral RNA Kit protocoles alisia &l
.www.peqlab.de 8}\ s Jsll j 33 imia)

gty
s st AVL Bl e 560pL cou).
o 1.5 dema 3400 Qaal J) JBUI G Js (s gl
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Buffer AVL—carrier RNA
proportionally (e.g., a 280 ul sample
will require 1120 pl Buffer AVL-
carrier RNA) and use a larger tube.

* 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
Frozen samples that have only been

a homogeneous solution.

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
temperature.

min at room

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 ul,
increase the amount of ethanol
proportionally (e.g., a 280 ul sample
will require 1120 ul of ethanol). In
order to ensure efficient binding, it
is essential that the sample is mixed
thoroughly with the ethanol to yield

ool e 33l Cmd ,140pL e ST aal w0713
o 280l 1 ey Jaws Lol BUIV BN Jo o) 5 6 AVL
I e sl 5 5o AVLW e 1120p1 b auall
ST sl alisnn) (e (5L

o gl WU Lo el LU e 140u1 .2
e St g e AVL wlaid) )ALl 2kl (s sl LU
a6 15 sl gl (3 s Lalel 5L CogsT 3 3L G
ol e Bk Bl lals oGl e MU abadll Al e ST
Leatgds S3le] g Bl L SIS . il ol 8545 AVLL
cdads 3019 3L Uleszul

sad (*p 25-15) Bl &yl > dmys o sV a3
@6s 10

&6s 10 s alodll dee day oSS gpdll alal Slate
S e S5 Y Jeblsud ad) 5 s 5> axys s
azsg o il Gl

N P SN SIS I SRS T
.AVL

& Briged) bl ANy el cdg s AT4
staslt bl

o, aalt J1(%100-96) Jsuy 0 560p] a5
y o) day 56 15 B delgult Ay g eglals
bl B Burigd) Ol WY e By gl A
.slaal)

B 6 syl e ISV o =T g5 6T plasina) 2 Y
JSldl e slee e (g2t A3y sl 5 U BaS7 0 242

5 140D o ST acad) e QT3] L0518 J3) Jal) S
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II. Detection of Influenza virus with nested PCR

a homogeneous solution.

6. Carefully apply 630 pl of the
solution from step 5 to the
QIAamp 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 QlAamp
Mini column, and repeat step 6.

If the sample volume was greater
than 140 ul, 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 pl 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 pl 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
eliminate any chance of possible
Buffer AW2 carryover, perform
step 10, and then continue with

1120p] Clless aeadt 0 280l : Sy Jsluy) aS 3515
S O P A [ [P SN C U RN VP S QS PHERN R
3308 b 5 el o Jalonddl e 630ul plow 22.6
collection ) i sezeall gl oo Jo 2 ®) QlAamp Mini
6000 s Jsf S EPTE] Blel Bl ks OF 095 o (tube
el (B gl aw ity 42351 Sued x g (8000rpm)
Bl e gaondl gl pyly 2 dpdedl dsgezedd!
(filtrate)ddead) Ldos o Ldced)

oA Bdas IV Sl ot O Baeel o 5l
Lt Oas 6000 x g (8000rpmy s idl ales
A5 o 1S e Sy Y il aew Lo ) W slogs
ael elzadl e QLS gkt e a4 I5) L gl Ul
Ll Jolt ol J e ae e ) ales

6 Uyl Asi (,.7 ykow QIAamp Mini 3l c:&l 7

o of Q) als U ods ael 140pl o 5T anal) oo 05713
sl seale e (lysatey ol wa s

el 0 500p1 il 9 QIAamp Mini 3458 ylow bl .8
340) 6000 x g (8000rpm) J& i o ,3gsladl BT AWL
,H2 sl A8 el gl B dgelall ai Busly dids

os oo Adwall Bsldl e gpodl Cs¥l ol
(filtrate)dsdmad)

aal) o O O} AW (ol oomm 8505 (5390 (o0 o)

140p] v T 2l
o 500p] iel o, ylow QIAamp Mini 3¢l bl .9
20,000 x g ) e dep Jo dsfy galadl BT AW2 placall
31T Apdl B 8pake JuST . 385 3 3u4ed (14,000 rpm
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step 11.
Note: Residual Buffer AW2 in the
eluate may cause problems in
applications.

centrifuge rotors may vibrate upon

downstream Some

deceleration, resulting in flow-
through, containing Buffer AW?2,
QlAamp Mini
QIAamp
Mini column and collection tube

contacting  the
column.Removing the

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 ul 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.

AW2 gy bliyl b (Sew Jlesrl gl 0 aloal)
AT gt 2 5 09 10 U odl 3 JLSH O

G Sl oy B gl 3 AW2 L) e ik
yas ) ;ujz‘; o O ey Commnad 1328 la el
2l AW2 (Bl e g sliall pe e gl Bl s
iegatl Csl oy 9 35elal s Il .QIAamp Mini 3sele
spln sLadl e g ) Bl Sl el oy W
10 2= b jles) 2 WU ods (3 .QIAamp Mini

2 isgemall sl (3 QIAamp Mini 338 a2 :ala 10
Fldt o @l degomall gl oy, (i ) o
B9 4333 Bue) Al A il L sLid) e e (oI

2 ol de gezd) gst B QIAamp Mini 3548 a .11
) Pt s el s samall gl gy (Uogd md) o
60pl il QlAamp Mini gl plow ) sLER o 3
39l BT B By dryd as Ojfgdl AVE plael
6000 Ji o3 Bu1g A2ds Suked DA 3yl dxryd Jo araiy
U9 4d 85T 3ud x g (8000rpm)

7090 lpeay LS AVE fbad) e 60pl 34>y 30 zln]
il . QIAamp Mini spele 3 mgndll U o Y e
Qe UV AVE oloie 00 2 x40 pl - psiin] Caslins ol i)
30 ul op Bl s gyl 2010 oo T ) 280
G UH S ST e ) w2 L 5
20°Cor  Jo & o 2SNV Tites pogpdll U oy sl

.—70°C

(RNA) b/ ;0 cDNA (Synthesis) giai 6.3

First-strand cDNA Synthesis Using M-MLV Reverse Transcripase /
M-MLV Reverse Transcripase &5 pdseied cDNA &S oy JsV) Al
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II. Detection of Influenza virus with nested PCR

A 20ul reaction volume can be L)) > o Ing-5 Gl e e 200 Al s
used for Ing-5ug of total RNA or 1- ot M "}-Q Je ot AU s

500ng of mRNA . (MRNA) G} Jlss 0 500ng 51 S\l

RNA probes /[t . ¢

1- Add the following components to gt ¥ 54U wsil 1 &) oUSU Gasl-1

a nuclease-free microcentrifuge tube: DWSe e

- put in the tube of outer-primer ., 100ul couter primery i s 2l Coil 3 -

100ul TE buffer than take 0.6ul of o a P ) & @Ml e

this. .. 0.6ul | & . TE .
'QJ-A * “ “."’“’"; j

- We have lyophilized probes of R

naked HIN1 virus RNA (RNA ;1 093 o) Jasald H1N1 Ul oapd oo iy s -

without protein coat). Put into the

probe 50 ul TE buffer. Take from Sul ae 5 TE V‘E"” o 50ul &) st (O 9!

this 5ul.

- 1ul (10mM) NTP Mix (10mM 10mM each y (10mM) dNTP Lix .. 1pl-

each  dATP,dGTP,dCTP  and

dTTPat neutral PH). dATP dGTP,dCTP and dTTPat neutral
- Add sterile, distilled water to 12
pl. .(PH

A2pl 5> hes sl il-

2/—Heat. mixt1.1re to.650C for 5 min 155 83, £ 3o 5 :ul °f65 e 5y dmys e L2
and quick chill on ice.
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Water-bath / (oend 29>
collect the content of the tube by brief . sl I 0 CoW a2 ol

centrifugation (e.g. 20s , 10 000 rpm) (10.000rpm , &6 20 ey

Microcentrifuge / s

And ada: sl ¢
-4ul 5X First-Strand Buffer )
-2ul 0.1 M DTT IV kol a2 5 0 4pil-

DTT (0.1M) e 2ul-

DTT solution / Jsl# DTT First strand-buffer / .J,¥ Joldhl Jawe

3.- Mixcontentsofthetubegently °r37 e 4 Tfja"'ﬁ’“* Q}?ﬁ}\ 3 @ gy Ll=f-3
and incubate at 37°C for 2 min

4-  Add 1ul (200 units) of M- oy 2 sl

MLV (RT), and mix by pipetting , = M_-MLV (RT) (200 unitsy .- 1l Casl -4
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II. Detection of Influenza virus with nested PCR

gently up and down. J.w‘)[\ J 61.9‘)1\ o el dauls e gny abalx

M-MLV solution

5-Incubate 50 min at 37°C. _°(, 37 e aass 15 .l Q_;a,j_S
6- Inactivate the reaction by heating 15 sl ° . ) .

ol ¢ 70 LS'L" o)\J,>LU oy 2y J.o\.a:.)\ ;,4.3_9}7—6
at 70°C for 15 min.

LAass
7- Incubate 40s at 90 °C (with PCR

seldl el AT 3) *p 90 e 150 40 sl pani-7

machine)
8- Immediately put the tube into ice (il
for 1 min Lodlg dz3s sul GL’*J\ & i,;,u q},.iil\ @4—8

9- Add 3ul RNase A .(RNaseA)s! G f,jjt o 3ul -9

10- Incubate 20 min at 37 °C (with el el a7 2) O( 37 Lo s 20 5.l Jﬁbi—lo
PCR machine).

(il

. cDNA e Jsadi ¢ 0V

11. Add the above to a PCR reaction AURINR] Jelis u,)},j 3y G b e U 2211

tube for a final reaction volume of 50

Now we have cDNA.

:50ul s s )
pl:

e 5ul 10X PCR Buffer[ 200mM Tris- A seld Jels ke 10 x o 5 opl-
HCL (PH 8.4), 500 mM KCl] 200mM Tris-HCI (PH 8.4y, 500 mM |

e 1.5 pl (50 mM) MgCl
pl (50 mM) Mg [KCI

(10mMy dNTP L= .. Tpl-

¢ 1ul 10 mM dNTP Mix

¢ 1ul amplification primer 1(10uM)
e 1ul amplification primer 2 (10uM)
*04 pul Taq DNA polymerase (10pMy Laslzl 1 gl Tul-

(GU/ul) (10pM)y Gaslal 2 ¢ ady 0 Tpl-

e2ul cDNA (from first- strand ,(SU/MI) Bl el S5 (‘u'jd" ()_4“1_

reaction)
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e autoclaved, distilled water to 50 (d ij Jelis o) cDNA o ZHI_

ul

S0pl o> el Casl-

amplification primers / zclal cle 2l
dNTP solution

- Mix gently and layer 1-2 drops ( o e ok 2.1 TR 2 5 Resa Llsfo

el 39 0 Sl

Jolss AT 3 (9,0 58 0Shedl g B3 i)
unnecessary in thermal cyclers

(gl a2 Y el 300

or 94 &> J_:«u:..i\ e

50ul) of silicone oil over the reaction

(Note: the addition of silicone oil is

equipped with a heated lid.)

- Heat reaction to 94 °C for 2 min to <3s8 C(ntids 2 5

denature. Jadlead)
- PCR program : 35 cycles: 13,50 35 Al 5ald) el el
10s 95 °C
2295 | i 10
10s 60°C
2260 51 10
30-60s 72°C ‘ >
272, 55t 60-30

PCR machine / Judosli sl sl 5l

5-put 5 ul in a PCR with ;. 4 |3 an 2l e Byl 4y e . -
- Arp c——i 3 e 5V leWs - 5l 5
50 pl. take 5ul from the A 3 s ot G JEE o Bl o

result and put in the Jebnil 8l el e
second round PCR. s
(Note: we use inner J¥U o a8 A=l 4 5 3 sl oleyal) Jlanna] ¢ aa) ey
primers 3 and 4 in the
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II. Detection of Influenza virus with nested PCR

second round of PCR)

6- put the PCR product on the gel

(bl 80l
A e fdsll Sl el e m-6
Electrophoresis /

r)\.g_u gf\.g}@_(’\ J,,aé_!\

7- take a image with digital camera (with -( J‘q b ) s 1elS e 350 Jat O&ﬂ}“-e -7

a red filter)

Result: The person is infected with HIN1 virus because there are bands seen /
O e a0 OV L 15plh] g Jatt e

Important Notes / isls oUa>Sls

If preparing RNA for the first time
please read “Handling RNA” (page
34). All steps of the QIAamp Viral
RNA Mini protocols should be
performed quickly and at room
temperature.

After collection and centrifugation,
plasma (untreated or treated with
anticoagulants other than heparin)
or serum can be stored at 2-8°C for
up to 6 hours. For long-term
storage, freezing at —20°C to —80°C
in aliquots is recommended. Frozen
plasma or serum samples must not
be thawed more than once.
Repeated freezing and thawing
leads to  denaturation  and
precipitation of proteins, causing
reduced viral titers and

]l LV BM A U ad O 1)
e UL L I P S G S S [

A B s ey me IS
e e OGYL Rl o L, L el a
3 Jsbl sl g olele 6 o Y %s 8-2
dl 2SI e OF ollll e =20°c or -80°c s
O g2 ¥ ol of L o wlis =5 ke ols
sl o ledl SS Ades adsly e e SN s

PUE) 3 Lal cady am s aisd) Bk i U] o8
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subsequently reduced yields of the s V"’u\ A, ) BLEYL el gl G} 2aS”

isolated viral RNA. In addition,

cryoprecipitates formed by freeze— 13) QIAamp lid slaes] U @35 @1 mlidly desmdl

thawing will cause clogging of the

QlAamp ~ membrane.  If 354 6800xg s o Sl ad Lo w0

cryoprecipitates are visible, they can

be pelleted by briefly centrifuging at  axdlesy ol IOyl 095 o Ol Lo dly] gt . 56>

6800 x g for 3 minutes. The cleared
supernatant should be removed,
without disturbing the pellet, and

‘U’“}Jl"m Zﬁafu.d J.UJ M Z.L}J,U ola .)j.ﬁ\ st

processed immediately. This step  J.ad] [FONPSA - QIAamp Viral RNA Mini ol

will not reduce viral titers.

The QIAamp Viral RNA Mini L e B
procedure is not designed to
separate RNA from DNA. el & alaY) okl fls) g Ll Gds o

To avoid cellular DNA

contamination follow the guidelines J e Jom gl QIAamP Viral RNA Mini

in ”Cellular DNAThe QIAamp Viral

RNA Mini procedure isolates all il Ul olae Ll L a5 lSss Suoy 200 o S

RNA molecules larger than 200
nucleotides. Smaller RN A molecules
will not bind quantitatively under
the conditions used.

6.3.1 Handling RNA / U} dxdlas

Ribonucleases (RNases) are very stable
and active enzymes that generally do
not require cofactors to function. Since
RNases are difficult to inactivate and
only minute amounts are sufficient to
destroy RNA, do not use any
plasticware or glassware without first
eliminating possible RNase
contamination. Great care should be
taken  to avoid  inadvertently
introducing RNases into the RNA
sample during or after the purification
procedure. In order to create and
maintain an RNase-free environment,
the following precautions must be
taken during pretreatment and use of
disposable and non-disposable vessels
and solutions while working with RNA.

6.3.2 Buffer AW1/ v.l‘m.d\AWl

by ¥y Ll oy e w5 s (RNasey Ul g5l
blis (ads caall ol Ly L Leall saelld) Lilss
Jloniu] 2 ¥ U, pad w3y & U el (3 w5y
o pehela 093 e Bl o S olaall s af
AU I s ot LA dag OF gy L mp Y0 Vs
Of e blisl) aa)) ades amy of D Ul ol e
Ay OF g Uee bz e Tam @3V 1 05
s g alemnd) ae g 4aS ke JD JWI Sls) Y

Buffer AWI1 is supplied as a , &jtﬁ“ M 3 JlenzaY) 3 SHS 395 8 AW V‘E';‘U
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II. Detection of Influenza virus with nested PCR

concentrate. Before using for the
first time, add the appropriate
amount of ethanol (96-100%) as
indicated on the bottle in Buffer
AW1 is stable for 1 year when
stored closed at room temperature,
but only until the kit expiration
date.

6.3.3 Buffer AW2/ AbudAW?2

Buffer AW2 is supplied as a
concentrate. Before using for the
first time, add the appropriate
amount of ethanol (96-100%) to
Buffer AW2 concentrate as indicated
on the bottle.

Buffer AW2 is stable for 1 year
when stored closed at room
temperature, but only until the kit
expiration date.

e o ol jlie o LS (96-100%) Jsbyl Casl
o B L a3l gy (S AW ()

s gast]

AoV BN 3 Jlesnay) 3 L 5SHS 55 58 AW2 L)
e Jo 4l e o0 LS (96-100%) Jsluyl casl

. AW?2 NHN

S BULL e B 5l a3l agE S

6.4 PEQGOLD VIRAL RNA ISOLATION PROTOCOL/

Materials required, but not
supplied:

1100 % ethanol

I Sterile RNase-free pipette tips
and microcentrifuge tubes

1. Lysis

Add 450 pl RNA Lysis Buffer T
to an Extraction Tube. Pipet 150

PEQGOLD s sl U Jie 55559

(100%)J st y1-

Sl Csl Laly U sl e It aal) -

:(tIa.EJ\) B

ul plasma, cell free body fluid, e C\fw'}ﬂ gﬁﬁ e 3 LS_,J_S\ eyl (,.)4‘.4 o 450“1 Carsl

cell culture supernatant or urine

into the tube, mix thoroughly by S} il il O ) LU s 150ul aaddy by,

vortexing for 10 seconds and

incubate for 15 minutes at room &Gs 10 3ul aalx] 5 PN IR 3 Jsd o awll)l deg )l

temperature.

2. Load and bind

Add 600 upl RNA Binding
Solution and mix thoroughly by
pipetting until a homogeneous

A 8 amys e aads 15 sul ity aalylly

.b.gj.‘\ 9 M\Z

solution is formed. Apply 600 pl ilalsy J"\-{Jg-w “-M-"‘TJ s—’)‘ L)l Jake e 600“1 ol

of the sample to a PerfectBind

RNA Column assembled in a 2 %)) ods (e 600“1 &2 RRIESY Jsks! = of ) aaed

ml Collection Tube. Centrifuge

for 1 minute at 10.000 x g <39

Discard Collection Tube and

PerfectBind RNA . @
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assemble Perfect Bind RNA
Column to a new Collection
Tube. Apply residual 600 pl of
the sample and centrifuge for 1
minute at 10.000 x g. Discard
Collection Tube and assemble
PerfectBind RNA Column to a
new Collection Tube.

Note: If the sample should not
by the filter
completely, centrifugation time

have run
might be extented!

3. Wash I

Add 500 pul RNA Wash Buffer I
to the column and centrifuge the
PerfectBind RNA
Column/Collection Tube
assembly for 1 minute at 10.000
x g. Discard flow-throw liquid
and re-use the Collection Tube.
4. DNase I Digestion (optional)
Since PerfectBind RNA resin
and spin-column technology
actually removes most of DNA
without the 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 ul

Total volume 75 ul

Note:

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

Mix gently by inverting the
tube. Prepare the fresh DNase I
digestion  mixture
beforeRNA isolation.
2. DNase I Digestion Buffer is

directly

e sy ands sk Sl L L2 (collection tubeyis s
RINUR T

33l OBGYLS Al s LU desestl dduas o5 4 13) ikl
A dles 3

t NI e s 3

sselall Ay sgaladt 1 S o Jeidl pote e 500 Lo
ael ¢ bldl oty - 10.000 x g e 2ids sal 0o o

13 V) Jlamzal
(k) JaY¥ L) gl o504
J93 o ER] iju “.-D)\-ij-i (_)\)5.0\ )‘9,4\_9 PR 5 UJ.S\ . OT P

M Jlemin] (9,80l o e S, LA L) (cv-ﬂ Jlaxza)

Lol e aaled) U1 wlindes am OF V) oligdaddl 3 i)

Ll eadl el e oot eliiy 85950 AW 10 Ga) )
.(No. 12-1091 Order) J,VI

Sl Ll 44 2 PerfectBind RNA 5. K.a
RPN RHVPECY I

JeY G bl e e 7350l

20 Kunitz y G epl o JU Gl g5f e 1.5ud
.units/pl

T75ul St v

rada>Sla

Vb)) dnpll) wliad Blas e @it sa JOY) G 5T 1
sl 3 a5V s Ll YL
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II. Detection of Influenza virus with nested PCR

supplied  with ~ RNase-free
DNase Standard DNase
buffers are not compatible with

set.

on-membrane DNase digestion!
b. Pipet 75 pl 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 DNase 1
digestion will not be complete if

membrane.

some of the mix stick to the wall
or the O-ring of the PerfectBind
RNA Column.

c. Incubate at room temperature
(25 - 30 °C) for 15 minutes.

d. Place a PerfectBind RNA
Column into a new 2 ml
Collection Tube and add 400 ul
RNA Wash Buffer 1. Place the
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 650 pl completed RNA
Wash Buffer II to the column
and centrifuge the PerfectBind

RNA  Column/Collection Tube
assembly for 1 minute at 10.000
x g. Discard the flowthrough

liquid. Repeat this wash step
using the same Collection Tube
and discard the flow-through
liquid.

6. Dry (Important, do not skip
this step!)

the PerfectBind RNA
Column in the Collection Tube

Place

and centrifuge for 2 minutes at
10.000 x g to dry the column
matrix.

7. Elution

the PerfectBind RNA
Column into a fresh 1.5 ml
microcentrifuge tube. Add 30 -

Place

e SN ) eV e i S IV e e gy alalx]
LI e 8 ke JoYI LAl bl o7 Lads

RERT[SH Nt ail o LE s BENRERY ad rr._u.Z
mar @il slad we Lslnte od a0 ol G o5l (o
RACRYY

Bl iadl @l Jels Lok o 75Ul ) 22l dlanlyy b
PerfectBind zanall U mlaw Je 55le anizy 5V
e Ll asy @i Lk Of e aSG L ssele 453 RNA
e et le 130 JoYI Bl bl gl s ) elel
RNA PerfectBind ssle 0,0

Aads 15548 (%p30-25) a1 5> amys e i C

b 2 aesadt ool 3 RNA PerfectBind sse oz .d
ssaladl s o L ol JaY1 el oot e 400p] Lol £
554 10.000 x g e dsf w65 5 sul aaill 8 e
sl dely dogedt sl @ 3msll BLI a)) & 3365
(O >y A ads L ) s eV

sl 2L e ST

S Jenill (e 5

spelall dily ssalell (3 Gl o)) Jeoeddl ae e 650l il

& ssmsll Ll o 10.000 x g e az3s sl ©psY xe

B ol F s ©p5 Y1 Jlansul wo oda 2T & sl
(Mekf (2 Y iegs A0yl 6

10.000  de cpass 2 50k Wy desedtt Coul (3 5palall o
Deelad) Cadmd x g

gl des 7
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80 ul RNase-free Water directly
to the binding matrix in the
PerfectBind RNA Column,
incubate 2  minutes and
centrifuge for 1 minute at 6.000 x
g to elute RNA.

A second elution may be
necessary if the expected yield
of RNA is > 50 pg. Alternatively,
RNA may be eluted with a
higher volume of water. While
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 RNase-free Water to
70 °C before adding to the spin
column and incubating the spin
column for 5 minutes at room
temperature before
centrifugation may increase
yield. Instead of eluting twice,
the RNA can directly be eluted
in a bigger volume of RNase-

free Water.

Lt 36 sl @ PerfectBind RNA suldl oo
Ly LyJ U sl e JUcW e 30-80u] Casf L 1.5
Wl & s sal 2>l PerfectBind RNA s Lo
L gy 6.000 x g e sy 225 5l

o ST LAl 4SS ) gpepe gl eyl 050
o S EeSe U gl (Sl e alls e Yy . 50pg
VLI Ll 287 e gy BLOY) glna¥) OF o 3 el
Jol & wdmzal UGN e %080 o 28T 0¥ misen 1SR
Nt

diwsly g e 70 e Gl est e JU Ll adsd1 54
Jd B 5l ams Je 35U D sl wlas 5 Ol sule
DGk iyl Yl Adae e Yo 2S5 1
el o QB e e 508 BaS IV n §5 L sty OF )

U
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7 General remarks on working on egg based virus propagation / wlbso

vaull Gisb oo yus il LuSiy Jooll dole

Chickens are susceptible to many infectious diseases.
One of the most important of these is the viral
disease known as influenza which is caused for
examples by the actural HIN1 virus. For this reasons
viruses can be propagated will in chicken eggs for
vaccine production purpose.

Eggs for our work can be purchase from normal
chicken farms.the eggs must be 9-10 days old when
purchased.

Then the virus probe is inoculated into the eggs
where the virus is propagated while the eggs are
incubated. The work must be done under very clean
circumstances and atmosphere to prevent
contamination.

Testing the actual state of the eggs is done by

candling.

Al L) e bl ) e )
Y e 38 g all (SN eds oal
el W HINTL g e @l
R Y e @ ) eSS LSS
L2

o bl by Al 2 o LSS
10-9 o opes 2ol OF 2 5 vl a5
ol

eB e G et eSS N gl
ol O e ablabld) (g sl 3 )
B

7.1 Basic laboratory skills / GusluY/ & 50l i, g/l

Laboratory staff should be familiar with )l e s T K jg, of Cg el il gn

and have practiced the following skills
prior to the commencement of HIN1
disease vaccine production - this manual
does not contain further details about
these skills:

¢ Aseptic technique.

Jdolwe o4 Ul sl el 8 W) oLl

(o ol e O s (s 922 Y
M\w °

e Sterilization by autoclaving and hot air &* gl olabll U cldl ks, ("‘"“"“ °

of glassware and discarded materials.

L alel) oDl

7.2 Recording details of egg purchases / aul /i duae) Juciill Sl

An order can be placed for the delivery of Jegenll i 13) ddl) e, ) ("»-*-5-75 3\.)!._3 3 ug“'

the eggs. It is useful if the person

responsible for placing the orders and

receiving the eggs keeps records. The

following information should be recorded

in a notebook set aside for this purpose.

e Date when the eggs are ordered and
the name of the person who

¢ received the order.

¢ Number and age of the eggs ordered.

¢ Date and number of the eggs received.

¢ Colour and appearance of the eggs
received.

* Number of eggs damaged during

105
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II. Vaccine Production Techniques: Egg based and Cell based virus propagation

transport.

e Date and number of eggs placed in

incubator.

e Number of viable eggs after candling

prior to inoculation.

Cdad D WS el sus @
Lol C}b}l\ ol sy )5 @

ikl L2dll 5 mazdll day pol) 2 )l sue @

7.3 Cleaning and decontamination / bill ¢ (sl

Appropriate  chemical disinfectants
must be used for cleaning equipment,
All

laboratory wastes must be assigned to a

materials and work surfaces.
category and placed in clearly labeled
bins from where the waste will be

disposed of appropriately.

Alcohol

A 70% volume/volume (v/v) solution of
alcohol diluted with water is useful for

wiping down benches and disinfecting
the outside of eggs before inoculation

and harvesting of allantoic fluid. The
addition of 2 percent iodine will
increase the effectiveness of this
solution.

Note that 70 percent solution of alcohol

is flammable!

Chlorine
There are several chlorine compounds
that are used as disinfectants. Sodium
hypochlorite (NaOCl) or household
bleach is readily available and cheap.
Soaking overnight in a 2 percent
solution of chlorine is wuseful for
disinfecting plastic materials. Note that
commercial bleach contains 12 to 14
percent hypochlorite when
manufactured but this concentration
deteriorates with time.

Note that chlorine damages fabric and
corrodes many metals!

Always read the instructions before
and

using  disinfectants cleaning

reagents!

kil Slaal A AL S ol ebll alusen) £
o8 Ol ot pedl Gl e el mhauly il
Lo Jabsis OF () mely jds oo go3ln (3 Lgath o

el Sy

IS
Al ek Bade a el aisd) JonSU) e i 3 70
Flo das s mdld 15 2l ol sl el
e e o oY e il (3 2 555 0T V) L el dW
L Jl

bzl Je 8,56 JoSl e 2l (3 70 ralasdi

)

Sl lpalisnal Se ) S Sl Sae doy
Al S (3 8550 Rl sl 5T sl oy slSn:
Sl peled e LUV M S e a3 2 a
AU

12 o o eS8 ) sl aslio ol L alasde
o 2 Bl ods OF V) cglsiodl il 3 14 )
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Foslall ST g ey sl ala>le

o Gl sl Jlamsel J3 oblay) L 13 Sl

! rgled)

7.4 Incubation of eggs before inoculation / gl S joull dilas

Many vaccine production centres will M‘W iyl olols gl C\_w\ C“”i Sl oy Aol

already have large commercial incubators
installed. Smaller incubators are available
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and are suitable. for the small-scale Aygte 35 3911 38 p Lokl 5> inys @
production of vaccine.

¢ Incubation temperature = 380C to ‘dﬁw‘y Jall 65 Al 60 S :‘%jb)‘ st Llad @w o

390C.
asleg Lol e Lol od) (3 mog UL Atds Ao
e Humidity should be maintained at 60 PES ST G 3 oy 2 T e

to 65 percent. A tray filled with water dgsb )l e el e Je Ll iSS
and placed in the bottom of the )

incubator is usually sufficient to @‘fu oSO OF a ey asl ¢ 2 &e
maintain this level of humidity. . &“Y‘ Agor pr Azl

e Place the eggs in the incubator with
the air sac on top.

7.5 Incubation of eggs after inoculation / gl ses paull dilas

Inoculated eggs contain virus and should 3, .. tniy gy el e st il a
be placed in a different incubator. i i

s
7.6 Cleaning and decontamination of incubators / dsl/ _uebi g9 i

Kéep surfaces clean by Wiping ?ut ille 3L ankai, U b oo aads ol b i s blis
with a wet cloth and disinfecting _ .
with 70 percent alcohol solution or LB s 2T s (o JfLQ‘ sl i 3 70 o Layelei g

a non-corrosive disinfectant.

7.7 Candling eggs / jou/ guaii

Candling is the process of holding a ;. § ..} of i 5 ca e des 5.
= il Nl S ot 38 patid
strong light above or below the egg to &

observe the embryo. A candling lamp L;‘\-fj-efc\-r«»ﬂ o allsy C““““M CL.-»N ) ad) e s

consists of a strong electric bulb covered : ¢ 5 £ . .
gt M) paced V) e dyal> of ClaldUIL lae
by a plastic or aluminium container that G5 ) el o Rl ) S @5

has a handle and an aperture. The egg is 9 il ol plas 2 &Py o Ay 2 o
placed against this aperture and . .
illuminated by the light. If you do not gl et gleas S oS gLl sl
have a candling lamp, improvise. Try  .|. .. . 2 llb. 558 Sl e e o
using a torch. Candling is done in a S S e B g M = et gl
darkened room or in an area shielded by Sl
curtains.
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III. Vaccine Production Techniques: Egg based and Cell based virus propagation

B il

good egg No embryo dead embryo Cracked or broken shell

| Bad eggs
7.8 Marking the inoculation site / @ulil/ ;5o (e

1) Hold the blunt end of the egg against é CL"”A\ id Llis dad) U Bl e Sy =
the aperture of the candling lamp .
and note the position of the head of o e LYy

the embryo. . .
e sy Lol sl
2) Turn the egg a quarter turn away A 8 M 093 & e 212
from the head. L~5;‘\}&\ S Lo e I Y Lo 3
3) Draw a line on the shell marking the o > . .
edge of the air sac. L s 35 0o 2 (= o 3L oo (4
4) Draw an X approximately 2 mm ) x5 s 0SS 3,LEY! ol OIS
N ) Yo J 5
above this line. & IS (
5) The X marks the inoculation site. S 3 J«Q 2 Sl U.A:fr.@.;.U o) an i

Note: In some eggs the air sac will have not ) ) r . o
developed on the blunt end but half way Y bele no gy il U] 22 i g s

down the egg. These eggs are not suitable Gl
for vaccine production. C
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8 Protocol: Inoculation of embryonated eggs with influenza virus by the
allantoic cavity route® /s & st b (8 G il Al

The most convenient method of propagating
of influenza virus in the laboratory is by the
inoculation of the allantoic cavity of
embryonated eggs. All strains of virus will
grow in the cell of the allantoic cavity. The
virus enters these cells where it multiplies. As
the cells are disrupted the virus is shed into
the allantoic fluid. Virulent strains of the
virus will invade cells beyond the lining of
the allantoic cavity and kill the embryo. The
time taken for this to occur is the basis of the
“Mean Death Time Assays”, which indicates
the level of virulence. The avirulent strain of
influenza virus will not kill embryos
inoculated into the allantoic cavity.
Inoculation of the allantoic cavity of
embryonated eggs is a technique used in the
following procedures:

1. influenza virus vaccine production

2. Establishing the infectivity titre of a
suspension of virus.

3. Isolation of virus from field specimens for
laboratory Diagnosis

B B N T e -
oo OY ) W SISl N b e il
Jo L O ods s ses gyl YL
@ ool g S e LBt WD sds g
9555 A eendl VWAL BT LY il
Sl o) iy S5 sV Bl ol LI
3y sl gn" o b ol g Sud 1A G ey
Gl aadly Caall o Stae o Jiy L8 ¢ "lioges
el B Y BN g e BB il SV
) el ezl A L S s I (3 el
A sl Y e BT m IV Gl e o2
TN EraCi

Jodll 5 ) randl) (Spe pr BaS s3] 2
el Bl ol e esndll Jpe 3

L el
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II. Vaccine Production Techniques: Egg based and Cell based virus propagation

8.1 Inoculation of the allantoic cavity / gwilS clgiio/Y/ ausl

Materials

Eggs 9-day old or 10-day old

embryonated eggs. Candle the eggs

and mark the inoculation sites .

Eggs should be placed in an egg

rack with the inoculation site

uppermost.

e Egg shell punch or forceps.

e Cotton.

¢ A 70 % alcohol solution in water.

e Syringe 1 mL.

¢ Needles preferably 25 gauge, 16
mm.

e sticky tape or melted wax to seal
the inoculation site.

¢ Inoculum. This must be free of
microbial contamination.

¢ Discard tray.

HPW]

S ey 2l s Ul 10 19 ses e mile 2
i o A e al O 3 e ey ot i
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Method Ay 2l

1. Use cotton wool and 70 percent alcohol to < oa L oSl Jole o oLl e 1
swab the end of the eggs to be inoculated.

Allow the alcohol to evaporate. JeS Jslst =Ll s O L2l s
2. Swab the eggshell punch with 70 percent :
alcohol solution. Place used cotton wool in

discard tray. o 3 70 3 oasd sas LB o ) 2

) pe Ll Suall 2l es JsS) J ol
O & aa) 528 CET .3

ol

3. Pierce a hole in the
end of the egg at the

marked inoculation . CA-U el
site. 1 leaad) o4
4. Attach needle to 1 bk ik

mL syringe. T ) aads 3 @ J;'-;T 5

5. Draw inoculum into
1 mL syringe.

N
Lagsle Y0 Je s> .6
¢ E P e 52 w2,
O axle 5y il 5u8
e 3 16 Jit e

(S ek N L e
b 0.1 O ol 7

6. Keeping the needle
and syringe vertical,

place  the  needle
through the hole in the
eggshell. The needle
will need to penetrate
approximately 16mm
into the egg to reach
the allantoic cavity.

7. Inject 0.1 mL of
inoculum into the egg.
8. Withdraw the needle
from the egg.

9. Seal the hole in the
shell with stationery

izl e Y C] L8
UL el & 5kel9

tape or melted wax. - 422
10. d[l)iscarccii th.e used A Ek @Jl-lo
needles and syringes. . . . i
: he all

11. Place the inoculated F1gf1re 2: Inoculation of the allantoic il
eggs into a second cavity
incubator. Check the g;’*ﬂsa-lﬁjm‘r"@ib 2850 amill) C‘b‘ll
temperature and 5ol e 32 L J,._t Lol
humidity of incubator.

Aol b,

8.2 Harvesting allantoic fluid to test for presence of
Haemagglutinin / ;uivieKlagl 595 9 pond/ widlS 2l giio/Y] s>

The  following  method  describes Blo o Spre LS da> 24S Chad AW ag bl
harvesting a small sample of allantoic
fluid for testing for the presence of 2> »* (Tl CesslSdl sy Jamdl 2higs NI
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II. Vaccine Production Techniques: Egg based and Cell based virus propagation

haemagglutinin using the rapid or micro
tests.

Materials

* Forceps or a small pair of scissors

¢ Absolute alcohol for flaming forceps

¢ Cotton.

* 70 percent alcohol solution

¢ Discard tray

® 50 uL micropipette and tips, a wire loop
or sterile Pasteur pipettes

Method

1. Chill eggs at 40C for at least two hours
to kill the embryo and to reduce the
contamination of the allantoic fluid with
blood during harvesting.

2. Remove sticky tape (if used to seal the
eggs) and swab each egg with cotton
wool soaked with 70 percent alcohol to
disinfect and remove condensation from
the shells.

3. Dip the forceps or scissors in absolute
alcohol and flame to sterilize. Remove the
eggshell above the air space.

4. Discard embryos that are visibly
contaminated.

5. Remove a sample of allantoic fluid
from each egg. Use a micropipette and
sterile tip, sterile glass pipette or a flamed
loop and dispense the sample according
to method being used for the test

Lol Jleazals

sleb
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8.3 Haemagglutination test / suiuiiolSlagl a9

This is the result of the haemagglutinin part
of the haemagglutinin/ neuraminidase viral
protein binding to receptors on the
membrane of red blood cells. The linking
together of the red blood cells by the viral
particles results in clumping. This clumping
is known as haemagglutination. Haem-
agglutination is visible macroscopically and
is the basis of haemagglutination tests to
detect the presence of viral particles. The test
does not discriminate between viral particles
that are infectious and particles that are
degraded and no longer able to infect cells.
Both can cause the agglutination of red blood
cells.

oS el e il g B 2 eds
Je (receptor)y izl me dlasl lislsd)/
ol LByges Aot on JLatV) e Lelad) LSl slas
(PSS ey S () Bpgedl )
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Al lagbly Ol 8N OV LD wLo) s
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8.3.1 Red blood cell control in the haemagglutination test / yoods el Gl S <=

rlatiiiglS loggll

Every time a haemagglutination test is
carried out, it is necessary to test the
settling pattern of the suspension of red
blood cells. This involves mixing diluent
with red blood cells and allowing the cells
to settle.

1. Dispense diluent.

2. Add red blood cells and mix by gently
shaking.

3. Allow the red blood cells to settle and
observe the pattern.

4. Observe if the cells have a normal
settling pattern and there is no auto-
agglutination. This will be a distinct
button of cells in the micro test and an
even suspension with no signs of
clumping in the rapid test.

Note: The
glutination tests in this manual is PBS.

diluent used for haemag-

There should be no signs of haemolysis in
the red blood cell suspension. If there are
signs of haemolysis, a fresh suspension
must be prepared. There should not be any
sign of auto-agglutination in the red blood
cell control. If an agglutination pattern is
observed, discard the suspension of red
blood cells. Prepare a fresh suspension and
test again.

o) ) IS i sl 5 5 S 3
Blaal) sda (g L slad) plll SUS Gl e Aol 2l
cladl @ sladd all SLS we BL e iz Lalz
o5 O L3l

o il e shi) A

Cagay Ll g cled) sl S S ol 2

) 4] il s iy sl sl ST e 3

28 4y bab Bl (3 e SE L T8 sl 4
G G el 3 W o oer Mag 4k et
gl el & damll 5L s 090 e il 3
il ladl jamd (3 Jesnall Caisl) L) il
Sl o s 05 Y of g (PBS) LI & g s
odp Aoy T3] BT L aalal) cad) aull Sl ST UNLY
Sl e 0K Y Ol et L 2T Glee ad g sLaYl
s O 13]Gl cled) adll ST ) demill 3La)
el pll SUS e el ) o Lely e
AT e 2T Gles ety
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9 Introduction to Cell Based Virus Propagation: Tissue Culture Methods

| @il dcl ;5 §,b 30

9.1 Types of cells grown in culture / dc/, JJl SXs ilSis il LM gloil

Tissue culture is often a generic term that . . . | wyi| ¢, |1 e S :
SR F laall e g i Y g
refers to both organ culture and cell culture ¢ & c

and the terms are often used interchangeably.
Cell cultures are derived from either primary
tissue explants or cell suspensions. Primary
cell cultures typically will have a finite life
span in culture whereas continuous cell lines
are, by definition, abnormal and are often

transformed cell lines.

L £ bogin oLl piszy e Wley cliae)
Akl WO e o 2 AW e e )
Dolor Loy b 35) ol S3le 251 LD g5
LU 5 b 5 o kil endl Y

-d et

9.1.1 Primary cell cultures / 453/ ol dsladl WISl g 55

When cells are taken freshly from
animal tissue and placed in culture, the
cultures consist of a wide variety of cell
types, most of which are capable of very
limited growth in vitro, usually fewer
than ten divisions. These cells retain
their diploid karyotype, ie., they have
the  chromosome  number and
morphology of their tissues of origin.
They also retain the
differentiated characteristics that they
possessed in vivo. Because of this, these

some of

cells support the replication of a wide
range of viruses.
derived from monkey kidneys, mouse
fetuses, chick embryos are
commonly used for diagnostic purposes

Primary cultures
and

and laboratory experiments.

il oy g Olpdl Gl o Gl LI Jsg Leie
o il dle e S sae e s LW oda 0SS,
B ol el e 0giy )l pane g LI
coblads] 10 o ST ) Vgeniin O Ogndazay ¥ (Gusld
ble=Yi: Jie (karyotype) 4l dlgy Lisd L) oda
5 (chromosomes) wlogjoes I ol Olanall sin
leailas any bid LS LU lo¥ Labdss” LK
b, k| > il LS™ ( differenciated ) daluzy)
byl e L) SIS ake LI ol 06T, )
5 S Cp 28 ST e i mnd) a5 LU Gsle

AT AP WERES A Elad puszd s bl e

9.1.2 Diploid cell strains / dclaall LI ol

Some primary cells can be passed

through secondary and  several
subsequent subcultures while retaining
their morphological
characteristics and karyotype.
Subcultures will have fewer cell types
than primary cultures. After 20 to 50

passages in vitro, these diploid cell

original

strains usually undergo a crisis in
which their growth rate slows and they
eventually die out. Diploid strains of

JU o asu ab ) s oF acdeses aJoN0 LI jam
Latlaz blisY) oo W 2l a0 T Joln Bas
o)) (karyotype ) bl 5y 5 JSaIs 1Ly
-l 3 0 L W e BT s OV Sllaze 50
ode oYM asle , elt 3 e 30 1120 am L L6V
Bl 3 ¢ st slla) & o8 Al 3 7 isliall L
oo Bl g el fibroblast wysl s )



II. Vaccine Production Techniques: Egg based and Cell based virus propagation

fibroblasts derived from human fetal &

tissue are widely used in diagnostic
virology and vaccine production.

oty Sk Al )

9.1.3 Continuous cell lines / , ghilly § ;0iwall LISl bgls

Certain cultured cells, notably mouse
fetal fibroblasts, kidney cells from various
mammalian species, and human
carcinoma cells, are able to survive the
growth crisis and undergo indefinite
propagation in vitro. After several
passages, the growth rate of the culture
slows down; then isolated colonies of
cells begin to grow more rapidly than
diploid cells, their karyotype becomes
abnormal , their morphology changes,
and other poorly understood changes
take place that make the cells immortal.
"dedifferentiated,"

having lost the specialized morphology

The cells are now

and biochemical abilities they possessed
as differentiated cells in vivo. Continuous
cell lines and Hela, both derived from
human carcinomas, support the growth
of a number of viruses.

(fibroblastyiac )l Lo Lo Y degll LI 2n
5, obadl e t\jﬁ sas e MU WD, L ek
DY vty el e 306, gl DL LD
5 Bl Jorl s sl B U e g5 S
ol T Wgpall LI Slegaz L, adsze ¢l
28 peate W Blgy  adelall W e ST 2y
fosghe b o O g e LSS dad
OV WM L sk il de L e iz
,( dedifferenciated ) syl Je 336 48 ool
et WS B 5 ol S o O A
el (HeLa ) Y 1o 5 5zl WU byl
S s of e deld 2l g, ail ) aslud] LD s

o)

9.2 Working area and equipment / wiea/ g Jae// {50

9.2.1 CO,Incubators / duslJl ¢d 91,8 3puSgl @il Jseo

The cells are grown in an atmosphere of
5-10% CO: because the medium used is
buffered with sodium
bicarbonate/carbonic acid and the pH
must be strictly maintained. Culture
flasks should have loosened caps to allow
for sufficient gas exchange. Cells should
be left out of the incubator for as little
time as possible and the incubator doors
should not be opened for very long. The
humidity must also be maintained for
those cells growing in tissue culture
dishes so a pan of water is kept filled at
all times.

2eSyl U e Y010-5 o (s34 sliad 3 WL yu

e Jle et Gl gl Y 08
0S5 0F g gy el pssall sy Sy
wls sles 0 Of g2 ¥ LB Al Ao sedl dxps
RN E U SN (PEIF S ICES CI
o o Sg asld oL SIS 5 o b 34 asldd
3 Asb ) A Jane o dbaildl (£ LS 5pad 55
Les Lol sl sleg 3gmmg o alabld) M o ioldd

AU 4 Ol

116



WO b o s W g o8 Joal il mnad 053

9.2.2 Microscopes / ,g>all

Inverted phase contrast microscopes are used ;=1 NEEW U 0 Sl aaldsll
for visualizing the cells. Before using the T

microscope, check that the phase rings are & e 250 aakll ol . a8 [N

aligned.

9.2.3 Vessels / dc gl

The vessels should be transparent surface
that will allow cells to attach and allow
movement for growth. The most
convenient vessels are specially-treated
polystyrene plastic that are supplied
sterile and are disposable. These include
petri dishes, multi-well plates, microtiter
plates, roller bottles, and screwcap flasks .

JW}I\

Ol Ll o) Clas el 53 2o gV 065 OF (2
A Bl SV BeW) e g L sedd ity mems
oid OF (Ko gy comiedsdl Ll e degiall
Ao 1 negVl ok et Age oy e 5155 & Ludns
multi-well plates, microtiter plates, roller bottles, ,($s

and screwcap flasks

9.3 Preservation and storage of tissue cells / .y sl g LisJ/

(If available) liquid Nz is used to preserve
tissue culture cells, either in the liquid
phase (-196°C) or in the vapor phase (-
156°C). Freezing can be lethal to cells due
to the effects of damage by ice crystals,
in the
electrolytes, dehydration, and changes in

alterations concentration  of
pH. To minimize the effects of freezing,
several precautions are taken. First, a
cryoprotective agent which lowers the
freezing point, such as glycerol or DMSO,
is added. A typical freezing medium is
90% serum, 10% DMSO. In addition, it is
best to use healthy cells that are growing
in log phase and to replace the medium
24 hours before freezing. Also, the cells
are slowly cooled from room temperature
to -80°C to allow the water to move out
of the cells before it freezes. The optimal
rate of cooling is 1°-3°C per minute.

The Mr. Frosty is filled with 200 ml of
isopropanol at room temperature and the
freezing vials containing the cells are
placed in the container and the container
is placed in the -80°C freezer. The effect of
the isopropanol is to allow the tubes to
come to the temperature of the freezer
slowly, at about 1°C per minute.

il Lid il Ble Jesiey (ise O 13
) Gle o =196%c) Sl 055 of L), ae gyl L
) wad o W s OF S ) ods L (156%¢
RTINS P RCRIVN) (SR IR B
lsl] hemld) S 3sl ads Lli LS Ao skl i
o B b Bl N il Ko osnae
Aoz Lows . DMSO o JgudSI 3305 ) ol 25
o 010, Jall 0 %090 Je gt o350l (Rl
WO Jlerza) LasY) b @03 1) Loyl DMSO
Lol i) por gl 3580 sl e a5 ) g Bk
ot dles Lol adl e asle 24 15l
gl -80%¢ ) A1 3l By pp el o5 LI
ot ) B il LU s e g L el
cagdll 3 -3%c ) 1

B> e Jsilapsp¥) o o 200 Sl g 4
92.-80%C e ozl LI 5)9)5 1) 25301 51>~
RSl 1] domdl s s (2 52 JgligngnY)
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MAINTENANCE daylead|
Cultures should be examined daily, ) ;'
observing the morphology, the color of O ,LlSs Wl Leg degll WO ey OF 2

the medium and the density of the cells. " . , .
Sla ¢ 5] ECACI URUR T, e N - HEN dall Lol
A tissue culture log should be maintained d"g" o s DI B L

that is separate from your regular ML ol = e 03y el 3 ol s
laboratory notebook. The log should . )
contain: the name of the cell line, the SO bl =l e Jeedl M (s syl
medium components and any alterations . . . G 4o £ buws ccf .. .
5,64 sdws gl g edall Lbudl o\
to the standard medium, the dates on f& 3 JJ = 0 ¢ s 5=
which the cells were split and/or fed, a ) @)J caslall cadl Oles | lgndss 5\\5 B ESRWY

calculation of the doubling time of the " o . Lo .
culture (this should be done at least once L (P e Jeadl G aly e ok O e

during the semester), etc. LU )

9.4 Harvesting and refeeding culture cells / slas//

Cells are harvested when the cells have reached a  ;;:<J) 1)s " Al J-ﬂ' Lodis LI o
high density which suppresses growth. o

9.4.1 Suspension culture / di.ailo Hull LI cel, ;5

Suspensio.n cultures are fed by dilution into C).Ug S de daws @ dhae pall LG & o
fresh medium.
iz

9.4.2 Adherent cultures / d.ailoll Ll cel, 5

Adherent cultures that do not need to be . 5 4N N daedl LI sl
s V—n—«b-U g & 2 )
divided can simply be fed by removing the ¢ i

old medium and replacing it with fresh 3 @&l Sl bou Al gb o Wi Usguy
medium. ..
iy s Slie bowgy il
When the cells become semi-confluent, e > ’
several methods are used to remove the cells sue Jloazo) uﬁ.c Jiseane adh WO TS Ledics

from the growing surface so that they can be . L X
diluted. i

9.4.2.1 Mechanical / LSulS0

A rubber spatula can be used to physically |, of W Ay ablall il Jlewsa] S
remove the cells from the growth surface. ’ . .
This method is quick and easy but is also Al S5 L@_SJ 9 g 9 Ay wju‘ oda -L“S-U‘U

disruptive to the cells and may result in e . . ) i
L dlads | ada . LM Ol sl
significant cell death. This method is best Mkl A =

when harvesting many different samples of colalsell) sl W e t\jﬁ sde sla>

cells for preparing extracts.
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Trypsin, collagenase, or pronase, - \ 2 isle G T . .
G >l e Ll sles, SUaall ol SUe NS Cpen A

usually in combination with EDTA, -~ <

causes cells to detach from the 9 4=~ iy lall oda -L“S-U‘U chwj‘ o LU @—J el (]

growth surface. This method is fast . . L. . ek
and reliable but can damage the cell Pl o O i s es
surface by digesting exposed cell  gigpll Pl Jab 3, 2l Cﬁmﬂ e 8emsl ol gyl

surface proteins. The proteolysis .

reaction can be quickly terminated (el e s S e Loy 3345 Ay 4Bl S5
by the addition of complete medium

containing serum

9.4.2.3 EDTA/ slyss sl
EDTA alone can also be used to i L.y oo WA i) susy fen QiﬁEDTA

detach cells and seems to be gentler )
on the cells than trypsin. e ) e i

9.4.2.4 Procedure for detaching cells / daailoll L)l Jad) dstinall wlel ;2

The standard procedure for detaching il LS 2 33kl el Y
. 2 Lead) 2

adherent cells is as follows: g

1. Visually inspect daily A el 1

ilrﬁljceelease cells from monolayer el S 2k s LY ) P

3. wash once with a buffer solution S skl suslg 30 Jsl 3

4. treat with dissociating agent

5. observe cells under the microscope - aSSl Joload) 3 les 4

6. Incubate wuntil cells become e e O 5

rounded and loosen when flask is ) '

gently tapped with the side of the A et OF ) WL e .6

hand. . . . K . ..

7. Transfer cells to a culture tube and (medium) L5l 3 ) w5 s 7

dilute with medium containing .kl st Lﬁf‘;\

serum.

8. Spin down cells, remove LSl azbkll dh) g 10 ALY 3 L 0 .8

supernatant and replace with fresh CJU’ Ly Wi

medium.
9. Count the cells in a hemacytometer, bl > aiisty, josgiwsedl 3 W (s 9
and dilute as appropriate into fresh

medium. C)Ug Loy
9.5 Media and growth requirements / gaillg wilsel bl llbio

9.5.1 Physiological parameters / 41> gy 38)| Luléall

e temperature - 37C for cells 37 a0l )~ inys @

from homeother
e pH - 7.2-75 and osmolality of _Js o 7.5-7.2 (n ibsdl dmp Lo abildl _z @

medium must be maintained
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¢ humidity is required osmolality Of medium

® gas phase - bicarbonate conc.

and CO: tension in equilibrium sl a,5b ) e alails
e visible light - can have an ) {jf ;}\j 4oy ) aaS W aabs Bls e abld

adverse effect on cells; cells
should be cultured in the dark
and exposed to room light as
little as possible

PR

g5 O g W LWL 5o g OF whtey S0 ¢4l

S ST e ssaall (o5 Y Ol eIl (3 LD

9.5.2 Medium requirements (often empirical) / (w23 WI&) wilsall buugll elillio

e Bulk ions - Na, K, Ca, Mg, Cl, P, fﬁ"’JLQ\’ (ﬁ.«\.?j)\, fﬁ’ﬁ“J\ o C»Uﬁ'}\ I

Bicarb or CO2

e Trace elements - iron, zing, ~\:-§jt ;}\j jt, C)Uﬁ)&f)‘, )}@j—m, )j\g‘, (ji;':%m,

selenium
e sugars - glucose is the most

O S

common gty L, 09y pn 558N oliall

e amino acids - 13 essential

e vitamins - B, etc. Sl ga e ST L
¢ choline, inositol WLNS[\ 13 e g_ém-‘i“ .t

® serum - contains a large number

of growth promoting activites . st oeeledll
such as buffering toxic nutrients
by binding them, neutralizes Jsigay), J‘J«’Q\

trypsin and other proteases, has VIR XV DU WV A S P PR L

undefined  effects on  the

interaction between cells and s o Joss &) 5. Bl 250 Sl Jile & Jolsd
substrate,and contains peptide )\-;1551.3\ G e s (TI'ypSil'l) et J»—F

hormones.. 9 W oy delin Bgme Rl o)UTy (proteases)

e antibiotics - although not

required for cell growth, ‘(peptlde) L) Ognsr o 55 or g R 221
antibiotics are often used to Y \.D}\Q-\r.;)a.:jﬁmf.é L‘gid’r.@j\": :")"J‘\ “lslal)

control the growth of bacterial

and fungal contaminants. Bl okl 5 LS e M Jorzs e Uk obf

9.5.3 Feeding / dill

2-3 times/week @My\ RS 3-2 o ddad)

9.5.4 Measurement of growth and viability / iuell e 5,58l 9 gaill Gulio

The viability of cells can be observed 5SS davly LY gy oo st o e

visually using an inverted phase

contrast microscope. Live cells are ssle aalal) Lo i, idenll aabll (3 sy A LG

pha.se bright; suspension cells are i Bhalll DU Loas ) Al
typically rounded and somewhat :

symmetrical; adherent cells will form d)fy\ oLyl Jw1 Q§.qj )"‘*'M chﬂﬂ u‘b
projections when they attach to the
120
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growth surface. Viability can also be | 5 At W o ST s (trypan blue)
assessed using the vital dye, trypan .

blue, which is excluded by live cells but Clae uﬁ.c 9 las anl) s &) qu‘ o.hw al
accumulates in dead cells. Cell numbers PRI Jlanzal, L s

are determined using a
Hemacytometer. . (Hemacytometetj

9.6 Safety considerations / do )/ wils,/

Assume all cultures are hazardous .5} ji o)l Semmg Je el Lod deg il LU =
since they may harbor latent g

viruses or other organisms that are Ul adldl wlblas| dsgs of el . Lgme yall LS;"‘iy\
uncharacterized.
DlaeYl ¢
The following safety precautions ) o
should also be observed: Jlanie] g (pipetting) olanyl il @
® pipetting: use pipette aids to .
prevent ingestion and keep ke abslSly Pl (3 sledl Jsts cl (plpette)w\

aerosols down to a minimum ¢ :
Sgimn (331 ] aneS” laZ)
* no eating, drinking, or smoking < ety
e wash hands after handling Rt I EUCH Jf'w pls @
cultures and before leaving the

lab j\:ov_U i\}? J‘f';ﬁ LU & & J‘“""S\ Ay Lﬁ.\f}ﬂ Jm_c °

e decontaminate work surfaces . i .
(A . . | J qj@ [

with disinfectant (before and (4= 5 J2) - S 3 ol Ch*”
after) L) o i @

e autoclave all waste . _—
* use safety cabinet when working Jodl ke (Safety Cabmet) OL) B Jlanzs] @

with hazardous organisms. % SRR L
® use aseptic technique adiad 2w leninl @
e dispose of all liquid waste after )
g IS de AL c;\iu)\@ﬁwb@&:)\ °

each experiment.

9.7 Tissue culture procedures / éaui¥/ dcl,; wlel,s/

The cells should be monitored daily Lagé ailiay S o o ;L-ey WL ity of g
for ~ morphology and  growth ’ T ' o

characteristics, fed every 2 to 3 days, (subcultured) Lezel)y osle] o, (\-it 3 jt 2 Jf g da g
and subcultured when necessary. A . 2 ; .

| 25 el e ol slas .5y9,2) L
minimum of two 25 cm? flasks should J}y LSLQ =~ 2 }‘J ot Gl A sy jfd e
be carried for each cell line. Each time  aJd) (subcultured) vz 5, I3, ) o L K

the cells are subcultured, a viable cell

count should be done, the subculture ° (subcultured) “’“‘“‘43 sl al Ll W ol 4

dilutions should be noted, and, after t by @“T 2 5k S aas sud J-"‘;‘ sis dn

several passages, a doubling time
determined. As soon as you have Flo & Wy# & uld sde 3 LU 0 dhdd b et
enough cells, several vials should be 2.1 . . . o
frozen away and stored in liquid Na. o B B ol (N i
One vial from each freeze down .f o s 9 Lo e gam) e o u“\.chA
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should be thawed 1-2 weeks after
freezing to check for viability. These
frozen stocks will prove to be vital if
your
contaminated.

the minimal nutritional requirements

any of cultures  become

of cultured cells :mixture of salts,

amino acids, vitamins and cofactors,
carbohydrates, and horse serum. By
eliminating one component at a time ,
then determined which nutrients
were essential for cell growth. His
minimum essential medium (MEM)
contains 13 amino acids (human
tissue in vivo requires only eight), 8
vitamins and cofactors, glucose as an
energy source, and a physiological
salt solution that is isotonic to the
cell. The pH is maintained at 7.2 to
7.4 by NaHCO:s in equilibrium with
CQz. The pH indicator phenol red is

usually  incorporated into  the
medium; it turns red-purple if the
medium is basic, yellow if the

medium is acidic, and remains red-
orange if the pH is in the right range.

Serum in concentrations of 1 to 10%
must be added to the medium to
provide the cells with additional
poorly defined factors, without which
most cells will not grow. Most
mammalian cells are incubated at
37°C; avian, reptilian, and arthropod
cells may grow best at higher or lower

temperatures.

gl ol e Ll Al g 2 L

toe O L aeh ) aglial ol e 3541 b
sl Jalsall g olealid il Ll =Y e Lol
e slad) M e g LOladl Las 5 Slhaag S A
ipepall WM olall Lud o dsly o3y (3 Ay e
oot o e 13 Je es(MEM) WD 5ol
8 (o vgre 8 Mo ook fotls DLl a5
, Bl oS Sl sasludl elsad) 5 cpalzdll e
B> R o agled) dedand) SO ey
b Jlemzely 7.4 1) 7.2 Lo e iosenadl
O S syl 6w Ojlie (NaHCO3) psisgeall
Phenol ) &V Jgudll iosed) inys a5 5 (COyp)
Ol Jand ,(mediumy Lwgll 3 pasiey Lo Ssle (red
O3] aoN 0y (basicy gl OS713) e, Y1 oY)
el slas (3 OIS el Y1 05l (acid)
(concentrations)l;S5 2% 10 Y1 wls) 2
sde 83b) B3a) falsal) Cams Bl ao Lol Je Lal)
W e 1 LU chre se o3 et dly LD
sl WD Wl s axs 37 e o oLl
oo 3l el am s Je Ll gas 18 olladlly (il
237

9.7.1 Subculturing adherent cells / d.oioll L dcall dcl 5l

When adherent cells become semi- oo 2Mm e i Al pisn | eSTRe b GO s Ltis

confluent, subculture using 2 mM i . .
EDTA or trypsin/EDTA. EDTA/ gl of (EDTA) izl cuabis calia) dod

9.7.2 Trypsin-EDTA/EDTA - G il

® Remove medium from culture dish CLU J}Lx; UL JM_; 5 sl alke o Ll JBT °
and wash cells in a balanced salt i
solution without Cat+ or Mg++. (Mg++) Cﬁij‘*l\ 9 (Ca++) D:‘*JLQ\ 09> O)\)‘l\
Remove the wash solution.

® Add trypsin-EDTA

) €

enough
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solution to cover the bottom of the bxd EDTA — - ) le; o Lol e

culture vessel and then pour off the

excess. ROUNE PO WE U S AP P
® Place culture in the 37°C incubator Coids 2 sal o( 37 e ol 2 i gl LU s °

for 2 minutes.
® Monitor cells under microscope. 1> geeal Ladis W) fab Ty . g2t o WO 3, @
Cells are beginning to detach when
they appear rounded.
® As soon as cells are in suspension, (suspension) Saladl (3 Coeronl W OF 3259 o
immediately add culture medium . : . <. s
containing serum. Wash cells once il o o st @Al Ll hgp
with serum containing medium izl Lo gy 3y 30 LU
and dilute

9.7.3 EDTA alone/w>9 EDTA

e Prepare a 2 mM EDTA solution Jeey sl CLU Jsls 3 2mM EDTA ol 2> @

in a balanced salt solution (i.e., )
PBS without Ca*™ or Mg"). (ol o psdS 09 0 PBS
¢ Remove medium from culture . ¢
Laall dbul el dleg - i RE R POV i) @
vessel by aspiration and wash the s Al eley o & S
monolayer to remove all traces of .. J_,\ Lﬁf ahy oo W 25l Les] o (aspiration)
serum. Remove salt solution by

aspiration. easl davly < Jsle Al L Ll

* Dispense enough EDTA solution | j . s EDTA e B AlS ase ®
into culture vessels to completely W sty e oo o == &2
cover the monolayer of cells. daas LY alend

e The coated cells are allowed to . .
- Wi . o . . - - . . . .
incubate until cells detach from <3 £ T Vo J of dl e J !

the surface. Progress can be AL el Y e bayshan
checked by examination with an . i i
inverted microscope. e AU sl A Llaly gl bay W i e

e Dilute cells with fresh medlu.m .(sterile centrifuge tube)
and transfer to a sterile

centrifuge tube.
9.7.4 Thawing frozen cells / 8xaall LISl Cuyo

Remove cells from frozen storage .. _{j (| 3 °€ 37 e sl 5 B e L Jit
and quickly thaw in a 37°C i

waterbath. : (Waterbath)

9.7.5 Freezing cells / L)sJl s023

e Harvest cells as usual and wash -J*‘\-Q‘ Lo glly By 30 : 5L Ly i e
once with complete medium. ’

e Resuspend cells in complete cdagll s B3l LI S0 @

medium and determine cell 5U szj 3 JA-«'Y\ 3 Léj‘ LY C”a 5 (centrifuge) .\_;\ ®

count/viability.
¢ Centrifuge and resuspend in
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ice-cold freezing medium: 90% (1()% DMSO) Jomall e 90% - o O jgd e

calf serum/10% DMSO or

glycerol with ethylene glycol , k) & J el jt RUNLITI Jotl

at 10° - 107 cells/ml. Keep cells
on ice.

e Transfer 1 ml aliquots to
freezer vials on ice.

C\als 10° - 107 _iecethylene glycoly S

L WU s

¢ Place in a Mr. Frosty container el st CU\ 89,3 Ji (ahquOt) JjL,J\ e J“ 1 JJJ\ ¢
that is at room temperature and By e (Mr. Frosty) 9 Ll cleg 3 ano (" L]

that has sufficient isopropanol.

o Place the Mr. Frosty in the - Jslsnonyl oo &35 4wS ad dog ol o @33l 3>

70°C freezer overnight. Note:
Cells should be exposed to

.(sopropanoly

freezing medium for as little 0570 J= >l 3 (Mr. Frosty) G 9 Al slog 2o @

time as possible prior to

freezing Lol ioms Oﬁ o g WU s SUUNIN

¢ Next day, transfer to liquid
nitrogen (DON'T FORGET).

pead ks LS 15 il

liquid ) gmondl Bl dl ksl Jl adl 3 @

(3 Y) (nitrogen

9.7.6 Viable cell counts with Hemacytometer / L)l s

dll

USE A HEMACYTOMETER TO
DETERMINE TOTAL CELL COUNTS
AND VIABLE CELL NUMBERS.
Blue is one of several stains
recommended for use in dye exclusion
procedures for viable cell counting. This
method is based on the principle that
live cells do not take up certain dyes,
whereas dead cells do.

e Prepare a cell suspension, either
directly from a cell culture or from a
concentrated or diluted suspension
and combine 20 ul of cells with 20 ul
of trypan blue suspension (0.4%).
Mix thoroughly and allow to stand
for 5-15 minutes.

e With the cover slip in place, transfer
a small amount of trypan blue-cell
suspension to both chambers of the
Hemacytometer by carefully
touching the edge of the cover slip
with the pipette tip and allowing
each chamber to fill by capillary
action. Do not overfill or underfill

HEMACYTOMETER) jegsedl foxz)

Ca U sde 5 L s sde il

o Slsla] 3 Jemid Gl das a daly s 3531 0l

il WU &o e Je g bl ode diady . al) O

LOsk Y A U Ly

oo o deall LA e Gl U dald) LW o @
o 7 1520 el Gl Gl e ol SR
Sl BN Ol e i 98 200 . LD

15-5 —sul 551 5 Jer o b Ll=f (0.49%)

REVIR

aalal) WO e i 1S BT GG e sllaal) 5 @
o wseW Jl (trypan bluey g1 oL~
M= o ala (Hemacytometer) s s sodl
i S ledly daadl Casl e clladl) 4 w3l oL
Jols ) ars o s YOO asl L eyl
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the chambers.

Starting with 1 chamber of the
Hemacytometer, count all the cells in
the 1 mm center square and four 1
mm corner square. Keep a separate
count of viable and non-viable cells.
If there are too many or too few cells
to count, repeat the procedure either
concentrating or diluting the original
suspension as appropriate.

Include cells on top and left touching
middle line. Do not count -cells
touching middle line at bottom and
right. Count 4 corner squares and
middle square in both chambers and
calculate the average

Each  large the

Hemacytometer, with cover-slip in

square  of

place, represents a total volume of
0.1 mm?® or 10# cm?® Since 1 cm?® is
equivalent to approximately 1 ml,
the total number of cells per ml will
be determined using the following
calculations:Cells/ml = average cell
count per square x dilution factor x
104

Total cells =
volume of fluid from which the cell
Cell
viability = total viable cells /total cells
x 100.

cells/ml x the original

sample was removed; %

e
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III. Vaccine Production Techniques: Egg based and Cell based virus propagation

10 Protocol: Culture of primary chicken embryo fibroblast (CEF) cells /
2l sy pus W) ddedl dcl 5l i sSgi 5

10.1 Materials / 5/sa//

e 10 to 12 day old
embryonated eggs.

cen 12 4110 e o mile 2y o

e Sterile 125 ml Erlenmeyer flask Lo i £ . 5 125
'LS“"«J‘ Sl oy O)92 °
with magnetic stir bar. = i & bl s b

* Sterile 25 cm® flask containing ~+ (MEM) (T ! (T S SEE pdre B9 ZVM 25 o
MEM (Minimum Essential o
Medium Eagle) plus 10% fetal calf ) G Joas 0 10%
serum. 7. P TR R

e Sterile 0.5% trypsin in saline A. ST & ) %05

e Sterile 15 ml centrifuge tube . s 0.5 B Set (Rxe sl gﬁﬁ o 15
containing 0.5 ml of serum.

e Sterile saline A i
(":LM LﬁT ol @

10.1.1 Preparation of Saline A / | dlw dclio

Ingredient g/l Saline A is usually prepared as a 10X solution
NaCl 8 and stored at -20 °C

KCl 0.4

NaHCO3 0.35 "

Glucose 1

Phenol red 0.05

Add distilled H20 to 1 litre. Filter sterilize.

10.1.2 Minimum Essential Medium Eagle (MEM) / 4l | ol dclio

Ingredient g/l
CaCl.H20 0.265
MgSOs 0.09767
KCl 04
NaCl 6.8
NaH2POs 0.122
L-arginine. HCI 0.126
L-cystine. HCI 0.0313
L-histidine. HCL.H20 0.042
L-isoleucine 0.052
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L-leucine 0.052
L-lysine. HCl1 0.0725
L-methionine 0.015
L-phenylalanine 0.032
L-threonine 0.048
L-tryptophan 0.010
L-tyrosine 2Na.2H.0O 0.0519
L-valine 0.001
Folic acid 0.001
myo-Inositol 0.002
Niacinamide 0.001
D-Pantothenic acid (calcium) 0.001
Pyridoxal. HCl1 0.001
Riboflavin 0.0001
Thiamine. HCl 0.001
Glucose 1.0
Phenol red 0.011
NaHCOs 2.2

Add distilled H2O to 1 liter. Filter sterilize. Minimum essential medium Eagle is usually
purchased as a preweighed mixture or as a sterile solution. The above formulation has Earle's

salts.
10.2 Devices / 54>/
¢ Incubator ol e
¢ Centrifuge
sl e
e Forceps eis g baile e
and
scissors Js=S o
e Alcool
* Sterile Jelrs (SH ide o
Petri dish o
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III. Vaccine Production Techniques: Egg based and Cell based virus propagation

¢ Hema-
cytomete
rs

Fah gl g @

e Iml and 10ml

pipettes Al o J 10 S o T e

10.3 Protocol

1-Desinfect the surface of the egg ;. || < £ s S igr oo il mla b 1
over the air sac with scissors or ‘ ’ i -

forceps, break the shell. Ldll o 2al) Ay,
) ' £ UeSIl bty Lalll as -2
a3 53 Lalll 5y W Bsb anss

LSl U PP VN |

2-Sterilize forceps by
dipping in alcool and
flaming. Cool forceps,
then peel away the
shell over the air sac

3-Sterilize forceps
again, and pull back
the shell membrane
and chorioallantoic
membrane to expose

slid Conl @bl dw el -3
by sl S slase 5

ok
the embryo.

4-Resterilize the
forceps, graps the
embryo loosely around
the neck, and remove
the entire embryo from
the egg to a sterile Petri
dish.
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5-Using  forceps +
scissors decapitate and
eviscerate the embryo.
the

carcass into very small

Mince embryo

fragment with scissors .

6- Add about 10ml
sterile saline A to tissue
fragment in the Petri
dish,

1 to 2
minutes, and carefully pour

Swirl gently for

the entire content into a 125
flask ,tilt
flask ,for decant saline A.
Discard the saline A.

ml Erlenmeyer

7-Add 10 ml of sterile warm
trypsin and pour into centrifuge
filtrate at 1000 rpm for 10 minutes

and
in 20 ml

,discard supernatant
resuspend the cells
growth medium .
8-Mix well for counting in a
hemacytometer.

N.B: be sure to keep your cell
sterile.

9-Dilute 0.1ml of cell suspension
with 0.9ml of MEM and count cell
in a hemacytometer

10-Adjust concentration to 5*10°
cells per ml growth medium and
dispense into cultures tubes.
11-Incubate  at  37°c

monolayered (6-7 days).

until

Note: be sure examine cell culture
each day ,if the medium is yellow
may need to be adjust by
7.5%NaHCOQO:s .if floating cell are
present or the color of the medium
indicate a basic PH the medium
should be changed.
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