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L. Basic techniques for working with DNA / s 553l jaed! 3 feall gl Slidad)

Overview /aolc b b
In this fundamental
techniques for working with DNA are
trained. The duration of this course is 5
days.

Molecular

course some

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

The techniques learned in this course block

course block is to

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)

ol Sl jan Jo melpdh s @l

A5 5 sl s s syl aed) 3 Jasll
B A Lo sl 5 ) bl LS ] sl pusn
Al o lally Waeally ael) I MR 3 plll e il
Bl L) oy 5 e bl s G O U

J s 3
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L. Basic techniques for working with DNA / s 553l jaed! 3 feall gl Slidad)

Time Table / o)l Jox>

Mon | 8-12 | Theoretical background of the training course and methods, Discussion of the
workflow of the training course / Joa)) |3 axzdlio g (ol & b5 aul s
13 -18 | Preparation of plates for bacteria (LB plates with ampicillin/IPTG/X-Gal, SOC medium)
[ S r s ad
Tue 8-12 | DNA isolation, primer design for PCR / Jodadd 3l el ¢ il e, B e
13-18 | PCR to isolate SRY gene / s S cad) Jja) Lekeacll 501 Jolis
Wed | 8-12 | Agarose gel to check the PCR and isolate the PCR product / e o il BIERNISI
el 51 Jelis
13-18 | Ligation of SRY gene in pGEM-T, Transformation in E.coli and plating (overnight
growth) / Jll I3t a5y LSl ) ks ,ton DL (o) Loy ks
Thu 8-12 Screening of E.coli colonies, inoculation of minipreps (overnight growth) / <le sest 5
I iy S Jiminiprep
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 D e il sl U
14-19

Restriction digest and Agarose Gel, Discussion / 42l , (555, Y) oMbl 5 ¢ UaBYl o an

Required Lab Devices / dglhall jusall <3

Common / S

Refrigator and freezer for the following temperatures:/ 4kz & ) > e iy 3|

4°C
-20°C

-70°C (storage of pPGEM-T Easy Kit)
PCR and gel purification of PCR product / c“—o-U PO ATy fehenill 8 ol ) ol

Incubator / &5\

Thermocycler/ JMJ.M:_U 8 ol J,c\.aj
Electrophoresis device / ()’L@-U @b J@Q\ J,,a_é.j\ J7

Precision weight / 38> Ol s

Ligation and plasmid isolation from E.coli / &5 4 52 éﬂy\ o e DU e by dles

Microcentrifuge capable of 14,000 x g / 84U

Vortex apperature / 4! 9>




L. Basic techniques for working with DNA / s 553l jaed! 3 feall gl Slidad)

List of suppliers in Lebanon and kits/materials / ;o ¢l o8 5,90l dail§
sl90 9 wlcgano

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, 6™ 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: 5027104 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:

DPC leb Horsh Tabet — Sin ElI-Fil — Gedco center — 6t floor - Beirut — Lebanon. TeleFax: 01 — 502812/
01 — 511545. Mobile: 03 —839285. Website: www.dpcleb.com

List of kits/materials from Promega
Ligation kit:

pGEM®-T Easy Vector System II Ezm Al380 20 reactions

Plasmid extraction from E.coli:

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

10



L. Basic techniques for working with DNA / s 553l jaed! 3 feall gl Slidad)

1 Introduction to Theory and Methods /§ )Ja” o4 _,J:‘nJI ol J3x0

1.1 Molecular cloning / (s iaJ/ Flusiiw Y/
Molecular cloning refers to the

procedure of isolating a defined DNA
sequence 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

and

such as promoters, non-coding
sequences, synthesised
oligonucleotides randomly
fragmented DNA. Cloning is utilized
in a array of biological
experiments and technological
applications such as large scale protein

production.

chemically
and

wide

In the classical restriction and ligation
cloning protocols, cloning of any DNA
fragment involves the
following steps:

1. Isolation of the genetic material

(DNA or cDNA) from the donor

essentially

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 needs to be isolated.
Preparation of DNA fragments for

‘cloning

Bl bdes dje et A1 bl sl iy
L STy el @ a o Bae o Jpadly Sl
o ol e 3t Bl s dislal F L) pdsiy
idS” o (promoter) j+ S U o ikl (of aislial
2% "WleS sn.(non coding sequences) o, O3>
Ul wlas 4 ( oligonucleotides ) iy sdS™ i LIS
el 3 ety JSs plamal plin. ot JStn
25 s g Joe de S Sligkdl e
ek

iy o 3 Bl abdll foo sy akil NS5
JoU G e e el Ll e, 2SS
A

BW S e (cDNA By ket 515l J5e 1

tieliae 5 S 5 a0 adail @5l dauly U bt 2
el e G el AT 5 b e Ul ol A dols
(vector) e DU wo Ul wlas oo 5 3

(2hsF e e B s e DU o) a4
e\ e D

S o R VRSN S C NP P (S e
P B N L s |
ol gt Aime Olider Lo Mblae) ddz L Lot
S L) dnl >

251y 500 b aakas e

0S5 OV s Lslezmal A o) Bl dsdade Rl 3
e 3 O (Sa Lt B wlas ad d e
Lok oo en b "W B adsd g L ailed) 8B
Ny (SSEPCR) Joobedl) S ) Joli>> 00 O
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with DNA / 553 jaed! 3 leall deleY) olidad)

cloning can be accomplished in a
number of alternative ways. Insert
preparation is frequently achieved by
means of polymerase chain reaction,
but it may also be accomplished by
restriction enzyme digestion, DNA
sonication and fractionation by agarose
gel electrophoresis. Chemically
synthesized oligonucleotides can also
be used if the target sequence size does
not exceed the limit of chemical
synthesis. Isolation of insert can be
done by using shotgun cloning, c-DNA
clones, gene machines (artificial
chemical synthesis).

Ligation (3.)
Insert

}

Godll AT 5wt 5l bl Aoty oo Of "Laf S
et Al daul g v.@.u,ﬁj Ll (ultra sond) & 5.2
.(Agrose gel electrophoresis) (s 3,V Sl S S
A O 131 "Lyl lenzul 5 "Wl olginucleotide JI z4# S
J5o oS S A e BV A gl ¥ a5 )l Al
e AV Flamal plasunly oz O (S Bl Gl odas
(ar FenS S ) o) VT 5l cDNA - #Lezaly

3) b dhes

—— restricion —_— Ligation

=

—

figure 1.1 .see plate 1 for color

version./ & g dsewd T dondualt il 1.1 JSCad)

Transformation (4.)

Following ligation, the ligation product
(plasmid) is transformed into bacteria for
propagation. The bacteria is then plated
on selective agar to select for bacteria that
has your plasmid of interest. Individual
colonies are picked and tested for the
wanted insert. Maxiprep can be done to
obtain large quantity of the plasmid
containing your inserted gene.
Transfection (Putting vector into a cell,
which is therefor transformed)

Following ligation, a portion of the
ligation reaction, including vector with
insert in the desired orientation is
transfected into cells. A number of
alternative techniques are available, such
as chemical sensitization of cells,
electroporation and biolistics. Chemical
sensitization of cells is frequently
employed since this does not require
specialized equipment and provides
relatively high transformation

bl ddes

S S ) gl ey s o oY) ) ks
o ASS y end s J syl 1Y) e Ll &
ng_aj L ,latl g Lsylas) o Lo 4l ole gastl i DU
pdsind O SsMaxiprep  J1aslell aseeand) G
Sl o S5 N o 58 B o J gl
- doezd) Bl akas

B N e T v g) Ry v [ WV
(

oo BUJbesle b ) el r et a5W10 Ly adee
WU A Jal Ol s gl (3 dseizad) L) aas
Wl bl oy Ji053 55l Sl o el dlia,
&23-(gene gum)biolistics 5 U 45 il "Ll
o VAV Jertew b UL e LS L |
izl Al s Bl Ml g Lawesie Oldas
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L. Basic techniques for working with DNA / s 553l jaed! 3 feall gl Slidad)

efficiencies. Electroporation is used when
high
efficiencies are required,
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 cells are cultured.

extremely transformation

as in very

As the aforementioned procedures are of
particularly low efficiency, there is a need
to identify the cells that contain the
the appropriate
orientation and isolate these from those
not successfully transformed. Modern
cloning
markers

desired insert at

vectors include selectable
(most  frequently
resistance markers) that allow only cells
in which the vector, but not necessarily
the insert, has been transfected to grow.
Additionally, the cloning vectors may
contain colour selection markers which
provide blue/white screening (via a-
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 accomplished by
means of PCR, restriction fragment
analysis and/or DNA sequencing.

antibiotic
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Transformation

vector
with bacterial cell
insert
bacterial cell
putting on LB plates with l
4 antibiotika
[ .-______i_ ° = q_°_____~ Iﬂ--—_______
building of colonies no growing

Y Oo00O
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Figure 1.2: Transformation and
selection see plate 2 for color
version
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1.2 DNA Igw /S99l ysas

Deoxyribonucleic acid
(DNA) is a nucleic
acid that contains the
instructions
the
and

genetic
used in
development
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
instructions needed

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

to construct

purposes,  or
involved in

are

regulating the use of
this genetic informa-
tion.

Chemically, DNA consists of two

10 Burar prasrs

figure 1.3. see pate 3 for

color version

1 ghe B 3 ol il 1,3 Sl

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
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sequence of these four bases along
the backbone that
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

encodes

transcription.

Within cells, DNA is organized
into structures called chromosomes.
These
duplicated before cells divide, in a
process called DNA replication.

chromosomes are

Eukaryotic organisms (animals,
plants, fungi, and protists) store
their DNA inside the cell nucleus,
while in prokaryotes (bacteria and
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

Gk oo w8 B B S 5T 0 S0 85k Sl il
b oo AU Sl S 305 S0y el e
S JSor o oy ) Al U s Rl
St Jel 05 S0 5,0 Wbl sl o lie sl
S S Jb e gl del ) s ey L L
2l W e Sk ol il 5151 G £ (3 s 5l
Uy Lo o ot o LoSm M3 @y WU g i) 21 ol
oy (god s 3 Rl 555 o 520 LA G Ll
ihlie Al olel 1) 21 A2 5 ooy transcription gewd)
o9 BE g ) Gié-’d translation & 3 iles D>
U ol om0 3 g U)ol ,add a5 o 0 6,200
Sl g N1y ribosOmes Wlogu s Sl o LS 5 3 s

.spliceosomes
Pl 1) Sls g gy S ond OS5 (3 AL s L) oz,
el Sy b 00 st 3 Slosesey Sy (Rkea)
B aled) 8 L@ all ol bl (ss2)) Genome
Replication Ul Caslian 3 n b lo g go g S Casliay
3l Slad> (35 prokaryotes ¢l ok e ST 3 U5 4y

. eukaryotes

1.2.1 Comparison of different genome sizes/agiusJl als| glgil Calisw ou @, lio

Organism

Virus, Phage A

Bacterium, Escherichia coli

Plant, Arabidopsis thaliana

Genome size (base pairs) Note

50,000

4,000,000

First plant genome sequenced, Dec

157,000,000 2000.
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Yeast,Saccharomyces cerevisiae

Nematode, Caenorhabditis elegans | 98,000,000

Insect, Drosophila
aka Fruit Fly

melanogaster

Fish, Tetraodon nigroviridis, type
of Puffer fish

Human

Note: The DNA from a single human cell hasa 1 g
length of ~1.8 m (but at a width of ~2.4

nanometers).

385,000,000

20,000,000

First multicellular animal genome,
December 199811

130,000,000

Smallest vertebrate genome known

3,200,000,000

s a1 oLy s 3 bl b aly
(b 2.4 Y oo Sy e

1.3 PCR (Polymerase chain reaction) /cfusluio// _)/)wf}lf/ Jeli

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

PN R VN U Ry JON R VAT

AL CuE d e des & -PCR ,La=l 5 (reaction

Polymerase chain
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polymerase, such as Taq polymerase,
an enzyme originally isolated from
the bacterium Thermus aquaticus.
This DNA polymerase enzymatically
assembles a new DNA strand from
DNA building blocks, the nucleotides,
using  single-stranded DNA as
template and DNA oligonucleotides
(also called DNA primers) required
for initiation of DNA synthesis. The
vast majority of PCR methods use
cycling, ie. alternately
heating and cooling the PCR sample
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)
template during DNA
synthesis (at lower temperatures) by
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

thermal

used as

region for
cycling conditions.

Developed in 1983 by Kary Mullis,
PCR is now a common and often
indispensable technique
medical and biological research labs
for a variety of applications. These
include DNA cloning for sequencing,

used in

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.
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Figure 1.4: A strip of eight PCR tubes, each
containing a 100l reaction

1.3.1 PCR principles and procedure / Judusiall b

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

oo w100 Js g S (6 s ASaatly bl 1.4 JSS2d)
PCR J-FUIJ a3

soldl Jelis wlel )2 9 Sl

o o3 Ak el fededl ) s Jewns

Do ey Aty e fedens ) 0SS 01 S LI

Sl 3l Jolis G b 357 035 okt S

o2xd) 3 10kb ) lad Ul ddelias lo Lo L bole
ot (3 40kb ) Y

N Figure 1.5: A primitive three-temperature thermal cycler for PCR.

Al

57 Modern ther
AT A dyad
ity g dilas

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

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

mocycler are closed and programmable / 1.5 JS-J“J‘
Ll Jdgyl o Oy g8 SN g i) fudansl) 3,01 ol

b Sa s eole s ) bl el slus) e,
Zﬁ\.;:.“ o..\.a‘}.«.ﬁiﬁ
delaal) 2l Bl ki Je @) s 5t Ll LJB

Two primers, which are complementary Ul aikail dlaSS 2 o)) (B toalg) wle 2l o O

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

G e I W WELL - BV S

region. dze T & ST o ey SU Jee Gl 51 e o (""};T

A DNA polymerase such as Taq
polymerase or another DNA polymerase
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with a temperature optimum at around
70°C.

Deoxynucleoside triphosphates (dNTPs;
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
Mn2+
rate during DNA synthesis

Monovalent cation potassium ions.

The PCR is commonly carried out in a
reaction volume of 10-200 ul 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

concentration increases the error

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
current. Thin-walled reaction tubes
permit favorable thermal conductivity to
allow for rapid thermal equilibration.
Most thermal cyclers have heated lids to
prevent condensation at the top of the
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.

reaction
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1.3.1.1Procedure / wlel )2 Xl

Figure 1.6: Schematic . .
drawing of the PCR ) 5
cycle. (1) Denaturing “'f'.l.'.‘ Jenaturation

at 94-96°C. (2) % ¥
Annealing at ~65°C (3) t

Elongation at 72°C. j

Four cycles are shown * iZiAnnealing g
here. The blue lines e
represent the DNA ‘. Eloncation

template to  which - )

primers (red arrows) — )

anneal that are L 4 (L

extended by the DNA 4 +
polymerase (light —_— —_—
green circles), to give e 12 &

shorter DNA products HE—— : -
(green lines), which : .
themselves are used as o m =
templates as PCR . ¥l ,
progresses. The PCR —— = J
usually consists of a M . —
series of 20 to 40 & Dodin
repeated temperature —_— e
changes called cycles; e —
each cycle typically ; . _—
consists of 2-3 discrete JE— ;;.
temperature steps.

Most commonly PCR is ¥

carried out with cycles
that three
temperature steps.

have

| & sho A5

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

Exponential growth of short product

S RUNPENE g 1.6 e
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94-96°C (or 98°C if extremely thermostable
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

seconds. It causes
hydrogen bonds between complementary
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 on the
DNA polymerase used; Taq polymerase
has its optimum activity temperature at
75-80°C 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
optimum  temperature, the  DNA
polymerase will polymerize a thousand
per Under optimum
conditions, i.e., if there are no limitations
due to limiting substrates or reagents, at
each extension step, the amount of DNA

bases minute.

target is doubled, leading to exponential

(A Sadsd gzt #1372 98 ) " 96-94
G L led g s al U eds L s 9-1 sl
et e 1 Jels 2ol () - Lt ] B2
e ead G LV a0 s Bl daed el i
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R
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(geometric) amplification of the specific ;) i .5 OB W sk ST, gy SIS e

DNA fragment.

Final elongation: This single step is hslan

occasionally performed at a temperature of
70-74°C for 5-15 minutes after the last PCR

74-70 e Ul o5 5amly Al o o 1 Sl e

cycle to ensure that any remaining single- Sedsdl dels 3 5,40 1 s aads 15-5 :4° .

stranded DNA is fully extended.

Final hold: This step at 4-15°C for an <34 Gl Ll eldas &= of e Sl el
indefinite time may be employed for short- .
y ploy Ly L

term storage of the reaction.

Figure 1.7: Ethidium bromide-
stained PCR products after gel
electrophoresis. Two sets of
primers were used to amplify a
target sequence from three
different tissue samples. No
amplification is present in sample
#1; DNA bands in sample #2 and
#3 indicate successful
amplification of the target
sequence. The gel also shows a
positive control, and a DNA
ladder containing DNA fragments
of defined length for sizing the
bands in the experimental PCRs.

s 5 % 154 e 1 M sdn o5 rasldl )

i) gl S Jeldl oy Saas

Aoy deny oYU ekl 5ol ol e 05k 017 JSC2)
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e st @l Ll s 5 5 (positive control ) gl Y) Sl
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Figure 1.7 / 1.7 JS=0

To check whether the PCR generated ;_j Cb'g el s bl 5 ald) Jolis 087 13 Lo gaml
the anticipated DNA fragment (also
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sometimes referred to as the amplimer
agarose gel
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
molecular weight marker), which
contains DNA fragments of known size,
run on the gel alongside the PCR

or amplicon),

amplimer or W e Gl Lol Lay LS) abydl
A 65N S JU S Ladll pusis | (amplicon)
055 wdley Ll walay adylie 5 el Gl Jlad] qon>
G 5 Lgmleie Dyl Bll o pdab o ey o) (27
Jrokeesl) 5l Jolis e Bmnl) Gl 3L oo S S Lows

(1.7 e sy

products (see Fig.1.7).

1.3.2 PCR stages / Juluioll 5 0ldl Jels >l 50

The PCR process can be divided into
three stages:

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

Levelling off stage: The reaction slows

very

as the DNA polymerase loses activity
and as consumption of reagents such
as dNTPs and primers causes them to
become limiting.

Plateau: No product
accumulates due to exhaustion of

more

reagents and enzyme.

e 3 AL kel 8 el alae i S

ieS (el 1( exponential amplification ) gwty\ daslas
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1.3.21 PCR optimization /Jio 3| Juulusioll 5 ,0ldl Jelss

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 PCR products,
thoroughly cleaning the work surface
between reaction setups. Primer-design
techniques are important in improving PCR
product yield and avoiding the
formation of spurious products, and the

of and

in

usage of alternate buffer components or

san) iy OF Judedll 5ol lelad - Sojan Ll 3
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polymerase
amplification  of

enzymes
long or
problematic regions of DNA.

1.3.3 Primer design / & i)l asousi

can help with
otherwise

C gk e STl

For PCR there must be designed two o Al Sl el Bl tonlg o O awensd 2

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

how to do this.

(primers).

(SRY - ) ) 3 () Jadlly leall s il aorl ) Elliab

1.3.4 Application of PCR / Juusiall 8 ,eldl Jeli guls

1.3.4.1

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

selective

probes Southern  or  northern
hybridization and DNA cloning, which
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

require

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/g\.og.i,p_” §33JJI uAn>J| .J)s:

Bl o G s gy Jkedl) 5l ol ey
dodal) Wlenzal (3 515 84t 8302 it deliaf o sid
generating ) owegdl Olidd Ay Ja 3kl .

Lol y gl JU2 sl & s ( hybridization probes
Alate 8,65l ot g 88 BeST M ) 5 L
) Bl e Ale B8 B ada 355, LWl e 302
sl 3 8o a8 53 OIS 0]y il Ss ol

Jets Judedll 5l el e 2l i dls
Joddll 3l o5 o geine ks gt Gl ks
Lt adslal o ol sl b o Sa ) g Oy ne sl
Jdes J5# " (sanger sequencing ) Al fuded s
3L s o Gl b 2 (3 g W (31 et
o S e &, 9 830 5 DU s Gl Ldles
el Jels 3 (Booli) LS oleget adnas
BeaST 8345 s Bl e oo DU A ey aig OF Judl
.Gl
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Figure 1.8: 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

\

Bl ) LS i 1.8 e
S (1) el 5 ald) Jolin wielall
o et JB R 3y i (2)
L o 5 AV e 1 Sleal)

P

gl s ey 4l 13,

parents, giving it a new,
unique fingerprint.

1 2 3
PCR may also be wused for genetic

fingerprinting; a forensic technique used to
identify a person or organism by comparing
experimental DNAs through different PCR-
based methods. PCR ‘'fingerprints'
methods have high discriminative power and
can be used to identify genetic relationships
between individuals, such as parent-child or
between siblings, and are used in paternity

Some

ezl =Y L)l ot dcll 50 el
Ll Pt o esall L ad Cas 1))
Fp e U JSN W Y PSR PR NEPVAPE: PRI
o eV e 531 o aad) SN il Bk
38 L) 3 Ll pns p a8 o f il

S oy S ad s j (1.8 Jﬁ.ﬁd\)

testing (Fig.1.8). This technique may also be
used to determine evolutionary relationships
among organisms.

L

1.3.4.2 Amplification and quantitation of DNA / S 9ill A0l xS aasi g daclse

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
old. These PCR-based

successfully used on

forty-thousand-year-old
also on human DNA,

thousands of years
have been

such as a

techniques
animals,

mammoth, and 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 PCR

amplification.

after each round of

26

bl Caslay Judedll 5l s O
Spre Olps pldsinal LISLL LAl e 45l
Al o adl Gl @ Ay g s, Ll
Ao ) 2l SISl s ekt e T
Jel) sl e el ONT ol i e
Slasdl o 5 1w L1 40 die (oA )
Ay 2l

S Lid 3 Jededl 3l ol G b s
G 2l 2 Al el ST a5 3 L)
ol = sde dpisd asls W1 ) aal)
i 3T oladl RT-PCR. sl 2801 )
oo b U5 el 3 WSTA G alS
el B el asliae oy g



L. Basic techniques for working with DNA / s 553l jaed! 3 feall gl Slidad)

1.3.4.3 PCR in diagnosis of diseases/ubbom vl ¢ Jauluusiall 5)n1_1.|| Jels

PCR allows early diagnosis of
malignant diseases such as leukemia
and lymphomas, which is currently the
highest developed in cancer research
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
microorganisms such as mycobacteria,
anaerobic bacteria, or viruses from

slow-growing

tissue culture assays and animal
models. The basis for PCR diagnostic
applications in microbiology is the
detection of infectious agents and the
discrimination of non-pathogenic from
pathogenic 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
detection may give physicians a
significant lead in treatment. The
amount of virus ("viral load") in a
patient can also be quantified by PCR-

based DNA quantitation techniques.

1.3.4.4 History / g, Ll

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

gl e e mdl B SN asndl aa
R SV 2O CS PN R N e BV N IR R A PPN
o) el bty Jooaod) 3ol el L ) Sty Jemted
W e aaSU osnd) Bl ol Jo 8,00 Al
c 62N G s 10000 Je 5 dnlas and
Bk S dtos Lyl ey dedl) 3,00 el
ol lall o ) sl azlel G ael 0 alB el aasdl
LS o
)z oo s s (@naerobic bacteria)
Sl 3 Gl L il o 2T 23 e ol sl
o A e e @ bl S ety et
ke sl ST ey Gatall s e Sl
Bna S oS4 S Bl YL

Aoty gl s et e aSd Ss llisT
G ol wle il alsanl Laled) 500 el
el (Sey v gl Jaed) e el (it 5302
Uy Joded 5l rzezd) W) Ladedl) 5ol el
kel 8 ) el e B Balad) g il gl
3 o g Gl el Sy A g ) SG es
G 6 bW Jan 5 SU Sl s 5 o M b
A OISl B adn S e Linly L 2 3 S
(2 G (e g ) B2l g dll 2aST

251 ) (mycobacteria)

lS Bl A A L ol Az e 1971 i
Jos il b U5l cdos el 3 95 5 (Kleppe)
g ) me il LAl B S @531 (3 W s
S gl OB S ae g (el ) el

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

ks g o) Sl Jelid 1983 i (3 5o
i b ol S plesa) e ot |51 ad sl Jolis
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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
replication cycle. The DNA
polymerases initially employed for in vitro
experiments presaging PCR were unable to
withstand these high temperatures. So the
early procedures for DNA replication were

each

and
amounts of DNA
handling

inefficient, time
large

and

very consuming,
required
polymerase continual
throughout the process.

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
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

from T.

automated
DNA

allowed an
for
amplification.

At the time he developed PCR in 1983,
Mullis working in Emeryville,
California for Cetus Corporation, one of the
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

was

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

e s Bl et s @5l s el 8 Jelis
Gl et 25lal) %2 90 o 8T e 2 5 Lo Lanl)
kel 8 el 0 853 ST A 9350 (39512
s Jod e San b @sW s B 3 &7 Y
4B S5 aead 8 SCA ke o Y1 L s M1 ) A
o S RS s, gk By Sy, Al S
e b Meddeall JYt 6 ez ddlae 5 Bl ) e
Sled s B0y W 5 el ey OlesTy
) W5l LSy e Az ) (polymerase

ixy> e em &> (thermophelik bacterium

taq

¢ bl wsl o (Cp 80 ) 50y e 51~
s bl dnl o dw o fom g ) 8 el
U5 Bl e s 83k ) ) o s ¥ UL
byl ol sl e bl oo 1 3500
L) 4.8 aaelal

1983 & Jodedll 5 0ld) folis @ 5y (ol w341 3
5 okd B0 3 LS WYy & Jen e O
O U C TP AT PR
sl xS 5 5 peedll G aym@éy%;w o
L OV V2 N ST C O e, U RSO W g P R v
wnd 3 Sy OIS 5L @ ke (3 8dy A Gl L2
et 3 (k) Sl e s 1 b e
ailane (of aaslal 14 b g ) 6 ol 30l ae (g5 44
a5l sk Bl g2 Y) o 8) Sae 50 D L) s
Ll 5l e o

sy ) Adasll sds edse sl Gl Sl
Jos sy £, S0 G s e dsly a4
502 alie Lap bl 100wy Jdodl 5L
SO e Yy il g n Jelad e, glal) uy
sy Bl sl S e R L] LY il e
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in 1993 for his
invention, seven years after he and his

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

1345 Patentwars /gl gl i) del

The PCR technique was patented by
Cetus Corporation, where Mullis
worked when he the
technique in 1983. The Taq polymerase
enzyme was also covered by patents.

invented

There have been several high-profile

lawsuits related to the technique,
including an unsuccessful lawsuit
brought by DuPont. The

pharmaceutical company Hoffmann-La
Roche purchased the rights 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 / glaiY/ clay 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

29
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enzyme makes two incisions, once through each
sugar-phosphate backbone (i.e. each strand) of the
DNA double helix.

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

e 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 / &8 Xl g8l g0

5'-GTATAC-3'
AR

3. CATATG-5' as it does on the forward strand

Restriction enzymes recognize a specific o
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. The
meaning of "palindromic” in this context is
different from what one might expect from its
linguistic usage: GTAATG 1is not a
palindromic DNA sequence, but GTATAC is
(GTATAC is complementary to CATATG).

LSS Jelid) o debey 1 G5y 15
Ly, abi @50 (endonuclease) LIS 5 54
LS gl b e ] (53 s A
S s sV e g 5 m g W] @l L) s
g LYl el danly szl 2 A1 i

il ¢ Loy G ol Ul Lt dynd
B ol beds aad) el S Bsad w310

g Byl oY by, 1 Gl

ol gy ijm:l\ Ll bk o2 t\,ia&‘w Es
g LYl @5

S sl L) DE il a0 B i)l

Lo

A palindromic recognition site reads the same on the reverse strand

S ik o L S ey oy A58

S

G pr gl Sty i a2 kol O G
o D g S0 06,058 00 8 5 4 Cn k)
bolae) D ko oo oSl 5 (g3lasYl g )
N Y AP
S Wl agdl o 3 GTATAC e

IV ASas 1ad) 3 2 o)) CATATG

g|AATTC

CCCGGG
GGGICGCC

EcoRI digestion produces "sticky" ends
i J 44 = EcoRI § WYl a5

Smal restriction enzyme cleavage produces "blunt" ends

531> B4 = Smal ¢ ey el

Recognition sequences in DNA differ for

each restriction enzyme, producing

LYl @3V e B sad) Ll el

differences in the length, sequence and ('3 jT '5) J«-l-w"” 4 o 9 ,JML«"J‘ J sb ,C-’O"-"Ml‘

strand orientation (5' end or the 3' end) of a
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sticky-end "overhang' of an enzyme
restriction.
Different restriction enzymes that

recognize the same sequence are known
as neoschizomers. These often cleave in a
different the
however, the specific type that cleaves in
the same location as the prototype is
known as an isoschizomer.

location  of sequence;

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

1.4.2 Enzyme classes / uln.u)ﬁ“ &_|3J[

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/Jg3l g il

Type I restriction enzymes were the first to be
identified and are characteristic of two
different strains (K-12 and B) of E. coli. 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),
hydrolyzed adenosine triphosphate (ATP)
and magnesium (Mg?') 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 important for specificity of cut site
recognition addition
methyltransferase activity

in to its

L5 lS o s IO e wdll e Ll LK)

Y e 3oy a1 aled)

Sl s e e midll g UasYl ol
a1y U0} VI.( neoschizomer) j 35S s & 2 a5
T g1l Sn Sy 2al2 w30 @ Jododl) wlaks Lgis
pasSanpl 8 O Jeded) & S s 3 o

(isoschizomer)

&
(DNA methylation) ¢ sl aa! 5

QI ¢ sy g1l 3 ) ¢ syl olopl Caas
Gk aeld) @3 Bkt oy L SO
ko) (3 L) w350 O, oplall L)

;.)j.Ue.U

el 5 Ohe @l g eyl olpl e JYI e
dSY or (K12B) il leded ailas
Bony Blon oy adl w3lse (3 alai leY) ods,
By al gl e e (1000bp S o)
SPNICSSONG C AP HM TV AN T
5-4 s oW 5 a5 43 Je s
o ard) A5l 5 86 Bl phadis 45,0850
S-Adenosyl methionine ez (s delld) 2 5Y)
adenosine | sf yydd adsiey |, (AdoMer
e vz (Mg™) ¢l O gl ,)ATPeriphosphate (
HsdR, o5 ol 5 3 e ¢ sl olopl oo ¢ 4l
A al) ) il pasens (1Y) HsdM, and HsdS;
Ot pdsns Al 5, Caned) UL (3 e e past
Jell 834 s wdaild sadl w30
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1431 Typell/ bl gl

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
class, subfamily
nomenclature was developed to divide this
large family into subcategories based on
deviations from typical characteristics of

enzyme and new

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
the efficiency of
cleavage. Similar to type IIE enzymes,

improves enzyme
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
(Eco571) 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
distance from their non-palindromic

restriction endonucleases

Al tjﬂ\

oAl s Bbsae 3 Vg s e g Vs il
e a2 8 ole ggh sud) andse Ll L Sus
35 84 Wb 5 WSH sl g )
phoi ¥ gp g Wl i 3wkl LA e O
sl 0nY s oSy, Josd ATP or AdoMet
ol dsles” a2 (Mg™)
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ol oles) ¢ 2000 »a @ 5 1990 wn ¢
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el Bl o et Ul SV s S gl 8
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Sl o it o Ll Joliy Y slm g ¢
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it Sy 3y sy el Eco571 e (type-1IG)
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.( methylated DNA) psdall alady 22l 56 Dpnl
B (3 L) mady FoKT Joe (type IIS) 1=l ¢ 5l
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asymmetric recognition sites. These a —al ¢ S e (dimers) (i ST ol J.jfy\ oa
enzymes may function as dimers. ) .

Similarly, Type IIT restriction enzymes s>y = <y ¢l Bsll 5 BpulOl Jis (type IIT)
(e.g., BpulOI and Bsll) are composed of o
two different subunits. Some recognize e

palindromic sequences while others have of > (3 L,,.&_c P L,L..&\ Ta Oyl J OO | R

asymmetric recognition sites. . o 3 _—
(e g Dy me 1By e SV anll

1432 Type i/ Sl g gill

Type III restriction enzymes (e.g. EcoP15) Ny nhain 5 e O an @l EcoP15 i
recognize two separate non-palindromic )

sequences that are inversely oriented. They cjﬁ@ LS a F-INT-NU LSs 5 Llae) 0T 5
cut DNA about 20-30 base pairs after the < . )

S ey | oy Lo Ay 20- |
recognition site. These enzymes contain more ~ ) CU& S S + 20-30 bp “; >
than one subunit and require AdoMet and & 4> & sdsluwed) ATP 5 AdoMet by 5 60> s
ATP cofactors for their roles in DNA . i
methylation and restriction, respectively. ol € oy p sl B35

1.4.3.3 Nomenclature / QL;M.‘N

Since their discovery in the 1970s, more than 100 1()Q o ST oS i 1970 aw o
different restriction enzymes have been identified in ’ )

different bacteria. Each enzyme is named after the & als =) 3,08 el (aliz el ﬁjﬂ

bacterium from which it was isolated using a naming ) o et LS, sus
system based on bacterial genus, species and strain. < T 7 PR

For example, the name of the EcoRI restriction cd j{ u'<4 ﬂ\!\ ‘)L.a L j_&.J\
enzyme was derived as shown in the box. T
E Escherichi  (genus) EcORL: bl y Lgs 5
a
A ] g
Co coli (species) e
S ey
RY13 :leds
R RY13 (strain)

IV NN r:;i!\ o JaY ij\ e il

Nan-|

I First (order of identification (2™
identified in the bacterium)

1.4.4 Restriction enzymes as tools / <) g3l £ U8y cilay 3l

Isola'ted restriction enzyn.les are us.ed't'o 3 L & Jobedll paszas aly 5all wa ol J._;T
manipulate DNA for different scientific B
applications. Cb Jbesy sasllll & L@T;.Z\#,.L’J\ Olaghadl Calz
They are used to assist insertion of genes into L . . . " .
plasmid vectors during gene cloning and 5 o) Bles Pl e S e o
protein expression experiments. For optimal .. ;) ,J;ufy\ alsen ) A eemdl O )
use, plasmids that are commonly used for
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gene cloning are modified to include a short
linker sequence (called the multiple cloning
site, 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
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

specifically recognizing single base

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/ Jli'.ol

Examples of restriction enzymes include:

Jeid daen old) slezd 3 Ylend S
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G Jobed A Bl 05 Bl it A psny
Ll dot s foads 5 @50 o dial) ads L ol
e 5 S L pel) S oS el e
i)l WL 3T B S e LAl
oo sty Ak G W OSG4I LT g e
Caskl i LI sde gla U s Gl
£ UaBY) datl o ol3 e Jles 83 W

bl abaid ¢ Byl olepl posnns , ble 3
.(Southern blot) < O 5 s ol Al g o gkl
O G ods B et il coer B ods
0 O B P N | P UK I R PN
st Jee sl (il Ul e
restriction fragment ) adl s> Jsb IS8 suw
.(length polymorphism

iy wadl) olest e
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Enzyme
5;%
EcoRI
EcoRII
BamHI
HindIII
Tagl
Notl
Hinfl
Sau3A
Pooll*
Smal*
Haelll*
Alul*
EcoRV*
Kpnl9]
Pstl(29]
Sacl2
Sall?]
Scall29
Sphli’]
Stul 130131

Xball9]

Source

el
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

*=blunt ends .31 4lgl

N=CorGorTorA
W=AorT

Recognition Sequence

S J.M.L.«.:.\\
5'GAATTC
3'CTTAAG

5'CCWGG
3'GGWCC

5'GGATCC
3'CCTAGG

5'AAGCIT
3TTCGAA

5TCGA
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
3TCATGA

5'GCATGC
3'CGTACG

5'AGGCCT
3TCCGGA

5TCTAGA
3'AGATCT

35

Cut
é\h.‘:é:ﬂ\ é}.ﬁ
5---G  AATTC---3'
3'---CTTAA G---5

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 G---5'
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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1.5 Cloning vector / &leudicad/ <L

¥ Figure 1.9: The pGEX-3x plasmid is a popular cloning

Fromoter

Protein b‘nding
glutathione S-transferase

4000 hultiple CIonin%SDli:|

lac repressor PGEX-3X
4952 bp

bla promoter

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 and
bacteriophages (such as phage A) are perhaps

most commonly used for this purpose. Other

plasmids

types of cloning vectors include bacterial
artificial (BACs) and yeast
artificial chromosomes (YACs).

chromosomes

1.5.1 Common Features /&S o)l <lawll

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 commonly used
promoters are T7 promoters, lac
promoters  (bla  promoter) and

cauliflower mosaic virus's 35s promoter

36

vector. See plate 5 for color version.

e U 2o et g pGEX-3x e Ms 1.9 e

ke B B i)l

Sprall LAl ald B 3T b lesaYl oS6U
R PRSP P DR P I R i il el 560 )
henio) ) g LBy Slepl i danly U
LY AL e g e ey Ul Iy
43 phage A <Ll E:j‘)) el s DU
ST gl Sn el Wb Ym0 0,
Slgjps S Joti Flemayl SN
oYl wlogisay STy xS ellsy)

.S i)

G By S AME & ) LYl ONL ans
A & bl Glai 3 aoly Lpaldoin) e
Ok $SE ) pa VU oAb e I el )l 2L
Joo (@agadl ald ) Gl k) s e
g5 B3l s e (5,0 s el 3 (Sl LS
i) 8 e of 0SS O JadlI e ) 5 el Gl
3 7-o Jaie o bgd S LSl (promoters)
355 ass 35 Jatas (lac promoter) JY s
cauliflower mosaic virus's 35s )Gl YEL Ll
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with DNA / 55 jaeadt 3 feall it Sli e

(for plant vectors).

To allow for convenient and favorable
insertions, most cloning vectors have
had nearly all their restriction sites
engineered 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
[eg. beta-lactamase (see
figure)] is often carried by the vector to
allow the selection of positively
transformed cells. All plasmids must
carry a functional origin of replication

resistance

(ORI not shown in figure).

Some other possible features present in
cloning vectors are: vir genes for plant
transformation, intergrase sites for
chromosomal insertion, lacZa fragment
for a complementation and blue-white
selection, and/or reporter genes in
frame with and flanking the MCS to
facilitate the production of recombinant
proteins.

.(promoter

oo S oL Ay aladll bl wdas wslol L)
zoA fedigdl g Bl @l ma ole L SUE 6L
54 ) ) Bl Basie 5 L) 8 5e il s Lgie U
BLob 5 lazwYl @3l ge peend, ¢ LBY) wlgn p dell e
ceadll Y (3 ey a sl g d gllall BB e Bl
beta-) st ohbladl Lol e [l oldle dla
Cnpea G el BU e L:LAL'; &) (lactamase
S i) 1 sl Jost O e 3 ot e Ll
(S & 2m d oS ORE: )

e LRC> U ISP (R SN UEJES [ RCH DU ey
Sl @, S Jd (vir gene) b Sl
Wi 515 4y s, @l ses S 83050 (integrases sites)
S, 2V s 35 sl o e s WHaAlSd (lacz a)
Jeted) Lozl wilsn @Bl e mag 5] 3 5 ped) Sl
Al 5l Sl g ) 7 ] Akes

1.5.2 Screening: example of the blue/white selection / o=/ 3,¥) sl JLEa) Ao Jla 1 i ad)

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
is the gene coding for E. coli f-
galactosidase, whose integrity can easily
be detected by the ability of the enzyme it
encodes the
colourless substrate X-gal (5 bromo-4-
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 $-galactosidase prevents the
production of an active enzyme. If X-gal

to hydrolyze soluble,

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.

el fess Pucl9 oo dsle Jeadl oL e sl
s 5wy ivzadl Gl alad 5y e S
SeAY P o e Ll SVl
JLoST] gy O gmcdatiny cpdll (o sl 5SS 1y 24153
NN PIRINEEUES NS EESpRe LN
Sogal-xd! 855, sy Uy Jen Vol sl
L .(bormo,4-chloro,3-inodolyl-beta-d-galactoside.
(5,5 -dibromo-4,4"- &, ;¥ Ol Jasd OL o) LG )

bl BU e Bl e alab + Lz dichloro indigo)
O™ BLJwe @5l 2] e S eSE — e )y
Yl Olegoml )Y dmin jlex| & = x-gal
£ 150 Ll U geaizadd Bl S o 413 25 055

O elay Ole sadl sl 0,58 4 gt

37



L. Basic techniques for working with DNA / s 553l jaed! 3 feall gl Slidad)

1.6 Ligase /.b_.l)j/,q_l_)'j/,)'&.‘/

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 laboratories for Genetic
recombination experiments.

T I R e et 2
Ul o Otlendas L2y oz (641 (B .6.5.1.1))'\.;.315\
Bl oSk o S 3 Jladil) oshaion 1S ol
O R N LS Jlaiilc Ll abS
syl Laiy g SO Ui e 2dl T
Sk B Js e (phosphodiester) ol (s>
. L)
Sy B el @ ol ells LSl
By ) Lo sl sl Ol 3 el sl aslasen] ) LYY
) S A Ble) ol

1.6.1 Ligase mechanism / ( by )l ass5il) ;ledll 4801500

The mechanism of DNA ligase is to j:.wT &> )}@fm o o J)}‘ & ERUREIPN 4.&,;\.{,,0

form two covalent phosphodiester
bonds between 3' hydroxyl ends of %l
one nucleotide with the 5' phosphate
end of another. ATP is not required

I P IRU LIV G R W SR 1T U W

s VG el des 2T Ul B lin 4

for the ligase reaction. A pictorial 4,14 & Sl Lee RS ) pally Jlin sy, 55 | ATP

example of how a ligase works (with
sticky ends):

6 for color version / L oghs dxendd 6 i i)l

(i) 5

fig.1.10: see plate

Ligase will also work with blunt ends, PR T XV ST A o La Jon O FE R

although higher enzyme concentrations

and different reaction conditions are 3 oL (S5 5 5 A aye ) ) s vﬁ)b .ol

required.
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1.6.2 Applications in molecular biology research / Q.w)>J| N 3] 3.u.|| L“.Jl>.|[ u\S Ol

DNA  ligases
indispensable tool in modern molecular
biology
recombinant

have  become an

research  for
DNA  sequences.
example, DNA ligases are used with
enzymes DNA
fragments, often genes, into plasmids.

One vital, and often tricky, aspect to
performing recombination
experiments ligase
controlling the optimal temperature. Most

generating
For
insert

restriction to

successful
involving is
experiments use T4 DNA Ligase (isolated
from bacteriophage T4) which is most
active at 25°C. However in order to
perform successful ligations, the optimal
enzyme 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 long,
ligation experiments are performed at
very low temperatures (~4-8°C) for a long
period of time (often overnight).
The common commercially available
DNA ligases were originally discovered
in bacteriophage T4, E. coli and other
bacteria.

1.6.3 DNA ligation / bl Ly dkes

DNA ligation is the process of joining
together two DNA molecules ends (either
from the same or different molecules).
Specifically, it creating a
phosphodiester bond bond between the 3'
hydroxyl of one nucleotide and the 5'
phosphate of another. This reaction is

involves

usually catalyzed by a DNA ligase enzyme.
This enzyme will ligate DNA fragments
having blunt overhanging,
complementary, 'sticky' ends. Typically, it

or

B L el ST 3 e o8 Y 8T B S
WJEl e e Ll B o ad e agad
Gl Jles) ke (3 ¢ UaBYl Ol me Gl 5L Jlonzasl
O

2 OV o 3 Rl Al Wl e a1
pscind oyl fame. L) ) 5 ae (Sl
o z/=-ll) (T4 DNA LIGASE) 4o Ll L
S b e )l (do(bacteriophages) <Ll
A QJWJ#TQ»;&JS@) Ay she iy 2D
)l s e Bilsme @Y1 8 ey 0555 Of 2
ey o ) Gl adad 0L g3

Fladl) 01 8Y) ades gl ol 5,0 > x5 ST 13)
i M5 A OY kel sdgiis S BAll sl
B3 g 8l Ul el oy bl ) abes Jlows
i Gl Lo Jeesll UL, dzesdl 0L 5l >
R glSTe sy 10 e B D) Ul fo (1)
Alpsb 5l Sy 550 i o ) e ede Ly ) dles o
(O L g LAl e o

4o LW e Sol s LE sl Ll
L s a s (S

e U e G B s ddes o Ll Loy dles
(A Slapr o ol Sl b e L) Legian
L) S gk wbisdl ey e
5 56lS 5l 3" oS3 ) L Ll 1 el (5 g 54
Jeldl ales L 2V W3S ol BT wliw il 5 Y
L a2V e

sl

Bl 5Ll @) plasuanly Ssle ¢ s
e e ALlSed B3l LA 55 IS O Bl olas
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is easier to ligate molecules with
complementary sticky ends than blunt
ends. T4 DNA ligase is the most commonly
used DNA ligase for molecular biology
techniques and can 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
ready bacterial
Typically, DNA
plasmid vector are individually cut to 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

a  plasmid, for

transformation. and

'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! !

Reagents / ,olsl

T4 DNA ligase
10x T4 DNA Ligase Buffer
Deionized, sterile H-O

e Purified, linearized vector

(likely in H20 or EB)
Purified, linearized
(likely in H20 or EB)

insert

(EB

1.6.3.2 Equipment / </idall

Vortex : dal gl

0L b ool B 5 la by, JgwV) o0 Bile
SSN) 52 (T4 DNA LIGASE) 4 Ul 5l alasc)
oLl Ly OF GGl 0Y ag A oladl 3 kgl
os 3 LAl ewlo¥) ezl Lyl 331 4 s U0
A SA G uslens US O) ct l ) el
Ll e o Lsdleps Y1 100ug/ml. U 5>
5 L Gole S ) Jamd el s e DU e
PalSae G s 1S 1) Lo g Olabail) s DU G
Ol pkis ooz o) Lo )l Jolss ahoe 1) OULA.
A DU A WY (3 0T 15 LA Sl el 5
o Ol e Jpedl ned B LA A
J sl aieed idze ) ST I3 L) 22 )W) e DU

Sledsa s g Ldpsess Lo

4o a5l

4o 5l e x10

55U (83 phnn sle

(BBl sl o oDy iine s 31

s\ n 3905 SUizac adts sl 31 Ll s

1.6.3.3  Protocol for 10yl ligation mix / 'y &l J & 55 y10uL

uL 10X T4 ligase buffer
e 61 molar ratio of insert to vector

(~10ng vector)

e Add (85 - vector and insert
volume)ul ddH0

e 0.5 uL T4 Ligase

e (larger ligation mixes are also

commonly used)

4o 5 o X 10uL @
(10 mg oo BUy BU de Gadl Jbes] ds 0,156 @
el

4o \x) s 05l @
(Ll 388 187 Loy o 3o ikesy 0

40



L. Basic techniques for working with DNA / s 553l jaed! 3 feall gl Slidad)

1.6.3.4 Calculating Insert Amount / Lgisly 5 5l ;all Uall dueS Glus

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

Insert Length in bp

x Vector Mass in ng

Vector Length in bp

parallel for best results.

1.6.3.5 Method / 4 !

1.

9.

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.
Remember that the buffer
contains ATP so repeated freeze,
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 pL ligase.
Vortex ligase before pipetting to
ensure that it is well-mixed.
Also, the ligase, like
enzymes, is in some percentage

most

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

10. Store at -20°C

RS- R VT PR (R NV SR PRI\ Wik
i i O Sa Wi gl A e g Ly ) dw
J LT e B Ve a5 LAY
Bl oo sde Agl2 )98l e 0,8 06,1010

CEld e s J el

(e 0.6) 1) 5505 (63 sl o 8aS” L il .1
x5

sV I ) e e T sl 2

8Lgs r S Jlemza¥l 13 el sl (3 (o) Lol

- s

amels Slel (ot W ATP e gt o) 0L S5

ATP oot I (25 O 56 Obsdll 1SS alose

SENJENIE BRI RN

IR PSR U TRV N (R WS g (PPN S RNG |
<53V

¥ ) BU e sl S L el 4

S e 0.5 el 5

algd e ST JleriaeV) 3 ael )l (3 Sl Ll

- s

J g el o Bed 4 A e 25V o Sl s Layl

Ly S g W dp)l etk sl

as b25.0.5uL

1235 30 5.2 225 s Js21 0 10uL > .6

363 10 50l 350 3> 3 65 e sl anb 5

Dialyze for 20 minutes if electroporating .

Cagglall g e nd O s il

O 0
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1.6.3.6 Critical steps / 3\&s¥! |1 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 pL)
was used to transform commercial heat-
shock  competent cells. Ligation
efficiency was marginally decreased by
doing a 1 hr
temperature using 100 ng vector
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
Ligation efficiency was
decreased (x10000) by
1.Using DNA fragments that have been
exposed to ethidium bromide and UV
during the gel extraction procedure

ligation at room

noticably

severely

(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/ <>

1. Make sure the buffer is completely
white

melted and dissolved. The

precipitate is BSA according to NEB.
Make sure the buffer still smells strongly
like "wet dog" (to check if the DTT is still

good).

20 e 10

(TOM ELLING! ¢ 55 o) 3l e 555 o) ol sl
JUEY P TV P WA R N PR B gt Py N
Loy 5eliS () wlé 93 15 Us Kb0,6.. L Kb7,2)
o0 16 e WAl BUl e 50ng Ly ¢ Le s
S o g s U e Bl Y e 2 2.2/
s 1 aads 20 547265 s des L3 S 4
i) dedes IOt e g bndl L geil) phlamsnl n 200

. (competent cells) dazdl LD

o 100ng Jlenzwl @ 131, ctola [Caw Jay 3 UST j2does
Cdele sl @ A5 ) e dys e BU)

/1 9 B/T e st 0 Gt [ BN Y s s Jlarza) 1
ety (1000 Lsmde (S0t Loy ) 57 mions
52kb) 4l sl Bl e 18 by a0 algdl b )1
(G e 2,6KkD + B

ol 8 by 2

tala) (x1000) Sy Loy I B UST miss

L axdNI g dong o sadd™ (o pmzee ol Bl wdad Jlaazal 1
e o Jeadl Bles Plr(uy) i) 35
(Lt n

(e 0,5 OF K2y xodl oy I NEB 26 gt plseznl 2
4o L JNEB_FAGimis syl 7 2

Jae 1 3 2 ) Ll O3 6 dal) OF e asS ]
5 V¥ kil Ol ;o SU_NEB gt BSA s»
i L DTT 05 131 L 20" (b )l LIS Jee 358
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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 ~ transformation. = By  heat-
inactivating the ligase, this inhibition can
be avoided. However, according to the
NEB FAQ,
(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

heat-inactivation of PEG

K prior to restriction digest dramatically
improves the efficiency of subsequent
ligation reactions.

7. Using SYBR Safe DNA Gel Stain is
asafer, 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 / pi& 5 b

(M

5 s b s GHATP o 54 5 oo 0).2
o W g, Gl gl el o Wiy
st JS @ HL20_10 Q) ko) 2SSl
e ATP 2L <k 131 Ll (Joe sy 03

Oledis FAQ SNEB 0B Loy J) e alSis el oS 131.3
(tip)yedl Lzl 5 30l

eyl Tp 37 mabs 5) > o U s Ly ) 5.4
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CAgdne 5yl - e

s e Gy OF ety L OF <l a5 3.5
Wb gy , o5 e g Sldll 30 = Ola) (Sl e (a3 ) 1
ikes (38555 9 & WHPEG 5)) > i) 0L neb_fagd
plaszal Lasll e S gl 5003 L (bl el
i 3] la 08131 |y =) LESPIN 3 sela

g Yl |3 15 LSyl 2kwl wPCRII £ o6
G o ) Jeliad) 3liS” a1 ST okt

& SYBR SAFE DNA GEL STAIN s Jlaazal.7
et G g VD e fl e, UL ST
ol L)

Jsel Wil e e e a4 LU A8
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This protocol is primarily based on Ly ) tl @ gl pa IS g WA Y1 e 5

Endy: DNA ligation using T4 DNA
ligase.

1.6.3.9 References / gx! !

Crowe JS, Cooper HJ, Smith MA, Sims M]J, Parker D, and Gewert D. Improved cloning efficiency of polymerase
chain reaction (PCR) products after proteinase K digestion. Nucleic Acids Res 1991 Jan 11; 19(1) 184. Pmid:
2011503. PubMed HubMed

Olivera BM and Lehman IR. Linkage of polynucleotides through phosphodiester bonds by an enzyme from

43



L. Basic techniques for working with DNA / s 553l jaed! 3 feall gl Slidad)

Escherichia coli. Proc Natl Acad Sci U S A 1967 May; 57(5) 1426-33. pmid:5341238. PubMed HubMed

1.7  Plasmid preparation / « j%J/ _pz<

“Yoewewyvuu

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 miniprep is
itself often called "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
supercoiled chromosomal DNA and
proteins precipitate, but the
bacterial DNA plasmids can renature and
stay in  solution. = Addition of
phenol/chlorofrom can dissolve
denature proteins, like DNase. This is
especially important if the plasmids are to
be used for enzyme digestion. Otherwise,

small

and

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
miniprep is 20 to 30 ug depending on the
cell strain.

1.7.1 Miniprep Protocol / J 55 § sMiniprep

From

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

Fig. 1.11: Plasmid miniprep. 0.8% agarose gel ethidium
bromide-stained.

e 0. %.0,8(MINIPREP) © i A :1.11 K20

doo gt ol lalll 5,83

95 @33 kus U3 g e DU Us sMINIPREPERATION
sy e Bl e o LS e L Wie OV )
ol 43 o e mdl M o) ol e sk
gl A D G e 1979 50 3 Lo 5 s
MINIPREP o bs | 58" 4313 A> (3 3» MINIPREP s

o Al by sl o F LSl s s s L
B e sl e pde Gl LA s
iz 3 (0.AM) ] Jemaed) s seall STy 0
Jite b e < 5L &) M BL ) Ay
N3 e 8 ) 5 U Jlgisay ST e 508 S
s wneb Bole) e Seny prall S LA
Angb ey o S8 050 ) SO el 530505020
O 15) ags ol liay (DNase) Ll @5l oo ol s ol

.(M'aé\ f"j’t Joritas dn 3O
Qe ols 4 Floza] dles Miniprepd! «edsein)

ssDNA J!

Miniprep (3 4w DU Gl 2aS” 83le 5 L S Ols gast
O s s 20-30ug o (2

e.g.

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

Mini-prep
1. Spin down 1.5 ml of overnight

Mini-prep
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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
KOAc, pH 4.8 [60 ml 5M KOAc,
11.5 ml HOAc, 28.5 ml H2Q]),
vortex briefly to mix, and spin
for 5 minutes on high.

5. Transfer supernatant to fresh
tube 500 ol
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.

containing

8. Remove as much of ethanol as
possible and dry 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
restriction
sequencing, etc.

tubes

transformation,
digestion,

for

gl ossl @ kb oy s g J e 15ml ). 1
g aads sl ile ae v e ) s (eppie)

100p] & e @ o Al oy oW Jol 3 L Lasl 2
.(25 mM Tris-HCI, pH 8.0, 10 mM EDTA) T J sk e

(02 N NaOH, 1.0% SDS) II Jsl= - 200ul a3
SO ol g e gy ekl

, (KOAC) #5eUsdl &N o 3M) T J ke s 150uL .4
60 ml 5M KOAc, 11.5 ml HOAc, |4.825 sk i 5
a0 Lges ¢ mm Kay alpll Llef ([28.5 ml H20
Adle d s e 365 5 sl

o B00UL o s 5% 2T ol U o1 el 3 b &1
Bl g ans F ml gl (3 el ) SO/ sl
e i e 3625

e 1 e st s ol ) sl akl al6
S0 5ol st anis ¢, 2aSLll L dalsl ) J ity
Al e e Lo

100uL < Jaw) 2w Al Ll & L Bl 2zl U517

.5.4\9-\) W.\ sl )ju\ﬁj ‘\M} (%75) Jj)bg}“ o

Cimd sl 095 OV T E Uy oY) e 518
s 5 sl

s st w0l @ Al LU 259
(RNaseA 20}lg/ml)

e kel Y bl @5 sl gl 10

1.8  Separating DNA with Gel Electrophoresis / 2!/ S SJoedll dbwl g UI focb

1.8.1 Materials / 5! 8!

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
DNA size markers either from a

QL ISy i) Gl wdad e 28/10-30u] oo ot B3ls
da ) Leald g el (20—10 o sley Ll Cj” o s
ol jtall e Y1 B plde SLdle e IS w2l
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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
H20). The stock solution is careful
handling this. Alternative dyes may
be used, such as SYBR Green.

- zNitrile rubber
gloves do not protect well from
ethidium bromide

- A color marker dye containing a
low molecular weight dye such as
"bromophenol blue" (to enable
the progress of the
electrophoresis) and glycerol (to

gloves. Latex

tracking

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 / ya>d

There are several methods for preparing

(S )

io gadl 15 1.0x TAE 5 TBE plill 8sle ga (laze J b2 -
8.0

ST

525 ) sy padd) Sieewid) G Lo i) G -
phsas) (Say ,pds Jol81 s e il ) W 3 mg/ml
. ¢) 2| SYBR o i) dn2l)

o et Y sl ol oY Ll e dalles ol -
gz oY)

oA a 05y e B AW dw o -
o pkil e Sand ) G5V g se g ) o 6 2 Y1 Sliall
3 G U U] and ) Uy S 5 (pOel) oS el
(OB ol

Ol b -

e —

(ShAS LW -

L odasl 33 e 00 Gadio o domeiidl G Lo Bail 33 2 lLaas -
oA e Bl &5 ) dmaa) G 58

o S S U e s 3 Sl

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

ol plsine) s il W5 6=V Gl LT L

3 ) o i Ame 85 Loy Jzu}g\ﬁs;\;) r)/\.@.U

amount while length and breadth are

varied as needed). Most agarose gels

used in modern biochemistry

molecular biology are prepared and run

horizontally.

1 Make a 1% agarose solution in 100ml
TAE, for typical DNA fragments. A
solution of up to 2-4% can be used if

and

(A 5 dsk)

5 a5l slaSO) (3 dedsnadl )9 LY 2 ol L lans
Ll e w5 ad 2 4 Lo

td TAE oo Jo 100 & 59, Jske 0 %01 o)1
oo Y04 1) 2 e ey b sl ALSKy a3 sadl Ll

you analyze small DNA molecules, and

for large molecules, a solution as low as

0.7% can be used.

ladly , el LA Ola W s 15 Jge
e 0 % 0.7 oo L L plisnd L Say 5,80
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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 / <'s) %!

L 5 BN pdd gy S 0 @ I s w2
LU -

3 ol B A 5w s e Ta 60 o 5 1 4513
Sy O A Gk ) a5

G paY O, S ) g aslos La e
(el oo i) ik o

& (10mg/ml) dees psdsYl 0332 oo SuL asl4
A G S A Jem OF L o ke e e 100
Y 092 we Joladl i . \).u- oS . 0.5ug/ml
s oA Je o Y oL pde sladall am iyt
sl g Lodie 3165 wad anis ST

Sb 3 el sy Y e g d) -5
FOIPY

oo 510mm Gy Loy o) e e sl Je Laall 1.6
Ny L&

W Lall jis Coma] |, Mol mpiy (U1 35 Lokie.7
coledl) o LYY e oY (3 S

idall 3 oSl TAE (b Jsle 3 Gl o DU 258
Pt o oS iy el S S el Y 38
U b O gy il ) Ol Of (e ey
ikl e 055 OF g O ey TAE JU WS
.(negative current) A 2Ll

After the gel has been prepared, use a ; . 3.z 2) \Z'Ab.- S ez L

micropipette to inject about 2.5 pl 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
faster than the DNA itself. When the "front
wave" approaches the end of the gel, the
current is stopped. The DNA is stained with
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ethidium bromide, and is then visible under .. . 5 G o Z,f"y\ 5 J N el alee &
ultraviolet light. i

Wl Cad s ot oA &l e J0Y) e sl O
1. The agarose gel with three slots/wells ? >t ol A

). LS A emg 2 YU elake OYI LAY L 4SU)
2. Injection of DNA ladder (molecular L e e e
weight markers) into the first slot. T S5 ¢ piall andl sl O
3. DNA ladder injected. Injection of Ol 3 4 ds s }Jujy\ S 1
samples into the second and third slot.
4. A current is applied. The DNA moves NIRRT sV izl Qe

toward the positive anode due to the
negative charges on its phosphate
backbone. S Bl OF LYy S eSO L e
P © 5 SuA L '
5. Small DNA strands move fast, large . ¢ JM
DNA strands move slowly through the -l sill cwlY) a5 L14Y) 4l o5l

gel. The DNA is not normally visible - R ) ) .
| | O RPN TR S s .
during this process, so the marker dye Ll PO (e ey s by 5

is added to the DNA to avoid the DNA 3 ol of u_{; Y, %5}9_3 Jor ﬂ,gj\ \ |
being run entirely off the gel. The i

marker dye has a low molecular weight, * QSJ\ drnal) 3345 = B¢ TP dland) odn
and migrates faster than the DNA, so as
long as the marker has not run past the

2
Ll Sl W 5 B Al 3 oz 3
4

B ads B3, o5 413 CBU L) e g

end of the gel, the DNA will still be in OB sz 3 J1 s Y L) O e g Vi
the gel. . o .

6. Add the color marker dye to the DNA G b b sl aanal sl 6
ladder.

Fig.1.12: Agarose gel with OW@Q})})‘-&"Y‘ S 1.12 J@‘
samples loaded in the slots,

before  the  electrophoresis 3L S aleal) 18 ol s
| process

Fig 1.13: A pattern of DNA- cd G Ak - v: 0113 .
bands under UV light & o T J§,,._S
Ao 3 g3 Lo aniY)
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(1) Z (5 Figure 1.14: Schen.latic drawing of
5] 4 the electrophoresis process, see
//Q\ N text for description of steps
-
[N R I oakeld Ll o) o114 el
T
@ (= {:i\'l [ ik (T] J:-\JU o sl el @\J.Z\.;b.ﬂgj\
RRWR| T = Sy
-.- ....... P i td Ll i
=—-| ®
L
]
- Hl &
L
R i, ™ B W

2 Experimental Part: Cloning of SRY gene / & S\ on3-1 & i) 1 hasdl 5 330

2.1 Isolation of human cells and amplification of SRY gene with PCR (2™ day) / ddslizs s Ol L3 J

(9l ) St S, o5 oy o 50 1

2.1.1 SRY gene/SRY !

SRY (Sex-determining Region Y) is a sex- y U”'“J"JJQ\ e ekl sag gl Al s SRY
determining gene on the Y chromosome in i

the therians (placental mammals and i) A g depall oLl
marsupials)
This intronless gene encodes a ;.. A sad (3 guas 5h 6".0\&“‘5 Jele 4 50 09 3Y

transcription factor that is a member of .

the high mobility group (HMGtt)-box Ma o Bld Ll o gl e 81 e (HIMGHE) 2!
family of DNA-bindin roteins. cLe . . 5 .
This }};rotein is the testisgdeirmining SRY Uy Laal ) Jlta 5, Aeadl s le 52 0y )
factor (TDF), also referred to as the WSS M ) e T <)
SRY protein, which initiates male

sex determination.

Sequence of SRY: JwdwiSRY

1 gttgaggeee tettgageoc ggagaaatge aagtttcatt acaaaagtta acgtaacaaa
61 gaatctggta gaagtgagtt ttggatagta aaataagttt cgaactctgg cacctttcaa

121 ttttgtcgea ctctecttgt ttttgacaat geaatcatat gettctgeta tgttaagegt
181 attcaacagc gatgattaca gtccagetgt gcaagagaat attcccgcte tccggagaag
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241 ctcttcctte ctttgeactg aaagctgtaa ctctaagtat cagtgtgaaa cgggagaaaa
301 cagtaaaggc aacgtccagg atagagtgaa gegacccatg aacgcattca tegtgtggtc
361 tcgegatcag aggegcaaga tggetctaga gaatcccaga atgegaaact cagagatcag
421 caagcagctg ggataccagt ggaaaatgct tactgaagee gaaaaatggce cattcttcca
481 ggaggcacag aaattacagg ccatgcacag agagaaatac ccgaattata agtatcgacc
541 tcgtcggaag gegaagatgce tgecgaagaa ttgeagtttg cttcecgeag atccegette
601 ggtactctgc agcgaagtge aactggacaa caggttgtac agggatgact gtacgaaagc
661 cacacactca agaatggagc accagctagg ccacttaccg cccatcaacg cagccagcetc
721 accgcagcaa cgggaccgct acagecactg gacaaagcetg taggacaate gggtaacatt
781 ggctacaaag acctacctag atgctecttt ttacgataac ttacagcect cactttctta
841 tgtttagttt caatattgtt ttctttictc tggctaataa aggecttatt catttca

The sequence is given in the direction 5'--->----3 35 o] o KRS

3D structure of TDF (there are several variants in the database, e.g. 1J46 and 1HRY):
fig.1.15: see plate 7 for color
7 iia il 1,15 Saliversion
ke deld
Testis determining factor TDF

(HMG-Domain, green) with DNA
(blue) according to PDB 1J46

s 3 aed) d bl g

bl o aw & rijj.a;w\ http://www.rcsb.org/pdb/explo
re/images.do?structureld=1HR

RUSPRCI ¢

FASTA format sequence of the protein (version lhry):

>1HRY:A|PDBID | CHAIN ISEQUENCE
VQDRVKRPMNAFIVWSRDQRRKMALENPRMRNSEISKQLGYQWKMLTEAEKWPFFQEAQKLQAMHR
EKYPNYKYRP

>1HRY:CIPDBID |CHAIN ISEQUENCE

GTTTGTGC

>1HRY:BIPDBID |CHAIN ISEQUENCE

GCACAAAC

2.1.2 Devices / X3

Shaker Incubator / & ;2 ss dol>
Thermocycler(PCR) / kil & 1 Jelis

Water bath / (s, 2 5>

See plate 8 for color figure.

2.1.3 Material / 51 4

PBND buffer (for explose the (W) cLis iy PBND V‘JA"‘
membrane):

0,372g KC1 (50 mM) . (50Mm) ¢ 5 5! L85 2 0.372g
ii?;,[rgg; 3285351113[? M (10mM) 8.3 155 i 5 s tris® e 2.5ml
Gelatine(0.1 mg/ml) .(0.1mg/ml) o5
4501 NP-40 (0.45%)

450ul Tween-20 (0.45%) NP40 (0.45%) . 450ul
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Tween-20 (0.45%) . 450uL

Primers / hSRY5/5EgHigaganes (atisaganc sgaga’

ol al)

hSRY3: 5'-tgaaatg aataaggcct ttattageca-3’
(hSRY3 is complementary sequence of 5'- tggctaataa aggecttatt catttca -3’

Important remark: The SRY gene has to be put iy A GY il bl O] clels 22>
later in pGEM-T vector and then has to be cut i * i

out from it afterwards with EcoRL For this »4 . EcoRI (th. axk & » 9 pGEM-T J5U

reason there has to be put at both primers a
EcoRI cutting sequence. In this course primers

EcoRIJ! £5Y ¢ syl ole e aoy b e

without these EcoRI cutting sequences are &3y s o wle il oda o, dd) a3 Sy

used. So the last step of the course (restriction
digest with EcoRlI) is not possible.

2.1.4 Protocol IJ}S}'.U);

1.

If you are male: Take
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:
Take a smear of your
oral mucosa. Take it
with a  plastic
spatula. Ask for a
probe of a male oral
mucosa smear

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

For each Eppendorf tube:

2.

Add 3ul Proteinase

o5 4 e A Lol el

sLaal e Goenn df e 11 S5 s 1311
oo Hale dauly o b e bl
SV e Gl s sl Sl

gl e gl

Figure: Putting the smear | : | o A dsef o e Léj S 13)
probe in an Eppendorf

tube oo Adske dbul g V—‘U‘ %J]’U’Lﬁbb&
&L"J‘ 9\-5“’-“&‘4"‘“&‘6‘0 S o LSJ”.'T den -J\S-Tj , kel

el uj,of &

oroomssl W Skl e iy (g el SIS
O el s e S

You have now two

Eppendorf tubes ¢ PBND p—lﬁf‘ o 20uLe

K

(10mg/ml). Then incubate <-2>f¢. (10mg/ml) ( Protease k) 1S ;L s oo BuL ail .2

several (about 3-5) hours at
55 °C(for activation the

enzyme).

(Y Jos byl %2 55 Lo (wleln 4 41 3) wlels sud
eV Jos i oy 325 15500 % 95 e Leguas (.3

Incubate at 95°C for 15

minutes (95°c: for Qo 2SU 2 ) 1 kel s W el a3 anss 4
denaturati th tei - L.
k)efla ration the proteinase (Bl 5l B e 5 L
4.Set up of PCR:(time *3 the (10 uM) Hsry5 ¢ a4 e 0.6 UL
yield). .
of DNA (from vyour (10 M) hsry3 Cf”U o 0.6 uL

5ul
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probe) . (15mM MgCl) +4%10 e 2 uL
0.6ul hSRYS5 (10uM) ( 8Cly o210 o 2
0.6u1 hSRY3 (10uM) (10mM)dNTPs 0.4 L
2ul 10xbuffer(15 mM MgCl2) .

0.4u1 ANTPs (10mM) (B0mMe 521 57 0.6 L
0.611 MgCl2 (50mM) i ped s 3602 WL
0.2ul Taq polymerase

10.6p1 H20 W 0 10.6 pL

5. Performing the PCR reaction: e 5yl SR A 5l els &, Lis .5

Program the cycler as follows:

40 cycles of: Ju

40sec. at 95°C . i

40sec. at 53°C st i)y [S58,55 40

1 mion. at72°C . . or 95 ge a6 40

(95°C for denaturation the

double brind of DNA, 53°C for .or 53 P w40

activation the primer, 72°C for R )

activation the polymerase). -t 72 Jewss ]
g ) o Laezid %p B3, Ul e o Ly el 3d 7295

Result: Obtain yield of DNA Ol s Jos Lo "2 72

Ll e ST a8 e Jsad) dlenl) oda o Gomd

2.1.5 Gel electrophoresis / a9l U ¢S31 Jad

2.1.5.1 Devices / =YY

Precision Balance / 33> O je

Gel rack with voltage supply:sds b

UV machine:ioewsal & 5 L AN}

Agitator machine (with heating possibility) / (3, A i) LA &) Ll

See pate 8 for color figure

2.1.5.2 Material / 3 3\

1. TAE buffer 1.0xpH8.0 (preparated 33 5,adly 8 assedl i *1 TAE (»-Jaml
in part 2.1.5.4). )

(.2.1.5.4
2. Agarose
3. Ethidium bromide (Stock .9 )L'p;\!\.z
solution: 1g Eth.bromide in 100 ml
dest. water) Loy oY) 805 o Tgt el Jb ) s Cﬁ-’éiB

(pand) ) s 100ml (3
2.1.5.3 Preparation of gel / s9\b! yaf
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e weight 1% agarose for 100ml TApg Jle e 100ml JQ )j)u;y\ o 1% 05 e

TAE (see part 2.1.5.4).

e Dissolve the agarose on the (2154 & TAE ¥ iaS L;;—Jlb_;\)
agitator ~ machine (agarose o . s ot =
dissolve at 70 °C). : 570 G Al e 5 BV o3 e

e Let the solution cool down to ) 5, a3 e s IS i\jf o
about 60°C at room temperature.

e Stir or swirl the solution while yoh ) ke IVl il e
cooling. Lall ao £ a4 W asl e

® DPut the gel on the gel rack and &= ff o2 e P
insert the comb. VespLy JIT o

e Let the gel to solidify.

Figure 1.16: Gel rack.with comb See plate 9 for color version

B e B 8 Biiall bl Lzl e S b 11165, 50

1. 20ml EDTA

6%) ST 3 > @l 20ml

(0.5M). 7
2. 240ml acetic (0.5M). (kY o u_,u )
acid (5%). T

.(5%) <« |
3. 400 ml Tris (5%) <A 2 240ml
base (0.01M). -(0.01M) tris base . 400ml
4. 240ml

distillated water. distillated ) o2all U} -2 340 ml 4

5. Regulate with i Figure 1.17: pH
NaOH(2M) the pH Meter See plate 10 for color version

on82-8.4. okl s Ol 117 5,0 8.4-8.2 o isyok) a3 55
B gha e 10 Gosial) BT 5 g5 50 NUNKZPPRWY ol g

.(water

.(NaOH)

2.1.5.5 Separating DNA with gel electrophoresis and visualization of DNA under UV light / @\9 (ENL] Jd
Tonadid! B Lo dadY) o anjy ol JU S31 Jodll AT

I Take of each of your 3 Eppendorf |, j ol 1wl 3 o U ) L e 4 L il ezl
tubes (male DNA, female DNA, DNA o . )
ladder) 4ul DNA and add as into a £ Sk bl 3 S 2 3 (e gAY, g5

new Eppendorf tube as follows: dW o sl S e Lo Lol

e For male smear probe: 4ul (/LEJ.LM 5},._‘&\) Lot o 4HL . L"S;J'J‘ i gj-;i‘ﬂ .
DNA (from smear) +3ul .
bromophenol blue + 3ul BuL + GV Jsbsesdl e 3uL +

glycerol. iy S

e For female smear probe: 4pl
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bromophenol blue +
glycerol.
e For DNA ladder: 4ul ladder
DNA +3ul bromophenol blue
+ 3l glycerol.
II Inject 10ul from each eppendorf
tube in the gel

preparated on the gel rack

3ul

slots/wells of

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:

2.2 Gel purification / P>/ 4.4

o BuL + SV Jgdeesdl e BuL 4

o g SN

o BUL + LW e e 4 L B e Y e

+J S o BUL + G5V g8 5 )

Gk e et S e @ owl )8 e 10 pL e

Gl s34

D Jorin o3 @SS OO ) 0l clag GlET I
80V e 3ass 30 sk b S

aril) Gead sley & O ao, LAl ady 5 An IV
(S 3ds ahd & g dong 2 p YL

250ml gz Yaids 30 sl sy YU PO WV

(Aer 92 eV e BO UL £ oo g piall W e

ploin) D gddYl ae oladl 3 ) (g pds
G Aergp ppdY) Jo Bl o Aol oLl
Ol ol o 3 &Y L il 3 a5 Yy ol O
(Ll e il ey ol il uk

2 52Y) day (250ml) wiel) sW (3 ol e 3 SUI Ldl VI
et 9

B k] 5 il 355 Lo At YV AT e S s v

,UJJ\(,JJ)L“S;JJ\UMCE..,&,:M

Before the PCR product is ligated into ;35 it e UL A5l el e C“'U Slal) |

a plasmid it is purified on a agarose
gel from unspecific reaction products.

2.2.1 Devices /Xl

Warming bath or incubator / ausl>

Electrophoresis device / ()’L@-U @b J@Q\ J,,a_éj\

Precision weight / 38> O

Ao Rl Sl PSR
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Centrifuge / 34U

Vortex / 4! 93

see plate 8 for color.figure / & sk | s2) 8 a>piall Jaif

2.2.2 Material / 51

Eppendorf tubes / 515 o sl

Scalpel / s> b i

QIAquick Gel extraction Kit : Jad)l &hase e delis ic 2 &

2.2.3 Protocol / JsSgig,ll

QIAquick Gel Extraction Kit Protocol
using a microcentrifuge

This protocol is designed to extract
and purify DNA of 70 bp to 10 kb
from standard or low-melt agarose
gels in TAE or TBE buffer. Up to 400
mg agarose can be processed per spin
column. This kit can also be used for
DNA
reactions.

cleanup from enzymatic
For DNA cleanup from enzymatic
reactions using this protocol, add 3
volumes of Buffer QG and 1 volume
of isopropanol to the reaction, mix,
and proceed with step 6 of the
protocol.  Alternatively, use the
MinElute Reaction Cleanup Kit.
Important points before starting
mThe yellow color of Buffer QG
indicates a pH <7.5

mAdd ethanol (96-100%) to Buffer PE
before use (see bottle label for
volume).

mAll centrifugation steps are carried
out at 17,900 x g (13,000 rpm) in a
conventional table-top

microcentrifuge at room temperature.

Procedure / &) > Y)

1. Cut the DNA fragment from the
agarose gel with a clean sharp scalpel.

JS5s, » QIA quick gel extraction kit
il 3L O i pstuny
JL70bp e Bl 325 5l snl AL J S50 M Cug
o TAE o) (3 55,V oD 0L 33 3 5LE) 5T 10K
25le 3 5V e 400mg e ST able (S TBE
Jelidl a U L s o Se ae godl oda . 01,5
LSSV
Y el e B e 85 s pdsa
= 1 IS QG ol e plnal 3 Jelidh s e Caol
o sl Sl ST e, el 8l Y) e
Min  Chadl i e adsanl 5 e Y ol LS 5
. Elute reaction
s JJ dolr bW
o asl Az st B s O ) eta QG el 45N 0L
. 7.5 S sl
JlexzaY) 13 PE o) e (96-100%) JszY) cisl-
& 17,900*g(13,000 rpm) s . e oodii dl > -
B A 5 s e dsladl Al Al

Sy Gl b ik (659 Y B e Ul ady aabl 1
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G gho doed 11 dovialt Jail 1.18 3 sl

Minimize the size of the gel slice by
removing extra agarose.

2. Weigh the gel slice in a colorless
tube. Add 3 volumes of Buffer QG to
1 volume of

gel (100 mg ~ 100 pl).

For example, add 300 pl of Buffer QG
to each 100 mg of gel. For >2% agarose
gels, add 6 volumes of Buffer QG. The
maximum amount of gel slice per
QIAquick column is 400 mg; for gel
slices >400 mg use more than one
QIAquick column.

3. Incubate at 50°C for 10 min (or
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
incubation time.

Solubilize

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

fig.1.18 see plate 11 for color version

C B A A e ezl 8 gl

oo bt 3 il LUy 6 DU 0l § dabdl a2
Jle (100 mg ~ 100 pl) bl 0 @2 1 SO QG phane
o 100mg U QG phse oo 300 p1 sl , s e
sl 6 il | (559, Y B e 2 % Y L SO
Qia quick >ssle 3 D) p (6 g2l 2SI . QG plate e
Qia 25l o ST Jamin] 1Sl 0ds 0 SV, 400mg o
. quick

S Oy Of d) 5T ) @B 10 34 °a50 o i3
Gal gl s Bkl Ol e ad) Busld (JulSOL
o P s 3-2 IS

% oy ST eSO 13y L LU eV OLsd g rala
ol CBy il s 2

Ldd O o il g oL 35N gl dnd
(Jlem) |3 QG phatall L aladly LinY)

fig.1.19. see plate 12 for color version | & she ixeud 12 iiall Jail 11.19 |2

o 10 pL Gl iy ol QB Ll 0 0157 13
QT 9-4.. .4-)415-‘ (‘: 5.0 z\«'ﬂj«-;-\ 397)5, 5M (ﬁbj-sd\ Q)’\:—
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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.

slas Lo Ul olansl 3:S™ OF L asY1 000 1) 051 5 5m,
L 7.5 s o Bl ass i s e 05 QIA quick
Ol Lany S a0 5ol Byl 230 e QG W) (525
O O™ 13} LT, e BT o1 7.5 o i s e asY
L, dle aopdl 1y 0L iy Mg omedn o U,
B Ly ) ) 3 gl e > i W gy s

alals Ty dall J gy pp ) (0 991 @2 0 1 a2l.5
% S5V U e 100mg O 13, JUl e e
1S o g il L edas L J by Y e 100 pL aol;
Lt oo Lol 4kb o ST 5 500bp opo JBT 2 o) Ll udas
S e S5 Y Jsils g pY) B34 O 400bp-4kb o L

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.

TR TR Pt TR WA

GV e o) § Qiaquick Olysdl @3 ple a6

.( collection tube ) cﬁur\

1 8 Wl , Qiaquick 3l & il avo UM Ly J.7

l M

The maximum 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

-

PR

ot O 13 LT 8O0 UL 52 3 poladl 01 28 o
O 9l s g il e OF o &3 e ST

3yl awy sl ¢ Ll ikl @ Ll sy 8
ol 3 5l i 1) Qiaquick

2SO SLL) BaST L a5 polal) Jlenza] slay
s Ul QG phw » 05ml a2l
81 9 423 sl y Qiaquick

O™ 13 agllas 2 5 55 Y Lle a2 by Al N ods

£

o, el gl sl flded esiae G
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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
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 ul. 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
to 5volumes of purified DNA. Mix the
solution by pipetting up and down
before loading the gel.

Loading dye contains 3 marker dyes

. microinjection

s 4l PE v e 0.75ml  ciel , Jwild 10
.85 ag3u Al 5 Qiaquick

Celad) Al olided Lot G OIS 1) >
A5 A 8, el feded) y sl gl by,
PE oLl 5305 5555 5-2 5l 5 el

G Ay Aadu L wely Bl )11
17.900*G(13.000rpm)

£V PE phase o oL g o) Al J50Y) cala
A asle] 8 )

1.5ml dyor 36 < gl § Qiaquick 3yl avo 12
10mM tris ) EB o2 00 50l ol G Ay 13
slié Caai & ( PH 7.0-85) sk s (Cl, PH 85
o ‘9.\, ol By Adds 3 3 pelall i ¢ Qiaquick
1Y e 0 300l ol | Ul S 5 sy, eMs
S50 Qiaquick slié e J (elution buffer)
Qiaquick slis Je oﬂu £ 55 okl of e ash : pla
2 gl Bl e ol B ) s
gl ey s UST WGY) W e e 50ul e 48l
B o Sl ol gyl SsUiST Ao ] dr iy ddlans
Joxzes Lze W .8.5-7.0 cp 1o s B s colS
- e B O Ll es W e uSTE e
Bl 2 ool Lalall Ol Mo 0f S5 4l LS™020

10 mM Tris-Cl, 1 mM EDTA, pH ) TE 3 0555 of .S«

AaSA Lyl Jf 4 aaBW 5 pelall

iy aﬁgjfda.ésjajczf43@7@4;@10?311(8‘0

1 Caol oS o o Ll g 51 JoE O 13) 14
ye\av-i5Ju<5 (loading dye) &«d\&v’sww
iﬁ;;ﬂ:y@\&w\ﬁ Jakst Blsi L Adr s
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(bromophenol blue, xylene cyanol, and
orange G) that facilitate estimation of

A e a1

DNA migration distance and t\.«p‘}l\ ool 3 s el e 52

optimization of agarose gel run time. Gl
Refer to Table 2 (page 15) to identify the T S

, ST Jsle J))fy‘ J sxd 50 9 1)

dyes according to migration distance and 5 s I B Bl i e g ;sj‘ ((orange G)

2 Jadt ol Jsdl w3y O e (6 gl B3liznY)

agarose gel percentage and type.

dd 9 8 b

%w&é)iwi}l\a&dﬂ(15b@p)

2.3 Ligation of PCR product in pGEM-T Easy (Promega) / ol Jcbii aiio by,

I Luluic/p)GEM-T Easy (Promega)

In PCR Taq polymerase was used. If - | & 13 A5 el (3 5 S s

Taq polymerase is wused, the PCR
products include at the 3 end a L;L‘ p—->=~5 '3
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
overhanging 5 T nucleotides. So these @ A5 S 5

Bl fady fodedll 5uldl Jolis e OB

bl s Joatais 35 oda (nucleotide A) (5T A slS 5!

i 3 S TRy CW‘;}\

G5 F sl BU 3 el Bl alas

vector endings are compatible to the Sk ol i b e e U L& 0L 1A LT

endings of the PCR products, and the

PCR products can be ligated with high & s s e cwu s by, Sl e y Jerdnd)

efficiency into the vector. One of such
vectors is the pGEM-T Easy.

2.3.1 Devices / <! 354!
Table centrifuge for Eppendorf tubes / 3uWl cuUY 36 J s

Vortex / 4! 93

2.3.2 Material / 51 5

Promega pGEM T Easy (Promega Cat. #A1380)

59
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xminl 2009
- 7L | san
Scal 1820 Mael 2707 / =R | 14
» Aatll | 20
1 ori Sphi 295
BstZl | 31
Mcol a7
" BstZl | 43
Amp GEM*-TE Matl 43
p -l Easy  lacZ Sacll | 49
Vector EcaRl 52
(3015bp)
Spel 64
EcoRI Ta
Matl 7
BatZl 77
_ Pst| 88
ari Sall a0
Mclel 97
Sacl 109
Bst¥l |18 F
Msil 127 @
141 ]
T spe 2
Product Size Cat#
PGEM®-T Easy Vector System [I 2 reactions A1380

For Laboratory Use. Indudes:
12pg  pGEM®T Easy Vector (30ng/ pl)
12pl Control Insert DNA (4ng/ pl)
100u T4 DMNA Ligase
200l ZX Rapid Ligation Buffer, T4 DNA Ligase
12ml M09 Competent Cells, High Efficiency (6 * 200pul)
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 & FPEUNERUNIN 4., Ly J0 o b X2
Ligase (provided with pGEM-T i
Easy II Kit) ( Easy II Kit

60mM Tris-HCl (pH 7.8) 60mM Tris-HCI (pH 7.8)

20mM MgCl2 20mM MgClI2
20mM DTT 20mM DTT
2mM ATP 2mM ATP

10% polyethylene glycol (MW8000, 10% polyethylene glycol (MW8000, ACS Grade)
ACS Grade)

P LR R PRy i) oty Com 12 iy Jais|
Store in single-use aliquots at —20°C. ey e I e S i -

Avoid multiple freeze-thaw cycles. oy Jg_:_u o gy i) oE 0620

2.3.3 Protocol for Ligations Using the pGEM®-T Easy Vector and the 2X Rapid Ligation Buffer /
JB\.:.‘\ STy Ja.;JJ\ J}f})’}ﬂ pPGEM-T Easy }2@,.» Ly P.h_ﬁ X

1. Briefly centrifuge the pGEM®-T or S>3l 5 pGEM-T 51 pGEM-T Easy U\ jLaml il.1
pGEM®-T Easy Vector and Control

il 2 emd U sl o) L Gl aked
Insert DNA tubes to collect contents JM @ 6# g “P ub > é} CMJ

at the bottom of the tubes. . ey
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2. Set wup reactions as
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

vigorously before each use.

ligation

.&i}\@wy@w@)\pgm slasg] 2
5)..,\3 s Lél iju WUS” o 0.5ml (u\;';:.w\ s>

Cdlenzal IS |5 545

Standard Positive Background

Reaction Control  Control
2X Rapid Ligation Buffer, T4 DNA Ligase 5yl 5pl 5ul
pGEME-T or pGEM®-T Easy Vector (50ng)  1pl 1l 1yl
PCR product Xpl* - -
Control Insert DNA - 2l -
T4 DNA Ligase (3 Weiss units/yl) 1pl 1pl 1ul
deionized water to a final volume of 10pl 10pl 10pl

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

3. Mix the reactions by pipetting. Sy By e asle dl \f 1y el Ll=f3

Incubate the reactions 1 hour at room
if the
maximum number of transformants is
the

temperature. Alternatively,

required, incubate reactions
overnight at 4°C.

Notes (from Promega):

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
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.

61

Coshan L) e sde sl OSB3 e Y o L3 8
Ced e L Uik el Ol | Lo

promega o U=

o WY 4 o Bl L ausan). ]
oy . Jadl aese Al promega
St B =Yl ol s
Al A ey of (S aknil e
oo A=z » Gl deoxythymidine
. Jau

ATP Jo 52 Lo )l m o oot x22
Ol s OUEN Pl e el ()
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3. It is important to vortex the 2X Rapid Ligation Buffer byl Jf b A3
before each use. ’ i
4. Longer incubation times will increase the number of >4 (»» i CHIVES e J‘fw\ “:'5)}‘-4

transformants. Generally, incubation overnight at 4°C will . : !
4 LlJ\ | Lo u,§5 L&.’Y?ul'\
produce the maximum number of transformants. A jb * =
- ¢ 4 e

24  Transformation of E.coli JM109 by plasmid DNA carrying SRY gene (3" day) / Js5 Sopdd/ &

oo JolH! s SN U daws 4SRY . (CII 3 1))

For the transformation there are used PRI T S L EN IR G of eg Jad) 1
cells which are already made competent

or preperate by the following protocol. sl s uguww oda L JS gapd s D
These competent E.coli JM109 cells are
provided with the Promega pGEM-T
Easy KitII

. Promega pGEM-T Easy Kit IT sV 5 3 520 JM109

2.4.1 Protocol: Preparation of E.coli competent cells / duglaall aSy ,adl WISl 510 :J9Sgi9

4> gisoll

1.Set up 5ml culture of (LB medium) J Sin Jony 3 g 4]y éyw oo 5 st 1
E.coi in LB medium = = =

,Aincubate over night at OV 9l dles Jorzs & FECIENY 0( 37 P J:.U\ Jsb Q;;;-T
37°C on a rotry shaker

Figure 1.20: Tube with E.coli culture in Shaker Incubator. See plate 13 for
color version / i 13 i)l il aisld) |15 dey U0 a5 o 4al) Gﬁﬂ\j\ WO g v g il 21,20 182

e
2.Add 1ml of the over night £y IV Ll 0 100m1 & WU S &) e 1ml iol.2
culture to 100ml L.B medium (el SN I ) Sl Blee s 5 e °r 37&51"’ |

Ancubate at 37°c on a shaker
until the ODex0=0.3(about 3h) @y £ Y 3 50ml x2 ) sl ) s 3

3.A1iquot culture into 2 *50ml g;‘)l ’or 4 e s 10 5.4 4000 rpm s L 565 10 s
Oakridge tubes chill on ice for 10 . , o P o
min . Centrifuge at 4000 rpm for <~ 20ml 5l JS & Sl Al e & f el gl
10min at 4°c.Discard supernatant (0.1M.)3, L) U‘WJLQ‘ Kty
and resuspend the pellets each in

20ml of cold 0.1IM calcium

chloride.
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4 leave on ice for 25min.

centrifuge at 4000rpm for 10min
at 4°c resuspend each pellet in
2ml of cold 0.1M
chloride.

calcium

2.4.2 Devices / <43

Waterbath / owews 2 9>
Shaking incubator / & £ xs dio\>

6> 10 5.0 4000rpm e 4T 32> 25 sl i 3 o574

(OAM) p 5o , I7 n 2l o n IS B 2 "2 4 e

2.43 Materials (other than JM 109 from Promega pGEM-T Easy Kit Il) / &) 3/ 4JM 109 from

Promega pGEM-T Easy Kit II.(

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
medium. Autoclave. Allow the

medium to cool to 50°C before

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 80pg/ml X-Gal and pour the
plates. Alternatively, 100ul of
100mM IPTG and 20l 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.

Je- ST APTGY > & o 8T [ bl pr g I i
(A ) g I sdae ey

. bacto —tryptone -+ 10g

bacto-yeast extract :» 5g

oo yall LIS e Bg

o0 gl deuS g on ol 7.0 e 3o sk i 5 s
el o 3 I B

Lol el oo Tl o 2 SO LY e 155 i
S 55 A 0K o eV 835 3 T B0 o 2 O
LW 85T L ade U e ) e 30-35m1 izl . 100pg/ml
s o gl o T A e s e Y G Lt

6 5

o Vot o JE = ST e B0pg/ml 5 > 3 g s o 05mM
= S1 e 200l 5 (100mM) > & g T o
el o 4 Il imdis s Jo a1 ¢ (50mg/ml) JE
ezl 15 5 37 e 323 30 ol olazeYl U ) ¢
OIM) > 3 g ol S 2

e 3 g Lﬁ 1.2¢g
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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

Dissolve in 2ml N,N’-
dimethylformamide. Cover with
aluminum foil and store at —20°C.

5-bromo-4-chloro-3-

B e Gl e @ Sl e e 50 ml ) sl G

R JPCRSIN-S
(J2) s — 5]

- = Jaa _3_J)jl§ _4_j'°jj3_5 o 100mg
slaiy vgdat dsloy b fizts — OT=0T (o 2ml 3 o835 o SILE

020 o o g o Y1 e

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

traD36, proAB, laclqZAM15].
Protocol /

1. Prepare two LB/ampicillin/IPTG/X-
Gal plates for each ligation reaction,
plus plates determining
transformation efficiency (see Section
“Trasformation Control”). Equilibrate
the plates to room temperature prior to
plating (Step 10).

2.Centrifuge the tubes containing the

two for

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
the
Section

transformation  efficiency  of
(see
“Trasformation Control”).
3.Remove tube(s) of frozen JM109 High
Efficiency =~ Competent Cells
storage and place in an ice bath until
just thawed (about 5 minutes). Mix the
cells by gently flicking the tube.

Note: Avoid excessive pipetting, as the

competent cells

from

competent cells are extremely fragile.

4. Carefully transfer 50ul of cells into
each tube prepared in Step 2 (100ul 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.

JsS 555
/@@g@/mi@gdiwwwgﬁz.l
e Ll 0l Gl ) L) el e IS Je — S
o Oldall O3l o Ll 3UST ddd il

(10 4 ) Lo Al 33 305 ) > 3

G ssl et b )l oMl e npdl (Y T2
s ol ) e S e 2ul Gl oY) il
@ AT ol e 3 e 5 15ml Lo
BUS Wtod ahaie il L e 0ng e s
e aal) W L o2

& Lrdy B0 e LSOV e i il U (113
W Ll (36 5 Jsy sl of ) sl Lo
Ay g oY e IO e U

Lgh o LU Ll daad) fexzes Y rilas e
> A 3 e oal IS ) W e 50 Lis s14
(A 3l e U e 100 2

20 sl CX:J\ L} W 9 v.@.}a.lxu 3 9 o uyi}!\ J.AS

s>
el (o 3 350 50-45 sl 5, AL W 006
(kA0 42 e

oids 2 5L ) U1, et Jal7

(SOC medium) s izl L I -0 95001 of.8
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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).

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
recommended for plating. If a higher
number of colonies is desired, the cells
may be pelleted by centrifugation at
1,000 x g for 10 minutes, resuspended in
200l of SOC medium, and 100ul plated
on each of two plates.

11.Incubate the plates overnight (1624
hours) at 37°C. In our experience, if
100ul is plated approximately 100
colonies per plate are routinely seen
when using competent cells that are 1 x
108cfu/ug DNA. Longer incubations or
storage of plates at 4°C (after 37°C
overnight incubation) may be used to
facilitate blue color development. White
colonies contain inserts;
however, inserts may also be present in
blue colonies.

generally

Please  see  Section  “Screening
Transfo rmants for Inserts: Preselection

of transformants” for more information.

Notes:

el ) el e AL L e s 952 s o Y1 )
e sst U oY 1 900ul 5, B A 6 i s
i) (Sdl o ) o shode sl doo DU e 2L LD
(S Sl gastl sae STy &0 O g JT dew )
O NG VAP CRNG W PR FIUMS XU G )
.(150rpm)

o T o i 3 Gl ¢ 5,300 e JS 10001 2210
Pl (Sl U = S o g g T bl
O 13 g gdall Ly 1010 4] ) cass
ook Sl b, legedl e xS sk e ol
ez, $6 10 sl gx1.000 e 3L dbuly L
5 Spw il Lw e 200 pig JaeW) & o A
o)l e S e aldl SN e 100 Cas

37 Je (sle 24-16 ) L PV ot D11
100 ot 100u1 Jal 58”387 13] . & mall 0ds 3.5
o Al LI plisca] @13 ghate dmiiall (3 de e
o) ol a bl Blad) | ) e 1x108cfu/ug S5 5 ok
5 () I Lokt 7 B7 ey Siall T 4 e
sladl ol gastl B3le L 35V O sk L faxzas
o s MWl wle et Ll Ol LW s (s 22
RERU

P L) U B oY ey il a)y Sl e
w2l glall ey pald (N gill SV ey

: ola>e

1. In our experience, the use of larger (17 x 17%) S RN Of Lam o 5 3 ) o (3.1
100mm) polypropylene tubes (e.g., Falcon ' ’ T i

Cat.# 2059) has been observed to increase
transformation efficiency. Tubes from some
manufacturers bind DNA, thereby decreasing
the colony number, and should be avoided.

containing  (-galactosidase
activity may grow poorly relative to cells

2. Colonies

LS e W Oyl e Y (100mm
sde o M smaall mey e cnUY LT sl

Lol gast]
B Sty Laldl e ¢ p2d Gl ole ol 2

lacking this activity. After overnight growth,
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the blue colonies may be smaller than the L Jb
white colonies, which are approximately one

millimeter in diameter.

Promega recommends to transformation
control. This won’t be done in this course.

Ay WD as e W

Bysleda 3 ells on b AT N] L d) 2316 lng p s

2.5 Screening Transformants for Inserts: Preselection of transformants (4" day) / 1AL &y / o5 s

@ palh) Yl S5V oY) 2 Lol

Successful cloning of an insert into the
PGEM®-T and pGEM®-T Easy Vectors
interrupts the coding sequence of f3-

galactosidase; recombinant clones can
usually be identified by color screening on
indicator plates. However, the

characteristics of PCR products cloned into
the pGEM®-T and pGEM®-T Easy Vectors
significantly ~affect the
blue:white colonies obtained following
transformation of competent cells. Clones
that contain PCR products, in most cases,

can ratio of

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.

pGEM®-T and Ul e Ll Gl e L)+ Lzl
, M S~ ey ks aaidl pGEM®-T Easy
( recombinant clones) sl wle ol B an S&
OB ells oy i) Sldo Jo Ol 2
o el bl S el pue allas
W) azellazal, pGEM®-T and pGEM®-T Easy 35Ul
Lo Jsadl @ ol sladd) 6B, ole sl 2s Jo
SV b 3 dasdl WU oV ae
Jodedll 5l ol e s 5% @l Ll
b i b 3,5V 0 ST clad) ol sl
o po bl @ e o @ el 5l el
tislze 0S5 b sale skl ods . (lac Z gene) 55 S
e 3 sl ey gy ¥ SU, Jsk (3 3bpd
& ool B alab e W Sus OF V)L LY)
S ponies il g 2kbd Wik Juoy 5 LYI Ve
ilas OSGL Bbp o BTzl O oy eBy)
Lkie e85 o janions x5 5 ol palal) o5 OF 2dslal)
MWL e 5081501 Gl alad we Baasill LU J e

. pPGEM®-T and pGEM®-T Easy

.( plasmid miniprep)
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White colony /

Figure 1.21. see plate 14 for color version..& she i 14 a2l Jasf [ 1.21 el
2.5.1 Protocol/J s s,

Set uP m‘ini cultures of 4 x./v‘h?te /dJ‘ _19_“} o J” 25 2 oleyos 4 e Dlsl,)
colonies in 2.5ml LB/Ampicilin.

The cultures are incubated over .0( 37 e S i u"&; of ot olel ol  rtkenaa
night at 37°C.

N " Figure 1.22: Taking E.coli with sterile soft loop see plate 15 for color
versmnw}bw 15 deinall ot 2 aals Jjg.-\}\ ole szl 11,22 ey

2.6 Isolation of recombinant plasmid from E.coli cells with Qiagen Miniprep kit (5'h day) / L1 Jse

‘Z‘jﬂ—‘c‘ ‘",’J&)’/ L o AU dIQiagen Miniprep (pwold/ 'Aj,//)

The plasmid has to be isolated from the overnight cultures o A S el e
QIAprep Spin|For 50 high-purity plasmid minipreps: 50(27104

Miniprep Kit|QIAprep Spin Columns, Reagents, Buffers, . J-;U‘ JM;- Izl ole 9) jU
(50) Collection Tubes (2 ml)
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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) 2 x 6 ml 55 ml
Buffer EB 15 ml 55 ml
LyseBlue 20 ¢l 73 pl
RNase Al 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.

sl OSG (0525_15) B 5 -l s e bid of e Qiagen Miniprep s gast @ )

o e ST s % 8-2 e baad g 5, A ods e a3l id O e sust
If any precipitate forms in the °¢ 8-2 e ) de bl 3 ol il Sla 0813

buffers after storage at 2-8°C it

should be redissolved by warming = .Jlexzwy! |3 o( 37 e ol sda e of et

the buffers to 37°C before use. After
addition of RNase A and optional

lyses ) &,5Y1 3 0l Ll 5 (RNase A) sl G ) f.ﬁ 1\

LyseBlue reagent, Buffer P1 is stable §_2 g A—*ﬁ 6 sl S e L& P1 ("E';‘U = (blue

for 6 months when stored at 2-8°C.

RNase A stock solution can be > & 0% O oS8 (RNase A) sl U el dals s

stored for two years at room
temperature.

2.6.1 Principle / ixd)

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

o 30k B A5 )

@8 Lz 3 o5 ol 4 Qiagen Miniprep k! ~|
Ll olazal e aslad LSOl WD ST (basic)
G I Sk clzd (1) A e alle 28T s
O L J4 5 Qiagen Miniprep i 5o (3 Sy
oda 83 ,\4 . miniprep Lo 3O glass or silica slurries
tla] 10 3 e ol )

oSl S ki -

. Qiaprep sLis ye Ll olate) —

Bl A D ) ] g o -
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CsCl,
bromide, and without alcohol precipitation.
Preparation and clearing of bacterial
lysate

The QIAprep miniprep procedure uses the
modified alkaline lysis method of Birnboim
and Doly (2). Bacteria are lysed under
alkaline conditions, and the lysate is
subsequently neutralized and adjusted to

phenol,  chloroform, ethidium

high-salt binding conditions in one step.
After lysate clearing, the sample is ready
for purification on the QIAprep silica
membrane.
DNA adsorption to
membrane

the QIAprep
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
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 end A+ strains
such as the JM series, HB101 and its
derivatives, or any wild-type strain, to
ensure that plasmid DNA is not degraded.
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

s sl Jlasza] 055 e oA 10 sds e
0355 heosp padl , psieed) ST, ayshe
IS s

S S sy it

gl biws 8 b puzis Qiaprep miniprep <le! )
(2) (Birnboim,Doly) k} 9 3 Fem S okl
R B e T
il A A A S 4SS 2 e by iy S
slad o aal) 5als ool aall |, WU LS
-Qiaprep S

Qiaprep slis ps LWl olau)
slid plouins olmdally , badl , Qiaprep, >sle
i Ol e 3 Bl D olane] LY S
% dm JusY L a3 Y
Com Al Sl clis o slbadl plasn)
, Sl U O e bois Gl plase) e STl

.(metabolites) aY) o asll sl gl

Bl e 3 ) ] g e
i) u§£ (endonucleases) )M,‘Afﬁiju\j («s:jt
Jordl e dage W=l ods PB S S|
e B e D OF e ST wilizie o TM DR
G U pr Btin B 2 Ll 555, () Moay
Pl s e B e 1S e plisiia]
G e e e ] i 5 Ll el g

(S Gekad) Al i G

v b Lo ged) i dilaze ) Yl sels” ;A
s o i gad) oy Of e LS a5y . 8.5-7.0
Ly “p =20 e b 0 el plasaa] die Wil

Bl e ol e Jals 3305 g sl plutn]
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agent.
DNA yield

Gl deS

Plasmid yield with the QIAprep miniprep (b =l Qiaprep minprep rUb.S & e U deS

system varies depending on plasmid copy
number per cell (see page 39), the

Gly 39 i Jaily aldl 3 WS N RENEY

individual insert in a plasmid, factors that S e S5 o) Jﬁ\}*j\ , Aes U g S IR

affect growth of the bacterial culture (see

pages 39-42), the elution volume (Figure 1), p—>~=;" ) (42_39 A= J’ET) icy ) \-z;y&.J‘

and the elution incubation time (Figure 2).
A 1.5 ml overnight culture can yield from 5

el gl Blas w3y, (1 JSel) £ sand)

to 15 pg of plasmid DNA (Qiagen Miniprep ... o S5 of JQCJ‘U‘ I é))j&‘ o J"15 2

Handbook, Table 1, page 14). To obtain the

optimum combination of DNA quality, Qiagen Miniprep ) Lo DU G e 15ug U 5 o

yield, and concentration, we recommend
using Luria-Bertani (LB) medium for

& s e J sl (Handbook, Table 1, page 14

growth of cultures (for composition see (sl Lw Ji plisuan] % Ll 3575 5 a5 &S

Qiagen Miniprep Handbook,page 41),
eluting plasmid DNA in a volume of 50 pl,
and performing a short incubation after
addition of the elution buffer.

2.6.2 Protocol / J S 53

In the following text is described the Plasmid
DNA Purification using the QIAprep Spin
Miniprep Kit and a Microcentrifuge. This
protocol is designed for purification of up to 20
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

70

for composition see Qiagen Miniprep ) Q.JT

== @ A DU s ) sy (Handbook page 41

)y ol 83l 8 lan-| Cllaz 500l

e RS ales o il £ 4l
o il ,Qiprep spin,Miniprep kit, kel
o 20pl EaS e Jem J oS g ) s AL
Jel ik ae g 5 LSOY) e 15ml e a3
oo ST g e ma WL I el Lo 1 8



L. Basic techniques for working with DNA / s 553l jaed! 3 feall gl Slidad)

QlAprep Spin Precadura
in microcentrifuges  on vacuum manifolds

Pelleted bacteria

Bind E Bind
N
Vacuum
¥
Wash E Wash
Vacuum

Pure plasmid DNA Pure plasmid DNA

Procedure / &) > Y)

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

Ensure that RNase A has been added to
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 Dbacteria should be resuspended
completely by vortexing or pipetting up and
down until no cell clumps remain.

2. Add 250 pl Buffer P2 and mix thoroughly
by inverting the tube 4-6 times.

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

continue

of Buffer P2. Mixing should result in a
homogeneously colored suspension. If the

prepared using other G A1 JS gy,
methods, refer to the

recommendations on Qiagen S
Qiagen Miniprep .
Handbook, page 44. o Miniprep
Please read “Important x> f Bl elas
Notes” of  Qiagen .
Miniprep Handbook, S s G Al
pages 15-21 before _; g e s
starting. = Note: All :

protocol steps should 2>l 21-15
be carried out at room s

J- R
b JS S

temperatur

Jb sl @ P sk @ a1 LSl W s
o 300U o gl

ST ) esl ) ol D1 ol of e ash
13 o )y Y S s Yl s (RNaseA)
b P1olll e 3581 3 ol Bl Bl ¢
i Ot Sl oady OF ) e el
Y S mad) o el gl Ll dauly Lol LS
O e ST AT Ay

sV 3 dalsl P2 oLl e 25000 Lasl2
C ol 6-4

Ry e T
o OF ] S ) o i8Rl ods panisy al pally
o B e ) sy s 8T Y] Ble U
FIBL LT, 365 5 e Y aeall odin 8 13 o
B L URCIRC SN Py
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suspension contains localized colorless
regions or if brownish cell clumps are still
visible, continue mixing the solution until a
homogeneously
achieved.

3. Add 350 ul Buffer N3 and mix immediately
and thoroughly by inverting the tube 4-6

times.

colored suspension is

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 wused, 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.

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
have high levels of nuclease activity or high
carbohydrate content. Host strains such as
XL-1 Blue and DH5e™ do not require this
additional wash step.

8. Wash QIAprep spin column by adding 0.75
ml Buffer PE and centrifuging for 30-60 s.

9. Discard the flow-through, and centrifuge

spin column by decanting or

such as the JM series, its

for an additional 1 min to remove residual
wash buffer.

Important: Residual wash buffer will not be
completely removed unless the flow-through

is  discarded before this additional
centrifugation. Residual ethanol from Buffer
PE may inhibit subsequent enzymatic

U..>- del= g A P2 Ll Bl ae 3,
o L G5 0Ly Bty b g L sl
el

oo My 1y dabely N3 Bl e 3500 Casl.3
(ol 6-4 e OV L U

BLo| e 5,5 SISy S s il 3 k]
oo ASY Ll (e 5K ple Y1 LT NG el
Alasi] 13 L SR sy OF ) g6 10
o Gl ey i OF ) Bl 2 5581 0Ll
NSPUNPH

) 13.000pm s e Je s 10 sl L4
LUl (3 (17.900xg

borae ool e 0SS

Oygs sple @ 4 as N el BL 5.5
2l daul & Qiaprep
.(pipetting) j2mzed! dlos
LI ) 80 60-30 .8 1.6

il g }T ( decanting)

iawly Qiaprerp O, sl ssale L) iimeeai.”
by 26 60-30 il Al & PB (e s 0.5ml
L

LUl LSl Lla e Y &y ,0 3l U oda
HB101 5 M ddes 0 A" Lenl& aDle alisns] s
o W Sl dlle 2 e g ol Legmls
il SV Lol o K o sl UST ,l
il el L el s Y

oo 0.75ml - dawl g Qiaprep OV, 3l ssale sl 8
456 60-30 5l 04T & PE )

L 4y Sty 280 o e dl ¢ BLD 019
C el e e (S

ihee Jsf o JSIL Jy5 o i) oo L cpla
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reactions.

10. Place the QIAprep column in a clean 1.5
ml microcentrifuge tube. To elute DNA, add
50 ul Buffer EB (10 mM Tris-Cl, pH 8.5) or
water to the center of each QIAprep spin
column, let stand for 1 min, and centrifuge
for 1 min.

2.7

OF S8 PE pladl (3 550 501 eyl 0B QWL 5 4

AW Y1 Jeladl Ao i

o dod 3L O gl & Qiaprep > gole cplo

10 Mm ) EB alais e 50pl Cazl Gl 23y &, 1.5ml

Olys5 ssale IS (il 3 sl ol (Tris Cl, PH 8.0

a3 Lyl ol & 301y 23300 o8 5T £ Qiaprep

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

agarose gel (5" day) / cdligo/] (] ghd . ¢ oY) 20 Llos SRY gene o8/ Ao azjy 5 doojoUII 5o

(o p1ll)

With the restriction digest we want to
confirm the a proper DNA fragment has
been cloned into the plasmid vector.

On both sides of the insertion site of
PGEM-T Easy is a EcoRI interface, that
means that the insert could be cut
completely out of the plasmid with
EcoRI digest.

2.7.1 Protocol / JgSgi,ll

1.Set up restriction digest and

incubate for at least 1 hour at
37°C.

Restriction digest set up:

1ul Plasmid DNA

2ul 10xBuffer

0.2ul EcoRI

16.8 ul H20 (ad 20 ul with H20)
20ul

2. After 1 hour of digestion 2 pl

probe buffer is added and the
whole probe is put onto a 1%
agarose gel. Also add a DNA
ladder into another column to be

able to identify the largeness of
analysed DNA molecule. There
should be a DNA with 897bp.
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Overview /aolc b b

This chapter describes the techniques necessary . _4|J s, Byl ol Cray U s
to undergo the diagnosis test.



II. Detection of Influenza virus with nested PCR

3 Introduction / i.udl

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
RNA from cells and tissues is speed .
Cellular Rnases should be inactivated

no

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 , and purification
proceed at a more graceful pace.
Because of the wurgency ,many
methods for the isolation of the intact

can

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

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

N5 AV g ) Sl ol o pe 5 lin

3Lkl sl S e jami @

(PCRy @, ) oni ®
i e 6V L 0see ed 3Ll sl S m i e
Jelss AT alau gy o5l aliy D150 e UL 50% Juas, J2d
Ji= ¥ eds ¢ . real time PCRy faleal 5 L
SuAaS fadll B ol Y ey Sl Y5 40.000
.gel electerophoresisy U
Al Sy s e real time PCR a7 o 13
nested 13 oo L= oz of (S8 ,8 e basy PCR
. PCR
W e RINA) o) a5l Jaadl 285 #lndd 2l
s s paed @l e ey e BV
2l ades o LW A L1 8 e s (Rnases)ald)
AL gy e (Rnases) o) sl andt @5
bty ) S ISt Galin RNA)Y o) o551 (2ol
W e U3 J5a) Gl e ) a5l dr )
ApslS g B o8 S WD Gk w5 st
sl WO Grsed el A Sl p) Sl gl )
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Han et wimo 3 255, Ullrich et al. 1977 aku
Chirguin et al. 1979 wi>w 3 4al. 1987
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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,rRNAs 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 for isolation of
undergraded high molecular weight
RNA . However, the method has one

weakness; IT is
processing
samples. For this purpose, it has been
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
simultaneously and speedily at
modest cost and without sacrifice in
yield or quality of RNA. For many
investigatorse, the single step
technique described in protocol 1
remains the method of choice to

unsuitable for

simltaneous of many

samples to

isolate RNA from cultured cells and
most animal tissues.

There are two circumstances in which
single-step ~ procedure s
recommended. First , the procedure
does not extract RNA efficiently from
adipose tissues that are

not

rich in
triglycerides. RNA is best prepared
these fatty by a
modification  of method of
Chirgwin et al. , described by
Tavangar et al Second, RNA
prepared by guanidine lysis is
sometimes  contaminated to a

from sources

the

ST B3l Jo ik d] bad] abidl 5, oblw 5]
) ST
Sl 2 (1.8g/ml CsCl y 3wl U ) wls™ of

U5 i GG, 2V ol S e S
3 oA L P Ol Jaul @ oleiy L)
s ed O, Al e ocwls Lo (1974
G L 0B,k M el sal) a3 3 A5 ol U
s de gt st b ARl OF iy ) 187 S5l
i) ool |G/ fos cod 2y U e Bl
Olt s o i gie Blol J3d 1980 a3 LY
s LY lamly U il ods ol ol aey U
cldcn] i) ods (s aide Olie Wdlas (35 A

tJ s s Pl @y ad L)l oda LIS

of &> 1987 a. 3Sacchi , Chomczynsky
sl g el el el Sl Y
Ao e slage] A2 sed) G s Linsl 0L o) 5y, IS
ngbﬂéwofws,\g,\;uwwu\
oo okl B ae s ol alST (3 5l 093 g Wdaes
D dssssd @ aedl il aam Vhoy ks
oo A WD e B e Sl o Leady

RCSTEPVE (,.Jé_m o]
i x5 Wy B dl-Al Ul ) 3 P A
)l 2Vl e Bl U 2 s YY) 6l 2
olall o G ad Lol Loy eendi AU and)) agl o
o B bl g st s b fian el sy e ds)
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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.

tauly Ul pad ol o=y W T 5 s JS
e Sl Sl Ol e & el gl e
s S e OG5 ) g W) S Bl
s o5 a8 S 5 s ) oy
Joss ,Reverse trancriptase polymerase «f
O s 9 ) o Ssls gl 13 LB e IV sLasdl
255y sbaell sl A e 3 il s 0S5

U0 e ezl by i)
o Sy addl jaa o asmasYL Al G aaST Glas
5- w ol i a1 e 4-TUG o ) e e
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4  Purification of RNA from tissues / ixws¥! e U &4

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 H20O.

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

WO LG ads s sdly Al o iz J S 59l L
lysate oo il U0 g Ul o5 2 il sdll (3 Gl
CRo gt s e B gy )5S J il e L) sy
Aty o3y (3 i 0L Sl a el s 2 ) o
S o i e U g gt e S e e
o I\ pE S 4T e o 3 ey e deas
o W e TOON ol 5 Sn 10-5 5 iV ey
o2t Ot IS e g e ) el
(diethylpyrocarbonate( DEPC) ) U )8 g |l
PLIUN

el oY)

L 5n ) U Jpad 2o o e o LDUR e 1
BPERIRY RGN PREIE SN SR PN CIPIE EREANEHIN
25mM bl 55 p ksl 530l s 4M | (solution D))
Jud psesal o (05% (wt/vol)) — 2H2Op 523 saal) (e
saa) 4 5llal) [( 0.1 M 2-mercaptoethanol), () <l S L
NCSIESS t\}jf

XU W gy T E AN - P K g

NV SRR L e 1100
TG I Wl 5,,,6(75-1y 75
Ll Lo ade v,,60
L2 Ll e 190

L

B 3880 Lniy 5 et an sl a1 o)A
(mortar) LMo (1] sl WML . &100 Jj_;T-B
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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

A-Harvest the cells by centrifugation at

200-1900g at 15-25 °C 5-10
min.Resuspend the cells in 1-2 ml of
sterile ice-cold PBS (137mM
Nacl,2.7mM Kcl, 10mM NaHPO: |,
2mM KH2POs).

B-Harvest  the again by
centrifugation the PBS
completely by aspiration and add 2 ml

for

cells
, remove

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

C-Homogenize with a

For mammalian cells grown in

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

A Sl WA b & @zjﬁ;}\ Bl e (g2
-y L) sl amlie LU e il

@ s% snap cap ks Opsl Q) W 5,5, JaTC
%0 25-15 s Luibmss alax] & @l Jyl2 o0 13 e
(kinematica ) -sbml) 03 2 sl an 258 30-15 5
Gebaddl (3 oL L e

J= g1900-200 Js sl I o WU waslA
Jae) 3 53 sl WU oo 3565 510 3L 7 25-15
o 137mM ) il 5,U1_d) PBS J ke e b 2-1 3
o 2mMM e 3 sl Slhe B 0 27mM, p 3 g2l 5, S
(e IS i

SLlsT PBS Jske Jif ¢ LslL saz WU wesTB
IO\ sl s e o2 Cail ¢ Laiad) 2l s
25-5 e bl 05 2l we (lysate) ol l--C
256 30-15 540 7

padsl g W aRb (3 cladl WD o8

LL0-5 & samly b0 Lhos 5 Lol e LD LA
i) s U PBS J gl e

90 & U ke e o 2 & DG Tyses PBS 4151-B
Al lysate &kl o SO0\ L1y 2ol ade o
. snap-cap.< sl ko 3 5

=5 e ladll 0y sl ee (lysate) Sl el -C
a6 30-15 54 °2 25

ol Judozs Sty 5 25l sl () bl (sl
S o 01
o 0.2 5 Jpd e L1, (PH:4.0)(4.0:15 504
oo e @ (dsoamyl) el s 2l \p 54,8801 49:1(wtvol)
5 sV e eladll ws ble ST 5305 de sl e
L (s gl Lalsf

ol 2M

a-’-)J)
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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.
8-Transfer  the

microcentifuge tube, vortex it well and

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 twice  with
75%ethanol,centrifugeagain and
remove any remaining ethanol with a
disposable pipette tip.Allow the pellet
to air dry for a few minutes before
dissolving it in 50-100ul of DEPC-
treated H20 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 can be
formamide by precipitation with 4

recevored from

volumes of ethnol. For further details
,please see the panel on STORAGE OF
RNA.

SDS should be removed by chloroform
extraction and ethanol precipitation
before enzymatic treatment of the

15 s s T 3 10 5 558 ) L3
2 3 aass

ais> 20 54 ° 4 Je 10.000g 5 o s Lild
LI e st sl eV 3l il st ¢
o 2T sl ) 2 el

L=l sl U ) J sl nY) o il Cril5
o Y 2067 e Jal 3 o) U 851 5 e J 12
L asle

30 sl s e 10000g i, e SRUL U aal6
A

L0.3 3 U wlee D55 5 by anY) 42 Juail6
ol g et S e LSS il e o
Y

3UN mn e Bl B Gl 1) J A st
e bYW e o 1 e i
C ST sl

L T4 e e adl e BLUL U e 5 A a8
o 5% & os e led) sl sl o s 10
tavly JoSI oMab o J5F A sl ¢S
pad SUH A (3 ol T (pipette tip) Aol
DEPC- o 2 3 S 100-50 & Gzl 16 36>
70 °C e > ¢ treated H2O

it pr 260nm e plany) ALk U S5 09
S ) s oa) i)

i asle) dm U ﬁf't*r“"% ofdu gl d a6
UL (SDS) p 3 sl (o355 S ol 0 05% &
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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)-
cellulose chromatography or analysed
by standard techniques such as blot
hybridization or mapping.

primer extension,reverse

RNA prepared from tissues is generally
not contamined to a significant extene
with DNA. However,RNA prepared
from cell lines undergoing spontaneous
or induced apoptosis is often
contaminated  with  fragments of
degraded genomic DNA,RNAprepared
from transfected cells is almost always
contaminated by fragments of the RNA
used for transfection.Some investigators
therefore the RNA
preparation with RNase-free DNase
Alternatively, fragments of DNA may
be removed by preparing poly(A)®
RNA by oligo(dT)chromatography.

treat final

Ny
holy Wl % (SDS) passall Kss ol
b L @ el JSlY) gz sl o, S
Joy B s5Y) o
L) 95 8sle] (transcriptase, and in vitro translation
ety Al (RNAm) bl )l G @ Jonie OF S5
g5 akdn oligo (dt) —cellulose chromatographie
Ay oy gl gl e el e B8
o e Sl 53y Eske b Bl ps G e eI U
WUl g WU las e Liadi U ) 5lls sey .(DNA) G
3 B el U ey Usle 0,5 b WL &Y ot
Bole 8 050 Lotls Lp,® il WL e o adl U
S Js) Bas a1 shadl) sl lensadl U ol

primer extension,reverse :

e sl g sl Sl gk e Al e
el Bl & ad) U 0saa am dle UL e
o Y 5 (DNase) U a5l oo ) (RNase) U
poly(A)* RNA by sa=z Ledljl Sa Ll s U3

.oligo(dT)chromatography

4.1 STORAGE OF RNA/ b/ 55

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 up to a
concentration of 4 mg/ml. At such
concentrations, samples of the RNA can
be  analysed  directly by  gel
electrophoresis, RT-PCR, or RNase
protection, saving time and avoiding

in formamide

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

tek WS U 0, JleY U et A
e G g2l g BN o el 3.
U g Bl s Lot il dll 555 20°C
st idsll (RNases) Ul ol dal s Lyndaks o L
@ A Ol e Laaely U@ = sy
e 3 N e T 5 Jae e kel
Jadlh AT e 550 U Ss U e il |55 A
s, RT-PCR ,(gel electrophoresis) Mgl S LS
GRE et 5 23 e, (RNase) U el ale
o el il e e S U A a1 ez

Sso sl JHaY e n 4 pe JieYl @ amed Dl
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and then adding the conventional 2
volumes of ethanol.

* Dissolve the precipitate in an aqueous
-80 °C. Buffers
commonly used for this purpose include
SDS (0.1-0.5%) in TE (PH 7.6)or in DEPC-
treated H2O containing 0.1 mM EDTA
(PH 7.5). The SDS should be removed by
and  ethanol

buffer and store at

chloroform  extraction
precipitation before enzymatic treatment
of the RNA (e.g, primer extension, reverse
transcription, and in vitro translation).

e Store the precipate of RNA as a
suspension at -20 °C in ethanol. Samples
of the RNA can be removed , as needed ,
with an automatic pipetting device.
However , because precipitates of RNA
are lumpy and sticky , and partly because
of losses onto the surfaces of disposable
pipette tips , the recovery of RNA is
inconsistent.

o i) Aele odl) (i alawl s ol chomezynski o
o o 2 BLo| ¢ (NaCl)p o s2)l 55,508 o0 0.2M 2
dsay)

Pl -80%c Jo Jb e (3 U e memill O3 -
S 93 SlySIl s Jadd) a3 dlenze] oLl
0.1-0.5%) in TE (PH 7.6)or in DEPC-) (SDS) ¢ > 52!
lda treated H2O containing 0.1 mM EDTA (PH 7.5).
ol dsY) y el o), AL i) C4SDS
LU Y W S e

CdsRY 8 20 e kIS U e el
iat daul g ix cs ) SE U e ol
gz d s ahie e AN UN OV e ey 2SOl
anad B3l OB Rad) mhau Jo 8L o (s e

ior 32l e IS5

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
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II. Detection of Influenza virus with nested PCR

Methods used to prepare RNA for use in PCR generally require
the use of hazardous chemicals such as guaniding ispthiocyanate,
chloraform and phenol.

Here we describe a rapid membrane-based methad for the
isolation of RNA from viruses present in serum. In this system
whole vins particles present in serum are immaobilized on o
membrane by positive pressure fillration. Digestion of (he
membrane-bound particle with a detergent and profeinase K
releases nuclen: ucid from its capsid and destroys nibonucleases
present in the sample,

to allow prim;:r anncaling. Sequentially added were 5 gl 2 mM
stock of deoxyribonucleotide triphosphates, 10 gl 10xPCR
buffer, 0.5 pl RMAsin (Sigma Chemical, 51 Louis, MO), and
0.25 gl (200 unitsful) of murine maloney leukemin virus reverse
transcriptase. Following 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 ul. Samples were then amplified vsing a PCR
protocol for West Nile virus (3).

Ten microliters of PCR product were Southern transferved 1o
Mytran membrane, The membrane was hybridized o a 151-base
pair digoxigenin-labeled probe (Genius Kit, Boehringer
Mannheim Biochermicals, Induanapolis, IN), Hybridized probe
was detected by chemiluminescence using Lumi-Phos (Bochringer
Mannheim Corporation, Indianapohis, [N).

84

Strips of Immobilon-P membrane (polyvinylidene difluoride
(FVDF), Millipore Corporation, Bedford, MA), mexsuning 5/32
inches by 1 172 inches, were placed on three (3) thicknesses of
Whatman IMM filter paper. One hundred micraliters of human
serum spiked with varying amounts of West Nile virus (Family
Flaviviridae, RNA genome), strain 9568, were spotted near the
end of the membrane in two 50 gl spots. A 1 ml tuberculin
syringe was used to apply the samples by positive pressure (1,
2). The membrane strip spots were immediately immersed into
0.5 ml microfuge whbes comaining 81.75 ul of digestion buffer
(79,25 ul distilled water, 0.5 ul Tween-20 and 2 pl proteinase
K (20 mg/ml)) and the tubes closed with a portion of the
membrane extending ouiside. The wbes were incubated at 30°C
for one hour and subsequently heated to 95°C for 10 minuies
1o inactivate the proteinase K. Afier removil of the membranes,
1l (0,33 up) each of sense and antisense strand primer was
added. The specimens were heated 1o 68°C and cooled on ice

A positive signal was seen in lanes Al through AS (Figure
13, Mo signal was seen with human RNA or dengue vius BENA,
anpther flavivirus, Virus-free serum also failed o show any
bands.

The data presented show this membrane-based procedure o
be rapid, sensitive and less cumbersome than conventional viral
RMA isolation techniques. The hydrophobic Immobilon-P
membrane has a very high protein binding capacity. 13 nucleic
acul banding efficiency is extremely low, This allows any niscleic
acid that is liberated to stay in solution while much of the protein
can be adsorbed back onto the membrane. This pressure blarting
membrane technigue has been used previously for the detection
of antibodies to other togaviruses (1) and meningococcal
polysaccharide (2).

This membrane-based method was able to detect as few 2 6.5
plague forming wnits of RNA virus in 100 gl of serum. This
degres of sensitivity should be adeguare 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
also the possibility of
amplifying the wrong DNA sequence
over one billion times. The specificity of
PCR is determined by the specificity of
the PCR primers. For example, if your

increases

primers bind to more than one locus
(e.g. paralog or common domain), then
more than one segment of DNA will be
amplified. To control for these
possibilities, investigators often employ
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 any PCR
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

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.

Nested PCR / z9>;0)l dusdusiall 5 50ldl Jelss

o s e delal 48 as b e Leded) s WLl el
JEI o e ,(DNA)Y Bl o dine 5 508 Lads 0 U
aielal ((PCR ) fdedl 3ol Jolis ¢ oo oenad S5
SRS I e s e r ) S e ey e
Y p e K 3l PCR oo B Ok 1 e 8T 200
Joatl a8 0 Ok oty e ST ) dielial) 3,6 835 O
Ogb oo ST 4L abld) DNA alade aisliae oo 45 Of
el lels § de deoga¥ 3uf PCR o g .50
B ST day 6 2l 0, e POSSUR NI
s o ST ,( paralog 5 S i Gl o) oy
Y e e 3kl L Caslame DNA e 34>y
e2s ¢ yon s2) Nested primer | sloxia] Lo ULc O saast
(el o o win il 05 ] W) J5Y g2 e L
4 g Jo A STl

e s phsael § 08 ol om Nested PCR
(1 550y samy wild Judlodll 5 el ole i
73 PCR %% (s 3 5 LS aidll wislial J531 ¢ 5
PCR Jsi ;yo> L2 (Nested PCR) PRIMER .= (3l
o a3l 05See I PCR b i 5 (4 5500) Bt
N UL SR UTIC RS E N GRIPR R PNE R
aaslall Jla] LoV als U (3 Uadt aielias ol £ 13)
N e 1 g ety B8 3 e e

5 r L GCAT - & & TTGG - & & B & & & @ GCGC L .ATAT L ] 3 d

3 r - .CGTA. L] .A—ACC - 8 = 9 - & ® .CGCG. - .TATA. - 5 d
Figure 1. Nested PCR strategy. DNAJ! s NESTED PCR issl zel: 1 3
Segment of DNA with dots & d T .
representing nondiscript  DNA 3> il caall Ll alide. DNAJ dhede af bLE|
sequence of unspecified length. The . . .. s I .
double lines represent a large olpml o 80l BLAY O3 g2 ) calail o 5 5k

distance between the portion of DNA = =i~ 4 . )Q 2~ DNAJ! lds o )},T .DNAJ!

illustrated in this figure. The portions
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II. Detection of Influenza virus with nested PCR

of DNA shown with four bases in a A5l el ¢ st ks o & (bases)ids sdS o
row represent PCR primer binding ’

sites, though real primers would be Jsbl 08w il g all of oo oSN de @l Ll
longer.

5, ..GCAT...TTGG.... ....GCGC...ATAT.. 3,
«+tata

gcate
3' ..CGTA...A—ACC.... ...OCGCG...TATA.. 5'

Figure 2. The first pair of PCR o d)fy\) A5l el ¢ i Jf}” C)J-H 25,50

primers (blue with arrows) bind

to the outer pair of primer g sl g C’;—W L) éj“"‘l‘ o @)L;‘ C))S‘ e ((,_@_MJ\
binding sites and amplify all the . . .
DNA in between these two sites. AN
5" GCAT...TTGG.... ««..GCGC...ATAT 3’
3'" CGTA...AACC.... «+..CGCG...TATA 5

Figure 3. PCR product of 1§ dielal) o 1531 als U0y o) 5l Jolis a3 5,50

after the first round of
amiplificaiton.  Notice Jodwdll & L1 Jolas Saaits i, (base) &ddsdS ol ol

that the bases outside oL
the PCR primer pair are g @ B2 yr d 92

not present in the
product.

5’ GCAT...TTGG.... «e+.GCGC...ATAT 3°
<cgcg

ttggam
3’ CGTA...AACC.... ....CGCG...TATA 5°

Figure 4. Second pair of nested Jol Loy () o Jé\%}”) nested PCR o 34! ij,;\ 45,0

primers (red with arrows) bind

to the first PCR product. The ¢ & o (Ul oz g5l alag 1) <3150 L fodedl) & ) ol o petie
binding sites for the second pair _, . . LMy ) . ..

of primers are a few bases s 8\9\ v A’ AL (base) 4.34.:1).:15).9 Sy Ll
"internal" to the first primer J f}}\ ¢ JeAe
binding sites.

5 d TTGG . 8 8 @ . * 2 @9 GCGC 3 !
3 d A.A.CC " & & @ " & & @ CGCG 5 !

Figure 5. Final PCR product after second ;) || . =Y A s ) el mme 5 s
round of PCR. The length of the product A S & .

is defined by the location of the internal s & U OSG ctt gh B ne o5 PCR o &5Wl
primer binding sites. ,
.&5-\.,\.5\ ¢ Jeae
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When a complete genome sequence is f o <L L) e ,;;u\; O[TV DA JPL R PP
known, it is easier to be sure you will not . .

amplify the wrong locus but since very psw> o Mo Jbb sie SNy aelas o) b aib
few of the world's genomes have'been 5 j.i.J e nested primer , e 2l el ew\
sequenced completely, nested primers N
will continue to be an important control comdl e il 8 2
for many experiments.

The primer sequences t }:‘M YN
Influenza A virus

(A/Ohio/07/2009(HIN1)) segment - 4 . (A/Ohio/07/2009(HINT)) A 15yl esy

4 hemagglutinin (HA) o .
gene, complete cds. cods ST, (HA) oo A5 Lkl (gene) e

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
HIN1-F_nested 5'-CATTTGAAAGGTTTGAGATATTCCC-3’

HIN1-R_nested 5'-ttgctgagctttgggtatga-3°

>¢11229396503 | gb 1£j984401.11 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

ggctggatcctgggaaatccagagtgtgaatcactctccacagcaagcetcatggtectacattgtggaaacatc

t

agttcagacaatggaacgtgttacccaggagatttcatcgattatgaggagctaagag AGCAATTGA
GCTCAGTG

TCATCATTTGAAAGGTTTGAGATATTCCCcaagacaagttcatggcccaatcatgactc

gaacaaaggtgtaacg

gcagcatgtcctcatgctggagcaaaaagcttctacaaaaatttaatatggctagttaaaaaaggaaatTCA
TAC

CCAAAGCTCAGCAAatcctacatt AATGATAAAGGGAAAGAAGTCCTCgtgct

atgggegcattcaccatccatct

actagtgctgaccaacaaagtctctatcagaatgcagatgcatatgtttttgtggggacatcaagatacagcaa

&

aagttcaagccggaaatagcaataagacccaaagtgagggatcaagaagggagaatgaactattactggac

acta

gtagagccgggagacaaaataacattcgaagcaactggaaatctagtggtaccgagatatgcattcgcaatg

gaa
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agaaatgctggatctggtattatcatttcagatacaccagtccacgattgcaatacaacttgtcagacacccaag

ggtgctataaacaccagcectcccatttcagaatatacatccgatcacaattggaaaatgt

Remarque: before
starting put a
FILTOSTAT  FS
CODE

LLS) &2 eddl L8 0 wla>Ylfiltostat
FS code FFP2 D

FFP2 D
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II. Detection of Influenza virus with nested PCR

6 Pratical Part/ Jes! ¢ 3

6.1 Taking the probe / dc i/ is/

E

Cotton steril

f e a3

6.2 Purification of RNA from probe / dc is// 0 U/ dusii

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 AW2 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 ., RNA aas5 1] 5,

LU e 140D o ool U i) s 5755500 Ve
RES3S N> ES IS PRI

) I degs B

(98 imiv) "iagll Sl T 3

¢ 25_15) m a0l 5= a3 o (5,4 LU Slglex o
(3=,

Tl lhes g 1 sLBY

(T 25-15)5 A 551 > 2 5 (ot Slall 31 > 5 gom
TV Bhasl B 315 )| > st AVE (2l 3,1 > &)y
AT a- b g

Sl et et AW2 5 AWT Opeladd) OF o gad—
RUSIW RNV 9

AVL oLl 4] AVE ol (35 9 511 UG e
QlAamp Viral RNA mini deses & ¥ <5 13 cala
¢ peqGOLD Viral RNA Kit protocoles pliseis) LSl
-www.peqlab.de &5l Jo J=l 5f 33 dinall

Q\;‘ﬁ‘;ﬂ\
¢l g 5 AVL (il 0 560pL o). 1
o 1.5 demm 3400 el ) JBLI G
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Buffer AVL—carrier RNA
proportionally (e.g., a 280 pl sample
will require 1120 ul 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 a homogeneous solution.
Frozen samples that have only been
thawed once can also be used.

3. Incubate at room temperature
(15-25°C) for 10 min.

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

Potentially infectious agents and

incubation

RNases are inactivated in Buffer
AVL.

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

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

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

Pl e B3L5 o TA0UL pr ST il e OIS 13
o 280ul : 3@) Jutas, Liaf BUIL N de s 52) 5 4=) AVL
U e sl g 53 AVLLL e 112001 s anall
ST sl plasaa] gy (5L

S ey sty L el LU e 140l il 2
@52 5 2l AVL Gl 4] abld) A (305553 Lo
15 sl a3 mpst Lalel S0W Gl 3 UG s
gl

ol o 8k ) Ll ol e U el Al eSS
Blel fy Al Lad Bl L Wbl 5k Bl AVL
ods sy 5k Wlamion] g Lg o0

Co 25-15) B4 3yl drys o sV i3
s 10 s

&> 10s,uc1¢:m @MMMWJM\CMQLA;M
e S5 N Jsbl sl ekl s s w A 5 - ae s e
ans g ol Al B ) anS

bl 3 Ul ol aall Japalt Jos g Sl
AVL

VIV I R PR URCITIY: (1S Ve G S RN [ O
s Uaall

& il U1 (%0100-96) Jsuyi e 560l Cixi.5
dol [l w450 15 Bul et st bt gy & s (..e.uﬁ
sl bl & Sl gt Ol A3y b CB ) o sl
WY 5y o ISV on 2T g 55 gl plasan) £ Y
Jio e e s Ly iy U RS e eik W8
oo STl e OS5 L0 sl W T J el
il e 280Ul ¢ Sty Sy a8 Bl g 140pl
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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, 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.

and discard

Centrifugation at full speed will not
affect the yield or purity of the viral
RNA. If the
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

solution has not

than 140 pl, repeat this step until all
of the lysate has been loaded onto
the spin column.

8. Carefully open the QIAamp
Mini column, and add 500 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 ul.

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

ol 5l e daS

QlAamp 338 & 5 A o J k) 0 6301 ydst 22.6
033 o0 (collection tube) & o) & sl o Jo 2 3) Mini
6000 x g (8000rpm) J& sl f- )3 galadl glel B s O
, 02 ) A ) gl 8 3 el a Bust 4285] Bl
has oo LEAl BU Lo st Oyl
(filtrate)d4.ad)

oAl e I &l ot 01 gl s o gl
L ouas 6000 x g (8000rpmy Le idl ales
JaeS Lo Sy Y oAl as e Je A B slo s
L Ukt s of J)adle e m e L ales s

6 > A1 usi & ydg QIAamp Mini 3 pols pd] 7

of d a0 eds el 140pl o T 22all o 07 13
Ol sdl sl e (dysatey ol ma o

o4V 0 500u1 220 5 QIAamp Mini 5pls jisk md) .8
i3> 34l 6000 x g (8000rpm) e dsf (5 5 sl 3T AW
@9 2 Ak et Ol G s pldl ap Busly
(filtrate)hbead) Lot o Lkl 83U e 6 g1 O 5aY)
o O 0l AWT (bl oo 8305 (555,20 o0
140ul o ST aw Y1 2l

E

o2V o0 500p1 2ol ¢, 5ds QIAamp Mini 3 pls pdf .9
20,000 x g; 14,000 ) &Il &y Jo iy 3 goladl 3heT AW
oo okl 5 11 a4 38 ke JuST . 3585 3 34 (rpm
S JLSY OGYL ,AW2 fhadl Bl § S8 Jles)
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step 11.

Note: Residual Buffer AW2 in the
eluate may cause problems in
downstream  applications.
centrifuge rotors may vibrate upon
deceleration, resulting in flow-
through, containing Buffer AW2,
contacting the QIAamp Mini
column.Removing the QIAamp
Mini column and collection tube

Some

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
pul 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.

AT & A0 3 7 ey 10 a0

G Sl o Bz sl &AW LB sl i
il o Jas Jo AL an Comind 62 i)
el JAW2 Bl e gt cladl e Te ) Bl s
i o) sl a5 5selal la 5L .QIAamp Mini > alsy
ey sl e gl Bl Al Laf o m
10 al> b L] c W sds 3 .QIAamp Mini

Jo 2 & 50t @5l & QIAamp Mini 3 pols a2 plr 10
o U B g il B gadt 0l ol L (b3 )
By A28 3 Bl ds gy ol sLidl e

Jo 2 Wik s sl 55l G QIAamp Mini 5 pls a2 11
o I Pl e gl B et O3l ity (b )
o# 60pl Cirly QIAamp Mini 5pls yis mud] slidll e
gl BT B Byl dryd as O3l AVE G
6000 .\..;\g' Bty A3y 3l B &1 By > A yd b anani
819 423351 4 x g (8000rpm)

%090 £1 5z 535 AVE olaill o 600l 3015 5,0 ) ezl
W . QlAamp Mini 3sle 3 gyl U o BYI e
L UV AVE pliie 00 2 x40 pl pisiin) Casline o) i)
30 oo Bl emst Z)naY) %010 e ST ) 25
G UL S S A e s RS P ) (6050
20°C e i o SN s ) Uy el

.or —70°C

(RNA) i,/ ;0 cDNA (synthesis) guai 6.3

First-strand cDNA Synthesis Using M-MLV Reverse Transcripase /
M-MLV Reverse Transcripase &5 pdsied cDNA g o PN
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II. Detection of Influenza virus with nested PCR

A 20ul reaction volume can be Ujj\ . - 1ne-5 Ll e e 20Ul Aldsiu! oz
used for Ing-5ug of total RNA or 1- ot NERHE JQ ¥ o e -

500ng of mRNA - (MRNA) U b e e 500“(‘%)T Ls"-@-*j‘

RNA probes [t )i .» ¢ 3=

1- Add the following components to (.2 ¥ 30U ol 1) W U S Casi-1

a nuclease-free microcentrifuge tube: LS ) e

- put in the tube of outer-primer 1 1 r primer SN s 1) J o e
100ul TE buffer than take 0.6ul of O0n outer p 0 CJML T
this. B o 0.6l (i) & a3 TE (e
- We have lyophilized probes of

naked HINI virus RNA (RNA g5 -y Joall HINT GO0 o0 0 an Joae » ol
without protein coat). Put into the

probe 50 ul TE buffer. Take from aw (| & TE S 50ul &) casf (U9 ) aab
this 5ul.

- 1ul (10mM) ANTP Mix (10mM Sul

each  dATP,dGTP,dCTP and

dTTPat neutral PH). 10mM each ) (10mM) dNTP L) o 1“1—

- Add sterile, distilled water to 12

ul. dATP,dGTP,dCTP and dTTPat neutral
(PH

12l o i sl -

2/-Heat? mixtgre to' 650C for 5 min \3)_, 53 f 36> 5 sl °(,65 W by - am s e b2
and quick chill on ice.

Water-bath / s~ 2 s> see plate 8 for color figure S e 3 5] 8 izl )ﬁj
collect the content of the tube by brief iy . sl D 0 CuV G g2 a2l

centrifugation (e.g. 20s , 10 000 rpm) (10.000rpm , % 20 ‘>Ln)

Microcentrifuge / st ‘
see plate 8 for color figure | & ss 5, 52 8 deiiall il
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And add:
-4ul 5X First-Strand Buffer
-2ul 0.1 M DTT

J 3= kel lote 5x 0 4l

DTT (0.1M) y» 2ul-

First strand-buffer / .J,% fbosd Jace

3.- Mix contents of the tube gently °(37 e f“':;uﬂ 553 TRV Ll=i-3

and incubate at 37 °C for 2 min
4-  Add 1ul (200 units) of M-

oass 2 sl

MLV (RT), and mix by pipetting , = M_MLV (RT) (200 unitsy .. 1pul sl -4

gently up and down.

5-Incubate 50 min at 37°C.

6- Inactivate the reaction by heating
at 70°C for 15 min.

7- Incubate 40s at 90 °C (with PCR
machine)

8- Immediately put the tube into ice
for 1 min

9- Add 3ul RNase A

10- Incubate 20 min at 37 °C (with
PCR machine).

Now we have cDNA.

11. Add the above to a PCR reaction

S F I I (S Vo SPON U VSW BV PVERpY A P
e

M-MLV solution
e 37 deargs 1554 asi-5
15 5 %5 70 e 5,0 =) aay on Jolid) (a3 5-6
R
bl el 2T ) *r 90 e a0 40 sl -7
(e
Bty 3283 5l =l 3 550 oY1 k-8
-(RNaseA)sT U @51 e 3ul Cas-9
Lol W7 @) %r 37 ke gés 20 sl axl-10
(el 5 al)
. cDNA s J 24 £ OV
el & ol ol il 39 o b Lo aal-11
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II. Detection of Influenza virus with nested PCR

tube for a final reaction volume of 50 . SOHI ;sﬂ“é >
ul :

o 5ul 10X PCR Buffer[ 200mM Tris- A el el e 10 x . 5 opl-

HC1 (PH8.4), 500 mM KCl 200mM Tris-HCI (PH 8.4y, 500 mM |

e 1.5 ul (50 mM) MgCl
s [KCI

® 1ul 10 mM dNTP Mix

¢ 1ul amplification primer 1(10uM)

¢ 1ul amplification primer 2 (10uM) ‘(10mM) ANTP L o* 191_
e04 ul Taq DNA polymerase (10puMy Caslali 1 g el o Tul-
(5U/ul) (10uM)y Geelall 2 ¢ 2l) e Tpl-

*2ul ¢cDNA (from first- strand .(SU/MI) Bl e G fv'j o 0. 4pl-

(ke ol e ) cDNA . 2pl-

reaction)

e autoclaved, distilled water to 50
SOHI o> sl ol -

ul

amplification primers / aelall ote 2
dNTP solution

- Mix gently and layer 1-2 drops ( o) o okl 2.1 oAb TRy Lo

50ul) of silicone oil over the reaction el G4 0 <L)

(Note: the addition of silicone oil is

AT 3 e o Ol cyj ol i)
(ol s g2 68 el 5,0 o

o(a 94 5> J.c\_i:}\ e

unnecessary in thermal cyclers
equipped with a heated lid.)

- Heat reaction to 94 °C for 2 min to <350 (id> 2 sal

denature. WP
- PCR program : 35 cycles: 15,95 35 A1 5ol Jelis el e
10s 95 °C

0595 , Q\js 10
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10s 60 °C 060, 01 10
20-60s 727C 272wt 60-30
PCR machine / Julodi s oLl Jelis 5le

see plate 8 for color figure | & ss 5 szl 8 a2l Jail

5-put 5 ul in a PCR with 4 ;. 3. |3 any k) e 5ul 3| A1 s W el e Bul =D
50 ul. take 5ul from the A s ol g s 8 o Bl 2

result and put in the el 8 ol) el e
second round PCR. el . ) i . T
(Note: we use inner &% sl a0 @ 4 5 3 sl ole el Jlaana] & 8 il
primers 3 and 4 in the () 5 L)
second round of PCR)

6- put the PCR product on the gel O e fdell Bl el = C‘b_6

Electrophoresis / »ed st 1 Ladl

see plate 8 for color figure | @ sbe 3, sa) 8 ieiiall sl

7- take a image with digital camera (with .(J.ef A ) s | alS o 8, 50 dof S -7
a red filter)

Result: The person is infected with HIN1 virus because there are bands seen /
O e iy ) OY L Vs g et e

Important Notes / isls Ua>Ss

If preparing RNA for the first time JPURT] A BEN IS B L ad ol
please read “Handling RNA” (page .

34). All s'te.ps of the QlAamp Viral o5 of ot JS San o J}‘J—U o _(34 W)[U)\
RNA Mini protocols should be

performed quickly and at room ca ) 5 > A s ul" S ng—'-'
temperature.

After collection and centrifugation, s 2 jra QL(,AJQ L2l )T LoD, A c««}uﬂ iy
plasma (untreated or treated with

anticoagulants other than heparin) x>l (3 Jsbl sas o sd Lolele 6 0 Y o(a 8-2
or serum can be stored at 2-8°C for

up to 6 hours. For long-term 1 .Sl ek of & gl o -20°c or -80°c P
storage, freezing at -20°C to -80°C

in aliquots is recommended. Frozen of w2 Y L2l LU e sl TS e ols
plasma or serum samples must not
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II. Detection of Influenza virus with nested PCR

be thawed more than once.
Repeated freezing and thawing

leads to denaturation and fu_;\ 3 Ll ondy a5 &_:;jﬁ_;\ dagb a5 S5

precipitation of proteins, causing

reduced viral titers and V"’U\ Al AL BLEYL g al Lf‘”}ﬁ"ﬁ\ L) aLs

subsequently reduced yields of the

isolated viral RNA. In addition, (Lis sl Al ©op C.LJ\ 3 At

cryoprecipitates formed by freeze—

thawing will cause clogging of the s ol -Sll b L.ufa Ao 13 QIAamp

QIAamp membrane. If

cryoprecipitates are visible, they can  JM=Y1 093 o b L @3] g . 36> 3 sul 6800xg

be pelleted by briefly centrifuging at

6800 x g for 3 minutes. The cleared S o M& ¥ > L oda . dl Jo adlasy o 2L

supernatant should be removed,
without disturbing the pellet, and
processed immediately. This step

g

will not reduce viral titers. J"“’-S LW u“‘:s QIAamp Viral RNA Mini ¢ Uas

The QIAamp Viral RNA Mini
procedure is not designed to
separate RNA from DNA.

Lol o (GR]

To avoid cellular DNA 5 @ @slayy) ol b gul = Ul &5l o

contamination follow the guidelines

in ”Cellular DNAThe QIAamp Viral Js LSL; J“"'i sl QIAamp Viral RNA Mini

RNA Mini procedure isolates all

RNA molecules larger than 200 5 ) UJM ol Ll ‘w“"ﬁ"l‘(ﬁ‘” s> 200 e }5\

nucleotides. Smaller RN A molecules
will not bind quantitatively under
the conditions used.

6.3.1 Handling RNA /U J! i3-\xs

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 mnot wuse 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.

Lyl e o Lasas Lyl g

ey Yy Lsb oy i w50 s (RINasey U1 a5
blis Gy cmall e al Ly L el Sielldl Julss
Jlantw] g ¥ A b w3y 3 U s 3 @058
o elaS 093 e Bl gl T S lal) e &
Y e s Comdd QA dx g OF gy a5V s
o bl i) ades da of M= L) ols s
Qg O ot e bt e e w51 s 0,80 Of
2y dhesned) 20 V) 245 Ales IS U ol Y
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6.3.2 Buffer AW1/ v.!é.d\AWl

Buffer AWI1 is supplied as a RN 3 Jlarsayl L3 5SS sy o AW V‘M\
concentrate. Before using for the
first time, add the appropriate | S ) jlie o LS (96_100%) J $UY! sl
amount of ethanol (96-100%) as
indicated on the bottle in Buffer B Al > A s ‘.sl"’ i 5ol M}; ¢r<4) AW1 V‘M\
AW1 is stable for 1 year when
stored closed at room temperature, i>SL» &b LA > Lab U_Q 9,4 Je bl &
but only until the kit expiration

date. Jis gast]

6.3.3 Buffer AW2/ laicllAW?2

Buffer AW2 is supplied as a RN 3 Jlarsal L3 5SS 3950 o8 AW2 V‘M\
concentrate. Before using for the

first time, add the appropriate 3¢ e ) jlis s LS (96_100%) J syl ol
amount of ethanol (96-100%) to

Buffer AW?2 concentrate as indicated CAW?2 (,_jg_;_\\
on the bottle.

Buffer AW2 is stable for 1 year e LUL) xo 22l 5, > &3 e daw 3l i Sa
when stored closed at room

temperature, but only until the kit s sast) 4o <Ih B = b Sy w0 e
expiration date.

6.4 PEQGOLD VIRAL RNA ISOLATION PROTOCOL /

PEQGOLD s (s 508l U I8 J55 555

Materials required, but not s el ods (383 g 0 pdll g & slll) S0l
supplied:

1100 % ethanol (100%yJ sluyi-
I Sterile RNase-free pipette tips )

and microcentrifuge tubes Ladu Ll gﬁjf /L.'a_ﬂj ] (:,J;;T o I dzaal egi-
1. Lysis

Add 450 pl RNA Lysis Buffer T H(edly 1

to an Extraction Tube. Pipet 150
ul plasma, cell free body fluid, N o sl ! L}’JS\ sl el s 450pl Carof
cell culture supernatant or urine

into the tube, mix thoroughly by 4> ;U V.MJ.-\ W, LU e 150“1 iaall dawly s
vortexing for 10 seconds and

incubate for 15 minutes at room 10 300 ] 5 OV e 3 Jadl ol aslall asy, Sl Lo
temperature.

2. Load and bind 3.9),1.5\ SJ\J:- 3:.-)3 LSL“ 3.2.::9: 15 sl WTJ Z.A\j.U\_g dj\j:
Add 600 ul RNA Binding
Solution and mix thoroughly by by g M\.Z

pipetting until a homogeneous
solution is formed. Apply 600 ul
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II. Detection of Influenza virus with nested PCR

of the sample to a PerfectBind
RNA Column assembled in a 2
ml Collection Tube. Centrifuge
for 1 minute at 10.000 x g.
Discard Collection Tube and
Bind RNA
Column to a new Collection

assemble Perfect

Tube. Apply residual 600 ul 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
have by the filter
completely, centrifugation time

run

might be extented!

3. Washl

Add 500 pl 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 pl

Total volume 75 pl

Note:

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

Aol y JolS” oy alalely o)) oy ) sle 0 600pl ol
el ods e 600p] o Liilonzs J 21 sy OF 1) 2l
Jsosdl  PerfectBind RNA

e sy aass sal T L L2 (collection tubeyis sod

<5t spele g
Col 3ol ao g wesedt Ol el 10.000 x g
LA A g

OV A e L Ao sed) didar o L3]S
UL WOUSICR PR-NUg

1 g Jdd) olais 3

Lily spldl 1 W o) et e e 500D Cisi
Bl sy . 10,000 x g e 2iss sal 05 xe 350l

L4513 uj,ui}ﬂ Jlanza) aef (5

(S IV Ul eadl 25T 4

035 o Bl lams O35 Oy sl 5l 2l 5 U1 e O e
e Jlanzwl 65,000 o d ST, LA G @5l Jlenza
s auled) U wlighs jas OF ¥ olikdl 3wy
bl sl e s slaiy 835 A ) 0B A1) Lyl

.INo. 12-1091 Order) J 41 s

Je L= ;4 2 PerfectBind RNA . Ka
RPN RRUIPECYIISS

JaY1 sl bl late e 73.5ul

20 Kunitz y 6l a3l e J Gl o530 o0 1.5pl
.units/ul

T75ul sledl ot
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Mix gently by inverting the
tube. Prepare the fresh DNase I
digestion = mixture  directly
beforeRNA isolation.

2. DNase I Digestion Buffer is
supplied  with  RNase-free
DNase Standard DNase
buffers are not compatible with
on-membrane DNase digestion!
b. Pipet 75 ul of the DNase I
digestion reaction mix directly

set.

onto the surface of PerfectBind
RNA resin
Make sure to pipet the DNase I
digestion mixture directly onto
the membrane. DNase I
digestion will not be complete if
some of the mix stick to the wall
or the O-ring of the PerfectBind
RNA Column.

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 pl
RNA Wash Buffer I. Place the
column at

in each column.

benchtop for 5
minutes. Centrifuge at 10.000x 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!)

Place the PerfectBind RNA
Column in the Collection Tube
and centrifuge for 2 minutes at

rak> e

AL )l Amadla)l ol i) O IR PN (RSt |
RENPRUREIEIS (ERENAPIERY

0 S S (N V2 PRI RS PPy PR VWP ST Aot
L e 5 ,ele Js8 Ll bl @il bl e

O S IR VIV S (Ey PN ERTROVY YRS ES o
el slad o Ludboze d o ol U el o U
AU pzn

Ll bl 5l fels bl a0 75Ul sl 2aall 3oty b
PerfectBind zaeall 53U sl e ale ansy JHY)
e bl w2y @59 Ll of e ST L sple 5 3 RNA
S et gle 130 U Bl il el e ) slasd)
RINA PerfectBind s le 01,0

s 15540 (%p30-25) @ 350 > ax )5 e i C
b 2 1502t Ol @ RNA PerfectBind sl oo .d
spldl e ms o o ) Y il et e 400pd Gl 2
535 10.000 x g Je 35T . 365 5 sl daill & e
Jlonzo] dely s gusl Ol 3 3l LA )l & 365
(O sy w4 JlasW o Y

sl Al L) e LT

G Jowdd) 2205

Wiy sseladl @ gl o)) Joudl 2 e 650p] i
Bl ol 10.000 x g Lo 2ids sal 05V a0l

L:'")l (: Al u}gi“ dml@ ol .A.CT (é' u}gf}l\ é sz-jl\

L
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II. Detection of Influenza virus with nested PCR

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 -
80 ul RNase-free Water directly
to the binding matrix in the
PerfectBind RNA Column,
incubate 2
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

Place

minutes and

additional elution increase total
RNA yield, 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
yield. Instead of eluting twice,
the RNA can directly be eluted

in a bigger volume of RNase-

increase

free Water.

(eh? 2 Y dags > o) i) 6
10.000 Je opids 2 5l ATy 2o sl Ol (3 3 palad)
Dealall Caimd x g

C\js;:,ﬂ‘}j\ Les 7

L sb oyl @ PerfectBind RNA . >
Ly U eyl e oW e 30-80pl sl L 1.5
sy sl el PerfectBind RNA s.te e L
L) ey 6.000 x g e sy 2ads sl Juf ¢

o ST ST GOS8 5] gy p 0 Ul sl 0S5 W
S 2eSo U o)l Sl) e e S Yy 5 .50pg
AL Gl 2eS” e dp BLOY) o) Y1 OF e (3 oWl
Jol 3 wamin) G e %080 o ST 0V s 35 4
Yl

U asby 3 % 70 e U apl e QU L 20,80 50 4
L @A 5, > a s e 3565 5 sl sl 4 O, sl s sale
yir g3l eyl Ades s Yoy 280 E IS VTR I Vel
NITRR JACSEWE S S S0 g A Of L ol
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III. Vaccine Production Techniques: Egg based and Cell based virus propagation

7 General remarks on working on egg based virus propagation / wlbs)b

vaull G5k e pug il S Josll 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.

Bl 2 e ) ) o e
P s Byall sl eds sl asd
s . HINTL b o ) 15 508Y)
gy 2 & e S Ss
.2 A

o e el w2 s Ss
=9 o psla Ot g gl s
#4110

o2 A @ s oS S e pdl
Lol OG- e alaild) (g ol 3 )
g

7.1 Basic laboratory skills / duvlwY/ & usall &l ,all

Laboratory staff should be familiar with 2 8 e Al \ A0y )g of s el }il;j,e

and have practiced the following skills
prior to the commencement of HINI1
disease vaccine production - this manual
does not contain further details about
these skills:

* Aseptic technique.

Jole 24 Azl sad) 13 U oLl

(o ool Lo QS s (s 25 Y
M\Z\é}}o

e Sterilization by autoclaving and hot air &~* B P e P R Y r—-‘-’“}‘ °

of glassware and discarded materials.

R PIURCE, Y

7.2 Recording details of egg purchases / jaul </ i duoe) Juadill il

An order can be placed for the delivery of

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.

¢ 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
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transport.

e Date and number of eggs placed in

incubator.

* Number of viable eggs after candling

prior to inoculation.

Cda D WS el sus @
Lokl ¢ ol o) sy )G @

ekl L2dll 5 mazdll day Bl 2l sus @

7.3 Cleaning and decontamination / bl ¢ Cdbaiil/

Appropriate  chemical disinfectants
must be used for cleaning equipment,
materials and work surfaces. All
laboratory wastes must be assigned to a
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
using disinfectants and cleaning
reagents!

Gkl ol L LS ol bl plasan) 2
ol S

J S
Al e Sade 2 sl Akl J oS e 2l 3 70
Flo das y maldl 5 el ) sl gl
il n 33 sl e A0 G 2 8305 0 3L e SN
Cd sk

D dbeay! Je 5,00 J Sl o ad) 3 70 il

RIS

TS G P R - SR X R L NUCH S N e
LU G 5l aanl Sl T ppspall cy) ol g
sebd i JU s IS e ) (3 2 i das
S sl

12 o s d 38wl sl aslis ol Lais da>e
AR Al ada OF W]y IS bl e 2l 3 14 )
RO

Poslall STy ey, 800 o>l

o Gl sy Jlessal L5 bsla, Y1 Lt T3 Sl
P

7.4 Incubation of eggs before inoculation / sl L jaull dilss

Many vaccine production centres will B ol L C\_;LU\ z bl She e L

already have large commercial incubators

installed. Smaller incubators are available (b 7@ 7Y bl 2 55l SlsU R
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III. Vaccine Production Techniques: Egg based and Cell based virus propagation

and are suitable for the small-scale o Ol

production of vaccine.

e Incubation temperature = 380C to g ghe Ao y> 39&1 38 o Bladl s ) =i, @
390C.

dowly .3l 65 1) 60 o b )l Jo LUkl s @
e Humidity should be maintained at 60 Aol : Jl o R e &

to 65 percent. A tray filled with water &sle s sl o il oA 3 o PP TR PR S
and placed in the bottom of the )

incubator is usually sufficient to .Zu,)lajh e Lsﬁ;”“h s gsl’ Ll u‘&’

maintain this level of humidity. 5 Al R of ol 3 .
N 2 2 A2 ¢ o .

¢ Place the eggs in the incubator with g # jg ~ " &

the air sac on top. oY R e A2 )

7.5 Incubation of eggs after inoculation / guslill ses a4l dilas

Inoculated eggs contain virus and should 3 . sy oty el Jo st C‘U’U ol
be placed in a different incubator. ’ ' ) h

£

Nl
7.6 Cleaning and decontamination of incubators / dislo/ uphbi 9 i

K(?ep surfaces clean by v.vi.ping 9ut il 3L dalady C‘A‘ Gl o A sl f e bl
with a wet cloth and disinfecting . .
with 70 percent alcohol solution or P ;@-j@‘ s J)’Sﬂ J)B o asl < 70 - L%a—e-w)

a non-corrosive disinfectant. ‘ qu J;,\é

7.7 Candling eggs / yau/ guaii

Candling is the process of holding a ., j J-‘iMT )f u‘\"j G ey Mis Bes sa o)
strong light above or below the egg to . ) .
observe the embryo. A candling lamp glear oo A seddl ~laae oud) 281, Sus

consists of a strong electric bulb covered . ¢ c .
A gp NI e d gl o) ElawdDUIL s}a_m 5L ¢S
by a plastic or aluminium container that S e N o Bl ol S ©F e

has a handle and an aperture. The egg is i=zill oda Llis 2.l Eoy o Ay jade Jo s 28
placed against this aperture and i .
illuminated by the light. If you do not Jsl> e CL’"““ <k Ug" % 5L sl el 0
have a candling lamp, improvise. Try e Dadlae 1 s sl n dmeid] sl
using a torch. Candling is done in a S e B cﬂm‘j = fandll gl
darkened room or in an area shielded by Al
curtains.
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B il

good egg No embryo dead embryo Cracked or broken shell

| Bad eggs |
Fig 3.1 see plate 16 for color version .& she a5 16 amiall Jail 3.7 ISall
7.8 Marking the inoculation site / gl {50 ;uei

1) ;Ilold the blunt end of the egg against ;‘ C\"‘"‘U i e i A sl mld e s =
e aperture of the candling lamp

and note the position of the head of Ok JTJ B LYy
the embryo. ¢
N TR N vy izl sl

2) Turn the egg a quarter turn away A o M 02 G e 22

from the head. .L;f\j,&\ WQ\ G- lus ("‘l*‘j" I SPIN P o VMJ\ €
3) Draw a line on the shell marking the L 5 L

edge of the air sac. b e 858 e 2 L e L5 po 4
4) Draw an X approximately 2 mm el 8 ee 06 5, LEY) el 0L (5

above this line. Saees S (
5) The X marks the inoculation site. PHUOE! M 2 s oS r.@.g..d ol an i

Note: In some eggs the air sac will have not ) r

developed on the blunt end but half way Cug Lwlin 8 2y Lgiod ] 22l Gaai Qg}ﬁ
down the egg. These eggs are not suitable Gl
for vaccine production. C
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III. Vaccine Production Techniques: Egg based and Cell based virus propagation

8

Protocol: Inoculation of embryonated eggs with influenza virus by the

allantoic cavity route / s ¢l gii gl s b o Gl dawdl gl

The most convenient method of propagating
of influenza virus in the laboratory is by the
the
embryonated eggs. All strains of virus will
grow in the cell of the allantoic cavity. The

inoculation of allantoic cavity of

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
not kill
inoculated into the allantoic cavity.
Inoculation of the cavity of
embryonated eggs is a technique used in the

influenza virus will embryos

allantoic

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

ol 3 A g o e S 2
OV ol W 8T s N G b e ) o
Lis WU sda 15 50 oy dll OV
i G e B LU eds eapdl
ool SNy B el B N Bl & ey sl
sy D5 g N By e LD e Al
[P SUTI PR IV EVARCINE M v ST I E RS S R
o Ssen e o W Tolo b 3y sl o)
b o WG A YL GTsady )
i) | DTk N B il k) i Y L)
S LB N sk e (2 ) mdld Redsedl
I Sls) Y e
FAEY) s e W el ]
Jonll s B ) g il (5 g 0 2aS 5] 2
Ol alall clal e el Jpe 3
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8.1 Inoculation of the allantoic cavity / gidlS 2l giig/Y/ auisl

Materials

embryonated eggs. Candle the eggs

and mark the inoculation sites .

Eggs should be placed in an egg

rack with the inoculation site

uppermost.

¢ Egg shell punch or forceps.

¢ Cotton.

® A 70 % alcohol solution in water.

¢ 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.
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III. Vaccine Production Techniques: Egg based and Cell based virus propagation

Method 44
1. Use cotton wool and 70 percent alcohol to < ola C“"l J d le_; 3 de_;\ oo P 1

swab the end of the eggs to be inoculated.
Allow the alcohol to evaporate. JfLQ\ Jsls C‘“l f C&U\ o O gy Lj‘f*‘
2. Swab the eggshell punch with 70 percent ¢
alcohol solution. Place used cotton wool in

discard tray. a3 70 3 oaad s i o ) 2

Lol pe Sblall uall 2l e J S J 2
NICQURE I VSN JC SN- JC

] ol

3. Pierce a hole in the
end of the egg at the

marked inoculation . CAALU ol
site.

e 1 Lad) s
4. Attach needle to 1 bl 7 4
mL syringe. dl et g -l J}'-AT 5

5. Draw inoculum into

e 1

Lasels 3,1 Jo L= .6
G e Pt e 8 Y1 o,
O axle 3,1 Laadl 5,83
iadl @ 16 Lt
T s N Jead
b 0.1 O a7

1 mL syringe.

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

caal e s Y ) 8
UL sjaa) & gkel9

tape or melted wax. - 4220
10. Discard th'e used N s oEk @)1-10
needlesand syringes. g0 re 2 Inoculation of the allantoic )
11. Place the inoculated g?l ¢ & Ihoctiation o ¢ atantoic E{PTINY
. cavity

eggs into a second . . i i o il 11
incubator. Check the S g S e il 2850 O N e
temp'er'ature. and S o GRE L sl
humidity of incubator.

ol Ay b

8.2 Harvesting allantoic fluid to test for presence of
Haemagglutinin / ;uivelSlagl 59> 9 pand/ qi8lS 2l 9ii /Y s>

The  following  method  describes Bl o sk BaS > wiS Caa AW A L))
harvesting a small sample of allantoic
fluid for testing for the presence of (2>% ¢ (Tl) S Ll sy amd) ol g5 NI
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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.

e
SR

- phe ke ol Ll -
i) i J S -
s -

S ke eadl 370 -
ol o ds -

358 me , (HPS) s o 2 5,500 50 22t -

3

2. Remove sticky tape (if used to seal the 3 ol e sl Sl g i o 4 e 2d) 5T

eggs) and swab each egg with cotton
wool soaked with 70 percent alcohol to

C e Ul Sl g V) il gl kil

disinfect and remove condensation from IS sl o ((Lle Wlanzal & ) yaasdU Sl ¢ 1.2

the shells.

3. Dip the forceps or scissors in absolute WL 5 el dﬁ’&‘ ol g 70 < JLU el 2y

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

iole Jlexzaly

RSty

ind) S G ¢ J S @ el Lall) a3

ol gl ddlae 3 Rzl 8,03y )4
Bgle 4STL WY 231 415

Cday S e ks N Bl ¢ 516
s (LIP) < 5 (MICTOpIpette) ; Ser

8.3 Haemagglutination test / suiuivialSlag/ 059

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.

e IS Ldl e STl e B o olda
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III. Vaccine Production Techniques: Egg based and Cell based virus propagation

8.3.1 Red blood cell control in the haemagglutination test / yoods sles)l Gl S S

i oS Lo

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 diluent used for haemag-
glutination tests in this manual is PBS.
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.

G2l e IS Lb) e ol x| on B IS
R i TR AU R S
Skl ol S e L e Cai Ll aleal) o
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Chagay bl g el edl pdll ol S Casl 2
Bl ) il e AL el o il ol S e 3
2 aly L i) (3 G 5 SE LR oS 03 it 4

G938 pamdl 3 WD e e Ly ek Aot
o) sl (3 demil) 55La] ol 055 e ke
i S L) e (3 femzed) Gl B i
el ol dus 0,55 Y of g (PBS) gy s
ods 5 ST 3] GT L el o)) pall Sl ST JSLY
sl Bta 0, Y of et 2T Glae ad (2, 5,LaY)
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9 Introduction to Cell Based Virus Propagation: Tissue Culture Methods

| dwwdl dcl, 5 Gob 13

9.1 Types of cells grown in culture / dc/, i/l SXs ilSi il LS glail

Tissue culture is often a generic term that
refers to both organ culture and cell culture
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.

53 WD g, pllall s s a1 ¢ 5
WL ¢ 5 legn Joll pdsiy Lo WLy slias)
Akl WU el ) e )t e UL
by Spad 52 o Bale RIS A 5
LU 5 e 2 gl an) LU b e

-Jfr—"-:-w

9.1.1 Primary cell cultures / 49/ gl dsladl D)l g 5

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, i.e., they have
the
morphology of their tissues of origin.
They the
differentiated characteristics that they
possessed in vivo. Because of this, these
cells support the replication of a wide
Primary cultures
derived from monkey kidneys, mouse
fetuses, and chick embryos are
commonly used for diagnostic purposes
and laboratory experiments.

chromosome number and

also retain some of

range of viruses.

EoF 5 Ol Bmd) e el WU Ay Ls
e o aS ade e g2 I sds 055, sl )l
Tl e e 0kl e 5 DU e 1
10 oo 5T )y 0f D gmdens ¥ (ool
Jee (karyotype) ald) &) g Laaxd LR ol L olalei)
Sl S ol
LS LG 2ol Labdss We 5 (chromosomes)
Ls™ ( differenciated ) Lol Lpaflas 2y aid
ahe LI sda 0SS, ol Wbk s Sl
o perll 2 O B3l ol g e il S5

Sy bl

plsind Al e, S e C| I DR

LA = H)J\;)W&é"jﬂ

9.1.2 Diploid cell strains / daclaoll LI WYl

Some primary cells can be passed

through  secondary and  several
subsequent subcultures while retaining
their

characteristics

original morphological

karyotype.
Subcultures will have fewer cell types
than primary cultures. After 20 to 50
passages in vitro, these diploid cell
strains usually undergo a crisis in

and

which their growth rate slows and they

S asu A ) ) s Of ez 2531 L) e
Latlaz BlisY) as & gl 20,1 a6 51 ) 50 B0
i), L (karyotype ) ald 51y 5 ST alsYl
> 13 ol U DA e I3 sde 0V Sllaze 3 50
sin Y sl el 2 2l e 30 1120 ae LS
Medl 3 ¢ sl sl 3 o Bl 3 F adelall LU
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eventually die out. Diploid strains of o

fibroblasts derived from human fetal

i el g aiclall fibroblast wysle &, 1)

tissue are widely used in diagnostic & 3 s andl jaesddl @ Jesins Oyl v o]

virology and vaccine production.

= Jeee )

9.1.3 Continuous cell lines / ,ghilly § yaiwall LI boghs

Certain cultured cells, notably mouse
fetal fibroblasts, kidney cells from various
and
carcinoma cells, are able to survive the

mammalian  species, human
growth crisis and undergo indefinite
propagation 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

in vitro.

abnormal , their morphology changes,
and other poorly understood changes
take place that make the cells immortal.
The cells are now "dedifferentiated,”
having lost the specialized morphology
and biochemical abilities they possessed
as differentiated cells in vivo. Continuous
cell lines and HelLa, both derived from
human carcinomas, support the growth
of a number of viruses.

(fibroblastyiie )l LD Laws Y de oyl O 2
5, bl e gl dae e JSU L, U ok
Sl o8 Gl e 506, 23l ) SLSY) L
B e 3de A ) (3B o as 8, S
s A5l LI Slegott W, adsvsn ¢ 301 56
WU 815y aaslall WD e ST ae ey sl
2 G AT DRy e WS Rl st
WO L b i W e Sodsun G gghn
P oY)
5 W WS o e Of uw (¢ dedifferenciated
W g 8 eradl WU bgax 3 o) w5l S 8,18
5y il Al W e 32U HeLa ) Sla

ol 1S sds o e delld

) elezyl 506 b ol

9.2 Working area and equipment / wleo/ g dae// L5

9.2.1 CO;Incubators / &uslJl 8 ¢85S smSsl il Jaeo

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.

deeeS ol U e Y010-5 n (s 24 cliab 3 WL 5u5

pmn Jle e st il kel oY 0, S
055 0F g 5 i) S e\ s sl g K
s sles 0 Of g ¥ LB anl Ao skl i s
A Ol Wbl e el bl i e L&z asl, )
S8 sl O SIS e s 34 Gl
COWRER RPORNS S V7Y (P ISP DU SO0 ) S PP
slocleg ooy o dlablel D 0 Lol 3 44k )l

.uw\;ow@@m
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9.2.2 Microscopes/ ;g>all

Inverted phase contrast microscopes are used ;x| psid Csj‘ S : Sl amdall
for visualizing the cells. Before using the T '

microscope, check that the phase rings are PEESNUR- Ui KU R FHE CH PR [ERREE

aligned.

9.2.3 Vessels / dc ol

The vessels should be transparent surface
that will allow cells to attach and allow
growth. The
convenient vessels are specially-treated
polystyrene plastic that are supplied
sterile and are disposable. These include

movement for most

petri dishes, multi-well plates, microtiter
plates, roller bottles, and screwcap flasks .

Jleazny)

Ol Wl e Dlis w33 20 ,Y1 0,85 0f 4
A5 B S A oy e Sy e
ot O S8 W g e s Ay e 2o graall
:p;%\aiﬁom.www)&)ug@
multi-well plates, microtiter plates, roller ,$ % e

bottles, and screwcap flasks

9.3 Preservation and storage of tissue cells / ;. isil/ g LisJ/

(If available) liquid N2 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,
the
electrolytes, dehydration, and changes in

alterations in 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.

el B gl Bl famiey (e OIS 13
Sy G Sl =196%C) Sl 055 of L) as L1 GO
i e W s OF S al A sda (156°c
g S S s e ol Bl
Ol S5l sl Ll 5l d sad) dx s e ol L
N BTV V8 @ TR VRS N R R
3 el 3l emd) Ay e i &) alt
st el gddll temdl by DMSO
J) slayy .DMSO o %10 | Lall - %90
oA o) g Ak L Jlesn] Jasl1 el ol
il 24 13 dall Lo ) Jltz] wo Alisbo 8240 sl
3 o edan o8 W ek alee Ll sl
1 oz AL Ll Z Ll -80°c ) 3 a1 50 -
caada (3 -3%c LT e on sl as sl L
s dsbsnsa¥) e e 200 DT gy 4
- oz LR 8,55 ) B A8~ a
Pedl damdl a0 s Jos o8 J5ibign s 2Y) )52.80%C
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MAINTENANCE FrRaue
Cultures should be examined daily, )
observing the morphology, the color of Ayl

the medium and the density of the cells. ‘ .
D LS WL Ly s, U WU ams Of
A tissue culture log should be maintained P RS L Re g LIS O

that is separate from your regular sua o jﬁJ of ot U W BlsT  cdal) L)
laboratory notebook. The log should . . .
contain: the name of the cell line, the WL ol s & e Doy el 3 ol e

medium components and any alterations | g4 1, L. | s e 2
1 * N v (:s = 4s )jh
to the standard medium, the dates on ~ = J’“"J bes J

which the cells were split and/or fed, a ¢ (o &)U ,48 ¢ St 957 5l Ll ol g
calculation of the doubling time of the L . L ) ,
culture (this should be done at least once t)’U caslall w3l oleo Lends j‘\} LS Jd
during the semester), etc. 5 0( Jﬁy\ ey 2l (3 Ay 5 e gees of % e )

RO R

9.4 Harvesting and refeeding culture cells / slas//

Cells are harvested when the cells have reached a ;3 :<}| 4/~ A b L W s o
high ity which h.
igh density which suppresses growt Ly i L:S'S\ L)

9.4.1 Suspension culture / &.oio usll Wl eel 5

Suspensio'n cultures are fed by dilution into CJU& S de Loy 3 hwathe i)l LD ¢ 05 o
fresh medium.
oy

9.4.2 Adherent cultures / d@.ailoll LI ecl, 5

Adherent cultures that do not need to be . i 2N -l diodl LI el
S8 G S d =)
divided can simply be fed by removing the < .

old medium and replacing it with fresh 3 @&l g‘;w‘ Lo A5 Gl o8 Wadss U e
medium. .
by i S v g dlia)
When the cells become semi-confluent, T =T > ’
several methods are used to remove the cells sue Jloxin) u§1 Jiscize 4 LY e Ledis

from the growing surface so that they can be . U ealy \ iy
. .o 3 . . W d
diluted. A ot W el i e LY O

9.4.2.1 Mechanical / LSulSs0

A rubber spatula can be used to physically _j, oF W A5y ablall il Jlaszw) K<
remove the cells from the growth surface. ’ . .
This method is quick and easy but is also RIREEEY e 9 algw 9 dmy e Wy bl oda L (gdal)

disruptive to the cells and may result in e . ., ) )
L s | el | LML | o
significant cell death. This method is best k) R =

when harvesting many different samples of colalsald) slasy U s ¢! Sl sae sla>

cells for preparing extracts.
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Trypsin,' collage'nas.e, or. pronase, ¢ ¢ ~ Llz g;L;) RSP )t ’ juﬁy)&}\ et A
usually in combination with EDTA, .
causes cells to detach from the &k kfl oda .(sdall CJQJ\ o W t;‘j ey 8] 3

growth surface. This method is fast e LY K s S w .
and reliable but can damage the cell Pl o el s R

surface by digesting exposed cell = |a3 3, .ald sl o el ol e
surface proteins. The proteolysis . i .

reaction can be quickly terminated S Gt S JE by Sy 2o oS 30
by the addition of complete medium all

containing serum

9.4.2.3 EDTA/¢l i ol
EDTA alone can also be used to f L. s ooy W Lad oas g Jass QTQ&EDTA

detach cells and seems to be gentler .
on the cells than trypsin. et ) e el

9.4.2.4 Procedure for detaching cells / dioiloll LISl Juod) dslieall wlel ;o)

The standard procedure for detaching ton Al L ad) ssbd) ol oY)
adherent cells is as follows: i
1. Visually inspect daily s ) el 1
2. Release cells from monolayer LS 2ab o WA ) 2
surface
3. wash once with a buffer solution JoW k2l susg 6 e s 3
4. treat with dissociating agent
5. observe cells under the microscope RN st Al 4
6. Incubate wuntil cells become A ed W A . 5
rounded and loosen when flask is ) '
gently tapped with the side of the B s O A WD e .6
hand. .

b i asss Iy ] [T ES 2 .
7. Transfer cells to a culture tube and M ) S P dl W s 7
dilute with medium containing .l GL;, 0 j;g\ (medium)
serum.
8. Spin down cells, remove J Al aa bl AL 1, ) 3 DR .8
supernatant and replace with fresh Us Ja o Lbliess]
medium. & s '

9. Count the cells in a hemacytometer, )l o adisy,  ostwsodl 3 W (e .9
and dilute as appropriate into fresh

medium. 'C).U’ L
9.5 Media and growth requirements / _gaillg Wil b ol Slbbio

9.5.1 Physiological parameters / ;> ¢Jgs 58| Luwlioll

e temperature - 37C for cells 37 s, - i, @

from homeother
e pH - 7275 and osmolality of s 5 7.0-7.2 op iosd) ix s Jo dbbldl _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 a5b ) e alails
e visible light - can have an L}U 4 by I aas W aab D)5 e abila

adverse effect on cells; cells

should be cultured in the dark O j§5\ WA

and exposed to room light as
little as possible

g5 ol ot MWL o gl OF wlatey g0 ¢ sl

oS ST e e sl e Y Oy #SUaN (3 LI

9.5.2 Medium requirements (often empirical) / (w23 Wle) wilsall b gl @llbio

e Bulk ions - Na, K, Ca, Mg, Cl, P, (’J*“"JLQ\’ (‘ﬁ“U}J‘, O’»"J‘*“M RN DUyl Lk

Bicarb or CO2

e Trace elements - iron, zing, %ij‘ L}U 3, QU}U@‘, )j"i-“‘}‘m’ )}LQ‘, (‘ﬁj-:éu‘,

selenium
e sugars - glucose is the most

.Oﬁjﬁ\

common o psmaedl, S0 2 Y e 8 S5l Loliall

e amino acids - 13 essential

e vitamins - B, etc. C 58S Al s e s STV j@\
¢ choline, inositol Wu{y\ 13 - &Aﬂ ey

® serum - contains a large number
of growth promoting activites o
such as buffering toxic nutrients

by binding them, neutralizes NPT

Oralid)

S

trypsin and other proteases, has Jo o) sl folgdd) o 1S sas e gt Lall

undefined effects on the

interaction between cells and & Jox 5 sl @il Ll Jsle &

oS

substrate,and contains peptide B A PRy (Trypsin) e ) JA—" a5

hormones.. 3 W Gy alelay Loy me il o UT (proteases)
e antibiotics - although not . i .

required for cell growth, Sl Oy e s s Rl ARk

antibiotics are often used to .(peptide)

control the growth of bacterial | .

and fungal contaminants. VI, WU o gl e AT s vf)b.: 4 gl ool

B ol Ll LS e (Sl ez L

9.5.3 Feeding / dsill

ULe oUf

2-3 times/week Uwy\ RO 3-2 o ddad)

9.5.4 Measurement of growth and viability / (zuell wle 5,58 9 goill Gulio

The viability of cells can be observed | jiw y S ol WU 34y St oof ug-‘

visually using an inverted phase

contrast microscope. Live cells are &3\ aalall LU G, if gl aalll (3 a5 A d) UL
phase bright; suspension cells are i Biadll W Lt 1) dblezey & gl 0,55

typically rounded and somewhat
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symmetrical; adherent cells will form

J)f}“ Ol Jlanzl ug-fj gosi C}zw e e Lie

projections when they attach to the

growth surface. Viability can also be
assessed using the vital dye, trypan
blue, which is excluded by live cells but
accumulates in dead cells. Cell numbers

are determined
Hemacytometer.

using

WU 5 adl WU oy ST wassd (trypan blue)
Sl K6y i axll Wl 3531 0 Jard azd)
Lok

Jlezzals

P

i s Lo Sds
a
.Hemacytometer)

9.6 Safety considerations / do ) wibls ,/

Assume all cultures are hazardous
they may harbor
viruses or other organisms that are
uncharacterized.
The following safety precautions
should also be observed:
pipetting: use pipette aids to
prevent

since latent

[ ]
ingestion and keep
aerosols down to a minimum

no eating, drinking, or smoking
handling
cultures and before leaving the
lab

decontaminate

wash hands after

work surfaces
with disinfectant (before and
after)

autoclave all waste

use safety cabinet when working
with hazardous organisms.

use aseptic technique
dispose of all liquid waste after

each experiment.

9.7 Tissue culture procedures /

The cells should be monitored daily
for  morphology
characteristics, fed every 2 to 3 days,

and  growth
and subcultured when necessary. A
minimum of two 25 cm? flasks should
be carried for each cell line. Each time
the cells are subcultured, a viable cell
count should be done, the subculture
dilutions should be noted, and, after
several passages, a doubling time
determined. As soon as you have
enough cells, several vials should be
frozen away and stored in liquid Noa.

SIS 5T gl gy Ao bl Jod o5l WO
U 2L ol de g of UL L 3y 0e ) 6 2V
DY) G

Jlerzw)

% (pipetting)  olawy)l il @

ke a2y ) (el al s 1 (pipette)ia.d)
RERCORRUT B (PERC P

R EN I RN I CO PN T

el 5 8y W ¢ 55 3 el Y1 Lt @

(3 ) ey Jodl) el il @

) g i @

Joa we (safety cabinet)y oLYI 5 > sz ®
skt oL

oind) 35 Jlani] ®

.

A S d ULl s e el

Gl dcl ) clel s/

o gi il s LlSs S n Loy W 315 o ot
sy el g el 3 S 20 sy
Vsl e o) slel g L5yl wie (subcultured)
i U5, A e b IS0 B e 25
sl AW W Ol % add) (subcultured)
Chro 3dL =) e dde Asy , (subcultured) Caif
G W e b bodd (2 By ¢l @ 58S
e opd 5. (No) oyl Bl & a2 ¢ )58 sue
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One vial from each freeze down
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
COz. 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.

o Sl sl e el 221 an 0 S
o o L &l 2 W Of e asTd | LaaSis
ol

toe 05 LA ael, J asds) ol e Y1
saell) Jalsall 5 Slialid gl olal =S o Ll
o sladl M sy L0ladd Lae 5 ol jas g SO A
iy, gl a_;\_l.;_i\ﬁ\;,.i\.xi.u’-(..g.x;-\j C3y 3 Ay e
Sl e 13 e e (MEM) L1
(haB g 8 by Al s DL Bl )
JRVCTCg JC N E PV R VAW URSY VPP IR WICI 1
A e gl gl ALY ke, sl
Jlexzely 7.4 U 7.2 Lo o st i
deeS 51 gl w05l (NAHCO3) s sall ol )ls”
AN Jpdll a5kt i s a5 5 (COy 058
,(mediumy Lw i 3 sy b Ssle (Phenol red)
U1y (basicy Law )l O 13}l Y1 &Y 05l Jaa
G O 13 sl LY oy acidy o 13 sl
) il

(concentrationsy) ;8 5 % 10 411 wls) 2
348 33U 8542 Ll gall Lo BLS| ae Lo )l e sl
Wt e S aas gas ) Wl Gl LD
sl W L age i s 37 Je ad ol
ol o el s e Liadl e a8 llailly Caxly )
037

9.7.1 Subculturing adherent cells / diailoll LIs) due 9l dcl ) 5l

When adherent cells become semi-
confluent, subculture using 2 mM
EDTA or trypsin/EDTA.

9.7.2 Trypsin-EDTA/EDTA - il

® Remove medium from culture dish

2Mm e il asl ) ) pasnad a8 me and WU el Ladis

EDTA/

A skt WU fs g 2ol ade e Lw i JIST @
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and wash cells in a balanced salt (’ﬁf}“\‘ jt (Ca++) UcMJLQ\ Dy3 e O)’\):l\
solution without Ca++ or Mg++.

Remove the wash solution. dl) & (Mg++)

® Add enough trypsin-EDTA | . . R
Lond — e I . >.a§4 L | ®

solution to cover the bottom of the ~ EDTA A e S b Ble

culture vessel and then pour off the W3 G N L) £ asl, ) ele J‘;“‘T

excess.

et 1 ° T 9 3 . : U Y
® Place culture in the 37°C incubator ¥ 234 ¢ 37 U‘b 2ol G “’3)4‘1\ Lo &e
for 2 minutes.

® Monitor cells under microscope. i . . . . . e
Cells are beginning to detach when T™* Lze I Jad Ly gl o D B,
they appear rounded. a5l

® As soon as cells are in suspension, . . i .
immediately add culture medium (SUSPENSION) Ghadl 3 comnal LI OF 5 sy o

containing serum. Wash cells once I U e st ) gdall o) Uf ol

with serum containing medium

9.7.3 EDTA alone/v>9 EDTA

® Prepare a 2 mM EDTA solution Jzey 050 cm Jol= 3 2mM EDTA Jsle o> @
in a balanced salt solution (i.e.,
PBS without Ca™ or Mg*). ( (‘ﬁ)‘*l‘ )t (‘):*“-SLQ‘ O3 o PBS

e Remove medium from -culture . . . - *
vessel by aspiration and wash the Ladl sy /m) Aoy o g\w‘ Lyl
monolayer to remove all traces of - STl any \.,\.o- WU aab feel (aspiration)
serum. Remove salt solution by

aspiration. aall dan) g B Jgle A1) Ll

¢ Dispense enough EDTA solution asl ) sley ol EDTA Jole e 5 pho BgaS oy
into culture vessels to completely

cover the monolayer of cells. c b WU dlard

e The coated cells are allowed to . . .
incubate until cells detach from <3 T b o J o i e J ‘

the surface. Progress can be AL il I e e gl
checked by examination with an . . .
inverted microscope. e LU sl L Ldaly Zolb by W i e

e Dilute cells with fresh mediu'm . (sterile centrifuge tub e)
and transfer to a sterile

centrifuge tube.
9.7.4 Thawing frozen cells / 8aaall LSJI g

Remove cells from frozen storage .. | .U 3 °(. 37 o L s g B e LI JUT
and quickly thaw in a 37°C i

waterbath. .(waterbath)
9.7.5 Freezing cells / L)sJI a0
e Harvest cells as usual and wash 'J"&J\ .b_wjjb sasly 3 0 : S5LLS LS| ‘o
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once with complete medium.
® Resuspend cells in complete

cln s 3 e Sl LD sus @

medium and determine cell )L lws 3 J"”‘w < ;95\ L &2 s (Centrifuge) il e
count/viability. (10% DMSO) ol bar 90% 000 0555 s

¢ Centrifuge and resuspend in

s

ice-cold freezing medium: 90% . l5Y! o Dol o STl e )

calf serum/10% DMSO or

) 6 7 .
glycerol with ethylene glycol , - J \ils 107 - 10 o (ethylene glycobkjjirb

at 10° - 107 cells/ml. Keep cells
on ice.

CLSb L baas|

e Transfer 1 ml aliquots to .l Je CU\ 5,58 d) (ahquOt) Sl e e 1 J“”\ °

freezer vials on ice.
¢ Place in a Mr. Frosty container

i3 Jo (M. Frosty) cwss odisles (3 an & @

that is at room temperature and Jsbs sl oo WS i b do gy Ul 5 BN 5,0 >~

that has sufficient isopropanol.
¢ Place the Mr. Frosty in the -

.(Isopropanol)

70°C freezer overnight. Note: e a2 (Mr. Frosty) swss i cls, > ®

Cells should be exposed to

freezing medium for as little is xs ;)}ﬁ} of o« WU aksde o L) JVsb o670

time as possible prior to
freezing

el 5k s 1S el Lol

* Next day, transfer to liquid liquid ) e L V‘G'Lv‘ Ul ey 3@

nitrogen (DON'T FORGET). .
(=5 Y) (nitrogen
9.7.6 Viable cell counts with Hemacytometer / L)l wlus
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

HEMACYTOMETER) e s seidl Lonza)

S AR D sae 5 LA o s Ll

Slel ol 3 Jerind B b sds e Aty o 35N Ol

WU oo Ter e 32 ol sda sy 2l LI fs

Ol Y ad ) L Ly axl)

e sl S e 5l U dill) LS s @
o A 3520 )y i) Glad) e ST
Sl GV O A e 1 s S 200 e L
15-5 — sl o550 5 Joo o i) Ll (0.4%)
REVIR

Bakall W e b s 38T T, GG e el U @
o oW JL (trypan bluey & 50 ok 31 s
M= e e (Hemacytometery g g sobl
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with the pipette tip and allowing
each chamber to fill by capillary
action. Do not overfill or underfill
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 square of the
Hemacytometer, with cover-slip in
place, represents a total volume of
0.1 mm? or 104 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
10%;

Total cells = cells/ml x the original
volume of fluid from which the cell
sample was removed; % Cell
viability = total viable cells /total cells
x 100.

i IS ey iaell O gl o clladl) 3 B>
Jeels ikl ais o e YOO ag) L eyl
LA e ot

8 WO e ol et sl o i Sl @
ca A e e b oaanl ol S e e ]
Sl W e 2 WU i fuab e Lol

ash, W e e B8 S s Ll s 0157 13) @
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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 /
el day pun W) aledl dcl )l 1S i

10.1 Materials / 5/ga//

e 10 to 12 day old
embryonated eggs.

e 12 110 ee o mile 20 o

e Sterile 125 ml Erlenmeyer flask . blie &by £ - M | 3y es 125
with magnetic stir bar. - 2w e el S0 e

* Sterile 25 cm? flask containing ~+ (MEM) (T s! (T G S % e B0 2('-« 25 .
MEM (Minimum Essential 10%
Medium Eagle) plus 10% fetal calf Jomall g oo 0 0

serum. (ST Ll 3 v A e % 0.5 «
e Sterile 0.5% trypsin in saline A. i .

e Sterile 15 ml centrifuge tube oo o 0.5 o £ e 34U sl o o 15 o
containing 0.5 ml of serum.

o Sterile saline A . an\\

10.1.1 Preparation of Saline A / | ollu 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.H.0 0.265
MgSOs 0.09767
KCl 0.4
NaCl 6.8
NaH:2POs 0.122
L-arginine.HCl 0.126
L-cystine.HCl 0.0313
L-histidine. HC1. H.0 0.042
L-isoleucine 0.052
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L-leucine 0.052
L-lysine. HCI 0.0725
L-methionine 0.015
L-phenylalanine 0.032
L-threonine 0.048
L-tryptophan 0.010
L-tyrosine 2Na.2H2O 0.0519
L-valine 0.001
Folic acid 0.001
myo-Inositol 0.002
Niacinamide 0.001
D-Pantothenic acid (calcium) 0.001
Pyridoxal. HC1 0.001
Riboflavin 0.0001
Thiamine.HCI 0.001
Glucose 1.0
Phenol red 0.011
NaHCO:s 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 / 4¢3/
¢ Incubator ol
¢ Centrifuge
sl e
| ; .
® Forceps EES—=——s-rc’pP g Laile o
and . ”
. = — J °
s - -
coo —
| .
B
'—‘—ﬁ-—
e
e Sterile fadme (S 5 duke @
Petri dish
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III. Vaccine Production Techniques: Egg based and Cell based virus propagation

¢ Hema-
cytomete
rs

e Iml and 10ml
pipettes

10.3 Protocol

St S O

1-Desinfect the surface of the egg ., j PS1E A S g oo i) mbaw b -1

over the air sac with scissors or

forceps, break the shell.

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
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 embryo
carcass into very small

fragment with scissors .

Mince

6- Add about 10ml
sterile saline A to tissue

fragment in the Petri
dish,

Swirl gently for 1 to 2
minutes, and carefully pour
the entire content into a 125
Erlenmeyer flask tilt
flask ,for decant saline A.
Discard the saline A.

ml

7-Add 10 ml of sterile warm
trypsin and pour into centrifuge
filtrate at 1000 rpm for 10 minutes
,discard supernatant and
resuspend the cells in 20 ml
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).
Note: be sure examine cell culture

until

each day ,if the medium is yellow
may need to be adjust by
7.5%NaHCQO: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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