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Transformation and gel
electrophoresis
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DNA transformation

DNA can be exchanged among bacteria by three
methods:

Transformation: the most popular techniques of
molecular genetics that first discovered in
bacteria. Transformation works best when the
donor and recipient cells are very closely related.

Transfection’is process by which foreign DNA is
introduced into a cell by a virus or viral vector
and is used mainly for mammalian cells

Conjugation: introduction of gene strand
through pilus
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Transformation

Chemical transformation, cell are made competent (able to
take up exogenous DNA) by treatment with divalent cations
such as calcium chloride, which make the bacterial cell wall
more permeable to DNA.

Heat'shock is used to temporarily form pores in the cell
membrane, allowing transfer of the exogenous DNA into the
cell.

Electroporation, a short electrical pulse is used to make the
bacterial cell temporarily permeable.

Particle bombardment; is typically used for the transformation
of plant cells. Gold or tungsten particles are coated with the
DNA construct and physically forced into the cell by gene gun.
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Competent cells

Sl 1Ml g0

Prepare a small, overnight culture of the bacteria in LB broth.
Grow at 37°C without shaking.

Use 1.0 mL of the overnight culture to inoculate 100 mL of fresh
LB broth. This culture is grown with rapid shaking at 37°C until it
reaches an OD600 of 0.3-0.4. Transfer the culture to sterile
plastic centrifuge tubes. Cool on ice for 10 min.

Centrifuge at 5000 g for 10 min at 4°C using a refrigerated
centrifuge.

Pour off the supernatant and resuspend cells in 50 mL of cold
0.1M CaCl2. Leave on ice for at least 20 min.

Centrifuge again as before and resuspend the cells in 20 mL of
cold 0.1M CaCl2. Transfer the suspensions to sterile Eppendor!
tubes as 0.1ml aliquots and store at -80 degrees C.
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DNA transformation protocol

Sl 1Ml g0
Thaw all reagents completely on ice.
Add 1 uL of ligation reaction to thawed competent cells.
Gently mix by tapping tube of competent cells.
Incubate reaction on ice for 30 minutes.

Heat shock the competent cell mixture by incubation for 30 to
60 seconds in a 42°C heating block.

Incubate tubes on ice for another 10 minutes.

Add 500 pL of LB media and incubate at 37°C with shaking at
250 rpm.

Warm selection plates to 37°C an spread 50uL of transformed
cells on selection plates.

Incubate plates at 30°C overnight
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antibiotic concentration was _ GED
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Trouble shooting in transformation

* Sequencing of tranformants plasmid reveals
@w
-

DNA insert encodes protein that <USelallowerincubation‘temperaturei(25=30°C)»
is toxic to cells *Use a cell strain and vector designed for tightly -
“controlled transcription.
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Electroporation

* Anvinstrument called an electroporator produces-abrief

electrical shock that introduces DNA into the cells without
killing them

-CAdvantages)
* Rapid
* Requires fewer cells
* Can be used to introduce DNA into other cell types
* Moreefficientiprocess (Hore efficient than heat shock)
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Transfection

Transfection istthenway tordeliver-exogenousnucleicracids such
as DNA, RNA or oligonucleotidestinto cells:

These nucleic acids can be transported by polymericorlipidic

transfection reagents that facilitate their cellular uptake
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Conjugation

Donor cell produces pilus.

Pilus attaches to recipient cell and
brings the two cells together. .

The mobile plasmid is nicked and
a single strand of DNA is then
transferred to the recipient cell. 2
_Both cells synthesize a_
complementary strand to produce |
a double stranded circular plasmid
and also reproduce pili; both cells _
are now viable donor forthe F-  + (§&) (), O B
factor  oildma " Werdmm
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Gel electrophoresis

* Electrophoresis a standardsmethod-used:to
separate, identify and purify nucleic acids

* Agarose or polyacrylamide gels can be used as

both gels are porous in nature IS e

p2x| cuns ghill Ighady



®©Agarose gel electrophoresis (AGE)

Polysaccharide

e Agarose is a natural linear polymer extracted from
jﬂ' seaweed that forms a gel matrix by hydrogen-bonding

when heated in a buffer and allowed to cool.

* For most applications, only a single-component

agarose is needed and no polymerization catalysts are
required.

* Agarose gels are simple and rapid to prepare. They are
the most popular medium for the separation of
moderate and large-sized nucleic acids and have a wide
range of separation but a relatively low resolving
power, since the bands formed in the gels tend to be
fuzzy and spread apart. This is a result of pore size and
cannot be largely controlled.
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Advantages and disadvantages

* |Advantages
Gels are quick and easy o cast —%  — s o e

* |Disadvantages

y



Agarose concentration (agrose conc)

aliagds by GUI DNA JI e soiey pasius buall 34555
* ¢Agarose gelsare normally in the range of 0.2% to'3%.

* Ifthe aimis to separate large DNA fragments, a low
concentration of agarose should be used, and if the aim is to
separate small DNA fragments, a high concentration of
agarose is recommended

Concentration of agarose (%) DNA size range (bp)
0.2 5000-40000
0.4 5000-30000
0.6 Lols DNA JI px> J5 Lals 3000-10000
0.8 »S1 Conc of agarose ylS 1000-7000
1 500-5000
1 & 3 8 yuall ghdll go Rl 35y i) 2
2 g5 > 200-1500
3 v 100-1000




@ Polyacrylamide gel electrophoresis
(PAGE)

* Polyacrylamide gels are chemically cross-linked gels formed
by the polymerization of acrylamide with a cross-linking
agent, usually N,N’-methylenebisacrylamide.

* The reaction is@afree radical polymerization, usually carried
out with ammonium persulfate as the initiator and N,N,N’,N’-
tetramethylethylendiamine (TEMED) as the catalyst.

.SDS page 9 Native page 4 9 Polyacrylamide J!
51 doaxiuall L SDS page J!
.Cross linking Jo=is 81>9 9 Polymerization Josis 81>9 Bisaclyramide 9 Acrylamid & Ox3le bl piny

Initiator S Ammonium persulfate JI &Lo¥ ZU>s g Free radicals J1 e pild kit 453 Very toxic o 83kl
Catalyst of Polymerization process = 3l TEMED &xaig « Polymerization U



Polyacrylamide gel electrophoresis
(PAGE)

* Although the gels are more difficult to prepare and handle,
involving a longer time for preparation than agarose gels, they
have major advantages over agarose gels. They have a greater®
resolving power@an accommodate larger quantities of DNA
without significant loss in resolution and the DNA recovered
from polyacrylamide gels is extremely pure

* The pore size of the polyacrylamide gels can be altered in an
easy and controllable fashion byichanging the concentrations of
the two monomers.

* Polyacrylamide is a neurotoxin (when unpolymerized), but with
proper laboratory care it is no more dangerous than various
commonly used chemicals
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Advantages and disadvantages

Advantages

Chemically stable cross-linked gel
Sharp bands ——=> =*lsos™Bandsd
Good for separation of low molecular weight

fragments
095w yuasill dulac JUs

o a=> ) o la> ¢
Disadvantages g e e

Toxic monomers j
Gels are tedious to prepare and often leak
Need new gel for each experiment
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DNA JI (o J8i Mwt Juasus Pore size JI Jiw Concentration JI bsj Lels
Polyacrylamide concentration

* With increasing the concentration of monomer in the gel, the
pore size decreases in a nearly linear relationship.

* Researchers have settled on Concentration values of 5% (19:1
acrylamide/bisacrylamide) for most forms of denaturing DNA
and RNA electrophoresis, and 3.3% (29:1) for most proteins,
native DNA and RNA gels.

Acrylamide/Bis Gel % Native DNA/RNA Denatured

Ratio (bp) DNA/RNA (bp)

19:1 4 A100-1500 A 70-500

6 60-600 40-400

8 40-500 20-200

10 30-300 15-150

12 20-150 10-100

29:1 5 200-2000 70-800

6 80-800 50-500

8 60-400 30-300

10 50-300 20-200

12 40-200 15-150

V20 <40 <40
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Electrophoretic buffer systems

Effective separation of nucleic acids by agarose or
polyacrylamide depends upon the effective maintenance of pH
within the matrix. Therefore, buffers are an integral part of any
electrophoresis technique.

The electrophoretic mobility of DNA is affected by the
composition and ionic strength (salt content) of the buffer.
Without salt, electrical conductance is minimal and DNA barely
moves. In a buffer of high ionic strength, electrical conductance
is very efficient and a significant amount of heat is generated.

Different categories of buffer systems for electrophoresis:

— dissociating and non-dissociating
— continuous and discontinuous.
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Dissociating and non-dissociating
buffer systems

Separation on the basis of molecular weight requires the
inclusion of denaturing agents, which unfold the DNA or RNA
strands and remove the influence of shape on their mobility.

The most commonly dissociating buffer systems used include
urea and formamide as DNA denaturants.

Denatured DNA migrates through these gels at a rate that is
almost completely dependent on its base composition and
seguence.

Denaturing or dissociating buffer systems for proteins include
the use of sodium dodecyl sulfate (SDS). In the SDS-PAGE
system, proteins are heat- denatured with SDS before
electrophoresis so that the charge-density of all proteins is made
roughly equal with net negative charge
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Dissociating and non-dissociating
buffer systems

* When samples are electrophoresed, proteins separate according
to mass alone, with very little effect from compositional

differences. Enhance resolution power of band 3¢ 89 DNA e SDS wawas

* DNA molecules are negatively charged; therefore the addition of

SDS in the gel preparations is only with the aim of enhancing the

resolution power of the bands Rodlike 5 DNA JI Js Liw LJL

* In the absence of denaturants, double stranded DNA (dsDNA),
like a PCR product, retains its double helical structure, which
gives it a rodlike form as it migrates through a gel.

* During the electrophoresis of native molecules in a non-
dissociating buffer system, separation takes place at a rate
approximately inversely proportion to the log10 of their size

O dSLluall (95 Log Denaturation lg suas Lo g Native J25 Molecule 1 s Jian s 0% loJ & 4/
dygluio dgatall ghill




\Continuous and discontinuous buffer

systems Sl ol s sample ]

In the|continuous buffer |systems the identity and concentration
of the buffer components are the same in both the gel and the
tank. Although continuous buffer systems are easy to prepare

and give adequate resolution for some applications, bands tend
to be broader and resolution consequently poorer in these gels.

These buffer systems are used for most forms of DNA-AGE,
which commonly contain EDTA (pH 8.0) andq'ris-acetate (TAE) or

@rris-borate (TBE) at a concentration of 50mM (pH 7.5-7.8).
* TAE is less expensive, but not as stable as TBE. In addition, TAE

gives better resolution of DNA bands in short electrophoretic
separations and is often used when subsequent DNA isolation is
desired. TBE is used for PAGE of smaller molecular weight DNA
(MW<2000) and AGE of longer DNA where high resolution istint

essential.




Continuous and discontinuous buffer
systems

Discontinuous (multiphasic) system.;Jemploy different buffers for tank
and gel, and often two different buffers within the gel.

Discontinuous systems concentrate or “stack” the samples into a very
narrow zone prior to separation, which results in improved band M
sharpness and resolution. The gel is divided into an upper “stacking” gel
of low percentage of acrylamide and low pH (6.8) and a separating gel &
with a pH of 8.8 and much smaller pores (higher percentage of
acrylamide).

The stacking gel prevents any high-molecular-weight DNA present in the
sample from clogging the pores at the top of the running gel before low
molecular=weight'DNArhasrentered»Both, the stacking and the
separating gels, contain only chloride as the mobile anion, while the tank

buffer contains glycine as its anion, at a pH of 8.8. The major advantage
of the discontinuous buffer system over continuous buffer system is that

this gel system can tolerate larger sample volumes
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Higher
Vicosity

dod>unis o Buffer JI i

Loading buffer “isustibedle

This is the buffer to be added to the DNA fragment that will be
electrophoresed. This buffer contains glycerol or sucrose to
increase the density of the DNA solutions; otherwise, the
samples would dissolve in running buffer tank and not sink into
the gel pOCkEt. Sink lgJ ysau Lo Electrophoresis buffer JI &b Whells Jb Juai diusl

The gel loading buffer also contains dyes that facilitate

observation of the sample during gel loading and

electrophoresis, such as bromophenol blue or xylene cyanol.

Because these molecules are small, they migrate quickly through
LeJl Ledlg pgsuais 39 DNA 2o 39 Protein go 3 lglelan bo (uisuall

the gel during electrophoresis. oo b ads ilis s DNA 5 lisigysll plus 4as 5 s5isd Jalb Mut
LyeSIl aBgis Zoyi y>W Ciliog lgdguiss usd ¥ gl J=I

The components and concentrations of the 6X loading dye
usually used are: 0.25% bromophenol blue, 0.25% xylene cyano!
FF, 30% glycerol; or 0.25% bromophenol blue, 50 mM EDTA, 8%

SUucrose.



Voltage/current applied

* The higher the voltage/current, the faster the DNA
migrates. If the voltage is too high, band streaking,
especially for DNA=12-15kb, may result. Moreover, high
voltage causes a tremendously increase in buffer
temperature and current in very short time. i ead fo gel melting

* The high amount of the heat and current built up in the
process leads to the melting of the gel, DNA bands
smiling, decrease of DNA bands resolution and fuse
blowout. it is highly recommended not exceed 5-8 V/cm
and 75 mA for standard size gels or 100 mA for minigels.

 When the voltage is too low, the mobility of small (<1kb)
DNA is reduced and band broadening will occur due to
dispersion and diffusion.




Visualizing the DNA

» After the electrophoresis has been completed there are different
methods that may be used to make the separated DNA species in
the gel visible to the human eye.

1./Ethidium bromide staining (EBS)

* The localization of DNA within the agarose gel can be
determined directly by staining with low concentrations of
intercalating fluorescent ethidium bromide dye under UV light.
The dye can be included in both, the running buffer tank and the
gel, the gel alone, or the gel can be stained after DNA separation.

* For a permanent record, mostly instant photos are taken from Q

i b g 9 o Lle lgduais gi Buffer tank of J=le 8 yisleo Lol EPS @8l
the gels in a dark room. oA Il e qiads s ol gllss g3 o Lgs Jonl

* Note that ethidium bromide is a potent mutagen and moderately
toxic after an acute exposure. Therefore, handle it with caution:

7 Colorless




Ethidium bromide staining

Fluorescent ethidium bromide dye b= g DNA Jl go biyis denall Lo
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DNA & proteins U 2

Silver staining (SS) | w+="eses

Silver staining is a highly sensitive method for the
visualization of nucleic acid and protein bands after

_electrophoretic separation on¢polyacrylamide gels;

Nucleic acids and proteins bind silver ions, which can be
reduced to insoluble silver metal granules. Sufficient
silver deposition is visible as a dark brown band on the
gel. Silver staining protocols include many steps:

i) fixation to get rid of interfering compounds,

ii) silver impregnation with either a silver nitrate solution
Tver. . | Ut

iii) rinses and development to build up the silver metal

image, and

iv) stop and rinse to end development prior to excessive
background formation and to remove excess silver ion
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Coomassie staining

This dye used for defecting & quantitative measurements
* The Coomassie blue staining allows detecting up to 0.2 to 0.6
ug of protein, and is quantitative (linear) up to 15 to 20 pg.

* Itis often used in methanol-acetic acid solutions and is
discolored in isopropanol-acetic acid solutions
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Two-dimensional gel electrophoresis

 Two-dimensional gel electrophoresis (2-DE) is based on
separating a mixture of proteins according to two molecular
properties, one in each dimension.

 The most used is based on a first dimension separation by
isoelectric focusing and second dimension according to
molecular weight by SDS-PAGE.

Equilibration
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Two-dimensional gel electrophoresis
organism protein fingerprinting
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Two-dimensional fluorescence difference
ge| electrophoresis (2-D DIGE)

* A method that labels protein samples prior to 2-DE,
enabling accurate analysis of differences in protein
abundance between samples.

 The technology is based on the specific properties of
fluorescent cyanine dyes that are spectrally resolvable
and size- and charge-matched

* |dentical proteins labeled with each of the three dyes
(Cy2, Cy3 and Cy5) will migrate to the same position on a
2-DE gel. This ability to separate more than one sample
on a single gel permits the inclusion of up to two samples
and an internal standard (internal reference) in every gel.

 The internal standard is prepared by mixing together
equal amounts of each sample in the experiment and
including this mixture on each gel
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Two-dimensional fluorescence difference
ge| electrophoresis (2-D DIGE)
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Protein identification by matrix-assisted
laser desorption/ionization-time of flight
(MALDI-TOF) mass spectrometry

* Mass spectrometry is a technigue to analyze with high
accuracy the composition of different chemical elements and
atomic isotopes splitting their atomic nuclei according to their
mass-charge ratio (m/z). D

* It can be used tolidentify different chemical elements that
form a compound or to determine the isotopic content of
different elements in the same compound
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