Transformation and gel
electrophoresis
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« Transformation: the most popul

& DNA transformation )

« DNA can be exchanged among bacteria by three

mEthOdS L-J\:ru.ﬂ P\stuz‘ 3 d”u\f Cf?’.)-r'
ues of

molecular genetics that first discovered in

bacteria. Transformation the
donor and recipient cellsfare very closely related
()« Transfection is process by which Toreign 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 transformati@} cell are made c_gm_g@g_’;\éablg to
take up exogenous DNA) by treatment with dl&l.@[l_g’ggps
sich as calcium chioride, which make the bacterial cell wall

more permeable to DNA. =) Lif v i) oslts

. @’\
oy .
?’;;;3 @ *| Heat shocklis used to temporarily form pores in the cell
s )
a“‘}o{

M : _

' & membrane, allowing transfer of the exogeno l;Lngntlo the
cell Sy 3342 b Cran — O3 Dids20 6.l [ce b P15, o8

- D AvA Lﬂ’;?d-'s’.-f, Lﬂ‘pgm‘; == o 'ce JLe ‘&-’-P T

(» *[Electroporation/a short electrical pulse is used Ebr?/alf the
bacterial cell temporarily perme%t_:ulepm ), p;f;:"a_—j; WASTopr

@ *\Particle bombardmentl 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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* 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 {noculatd 100 ml of fresh
LB broth. Thisﬁgg}lj'%t’l:re is gr{gﬁvgrl}“ﬂith ra%:i 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

e e
centrifuge. T A
Al Dls bs,oSue s L Luls .

—__'C_tt__ 3 g
* Pour off the'supernatant and resuspend cells in 50 mL of cold
0.1M €aCi2)Leave on ice for at least 20 min.

G Centrifuge again as before and resuspend the cells in 20 mL of
cold'0.1M CaCl2. Transfer the suspensions to sterile Eppendorf. &=
tubes as 0.Iml aliquots and store at -80 degrees C.
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Compebelt cell L—

DNA transformation protocol

~V2 2

* Thaw all reagents completely on ice.
* Add 1 pl of ligation reaction to thawed competent cells.

* Gently mix by tapping tube of competent cells.

 |ncubate reaction on ice for 30 minutes.

. }_Ieat shockthe competent cell mixture by incubation for 30 to

=-2"60 seconds in a 42°C heating block.
?‘;f%-;f'@?)' Incubate tubes on ice for another 10 minutes. :ﬂ_mfh“_”jw b
* Add 500 pL of LB media and incubate at 37°C with shaking at 0
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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Trouble shooting in transformation

R

Wrong ant:blotic was used or
antibiotic concentration was
too hsgh '

Few or no colony transformants

Ensure the correct anttbzotlc”w as applied 1g
Use only concentration recommended_;by competent cell or *
antibiotic manufacturer‘

Competent cell wablllty is low

Thaw competent cells on ice and use ;mmedlately .

Check expiration date of cells.e fw""r\r““‘t

Do not re-freeze cells.* Pl
Do not vortex cells™ ge?fdy tap to mix.e
———-——'——"‘m—

DNA insert encodes pmtem that zs
toxic to cells .
M. :

_ |Use a lower mcubatmn tem{;eratur !2'
Use at cell stra:n a
ranscr: on.

nd vectar desig

Heat-shock incubation too long

Reduce incubation time from 45 to 25 _Secoﬁdg.*

Construct istoo big -

Too much ligation mixture was
used for the transformation

Ligation reaction components can infifbit-transformation. Dilute *
ligation reaction with TE buffer (up to 5 times).
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Trouble shooting in transformation

- L

@No Plasmid in colony tranformants

Antibiotic concentration oo Use antibiotic concentration recommended by
low manufacturer.
Antibiotic is degraded Krgﬁot wor klng volumes of antibiotic and avoid
es.
*Add ant|b|otic to liquid plate media after sufficient
_cooling.

3 . : ]
O No insert in colony tranformants plasmids -

Vector re-ligation || *Vector insert ratio not optimal. Use a vector: insert molar_
= | rafio from(1:1 to 1:10. jUse a DNA concentratlonvof 1-10
Mg/ml. :

Dephosphorylate DNA w;th P osEhatase to_\_-prevent: re-
ligation . SR
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Trouble shooting in transformation

~\
] \

_+ sequencing of tranformants plasmid reveals

wrong plasmid sequence

is toxic to cells Bt
B S jl,_wu%ahw

DNA insert encodes protem that

i controlled_aﬂﬁﬁﬂpilﬂng

| B—[-U .-—;}") "Rxc

Mutations introduced by initial
PCR

-Use a h|gh-ﬁdehty polymerase

p—

Inconclusive sequencing

artifacts

o e i g
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Electroporation

* Aninstrument called an elec
,5:?3, a2+f electrical shock that introdu
killing them

\'PAdvantagTT
* Rapid [~
* Requires fewer cells |~
* Can be used to introduce DNA into other cell types .~
* More efficient process .

troporator produces a brief
ces DNA into the cells without

o orf ) o, J#E
e jops S5 e ot
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Transfection ¥y v o conpra
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Transfection is the way to deliver exogenous nucleic acids such
as DNA, RNA or oligonucleotides into cells.

These nucleic acids can be transported by polymeric or lipidic

(tl’rfectlon reagents that facilitate their cellular uptake

SIRNA/miIRNA

XOXX

=
\’ N Nucleus

Cytoplasm

3 F’iasmid )

o 7’0 s O

\

\ » 4+
x
'h ¥

QN[\?!

Transfection Enr}osom.

Large RNA N *.:, N Complex
x -';
W P

Lﬂ\f o U)J“"- o~
Transfection

Reagent

e
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Conjugation o
2 C:—-::-l;, (f,-# con|J qtld'-"—-—- d_a_._.
- - = <9 o
uls Sioe>—r L—_}S_-u‘ r:,',zg S ) Aus c':’l_?__',,)l u",,\_l-l ‘C)‘:_-;
Donor cell producey pilus.) 3t S
Pil_us 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.

Both cells synthesize a
complementary strand to produce |,
a double stranded circular plasmid
and also reproduce pili; both cells

_are now viable donor for the F- ..
>

factor L o zg pifes v
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131 NA ele - 2aen| o] I
e e Gel electrophoresis

. EIectrop\/horesis a standard method used to
separate, identiry and purify/nucleic acids . _prote
v v
* Agarose or polyacrylamide gels can be used as
/ both gels are porous in nature

:’_4&0
o Lol
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—+ Agarose gel electrophoresis (AGE)

. ) Pollj)ﬂ( cary o
ot Agarose is a natural linear polymer extracted from
> 7,,);,9\970)‘#/ seaweed that.forms a gel matrix by hydrogen-bonding
when heated in a buffer and allowed to cool.

For most applications,@bg-a single-component
agarose is needed and(ho polymerization catalysts are
required. L -

* Agarose gels are simple and rapid to prepare. They are
.. the most popular medium for the separation of

«Se¢. . moderate and large-sized nucleic acids and have a \wide_%
<= rangeof separatig:@@a relatively low resolving®. ==
= power, since the bands formed in the gels tend to be?‘(‘“rf":'s@i
'~ fuzzy and spread apart. This is a result of pore size and=—
o7’ cannot be largely controlled.
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Advantages and disadvantages

P
Nontoxic gel medium % polysaccaride

i

Gels are quick and easy tocast

' Good for separating large DNA molecules v/ ! & el sl

@
Can recover samples by melting the%)el digesting with
enzyme agarose or treating with chaotropic salt®

ngh cost of agarose |~
Fuzzy bands 1/_—F5r [ow moleculﬂv—’ wle _squL(_ P

lv\.ie"t \

Poor separation of low molecular weight samples V"~

d—‘ _.-e:-..»J ljr.l. AN

s 2
=
A Op )|
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Agarose concentration

Agarose gels are normallﬂ;;ein the range of Q.Z% to 3%

If the aim is to Separate large DNA fragments, a @ |
concentration of agarose should be used, and(if the aim is to |
separate’Small DNA fragments, a high concentration of |
agarose is recommended g

Concentration of agarose (%)

DNA size range (bp)

Q@2 .yt AT5000-40000 ) 7y, &
- 0.4 5000-30000 (==
0.6 3000-10000 “NA svZe—
0.8 1000-7000 s
1 500-5000 Fones: of
1.5 300-3000 e rose
- 200-1500 - cde)
C ; ) AT P 1 100-1000 —
G O b e il (i B R L Eeataled o FlRy|
= ucfjmi;;; = pr- O ™ iitiotion of R

Y

|

f = —ic_acr u/]l“ A )

2= | 2 2 ), , ; s
~~ Polyacrylamide gel electrophoresls

| = L
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0.8 1000-7000 -
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P
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) er2_mh~—-. Polyacrylamide gels are chemically cross-linked gels formed
I & 5, by the(polymerization of acrylamide with a cross-linking

e agent, usually N,N’-methylenebisacrylamide.

g T ! ! . tovie Bleg2 u

(53— IWJ{Clj X ) |»--..—~° —>
* The reactionis {ee radical po|ymer|zatlo@ usually carried
out with ammonium persulfate as the initiator and N,N,N’,N’-

1 500-5000 (oncC. of
1.5 300-3000 oy rose
” - e
2 200-1500 Ccde)
( ; ) AT o 1 100-1000 =
‘ _ BB e G B T T catalet o FRx|,
" = <o ) leiwaia€_ > P e . g XA R x|
— E_b - -

m—ttc A |

~ Polyacrylamide gel electrophdre5|s =t
(PAGE) el APe f—'-‘-‘yr;‘ il

|

tetramethylethylendiamine (TEMED) as the catalyst.

P%ljmtﬂ'-zgtfo-«_)‘cfa—{_ﬁ E;—__“_;-—-—- C—_‘:'_',_,L;Jl le_@ d

30 win DY oge s=\§ ¥
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Polyacrylamide gel electrophoresis
(PAGE)

* Although the gels are more difficult to prepare and handle,

- - X :
Involving a lohger time for preparation than agarose gels, they
o) = have major adva ntages over agarose gels. They have a greater

: @f’;\\ ~ resolving power, can accommodate larger quantities of DNA
without significant loss in resolution and the DNA recovered

from polyacrylamide gels is extremely pure <~ = "%/~ PNA !

ov‘(‘) Jr—= JL Y <— c'_.J_,D
) - 2 . .
) * The pore size of the polyacrylamide gels can be altered in an
o p5€ easy and controllable fashion by changing the concentrations of
» the two monomers. ¢ lesty barie @
* Polyacrylamide is a neurotoxin (when unpolymerized), but with

proper laboratory care it i@nore dangerous than various
commonly used chemicals

‘\—)_,J:\&-:'U o (’—7‘[«(. qu-'ﬂ'L.'., (fG_,.r C\/J.U) neure CLoXi'c .1_))__'1: U”‘Pﬂ[j mem’Z—v‘ C._)_;J;LJ -
: SQ{‘&U'?C‘J?/. Pol‘vmm'z,o.f;'.w

CamScanner.li s s gl


https://digital-camscanner.onelink.me/P3GL/g26ffx3k

N TR TEETTNE upne) = g Agure Lo XTI L '1),—1: U‘”‘LP&’j mcm'zﬁ»{ o}fu -

._safe y.C -'"Z/" polyuenzaficr~

Advantages and disadvantages

-r Advantages '\

. Chemable cross-linked gel

. Sbarp bands e el o,

* Good for separation of low molecular weight
fragments

*| Disadvantages|

* Toxic monomers

+ Gels are tedi8us to prepare and often leak ﬂfhw”*"gc{‘“"’“

— e —

* Need new gel for each experiment

K)? A c)éc——’f-—) @ard% m

Jbo\—bc}r»vﬁf”‘f"’*"’” \ —
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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) forms of denaturing DNA
and RNA electrophoresis, and 3.3% (29:1){for mos} proteins,

native DNA and RNA gels.

Acrylamide/Bis Gel % Native DNA/RNA Denatured
J 5L PR Ratio (bp) DNA/RNA (bp)
i 191 5/ 4 AT 100-1500 70500 1o, i
L& Conc- T - 6 60-600 > | 40400 Sewe)
8 40-500 20-200 @
> LN 10 30-300 15-150 DNA RN A
= 12 20-150 10-100
Jl 291 3,347 5 . &S 2002000 70-800
PoMs;z‘E = 6 ~ 80-800 s 2 50-500
: I iR
v L)L 10 N ative. 20-2
P W 12 40-200 [(prefis)  15-150
[ty BEEy 5 20 0 PMIRVA <y
J

_

CamScanner s peis seell


https://digital-camscanner.onelink.me/P3GL/g26ffx3k

U/

P

.’.{J

O

Electrophoretic buffer systems -

Effective separation of nucleic acids by agarose or s

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

{Eomp_o sition and ionic strength (salt content) of the buffer. | o

5077 «—Without salt, electrical conductance is minimal and DNA barel

S moves. In a buffer of high ionic strength, electrical conductance =
_;’}(;Jv: is very efficient and a significant amount of heat is generated. _, — "
Yae ; : — P : ry
'JVV\P * Different categories of buffer systems forelectrophoresis: ‘—5“@’”;
> — T sw,
5 Z dissociating and non-dissociating | reper o &7 ”
I . . . cper &7 27
£ continuous and discontinuous. B o
A
N A
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A D'SSOQE‘EL"JB and non-dissociatin
pie'ffer Systems ) decdwstionja,

e SR

8

Separation on the basis of molecula
Inclusion of denaturing agents, whi

ch unfold the DNA or RNA
strands and remove the influence

r weight requires the
of shape on their mobility. :}

The most commonly issociating buffer systems used include =~ =2

. -

. -c;J___._.f..a
urea and formamide as@\lﬁx denaturants. RNA % 5
. et -

D=

Denatured DNA migrates throum g els at a rate that is

almost completely dependent on its base composition and f:;;/: :
sequence.

(Denéturing or dissociating buffer systems foﬁ\r;[tyg@include

the use of'sodium dodecyl sulfate (SDS). In the SDS-PAGE system,
proteins are heat- denatured with SDS before electrophoresis so
th;’c—the charge-density of all proteins is made roughly equal with

ot : Sl osls s12) JLazy .0
(net negative chargé™"<* 3 hpldnle sy o= 1

W ,DNA JL\:[{)\

L'.n €ar

-ty

-—

%v€

e
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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.

DNA re negatively charged; therefore the addition of

SDS in the gel preparations is only with th@f enhancing the
resolution power of the bands

In the @nce“of denaturan?idqlg)le stranded DNA (dsDNA),
like a PCR product, retains its doubie helical structure, which
gives it a(rodlike form)as it migrates through a gel.

M poare :
During the electrophoresis of native molecules in a non-

dissociating buffer system, separation tzﬂ(ﬁmgcs at a rate
gpproximate_l_y,mieiselwpmp_oﬂi_cz_&'c_c_)i e logl0 fth_eir size

>
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Continuous and discontinuous buﬁer

g e —

syste ms
* In the dontinuous buffer systems the identity and concentration
Mgz ‘. ofthe buffer components are the same in both the gel and the
it L) tank. Although continuous buffer systems are easy to prepare
c 1._‘j“ vORE

and give adequate resolution for some applications, bands tend —» [.-,-n-i

e

to be broader and resolution consequently poorer in these gels RS i

]

* These buffer systems are used for most forms of DNA-AGE, <~~~ %
which commonly contain EDTA EDTA (pH 8.0) and Tris-acetate (TAE) or
Tris-borate (TBE) at a concentration of 50mM (pH 7.5-7. 8).

i -%E 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 welght DNA
st (MW<2000) and AGE of longer DNA where high resolution is‘not
essential.

RS S ORI, v e —i -

=% ] 4 ,-_J\'O.Z_J] P‘-u.’*' .
[staci< ) cesol Lio-
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essential.

e A=
c:m-—:)] ! 3 .»;_j@:l); } Pudr
_ (stacd) Feloti
Continuous and discontinuous buffer
o systems

:§ o o

@scontmuous {multlphas:c) systems\employ different buffers for tank
and gel, and often two different buffers wﬂgg the gel.

e —

* Discontinuous systems concentrate or “stack” the samples into a very
narrow zone prior to separation, which results in improved band@’/ -
sharpness and resolution. The'gel is divided into an upper “stacking” gel e
of low percentage of acrylamlde and low pH (6.8) and a separating gel
with a pH of 8.8 and much smaller pores (hlghe_r percentage of
acrylamtde)

sample from cloggmg the pores at the top of the running gel before low
molecular- - weight DNA has entered Both, th@nd the

-
uffer contains glycme as its anion, jon, 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

CamScanner s peis seell



https://digital-camscanner.onelink.me/P3GL/g26ffx3k

\‘—;

Loading buffer - T

TP'SE?he buffer to be added to the DNA fragment that will be
e j_ggt[gp_horesed. This buffer contains @cerol:o@tb
AN L!Ncrease the density of the DNA solutions; otherwise, the

O samples would dissolve in running buffer tank and not sink into
g th_e gel pocket.

* The gel loading buffer also contains(d’y_'es”‘thatﬁécilitate
observation of the sample during gel loading and s i

electrophoresis, such agi)@mophggoj_blueor(xlreneﬁé\r/a)ngab} K
Because these molecules are small, they migrate quickly through <\
the gel during electrophoresis.

* The components and concentrations of the 6X loading dye
usually used are: 0.25% bromophenol blue, 0.25% xylene cyanol
FF, 30% glycerol;(or)0.25% bromophenol blue, 50 mM EDTA, 0.4%

sSucrose. i
SU({O%
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Wc’fw %
w0.5e0 -  Voltage/current applied

* The higher the voltage/current, the faster the DNA

migrates. If the voltage |stD band streaking, > <25
especially for DNA>12-15kE may result. Moreover, high ==

voltage causes a tremendously increase in buffer
~e\rnd? - «—temperature and current in very short time.

i * The high amount of the heat and current built up in the
process leads to the melting of the gel, DNA bands 1!

smiling, decrease of DNA bands resojution and fuse
blowout. it'is highly recommended(hot exceed 5-8 V/cm
and 75 mA for standard 5|ze gels or 100 mA for mlnlgels)

« When the voltage i§ too low) the mobility of small (<1kb)
DNA is reduced and ban roadenmg will occur due to

dispersion and diffusion. gt
//’_——_ - ~

(s

Cam
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Visualizing the DNA

* After the electrophoresis has been completed there are different

— methods that may be used to make the separated DNA species in
= ,,V/ the gel visible to the human ) eye. |
PNA J [T

\J -
) QJ UEthldlum bromide staining (EBS) | <Y «— 3 s
e The localization of DNA within the agarose gel can be
determined directly by staining with low concentrations of

inte\'rcalating fluorescent ethidium bromide dye under UV light.
The dye can be included in both, the running buffer tank and the

| \Qii gel, the gel alone, or the gel can be stained after DNA separation.
q‘fi e Fc;:\ permanent record, mostly instant photos are taken from
‘_’)“;r ’ __the gels in a dark room. Eah
WQ’?f « Note that ethidium brom|de is a potent mutagen and moderately
" toxic after an acute exposure. Therefﬁhandle it with caution.

Sl
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Ethidium bromide staining

DNARNA samples and marker loaded in the
horizontal gel clectrophoresis system

BulYer

Direction of migration of DNA RNA samples in
horizontal gel clectrophorests system

Butler

Agarose gel afler ethidium bromide staining
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e

N (@
" Silver staining (SS)

Silver_stai.ning Is a highly sensitive method for the
visualization of nucleic acid and protein bands after

eIect_erhoretic Seéparation 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 d'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

. . . T ——
or a silver-ammonia complex solution,

* 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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For DNA
\_______'_.

Silver staining

~— . L
- - - = h
o - gy o v B
' - . *hm"’.
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For protein
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Hg of protein, and s quantitative (Ilnear) up to 15 to 20 pg.
It is often used in methanol-acetic acid sofutions and is

G

Coomassie staining

The' Coomassie bllﬂ e staining allows detecting up to 0.2 to 0.6

discolored in isopropanol-acetic acid solutions

/
- v

g v o _'. &, 1

N ,-J,L)_)_Qu_kg

};’Hnj l?‘) \f& 1
94 = — DU ger puas Toow DOOX Null weey
67‘_-" “ Bore B e = 7 el -  mad

B e i con = S et

43 “mmmmﬂmaﬂ“

B s e oo T
———— W

o I L N SRS Aty WRLIIY i
3 | — S ot wewer - —

20,1 ==

!

CamScanner.

FEPE


https://digital-camscanner.onelink.me/P3GL/g26ffx3k

. Two-dimensional gel electrophoresis,

* Two-dimensional gel electrophoresis (2-DE) is based on

separating a mixture of prateins according to[t_—wo molecular
properties, one in each dimensi_orrj

. The most used is based on a first dimension separation by
s~ [} isoelectric focusing and second dimension according to
| 2 molecular weight by SDS-PAGE.
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Two-dimensional gel electrophoresis Q

organism protein fingerprinting
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Two-dimensional fluorescence difference
gel 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_@hat are spectrally resolvable
and size- and charge-matched

« Identical 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
gel electrophoresis (2-D DIGE)
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Protein identification by matrix-assisted
laser desorption/ionization-time of flight
\ (MALDI- -TOR) mass spectrometry

* Mass spectrometry is a technique to analyze with hjh
=»\& accuracy the composition of different chemical elements and
atomic isotopes splitting their atomic nuclei according to their
mass-charge ratio (m/z).
* It can be used to identify different chemical elements that
form a compound or to determine the isotopic content of
different elements in the same compound
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