Chap 3 Electrophoresis Methods

Biochemistry and Molecular Biology

10.1 general principles

10.2 Support media

10.3 Electrophoresis of protein

10.4 Electrophoresis of nucleic acids



Principle of Electrophoresis (& %)

Migration of charged particles in an electric field

1. Free solution

o ) — > ®

2. Stable media

v=m E
v = migration velocity of charged species (cm/s)

m = electrophoretic mobility (cm?2/V's)

charge, size, shape of molecule,
viscosity, pore size, buffer pH and
lonic strength, temperature of medium

E = electric field strength (Volt/cm)



Father of Electrophoresis

Arne Tiselius
(Sweden, 1902-1971)

The Nobel Prize in Chemistry 1948

"for his research on electrophoresis and adsorption
analysis, especially for his discoveries concerning the

complex nature of the serum proteins”
o &

This type of cell is essentially a bent glass tube with I:_l'l'l'l'—l
electrolyte reservoirs containing the cathode and U: - {J
anode, and a buffer containing the macromolecules

that need electrophoresed.

Juc 13yng
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He tested horse serum in the apparatus and found 4
distinct bands consisting of albumin and 3 globulin

components, which he named “«,” “8,” and “y .” U
o

"
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migration of anions
—
Buffer only



Gel Electrophoresis (& #¢)
most common method of separation in biological lab.

Jr 32 : Separation is based upon the mobility

of charged macromolecules under the
Influence of an electric field.

(kDa)
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##L: Gel made of agarose
or polyacrylamide

¥+ % : Protein = 30-50 kD
DNA = >2000 kD



Where are the charges from? - Proteins

Charged side chain
Group 3 — Amino acids with charged R groups
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Where are the charges from? — Protein
AR G T fraperegd (N ) e A (-C00-) - > A Al 1
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Group 2 — Amino acids with uncharged polar R groups

| | |
HD—CH_,-L"—L’DU- HI—?H—?—EGD— HS—I[‘H:—(I.‘—CEJD—
NH. OH NH, NH,
+ + +
Serine Threonine Cysteine
(Ser) (Thr) (Cys)
T HJHM Ii[ HJHM ]il
HD—@(“H_,—(I?—CDD- J?EH—FH:—!_‘l“—EDEJ— &?H—EH;EH;?—CDD—
NH, i NH, = NH,
+ ~ +
Tyrosine Asparaging Glutamine
(Asn) (Gln)

(Tyr)



Where are the charges from? DNA
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Electroosmotic Flow (EOF)
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Salts, buffer and ion

Cathode

>
Applied electric field, E=applied voltage /length of support medium
Acidic silanol groups impart negative charge on wall

Electrolyte cations are attracted to the capillary walls, forming
electrical double layers. When a voltage is applied, the net movement
of the electrolyte solution towards the cathode is known as
electrophoresis.



OoH O- OH O~ inner surface of a capillary

ool
SIOH > SIO-+H pKa=~6 x/‘a}k)‘k N

O O O O capillary wall

O
O
O

outer surface of a capillary

—| | Cathode

Anode | |4

Electroosmosis: bulk liquid migrates relative to the stationary
solid phase because of the imposed electric field
Electroosmotic Flow (EOF):. occurs due to charge on capillary
walls above pH 3 under electric field



Velectroosmotic
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Factors Affecting Electrophoresis

Electrophoretic velocity depends on:

Inherent Factors External Environment

= Magnitude of its charge
= Charge density
= Molecular weight

= Tertiary or quaternary
structure (i.e., its shape).

= Solution pH

= Electric field

= Solution viscosity
= Temperature

11



Detector response

12



Positive Negative
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Electrophoretic Methods

Zone Electrophoresis  Isotachophoresis Isoelectric Focusing
sample S.a”?P'e
liquid liquid
low
% mobility
T
2
. ®
high 5
mobility I
o
<
gel or electric gel or
capillary  field capillary @

homogeneous buffer discontinuous 14

buffer system



Polyacrylamide Gel

BMB10.2.1
O
: - _ &
ACF)_/|6r1mld|e merization) 20 I:I-iz_l::l_l_l:%“l"«lH
(major, polymeriza Acrylamis >
1. Free radical catalysis TEMED
2. _ TEMED i i N, N, N'.N'-
S,0° +e > SO, +S0O, °  tetramethylenediamine

2. Head to tail polymerization

Bl-sos-- — IHE-sos-- — IHEHER-so4-
— BB S04 etc.
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Polyacrylamide Gel Electrophoresis (PAGE)

Acrylamide Head to tail polymerization
(major, polymerization) r 0 fmzaj,r 0 NH

p B2
20-30 CHy=CcH-CC  § e C
T O Frssrsr

0
o,
S

|
scrylamide MH, EHEI%EH_EHEEH EHEITH HEEH—EHEEH-EH
¥ u YT B 07 N,
EHE=|:H—|:’:’¢D + fre raticl imistor
HNHE [Ammoninm Persulfate
- + TEMED) . N
oy MH., b 0. NH
Methylene | CHs R APRIRY ) S 2
) U ISP O |
;F'-IH """ CH,CH=CHZCH S CHZCH-CHZCH-CH
I:HEIZI:H_I:H II: ...... II:
o 0¥ 07 “HH,,
Methylene biS-AcryIamide biz-aerylamide erosslinks linear polymers of actylamide

(minor, for cross-linking)
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Formation of Polyacrylamide Gel

S04

Polymerization

SO4--

Cross-linking

SO4..

SO4-

The pore size of the gel varied by changing the
concentration of both acrylamide and bis-acrylamide '



Sodium Dodecyl Sulphate

0
Il
B Solubilize protein ”3‘:—‘3”2’11“U—ﬁ—‘9 Na
B Add negative charge to protein v 0
. Sodium dodecylsulfate (SDS)
e
gz
®

SDS binds to protein homogeneously and

stoichiometrically

1 SDS — 2 amino acids residues
eeeee e

1. Disulfide bond breakage

(by mercaptoethano) 066666006
2. Denature protein structure 18



Polyacrylamide Gel Electrophoresis (PAGE)

Buffer e
Solution (1) ‘at @3 Glycine, pK1:2.34, pK2, 9.4)
—®
S ° o 4% acrylamide. pH 6.8
Stacking Gel | (Tyis-puffer, glycine-slow, tailing ion)
— M |Large pore size
B Concentrate protein
— —
—_—
| 5-20 % acrylamide. pH 8.8
o Separation Gel | 1is Hcl.cl, fast ion)

Buffer Solution (+)

1. Proteins (negatively charged due to SDS) move to positive
electrode

2. Proteins separate by size

3. Smaller proteins move faster 19



The pore size may be controlled by varying total concentrations
of monomer and cross-linker, and by varying their ratio.

Protein standards mobility vs % acrylamide

T = g(acrylamide + bisacrylamide) « 100
100 ml
B
o C= g(b.|sacrylém|de) . 100 ;
g(acrylamide + bisacrylamide) E
E
Fig 1.7. Determination of %T and %C for 2
acrylamide gels.
%T : Solids content , —
: . : 0 02 04 06 08 10
%C : Ratio of cross-linker to acrylamide monomer Rf
0)
o %T 10 %T 15 %T 20 %T

© sLmLeLE

20




Polyacrylamide Gel Electrophoresis (PAGE)

Protein fractionation range (M, X 10~ H

-------------------------------------------------------------------------------------------------------------------------------------------

------------------------------------------------------------

5 60-350
10 15-200
15 10-100

-------------------------------------------------------------------------------------------------------------------

Molecular sieving properties of the gel 2!



Polyacrylamide Gel Electrophoresis (PAGE)

M Separation of protein by Size
B Purification of Proteins
M Estimation of protein molecular weight

22



Visualizing of Separated Protein Band

Protein Detection Methods
B Coomassie Blue 0.1 mg/band - 1 mg/band
B Colloidal Coomassie 10 - 100 ng/band

B Reverse Staining with

B Metal lon 10 - 100 ng/band
B Fluorescent Stain 1 - 10 ng/band

B Silver Stain 1 - 10 ng/band

B 1 ng of a 10kDa 100 femtomoles

B 1 ng of a 100kDa 10 femtomoles



Coomassie Blue

Two prinicples °“2°“3
N—C
1. -SO32% react with
positive residues 503 N COEH
...... H
2. Benzene react with NH;
hydrophobic resides “Hz
( ; Hz e.g. Arginine
CH5CH,0 N—G
cHch3
Coomassie Brilliant Blue 50Na
R-250

Ba5|c & Aromatic
Side chains

p S

Acidic Neutral 24



Molecular Weight of Standards

(kDa)

116
97

66
45

i T

P — 21.5
B — 14

Size of proteins in Kaleidoscope
standard is known

Plot Distance Migrated (mm) vs.
Size (kDa) on semilog graph paper

25



1000
800 | |||

600 |t ff

Molecular Weight of Unknowns

@ Size of standards (known) | |
400 |- T T T ) Size of unknown protein

200

100 T~

go [ - T T T -

60 |- '\-.._!

P % o J N U Y N UL S OO R Y RO 0 i - PO Y N N R OO IS OO O PR U OO S O 6

20

Size Kilodaltons

H H
f o o e | —— — —

(o] 10 20 30 40 50 60 70

Distance (mm)

B Measure distance migrated for selected unknown

proteins on gel
B Determine size of unknowns from the graph

26



Example 1 MOLECULAR MASS DETERMINATION BY ELECTROPHORESIS

The following table shows the distance moved in an SDS—polyacrylamide gel by a.
series of marker proteins of known relative molecular mass (Mp). A newly puriﬁed_
‘protein (X) run on the same gel showed a single band that had moved a distance of
45 mm. What was the M; of protein X?

Protein M, Distance

moved (mm)
Transferrin 78000 6.0
Bovine serum albumin 66000 125
Ovalbumin (egg albumin) 45000 320
Glyceraldehyde-3-phosphate dehydrogenase 36000 38.0
Carbonic anhydrase . 29000 50.0
Trypsinogen 24000 540
Soyabean trypsin inhibitor 20100 61.0
B-Lactoglobulin 18400 69.0
Myoglobin ' 17800 69.0
Lysozyme ' 14300 790
Cytochrome ¢ 12400 86.5 3

_“Note: B-lactoglobulin hasa relatwe molecular mass of 36 800 butisa
dimer of two identical subunits of 18 400 relative molecular mass.
Under the reducing conditions of the sample buffer the disulphide

bridges linking the subunits are reduced and thus the monomer chains
are seen on the gel. -

Answer| Constructa calibration graph by plotting log M, versus distance moved for
each of the marker proteins. From a graph of log M, versus the distance move
by each protein you can determine a relative molecular mass for protein X of

approximately 31 000. Note that this method is accurate to = 10%, so your "

27
answer is 31000 = 3100,



Native (buffer) Gels swmB 103.2
(F RALHT R A

7 4eSDSeRR T, v HT L iRIFE A H R KA

(Native structure). * ** ¥ T S E, o &éfﬁ.ijﬁ”’i

Y e

Native Page SDS-Page

o . 00O

....
-------

Slower mobility Faster mobility

£/

28



30 kDa 60 kDa

= Disulfide bond breakage Add SDS
= Protein denaturation
= SDS binds to protein
stoichiometrically
®
o ® 9 e
E— o= .—'\_’ )
Add SDS o ® ¢ ®
= SDS binds to protein °

stoichiometrically ‘ 1

- i

29



Denatured PAGE

Native PAGE SbS
(SDS-PAGE)
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Gradient Gels (# & "} %) swB 1033

o (Y D
= = ] SR B il R
> % B 0 T LR Rk RS
S 3
\/25 % \/
Higher acrylamide % Smaller pore size

W Greater range of protein molecular weight
B Better resolution of proteins with similar mass (sharper band)



(b) (c)
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Comparison of the band
separation of linear and
gradient gels.

(a) Linear gel
(b) and (c ) Gradient gels
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Iso-electric Focusing Gels Bwme 10.3.4

R\I%_ o pH = pKa + log ([base]/[acid])
Haﬁfcm“(ljlfo When pH=pKa, Acid=base
H ’ " e M H* H
P : \ _ _
s HyN=C-COOH A 1N - c-coo- A H,N-C-Co0
pRay 7 R pKa,. R pKa, R

pEa, 5 . \ pH - 1/2(pKaC + pKaN)
1

|so-electric point

0o 05 1 15 2 Avg. net charge =0
Equivalents of IaCH

If the pH is less than the pl, the amino acid will have a net positive charge.

If the pH is greater than the pl, the amino acid will have a net negative charge.
If the pH equals the pl, the amino acid will have no net charge (this is the
definition of pl.) >



Isoelectric Point of Protein: BMB 8.1
the pH at which the net charge of an amino acid is O

pd=1 +2 pH=22 +1
Lysine o H 0
| 3 J;L | & J;L =
] H—]:I‘I—'ISH— —0—H H—Ii'l—'le— —0,
BaSIC H ':'ISHE::'q. —_— H {IleE}‘I-
H—I]I—H H—I‘[T—H
H H
A B
(A) (B)

In a very acidic solution, pH=1,  As the pH of the solution is raised, by the addition of NaOH
all of these groups are Lor example,dt?e mosht acidi;]: site g\ Iysline wiél be h
eprotonated first. This is the carboxylic acid group. The
Fhrgtl(;g?ridié T+ge net charge on pKa of the COOH proton is 2.2. This means that when the
pH of the solution reaches 2.2, 50% of the COOH groups
In lysine will be deprotonated. More NaOH will
deprotonate the remaining COOH groups until 100% of the
lysine is present in State B. The net charge in State Bjs +1.



Isoelectric Point of Protein:
pH = 10.5 -1 pH=9.C ()

1 o ~N L §

H-— H CH o—0
H ':GHE}‘I- _—

H—-H-H

/

(D)

Once all of the a-aminium groups have been
deprotonated, the NaOH will deprotonate the
aminium group in the side chain. The pKa of this
group is 10.5. When the pH equals 10.5, 50% of
these groups will be deprotonated. Further
addition of NaOH will deprotonate the remaining
aminium groups in the sample. The net charge on
a lysine molecule in State D is -1.

(C)

As the pH increases, the NaOH will
begin to deprotonate the a-
aminium group which has a pKa of
9.0; at a pH of 9.0, 50% of the a-
aminium ions will be deprotonated.
The net charge on a lysine
molecule in State C is 0.

35



Iso-electric Focusing (IEF £ § & &%)

0 9 8 7 6 5 4 3 2pH
oHl_ 1 | | I gradient

@ gﬂ: ®_®— ®+ ®++ ::
OH- _@ ®+ L+ @
oH- | (X)~ (X H

@ X protein has an iso-electric pH of 6

36



Ampholyte:

formation of a stable pH aradient

(CH,),, (CH,),,

NR, COOH

Fig. 10.7. The general formula forampholytes.

IS

Ampholyte fl.— FENEL 557 i
T

f}jﬁf@ﬂﬁ%ﬁiplﬁﬁﬁyﬁjif o
R R B R
ampholyte > 3|F = ampholyte

’F‘?E@?ﬁfﬁmﬁ’?}“ pH 9%

n=2o0r3

No field In the electric field

Increasing pH 37



Example:
running a mixture of lysine and glutamine on an electrophoresis
gelata pHof 7

plys = 1/2(9.1 + 10.5) = 9.8
plg, = 1/2(2.2 +9.1) = 5.65

10 9 38 7 6 5 4 3 2

o L [ [ [ [ [ [ |

OH- H+

OH- + N
on| o
or- CD

H+

38



Immobilized pH Gradient (IPG)

Acrylamide monomer { Acidic buffering group:  COO-

CH2 - CH-C-NH-R

Basic buffering group: NH,*
|

@)
-I-H - R
H ™ [ Polyacrylamide gel

0
|
C—1

L=0" ' N

| y "" 39



Production of Immobilized pH Gradient (IPG) strip

Gradient maker

plastic support
film

-

F
)
I




Iso-electric Focusing Gels

B Sensitive tool to study microhetergeneity of
protein

M Separation of isoenzymes (different forms of
the same enzyme often differing by only one
or two amino acid residues

B Preparation/purification of Protein

41



Two-Dimensional Gel Electrophoresis (2-DE)
Cathode {—)

Protein Extract

l

Separate proteins on 2-D gels

Separation based on pl

l

Analyze spots by
AAA

Sequencing

Mass spectrometry

9718 U0 paseq uoneredag

42




First Dimension: Iso-electric focusing

First dimension strip <> O

‘ pH gradient

Rehydration with sample ()OCO&(S OO%%(Q%?O
Focusing of the proteins QSD/OJOC go .@Opoo
DEICIER e

Equilibrum reached (63 O QO O 0 o. Q




Second Dimension: SDS-PAGE
00 0000 00O

* Flatbed or vertical system

Ettan Daltsix system
(Amersham Biosciences)

1.P.

M.W. SDS PAGE

N
N



2 D-PAGE
range  THINEEC

1500-2000 proteins



Comparative Proteomics

e Image analysis and quantitative analysis

spot detection spot matching &
background subtraction

46



2-DE of nude mice plasma
Inoculated with SC-M1 cell




Differential gel electrophoresis (2D-DIGE)

oo AE-Cy5 LE-Cy3
o © ° < -
o o <~ _— >
o D S—
o o . _— >
o D J— -

EXxcise spots; elute;

o . | ——5 digest, extract

peptides;
MS analyze, Protein
Identification



Differential gel electrophoresis (2D-DIGE)

Test labelled Control labelled
with propyl-Cy3 with methyl-Cy5
—
N\ ‘!} v
l IEF

2D-electrophoresis

VRN ™\ sps-PAGE

AE Cy3 AE Cy5
Image A Image B

49




0.1 MPa (control) 125 MPa (HP-stress) Overlay

IPG 3.5-6.5

Image Cy 3 (532 nm) Image Cy 5 (633 nm) Stress related protein

Sample 1 Sample 2 Image overlay

50



Electroblotting

Transfer of the protein from the gel to nitrocellulose

cathode

PA gel
e&—nitrocellulose

blotting paper

Nappy Liners

canode

BMB10.3.8

51



Enzyme-Linked Immunosorbent Assay
( ELISA)

 ELISA Is a widely-used method for measuring
the concentration of a particular molecule in a
fluid such as human serum or other body fluids.

* |In the Immune system, antibodies (key proteins)
are used to selectively recognize and bind to a
specific target molecule (antigen), and are
combined with enzymes to amplify the signal
from a binding event to enable specific target
measurement down to a level of picograms.

52



Enzyme-Linked Immunosorbent Assay
( ELISA)

Antibody Labeling Reagents
s Enzyme
E';ﬁ['"ﬂ {4 ;I Substrate
ite
.il" Second Antibody « Q"h :
Target Analyte - » Product
[Antigen] Target Analyte ~, ‘
Sample & - s ‘ _,f- o
= » = b
F L o [ ] m
[ 4 I ﬂ
&5 Solid Phase

Bind Wash Label Read



2D gel electrophoresis

SDS-PAGE

54



Agarose Gel Electrophoresis of DNA

Protein = 30-50 kD
DNA = >2000 kD

Agarose has bhigger pore size than polyacrylamide

Staining: Ethidium bromide

55



Agarose Gels sweio21

Agarobioose: repeating units of agarose

HO  cH,0H o
0
o 0 ~ o~
HO O

Gel structure of agarose

- 4500 ageing
(_& =

sol state initial gel final gel structure




Staining of DNA: Ethidium bromide

Ethidium
bromide

Ethidium bromide
stacked between
base pairs

bp

1000
Q00

800
700
600

500
400
300

200

100



Fredrick Sanger (1918-)

Two-times Nobel Prize winner

H1958 determination of the structure of the insulin
molecule

M 1980. determination of the sequence of the nucleotides in
the DNA of a virus (bacteriophage, a virus that infects
bacteria). — first organism to have its entire nucleotide

sequence determined
58



The Sanger Sequencing Reaction

Primer for
replication

_ _ Primed DNA
Prepare four reaction mixtures,  pm +
include in each a different = e
replication-stopping nucleotide : : 3
C

N

-

s a1 [ 4N
A A | t

Separate
Replication products by
productsof = & gel electrophoresis
“C” reaction

Fead sagence as
complemeant of bands
containing labeled strands

Single stranded DNA is
amplified in the presence
of fluorescently labelled
ddNTPs that serve to
terminate the reaction
and label all the
fragments of DNA
produced.

The fragments of DNA
are then separated via
polyacrylamide gel
electrophoresis

The sequence was read
using a laser beam and
computer

59



An electropherogram of a finished

sequencing reaction
Sequence

CATAGCTGTITTCECTGTGTGA AA
¥ LN T R

A M.l.
‘};&&h’%‘r Al
&%{%‘G G G G G

c

Oligonuclectide length _
As the fragments from the sequencing reaction are resolved via

electrophoresis, a laser reads the fluorescence of each
fragment (blue, green, red or ) and compiles the data
Into an image. Each colour, or fluorescence intensity,

represents a different nucleotide (e.g. blue for C) and reveals
where that nucleotide is in the sequence



Shotgun Seguencing ﬁaﬂ%ﬂ;{ﬁ

Vector
# [ l e
=
RS
L2 D e Y

- — el N1 N I N NN W [ [ § |
L =y R e " - . .
- —— FIF P e p—— - - . .
R A AOTTTIAA
CTTT T ERAAATT
— - - ] e e o i e — ] ] —
- — - e e ) e e e — aas asaia

i e e e el s ] ] ] . — -

Source
Clone

(40 kb insert)

unordersed
SEQUENCING
clones

(1-2 kb insers)

ordered
overlapping

SEfURMCas 61



?—ﬁ__,

= Disulfide bond breakage Add SDS

= Protein den : :
otein denaturation = SDS binds to protein

P stoichiometrically
Add SDS & ‘E g 'é

= SDS binds to protein
stoichiometrically

Wi
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