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Question 1

What force(s) do(es) apply in electrophoresis?

0 Gravitational force
0 Electrostatic force
o Friction force

0 Retardation forces



Forces in electrophoresis

http://en.wikipedia.org/wiki/Electrophoresis

Answers:

1) Electric field exerts electrostatic force on the particle through the carried charge
2) Hydrodynamic friction force affects all bodies moving in viscous fluids

3) Electrophoretic retardation forces are applied to the ions in the diffuse layer



Question 2

For polyacrylamide gel polymerization, what do you need?

o Acrylamide

o Ammonium persulfate and TEMED
0 Bisacrylamide

O Styrene



Polyacrylamide gel polymerization

f=0 f=0 Persulfate f=0 |C=0 f=0
NH; i NH NH, NH NH,
| TEMED |
Acrylamide E’H? fH?
rlqu :mz NH r|m2
|
(|3=0 E:=0 (I:=O f=0
Bisacrylamide Polyacrylamide
Answer:

Acrylamide, bisacrylamide, ammonium persulfate and TEMED are needed



Question 3

What percentage of acrylamide would you recommend to
separate proteins of 4-40 kDa?

010% 0 12.5% o 20% o 30%



Polyacrylamide gel choice

Answer:

Gel acrylamide

Protein size percentage
4-40 kDa 20%
12-45 kDa 15%
10-70 kDa 12.5%

15-100 kDa 10%

25-200 kDa 8%

20% acrylamide




Question 4

In PAGE, what is the effect on the pore size when the
percentage of acrylamide increases?

0 The pore size increases

0 The pore size decreases

o The pore size is not affected
o None of the those



Acrylamide % and pore size
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Answer:
As acrylamide concentration increases, pore size decreases



Question 5

What is the effect of SDS on proteins?

o Protein conformation is affected

o Protein charge is affected

0 Proteins become positively charges
0 Disulfide bridges are broken



What SDS does to protein

BEFORE SDS charged R-groups

hydrophobic areas

AFTER SDS

« Introduction of negative charges onto protein
« Linearization of protein. Removal of secondary, tertiary
structures. NOT disulfide bonds!
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Question 6

What does PAGE stand for?

0 Polymer aggregated gel electrophoresis
0 Polyacrylamide gel electrophoresis

o Polyamine gel electrophoresis

0 None of those

Answer: PolyAcrylamide Gel Electrophoresis



Question 7

In proteomics, how 1D SDS PAGE can be use with mass
spectrometry?

0 After in-solution digestion

o With in-gel digestion

0 Both are not compatible

o In the procedure, bands are cut after staining



1D SDS PAGE and MS
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Answers:
1) With in-gel digestion
2) Inthe procedure, bands are cut after staining
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Question 8

What amino-acid(s) do(es) present positively charged lateral
chains?

o Arginine o Glycine o Lysine o Aspartic acid



Amino acids chart

AMINO ACID AMINO ACID
COO~ COO~ COO~ COO" COO COO
+ I - l + l + I + I - I
H3N—C —H H3N—C —H HaN—C —H "%, H3N'"'(.|:—H H3N-(.|:—H HSN—(i:—H
| | |
,, H CH, CH =4 CH, CH, CH,
(=5 7 N\ @ | | |
g CH3 CH3 g C|ZH2 cl:Hz C=— N\H
o Glycine Alanine Valine =
[ 4 3 CH, CH, " ho
2 [elolen (loley (elolen G I ' G —NH
5 S | B o *
8| H3N—C—H HaN—C —H H3aN—C —H
] a | ? | ’ | % *NH, = ltle
5 CH, CH, H—-C —CH3 g |
g | | I NH,
5 /Ct' CIHZ C|:H2 Lysine Arginine Histidine
= CH3 CH,4 S CHs 3
&, 3 elon coo-
o [ |
Leucine Methionine Isoleucine (14 H3Kj SC—=H Ha'tl =0 —=H
3 I |
coo" coo" coo" =4 ‘f“z ‘|3Hz
I I + | o =
HiN—C—H H;N—C—H  HsN—C—H g coo C':Hz
| | | © o
CH,OH H—C—OH CH, 2 COo0
@ I | ) Aspartate Glutamate
3 CH3 SH g
2 . . :
o Serine Threonine Cysteine COO COO- CoO-
5 g. + ' + I + '
g COO™ COO~ COO 2 HsN—C —H HsN—C —H H3N—C—H
| H + | | = | | |
g e’ HiN—C—H  HyN—C—H 2 CH, CH, CH,
£| Wi oM ' ' £
; 2 i CH, C|:H2 E —
o H,C —CH, é CH, ) NH
o / N\ | 5‘_ —
7/ N\ 4
H,N O g
Proline Asparagine Glutamine 2 . .
Phenylalanine Tyrosine Tryptophan

Answer:

1) Arginine

2) Lysine
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Question 9

Glutamic acid has pK1 (-COOH) = 2.1, pK2 (-NH2) = 9.47 and
PKR (-R) = 4.07. What is the net electric charge of Glu at pH =
37?

0 Positive o Negative o Zero



Charge of Glu at pH 3

14

10

8

H HN —(

Equivalents of OH™ added

We are given the values of 3 pKs:
pKl (-COOH) = 21, pKZ (-NHz) =
9.47 and pKg (-R) =4.07

At pH 3, we are below the pK of
the R group, the NH, group and
the above the C terminus COOH

group

If we are below the pK, the
molecule is in its protonated form,
but if above, the deprotonated
form

Therefore, we have NH3 (1+
positive charge), COOH
(uncharged) and COO- (-1
charge)

Answer: ChargeisOatpH3 |



Question 10

What is the approximate pl of Glu?

03.105806.802.1



Approximate pl of Glu

« The isoelectric point (pl) is defined as the pH at which a molecule carries no
net charge

« We see that for glutamic acid, this happens between the pH of 2.1 and 4.07,
which are the pK; and the pKg respectively

« So to calculate the pl, we find the average between the pK; and the pKgr

 Answer: pl = (pKy + pKgr)/12 =6.17/2 =~3.1

COOH (C COOH (R Net charge
term) group)

<21

2.1<pH <4.07
4.07< pH <9.47
>9.47

o + + +
1
1
1
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Question 11

During isoelectric focusing, in which direction do positively
charged ions move?

o Toward the anode
o Toward the cathode
o They do not move



Positively charged ions move towards
the negative terminal

Net charge

<

\
\'\,_ ‘ 3 p/
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acidic basic

diffusion

migration

pH is low at the anode. At low
pH, we always have more
positive charges, so the anode
IS positively charged

At the cathode, the pH is high,
we will always have more
negative charges

Therefore, since the positively
charged ions would move
towards the negative terminal,
they will move towards the
cathode
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Question 12

What property(ies) do(es) present carrier ampholytes?

o Amphoteric

0 Acidic

0 “Carrier” of the current
o Buffering



Carrier ampholytes and amphoteric compounds

- Amphoteric: a compound that can react as both a base and an acid

«  Ampholytes: amphoteric molecules that contain both acidic and basic
groups and will exist mostly as zwitterions in a certain range of pH

« The 3 main requirements for a good carrier ampholyte:
1. Compound must be amphoteric

2. Tobe “carrier” of the current (a good conducting species)
3. Good buffering species
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Question 13

In 2D gel electrophoresis, what is the principle of the first
dimension of the separation?

0 PAGE

o IEF

O Size-based

o Liguid chromatography



2D gel electrophoresis 1stdimension: IEF

IEF peptide separation for proteomics: IPG IEF, first
dimension of protein 2D-PAGE

LOW pH: Anode
e (=] Protein becomes protonated
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IPG strip
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NHQ NH@ NH - ~#=# Charged proteins When proteins reach
3 3 — 2 8 migrate within pH in the gradient
pH gradient equal to their pI, their
. qr net charge drops to Basic prot
pH = p/ pH = pl pH = pl zero and they focus as
10+ distinct zones
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Net Charge 4
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+1 Iscelectric point (pl)
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Question 14

What advantage(s) do(es) off-gel electrophoresis present with
respect to classical IEF?

0 Diffusion is absent

0 Focusing is much faster

0 Separated analytes are recovered In solution
0 Both proteins and peptides can be separated



Diffusion Is not absent... also not
necessarily faster!

Numerical studies to characterize off-gel IEF in a 3-
compartement device:

- Electric field vectors: the electric field arriving from the gel
enters the well on the left end side, and occupies the full
volume of the well

- Concentration isovalues of angiotensin Il: focusing time
depends on slope at pl; however diffusion (“vertical
focusing”) reduce the difference

VSRTT; whhX

5 | FOLUSI'”C
o %
‘. 8
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OGE can be used to separate proteins, but
the separations are often not great

Collection of fractions from plasma protein separated by OGE, followed by 2D
gel electrophoresis to analyze fractions
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OGE recovers analytes in solution

« This is one big advantage compared to classical IEF
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pH gradient
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Question 15

What can explain an analyte did not efficiently focus during
IEF?

0 The slope of the titration curve at pl for this analyte is steep
0 Too many salts were present in the sample
0 The analyte Is a protein

0 Voltage was stopped for 30 minutes before sample recovery



Influence of salt and voltage in IEF

* Impairs separation efficiency
« Samples must be desalted prior to IEF

MEPNCE 100ug 15-20h
[l

f =
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Fraction number

Influence of salts

B U g

o S— S S

Digests of post-mortem
cerebrospinal fluid separated by
OGE (TOF/TOF MS)

8

Number of idenfficasons
g

e &

364 proteins (3590 peptides)

OCEPMICS® 300pg  50h Cdesalted” ™" 3005 14h
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§ e |open o o Pepross]
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Fraction number Fraction number
273 proteins (5186 peptides) <582 proteins (4019 peptides)

» If the voltage is stopped 30 minutes prior to recovery, then diffusion dominates,
and the focused samples can diffuse and become out of focus
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Question 16

For what reason(s) can information on the pl be valuable?

0 MS data validating/filtering

o Optimizing protein digestion conditions

0 Phosphopeptide selection

oMass of peptide/protein is not anymore needed for their
identification



MS data validating and filtering

Isoelaciric Point

E. coli tryptic digest
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Cargile et al., J. Proteome Res. 2004, 3, 112-119

= data is spread out over the entire mass/p/ plot

= MC lead to an increase in the absolute number of peptides, but also an increase in
the medium to high molecular weight range of the middle to high p/ (6.0-9.5)

= as the peptide increase in mass, the average p/ decreases (fig. c)
= as the number of MC increases, the average p/ increases (fig. c)

Copyright © 2004 American Chemical Society
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MS data validating and filtering
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Enrichment of phosphopeptides for
phosphoproteomics

Anal Chem 2007, 78, 2007-2014

Selective Enrichment and Fractionation of
Phosphopeptides from Peptide Mixtures by
Isoelectric Focusing after Methyl Esterification

Chong-Feng Xu,! Huaibin Wang,* Daming Li% Xiang-Peng Kong,! and Thomas A, Neubert*!

o Electrophoragis 2007, 28, 2044-2052
Chien-Wen H ! Z

il Kf{,‘,e,é’“g' Research Article

B plbased phosphopeptide enrichment
combined with nanoESI-MS

German Cancar Resaarch Cantar,
Heidalberg, Germany
“Biomolecular Interactions Group,
German Cancer Resaarch Center,
Heidalberg, Germany

Journa! of Proteome Research 2007, 6, 1153-1157

Joumal of

research articles p rOteOme

sresearch

Isolation of Phosphopeptides by pl-Difference-Based Electrophoresis

Yiogeda Xu, Robert Sprung, Sung Won Kwon, Sung Chan Kim, and Yingming Zhao*
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Question 17

What is necessary involved in chromatography?

0 An analyte
0 A mobile phase

0 A stationary phase
o Aliquid



The staples of chromatography: a mobile
phase, a stationary phase and an analyte

Mi)bile phase
AN P .
¥ N b
} 2 o ®.,
} S 3 00 o'’
- - § —_ . v
1oN—0 09 o
I S N o0
: = § o
t (=) § . .
¥E N
- . \ g @ [8)
Partition chromatography is '3 XK —» 'S) 8]
based on the solute partitioning §\\\\\\\ ' © O &}
between the two liquid phases " T
Solute

Solute dissolved in liquid
phase is coated on the surface
of stationary phase
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Question 18

What was M.S. Tswett able to separate using
chromatography?

0 The components of serum
0 Some chlorophylls

0 Some carotenoids

0 Caffeine



He used chromatography to separate
chlorophylls and carotenoids

History of chromatography

Chromatography apparatus; 2 e tunnel; 3 adoptor . 4 vossel for remonval of
alcohol, § PRI ECE FOM VO
a - ﬁ>
] J
-
4
¥ x {
/
Michail Semjonowitsch Tswett

N
j;% He used liquid-adsorption column chromatography
with calcium carbonate as adsorbent and petrol

ether / ethanol mixtures as eluent to separate
chlorophylls and carotenoids

Tswett-Apparatus (1905)

40



Question 19

In chromatography, what can explain band broadening?

0 Multiple path of the analyte

0 Perpendicular diffusion

0 Mass transfer between phases
o High plate number



Multiple paths of analyte, longitudinal
diffusion and mass transfer between
phases lead to band broadening

/Column

Start — =

After injection, a narrow band is :
broadened during its movement I
through the column by:

b —_— ———

-multiple path of analyte
-Longitudinal diffusion

-mass transfer between phases

e o Hulkide b fan dffasicn
i R T The higher the column band broadening, the
i smaller the number of components that can be
.1 s -~y
e S separated.
{) Ll . ppdteweaty ¢ The sharpness of the peak is an indication of
e o A I"&\#b\\"‘\r’ awmlp o TS § 4 — v
V.m,\/v ; e ﬁ‘?i,,\'v\ i b how good, or efficient a column is.
A ™ ) . :
LRl o (exmpae: e aipilihetwey
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Question 20

What factor(s) can affect the chromatographic resolution?

0 The column length
o0 The flow rate

0 The pore size of the packing material
o None of those



Question 20

Factors affecting resolution

. Column length

. Column diameter .
Pore size

Flow-rate
. Uniformity of column packing /
. Uniformity of stationary phase (packing material)
. Sample size
. Suitability of stationary phase
. Suitability of mobile phase

O 00 N O WA~ NS

. Pressure
10. Gradient elution
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Question 21

What type of chromatography(ies) would you recommend to
separate proteins?

0 Size exclusion

0 Reversed-phase

0 Affinity

0 Strong-anion exchange



Size- Exclusion Chromatography

« Also known as Gel-Filtration Chromatography

« Separation of protein by size/ hydrodynamic radius (proteins are often of
different sizes)

» Polymerized agarose beads containing pores

(b) (c) (d) (e)
Solvent
) A
5
2
S
o
=
5
°
£
I =<
fnn;?ecules Volume of effluent

Large
molecules

| | | | [ .I | | [ | |
| | T | | O O | IO
R e .
@ @ @ @V ¥V ¢ @ @ @ W @

Figure 6-9
© John Wiley & Sons, Inc. All rights reserved.
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Separation by molecular mass by size
exclusion chromatography

* V,=Volume of Column
* V.= Elution Volume
* (Ve/V,) = Relative Elution Volume
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B { Ovalbumin
S Ovomucoid Malate dehydrogenase
= 20— Bovine serum albumin —___\_E. coli phosphatase
o Transferrin — '\ Glyceraldehyde-3-phosphate dehydrogenase
Lactoperoxidase — L dehvd
= Fetuin actate dehydrogenase
Serum albumindimer ____ —— —Aldolase
Yeast alcohol dehydrogenase — ) __Fumarase
1.5 Ceruloplasmﬁ Catalase
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R—Phycoerythri‘{ e L :
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! Ferritin
Fibrinogen s
1.0 — Urease / """"
a-Crystalli Blue dextran
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Molecular mass (kD)

Figure 6-10
© John Wiley & Sons, Inc. All rights reserved.



Affinity Chromatography

« Ligand chemically attached to polymer beads
» Protein binds ligand, other components washed out
« Competitor added to elute protein from ligand

i
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\/
R N
OH
=40 Cyanoge
. . . br
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§ /
¢ ¥ | specific binding of molecule anas l .
\ £ to matrix ligand NH
[ 9
= = HO C H o0—C
3 r ~ ™ Matrix-anchored ligand
: (> N roRes o b dege OH
;) Macromolecules with differing O
: / ligand-binding sites “Activated” agaros
Step 2 RNH, + H0

HO CHz—O & NHR

J OH

—0

()\ + NH, + HBr



Example: Affinity Purification of hCAll

* R=p- (aminomethyl)benzenesulfonamide
« hCAII binds tightly to specific sulfonamide through H-

bonding mechanism

« Carbonic anhydrase inhibitors which can be found in

diuretic medication work through the same mechanism.

p- (aminomethyl)benzenesulfonamide

)
e
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— A N—R
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Carbonic Anhydrase
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OH i .
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\
OH
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“Activated” agarose

Step 2 f’ RNH, + H,0

0
)
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OH
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lon-Exchange Chromatography is also
used for purifying proteins

 Differences in pl

: . : pH?2 pH 2 pH238
(isoelectric point) of _
different peptides/ All AA (+) bound ~ Asp (©) unbinds
proteins leads to
dissociation from beads at + oy + o 4
different pH/ salt O O+, (S_Q‘+Jr
concentration + - O

_ _ 4o
O O £ ?+ -td-_; o
 We can push the pH | et — [T
slightly below or above O- O +_-_O_;
the pl of the protein to O S oM
introduce a negative or i -
positive charge O‘ ) T-_O_; B T_'-+-+
O ‘O- % O-=<-
«  Works well for simple O; + O ‘o%
protein mixtures, but not \ / \ / o

well suited for complex ©
mixtures



Question 22

For what type of chromatography is hydrophobicity of the
analytes relevant?

0 Size exclusion

0 Strong-cation exchange
0 Partition

0 Reversed-phase



Hydrophobicity Is Iimportant in methods
which separates by polarity

mixture of
components

most hydrophobic
components interact
with the column best

elute first

elutes

elute last

column
(stationary phase)

flow of mobile phase

—>

In Reversed Phase
chromatography, we
use a non-polar
stationary phase and a
polar mobile phase
(can be gradient from
polar to non-polar)

We separate by
polarity

Reversed Phase,
HILIC and Normal
Phase are all examples
of Partitioning
chromatography

A: Reversed Phase
and Partitioning



Question 23

wWhy HPLC was developed?

0 To speed up the separation process
0 To cope with smaller particle sizes
0 To separate more sample

0 Toaccommodate nano-flow rate

Answer:

0 To speed up the separation process (high pressure)
0 To separate more sample (automated fractionation)
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Question 24

What type of chromatography is usually coupled to mass
spectrometry?

0 Size exclusion

0 Strong-cation exchange
0 Affinity

0 Reversed-phase

Answer:

OReversed-phase (can retain most organic analytes, works

for broad range of compounds, lots of freedom to stationary
phase and mobile phase)
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Question 25

What separation techniques may be complementary to RP-LC
to separate peptide mixtures?

O IEF
0 SCX
0 SEC
0 RP

Answer:

All the above except for size exclusion chromatography. This is because
we cannot resolve analytes of very similar masses well with SEC and
therefore SEC is not suitable for the separation of a peptide mixture
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