Chap 4 Separation by Chromatography

Analytical Biochemistry
3.1 Principle of Separation techniques

3.2 Methods Based on Polarity (3.2.1-3.2.3)

Biochemistry and Molecular Biology

11.5 Partition Chromatography

11.6 lon Exchange Chromatography
11.7 Gel Filtration Chromatography
11.8 Affinity Chromatography

http://www.waters.com



HPLC (High Performance Liquid Chromatography)

. . ey 1

v'Separation and analysis -’m_! % g

I BN . .-!

Biological compounds | |
Pharmaceuticals

Low- or Non-volatile environmental : |
compound. e.g. PCB,DDT
Genotyping

FPLC (Fast Protein Liquid Chromatography)
v'Preparative protein purification |
(Recovery, Product purity, Capacity)




Purification of Cytochrome c

= Function:
Redox protein involved in cell
apoptosis and respiration

= Structure:
heme protein

FW 12,384 (horse)
Basic protein

Takano, T., Dickerson, R. E.: Redox conformation
changes in refined tuna cytochrome c. Proc. Natl.
Acad. Sci. USA 77 pp. 6371 (1980)

What kind of chromatography method should
we use?



Probing Biological Network by Affinity Purification

Map of protein-protein
Interactions in yeast.
Each point represents a
different protein and
each line indicates that
the two proteins are
capable of binding to
one another. Only the
largest cluster, which
contains ~78% of all
proteins, Is shown.

[H. Jeong, S. P. Mason, A.-L. Barabasi & Z. N. Oltvai, "Lethality and centrality in protein networks", Nature, Vol 411, p41, 3 Mgy 2001]



How Does Chromatography Work?

*

Chromatography is a method for
separating the components of a
mixture by differential
adsorption between a

stationary phase and a mobile
(moving) phase _ / // / /
Mobile Phase (# #: 1p)
Liquid ' Liquid
Liquid / /7777 solid
Partition : Adsorption
chromatography Statlonary Phase chromatography

(H =.4p) :



1. Analyte enter column 2. Analyte adsorbs to 2. Analyte desorbs

In mobile phase functional group in from bonded phase
bonded phase in when mobile phase
column packing break their interaction

Mobile Phase (pH, ion strength...etc)

®

Column packing, gel, media

Stationary Phase Bonded Phase
Provide large surface Provide functional
accessible to mobile phase groups to selectively

and analyte molecules bind analyte molecules



Principles of Separation Techniques

AB 3.1

Separation Technique

Molecular Physical propert
Characteristic y property
Polarity Volatility
Solubility
Adsorptivity
lonic Charge

Size (mass) Diffusion

Shape Sedimentation
Liquid binding

Gas-liguid chromatography
Liquid-liquid chromatography
Liquid-solid chromatography

lon-exchange chromatography
Electrophoresis

Gel permeation
chromatography

Dialysis

Ultracentrifugation
Affinity chromatography -




Factors Involved in Separation
™~ , /
: ® Gravitational (Ultracentrifugation)
Impelling Force = gjectrokinetic (Electrophoresis)
® Hydrodynamic (Chromatography, i* #_J% 556 # )

0
)

Retarding Force

RETARDING FORCE

/ \

Single phase technique Dual phase technique
® Molecular friction ® Adsorption
® Electrostatic ¥ Binding
® lonic interaction
/

\
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(affinity of like molecules
POLARITY for each other)

_— | \

/ PARTITION BETWEEN TWO PHASES

Solid/Liquid Liquid/Liquid Liquid/Vapour
|
A MAJOR FACTOR IN SEPARATION IS

l

Adsorption Solubility

AND THE METHODS INVOLVE

l

Solid adsorbents Two immiscible A solution and

liquids Its vapour

THE METHODS ARE GENERALLY KNOWN AS

v l
h 4

Adsorption Liquid Gas-liquid
chromatography chromatography chromatography




Different Kinds of Chromatography
(characterized by the mobile phase)

¥ Liquid chromatography (includes column
chromatography, thin-layer, and HPLC, mostly
liquid-solid)
— Stationary phase: silica, alumina, etc.
— Mobile phase (moving phase): organic solvents
— Important properties: polarity, hydrophobicity

® Gas chromatography

— Stationary phase: a film of a polymer or a wax. The
film must have a high boiling point

— Mobile phase: gas (Helium is the usual carrier gas)
— Important properties: boiling point

10



Modes of Chromatography
(characterized by shape of Stationary phase

® Column chromatography
o Stationary phase is packed into a column

® Thin-Layer chromatography

e Stationary phase is coated onto glass, metallic or plastic
plate.




Liquid-Solid Chromatography (Adsorption)
AB 3.2.1

Adsorption (F5[f]):

Some substances physically bind to the

surface of a solid polar substances

® Polar compound
® Large surface for adsorption

® Often by OH (hydroxy group) to form H-bonding

12



Stationary Phase: Alumina

©
O OH OH OH OH

A Ad Ad A A
— N7 No” N N \O/'

Acidic: -Al-OH
Neutral: -Al-OH + -Al-O-
Basic: -Al-O 13



Silica Gel| Silica Gel is a porous, amorphous form of silica

Polar
stationary
phase

(SI02). It iIs composed of a vast network of
Interconnected microscopic pores. Silica gels have
larger pores with a wide range of diameters —
typically between 5 A and 3000 A.

HO
C‘ Less
/ “““ﬂw dsorption
I G==5|F°‘D po'ar
f_-,f‘ f:a 5'?%’ mobile

( .====5r GH phase

jij OCHj
-O @
DCH;

- — DH



Examples of Absorbents and Applications

Adsorbent Strength Application
B Silicic acid(silica gel) Strong Steroids,amino acids,lipids
Charcoal Strong Peptides,carbohydrates
B  Aluminium oxide Strong Steroids,esters,alkaloids
Magnesium carbonate Medium Porphyrins
Calcium phosphate Medium Proteins,polynucleotides

[ ] Cellulose Weak Proteins

15



e Thin-layer chromatography and column
chromatography are different types of
liquid chromatography.

The mobile (moving) phase is a liquid.
The stationary phase Is usually silica or
alumina. This phase Is very polar.

* The principle of operation Is the same!

16



Thin Layer Chromatography (3&'g"emF)

< —.1. The surface of the plate consists of a very thin layer of
silica on a plastic or aluminum backing. The silica is very
polar— the stationary phase.

2. Spot the material at the origin (bottom) of the TLC plate.

3. Place the plate into a glass jar with a small amount of a
solvent in the glass jar—the moving phase.

4. Remove the plate from the bottle when the solvent is
close to the top of the plate.

5. Visualize the spots (Ultraviolet light, color reagent...etc)

Non-polar compounds will be less strongly attracted to the
plate and will spend more time in the moving phase. This
compound will move faster and will appear closer to the
top of the plate.

Polar compounds will be more strongly attracted to the
plate and will spend less time in the moving phase and
appear lower on the plate.




Thin-Layer Chromatography:
A Two-Component Mixture

o
------ solvent front
@ | component B
o
@® | component A
. - -| origin ---F--| origin r=-k--
------ solvent front
mixture

Increasing Development Time

solvent front

componentB | @ss polar!

component A~ More polar!

origin

18



Thin-Layer Chromatography:
Determination of R; Values

...... solvent front
R; of component A = A
da O component B
dg A
ds
R; of component B = ds
dB
_ component A
de ® P
da
The R; value is a decimal Y v .
- S A origin
fraction, generally only
reported to two decimal

places 19




Thin-Layer Chromatography:
Qualitative Analysis

Advantages
o o m Simple

B Rapid

W Cheap

------ EECEEE SEEEEE SEPERt
A B unknown




Example: Thin-Layer Chromatography

O OH
Fluorene Fluorenone Fluorenol

a) Which one of these compounds is the least polar?
b) Which one of these compounds is the most polar?
c) What would be the relative order of separation on

the TLC plate remembering that CH,CI, is not very
polar? 21



High Performance Liquid Chromatography

Small and regular AB 3.2.2
support media with
stationary phase

Solvent -
He—— .

—w
HPLC Column Data

Injector
—TAutnSam pler

J Detector aste

Pump

Provide steady solvent
flow rate for isocratic or

gradient mobile phase 2



Most HPLC packings are porous.
Most of the stationary phase surface
area is on the inside of the particles

Hobile

> Phase
porous. Bonded
Phase
/ Layer
A layer of alkyl chains bonded to the
silica surface
Packed Bed (Stationary Phase) The COITIpOSi’[iOI’] of the
_ - mobile phase provides the
Frit L chemical environment for

Direction of flow the interaction of the

to pack column  gg|ytes with the stationary

‘ phase.

Spherical Particle Irregular Particle 23



Chromatographic Separation

Chromatographic
, Process
B-+A L
f—
g - B Distribution: X
K = Co/Cn B

o | _}\/

— i,

Elution through the Column
Chromatogram

In a liquid chromatographic process a liquid permeates
through a porous solid stationary phase and elutes the solytes
Into a flow-through detector



FAMOS
Microautosampler

Full Loop Injection
INJECT position

PRE-FLUSH with
2 X needle volume

I:%IDK\

(INJE} h

(=2x2.4ul)
column

"

25



FAMOS
Microautosampler

Full Loop Injection (cont’d)
LOAD position

Cut-off the diluted
front

|:§|3—\’

<)

i Fill 3 x loop volume

(e.g.3 x5yl

n

26



FAMOS
Microautosampler

Full Loop Injection (cont’d)

I:%IDK\

(IN\?

n

INJECT position

27



Detection Methods

UV — Ultraviolet light

— Lamp

— Grating/Lens - Wave length

— FlowCell

— PhotoDiode - Differential Light Output

Rl — Refractive Index

— Universal analyte detector

— Solvent must remain the same throughout separation
— VERY temperature sensitive

— Sometimes difficult to stabilize baseline

FD — Fluorescence

— Excitation wavelength generates fluorescence emission at a higher wavelength
— Analytes must have fluorophore group
— Very sensitive and selective

MS — Mass Spectrometry

— Mass to charge ratio (m/z)
— Allows specific compound ID



Example: HPLC Diode Array Detection

duterium

lamp

mirror
ﬂ \ amplifier
sample diode
cell ri array

awiL uonn|3

gratir&

Absorbance Is
measured at two or
more wavelengths

Absorption Wavelength
Pyrithione ﬁﬁ%@ﬁ@@~ FEI— R ] N



Column Chromatographic Separation

Stage 1 2 3 4 m

88 Addition of
@ 9 gg @0 @ Mobile phase
06
@9 gg g@ Assume
90 Partition coefficient =1
14,3
OO O
Stationary
Phase
O
Mobile
Phase

30



Band Broadening Chromatographic

Peak
Stage 1 2 3 4
38| |ool| |00 | |o
(413
50 006 _
@,
28| (88| |%
4.3
Q0 O
Gaussian
9 Distribution




Separation Efficiency: Plate Theory

The plate theory suppose that the chromatographic
column contains a large number of separate layers, called
theoretical plates. Separate equilibrations of the sample
between the stationary and mobile phase occur in these
"plates". The analyte moves down the column by transfer
of equilibrated mobile phase from one plate to the next.

Bad
Resolution

IAVANEEE N

Good
Resolution

)

+

The colurm

i

=

e

I

-

[

oretical plate m %48 (T §7= &)

Greater theoretical plates — Better separation resolution



Assessment of Column Efficiency

twice the distance between the two peaks

iecti Resolution index (R ) =
Injection ) sum of the base width of the two peaks

_ 2(tB 'tA)
W, +W,
< tr >
1:B
Tt. ¢ > Peak width at
A half peak height
W1/2
A B
AV v
) M — v —
Peak W, Wy . .
< > Elution Time 33

broadening



Theoretical Plate Number—Resolution

A measure of separation efficiency: How many times the
Analyte i = Analytegionay €Qquilibrium is achieved

¢ 2 ()2 |
N:L:(_Rj tR_O' tR+O-
2
o o "
‘ W,,, =2.355c6
£ ) Peak broadening may be  +— \\ V\jlz
N = 16(—1‘] expressed by variance o\ T
W [ /
[ty

N ( 2.355xt, ]2 < -

peak width at half peak height W=4 o0
. . 2
_ retention distance «554 | , Retentiontime: measure of
width at half peak height |ty effective column volume for
analyte

W Base width 34



Height Equivalent to a Theoretical Plate
(HETP)

W Length of a column necessary
for the attainment of compound
distribution equilibrium (measure
the efficiency of the column).

HETP Insufficient time fo

equilibrium

length of the column
N "

HETP = Serious

diffusion

Optimal flow rate for a specific
column and a mobile phase

0 05 10 15 20 24
Flow Rate (ml/min)



Qualitative Analysis

e By comparison with known components, retention time
(Distance) is used for identification of a component of a mixture.

. 4.4 min
i c ; . . test retention time
%1 5 Relative retention = —
. 5 —ls reference retention time
: :
£ o E
- By . . . 4.4
Ak £ * Relative retention = 14 1.3

A ‘A J/ 3.4 ‘min

20

_-'_"————_‘
\1\_
D S
>"—-
Injection
i
10

0




Quantitative Analysis

60

Phenobarbitone
|

, fé 505”;”; Separation took approximately 15 minutes.
g . 3 Component Peak height (mun)
I £ *  Standard 20.0
; Phenobarbitone 50.5
T R Pentobarbitone 21.0
Quinalbarbitone 26.0

| £l :
/ / } A L 20.0 MM caleulation

j \ ] | / £ Standarc Component Concentration (mmoll~!)
LA A 50.5 1.1 0.1
— 11T t—=t={—  Phenobarbit X —— X 50 X —
: - enobarbltone 255 X 10 X 20 X 14
Tune
0.1 ml of the internal standard (barbitone, 5.0 mmol/l)
was added to 1.0 ml of sample.
20 uL of the mixture was injected
37

What is the concentration of phenobarbitone?



Injection 2 Injection 1

P10 1T What is the concentration of
ST s—®  test sample?
P A ]
'3 Reference: Propanol
3 2 E Standard: Ethanol
PR £
\& B _g ~N g_ °
# 2 Normalization with Injected
. Internal Standard
i L ANMNUL )
B Time
Injection Component Peak height Component Peak height  Peak heights
number 1 {mm) 2 (mm) ratio
1 Ethanol (20 g1 ™) 78 Propanol (1.0 gl ™) 34 2.29
2 Ethanol (15 gl 1) 57 Propanol (1.0 g1™}) 35 1.62
3 Ethanol (10 g™ 1) 37 Propanol (1.0 g™} 34 1.08
4 Ethanol (5 gl™%) 21 Propanol (1.0 g1™hH 36 0.55
5

Test sample 45 Propanol (1.0 g1™h 35 [.28 38




Reference:
Ethanol Conc. Peak height Propanol Peak height Ethanol/Propanol

2 78 1 34 2,29
b 57 1 3s 1,63
10 37 1 34 1.09
° 2 1 36 0.58
X . 1 35 129
Ethanol/Propanol 250 ¢
200
1.50 ; * Bl
1.00 - — g @I
050 -
0 5 10 15 20 25

Ethanol Conc. ”



Partition Chromatography sws11s5

Partition chromatography is based on differences in
capacity factors and distribution coefficients of the
analytes using liquid stationary and mobile phases.

® Normal/Reverse Phase Chromatography
¥ lon-Exchange Chromatography

¥ Gel Filtration Chromatography

m Affinity Chromatography

40



Normal-Phase HPLC

Adsorption of analytes on the polar, weakly acidic surface
of silica gel

. o 3+
O H O H | C‘| | Ll 7—
| J_ —S T, 7"“-{110 = \o O
_ — STy — "'{”O > |
) \O | , /S i .""l()/
I sI P e R e No——
/S i.."'lo ~ \'lo \ Ci
. Sis«
S ~agy - "IIG/

W Stationary Phase.: Silica (pH 2-8), Alumina (pH 2 - 12),
Bonded Diol, and NH,, (hydrophilic surface)

® Mobile Phase: Non-polar solvents (Hexane, CHCI,)
m Applications: hexane soluble; positional isomers.

41



Normal Phase Liquid Chromatography

—— LlFﬂPHﬁl’Llc

ELUTION ORDER IN 1

NORMAL PHASE m @Q @

'3

1
I:H, CH,

2 3 @wl @ CI
° VoID @ @ é

gy

Polar solutes elute later than non-polar lypophilic ones. ,,

mZ00VermAa




Reversed-Phase HPLC

Partition of analytes between mobile phase and stagnant
phase inside the pore space + adsorption on the surface of
bonded phase

C8 . ‘ ﬂ C18\ CH ﬂ

,5‘—0—?_“”:)7(3“3 Si—0— s. (CH,),,CH,
O\ 0 CH3

PImOH /ﬁ—OH

W Stationary Phase: Hydrophobic surfaces of moieties
bonded on silica (C18, C8, C5, Phenyl, CN)

® Mobile phase: Methanol or Acetonitrile and Water.
® Applications: ~80% of all separations done on RP HPLC.

43



“Reverse” Phase Liquid Chromatography

ELUTION ORDERIN  ——5 —
REVERSED PHASE ' .
0 €Ol
F 3 1 1 2 3
CH,

mwZ20700mAa
e -
[ ]
. o

0 VOID

1 2 3 H
| L 5&
TIME (MIN.)

In Reversed Phase separations organic molecules are separated based
on their degree of hydrophobicity. There is a correlation between the
degree of lipophylicity and retention in the column. 44



lon Exchange Liquid Chromatography
ION EXCHANGE

INSIDE A PORE IN THE STATIONARY PHASE

Sample ions enter

/ = Counterions ouT Mobile
_ - phase
Counter ions - additives -
- competition
1. INJECTION Sample ions /:/' .
2. ADSORPTION: -
DISPLACEMENT OF

COUNTER IONS 3 ELUTION

Elution order in ion exchange chromatography is determined by the charge
density (charge/radius) of the hydrated ion. In organic acids and bases the
elution order is determined by their pKa or pKb (strength of acid or base).



Different Types of lon Exchange Resins

Cation exchanger

l

Charge of Analyte

/—'\\1
OF ol oY
KJCGGH

[on-exchange Fesin

. ﬁﬁnﬁ X
coo
tﬂf

Anion exchanger.

{a) Cation Exchange Media Siructure
0
AN |
+ Charge Strongly acidic, polystyrene resin (Dowex-50) {;’F x‘)_]' 3 — 0
B! I |
0
pH2
O
s
Weakly acidic, carboxymethyl (CM) cellulose —O0—CH,—C
o-
O
|
. CH,C— O~
Weakly acidic, chelating, polystyrene resin {7 \‘:} CH; N
(Chelex—100) — C Hﬂclz (o
O
pH4.5 (b} Anion Exchange Media Structure
- charge CH,
TR |

Strongly hasic, polystyrene resin (Dowex—1)

Weakly basic, diethylaminoethyl (DEAE)

cellulose

CH,
{fHECHg
— OCH,CHy,— ril =1

CH,CH,




Purification of Cytochrome c

= Function:
Redox protein involved In
cell apoptosis and
respiration

= Structure:
heme protein

FW 12,384 (horse)
Basic protein

Takano, T., Dickerson, R. E.: Redox conformation
changes in refined tuna cytochrome c. Proc. Natl.
Acad. Sci. USA 77 pp. 6371 (1980)

What kind of chromatography method should
we use?



— COO K*

——COO" K*

COOK*

COOK?

Cytochrome c

K+

K+

K+

K+

48



Cytochrome c

COO" K*
NH,* )
NH,* / NH;
— COO K* N
NH,*
-,
COO-K* NR™ NH,*
NH,*

COO k+

49




— COO

— COOr

COOK*

COO k+

NH;*

NH;*

NH;*

K+

NH;*

NH;*

NH;*

NH;*

K+

K+

50



—— COO- Na’

—COO" Ng*

COO-Na*

COO Na*

Na*

Na*

NH;*

Na*

NH;*

NH;*

Na*

51



Effect of pH
What Does Cyt c look like at low pH?

NH;*

. NH,*
COO- Na’ NH3\ /
NH,*
—_COO Ng+ "
NH,*
/ NH,*
NH,*
COO-Na* .
Na* Na’ Na
Na*

COO" Ng*

52



Effect of pH
What Does Cyt c look like at high pH?

NH,

NH
NH 2
COO- Na* N /
NH,
—_COO Ng+ —~
NH,
/ NH,
NH,
COO-Na* .
Na* Na* Na
Na*

COO Na*

53



Effect of pH

So low pH more effective for
cation exchange than high pH

54



Gel Permeation Chromatography --
Molecular Sieve Chromatography

The separation is based on the molecule
size and shape by the molecular sieve
properties of a variety of porous material

1 'l__"‘"\ 5:'-55' D I::::JD - "'E—SI'-'II:IIEIZ'i_Ules
¢ D00 NADTY ol
® @%@D O%@Q ® =— MMolecules
e S
) i
(el heads have pores in D C::'D C:'D {:}D
hih ars st o OO0 OO0
molecules o enter but
excludes nmlec_ules larger H H
than the pore diameters.



Gel Permeation Chromatography (GPC)

Also known as ‘size exclusion chromatography’
and ‘gel filtration chromatography’

Separates molecules on the basis of molecular
size
Separation is based on the use of a porous

matrix. Small molecules penetrate into the

matrix more, and their path length of elution is
onger.

_arge molecules appear first, smaller molecules
ater

56



Mass measurement by Gel Permeation
Chromatography AB 3.4

50

50

Vt: Bed volume

Vo: Void volume (total volume)

(outer volume) Vi: Gel inner volume)

Ve: Effluent volume (Elution volume of the desired protein)

Ve=Vo+KdxVi
Kg= VeV Kd: partition constant of solute

Vi=Vt-Vo Vt--VO between gel matrix and solvent
57




Absorbance

Medium mass

|
Large
Mass
4 ] T l
— V, —]
Effluent volume
Ve
Sample Excluded Test
injection molecules molecules

Small
mass

Elution time

Figure 3.36 Gel permeation chromatogram. All molecules larger than the exclu-
sion limit of the gel appear at V, (the void volume). Molecules which can gain access 58

to the gel structure to varying degrees are eluted in order of decreasing size.



Determination of Mass

The elution volume is approximately a
linear function of the logarithm of the

Absorbance
(206 nm)

0.06|

0.041

0.02

0.00 _.1

R
1
5 258 g
2 Tgﬁ%g
[¥) .
FEHIEEER
EREIFERY
% C 0 5
2
=
(=¥
<
. 6
4
Elution time (hours
]
&
=)
o
>
(-
o
—
=
L

relative molecular mass

jume_ Ap.ro in
20
Myoglobin
Carboanhydrase
Ovalbumin
o\ Human albumin
15¢
t-Globulin
Apoferritin
10 N N ° _liibrinogcn
3 A g 4

Log (Relative Molecular Mass)



Affinity Chromatography

= Affinity chromatography is based on a (not
necessarily biologically relevant) interaction
between a protein of interest, and a ligand
Immobilized on a stationary phase substrate or
product analogue

— Antigen v.s. Antibody:

— Enzyme v.s. Inhibitor /Substrate /
Cofactor/coenzyme

® Specific protein is eluted by adding reagent
which competes with binding

60



Affinity Matrices

Gel exclusion stationary phase matrices work well in affinity
chromatography because

1.Physically and chemically stable under most experimental
conditions

2.Relatively free of non-specific adsorption effects
3.Very large pore sizes
4.Reactive functional groups for ligand attachment

Some matrices used include

B Agarose (eg. Sepharose 4B)

H Polyvinyl

® Polyacrylamide (Bio-Gel A 150)
B Controlled porosity glass

61



Examples:

Attachment to CNBr-activated agarose

OH
/
gel\
OH Attachment to 6-aminohexanoic
}/- CNBr (AH) activated agarose
0
/9N Gel—NH— (CH,},—NH,
—NH
el{ )C
0
— NH,R N
k RCOOH
OH
ge|< 0
0—C—NHR |

Gel—NH— (CH,), —NHC—R
NH,*



Covalent Attachment of Ligand to the Matrix

Derivation of Epoxy-Activated Agarose

?H
——C—CH,—HN @

OH 0

| |
¢ CH, 0OC @
|
¢ CHy 8 @

OH

|
—C—CH,—@® —@
@ = Ligand




Affinity chromatography

B Substrate analogue affinity chromatography

Affinity Enzyme

0= 9-00

Matrix  Spacer arm Active-site-bound enzyme

¥ Immunoaffinity chromatography

Antibody Protein epitope

ligand ) Q - Q_-G

Matrix ~ Spacer arm Antibody-bound enzyme A
4



Protein-Protein Interactions

Ch|p ‘...\'/#

\

\ j‘/‘ Fluorophore

Glass slide

™ // Protein-Small Molecule Interactions

Glass slide



Tandem Affinity Purification (TAP)

IgG sepharose
. column , A —
I -
= I
N

% Elute by TEV
protease cleavage

calmodulin column

f 3
I ., 00 4
Pure protein ‘
\ 4
Elute with EDTA : !
of EGTA CBP binds to calmodulin

only in presence of Ca2t



Functional organization of the yeast
proteome hy systematic analysis of

protein complexes

Anne-Claude Gavin®, Markus Bosche®, Roland Krause®, Paola Grandi, Martina Marziech*, Andreas Bauer, Jorg Schullz-,

Jens M. Rick", Anne-Marie Michon®, Cristina-Maria Gruciat*, Marita Remor -, Christian Hofert*, Malgorzata Schelder*, Miro Brajenovic®,
Heinz Ruffner*, Alejandro Merino®, Karin Klein*, Manuela Hudak ", David Dickson®, Tatjana Rudi®, Volker Gnau®, Angela Bauch™,
Sonja Bastuck®, Bettina Huhse*, Christina Leutwein®, Marie-Anne Heurtier®, Richard R. Copley?, Angela Edelmann®, Erich Querfurth®,
Viadimir Rybin®, Gerard Drewes*, Manfred Raida“, Tewis Bouwmeesler®, Peer Bork+, Bertrand Seraphin®i, Bernhard Kuster,

Gitle Neubauer® & Giulio Superli-Furga“+

* Cellzome AG, Meyerhofstrasse 1, 69117 Heidelberg, Germany
t European Molecubor Biokygy Labonatory, Meperhofstrase [, 689117 Heidelberg, Cermany
FOGM-CNRS, 91198 Gif sur Yeerte Cedex, France

Most cellular processes are carried out by mukiiprotein complexes. The identification and analysis of their components provides
insight into how the ensemble of expressed proteins (proteome) is organized into functional units. We used tandem-affinity

purification (TAP) and mass spectrometry in a large-scale approach to characterize multiprotein complexes in Saccharomyces
cerevisiae. We processed 1,739 genes, including 1,143 human orthologues of relevance to human biology, and purified 589 protein
assemblies. Bioinformatic analysis of these assemblies defined 232 distinct multiprotein complexes and proposed new cellular
roles for 344 proteins, including 231 proteins with no previous functional annotation. Comparison of yeast and human complexes
showed that conservation across species extends from single proteins to their molecular environment. Our analysis provides an
outline of the eukaryotic proteome as a network of protein complexes at a level of organization beyond binary interactions. This
higher-order map contains fundamental biological information and offers the context for a more reasoned and informed approach

to drug discovery.

MATURE |VOL 415 10 JAMUARY 2002
o/



Tandeme-affinity purification (TAP)

a Strategy Falled  Sucosss
rata
PCR of the TAP cazastts CRFa
procecsad:; 1739
Transtmation of yeast csls | Postive
iTomokgos recombination) homokbgous 1548 121 Ea%
ECombnators:
Sakction of posithe dones | Exprassing
cdones: 1167 a=1 5%
membrans protein 292,
Lange-=cale cuffvation \
} |
: Cell lysks TAP
— w— e Tardem aifinity puriiication purtilcations: 589 = .
H S
- = = Cre-dimensional SDS-PAGE
- = r,,..f"'ff |
—l=ll ||== et L MALDI-TOF protein Idsntification
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Statistics of identified proteins and complexes
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ELSEVIER Journal of Chromatography B, 817 (2005) 3547

www.clsevier.com/ locate/chromb

Review

Multidimensional separation of peptides for effective proteomic analysis

Haleem J. Issaq*, King C. Chan, George M. Janini, Thomas P. Conrads, Timothy D. Veenstra

Laboratory of Proteomics and Analytical Technologies, SAIC-Frederick Inc., Nafional Cancer Institute at Frederick,

It is generally accepted that no single chromatographic
or electrophoretic procedure is capable of resolving the
complex mixture of peptides. Therefore, combining two
or more orthogonal (multimodal) separation
procedures dramatically improves the overall resolution
and results in a larger number of peptides being

identified from complex proteome digests.
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Chromatographic Modes of Protein Purification

Chromatographic Mode Acronym | Separation Principle

Non-interactive modes of liquid chromatography

Size-exclusion chromatography SEC | Differences in molecular size

Slalom chromatography (for

DNA) - Diff. in length and flexibility
Interactive modes of liquid chromatography
lon-exchange chromatography IEC Electrostatic interactions
Normal-phase chromatography NPC | Polar interactions
Reversed-phase - L :
chromtography RPC | Dispersive interactions
Hydrophobic interaction - . :
chromatography HIC Dispersive interactions
Affinity chromatography AC Biospecific interaction
Metal interaction MIC Complex w/ an immobilized
chromatography metal 73

(Christian G. Huber, Biopolymer Chromatography, Encylcopedia in analytical chemistry, 2000)



Multidimensional-Chromatography

« Transferring a fraction or fractions from one
chromatographic medium (usually a column) to a
secondary (or additional) chromatographic medium
(column or columns) for further separation. The
technigue can be used for further resolution of
complex mixtures that cannot be separated entirely
on a single medium.

= |[EF-SCX
= SCX-RP
= SCF-Affinity
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wo-dimensional Chromatography (2D-LC)
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Fig. Pie chart representing the relative contribution of proteins within plasma.
Twenty-two proteins constitute 99% of the protein content of plasma

Ref:

www.plasmaproteome.org 7
Molecular & Cellular Proteomics 2:1096-1103, 2003




3D LC for Global Analysis of Serum Proteome

Human Serum

v

IEF-SCX-RP

Digestion with trypsin, overnight at 37 °C

2071 peptides (identification of 1143
unigue proteins).

(RP)

v
Rotofor ®Cell fractionation of tryptic peptides
pH30 ==eeecccceeeccoaaeo... » 10 _
(+) (-) |so-electric
ARARAAA J FYYYYYYY FOCUS”’]g
Fraction #1 . 20 (IEF)
CI8-5PE Desalting "> 20 Fractions
v
l Strong Cation Exchange HPLC Strong-Cation
Reverse-Phase v Exchange
LC-MS/MS +— 7 x 20 Subfractions (SCX)
v

Protein identification by database searching

Clin. Proteomics, 1 (2004) 101. /8



Three Major Methods in Chromatography
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