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Common terms in affinity chromatography

Matrix: for ligand attachment. Matrix should be
chemically and physically inert.

Spacer arm: used to improve binding between ligand

and target molecule by overcoming any effects of
steric hindrance.

. Ligand: molecule that binds reversibly to a specific

target molecule or group of target molecules.




Fig. 5. Elution methods.

Method 1

The simplest case. A change of buffer composition
elures the bound subsrance without harming either it
or the ligand.

Method 2

Extremes of pH or high concentrations of chaotropic
agents are required for elution, but these may cause
permanent or temporary damage.

Methods 3 and 4

Specific elution by addition of a substance that
competes for binding. These methods can enhance
the specificity of media that use group-specific
ligands.
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Structure of agarcse gel

D-galactose 3-6 anhydro
L-galactose

Form Mean particle size

Sepharose High Performance 6% highly cross-linked agarose 34 um
sepharose & Fast Flow &% highly cross-linked agarose 90 pm

Sepharose 4 Fast Flow 4% highly cross-linked agarose Q0 pm

Sepharose CL-6B 6% cross-linked agarose 90 pm

Sepharose CL-48 4% cross-linked agarose Q0 pm
Sepharose 6B &% agarose S0 pm
Sepharose 4B 4% agarose S0 pm
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Table 7. Examples of pre-activated media.

NHS-activated Sepharose High Performance 12-atom hydrophilic spacer arm to couple via amino groups.
NHS-activated Sepharose 4 Fast Flow As above.

CMNBr-activated Sepharose 4 Fast Flow Coupling via primary amino groups.

EAH Sepharose 4B 10-atom spacer arms to couple via amino groups.

ECH Sepharose 4B S-atom spacer arms to couple via carboxyl groups.

Epoxy-activated Sepharose 6B 12-atom hydrophilic spacer arm to couple through hydroxyl,
amino or thiol groups.

Activated Thiol Sepharcse 4B 10-atom spacer arm for reversible coupling through free
thiol groups.

Thiopropyl Sepharose 6B d-atom hydrophilic spacer arm for reversible coupling of proteins
and small thiclated ligands through thicl groups. Also reacts with
heavy metal ions, alkyl and aryl halides and undergoes addition
reactions with compounds containing C=0, C=C and N=N bonds.




chemlcal group Length of Structure of spacer am
on llgand spacer am

Proteins, peptides, amine acids

amino 10-atom HiTrap NHS-activated HP Chymotrypsinogen
MHS-activated Sapharcss 4 Fast Flow

Naone CHEr-activated Sepharoze 4B .
CMEr-activated Sepharcse 4 Fast Flow Chymotrypsin

—
o
1

ECH Sepharose 4B
EAH Sepharose 4B

Thiopropy| Zzpharcss 5B

Protein coupled mg
w
1

Activated Thial Sepharose 46

T T
10 20 30

Epoey-activated Sepharcse 6B Protein added mg

Epoxy-activated Zapharosa B
HiTrap MHE-activated HF
ECH Sepharose 4B
Epoxy-activated Saphaross 6B

carbomy| EAH Sepharose 4B

Palynuclentides

aming CHEr-activated Sepharoze 4B
CMEr-activated Sepharose 4 Fast Flow

oH
mearcurated base d-atom e \/IVS_S_D Thiopropyl Sapharces 5B

Coenzymes, cofactors, antibiotics, steroids

amino, carboxyl, use matrizwith spacer arm
thicl or hydrasyl {52 abave)




Reactive Groups for Derivitization

Functional group Structure on matrix Target moiety on ligand

Cyanogen Bromide

Epoxide / Oxarine -NH,. -OH, -SH, Sugars

Carbonyldiimidazole

N-Hydroxysuecinimide

Vinyl Sulphone

Tosyl Chloride

Tresyl Chloride

-NH,, -SH, -OH

o
Nr/\)\«)m*
Ay -
o

Avidin Protein® Biotinylated proteins, etc.
Protein A/protein-G  Protein® Immunoglobulin via Fc region

Hydrazine Sugars.
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Fig. 3. Immobilization of a ligand via an N-hvdroxysuccinimide linkage.




Experimental condition

Readily available ligands
Small ligands
Protein ligands

Antibodies
Very low affinity systems

Recommended concentration for coupling

10-100 fold molar excess of ligand over available groups
1-20 pmoles/ml medium (typically 2 pmoles/ml medium)
B-10 mg protein/ml medium

b mg protein/ml medium

Maximum possible ligand concentration to increase the binding




Protein coupled (mg)
40

Sepharose —0-CH,-CH-CH,~NH-(CH,).-CO-0-N
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Sepharose —0-CH,-CH-CH,NH-(CH,).-C-NH-R + HO-N
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Covalent
Chromatography
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Fig. 2. Cedation of cellulose with sodium pericdate.

Activation of Granocel matrix with sodium periodate

3% s
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R + HN-R, —= R—CH=N-R, i
H Fig. 4. Immobilization of the lectins from solutions of rising concentration on

PEHA(1.1)-Cel. 0.05M phosphate buffer containing 5 x 10-3 M of Mg®* (pH
— 7.5) were used for the immobilzation at4 °C for 153-17h.
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Figure 7.1 Two-dimensional structural diagram of Cibacron Blue F3G-A_ The attachment to the matrix occurs at
the starred linkage, by replacement of a chlorine at this position in the dye with the oxyvgen of a primary hydroxyl
oroup 1n the matrix. or a nitrogen 1f coupling through an amine on the matnx.

_~matrix

=<:

N
Dye —(\
N—<
R=CI.FNH-R’, R=F.CH,

R R

Triazinyl: Procion, Pyrimidine: Levafix
Cibacron

0
"

Dye — §—CH; CH; O— matrix
e}

Ethyl sulphoryk: Remazol

Figure 7.2 Three examples of reactive groups on dyes used in dye-ligand chromatography. Illustrated after
reaction has occurred with a hydroxyl matrix.
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Figure 8.8 Structures of pareat dye Cibacron Blue 3GA (a) followed in sequence by three bionumetic dyes: two blue-
analogues (b and c) and a benzamidino-cationic yvellow (d) (Labrou and Clonis, 1994).




Frzure £.6 Immobilization of chloromiazinyl anthraguimane dyes. A: coupled directly to agarose; B: coupled to 1,
1'-carbenyldiimrdazole-activated agarese by a triazivs rng-coupled §-amimohswyl spacer arm: C: coupled o 1.1
carbonyldismidazole-activated agarese by an anthraguirons L-amics group.
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Figure 7.4 Pnnciple of tandem column operation. The sample 1s passed through both columns and washed
through with buffer. The desired protein 1s bound only on the second (positive) column, while most vawanted
proteins are removed on the first (negative) column.




>

oH 6.0 pH 7.0 pH 7.0 + 0.5 mM NADP"
> B

Absorption at 280 nm

Elution volume

Figure 7.7 Elution of Zvinomonas mobilis glucose 6-phosphate dehydrogenase from a Procion Yellow HE-3G
column using NADP™. Efficient elution at pH 7 (0.1M phosphate) can be achieved with as little as 0.5mM
nucleotide, which 1s approximately 10 times 1ts K value.

Figure 7.8 Principle of affinity phase partition. The dve molecules (D) are covalently attached to polvethylene
glvcol (PEG) molecules, which partition in the upper laver.
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Figure 10.] Interaction scheme between metal chelate and imidazole nng (Histidine) of protein. A with
iminodiacetic acid (IDA) as chelating agent. B with tnis(carboxyvmethyl)ethylenediamine (TED) as chelating

agent.

Table 10.1 Classification of metal ions and their ligands. From Chottard ef al. (1984) and Glusker (1991)

Classification

Metal ions {Lewis acids)

Principal ligands {Lewis bases)

Hard

Soft

Borderline

H*, Lit, Na™, Mg, Ca*t, Mn*, Cr!,
Co’", AP, Ga’", La't, Nd**, Eu*

Cu'. Agh. Au~, Ti*, Pd?t, Pt?', Cd'T,
|Hg+, Hgl-l-

Zn', Cu®, Fe'*, Ni*™, Co'", sn*t,
Pb?, Rh*™, Ir*t, In*", Ru’"

H,0O, ROH, OH", RO, NH;, RNH;,
CQO,, RCOO™ (essentially oxygen
ligands)

RSH, RS, R;S, CN™, H . | (essentially
sulfur ligands)

Imidazole, Pyridine, N3, NO, , N, , Br-
(essentially nitrogen ligands)




Stationary phase
{gel particles)
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f

Tns(carboxymethyl)ethylenediamine (TED) Iminodiacetate

Fig. 1. Schematic illustration of several types of immobilized metal-chelating group, includ-
ing iminodiacetate (IDA), tris(carboxymethyl) ethylenediamine (TED), and the metal-binding
peptides (GHHPH), G (where n = 1, 2, 3, and 5. (From refs. I7 and 18.)
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Figure 13.5 Glycan of the hyvbrid type of a pituitary hormone. R: GleNAc(f1—4) GlcNAc (51— N)Asn.
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Figure 13.6 Structure of glycans of the N-acetyllactosanumic type (complex type). 1: biantennary glycan of
human serum transferrin: 2: difucosylated biantennary glycan of human lactotransferrin; 3: tniantennary glycan of
human serum fransferrin; 4 tetraantennary glycan of human aj-acid glycoprotein
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Figure 13.7 Structure of some O-glycans of the “mucin type”. A: epitope of Tn group: B: human and ovine
submaxillary mucin; C: antifreeze glycoprotein from antarctic fish. porcine submaxillary mucin. human chorionic
gonadotropin, human IgA. T-reactive erythrocytes. rat brain glycoproteins, intestinal mucin: D: human
glycophorin, fetuin, bovine kappa casein. human gonadotropin. lymphocyte membranes: E: human erythrocyte of
O g . IgA: immunoglobulin A.




a-D-mannose, w-D-glucose
Canavalia ensiformis
Lens culinaris

f-D-galactose, N-acetyl-A-D-galactosamine
Ricinus communis

Glycine max (Soybean)
Arachis hypogaea (Peanut)

a-D-Galactose, N-acetyl-o-D-galactosamine
Griffania simplicifolia |

Delichos bifforus
MN-acetyl-f-D-glucosamine

Triticum vulgare (VWheat germ)
u-L-fucose

Aleuria aurantia

Lotus tetraponoiobus

Liex europeus |

a=M-acetylneuraminic acid
Limulus polyphemus (Limulin)




Common Lectins Used in Affinity Chromatography
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Haary Chadan
HHS -
HE Light Chain

HH;

CD0H Coa0E

Fig. L. Immuonaglobutin G (lgGh struzure. 185 molezules are jetramers of heavy and light
chains. The Fab (aniigen-binding fragment] region medigies selective targst isolaiion. The Fo
{erystallizahle fragment] region conirols recepior binding and complement activation. The Fo
region also plays a role io binding to probein & and proizin 3. NMLinksd oligosaccharide moi-
eties are found on Asn-237 of the heavy chain in the CH2 regicn bui may be found ai additicaal
siles,

The IgG Molecule

Fab arm waving
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Fab rotation

Fc wagging

@ Mike Clark 1994




NG

D(PDPeKTUBHOCTb CBA3bIBAHUA aHTUTEN,
fiHne KkoHueHTpauuv BrCN v pH npu cBA3biBaHUU

Ummobunusaumsa AHTuten Ha Sepharose
pH8,7(mgAB/2ml)(%) pH7,2(mgAB/2ml)(%) pH6,4(mgAB/2ml)(%)

18,6 (93,0%) 18,0 (90(%)

17,8 (89%) 15,3 (76,5%)

9 (73,6%) 14,7 (73,5%)




AHTUreH-
A3biBaloLlan
3¢ peKTUBHOCTbL

OOwee

KONMM4ecTBO
CcBsi3aBLUerocs Ha
aHTUTenax
¢depmeHTa

pH
8,7

pH
7,2

pH
6,4

8,13

8,73

8,82

6,95

7,51

7,52

7,20

7,42

NG

CBsa3biBarowas cnocobHocrb BrCN aktusnposaHHoun Cecgaposbi
MAT nmMmyHoadpPpmHHOro copbeHra.
ekt KkoHUueHTpauumm BrCN, n pH peakumn mmMmobunmnsauyunm




NG

JddeKT KOHIEHTPAIUHN AHTUTEJI
FeHCBA3BIBAKINYI0 cCMOCOOHOCTH AffiGell( copOeHTa

-BO0 AT Bbixon, AHTUreH-
bIX C doepmMeHTa CBsi3blBatoLLadA
B M. 9P EKTUBHOCTb
Mr/Mn
6,78 0,21
3 020
4 0,26
0,25
0,26




NG

AHTHUTE€H-CBSI3bIBAKOIASI eMKOCTH UMMYHOCOPOECHTOB,
IPUTOTOBJECHHbIX U3 pa3auuyHbiX MAT

MAT | AHTUTena OobLee AHTUreH-
MMMOOMNN30OBa | KONIMYECTBO cBsi3biBaloLlasn
H Ha | cBAi3aBwerocs | appeKTUBHOCTDL
cdepmeHTa (Mr) | Mr/mn

19,4 1,00

16,0 0,91
14,2 0,83
. 0,56
0,48

0,53

0,043
0,09
06




NG

DM PEKT KOHIEHTPALIMY aHTUTEI Ha aHTUTCH-
cBsi3bIBarOIy0 eMKkocTh AffiGell0 copbeHTa

N4eCTBO Boixoa | O dPeKTNBHOCTL
30BaHH | aHTUreH CBA3bIBaHUA
M/ M a Mr/mr

6,78 0,21
0,20
0,26
0,25
0,26
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Fig. 2. Heat elution chromatography. (a) At low temperature, the
mmobilized prH s folded in a colled-coil conformation (shown
as black bars) with an intact binding site for IgG. IgG will therefore
miteract with prH and other molecules can be washed out (b). When
the temperature 13 rased above the melting pont of the dimer, the
structure and the binding site are disrupted and IgG elutes from the
column ().




Mobile Phases for Elution From Immunoaifinity Supports

Class of eluent

0.1 M Glycine—-NaOH, pH 10.0
50 mM Diethyvlamine pH 11.5
1 M NH,OH

0.1 M Glycine—HCI, pH 2.0
20 mM HCI

(.1 M Sodium citrate, pH 2.5
I M Propionic acid

30% (v/v) Ethylene glvcol
Dimethyl sulfoxide (DMSO)
Acetonitrile

10% (v/v) Dioxane

0.1 M Tris-HCI, pH 8.0, + 2 M NaCl
Deionized water

I M Ammonium thiocyanate
3 M Potassium chloride

5 M Potassium iodide

4 M Magnesium chloride

6 M Guanidine HCI, pH 3.0
6-8 M Urea

1% (wiv) SDS

1-10 mM EDTA or EGTA
Sodium citrate

Principle
High pH

Low pH

Organic solvent

High ionic strength
Low ionic strength

Chaotropes

Denaturant

Surfactant

Metal-1on chelator










CNBr RNH, |

OH OH
\ \ Sepharose  —0-CH,-CH-CH,-NH(CH,)-COOH Sepharose —0-CH,-CH-CH,NH(CH - NH,
HO— Sepharose = Sepharose —QH

ECH Sepharose EAH Sepharose

isourea

0 /NH-RE
R-COOH + R'=N=C=N-R*— RJLO-C
\NH-R!

Carbodiimide Active ester R and R¥ = matrix or ligand

0

0 /NH-R2 0 ;
pLo< +R-NH, —> Rl R + RENH-C-NH-R
MH-R!

Active ester Peptide bond ~ Urea derivate
(side product)




1. AMMO6GMNIN30BaHHbIE JIGKTUHDI

2. AMMO6Gunn3oBaHHbIE KpacuTenu

3. AiMMo6ununsoBaHHbIe CybcTpaThbl - KOPaKTOPbI

4. MeTann xenatHas xpomartorpaduma Zn, Co, Ca, Fe

5. NMMmo6bunmnsoBaHHble nuraHabl (FOPMOHDI)

6. KoBaneHTHasa xpomartorpadpuma — umMmobunmnsauma no -SH

7. XpoMmaTorpadpuma Ha aHTutenax - UMmmyHoaddnHHasA
XpomMmaTtorpadpusa



