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BIOAFFINITY CHRCMATOGRAPHY-METHODOLOCl AND APPLICATION 

Jerker  Porath 

I n s t i t u t e  of Biochemistry 
University of Uppsala 

Uppsala, Sweden 

The term "a f f in i ty  chromatography'' was coined in 1968 by 

Cuatrecasas, Wilchek, and Anfinsen [l]. A l l  kinds of chromato- 

graphy except those depending on exclusion e f f e c t s  are based on 

a f f i n i t y  interact ions of some kind between the solutes  t o  be 

separated and the  so l id  phase. 

minate t o  describe a method characterized by biological  o r  bio- 

chemical recognit ion phenomena. 

suggested [2, 31. 

The term i s  therefore  too indeter-  

Bioaff i n i t y  chromatography is 

Bioaffinity methods were introduced a t  about the same time 

as Tsvett  made h i s  plant  pigment f r ac t iona t ions  on columns of 
powdered calcium carbonate, i.e., in the  f i r s t  decade of t h i s  

century. 

u t i l i z e  spec i f i c  e lut ion with substrate  (casein) t o  increase the  

separation eff ic iency i n  batchwise pu r i f i ca t ion  of charcoal 

adsorbed trypsin.  

amylase to  insoluble starch. 

[7], Holmberg [8], Blom e t  a l .  [g], and others  in 1920-1940, 

ra ther  remarkable observations were described, e.g., t h e  adsorp- 

t i o n  dependence on temperature and the d i e l e c t r i c  propert ies  of 

the solvent medium. Even more advanced were the experfments of 

Hedin [4,  51 seem8 to  have been t h e  f i r s t  one to  

A few years  later Starkenstein [6] bound l i v e r  

In  following papers by Bockestein 

1 
Copyright @ 1976 by Marcel Dekker, Inc. All Rtghts Reserved. Neither ihis work nor any part 
may be reproduced or transmitted in any form or by any means, electronic or mechanical, including 
photocopying, microfilming, and recording, or by any information storage and retrieval system, 
without permission in writing from the publisher. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
3
3
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



2 PORATH 

Thayer [lo]. 
b a c t e r i a l  alpha- and beta-amylase. 

observations and suggestions (e.g., by Schwimmer and Balls 

[ll, 121) t h a t  an t ic ipa ted  t h e  concept of t h e  spacer e f f e c t .  

H e  used a subs t r a t e  gradient f o r  separa t ion  of 

There a r e  i n t e r e s t i n g  

Lelo i r  [13] in Argentina, who made such fundamental contribu- 

t i ons  t o  the present knowledge of t h e  metabolic pathways i n  the  

biosynthesis of oligosaccharides and interconversion of t h e  mono- 

saccharides t h a t  he received the  Nobel P r i ze ,  used r a the r  advanced 

b ioa f f in i ty  chromatography t o  i s o l a t e  s eve ra l  of the enzymes in- 

volved i n  these in te r tonvers ion  reactions. 
Spec i f ic  immnosorption as an a n a l y t i c a l  and d iagnos t ic  t o o l  

da t e s  back decades. 

earliest, t o  design an inmunochromatographic procedure w a s  made by 

Svensson, one of t he  inventors  of e lec t rofocus ing  [14]. 

adsorbed diazotized serum albumin on charcoal and t r i e d  with some 

success t o  i s o l a t e  t h e  corresponding an t ibodies .  

important e a r l y  cont r ibu t ions  in t h e  h u n o s o r p t i o n  f i e l d  came 

from Pauling's labora tory  by Campbell, Lenscher, and Lerman [IS]. 

Lerman i n  1953 [16] published t h e  f i r s t  paper in which an 

h e  of t h e  earliest attempts,, i f  no t  the  

H e  

The most 

enzyme inh ib i to r  was attached t o  a s o l i d  support ( ce l lu lose )  and 

used f o r  s e l e c t i v e  adsorption of t h e  enzyme (Tyrosinase). I n  1960 

[17, 181 Arsenis and McCormick published a series of re levant  

papers in which f l a v i n  compounds were covalently bound t o  c e l l u l o s e  

and used t o  pu r i fy  flavin-dependent enzymes. Among o ther  h i s t o r i -  

c a l l y  important cont r ibu t ions  I would l i k e  e spec ia l ly  t o  mention 

those of F r i t z ,  Werle, and their  a s soc ia t e s  in  Germany [19, 201, 

who extensively pur i f ied  pro teases  and pro tease  i n h i b i t o r s .  

I n  Uppsala, Rhodh, Flodin, and I s t a r t e d  i n  1959 attempts 

t o  use cross-linked dextran (Sephadex) as support for blood group 

substances wi th  the  hope of pur i fy ing  i soagglu t in ins .  

s tud ie s  were d i scon thued  but  taken up many years  later by 

Kristiansen, Sundberg and myself (see,  e.g., Refs. 2 1  and 22).  
Miller-Anderson and I [23] synthesized avidin-Sephadex and b io t in -  

Sephadex and studied the  adsorption behavior of labe led  b i o t i n  on 

These 
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BIOAFFINITY CHROMATOGRAPHY 3 

the  former and avidin on the  l a t t e r .  Whereas b i o t i n  could be 

e a s i l y  recovered from avidin-Sephadex, the av id in  y i e l d  from egg- 

white was a t  bes t  35%. The p u r i f i c a t i o n  f a c t o r  was extremely 

high and could not  be assessed with cer ta in ty .  

t o  be i n  the  range 20,000 t o  100,000. On use, t he  adsorbent l o s t  

an in to l e rab le  p a r t  of its capacity.  

It was estimated 

The breakthrough came with t h e  in t roduct ion  of cyanogen 

bromide [24] as a coupling method and agarose as support [25]. 

Imob i l i zed  enzymes of high c a t a l y t i c  power were r ead i ly  obtained, 

and the  biospecif  i c  adsorbents gave very s a t i s f a c t o r y  r e s u l t s  

both i n  batch and column procedures. 

We were very surprised indeed when the  paper of Cuatrecasas, 

Wilchek, and Anfinsen [l] appeared only one year a f t e r  we had 

published t h e  BrCN method-a lagtime so shor t  i n  comparison wi th  

the  years it took u n t i l  Sephadex was genera l ly  recognized! 

doubt t h i s  fo r tuna te  s i t u a t i o n  r e f l e c t s  the adop tab i l i t y  of pre- 

pared minds. 

No 

I n  order to enrich t o  a maximum ex ten t  compounds present  i n  

t r a c e  amounts, it is necessary t o  suppress nonspecific in te rac t ions .  

The latter may otherwise p redwina te  and decrease t h e  separa t ion  

power, thus  making the  procedure less attractive. Ins t ead  of an 

approximately 10,000-fold pu r i f i ca t ion ,  t h e  r eau l t  may be two o r  

th ree  orders  of magnitude lower. This very f a c t  explains why it 

took so long a time u n t i l  b i o a f f i n i t y  chromatography became a 

rou t ine  procedure f o r  pro te in  i s o l a t i o n .  

We have studied in d e t a i l  t he  requirements fo r  increas ing  

P a r t i c u l a r  emphasis has been the  s p e c i f i c i t y  up t o  a m a x i m u m .  
made on the  s o l i d  support o r  matrix and t h e  method of anchoring 

t h e  l igand  t o  become an e f f i c i e n t  adsorption center .  

development of e f f e c t i v e  adsorbents has been described in o r i g i n a l  

papers [25, 48-50, 561 and in review articles [2, 3, 26-42]. 

The 

Agarose has  been se lec ted  as t h e  s t a r t i n g  material t h a t  most 

c lose ly  approaches the  i d e a l  one f o r  preparing adsorbents f o r  bio- 

polymers. Agar and agarose chemistry is well-known, e spec ia l ly  
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4 PORATH 

from t h e  works of Aralci i n  Japan [45] and Rees, Duckworth, and 
collaborators i n  England [ 4 6 ,  471. The chemical s t ruc tu re  is 

unique, as is also the  physicochemical s t ruc tu re  of agar(ose) 

gels. The former renders agar(ose) resistant to  bac te r i a l  a t t acks  

and enzyme breakdown, which is unusual among polysaccharides. It 

a l so  determines the macroporous gel  s t ructure .  Figure l ( a )  shows 

how the agarose polysaccharide chain is b u i l t  up of agarobiose 

un i t s  (from Laas [48]). Figure l ( b )  indicates  schematically the  

s t ructure  of agarose gel  ( r ight)  with junction zones of polymer 

aggregates. 

polymer chains is shown f o r  comparison ( l e f t ) .  

The gel  s t ruc tu re  composed of cross-linked separate 

The polysaccharide chains form p a r a l l e l  double he l i ces  in 

the gel  state. The he l ix  is i n t e rna l ly  s t ab i l i zed  by hydrogen 

bonds and, due t o  imperfections in the  s t ruc tu re ,  each agarose 

chain w i l l  j o i n  8 t o  10 other molecules t o  form bundles. 

consequence o f  t h i s  l i n i n g  up of t h e  polysaccharide chains w i l l  be 

a gel containing macroporous cavities supported by mult iple  

strands of polymers. 

d i s t i n c t l y  d i f f e ren t  from the  macroporous ge l s  of cross-linked 

synthetic polymers. It a l so  explains some in te re s t ing  features  

of importance f o r  production of agar(ose)-based adsorbents with 

desirable  properties.  

The 

Such a s t ruc tu re  appears t o  be unique and 

I f  agarose is cross-linked i n  solut ion,  e.g., a t  65 t o  7OoC, 

a gel  i s  formed which has much lower permeability f o r  proteins  

than t h a t  commOn spontaneously formed (unpublished observation). 

The former kind of ge l  has a s t ruc tu re  consistent with the  one 

indicated i n  Figure l (b ) ,  and similar t o  Sephadex and cOmDOn 

cross-linked polymers. 

I f  aged, spontaneously formed agar(oee) ge l s  are cross-linked 

whereby the  ge l  s t ructure  is largely preserved and f ixed,  so t h a t  
it can survive heating t o  100°C and above. 

There is, however, apparently a l a t i t u d e  i n  f r e e  movement 

within the polysaccharide chain bundles which explains t h e  

e l a s t i c i t y  and compressibility of t h e  gel .  By cross-linking with 
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BIOAFFINITY CHROMATOGRAPHY 5 

-- 

FIG. I 

(a) Main f ea tu res  of t he  s t r u c t u r e  of agarose. (b) Schematic 
s t r u c t u r e s  of a synthe t ic  g e l  (e.g., Sephadex) ( l e f t )  and 
agaro (os?! ( r igh t )  with polymer aggregates forming "junction zones" 
( a f t e r  Laas ) .  

bi func t iona l  reagents of a c e r t a i n  chain length ,  t h e  bundles 

will be locked and the  s t rands  w i l l  l o s e  most of t h e i r  mo t i l i t y .  

Consequently, t h e  g e l  w i l l  be mechanically reinforced by such 

cross-links. Divinylsulfone is a cross-linking agent t h a t  w i l l  
increase  the  ge l  s t r eng th  t o  an ex ten t  t h a t  makes poss ib l e  flow 
rates in beds of beaded g e l  10 t o  30 times higher than can be 

obtained with common agarose ge ls .  
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6 PORATH 

It i s  poss ib le  t o  cross-link an agar(ose) ge l ,  cons is t ing  

of 2% matrix, wi th  divinylsulfone t o  increase  the  mat r ix  dens i ty  

s o  it approaches twice the  o r ig ina l  value without s i g n i f i c a n t l y  

a f f ec t ing  the  permeability. 

assumption t h a t  t he  l a rge  i n t e r n a l  c a v i t i e s  are empty and cannot 

be bridged over e i t h e r  by s ing le  polysaccharide s t r ands  o r  by 

the  cross-linker.  

This can only be explained on the  

The unique s t r u c t u r e  i s  a l s o  r e f l ec t ed  in t h e  subs t i t u t ion  

conditions f o r  small and l a r g e  molecular s i z e  so lu tes .  When 

r eac t ive  groups a r e  introduced i n  t h e  agar(ose) matrix, only a 

small p a r t  of them w i l l  be ava i l ab le  f o r  attachment of macro- 

molecular substances. 

s t i t u t i o n  with small-sized so lu t e s  such as glycine,  but a s i z a b l e  

por t ion  of t he  groups may not  be r e a d i l y  access ib l e  even t o  

glycine [SO]. 

ings w i l l  take pa r t  i n  pro te in  coupling. 

much discussed, may be of importance f o r  pro jec t ing  t h e  e l ec t ro -  

p h i l i c  groups of t he  ac t iva t ed  matrix out i n t o  the bulk so lu t ion  

of the  c a v i t i e s  and preventing coupling t o  groups loca ted  i n  

regions where the  l igands  would be s t e r i c a l l y  hindered t o  i n t e r a c t  

with t h e  counter l igands.  

A major p a r t  w i l l  be a v a i l a b l e  f o r  sub- 

Presumably only r eac t ive  groups at t h e  cav i ty  l i n -  

The spacer e f f e c t ,  so 

Every ex t r a  manipulation with t h e  matrix should be regarded 

with suspicion. Occasionally the  adsorbent may be improved, but 

f requent ly  t h e  opposite i s  t rue .  

relieve t h e  obs t ruc t ion  imposed by t h e  matrix. 
the spacer ac t ion  was h e d i a t e l y  accepted in most qua r t e r s .  

However, precautions are recommended in se l ec t ion  of spacer 

substance and in t e rp re t a t ion  of r e s u l t s  i n  terms of b i o s p e c i f i c i t y  . 
It was an important discovery and a milestone when O'Carra and 

Barry [ 371 showed t h a t  the  thiogalactoside-agarose lacks  the 

presumed s p e c i f i c i t y  toward 8-galactosidase. 

was found t o  be responsible €o r  t h e  a f f i n i t y .  

that  t h e  spacer,  i f  t h e  in t roduct ion  of such a s t r u c t u r e  is deemed 

necessary,  should be hydrophilic,  f l ex ib l e ,  and neu t r a l .  Wilchek 

The spacer may o r  may no t  

The concept of 

The spacer i t s e l f  

It is  now clear 
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BIOAFFINITY CHROMATOGRAPHY 7 

and Cuatrecasas have designed d i f f e r e n t  kinds of spacer substances 

[Sl, 521. A l igand  spacer u n i t  containing a spacer te rmina l  

nuc leophi l ic  group, NHZ o r  SH, can be synthesized and subsequently 

be a t tached  t o  t h e  matrix. This  technique is preferab le  t o  those  

where the  spacer i s  b u i l t  up from t h e  matrix by s o l i d  phase 

synthesis.  The la t ter  w i l l  f requent ly  r e s u l t  i n  the  in t roduct ion  

of adsorption centers  t h a t  cannot e a s i l y  be removed. For example, 

the intermediates of ten  contain amino o r  carboxyl groups. Conden- 

sa t ion  reac t ions  such a s  those based on carbodiimide f o r  water 

ex t rac t ion  w i l l  no t  go t o  completion and i n  addi t ion  they  may 

introduce new subs t i t uen t s  which i n  tu rn  may cause nonspec i f ic  

adsorption to occur. We have p re fe r r ed  t o  use a spacer forming 

reagent i n  the  ac t iva t ion  procedure. This is c l e a r l y  demonstrated 

by the  bisoxirane attachment [ 4 4 ,  501. 
bisoxi rane  attachment is a s luggfsh  r eac t ion  wi th  many p ro te ins  

i n  an acceptable pH-range. We are present ly  attempting t o  im-  

prove t h e  conditions f o r  coupling by i n s e r t i n g  an in te rmedia te  

stage with e leva ted  r e a c t i v i t y  compared t o  t h a t  of ox i rane ,  e.g., 

over benzoquinone: 

The weak poin t  i n  t h e  

Coupling wi th  p ro te ins  w i l l  then proceed over SH o r  NH a t  2 
lower pH: 

0 
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8 PORATH 

The method of attachment is f requent ly  of c r u c i a l  importance 

f o r  the successful use of an immobilized l igand .  Since t h e  

immobilization problem has been covered i n  d e t a i l  i n  many reviews 
[3, 26-42], it may s u f f i c e  i n  t h i s  context t o  poin t  out that w e  

a r e  guided by the  p r inc ip l e  of avoiding in t roduct ion  of sub- 

s t i t u e n t s  which w i l l  increase  nonspecific adsorption. 

implies t h a t  reagents which introduce i o n i c  o r  ionogenic groups 

should be avoided. Also, highly hydrophobic o r  aromatic reagents  

a re  not  permitted. A f u r t h e r  r e s t r i c t i o n  is mandatory: t h e  l ink-  

ages formed should be s t ab le .  When we consider a l l  these 

requirements and the  f a c t  t h a t  an introduced spacer must have 

balanced hydrophilic (amphipatic) p rope r t i e s ,  we r e a l i z e  t h a t  

very few reagents are possible.  Divinylsulfone, dibromodiacetyl, 

n-butane-1, 4-diol-bisglycidyl e t h e r ,  polymerized glutaraldehyde, 

and benzoquinone may serve as examples of such reagents.  Cyanogen 

bromide, the  most commonly used reagent f o r  p ro te in  coupling, 

r eac t s  in a complicated fashion t o  y i e l d  mixtures of imido 

carbonate-, isourea-, and carbamate l inkages ,  where the  two f i r s t  

mentioned a r e  charge presenring. Bisoxiranes may be used f o r  t h e  

coupling of p ro te ins  v i a  t h i o l  groups: 

This 

@w+CH - CH, + H S- Pmbin -b @-+ CHOH - CH2- S - Protdn 
'Q' 

Another i n t e r e s t i n g  coupling procedure is based on t h i o l -  

d i su l f ide  interchange. This method is introduced by Brocklehurst 

and co l labora tors  i n  Professor Crook's labora tory  i n  London [54]. 

A t h i o l  containing g e l  is ac t iva t ed  by 2 ,2 ' -d ipyr idyl  d i su l f ide :  

I +HS-Prokln + (&w+S-S-ProUn + OS 
NH 
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BIOAFFINITY CHROMATOGRAPHY 9 

The method was fu r the r  s tud ied  by Carlsson and Ax& i n  my 

laboratory [!is]. 
The leakage problem is of much concern, e spec ia l ly  i n  

connection with adsorbents f o r  immunoassays. It a r i s e s  as a 

consequence of unstable attachment, so lub i l i za t ion  of matrix 

substance, o r  enzymic cleavage of l igand o r  p a r t s  of t h e  l igand. 

We have cross-linked the  agar t o  suppress leakage due t o  s o l u b i l i -  

ty. Cross-linked agarose is now commercially ava i l ab le  (Pharmacia 

Fine Chemicals). 

va r i e ty  of connector groups, one o r  two of which appear not t o  

be completely s t ab le .  

leakage of l igand  substance, bu t  t h i s  i s  l i k e l y  t o  c r e a t e  new 

problems: steric hindrance and ex t inc t ion  of a b i l i t y  t o  form 

adsorption complex. Another way is t o  use an agent f o r  

ac t iva t ion  t h a t  w i l l  secure formation of an extremely s t a b l e  bond. 

Bisoxirane is such an agent. 

Cyanogen-bromide-activated agarose y i e l d s  a 

Multipoint attachment can br ing  down the  

I s o l a t i o n  of pro te ins  and n a t u r a l l y  occurring substances is 

j u s t  as much an art as a science. 

evokes the  hope t o  short-cut i s o l a t i o n  procedures. Arguments i n  
favor of such hopes are not lacking, but t h e r e  are indeed s t i l l  

many problems t o  b e  solved. 

B ioa f f in i ty  chromatography 

Pref rac t iona t ion  may be necessary even i f  adsorbents are 
ava i lab le  f o r  appl ica t ion  of biospecif  i c  methods. 

poss ib le  a l t e r n a t i v e s  t h e  bes t  f r ac t iona t ion  route  is seldom 

obvious. Also, employment of highly s e l e c t i v e  adsorption 

procedures may requi re  add i t iona l  f r ac t iona t ion  methods, s i n c e  the  

deeorbed material may cons i s t  of a mixture of many substances,  

a l l  wi th  a f f i n i t y  for the l igand, bu t  d i f f e r i n g  in  molecular s i z e ,  

d i s t r ibu t ion  of sur face  exposed ion ic  o r  hydrophobic groups, e t c .  

Only experience makes poss ib l e  t h e  design of optimal f r ac t iona t ion  

conditions f o r  each p a r t i c u l a r  separa t ion  problem. 

Amng 

A problem of grea t  importance f o r  the  f r ac t iona t ion  s t r a t egy  

concerns the  se l ec t ion  of l igand. Should the l igand  be highly 

spec i f i c  o r  s e l ec t ive ,  o r  should i t  exh ib i t  group s p e c i f i c i t y ?  I f  
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10 PORATH 

the former is des i rab le ,  one has t o  synthes ize  o r  i s o l a t e  t he  

l igand substance from n a t u r a l  sources.  This i n  i t s e l f  may be 

j u s t  as d i f f i c u l t  a s  t o  use nonspec i f ic  methods f o r  i s o l a t i o n  

of the desired substance. I f  a reusable adsorbent can be obtained, 

i t  may be worthwhile t o  engage i n  lengthy procedures f o r  t he  

preparation of the e f f i c i e n t  bioadsorbent. I n  o the r  cases it 

may be more time and labor  saving t o  prepare group s p e c i f i c  

adsorbent and ins tead  increase  the  s p e c i f i c i t y  i n  chromatography 

by employing s p e c i f i c  e lu t ion  techniques. 

Mosbach [57, 581, Dean and Lowe [59], O'Carra [37], Teaser 

[6O] , and o thers  have prepared nuc leo t ide  containing adsorbents 

f o r  pu r i f i ca t ion  and i s o l a t i o n  of enzymes wi th  nuc leo t ides  as 
cofactors o r  modifiers. Such group-specific adsorbents are 

extremely ve r sa t i l e .  From a p r a c t i c a l  po in t  of view the  gain 

i n  convenience f a r  overshadows the  negative consequences of a 

lower a f f i n i t y .  Cofactor adsorbents can be f u r t h e r  developed 

i n  o ther  areas , e.g., pyr idoxia l  der iva t ives  f o r  transaminases 
[41] and spec i f i c  e lu t ion  techniques can be f u r t h e r  advanced. 

The methods of attachments can a l so  be much s impl i f ied .  

We f ind  numerous examples i n  the l i t e r a t u r e  of group- 

s p e c i f i c  adsorbents d i rec ted  toward p ro teo ly t i c  enzymes wi th  

subs t r a t e  analogs o r  i n h i b i t o r s  as ligands. Conversely , enzyme 

inh ib i to r s  may be i s o l a t e d  by chromatography on beaded inrmobilized 

enzymes ( for  references see the  reviews 2 ,  3, 26-42). 

Attachment of monosaccharides t o  the matrix w i l l  result in  
adsorbents which a re  group s p e c i f i c  f o r  t he  carbohydrate ligand. 

For example, by coupling galactose o r  l ac tose  t o  agarose, a 

highly se l ec t ive  adsorbent is obtained f o r  lectins which can 

reac t  with t e d n a l  galactose.  

ea s i ly  accomplished by divinylsulfone: 
The saccharide coupling can be 

@-OH + H,Cs CH-SO,-CH=Cl++ @O-Cl+-CM,-~-W=CH, 
I 

I + ROH -+ @O-CH~-CH~-SO,-CH~-CH,-O-R 
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BIOAFFINITY CHROMATOGRAPHY 11 

The l e c t i n s  i n  turn  may serve a s  group-specific adsorbents 

f o r  mono-, oligo-,  and polysaccharides,  glycoproteins and 

presumably a l so  f o r  g lycol ip ids .  

t u rn  out  t o  be extremely use fu l  f o r  i s o l a t i o n  of membrane fragments 

and viruses [61, 621. 

The lectin-agarose g e l s  may 

The rec iproca l  i n t e r r e l a t ionsh ips  between hormones and 

hormone receptors can be studied by b i o a f f i n i t y  chromatography 

and used t o  advantage f o r  i s o l a t i o n s  of the l a t t e r  [63-651. 
Low molecular weight b io log ica l ly  ac t ive  compounds such as 

vitamins and s t e r o i d  hormones are frequently bound t o  c a r r i e r s  

i n  blood and o ther  f l u i d s  f o r  n u t r i e n t  and waste product d i s t r ibu-  

t ion .  I n  imnwbilized form these  substances can be w e d  f o r  

i s o l a t i o n  o r  ana lys i s  of t h e i r  corresponding complex pa r tne r s ,  i .e.,  

estradiol-agarose f o r  i s o l a t i o n  of e s t r a d i o l  c a r r i e r s  [ 661. Since 

s t e r o i d s  are highly hydrophobic, we encounter i n  the  corresponding 

adsorbents an inherent weakness o r  l imi t a t ion  of the b i o a f f i n i t y  

methods. 

with hydrophobic compounds inc luding  many pro te ins .  I f  t h e  

matrix is highly subs t i t u t ed  with s t e r o i d  l igands ,  i t  w i l l  become 

a s t rongly  hydrophobic adsorbent. 

i n t e rac t ion  can be suppressed by mixing the  so lvent  wi th  moderately 

polar  substances such as ethylene g lycol  and dimethylsulfoxide. 

The p i t f a l l  has not always been r ea l i zed  by those who have used 

the  b i o a f f i n i t y  methods. 

The l igand i s  amenable t o  i n t e r a c t  i n  a nonspec i f ic  way 

Presumably t h e  nonspec i f ic  

Imunosorption expands the a f f i n i t y  methods t o  almost 

unlimited f i e l d s  of application. 

by immunological recognition dependent procedures have been 

prac t iced  s ince  e a r l y  years  of t h i s  century. However, t echnica l  

improvements i n  connection with enzyme-affinity chromatography 

have a l s o  grea t ly  improved immunosorption methods. They can be 

used f o r  p u r i f i c a t i o n  of small molecular size compounds as w e l l  
as f o r  macromolecules. 

Wilchek, Gival,  and co-workers on the  development of a f f i n i t y  

procedures f o r  i s o l a t i o n  of pept ides  from p ro te in  d iges t s  [67, 681. 

Antigen and antibody i s o l a t i o n  

I may only mention t h e  b r i l l i a n t  work of 
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I have touched upon some weak points  a t  the present stage i n  
b ioa f f in i ty  chromatography. 

i n  the  laboratory and may soon be oversome.. 

requirements must also be met i n  industry,  notably the economics. 

Mechanically r ig id ,  inexpensive supports o r  matrices may not be 

easy to  produce. 

t h a t  complications w i l l  arise due t o  extensive nonspecific adsorp- 

t ion.  For example, ceramic matrix materials may show excellent 

mechanical propert ies  but i n to l e rab le  adsorption cha rac t e r i s t i c s .  

Because of t h e i r  unique properties,  agar and agar der ivat ives  are 
l ike ly  t o  continue t o  be the supports of choice, i f  other  

polysaccharides o r  even synthetic polymers such as Speron find 

the i r  spec ia l  f i e l d s  of application. 

Some of them may not be so serious 

Other qual i f icat ion 

In  attempts t o  f ind  such materials it i s  l i k e l y  
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