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A F F I N I T Y  CHROMATOGRAPHY 

H. H. Weetall 
Research and Development Laboratories 
Corning G l a s s  Works, Corning, New York 

INTRODUCTION 

With inrecentyears  a grea t  deal  of a t t e n t i o n  has 

been placed on the  preparat ion and uses of immobilized 
b io log ica l ly  a c t i v e  mater ia l s ,  including enzymes, 

antigens , ant ibodies  , 4-9 and hormones. Similar ly ,  
considerable i n t e r e s t  hasbeen d i rec ted  t o  the  prepara- 
t i o n  and use of immobilized der iva t ives  f o r  the  i s o l a -  
t ionand pur i f i ca t ion  o f b i o l o g i c a l l y  act ive substances, 
p a r t i c u l a r l y  enzymes. This approach t o  the  i s o l a t i o n  
and pu r i f i ca t ion  of b io log ica l ly  a c t i v e  molecules has 
been termed " a f f i n i t y  chromatography". l3-l5 The tech- 
nique i s  based on a unique b io log ica l  property of many 
pro te ins ,  v iz .  t he  a b i l i t y  of a b io logica l  molecule t o  
bind a l igand s p e c i f i c a l l y  and revers ib ly .  Therefore, 
unl ike standard pu r i f i ca t ion  methods, which depend on 
physicochemical d i f fe rences  between p ro te ins ,  t h i s  
specificadsorptionmethod exp lo i t s  the unique property 

of s e l ec t ive  binding 

1 1 2 , 3  

Pur i f ica t ion  of pro te ins  based on "b iospec i f ic  
adsorption" i s  not  new. It was f i r s t  applied t o  t h e  
i so l a t ion  and pu r i f i ca t ion  of ant ibodies  with so l id-  
phase immuno-adsorbents f i r s t  described i n  d e t a i l  by 
Campbell, e t  a l .  For a review of t he  subjec t  see  

Silman and Katchalski, '  Weliky and Weetal l I4  and 
Weetall. 17 
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WEETALL 

A b iospec i f i c  adsorbent i s  prepared by covalent ly  
coupling t o  a water-insoluble c a r r i e r ,  a l igand specific 

t o  the  macromolecule of i n t e r e s t .  The choice of carrier. 
coupling method, and pu r i f i ca t ion  procedures a r e  of 
extreme importance and w i l l  be discussed in  sm detai l .  

Pur i f ica t ion  of a molecule such a s  an enzyme i s  
general ly  accomplished by passing a crude e x t r a c t  o r  

solut ion containing the  pro te in  of i n t e r e s t  through a 
column containing t h e  c a r r i e r  t o  which the  spec i f i c  

l igand has been covalently coupled. Those molecules 
not  exhib i t ing  any s p e c i f i c i t y  f o r  t he  bound ligand 
w i l l  pass  on through the  column, while those molecules 

having a binding a f f i n i t y  f o r  t he  l igand w i l l  be 
re tarded.  The degree of re ta rda t ion  w i l l  depend on the  

binding constant  of the  macromolecule fo r  t he  ligand. 
A molecule with aweak binding aff ini ty  might be re ta rd-  
ed enough t o  prevent i t s  emergence with the  f i r s t  void 

volume a s  the  so lu t ion  i s  passed through the  column. A 

molecule with a s l i g h t l y  g rea t e r  binding a f f i n i t y  may 

require  several  void volumes before  emerging from the  

column, while a molecule with a very high binding a f -  

f i n i t y  might €or a l l  p r a c t i c a l  purposes never e l u t e  
from the column without changing the elution conditions.  
Thus, i n  the  case of molecules t i g h t l y  bound t o  the  
c a r r i e r ,  it i s  necessary t o  change the  solvent condi- 
t i o n s  in  order t o  e l u t e  t h e  bound species.  This i s  
usual ly  accomplished by  changing one o r  a combination 
of parameters. such a s  ion ic  s t rength.  pH, adding com- 
p e t i t i v e  inh ib i to r  o r  subs t ra te ,  by adding pro te in  de- 
na turants  such a s  urea,  quanidine, o r  detergents  and 
i n  some cases even changing temperature. 

It i s  apparent t h a t  f o r  the successful  appl ica-  
t i o n  of a f f i n i t y  chromatography the  proper choice of 
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AFFINITY CHROMATOGRAPHY 

l igand must be made. The binding a f f i n i t y  between the  
macromolecule t o  be i so la ted  and purified m u s t  be g rea t  
enough t o  prevent i t s  e lu t ion  with t h e  nonspecif ic  

mater ia l ,  ye t  it must  be weak enough t o  permit e lu t ion  
without i r r e v e r s i b l e  denaturat ion.  The bonding a f f i n i t y  

while s t rongly influenced by t h e  choice of l igand i s  

a l s o  dependent upon, a s  previously mentioned, c a r r i e r  
and coupling method, as  well as d is tance  of l igand from 

c a r r i e r  surface.  

Application of a f f i n i t y  chromatography o r  methods 

s imi la r  i n  na ture  include enzyme pur i f i ca t ion ,  ant igen 

and antibody pur i f i ca t ion ,  separat ion of hormones o r  
hormone receptors ,  repressor  pro te ins ,  vitamin binding 

pro te ins ,  t ranspor t  p ro te ins ,  sulfhydryl  containing 
p ro te ins  and even c e l l  populations.  

The major advantages of t h i s  approach to the pur i -  

f i c a t i o n  of mater ia l s  i s  extreme s p e c i f i c i t y  f o r  bio-  
l og ica l ly  ac t ive  mater ia l s ,  r ap id i ty ,  and ease of 
handling. Thus, one can separate  a biologically a c t i v e  
enzyme from a nonactive form of the  same enzyme q u i t e  
simply and e f f i c i e n t l y  by a f f i n i t y  chromatography. 

CARRIERS FOR A F F I N I T Y  CHROMATOGRAPHY 

Carr ie rs  f o r  a f f i n i t y  chromatography should have 
the  following general  cha rac t e r i s t i c s :  

a )  The c a r r i e r  should i n t e r a c t  weakly with pro- 

t e i n s .  This means t h a t  nonspecif ic  adsorption of pro- 
t e i n s  i n  a so lu t ion  under operatianal condi t ions should 
be minimal. Thus, t he  ligand groups w i l l  not  be s ter i -  
c a l l y  hindered by adsorbed pro te in  reducing capacity.  
When the spec i f i c  pro te in  i s  e lu ted ,  t he  nonspecifical- 

l y  adsorbed mater ia l  w i l l  not  contaminate the  f i n a l  

product. 
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WEETALL 

b)  The c a r r i e r  should have good flow proper t ies .  
Flow r a t e s  should be reasonably f a s t  t o  permit large 
volumes of so lu t ion  t o  pass  through t h e  column i n  some 
reasonable period of t i m e .  

c )  The c a r r i e r  should possess a reasonable number 
of funct ional  qroupswhich can be ac t iva ted  o r  modified 
under conditions t h a t  w i l l  not affect  the  matrix s t ruc-  
t u r e  and w i l l  allow chemical attachment of the ligand 
under reasonably m i l d  conditions.  

d )  The f i n a l  der iva t ive  m u s t  be  physical ly  and 
chemically s t ab le  under conditions of adsorption and 
desorption of the desired species.  This means t h a t  the  
matrix must  r e t a i n  i t s  i n t e g r i t y  under various condi- 
t i ons  of pH, ion ic  s t rength ,  temperature and i n  the  
presence of denaturants including detergents ,  urea, 
and/or guanidine. 

e )  The p a r t i c l e s  should be  r e l a t i v e l y  bmgeneous 
i n  shape: i f  poss ib le , spher ica l  i s  best because of the  
even packing achievable with spheres. A high degree of 
poros i ty  i s  des i r ab le  s ince  t h i s  gives g rea t e r  surface 
area per  u n i t  weight and proport ional ly  high spec i f i c  
loadings. A l s o ,  high concentration of ligand ava i lab le  
t o  the pro te in  w i l l  permit g rea t e r  i n t e rac t ion  between 
ligand and pro te in  a s  t he  pro te in  passes through the  
column, thus increasing the  r a t e  of re ta rda t ion .  
S t r a igh t  chain polymers o r  c a r r i e r s  of a r e l a t i v e l y  
nonporous nature  do not  appear t o  work a s  w e l l  as 
porous mater ia l s  f o r  a f f i n i t y  chromatography. 

Table I l i s t s  several  mater ia l s  which have been 
used a s  c a r r i e r s  f o r  a f f i n i t y  chromatography and the  
mater ia l s  pur i f ied  on them. 
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AFFINITY CHROMATOGRAPHY 

Cuatrecasas15 a s s e r t s  t h a t  derivatives of ce l lu lose  
a r e  general ly  less usefu l  than agarose de r iva t ives  f o r  
enzyme pur i f i ca t ion  because of t h e i r  fibrous nature and 
t h e i r  nonspecif ic  character .The nonuniformity"impedes 
proper penetrat ion of la rge  pro te in  molecules." Very 
l i k e l y  t h e  major d i f fe rence  is in  ava i l ab le  s m c e  area  
and the  apparent pore diameters of ce l lu lose  p a r t i c l e s  
vs.agarose p a r t i c l e s ,  s ince  pore d i f fus ion  r a t e s  f o r  
s imi la r  s i z e  pores should be the  same if the re  a r e  no 
addi t iona l  in te rac t ions .  Therefore, probably less of 
the  ligand on ce l lu lose  i s  ava i l ab le  t o  t h e  pro te in  
being pu r i f i ed  because the  la rge  molecule cannot reach 
the  l igand. 

Highly hydrophobic c a r r i e r s  do not wet very wel l ;  
wetting, of course, i s  a necessary condition f o r  i n t e r -  
ac t ion  between the  sur faceof  the  c a r r i e r  and the  so- 
l u t ion .  However, some hydrophobic c a r r i e r s  such a s  
polystyrene a r e  notorious f o r  t h e i r  nonspecific adsorp- 
t i o n  of pro te in .  A macromolecule i s  three  dimensional 
and, therefore ,  has an " ins ide ."  The in s ide  of t he  
molecule i s n o t  i n c o n t a c t  with the  aqueous environment 
and i s  hydrophobic i n  nature .  I t  i s  poss ib le  t h a t  these 
hydrophobic regions of a macromolecule i n t e r a c t  with 
the  hydrophobic surface of c a r r i e r s  such a s  polystyrene, 
l i t e r a l l y  turning a po r t ionof  the  molecule ins ide  out .  

The recent  use of porous g l a s s  a s  a c a r r i e r  f o r  
the  immobilization of enzymes 18-21 and ant igens and 
ant ibodies22 has proven q u i t e  successful .  This c a r r i e r  
has many of the  c h a r a c t e r i s t i c s  desired f o r  a f f i n i t y  
chromatography. The c a r r i e r  does not change shape o r  
configuration a t  various pH values o r  i n  d i f f e r e n t  
solvents.  The p a r t i c l e s  a r e  r e l a t i v e l y  uniform i n  s i z e  
and poros i ty  can be cont ro l led  t o  within l e s s  than 
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WEETALL 

'10%. A wide va r i e ty  of organic funct ional  groups can 
be applied t o  the  c a r r i e r  and it can be ac t iva ted  by 
the  same techniques a s  any o ther  support. A major 
drawback of porous g l a s s  i s  t h a t  unless  t r ea t ed ,  it 
t i g h t l y  binds pro te in  nonspecif ical ly .  S i l an iza t ion  
decreases t h i s  nonspecif ic  binding appreciably.  

Most of the  c a r r i e r s  used today can be purchased 
with organic funct ional  groups already at tached.  The 
most f requent ly  used c a r r i e r  i s  agarose, a polysaccha- 
r i d e  polymer, which can be purchased already ac t iva t ed  
with cyanogen bromide o r  can e a s i l y  be activated in  t h e  
laboratory a f t e r  which many funct ional  groups can be 
attached. Porous g l a s s  i s  not y e t  ava i lab le  with a 
wide va r i e ty  of funct ional  groups, b u t  these  can a l s o  
be prepared in  t h e  laboratory.  For those not  f ami l i a r  
with the  ac t iva t ion  of agarose with cyanogen bromide 
o r  t he  s i l a n i z a t i o n  of porous g lass ,  the  procedures 
f o r  t h e i r  preparat ions a r e  given below. These proce- 
dures have been used by t h i s  author and found t o  work 
qu i t e  well .  

Preparation of Aqarose Activated with Cvanoqen 
Bromide 37-43 

To 1 .0  g of agarose suspended i n  d i s t i l l e d  water 
and adjusted t o  pH 11.0 with a 50% so lu t ion  of NaOH i s  

added 3.0 g CNBr.  The CNBr i s  f i r s t  ground t o  a powder 
with a mortar and p e s t l e  and added slowly maintaining 
pH with the  NaOH solu t ion .  Temperature i s  maintained 
a t  15°C-200C by addi t ion  of small pieces  of ice .  The 
react ion i s  continued f o r  30 minutes a f t e r  addi t ion  of 
a l l  t h e  CNBr. The ac t iva ted  agarose is  then washed 
exhaustively with ice-cold water. The product can be 
s tored a t  4OC a s  a moist ge l  a t  t h i s  po in t  o r  used for 

coupling t o  some add i t iona l  molecule. 
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AFFINITY CHROMATOGRAPHY 

17-22 Preparation of Alkylamine Porous G l a s s  

Porous g l a s s  a s  purchased must be cleaned r igor -  
ously before  use. In our laboratory w e  f ind  t h a t  t h e  
pores a r e  s t i l l  f i l l e d  with s i l i c a  ge l ,  which m u s t  be  
removed by sonicat ion a t  60'C-70°C fo r  3-4 h r .  The 
porous g l a s s  i s  cleaned by bo i l ing  i n  a 5% solut ion of 
n i t r i c  ac id  f o r  one hour. The g l a s s  i s  then f i l t e r e d  
and can be dr ied and s tored i n  a closed container .  

Aqueous s i l an iza t ion  appears t o  give t h e  b e s t  
r e s u l t s  f o r  du rab i l i t y .  To1.O go fporous  g lass ,  add 20 
m l  of a 10% so lu t ion  of y -aminopropy l t r i e  thoxysilane 
(Union Carbide A-1100). The preparat ion i s  adjusted t o  

pH 3.5 with 6N HC1 and placed i n  a water ba th  a t  7OoC 
f o r  2.5 hr .  The product i s  placed on a Buechner funnel 
and washed with only one volume of d i s t i l l e d  water. It 
i s  then placed i n  an oven and dr ied  overnight a t  115'C. 
For s i l a n e s  not  s o l u b l e i n w a t e r  t he  porous g l a s s  should 
be refluxed i n  a 10% so lu t ion  of the s i l a n e  i n  some 
organic solvent  such a s  xylene, benzene, o r  toluene, 
washed with the  same s o l v e n t , a i r  d r ied  and then heated 
i n  an oven a t  115'C overnight.  S i lanes  with many func- 
t i o n a l  groups are commercially o r  experimentally a v a i l -  
ab le  (see Table 11). Additional funct ional  groups can 
be added by t r e a t i n g  the  s i lan ized  g l a s s  with some 
organic intermediate.  

THE LIGAND 

The l i g a n d t o b e  used f o r  the  b iospec i f i c  adsorp- 
t i on  of p ro te ins  o r  o ther  la rge  molecules must meet 
two important c r i t e r i a .  F i r s t ,  it mus t  show a f f i n i t y  
f o r  t he  macromolecule t o  be i so la ted .  Second, it must  
have a funct ional  group useful  f o r  attachment t o  the  
c a r r i e r ,  whichwhen blocked w i l l  not  destroy i t s  a f f i n -  
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TABLE I1 

Functional Groups Available on S i lanes  

-CH2CN CH2COOH 

-CH20H 

-CH2 S H 

0 

- C H ~ N H ~ Q N H ~  

2 -CH=CH 

-CH2NH2 

-CH2NHCH2CH3 

-CH3 

-CHZ S iQ 

-CH2 C 1 

-CH2Br 

i t y  f o r  t he  molecule t o  be pur i f ied .  The l igand gen- 
e r a l l y  i s  a subs t ra te ,  subs t ra te  analog, e f f ec to r ,  co- 
f ac to r ,  o r  a revers ib le  inh ib i to r .  The use of a sub- 
s t r a t e  f o r  t he  l igand c rea t e s  an add i t iona l  problem i n  
t h a t  t he  condi t ions of adsorption should be such t h a t  
c a t a l y s i s  w i l l  not  occur, i .e . ,  i n  t he  absence of an 
ac t iva to r ,  a t  low temperature, o r  a t  non-optimal pH. 
I f  an inh ib i to r  i s  used, one can f igure  a s  a r u l e  of 
thumb t h a t  there  i s  a t  l e a s t  a three-order-of-magnitude 
decrease in  a f f i n i t y  on bonding t o  the  c a r r i e r .  Thus 
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AFFINITY CHROMATOGWHY 

a ligand with a small dissociation constant of lo-' may 
become a useful ligand with M dissociation constant, 
when attached to the carrier. This simply means that 
a very tightly binding ligand may, when attached to a 
carrier, become a reasonably dissociable ligand. 

Sterrs, et al.23 elegantly showed that the length 
of the chain holding the ligand to the carrier plays a 
significant role in the ability of the ligand to bind 
the macromolecule to be isolated. This was clearly 

AGAROSE 

0 
(B) NHCHzCHp Nt&H2 NH t OH 

AGAROSE 

0 
(c) NnCHpCHpCHpNHCHeCYcH,NHeCH,NH~S 

FIGURE 1 

Derivatives of p-amino-B-thiogalactopyranoside used for 
the purification of 6-galactosidase 

t 
AGAROSE 
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shown with the i so l a t ion  and pu r i f i ca t ion  of E. & 
0-galactosidase with anaga rosede r iva t ive  of p-amino- 
phenyl-B-thiogalactopyranoside. Figure 1 shows th ree  
der iva t ives  t e s t ed  f o r  t h e i r  bonding a f f i n i t y  t o  the  
enzyme. N o  spec i f i c  binding was observed when a crude 
mixture containing the  enzyme was passed over der iva-  
t i v e  lA, s l i g h t  a f f i n i t y  was observed with de r iva t ive  

lB,and exce l len t  a f f i n i t y  with der iva t ive  1C. Similar  
r e s u l t s  have been observed with other  a f f i n i t y  chroma- 
tography systems. 2 4 f 2 5  Chain length becomes l e s s  i m -  
por tan t  a s  t he  s i z e  of the ligand i s  increased. 

There a r e  several  important parameters one must  
13 remember on choosing the  proper l igand. Cuatrecasas 

has shown t h a t  if one s t a r t s  with an i n h i b i t o r  a t  a 
concentration of Mon the  matrix of a c a r r i e r ,  and 
one requires  99% re ten t ion  of enzyme on t h a t  c a r r i e r  
from a sample of crude enzyme containing M enzyme 
i n  th ree  times the volume of t he  matrix, the  Ki ( inhib-  
i t i o n  d issoc ia t ion  constant)  for the  bound ligand can- 
not exceed M. 

I f  one looks a t  a r e l a t i v e  adsorption isotherm 
f o r  a f f i n i t y  chromatography26 (Figure 2 )  , the  a c t u a l  
isotherm i s  somewhere between the  i d e a l  and the  non- 
spec i f i c .  In the  idea l  case AFo ( f r e e  energy of reac- 
t i o n )  i s  r e l a t i v e l y  la rge  and of negative s ign.  Ad- 

sorpt ion s tops when the  l igand s i t e s  a r e  no longer ac- 
ce s s ib l e .  The AFo f o r  a f f i n i t y  chromatography i s  the  
sum of the  A F O ' s  f o r  nonspecific binding and spec i f i c  
binding . 

- - + A F ' ~ ~  
AFoads Thus, general ly  speaking, 

0 

where AF ads represents  f r e e  energy of ac tua l  a f f i n i t y  
chromatography system. Also, AFoac represent  f r e e  
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AFFINITY CKROMATOGRAPHY 

energy of spec i f i c  absorption t o  the  l igand; AFns rep- 
resents  nonspecific adsorption t o  the  c a r r i e r .  For a 

soluble  system 
E + 
E represents  enzyme 
I represents  immobilized i n h i b i t o r  

+ [EI] : AFoac 

- 
and A F ~ ~ ~  = RTlnKi. 

By subs t i t u t ing  M f o r  K i  one obta ins  AFoac of 
-6.82 Kcal/mole a t  25'C fo r  the f r e e  energy of spec i f ic  
adsorption t o  the  l igand. 

The adsorption energy of t he  nonspecific binding 

must  be a s  low as possible  o r  the  c a r r i e r  w i l l  pick up 
more nonspecific pro te in  than spec i f i c  pro te in .  There- 
fo re  it i s  always important t o  remerriber t h a t  t he  Ki  o r  
Km (Michaelis constant)  of the  l igand must be l e s s than  

OBSERVED TOTAL 

n 
m a 

n 

W 

0 
v) 

ADSORPTION 

f; N 

z 
W 

ADSORPTION 

ENZYME CONCENTRATION - 
FIGURE 2 

The r e l a t i v e  adsorption isotherms f o r  a f f i n i t y  chroma- 

tography 
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M whenever possible  o r  l i t t l e  s p e c i f i c  adsorption 
w i l l  occur, s ince t h e  AFads w i l l  come almost e n t i r e l y  
from the AFns. 

One of the  causes of nonspecific adsorption t o  a 
c a r r i e r  i s  c a r r i e r  charge. Charged groups on the  car- 
r i e r  surface a r e  i n  f a c t  ion-exchange groups. Undesired 
ion-exchange proper t ies  can be minimized by proper 
choice of matrix,  proper choice of adsorption pH and 
matrix,proper choice of adsorption pH and temperature, 

27 and cont ro l  of ion ic  s t rength.  It has been shown 
t h a t  i n t e rac t ion  between a hydrophobic surface and a 
pro te in  i n  so lu t ion  containing hydrophobic groups i s  
weaker than the  in t e rac t ion  between a pro te in  and an 
ion-exchange r e s in ,  b u t  s t ronger  than t h a t  between a 
pro te in  and a hydrophi l ic  surface.  Thus, cont ro l  of 
ion ic  s t rength and pH becomes very important when using 
a hydrophilic matrix.  One would r a the r  have nonspecific 
adsorption on a surface such a s  polyhydroxylated dextran 
than on funct ional  ion-exchange groups. 

METHUDS OF COVALENTLY LINKING LIGANDS OR OTHER 
INTERMEDIATES TO WATER-INSOLUBLE CARRIERS 

The methods used f o r  the  covalent attachment of 
l igands t o  water-insoluble c a r r i e r s  a r e  i d e n t i c a l  t o  
those employed f o r  t he  covalent attachment of enzymes, 

ant igens,  ant ibodies ,  and o ther  organic moieties t o  
c a r r i e r s .  28388'15817 It is  not within the  scope of 

t h i s  review t o  descr ibe these methods i n  g rea t  d e t a i l .  
However, t he  covalent attachment of the l igand i s  one 
of the  major s teps  i n  the  sequence of events required 
fo r  the  i so l a t ion  and pu r i f i ca t ion  of a macromolecule 
by a f f i n i t y  chromatography. Therefore, a general  famil- 
i a r i t y  with the  major couplingmethods and t h e i r  appl i -  
ca t ions  a r e  of value. 

214 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
2
0
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



A F F I N I T Y  CHROMATOGRAPHY 

The c a r r i e r s  u t i l i z e d  €or these  techniques can be 

purchased commercially and include: ce l lu loses ,  poly- 

s tyrenes,  polyamines, a c r y l i c s ,  cross-linked dextrans,  

agarose and inorganic c a r r i e r s  having functional groups 

prepared as  previously described. 

1. Carbodiimides 

Basic amines can be coupled t o  carboxyl groups 
28,29,30 d i r e c t l y  in  t h e  presence of a carbodiimide. 

The carbodiimides can be used i n  e i t h e r  aqueous envi- 

ronments o r  i n  organic solventsmaking them very usefu l  

coupling agents.  The reac t ion  mechanism i s  as follows: 
R '  

I 

I I  

I 

o r  

NH2 - Intermedia t e  

R' 
0 N 

CH~E-OH + E + H+ 3 
N 

Carr ie r  R I '  

0 

CH2-C-NH-Ligand f 
Carr ie r  

2. Azides 

This method 31-35 works p a r t i c u l a r l y  w e l l  when 

the  l i gandor  intermediate i s  a primary a l ipha t ic  amine. 
0 NH2-NH2 C H ~ E - O H  +) C H ~ C - O C H ~  

t O CH30H H f " 

NH2-Ligand 

o r  
CH2-NH-Ligand (- CH2CN3 

0 

t F " 
NH2 -1ntermed i a t e  

NaN02 
H+ 
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3. Hydrazides 

The reaction36 is  s imi la r  t o  t h a t  above except 

t he  c a r r i e r  i s  a primary amine r a the r  than a carboxyl 

group. 

c 
C-NH2 + NH2 t 
C-NH-Ligand t 

-+ ? O  
ti-NH-NH, 1 NaNO, 

L 
NH2-Ligand 

o r  

NH -Intermediate 
' 

2 

4.  Cyanoqen Bromides 

This method 37-41 i s  one of the  m o s t  v e r s a t i l e  

and i s  commonly used with agarose and cross-linked dex- 

t r ans  a s  the  coupling method of choice. Although the  

react ion i s  shown a s  a hydroxyl ac t iva to r  it may be 

used t o  t r e a t  primary amines. 
NH2 -Ligand 

o r  

NH2 - I n t  ermed i a  t e  

I I 
I 
I I 
I 
I 
1 

CH-0, CH-OH 

CH-OH 
+ CNBr+  + I , c=NH --+ 

CH-0 

CH-0-C-NH-Liqand 

CHOH 

5. Isothiocvanates 
This method 42-43 works wel l  with amine deriva- 

t i v e s  and can be used with both a lkyl -  and a ry l -  amine 
c a r r i e r s .  

,I t S 
R-NH2 + Cl-C-Cl+ R-NCS t NH2 -Ligand 

o r  

NH2 -Intermediate 
- 

? 
R-NH-C-NH-Ligand t 
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AFFINITY CHROMATOGRAPHY 

6. Acid Chlorides 
The acid chloride44' 45 of some derivatives can 

be prepared and used for the covalent attachment of 
the ligand or ligand intermediate, particularly if the 
entire reaction can be carried out in organic solvents. 
If the ligand or the intermediate is only soluble in 
water, this approach may not be as rewarding as many 
others, since the acid chloride is quickly hydrolyzed 
by water. 

0 

CH2-G-OH + S O C 1 2 j  F 
0 

CH2C-NH-Ligand 

7 .  A l k y l  Halides 
Alkyl halide derivatives 

NH2-Ligand 
or 

/ 
NH2-Intermediate 

should form secondary 
amines with primary amines. They will a l so  react with 
salts of acids to form esters and will react with al- 
cohols to form ethers. 46,47,48 

a. Secondary amines 

R-CH2-NH-Ligand 

NH2-Ligand 

NH -Intermediate 

or 

2 

b. Esters 
0 
I ,  

0 
I ,  

R-CH20C-Ligand 

I, F t NaOC-Ligand 

R-CH2X Or> 
0 

Na OC- Intermediate 

c. Ethers 

R-CH2-O-Ligand 
-0-Ligand 

-0-Intermediate 
or R-CH2X 
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8. Glutaraldehvde 
A reagent commonly used f o r  cross- l inking t o  

amines 
This technique 

amines 49'50 can a l s o  be used f o r  l ink ing  two 
without any cross-linking occurring. 21 
i s  q u i t e  simple and y i e lds  a very s t a b l e  der iva t ive .  

NH2-Ligand 1 
CHO 

CH2 -NH2 + ( CH2 ) 3j CH2 -N=CH ( CH2 ) 3CH0 
CHO 

CH2 ) 3CH=N-Ligand 

NaBH4 

CH2-NH-CH2 ( CH2 ) 3CH2 -NH-Ligand 

o r  
NH2 - In t e r -  

mediate 

9. Diazonium S a l t s  
Diazonium sal ts  2#3#4# 9#18# 19, 5 l W i l l  react w i t h  

phenolic compounds andmany o ther  he te rocycl ics  such a s  
h i s t i d i n e  and arginine.  The diazonium s a l t s  w i l l  a l s o  
r eac t  with amines t o  form t r i a z i n e s .  

a .  Azo formation 

Ligand o r  
intermediate 

b. Arvl- t r iazine formation 52 

NH2-Ligand 

NH2 - Intermed i a  t e Ligand CH~-Q -N2+ci o r  
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AFFINITY CHROMATOGRAPHY 

Typical intermediate  groups used t o  extend the  

l igand t h e  desired d is tance  from the  c a r r i e r  a r e  a l i -  

pha t ic  diamines such a s  NH2(CH2),NH2; d icarboxyl ic  
ac ids ,  HOOC (CH2)n-COOH; and benzidine, N H 2 M N H 2 .  

By using one of the  methods described above , i t  

should be r e l a t i v e l y  simple t o  prepare an immobilized 
l igand a t  the  proper d is tance  from t h e  c a r r i e r  and 

at tached by the  desired funct ional  group. 

CHROMATOGRAPHY ON BIOSPECIFIC ADSORBENTS 
The method of applying the  macromolecule t o  the  

adsorbent f o r  chromatographyis var ied and no one method 
- a p r i o r i  i s  bes t .  The adsorbent may be used i n  a s l u r r y  
and handled e n t i r e l y  by a batch method. The e n t i r e  

procedure could a l s o  be car r ied  out  i n  a column o r  one 
may even use a combination of t he  two methods. The 
importance of the  method of appl ica t ion  and e lu t ion  i s  
not ca re fu l ly  defined. Experiencewith immunoadsorbents 
has shown u s  t h a t  columns genera l ly  work b e t t e r  because 
there  i s  less d i lu t ion ,  t he  ant ibodies  a r e  e luted from 
the  column a s  a f ron t ,  and there  i s  l e s s  nonspecif ic  
readsorption of antibody. The nonspecific pro te in  i s  
e a s i l y  washed out  of a column before  e lu t ion .  These 

same general  c h a r a c t e r i s t i c s  apply t o  a f f i n i t y  chroma- 
tography . I n  addi t ion ,  i f  t he  enzyme is  not  t i g h t l y  

bound t o  the  l igand, b u t  i s  only retarded i n  i t s  pas- 
sage through a column, then a batch-type operation 
would be of no use a t  a l l .  In a column system with 
the  above c h a r a c t e r i s t i c s ,  t he  pro te in  of i n t e r e s t  i s  

general ly  e luted a s  a broad d i l u t e  peak. Preferably,  
one would l i k e  t o  obtain the  product only a f t e r  some 

change i n  buffer,pH,or ion ic  s t rength.  In t h i s  manner 
the  product should e l u t e  a s  a narrow band o r  peak. I f  
a denaturant i s  required f o r  e lu t ion ,  the  recovered 
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prote in  should immediately be neut ra l ized ,  d i l u t e d ,  i f  
necessary, and the  denaturant removed by d i a l y s i s  o r  
some s imi la r  process. 

It  i s  always poss ib le  t h a t  t he  s p e c i f i c a l l y  bound 
macromolecule cannot be removed by  any e lu t ion  method. 
I n  such a s i t ua t ion  it may be necessary t o  remove the  
ligand from the  c a r r i e r .  For example, a l igand coupled 
through azo-linkage may be  removed b y  reduction of the  
azo groups with sodium d i t h i o n i t e  t o  two primary amines. 
Theligand must  then be removed by some o ther  method 
such a s  d i a l y s i s  aga ins t  large volumes of water. Des- 
t ruc t ion  of t he  covalent l inkage between c a r r i e r  and 
ligand was used successful ly  by Cuatrecases 

recover serum e s t r a d i o l  binding pro te in  from an azo 
e s t r a d i o l  der iva t ive .  

1 5 , 3 5  to 

A b r i e f  d e s c r i p t i o n o f a f f i n i t y  chromatography of 
a few mater ia lsmaybe of some value t o  demonstrate the 
p r a c t i c a l  aspec ts  of the  method. 

Recently Mil ler ,  e t  a l .  54 showed t h a t  ty ros ine  
aminotransferase can be pu r i f i ed  i n  a column of an 
immobilized cofactor  pyridoxamine phosphate. The d i s -  
soc ia t ion  constant o r  "apparent Km" f o r  the  complexing 
of the enzyme with t h i s  compound i s  loq7 M. The ad- 
sorbent was prepared bycombiningpyradoxamine phosphate 
with agarose a t  t h ree  d i f f e r e n t  chain lengths  from the  
c a r r i e r .  The der iva t ives  used were an ethylamino-agamse 
which was coupled t o  ( a )  ethylenediamine, (b) a suc-  
c inylated form of ethylenediamine-treated agarose fo  1- 
lowed by l igand, and (c) a c a r r i e r  t o  which t h e  com- 
pound 3 . 3 '  diaminodipropylamine was at tached,  a f t e r  
which it was succinylated and coupled t o  the  pyridox- 
amine (see F ig .3) .  Enzyme was retained on der iva t ives  
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(b) and ( c )  o n l y .  The de r iva t ive  with t h e l o n g e s t c h a i n  
bound almost ten  t i m e s  t he  enzyme of the  others .  Elu- 

t i on  was accomplished by increasing s a l t  and pH and 
adding excess cofactor  pyridoxal phosphate. A 650- 

fold pu r i f i ca t ion  was achieved. The columnbound 19.5% 
of t h e  enzyme offered,  and of t he  bound enzyme 76% w a s  
recovered for an ove ra l l  e f f i c i ency  of approximately 
15%. 

0 
c N - C H 2 0  -!;OH II 

(A) NHCH2CH2NHCH2 t 
0 
II 

0 
II - C H2 0- :-OH 

f 
(B) NHCHnCH2NHCCH2CHeCNHCH2 

OH t 
FIGURE 3 

Ethylamino-agarose der iva t ives  used f o r  the  pu r i f i ca -  
t i o n  of ty ros ine  amino t r ans fe ra se  
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Mosbach and co-workers 5 5 8  56 have successful ly  
pur i f ied  dehydrogenases on columns of immobilized AMP 

and NAD. The NAD was coupled through the  f r e e  amino- 

group on the  adenine r ing  t o  a carboxyl group on t h e  
c a r r i e r ,  while the  AMP der iva t ive  was prepared by a 
laborious procedure from inosine.  The r e s u l t s  of these  
experiments indicated t h a t  e i t h e r  der iva t ive  could bind 
glyceraldehyde-3-phosphate dehydrogenase and l a c t a t e  
dehydrogenase. They could be sequent ia l ly  desorbed by 
t r e a t i n g  the  c a r r i e r  with NAD followed by NADH. Re- 
covery of the  enzymes exceeded 70% of t h a t  bound. 

Adsorption and pu r i f i ca t ion  of flavokinases have 
been accomplished with both immobilized subs t r a t e  and 
immobilized inh ib i tor .  57 However, most workers f ind  
immobilized inh ib i to r s  more successful  f o r  i s o l a t i n g  
enzymes. Cuatrecasas has used inh ib i to r s  successful ly  
t o  pur i fy  nucleases,  538 5a chymotrypsin5’ and B-galac- 
tosidase.  23 Other enzymes successful ly  pur i f ied  using 

60 immobilized inh ib i to r s  include:acetylcholinesterase, 
carboxypeptidase, 61 thrombin, and t ryps in .  62 

Substrate  analogs a r e  a l s o  frequent ly  used as  
l igands.  Hoboken, e t  a l .  24 pur i f i ed  muscle glycerol-  
3-phosphate dehydrogenase on der iva t ives  prepared f o r  
1-Cland 1 - B r  analogs of glycerol-3-phosphate.O’Cam 
iso la ted  l a t a t e  dehydrogenase a l s o  on an analog, b u t  
an analog of an inh ib i to r .  H e  subs t i tu ted  oxamine f o r  
pyruvate, s ince the  oxamine has a f r e e  amino group f o r  
coupling t o  a c a r r i e r .  

63 

Several nonenzymatic pro te ins  have been i so l a t ed  
by a f f i n i t y  chromatography: these  include e s t r a d i o l  
binding pro te in ,  thyroglobulin,  53 avid inF4 and thyro- 
xine. 65 
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It i s  obvious t h a t  almost any macromolecule t h a t  

spec i f i ca l ly  complexes with some organic moiety whether 

la rge  o r  small, can be p u r i f i e d b y  an a f f i n i t y  chroma- 
tographic process. Recent s tud ie s  on hormones and 

hormone receptors  by Ventner, e t  a l .  l2 ind ica te  t h a t  
receptor  s i t e s  f o r  catacholamines a r e  on the surface 

of c e l l s ,  thus  making poss ib le  t h e  i s o l a t i o n  of t h e  

receptor  o r  even the  e n t i r e  receptor  c e l l  by a f f i n i t y  
chromatography. Davie and have u t i l i z e d  hapten 
immunoadsorbents t o  f r ac t iona te  immunocompetent lym- 
phoid c e l l s .  Antihapten antibody-producing c e l l s  haw 
been i so la ted  on haptens coupled t o  polyacrylamide 
beads.67 These s tud ie s  i n  conjunction with the  s tudies  
of Ventner12 using immobilized catacholamines s t rongly  

ind ica te  t h a t  a f f i n i t y  chromatography may f ind  appl i -  
cat ion i n  separat ing very spec i f i c  c e l l  populations.  
Similar ly ,  a f f i n i t y  chromatography can be appl ied t o  
the  i s o l a t i o n  and pu r i f i ca t ion  of receptor  s i t e s  f o r  
hormones,which, i n  t u r n ,  may be usefu l  i n  very sensi-  
t i v e  bioassay techniques. 

A t  t h i s  time the re  a r e  no published r epor t s  of 

a f f i n i t y  chromatography being used commercially f o r  
the i so l a t ion  of enzymes. Since the  technique o f f e r s  

what appears t o  be a simple, inexpensive and, i n  many 

cases,  a one-step pu r i f i ca t ion  scheme, it i s  l i k e l y  
t h a t  i n d u s t r i a l  enzyme manufacturers a r e  a l ready  

looking a t  t h i s  approach t o  enzyme pur i f i ca t ion .  
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