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Summary 

Affinity chromatography Is one of the most powerful techniques for the 

purificatfon of bfologically actfve protelns avallable (for review see 111). 

The ability o f  this method t o  purify proteins is based on highly specific, 

selective or characteristic interactions with immobilized ligands. Several 

advantages over traditional soft gel affinity supports have been observed with 

the use of small particle silica based materials for high performance affinity 

chromatography. These include greatly improved mass transfer properties which 

* Author to whom reprint requests should be addressed 

2349 

Copyright 0 1987 by Marcel Dekker, Inc. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
0
4
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



2350 HOLLIS ET AL 

a l l o w  s e p a r a t i o n s  t h a t  a r e  n o t  a lways p r a c t i c a l  i n  the  low per formance mode, 

g r e a t l y  reduced e q u i l i b r a t i o n  and i s o l a t i o n  t imes ,  h i g h  a v a i l a b l e  l i g a n d  

d e n s i t i e s ,  sma l l  e l u t i o n  volumes, e x c e l l e n t  r e c o v e r y  o f  v e r y  sma l l  q u a n t i t i e s  

of p r o t e i n  and h i g h  dynamic c a p a c i t i e s .  

genera l ,  d e r i v a t i z a b l e ,  h i g h  per formance suppor t  f o r  h i g h  per formance a f f i n i t y  

chromatography a r e  d i scussed .  

and exper imen ta l  ev idence for d e t e r m i n i n g  parameters such as l i g a n d  d e n s i t y ,  

n o n - s p e c i f i c  a d s o r p t i o n  and column l i f e t i m e  f o r  such a system a r e  d e s c r i b e d .  

Chromatographic  r e s u l t s  a r e  shown for p r e p a r a t i v e  s e p a r a t i o n s  o f  ( i) r e c e p t o r  

p r o t e i n s ,  (ii) a n t i b o d i e s  and (iii) a c t i v e  enzymes. 

The c r i t e r i a  for d e v e l o p i n g  a 

The s tep-by-step examina t ion  o f  these  c r i t e r i a  

I n  t r o d u c  t i o n  

A f f i n i t y  chromatography has been e x t e n s i v e l y  u t i l i z e d  f o r  t h e  p u r i f i c a t i o n  o f  

p r o t e i n s  C21. T y p i c a l l y  s o f t  agarose suppor t s  w i t h  a v a r i e t y  of i m m o b i l i z a t i o n  

c h e m i s t r i e s  a r e  u t i l i z e d  [3 ,41.  The chromatographic  advantages o f  speed, 

r e s o l u t i o n  and r e c o v e r y  o f  p u r i f i e d  b iomo lecu les  w i t h  f a s t  or h i g h  per formance 

a f f i n i t y  chromatography a r e  obv ious .  Whi le  s i g n i f i c a n t  p rog ress  has been made 

i n  t h i s  a rea  C4-61 a p p l i c a t i o n  o f  t h e  techn ique  has been l i m i t e d  t o  those 

l a b o r a t o r i e s  w i t h  t h e  e x p e r t i s e  t o  develop t h e i r  own suppor t s  and adapt them 

for h i g h  per formance use. 

and a v a i l a b l e  f o r  a f f i n i t y  chromatography s e p a r a t i o n s .  

( p r e p a r a t i v e  p u r i f i c a t i o n  o f  p r o t e i n s )  a good g e n e r a l i z e d  suppor t  r e q u i r e s ;  

a p p l i c a b i l i t y  t o  and c o m p a t i b i l i t y  w i t h  i s o l a t i o n s  i n v o l v i n g  e i t h e r  weak or 

s t r o n g  a f f i n i t y  i n t e r a c t i o n s :  good c a p a c i t y ;  a s u r f a c e  env i ronment  which 

p rese rves  p r o t e i n  s t r u c t u r e  and a c t i v i t y ;  broad a p p l i c a b i l i t y  to  l i g a n d s  or 

molecules o f  d i f f e r e n t  s i z e s ;  t h e  a b i l i t y  t o  t o l e r a t e  a broad range o f  

s o l v e n t s  and t h e  r a p i d  change i n  s o l v e n t  c o m p o s i t i o n  necessary fo r  e f f i c i e n t  

e l u t i o n  o f  p r o t e i n s  from a h i g h  c a p a c i t y  suppor t ;  and good r e c o v e r y  o f  even 

v e r y  small amounts of p r o t e i n .  

We have sought  t o  develop m a t e r i a l s  r e a d i l y  usab le  

For  t h i s  purpose 
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SMALL PARTICLE SILICA-BASED PACKING MATERIALS 2351 

High performance affinity chromatography imposes additional restraints on the 

support as the high solvent flow rates employed require a rigid, non- 

compressible matrix. The use of high flow rates also dictates a particle size 

which is small enough to allow good mass transfer properties. Pore structure 

and pore diameter will also influence the mass transfer properties of the 

support and must be considered. Finally, the derivatized support must be 

packed efficiently into a suitable column for chromatographic use. 

generalized support designed for high performance affinity chromatography 

should also have all the positive attributes of a traditional affinity 

supports combined with the excellent mass transfer properties of a modern high 

performance chromatographic column. Additional desirable characteristics are; 

negligible ligand leakage resulting in good stability for the derivatized 

support; simple derivatization procedures with a broad range of ligand 

chemistries; derivatization of pre-packed columns; and high dynamic capacities 

(capacity under flow conditions). 

A 

In this study we have examined silica based wide pore (300A dia. average) 

materials with a bonded layer of hydroxyl and ether functions. 

diameters were 7-lop. 

moieties which react with nucleophiles such as primary amino, sulfhydryl or 

hydroxyl functions. The resulting chemical linkage i s  stable under chromato- 

graphic conditions compatible with silica based supports. Results of the use 

of these materials as a research tool for rapid purification and characteri- 

zation of protein are discussed. 

Particle 

Reactive sites for ligand attachment were epoxy 

Materials and Methods 

Bovine serum albumin ( B S A ) ,  ovalbumin and concanavalin A were obtained from 

Sigma Chem. Co. (St. Louis, Mo.). Aminospiroperidol and iodospiroperidol were 

prepared by Dr. Carl Kaiser (SK&F - Medicinal Chemistry). All other reagents 
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2352 HOLLIS ET AL. 

were of the highest grade commercially available. All chromatographies were 

performed with a Beckman 344 chromatographic system. 

Ligand Immobilization and Protein Chromatography 

Columns (0.46 x 5 cm) containing 0.4-0.59 o f  51.1. lop or 2Op activated 

epoxy supports were prepacked. The total available volume i n  each column was 

0.5 ml. The level of active epoxide functions were 70pM/g. Ligand in each 

case was attached to the support by recirculating an appropriate solution 

through the column at 0.2-0.5 mllmin overnight. 

removed by extensive washing with immobilization buffer or where appropriate 

organic solvent. 

samples applied to and eluted from the affinity columns as described i n  figure 

legends. These columns have been prepared on a commercial scale and are 

available from Beckman instruments as Ultraffinity'" EP columns. 

Afterwards excess ligand was 

Columns were equilibrated in chromatography buffer and 

Results 

Dynami c C a p a c m  

Studies used to determine dynamic capacity and stability of prepacked epoxide 

columns were based on the repeated isolation of  the lectin Concanavalin A (Con 

A) on a 0.46 x 5cm column (lop particle size) derivatized with the 

glycoprotein ovalbumin. 

Buffer containing Con A (0.2 mglml) was pumped through the column at 1 mllmin 

until a 1% deflection of the absorbance at 280 nM was observed relative to a 

standard solution of 0.2 mg./ml Con A (Figure 1.) The 1 %  breakthrough 

capacity observed for the 0.46 cm diameter column at 1 ml/min was 10.2 mg of 
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SMALL PARTICLE SILICA-BASED PACKING MATERIALS 2353 

Flow 1 .O ml/min 

Fig. 1. Dynamic Capacity of l O f  Particle columns Measured with Concanavalin 

A and Immobilized Ovalbumin 

A prepacked column (0.46 x 5 cm) was derivatized with ovalbumin (200 mg) 

dissolved in 1M potassium phosphate buffer pH 7.0 (20 ml) by recycling through 

the column at 0.2 ml/min overnight. 

0.1M phosphate buffer (pH 7)  for 2 hours and then converted t o  loading buffer 

CTris (.025M), NaCl (0.25M1, MnCl, (0.5 mM, CaC12 (0.5 mM). pH 6.81. 

The derivatized column was washed with 

Specificity for Concanavalin A (Con A )  was demonstrated by injecting a mixture 

of Con A and bovine serum albumin ( 5  mg, 50 p1) into the column at a flow 

rate of 0.5 ml/min, after 4 ml had passed through the column elution buffer, 

(100 mM a-methyl mannoslde in loading buffer) was Introduced at 0.5 mllmin, 

elution of Con A free from BSA followed. 

To measure dynamic capactties of the column a solution of Con A C.2 mg/ml) was 

passed through the column until unretained Con A was eluted t o  a 1% break 

through points). 

regeneration with a-methylmannoside. 

The column was allowed t o  further saturate before 
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2354 HOLLIS ET AL. 

Con A .  The 50% e q u i l i b r i u m  c a p a c i t y  was 12.5 mg a t  1 m l l m i n .  S ince  t h e  

column c o n t a i n s  -0.4 g o f  pack ing  m a t e r i a l ,  t h e  dynamic c a p a c i t y  of t h i s  

suppor t  for Con A a t  a l i n e a r  e l o c i t y  o f  6 cm/min i s ,  -26 mg/g of suppor t .  

The dynamic c a p a c i t y  o f  a s i m i  a r l y  d e r i v a t i z e d  1 x 10 cm column, a t  1 m l l m i n  

(2 mglml) l e c t i n  s o l u t i o n ,  i s  10 mg o f  Con A (28 mg/g o f  s u p p o r t ) .  

Column dynamic c a p a c i t i e s  a t  v a r i o u s  f l ow  r a t e s  were a l s o  determined f o r  t h e  

5p and 2Op d iamete r  suppor t s  w i t h  s i m i l a r  po re  s i z e  and epoxy s u r f a c e .  

The p l o t  i n  F i g u r e  2 A  shows a comparison of these m a t e r i a l s  u s i n g  t h e  

ovalbumin lCon A system. The d a t a  i n d i c a t e s  l i t t l e  or no advantage f o r  t h e  

5p d iamete r  s u p p o r t  o v e r  t h e  10p b u t  i n d i c a t e s  a l a r g e  d rop  i n  dynamic 

c a p a c i t y  f o r  t h e  20p m a t e r i a l .  

s i zes  i s  no rma l i zed  t o  r e f l e c t  a c o n s t a n t  po re  volume fo r  each of the  p a r t i c l e  

s i z e s  ( F i g u r e  2B), t h e  dynamic c a p a c i t y  c l e a r l y  i nc reases  as t h e  p a r t i c l e  

d iameter  decreases. T h i s  r e s u l t  i s  expected i f  t h e  k i n e t i c s  o f  t h e  a f f i n i t y  

a d s o r p t i o n  s t e p  a r e  l i m i t e d  by d i f f u s i o n  a t  t h e  f low r a t e s  examined. 

t h e  a d s o r p t i o n  s t e p  w i l l  o f t e n  be d i f f u s i o n  l i m i t e d  most p r e p a r a t i v e  a f f i n i t y  

I s o l a t i o n s  w i l l  be improved by u s i n g  p a r t i c l e  s i z e s  of lop or l e s s .  

When t h e  d a t a  fo r  t h e  d i f f e r e n t  p a r t i c l e  

S ince  

S tab i  11 ty  

The s t a b i l i t y  o f  t h e  d e r i v a t i z e d  suppor t s  a t  20°C was i n v e s t i g a t e d  by  

c o n s t a n t l y  pumping a 3M NaCl s o l u t i o n  b u f f e r e d  t o  pH 7 .0  th rough  a 0.46 x 5 cm 

column d e r i v a t i z e d  w i t h  ovalbumin.  The b u f f e r  was pumped a t  1 ml lmin for  a 

t o t a l  of 120 l i t e r s .  

i n t e r v a l s .  

( F i g u r e  3) i n d i c a t e s  t h a t  t h e  column remains f u n c t l o n a l  t h roughou t  t h e  t e s t .  

The c a p a c i t y  a f t e r  120 l i t e r s  o f  use was -75 p e r c e n t  o f  t h e  s t a r t i n g  

c a p a c i t y .  

use. T h i s  would i n d i c a t e  t h a t  for i s o l a t i o n s  i n v o l v i n g  sample volumes o f  l e s s  

The column dynamic c a p a c i t y  was de te rm ined  a t  15L 

THe r e s u l t i n g  p l o t  o f  column c a p a c i t y  vs t o t a l  volume o f  b u f f e r  

The column r e t a i n e d  >95 p e r c e n t  o f  i t s  c a p a c i t y  t h r o u g h  -35L o f  
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SMALL PARTICLE SILICA-BASED PACKING MATERIALS 235s 

l a )  0 5 p  .lop A20p 

Fig .  2 Dynamic Capacity, Total Capacity and Particle Size 

A )  Epoxlde coated silica particles of 5p. lop and 2Op were examined 

for dynamic flow capacities as described In the text and in figure 1 .  

Results obtained with these materials are shown as mg concanavalin A 

bound as a function of flow rate in m l h i n .  In B the data obtained in 

( A )  was normalized t o  reflect a constant pore volume for each of the 

5p. lop and 20p materials. A s  shown optimal results are obtained 

wfth partlcles of lop o r  smaller. 
(continued) 
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' b' o 5 p Particle 0 10 p Particle 0 20 p Particle 

Fig. 2 (continued) 

t h a n  30 m l ,  ove r  1000 a f f i n i t y  i s o l a t i o n s  would be p o s s i b l e  w i t h  no obse rvab le  

change i n  c a p a c i t y .  

Non-spec i f i c  A d s o r p t i o n  

A d s o r p t i o n  mechanisms, o t h e r  t h a n  b i o s p e c i f i c  i n t e r a c t i o n s ,  g e n e r a l l y  a r i s e  

from ( 1 )  t h e  s o l i d  suppor t ;  ( t t f  t h e  spacer (if any) employed; (iii) t h e  

l i g a n d  i t s e l f ;  and ( i v )  t h e  d e a c t i v a t i n g  group ( i f  any) employed. 

Non-spec i f i c  hyd rophob ic  p r o p e r t i e s  of t h e  m a t e r i a h  developed he re  were 

i n v e s t l g a t e d  by  d e r i v a t i z i n g  a column w i t h  g lycosamine.  A sample of  t h e  

p r o t e i n  BSA which shou ld  have n o  s p e c i f i c  i n t e r a c t i o n  w i t h  t h e  l i g a n d  was 

chromatographed r e p e a t e d l y .  A f t e r  each r u n ,  t h e  mob i l e  phase s a l t  

c o n c e n t r a t i o n  was inc reased .  The r e t e n t i o n  t ime  of any e l u t e d  BSA was 
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Volume of 3M NaCl (liters) 

F i g .  3. Column S t a b i l i t y  

I n  o r d e r  to examine column s t a b i l i t y  an ova lbumin  d e r i v a t i z e d  s u p p o r t  ( lop) 

p repared  as desc r ibed  i n  F i g .  1 was washed w i t h  e x t e n s i v e  volumes o f  3M NaCl 

i n  50 mM t r ls -HC1 b u f f e r  pH 7.0 a t  1 ml /min.  A f t e r  v a r i o u s  l e v e l s  o f  washing, 

columns were checked f o r  Con A b i n d i n g  c a p a c i t y  as desc r ibed  i n  t h e  t e x t .  

A f t e r  120 l i t e r s  o f  washing t h e  column r e t a i n e d  75 p e r c e n t  o f  i t s  o r i g i n a l  

c a p a c i t y .  

c a l c u l a t e d  for  each run .  

hydrophobic  p r o t e i n  6SA no r e t e n t i o n  o c c u r s  even a t  h i g h  s a l t  c o n c e n t r a t i o n s  

(3M NaC1). The r e t e n t i o n  a t  low s a l t  c o n c e n t r a t i o n  i s  due to i o n i c  

i n t e r a c t i o n s  w i t h  t h e  amine group of t h e  glucosamine l i g a n d .  

The p l o t  ( F i g u r e  4 )  i n d i c a t e s  t h a t  for t h e  

Dynamic O v e r l o a d i n g  

The e f f e c t  of p a r t i c l e  s i z e  o n  i s o l a t i o n s  i n v o l v i n g  sma l l  sample volumes w i t h  

v e r y  h i g h  c o n c e n t r a t i o n s  o f  p r o t e i n  was a l s o  examined. Columns packed w i t h  
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F i g .  4 .  Non-spec i f i c  A d s o r p t i o n  and S a l t  E f f e c t s  

To t e s t  suppor t s  for  n o n - s p e c i f i c  I n t e r a c t i o n s  columns were d e r i v a t i z e d  w i t h  

g lycosamine and bov ine  serum albumin a p p l i e d  t o  t h e  column i n  t h e  presence o f  

v a r y i n g  c o n c e n t r a t i o n s  o f  NaCl. As shown l i t t l e  i n t e r a c t i o n  w i t h  t h e  suppor t  

occu r red  above c o n c e n t r a t i o n s  o f  50 mM NaCl . 

5p. lop,  or 2 0 ~  epoxy s u p p o r t s  were d e r i v a t i z e d  w i t h  BSA and used t o  

i s o l a t e  r a b b i t  anti-BSA a n t i b o d i e s  from h i g h  t i t e r  serum. A f i x e d  volume of  

serum (2OOpl) c o n t a i n i n g  560pg ( 2 . 8  mg/ml) o f  anti-BSA s p e c i f i c  IgG was 

i n j e c t e d  a t  v a r i o u s  flow r a t e s  for each p a r t i c l e  s i z e .  

was e l u t e d  from t h e  column w i t h  low pH b u f f e r  ( F i g u r e  5A)  and t h e  r e c o v e r y  

es t ima ted  by e l u t i o n  peak a rea  a t  280 nm. 

e x c l u s i o n  HPLC u s i n g  a Toyosoda TSK-3000SW column e q u i l i b r a t e d  w i t h  phosphate 

b u f f e r e d  s a l i n e .  

The r e t a i n e d  a n t i b o d y  

P u r i t y  was e s t i m a t e d  by  s i z e  
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SMALL PARTICLE SILICA-BASED PACKING MATERIALS 2359 

Flow 1 ml/min 0.2 ml/min 

F i g .  5. I m m u n o a f f i n i t y  Chromotography and Dynamic C a p a c i t i e s  

The use o f  immob i l i zed  p r o t e i n s  was examined for p u r i f i c a t i o n  o f  a n t i b o d i e s  

u s i n g  BSA and anti-BSA a n t i b o d i e s .  

m g h l  s o l u t i o n  th rough  a 0.46 x 5 cm column a t  0.2 m l l m i n .  o v e r n i g h t .  

d e r i v a t i z e d  column was washed w i t h  0.1 M po tass ium phosphate pH 7 a t  1 m l l m i n  

f o r  one hour  and conver ted  t o  t h e  l o a d i n g  b u f f e r  (0.02M phosphate, 0.2M NaCl, 

pH 7.01 for a n t i b o d y  I s o l a t i o n .  Serum c o n t a i n i n g  g o a t - a n t i  BSA (20-5OOOpll 

was i n j e c t e d  i n t o  t h e  column a t  1 m l l m l n .  Non-spec i f i c  e l u t l o n  was w i t h  pH 

2.4 b u f f e r .  

on a TSK 3000SW column. 

BSA was immob i l i zed  by  r e c y c l i n g  a 10  

The 

P u r i t y  o f  t h e  e l u t e d  peak was de te rm ined  by s i z e  e x c l u s i o n  HPLC 

I n  A i s  shown t h e  chromatogram o b t a i n e d  on i n j e c t i o n  o f  l oop1  o f  serum. 

I n  B column dynamic c a p a c i t i e s  were determined as desc r ibed  i n  f i g .  2 .  Values 

were e s t i m a t e d  f o r  5p, lop and 2 0 ~  p a c k i n g  m a t e r i a l s .  

(continued) 
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B 

100 

0 1 2 3 4 
Flow Rate in rnl/rnin 

0 5 p  * l o p  A 2 0 p  

F i g .  5 ( cont inued)  

The r e s u l t i n g  p l o t s  ( F i g u r e  58) show t h e  amount o f  a n t i b o d y  recove red  from 

each i n j e c t i o n  as a f u n c t i o n  o f  flow r a t e .  

recove red  100 % 2% of  t h e  a n t i b o d y  a t  flow r a t e s  up to  0.5 m./min ( 3  cmlmln) .  

The 5p suppor t  shows s i m i l a r  r e c o v e r i e s  of a n t i b o d y  a t  l ower  f low r a t e s  (0.3 

m l l m i n ) .  

r e s p o n s i b l e  for t h i s  e f f e c t .  

t h e  flow r a t e s  t e s t e d  (>O. lOml/min.  - 1 c m h i n ) .  

s a t u r a t e d  lop suppor t  was > l o  mg o f  a n t l b o d y .  

The lop d iamete r  s u p p o r t  

Presumably t h e  l ower  l i g a n d  c o n c e n t r a t i o n  o f  t h e  5p suppor t  was 

The 2Op suppor t  p r o v i d e s  poor  r e c o v e r i e s  a t  

The s t a t i c  c a p a c i t y  o f  t h e  

Thus, even w i t h  s t a t i c  c a p a c i t i e s  which a r e  much h i g h e r  than  r e q u i r e d  f o r  

b i n d i n g  t h e  sample p r o t e i n  by a f f i n i t y  a d s o r p t i o n ,  dynamic o v e r l o a d i n g  o f  t h e  

suppor t  w l l l  o c c u r  i f  sample c o n c e n t r a t i o n s  a r e  s u f f i c i e n t l y  high. 

c o n c e n t r a t i o n s  a t  which o v e r l o a d i n g  w i l l  occu r  depends on t h e  l i g a n d  

c o n c e n t r a t i o n ,  t h e  t o t a l  volume of suppor t ,  mass t r a n s f e r  l i m i t a t i o n s  and t h e  

r a t e  o f  a d s o r p t i o n  for  a g i v e n  a f f i n t t y  i n t e r a c t i o n .  

The sample 
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Isolation of Biologically Active Proteins BY High Performance Affinity 

Chromotography 

In order t o  examine the utility of these supports for high performance 

immunoaffinity chromotography rabbit immunoglobin was immobilized by 

recirculating a solution (0.7 mglml in 1M potassium phosphate buffer pH 7) 

through an epoxy column overnight at 0.2 ml/min. 

unbound protein, antisera containing goat anti-rabbit immunoglobin was 

injected onto the column and adsorbed antibody eluted with low pH buffer. 

estimate purity eluted antibodies were chromotographed o n  a TSK-3000 SW size 

exclusion column. 

observed. 

probe assays little o r  n o  loss of activity was found t o  have occurred. 

After washing t o  remove 

To 

As shown in Figure 6 a substantial purification was 

When antibodies were tested for activity o n  dot blot or Western 

Enzymes and Receptor Proteins 

Rapid isolation and purification of biologically active proteins using epoxide 

supports was explored for several significant proteins. 

mammalian acetylchollnesterase, from fetal bovine serum and ( i i )  dopamine 

receptor from bovine anterior pituitary membranes. 

Two examples are ( 1 )  

Acetylcholinesterase (AChE) is an important enzyme in neural transmission. 

Chemical characterization of this protein requires substantial amounts of 

purified enzyme. 

quantities of mammalian AChE from fetal bovine serum using procainamide 

affinity chromatography 181. 

performance mode provides rapid purification of the enzyme (-90 minutes). 

To obtain similar levels of purification by soft gel techniques, affinity 

purificatlon using a Sepharose 68 procainamide column (10 ml); size exclusion 

Recently, a method was developed for purifying large 

Adapting this affinity system t o  a high 
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0 cn cu 
n 
0 

0 5 rnl 
L 
10 rnl 

Flow 0.5 rnl/rnin 

F i g .  6. P u r i f i c a t i o n  of Goat A n t i  R a b b i t  Immunoglobin 

Rabb i t  Immunoglobin was immob i l i zed  by r e c i r c u l a t i n g  a s o l u t i o n  (0.7 mg/ml) 

t h rough  a 0.46 x 5 cm column o v e r n i g h t  a t  0.5 ml lmin.  

washed e x t e n s i v e l y  w i t h  25 mM NaP04 pH 7.0 150 mM NaCl. 

immunoglobin a n t i s e r u m  was i n j e c t e d  ( 2  m l )  o n t o  t h e  column a t  1 m l l m i n .  and 

r e t a i n e d  sample washed w i t h  12 m l  of PBS p r i o r  to  e l u t i o n  w i t h  d i l u t e  HC1 pH 

2.0. 

The column was then  

Goat a n t i - r a b b i t  

chromatography on Sepharose 68 ( 2 . 5  x 94 cm); p o o l i n g  a c t i v i t y ;  and 

rechromatography on Sepharose 68 i s  r e q u i r e d .  The o v e r a l l  p rocedure  r e q u i r e s  

s e v e r a l  days t o  accompl ish 191. 

To determine a p p r o p r i a t e  chromatographic  c o n d i t i o n s ,  procainamide h i g h  

performance a f f i n i t y  chromotography o f  f e t a l  bov ine  AChE was f i r s t  done on 

0.46 x 5 cm columns. 

a p p l i e d  and a f t e r  washing w i t h  e q u i l i b r a t i o n  b u f f e r  and 0.2M phosphate pH 7.0 

P a r t i a l l y  p u r i f i e d  AChE (0.1 t o  1 . 0  mg p r o t e i n )  was 
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Table I. Binding of AchE To A Procainamide High Performance Affinity 

Column (0.46 cm x 5 cm As A Function of Flow Rate. 

Flow Rate (mllmin) 

1 .o 
0.5 

0.2 

0.15 

% AChE Bound 

0 

1 

48 

95 

A flow rate of 1 ml/min could be used t o  obtain 98% binding of applied 

AChE with a large procainamide column (1 cm x 10 cm). 

buffer, enzyme was eluted with the selective AChE inhibitor: decamethonium. 

The amount of enzyme bound was found t o  be flow rate dependent (Table 1). 

Larger columns (1 x 10 cm) were chosen for preparative scale purification. 

Approximately 15 ml of partially purified AChE(-100 U/mg) was applied t o  the 

column at a flow rate of 1 rnllmin. The column was then washed with loading 

buffer, followed by 0.2M phosphate buffer. 

decamethonium. Fraction sizes were 5ml. As shown in Figure 7 the 1 cm 

diameter column bound >98% of the enzyme applied at a flow rate of 1 ml/min. 

The enzyme binding study on the 0.46 x 5 cm column (Table 1) suggests that 

higher flow rates can be used with llttle loss of enzyme. After dialysis to 

remove eluting ligand purified enzyme obtained in fractions 20 and 21 were 

found to possess specific activities of 2135 unitslmg protein. Recovery of 

enzyme activity was 95%. Electrophoretically homogenous enzyme has a speclfic 

biological activity of 3300 unitslmg. The additional 1.5 fold purification 

Bound enzyme was eluted with lOOrnM 
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0 10 20 
Fraction Number 

30 

F i g .  7 .  H igh Performance A f f i n i t y  Chromotography o f  Mammalian 

A c e t y l c h o l i n e s t e r a s e  

Procainamide (Sigma) was a t t a c h e d  t o  e p o x y - a c t i v a t e d  columns by  r e c i r c u l a t i n g  

a 40 m l  s o l u t i o n  o f  80pM procainamide i n  1 . O M  po tass ium phosphate, pH 7.0, 

th rough  t h e  column a t  0.2 m l l m i n  o v e r n i g h t .  Unbound l i g a n d  was removed by 

washing t h e  column w i t h  po tass ium phosphate b u f f e r  (50 mM, pH 7.0) a t  1.0 

m l l m i n  for  60 min.  P a r t i a l l y  p u r i f i e d  AChE from f e t a l  bov ine  serum was used. 

One U n i t  of a c t i v i t y  i s  d e f i n e d  as t h e  h y d r o l y s i s  o f  lpmol of s u b s t r a t e  p e r  

min a t  25°C. 

column. 

and then  w i t h  0.2M phosphate b u f f e r  p r i o r  to  e l u t i o n  w i t h  decamethonium. 

Enzyme a c t i v i t y  was assayed a f t e r  d i a l y s i s  of each f r a c t i o n  as d e s c r i b e d  i n  

191. 

100 mg p r o t e i n  was a p p l i e d  to  a 0.46 x 5 cm p roca inamide  

A f t e r  enzyme a p p l i c a t l o n ,  t h e  column was washed wi th  l o a d i n g  b u f f e r  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
0
4
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



SMALL PARTICLE SILICA-BASED PACKING MATERIALS 2365 

c o u l d  be o b t a i n e d  by i o n  exchange chromatography a l t h o u g h  i t  i s  probab le  t h a t  

homogenous enzyme c o u l d  be o b t a i n e d  by  h i g h  per formance a f f i n i t y  

chromotography w i t h  a m o d i f i e d  washing p rocedure .  

Dopami ne Receptors  

Dopamine r e c e p t o r s  a r e  plasma membrane bound p r o t e i n s  u h i c h  r e c o g n i z e  t h e  

n e u r o t r a n s m i t t e r  dopamine and subsequent ly  I n i t i a t e  a p h y s i o l o g i c a l  response.  

Much work has . focused on t h e  pharmaco log ica l  c h a r a c t e r i z a t i o n  o f  these  

r e c e p t o r s  and t h e  demons t ra t i on  o f  t h e  r e g u l a t i o n  o f  t h e  enzyme a d e n y l a t e  

cyc lase  by  a D 2  subc lass  o f  t h e  dopamine r e c e p t o r  C111. P u r i f i c a t i o n  these  

p r o t e i n s  f i r s t  r e q u i r e s  d e t e r g e n t  s o l u b i l i z a t i o n  from t h e  membrane [121. I n  

t h i s  s t u d y  t h e  l l g a n d  a m i n o s p i r o p e r i d o l  was e x p l o r e d  for use i n  h i g h  

per formance a f f i n i t y  chromotography. 

o b t a i n e d  on chromotography o f  d e t e r g e n t  e x t r a c t s  of bov ine  a n t e r i o r  p i t u i t a r y  

plasma membranes. T h i s  model system i s  c o m p a r a t i v e l y  r i c h  i n  dopamine 

r e c e p t o r s .  A s  shown f r a c t i o n s  were c o l l e c t e d  and assayed f o r  r e c e p t o r  

a c t i v i t y  by  assay for C 3 H 1  s p i r o p e r i d o l  b i n d i n g .  S p i r o p e r i d o l  i s  a s p e c i f i c  

dopamine r e c e p t o r  a n t a g o n l s t .  A 2 0 - f o l d  p u r i f i c a t i o n  was o b t a i n e d  from 

s t a r t i n g  e x t r a c t  (0;29 pMol/mg p r o t e i n  t o  5.7 pMollmg p r o t e i n ) .  

f u r t h e r  p u r l f l c a t i o n  i s  r e q u i r e d  t o  o b t a i n  homogenous m a t e r i a l  1121. 

I n  f i g u r e  8 i s  shown t h e  r e s u l t s  

Cons ide rab le  

D i s c u s s i o n  

A f f i n i t y  chromotography, based o n  s p e c i f i c  p r o t e l n  i n t e r a c t i o n s  w i t h  

c h a r a c t e r i s t i c  l i g a n d s .  I s  one o f  t h e  most p o w e r f u l  methods, a v a i l a b l e  for t h e  

p u r l f l c a t i o n  o f  p r o t e i n s  C1-71. We have sought  t o  deve lop  a g e n e r a l ,  w i d e l y  

a p p l i c a b l e  suppor t  for use i n  h i g h  per formance a f f i n i t y  chromotography.  

suppor t s  have been p repared  w i t h  a c o a t l n g  o f  epox ide  f u n c t i o n s  a t t a c h e d  t o  a 

spacer arm. 

These 

The epoxide f u n c t i o n  was chosen because o f  i t s  r e a c t l v i t y  w i t h  
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0 co 
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n 
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Flow ' 0 -  5 m l  10ml  

I I I 

F i g .  8. H igh  Performance A f f i n i t y  Chromatography o f  Bovine A n t e r i o r  P i t u i t a r y  

Plasma Membrane Dopamine Receptors  

An epox ide  column (0.46 x 5 cm) was d e r i v a t i z e d  w i t h  a s o l u t i o n  o f  

a m i n o s p i r o p e r i d o l  (1Omg) i n  a c e t o n i t r i l e l w a t e r  (20  m l ,  98%). The d e r i v a t i z i n g  

s o l u t i o n  was r e c y c l e d  th rough  t h e  column a t  0 .2 m l l m i n  a t  35'C f o r  18 hours .  

The column was washed wi th a c e t o n i t r i l e / w a t e r  f o l l o w e d  by  wa te r .  The column 

was then  e q u i l i b r a t e d  w i t h  0.2 p e r c e n t  d i g i t o n i n  lOOmM NaCl, 10 mM Tris-HC1 pH 

7.0. Sample ( 1  m l  o f  a 2 p e r c e n t  d i g i t o n i n  s o l u b i l i z e d  plasma membrane 

p r e p a r a t i o n )  was i n j e c t e d  o n t o  t h e  column a t  0.5 m l /m in .  The s t a r t i n g  

m a t e r i a l  con ta ined  900 fmo l  o f  a c t i v i t y  i n  3 mg o f  crude p r o t e i n .  The 

r e t a i n e d  p r o t e i n  was e l u t e d  w i t h  100 mM i o d o s p i r o p e r l d o l  i n  0.2 p e r c e n t  

d i g i t o n i n  b u f f e r  pH 7.0 .  F r a c t i o n s  were d e s a l t e d  f r e e  o f  e l u t i n g  l i g a n d  by 

Sephadex G-50 chromatography and ana lyzed  for r e c e p t o r  a c t i v i t y ,  u s i n g  1 3 H 1  

s p i r o p e r i d o l  C121. Bound from f r e e  l i g a n d  was separated by  Sephadex G-50 

chromatography. 

u s i n g  a Beckman LS 9800 c o u n t e r .  

R a d i o a c t i v i t y  was determined by l i q u i d  s c \ n t i l l a t i o n  c o u n t i n g  
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amino, sulfhydryl, and hydroxyl functions, of proteins or compounds to be used 

as ligands. The supports were evaluated for stability, non-specific 

adsorption and maintenance of protein activity and recovery. 

indicate that particle diameters of lop are optimal for most applications of 

high performance affinity chromotography. Larger particles had inferior 

dynamic properties and should be avoided for small column use. 

Our results 

The lop material utilized here showed no measurable ligand leakage and 

little non-specific interactions with proteins. Any non-specific interactions 

in purification protocols must be attributed to interactions with the 

immobilized ligand. The isolation of several active proteins was completed 

with high yields of activity. Enzyme (acetylcholinesterase) receptor protein 

(dopamine) and antibodies (anti-BSA, anti-rabbit IgG). were all isolated with 

good yields of activity. 
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