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USE OF NEW HPLC RESINS TO 
SOLVE OLD PROBLEMS 

David G. Klapper, Sharon Osgood, 
Robert Esch, and Joseph Olson 

Department of Microbiology and Immunology 
University of North Carolina at Chapel Hill 

Chapel Hill, North Carolina 2 7514 

ABSTRACT 

A summation of recent experiences from t h i s  l abora to ry  
is described in t h i s  r epor t .  In t he  case of i s o l a t i n g  pep t ides  
f o r  eventual  use in pro te in  sequence a n a l y s i s ,  an argument is 
made fo r  t he  r e t u r n  t o  m u l t i s t e p  chromatography i n  o rde r  t o  
s impl i fy  complex mixtures of pep t ide  fragments. Making use of 
new r e s i n s  f o r  ion exchange and r eve r se  phase chromatography, 
y i e l d  of ma te r i a l  even a f t e r  t h ree  chromatographic s t e p s  is in 
excess of 90%. A p a r t i a l  enzymatic d t g e s t  y i e ld ing  mul t tp l e  
overlapping pept ides  can r e a d i l y  be s o r t e d  by t h i s  approach. 
For t h e  i s o l a t i o n  of monoclonal a n t i b o d i e s ,  t he  use of 
carboxymethyl de r iva t i zed  s y n t h e t i c  r e s i n s  allows f o r  r ap id  
i s o l a t i o n  and concentrat ion of an t ibod ie s  which can then be 
h igh ly  pu r i f i ed  on diethylaminoethyl polymeric based r e s i n s .  

INTRODUCTION 

High performance l i q u i d  chromatography (HPLC) is c u r r e n t l y  

u t i l i z e d  by s c i e n t i s t s  in v i r t u a l l y  every d i s c i p l i n e  of 
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1614 KLAPPER ET AL. 

medicine and biology. Ins t rument  manufac turers  have made a 

bewi lder ing  number and v a r i e t y  of hardware components a v a i l a b l e  

t o  consumers and ,  more t o  t h e  p o i n t  of t h i s  r e p o r t ,  

manufac turers  of r e s i n s  have p resen ted  a v i r t u a l l y  un l imi t ed  

choice  of s i z e s  of columns and types  of packing materials. 

This  manuscript  w i l l  concern i t s e l f  w i th  two s p e c i f i c  

s e p a r a t i o n s :  

o f  p r o t e i n s  f o r  amino a c i d  sequence a n a l y s i s  and 2 )  and 

monoclonal a n t i b o d i e s  i s o l a t e d  Ervm e i t h e r  ascites f l u i d s  o r  

t i s s u e  c u l t u r e  supe rna te s .  These are two a r e a s  i n  which 

growing numbers of t n v e s t i g a t o r s  have become i n t e r e s t e d  and f o r  

which new f a m i l i e s  of r e s i n s  are f a s t  becoming commercially 

a v a i l a b l e .  

1)  p e p t i d e s  gene ra t ed  a f t e r  enzymatic h y d r o l y s i s  

H i s t o r i c a l l y ,  HPLC was b e s t  s u i t e d  f o r  c h a r a c t e r i z a t i o n  of 

small molecules and depended upon r e v e r s e  phase r e s i n s  whtch 

c o n s i s t e d  of i r r e g u l a r  shaped s i l i c a  p a r t i c l e s  t o  which were 

bonded va r ious  f u n c t i o n a l  groups. The effic3.ency of t h e s e  

r e s i n s  was f a r  g r e a t e r  t han  t h a t  of d e x t r a n  based r e s i n s  and 

s i n c e  they  could wi ths t and  h igh  p r e s s u r e s ,  c o n t a c t  t i m e  between 

material and r e s i n  could be s i g n i f i c a n t l y  reduced and u l t i m a t e  

y i e l d  of product was g r e a t l y  enhanced. Improvements in r e s i n  

technology have inc luded  use  of s i z e d ,  s p h e r i c a l  s i l i c a  

p a r t i c l e s  t o  reduce back p res su re ,  the development of va r ious  

s i z e s  and shapes of columns, and t h e  a v a i l a b i l i t y  of many 

f u n c t i o n a l  groups and improved capping procedures  t o  con t inue  
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NEW HPLC RESINS 1615 

t o  improve y i e l d s  of separated ma te r i a l s .  Two d i r e c t  r e s u l t s  

of t hese  improvements have been an inc rease  i n  " theoret icaL 

p l a t e s "  f o r  t hese  columns and the  a b i l i t y  t o  s e p a r a t e  l a r g e r  

compounds such as  peptides and some p ro te ins .  Two l i m i t a t i o n s  

of s i l i c a  based r e s ins  have been the  i n a b i l i t y  t o  e l u t e  l a r g e  

p r o t e i n  molecules i n  a dependable and c o n s i s t e n t  way and the  

i n a b i l i t y  t o  u t i l i z e  so lven t s  above pH 8.0. These problems 

stem d i r e c t l y  from the r e l a t i v e l y  small  pore sizes i n  t y p i c a l  

s i l i c a  resins (50-120 A) and the  f a c t  t h a t  s i l i c a  hydrolyses a t  

a l k a l i n e  pH. Newer reverse  phase r e s i n s  which u t i l i z e  organic  

polymer materials a s  t h e i r  backbones and are a v a i l a b l e  with 

l a r g e r  pore s i z e s  (300-1000 A) have done a g r e a t  d e a l  t o  

e l i m i n a t e  both the  problem with sepa ra t ing  high molecular 

weight pept ides  and the r e s t r i c t i o n s  of pH of the  mobile 

phases. 

Immunoglobulins have t r a d i t i o n a l l y  been i s o l a t e d  us ng 

DEAE r e s i n s  s i n c e  they became a v a i l a b l e  in t he  l a t e  1950 s ( 1 ) .  

This  r e s i n  was chosen because a t  a s l t g h t l y  a l k a l i n e  pH, gamma 

g lobu l in  containing ant ibody a c t i v i t y  comes s t r a i g h t  through a 

column packed with t h i s  ma te r i a l .  I f  l a r g e  volumes of serum 

need t o  be processed, a l a r g e  column can be u t i l i z e d .  Although 

i t  was appreciated t h a t  immunoglobulin and antibody a c t t v i t y  

a c t u a l l y  could be found throughout t he  DEAE p r o f i l e ,  t h e  bulk 

of a c t i v i t y  was i s o l a t e d  i n  the  gamma g lobu l in  f r a c t i o n  and was 

f r e e  of albumin and o the r  major contaminants ( 2 ) .  Monoclonal 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
5
3
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



1616 KLAPPER ET AL. 

anttbody technology has,  un fo r tuna te ly ,  r a d i c a l l y  changed DEAE 

separat ions.  Since any given monoclonal ant ibody is a 

homogeneous population and w i l l  have i t s  own unique 

e l e c t r o p h o r e t i c  charge,  t h e r e  is l i t t l e  chance of p red ic t ing  

where it will e l u t e  in t h e  e l e c t r o p h o r e t i c  p r o f i l e  without 

t e s t i n g  a v a r i e t y  of e l u t i o n  condi t ions.  There a r e  examples of 

monoclonal IgG an t ibod ies  e l u t i n g  anywhere from the  gamma 

g lobu l in  region a l l  t h e  way out t o  the  albumin region. There 

a r e  seve ra l  s o r t s  of DEAE r e s i n s  c u r r e n t l y  a v a i l a b l e  which are 

spec i f  c a l l y  t a t l o r e d  f o r  use i n  the HPLC and c o n s i s t  of a 

s t rong  anion exchanger bonded t o  e i t h e r  s i l i ca ,  coated s i l i c a  

or one of s eve ra l  polymeric ma te r i a l s .  S i l i ca  ion exchange 

r e s i n s  s u f f e r  from the  same problems which plague s i l i ca  

r eve r se  phase r e s i n s ,  i.e. gene ra l ly  small pore sizes and 

degradatton a t  a l k a l i n e  pH ranges. More recent  s i l i c a  r e s i n s  

have hecome a v a i l a b l e  with l a r g e r  pores (500 -1000 A)  and 

coa t ing  the s i l i c a  with e i t h e r  polyacrylamide or  o the r  

p r o t e c t i v e  l a y e r s  g r e a t l y  i n h i b i t s  a l k a l i n e  hydrolysis .  

a d d t t i o n ,  t h e r e  a r e  now s e v e r a l  polymer based ion exchange 

r e s i n s  such as polyviton, polystyrene/divinyl  benzene, and 

o t h e r  p ropr i e t a ry  formulatione.  Although these  r e s i n s  a r e  

a v a i l a b l e ,  t he re  is s t i l l  a fundamental problem which relates 

t o  the unpredictable  nature  with which monoclonal an t ibod ie s  

e l u t e  from anion exchangers. I n  a d d i t i o n ,  when i t  is des i r ed  

t o  i s o l a t e  monoclonal an t ibod ie s  from t i s s u e  c u l t u r e  supernates  

I n  
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NEW HPLC RESINS 16 17 

i n s t ead  of from a s c i t e s  f l u i d s ,  t h e r e  is a s e r i o u s  problem with 

phenol red,  the most common pH i n d i c a t o r  present  in t i s s u e  

c u l t u r e  medium, adsorbing t o  t h e  ion exchanger and e l u t i n g  very 

s lowly over a long period of time. The advent of polymer based 

r e s i n s  with c a t i o n i c  f u n c t i o n a l i t i e s  encouraged us t o  t r y  a 

d i f f e r e n t  phi losophical  approach t o  i s o l a t i n g  monoclonal 

an t ibod ie s  and the  r e s u l t s  of t h a t  approach w i l l  form p a r t  of 

t h e  b a s i s  of t h i s  r epor t .  

MATERIALS AND METHODS 

RESINS. Microbondapak C18 (Waters Associates ,  Milford,  Mass) 

in a 4.6 X 150 cm s t e e l  column was compared with a column 

obtained from Polymer Laborator ies  (Stow, Ohio) which was a l s o  

4.6 X 150 cm packed I n  a s tee l  column. The PLRP-S r e s f n  is  a 

polymer with 300 A pores and is capable of ope ra t ing  at  any pH 

range. Ion exchange r e s i n s  were Fractogel  DEAE supe r f ine  and 

Fractogel  CM superf ine obtained from EM Science (Gibbstown, N J )  

and were poured i n t o  a v a r i e t y  of column conf igu ra t ions  a s  

i nd ica t ed  i n  t h e  manuscript. I n  most ca ses ,  t hese  columns were 

run using a simple p e r i s t a l t i c  pump s ince  they have such low 

backpressurrs  and do not r equ i r e  HPLC pumps. 

BUFFERS. Buffers f o r  the Fractogel  CM ion exchanger were 0.01M 

sodium a c e t a t e ,  pH 5.5 a s  s t a r t i n g  b u f f e r  and t h e  same b u f f e r  
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1618 KLAPPER ET AL. 

but containing 0.5M sodium ch lo r ide  was the l i m i t  bu f fe r .  

Buffers  fo r  the Fractogel  DEAE ion exchanger were 0.015M T r i s ,  

pH 8.4 a s  s t a r t i n g  bu f fe r  and the  same b u f f e r  with 0.5M 

sodium chlor ide was the l i m i t  bu f fe r .  Pept ide i s o l a t i o n s  

performed on the  Practogel  DEAE ion exchanger u t i l i z e d  a 

v o l a t i l e  bu f fe r  system of py r id ine  and N e t h y l  morpholine ( 1  m l  

of each/ 500 m l  water, pH 8.0 with formic a c i d )  as s t a r t i n g  

b u f f e r  and the  same c o n s t i t u e n t s  except 5 m l  of each/ 500 ml  of 

wa te r ,  pH 4 a s  the l i m i t  buffer .  Reverse phase HPLC was 

performed using 0.025% t r i f l u o r o a c e t i c  ac id  (TFA) in water and 

a c e t o n i t r i l e  with .025% TFA as t h e  developing e luen t .  

SAMPLES. The pept ides  followed through s i z e  sepa ra t ion ,  ion 

exchange sepa ra t ion  , and r eve r se  phase chromatography were from 

a t r y p t i c  d i g e s t  of ex tens ive ly  reduced and a l k y l a t e d  

( iodoace t i c  ac id )  immunoglobulin kappa l i g h t  chain.  The 

monoclonal antibody sepa ra t ions  are from t i s s u e  c u l t u r e  

supernates  of murine hybridoma ce l l  l i n e s  propagated i n  t h i s  

laboratory.  The fusion pa r tne r  f o r  t h e  c e l l  Lfnes u t i l i z e d  

here is an IgGZb s e c r e t o r  so t h s t  the active anttbody 

containing f r a c t i o n  is mixed in with a series of i n a c t i v e  

immunoglobulins. 

INSTRUMENTATION. Reverse phase chromatoEraphy was performed on 

a \ la tors  Associates HPLC cons f s t ing  of two M6000 pumps, WISP 
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NEW HPLC RESINS 1619 

a u t o l n j e c t o r ,  680 g r a d i e n t  c o n t r o l l e r ,  440 photometer  w l t h  a n  

e x t e n d e d  wavelength  module a t  214nm, and a s t r i p  chart 

r e c o r d e r .  4n ISCO ( L i n c o l n ,  NE) f r a c t f o n  c o l l e c t o r  was used  t o  

co l lec t  column e f f l u e n t s  and 1s wlretl i n t o  t h e  IIPLC s t r t p  chart 

r e c o r d e r  t o  d e l f v e r  a s l g n a l  e a c h  t l m e  a t u b e  is advanced .  For 

ton exchanEe chromatography,  an ISCO UA5 m o n l t o r  was used  t o  

d e t e c t  peaks  a t  28Onm i n  the e f f l u e n t .  

RESULTS 

SEPARATION OF 'JXYPTIC FRAGMENTS OF HUMAN I"MIJNOGLOBU1,IN LIGHT 

CHAIN. Ten mg of e x t e n s l v e l y  reduced  and r a d f o a l k y l a t e d  human 

K c h a i n  were d i g e s t e d  w l t h  1'Z w/w TPCK t r y p s l n  (Wor th tnqton  

Riochemicals, F r e e h o l d ,  VJ) a t  37 C f o r  4 h o u r s  and a c r u d e  

p e p t l d e  s e p a r a t  Lon was perEormed on Sephadex C50 (Pharmacla)  in 

a column 1.6 X 20 c m  e q u i l i b r a t e d  I n  0.1Y amnonfum h y d r o x i d e .  

T h i s  s e p a r a t i o n  t a k e s  l e s s  t h a n  2 h o u r s  and the r e c o v e r i e s  are 

i n  e x c e s s  of 90%. T v p i c a l L y ,  t h e r e  are  4 o r  5 f a i r l y  d i s c r e e t  

" c l u s t e r s "  of p e p t i d e  materlal  which c a n  be pooled  

i n d e p e n d e n t l y  and I y o p h f l i z e d .  Only on v e r y  r a r e  o c c a s i o n s  can 

any pure  p e p t i d e  he i s o l a t e d  a t  t h l s  s t a g e  and F i g u r e  I shows 

t h e  p r o f i l e s  of a small a l i q u o t  of 2 of t h e s e  pools  compared on 

a s i l i c a  based C18 r e v e r q e  phase  res l r l  (R) and t h e  C 1 8  r e v e r s e  

ohase polymer based r e s f n  ( A ) .  I t  1s clear that  €or t h e  

material c h o s e n  f o r  t h i s  example which r e p r e s e n t s  the pool of 

l a r g e  p e p t l d e s  f rom t h e  s i z e  s e p a r a t i o n ,  there are some clear 
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1620 KLAPPER ET AL. 

B 

'D214 

Figure 1. E lu t ion  p r o f i l e  of large (> 35 amino ac ids )  pep t ides  
from a s i l i c a  based (panel  B) and polymer based 
(pane l  A) C18 r eve r se  phase column. Flow rate  was 
0.6 ml/min, s t a r t i n g  b u f f e r  was 10% a c e t o n i t r i l e ,  
and a 30 min l i n e a r  g r a d i e n t  t o  50% a c e t o n i t r i l e  was 
used. I n j e c t i o n  t o  i n j e c t i o n  t i m e  was  40 minutes. 
F u l l  scale on t h e  214 nm photometer was 0.2 
absorbance u n i t s .  The a s t e r i s k  (*) d e p i c t s  t he  
major peak which e l u t e d  from the  PLRP-S r e s i n  and 
has  never been e l u t e d  from t h e  s i l i ca  r e s i n .  
E l u t i o n  is from r i g h t  t o  l e f t .  

d i f f e r e n c e s  in recovery of material e l u t e d  from these  columns. 

There are a series of pept ides  which are q u i t e  cornparable, but  

t h e r e  is a l s o  a major pept ide which e l u t e s  l a t e  in t h e  p r o f i l e  

€rom the  polymer based r e s i n  and is simply not e l u t e d  from t h e  

s i l i c a  based r e s i n .  It should be pointed ou t  t h a t  n e i t h e r  

p r o f i l e  r ep resen t s  any op t imiza t ion  of s e p a r a t i o n  - simply a 

comparison under i d e n t i c a l  condi t ions.  Although it is poss ib l e  

t o  slow the g rad ien t  and spread ou t  t he  peaks by i nc reas ing  
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5 15 25 
FRACTION NUMBER 

Figure  2. E l u t i o n  p r o f i l e  from DEAE - F r a c t o g e l  (3.4 x 12 em 
i n  a p y r i d i n e h - e t h y l  morpholine g r a d i e n t  sys tem uf 
p e p t i d e s  (10-30 amino a c i d s  i n  lengLh) €rum an 
enzymat ic  d i g e s t  o f  immunoglobulin L c h a i i .  Flow 
ra te  was 1.2 ml/min and t h e  mixt:ire had 
approximate ly  12 major p e p t i d e s  as judRcd by d i r e c t  
r e v e r s e  phase a n a l y s i s  of t h e  mixture  beEore ion  
exchange chrumatography . 

t o t a l  run  t ime ,  peaks c l u s t e r e d  a s  s e e n  h e r e  would prove 

t o  be d i f f i c u l t  t o  i s o l a t e  t o  p u r i t y  i n  t h i s  one s t e p .  

T h e r e f o r e ,  t h e  bu lk  of t h e  m a t e r i a l  i s o l a t e d  a F t e r  s i z e  

s e p a r a t i o n  is t y p i c a l l y  f r a c t i o n a t e d  on a DEAE i o n  exchange 

r e s i n  t o  f u r t h e r  s i m p l i f y  t h e  mixture .  F igu re  2 d e p i c t s  t h e  

e l u t i o n  p r o f i l e  from DEAE F r a c t o g e l  (0.6 

of t h e  s i z e  f r a c t i o n s  from Sephadex 650. A t y p i c a l  column run 

(100 mL of b u f f e r ,  1.2 ml/min) t a k e s  less t h a n  2 hours  and 

r ecove ry  of r a d i o l a b e l  is i n  excess  of 90%. Th i s  p r o f i l e  was 

X 12 cm) of a n o t h e r  
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1622 KLAPPER ET AL. 

monitored a t  280nm on an ISCO UA5 monitor and t h e  b u f f e r  flows 

from the pump through the reference s i d e  of t he  d e t e c t o r ,  

through the column, and then through the  sample s i d e  of the  

de t ec to r .  This rou te  au tomat i ca l ly  " sub t r ac t s "  t he  inc reas ing  

OD280 due t o  inc reas ing  pyridine concentrat ion (3). Each group 

of e lu t ed  pept ides ,  not n e c e s s a r i l y  p u r i f i e d  a t  t h i s  s t a g e  

e i t h e r ,  is lyophi l ized i n  8 SpeedVac apparatus  (Savant,  

H icksv i l l e ,  NY). Figure 3 shows the e l u t i o n  p r o f i l e  from t h e  

polymer based reverse  phase HPLC r e s i n  of two of the DEAE 

"peaks" and i t  is apparent t h a t  t h e  l imi t ed  mixture of major 

pept ides  in t h i s  f r a c t i o n  w i l l  be q u i t e  simple t o  separate i n t o  

p u r i f i e d  ma te r i a l s  which are ready for amino a c i d  sequence 

ana lys i s .  

ISOLATION OF MONOCLONAL ANTIBODIES. Three d i f f e r e n t  column 

configurat ions were used i n  these  s t u d i e s .  100 m l  of ce l l  

c u l t u r e  supernate  were concentrated by p o s i t i v e  p re s su re  t o  

approximately 20 ml and dialyzed overnight  a g a i n s t  0.015 M 

T r i s  pH 8.4. The material which s t i l l  had considerable  phenol 

red was loaded onto a 1.6 X 18 an column of F rac toge l  DEAE and 

e l u t e d  with a l i n e a r  s a l t  g rad ien t .  Figure 4 d e p i c t s  t he  

e l u t i o n  p r o f i l e  and the  f r a c t i o n s  which contain t h e  monoclonal 

antibody a s  determined by an enzyme l inked immunoadsorbent 

assay (ELISA). 

supernate  i n t o  a series of f r a c t i o n s  which correspond t o  

The column has sepa ra t ed  t h e  t i s s u e  c u l t u r e  
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B 

F i g u r e  3. E l u t i o n  p r o f i l e s  from PLRP-S a n a l y t i c a l  column of 
an  a l i q u o t  (ax)  of  material from f r a c t i o n  3 (A) and 
6 (B) from f i g u r e  2. Column c o n d i t i o n s  were 
i d e n t i c a l  t o  t h o s e  d e s c r i b e d  i n  f i g u r e  1. 

5 15 25 
FRACTION NUMBER 

Figure  4 .  E l u t i o n  p r o f i l e  from DEAE - F r a c t o g e l  (1.6 x 18 cm) 
i n  an  aqueous TRIS system a t  pH 8.4 of a 
concen t r a t ed  (100 ml reduced t o  20 ml) , d i a l y z e d  
s a m p l e  of monoclonal a n t i b o d y  i n  t t s s u e  c u l t u r e  
supe rna te .  Flow rate  was 1.2 mllmin. Antibody 
a c t i v i t y  ( b l a c k  ba r s )  was monitored by an  enzyme 
l i n k e d  immunosorbant a s s a y  (ELISA). 
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increasing negat ive charge with albumin being the  las t  major 

p r o t e i n  t o  e l u t e .  

Although the bulk of gamma g lobu l in  e l u t e s  e a r l y ,  t h i s  

p a r t i c u l a r  monoclonal ant ibody (which is present  i n  such l o w  

concentrat ion (approx. 1 ug) so as not t o  be i d e n t i f i e d  by 

o p t i c a l  dens i ty  i n  the  p r o f i l e )  e l u t e s  r e l a t i v e l y  la te  i n  t h e  

p r o f i l e  and the re fo re  has not been p u r i f i e d  even t o  the po in t  

where i t  can be used t o  coa t  ELISA p l a t e s .  In  add i t ion  t o  t h i s  

l a c k  of s epa ra t ion ,  the column becomes s e r i o u s l y  contaminated 

with phenol red and w i l l  have t o  be e l u t e d  with high s a l t  

containing b u f f e r s  fo r  many hours. Note t h a t  f o r  1 mg of 

antibody, a r e l a t i v e l y  l a r g e  column was necessary s i n c e  t h e  

majori ty  of the r e s i n  is committed t o  binding albumin, t he  most 

predominant p ro te in  i n  e i t h e r  a s c i t e s  or c e l l  c u l t u r e  

aupernates.  Figure 5 ,  on the  o the r  hand was the r e s u l t  o f  

simply d i l u t i n g  100 m l  of t i s s u e  c u l t u r e  supernate  with 200 m l  

of O.OlM sodium a c e t a t e ,  pH 5.5, f i l t e r i n g  the d i l u t e d  

ma te r i a l  through Whatman 1 f i l t e r  paper (4.5 em circle i n  a 

Buchner funnel) and pumping it  onto a column of Fractogel  CM 

(1.6 X 6 cm) a t  a flow rate of 5.8 ml/min. The p r o f i l e  shows 

an enormous "fall- through" followed by material e l u t e d  by means 

of a salt  g rad ien t .  This run was completed i n  less than 2 

hours and the  t o t a l  l i n e a r  salt  g rad ien t  volume was 200 ml. 

The "fall- through" f r a c t i o n s  c o n s i s t  of albumin and o t h e r  

p ro te ins  while t h e  s a l t  e l u a t e  contains  t r a n s f e t r i n  (pink)  and 
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Figure  5. E l u t i o n  p r o f i l e  from CM - F r a c t o g e l  s e p a r a t i o n  of 
100 m l  of monoclonal an t ibody  c e l l  c u l t u r e  s u p e r n a t e  
which has been d i l u t e d  wi th  pA 5.5, 0.01 M sodium 
a c e t a t e .  Flow rate was 5.5 mlfmin, column 
dimensions were 1.6 x 6 cm, and a l i n e a r  g r a d i e n t  
(200 ml t o t a l  volume) from 0 - 0.5 Y N a C l  was used. 
Antibody a c t i v i t y  ( b l a c k  b a r s )  was monitored by 
ELISA. 

gamma globu in. What has not  been d e p i c t e d  here is t h e  f a c t  

t h a t  a l l  of t h e  phenol red  is a l s o  i n  t h e  " f a l l - t h rough"  

f r a c t i o n s  - i t  does not seem t o  adso rb  t o  t h i s  r e s i n  under 

t h e s e  cond i t ions  a t  a l l .  The monoclonal an t ibody  a c t i v i t y  is 

s e e n  t o  r e s i d e  e n t i r e l y  I n  t h e  g a m a  g l o b u l i n  con ta in ing  

f r a c t i o n  e l u t e d  i n  a small volume a f t e r  t h e  start of t h e  

g r a d i e n t .  F igu re  6 d e p i c t s  t h e  s e p a r a t i o n  which occur s  i f  t h e  

gamma g l o b u l i n  f r a c t i o n  from t h e  material i s o l a t e d  i n  F igure  5 

i s  d i l u t e d  three- fo ld  i n  0.015M TRIS pH 8.4 t o  reduce  t h e  

sodium c h l o r i d e  concen t r a t ion  and loaded o n t o  a small (0.4 X 8 

cm) column of Frac toge l  DEAE i n  t h e  T r i s  system. The pink 

( t r a n s f e r r l n )  material is s e p a r a t e d  from the an t ibody  a c t i v i t y  
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0.15- 
OD280 

5 15 25 
FRACTION NUMBER 

Figure 6. E lu t ion  p r o f i l e  from DEAE - Frac toge l  s epa ra t ion  of 
material with antibody a c t i v i t y  i n  f i g u r e  5 a f t e r  
d i l u t i o n  with pH 8.4, 0.015 M TRIS. Flow r a t e  was 
1.2 ml/min, column dimensions were 0.4 x 8 cm, and a 
l i n e a r  g rad ien t  (80 ml t o t a l )  from 0 - 0.5 M N a C l  
was used. Antibody a c t i v i t y  (b l ack  bars)  was 
monitored by ELISA. 
i d e n t i f i e d  as t r a n s f e r r i n  by polyacrylamide 
e l ec t rophores i s  and t h e  remaining peaks a r e  immuno- 
g lobu l ins  a s  judged by the same a n a l y s i s .  They 
presumably o r i g i n a t e  from t i s s u e  c u l t u r e  serum 
c o n s t i t u e n t s  and the production of hybrid molecules 
with no antibody a c t i v i t y  by the producing hybridoma 
fus ion  line u t i l i z e d  i n  these  s t u d i e s .  

The e a r l y  e l u t i n g  peak was 

and the antibody a c t i v i t y  i s  separated from the  bulk of gamma 

g lobu l in  r e s u l t i n g  i n  a p repa ra t ion  of v i r t u a l l y  pure 

monoclonal antibody which can be used f o r  any and a l l  

subsequent assay systems. During t h i s  e n t i r e  process which 

s t a r t s  with a CM chromatographic s t e p ,  no d i a l y s i s  is required 

and a l l  100 ml is processed t o  pure monoclonal antibody in less 

than 4 hours with recovery est imated from ELISA assays t o  be i n  

excess of 90%. 
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These s t u d i e s  a t t empt  t o  demonstrate s e v e r a l  po in t s  of i n t e r e s t  

t o  chromatographers. The most gene ra l  and ove r r id ing  concept 

i s  t h a t  wfth c u r r e n t l y  a v a i l a b l e  r e s i n s ,  i n  p a r t i c u l a r  polymer 

based, arge pore r e s i n s ,  y i e l d s  of m a t e r i a l s  a r e  so high as t o  

make i t  f e a s i b l e  t o  pass a sample over s eve ra l  columns without 

s u f f e r i n g  s i g n i f i c a n t  l o s ses .  The b e n e f i t s  of t h a t  approach 

a r e  t h a t  mixtures of ma te r i a l s  (pep t ides  or  p r o t e i n s )  can be 

s impl i f i ed  so t h a t  i n  the  end, it is not necessary to depend 

upon the a b i l i t y  t o  sepa ra t e  a dozen or more pept ides  a s  they 

e l u t e  from a column. Various coLumns f low at  d i f f e r e n t  rates 

and r a t h e r  exact ing c a l c u l a t i o n s  need t o  be made t o  determine 

t h e  l ag  time from d e t e c t o r  t o  f r a c t i o n  c o l l e c t o r .  When s e v e r a l  

peaks e l u t e  from a column wi th in  seconds of each o t h e r ,  it is 

d i f f i c u l t  t o  c o l l e c t  each i n  a pure s t a t e .  So, al though l a r g e  

numbers of " t h e o r e t i c a l  plates" are use fu l  f o r  a n a l y t i c a l  

mapping and comparing e l u t i o n  p r o f i l e s ,  the requirements f o r  

i s o l a t i n g  p repa ra t ive  amounts of materials (whatever t he  s c a l e )  

a r e  q u i t e  d i f f e r e n t  and a r e  not e a s i l y  solved by a s i n g l e  pass 

through a s i n g l e  column under one set  of condi t ions.  I n  a 

p r a c t i c a l  s ense ,  p ro t e in  chemists have been using t h e  approach 

descr ibed here  for many years  - the  d i f f e r e n c e  is simply t h a t  

t h e  r e s i n s  a v a i l a b l e  today are much b e t t e r  than anything 

previously a v a i l a b l e .  For pept ide and p r o t e i n  sepa ra t ions ,  
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t h i s  manuscript has attempted t o  demonstrate with s e v e r a l  

examples t h a t  a 300 A polymer based C18 column outperforms a 

comparable s i l i c a  based column with sma l l e r  pores ,  both i n  

terms of the a b i l i t y  t o  recover materlals and t h e  p o t e n t i a l  o€ 

using mobile phases spanning t h e  e n t i r e  pH range. Recovery of 

material is  so outstanding on these  columns, t h a t  it is not 

u sua l ly  necessary t o  run test chromatograms a t  each sepa ra t ion  

s t e p  t o  see i f  t he  e l u t i o n  p r o f i l e  can be modified i n  some way 

t o  ensure p u r i f i c a t i o n  of a t  l e a s t  a few pept tdes  a t  each s t e p .  

Rather ,  an enzymatic d i g e s t  is r o u t i n e l y  subjected t o  molecular 

s i e v i n g ,  ion exchange i n  a v o l a t i l e  b u f f e r  of each of t he  4 t o  

5 pools ,  and r eve r se  phase chromatography of each pool from ton 

exchange. On rare occasions,  it is necessary t o  

rechromatograph material a f t e r  t he  C18 s t e p  and t h a t  is 

t y p i c a l l y  performed on a reverse  phase column with a cyano 

func t iona l  group. 

The i s o l a t i o n  of monoclonal an t ibod ie s  has become 

s u f f i c i e n t l y  important t h a t  a number of dedicated systems and 

r e s i n s  are c u r r e n t l y  ava i l ab le .  Looking through the  

l i t e r a t u r e ,  it i s  poss ib l e  t o  f i n d  4 popular methods t o  p u r i f y  

monoclonal an t ibod ie s  used by most i n v e s t i g a t o r s .  A f f i n i t y  

p u r i f i c a t i o n  of an t tbod ie s  (4) using an apprupr i a t e  immobilized 

ant igen g ives  rise t o  pure antibody, but i t  o f t en  proves 

d i f f i c u l t  t o  i s o l a t e  l a r g e  amounts of antibody, t h e  a c t i v i t y  of 

t he  antibody is sometimes a f f e c t e d  by the condi t ions necessary 
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NEW HPLC RESINS 1629 

t o  e l u t e  t h e  antibody from t h e  an t igen ,  and sometimes it  is 

imprac t i ca l  t o  i s o l a t e  t he  r e l evan t  an t igen  f o r  Lmmvbilization. 

Another popular technique involves use of s p e c i a l i z e d  a f f i n i t y  

r e s i n s  designed t o  adsorb s p e c i f i c  serum components, t y p i c a l l y  

albumin. These a f f i n i t y  dyes (5)  are capable of p a r t i a l l y  

c l e a r i n g  serum, but a r e  not t e r r i b l y  e f f i c i e n t .  A more r ecen t  

innovation is t h e  use of hydroxyapat i te  (6 ) .  This seems t o  

work wel l ,  but is somewhat l lmi t ed  by the  f a c t  t h a t  l a r g e  

amounts of serum o r  t i s s u e  c u l t u r e  supernate  a r e  d i f f i c u l t  t o  

work with and condi t ions of e l u t i o n  of monoclonal an t ibod ie s  

need t o  be modified f o r  each monoclonal. The f o u r t h  method, 

probably the  most popular,  and c e r t a i n l y  h i s t o r i c a l l y  t h e  one 

which immunologists have r e l i e d  upon f o r  2 5  years  is the  use of 

DEAE and o the r  s t rong  anion exchangers ( 2 ) .  Although DEAE has 

come a long way s ince  it was a v a i l a b l e  bound only t o  c e l l u l o s e  

(7), t he re  a r e  a number of ph i losoph ica l  problems a s soc ia t ed  

with i t s  use f o r  the sepa ra t ion  of monoclonal an t ibod ie s .  I n  

t h e  f i r s t  place,  t he  very b e s t  DEAF, r e s i n s  a v a i l a b l e  f o r  RPLC 

technology a r e  very expensive. These r e s i n s ,  polymeric and 

p r o p r i e t a r y  i n  na tu re ,  a r e  1000 A pore s i z e  r e s i n s  capable of 

withstanding s e v e r a l  thousand pounds of pressure,  with high 

capacities, and the re fo re  amenable t o  pumping l a r g e  volumes of 

so lven t  ( a t  v i r t u a l l y  any pH) quickly.  Although they a r e  high 

capac i ty  r e s i n s ,  there  is  no quest ion but  t h a t  albumin binds t o  

them b e t t e r  than any o the r  major serum p r o t e i n  and they are 
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simply not capable of being loaded with more than a few 

mil l i l i ters  of ascites o r  t i s s u e  c u l t u r e  f l u i d .  I n  a d d i t i o n ,  

s i n c e  each monoclonal antibody has a unique ne t  charge at  a 

given pH, t h e r e  is again,  no p r e d i c t i n g  where the  antibody w i l l  

e l u t e  i n  t h e  g rad ien t  and each monoclonal must be screened and 

t h e  e l u t i o n  condi t ions ad jus t ed .  Although it is poss ib l e  t o  

perform l a r g e  numbers of tes t  runs with modified e l u t i o n  

protocols  using l i t t l e  material and a t  high speed, even tua l ly  

one must f ind out where the  antibody has e l u t e d  and the assay 

f o r  t h a t  may take a day Or two. So t h e  HPLC p a r t  is r ap id ,  but 

t he  answer comes slowly. 

Because of t hese  problems with t h e  four most popular 

methods of monoclonal ant ibody i s o l a t i o n ,  and e s p e c i a l l y  

because t h i s  l abora to ry  gene ra t e s  f a r  more t i s s u e  c u l t u r e  f l u i d  

than ascites f l u i d  which complicates t h e  albumin problem 

exponent ia l ly ,  a gene ra l  technique has  been developed which 

allows l a r g e  (or small)  volumes of a s c i t e s  or t i s s u e  c u l t u r e  

supernate  t o  be processed and r e l a t i v e l y  pure antibody i s o l a t e d  

i n  a matter of hours from start t o  f i n i s h .  The approach takes  

advantage of the f a c t  t h a t  large-pore (500 and 1000 A) polymer 

based c a t i o n  exchangers a l s o  ex is t .  A t  s l i g h t l y  a c i d i c  pH 

values  (5 .5 i n  t h e  example given here)  these exchangers do not 

bind albumin, phenol r e d ,  and a host  of o t h e r  alpha and b e t a  

mobil i ty  p r o t e i n s  found i n  serum. They do bind immunoglobulins 

and "slow" beta p r a t e i n s  such as t r a n s f e r r i n .  J u s t  a s  is the  
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c a s e  €o r  monoclonal a n t i b o d i e s  wi th  DEAE (where it is not 

e x a c t l y  c l e a r  why many a n t i b o d i e s  e l u t e  so late i n  t h e  e l u t i o n  

p r o f i l e )  i n  a l l  cases examined i n  our  l a b o r a t o r y  t o  d a t e ,  a l l  

monoclonal a n t i b o d i e s  bind t o  t h e  c a t i o n  exchanger.  Even 

a n t i b o d i e s  which upon subsequent e l u t i o n  from DEAE t u r n  o u t  t o  

e l u t e  q u i t e  l a t e  i n  t h e  p r o f i l e  hind w e l l  t o  t h e  CM column. 

The obvious immediate advantage  of t h i s  approach is t h a t  l a r g e  

volumes of ascttes o r  t i s s u e  c u l t u r e  supe rna te  can  be passed 

ove r  a very  small column of CM F r a c t o g e l  s i n c e  o n l y  t h e  

a n t i b o d y  f r a c t i o n  w i l l  adso rb  and t h e  bulk  o f  serum p r o t e i n s  

pas s  through. In a d d i t i o n ,  t h e  sample need on ly  be d i l u t e d  t o  

reduce  the  s a l t  concen t r a t ion  and a d j u s t  t h e  pR - no 

c o n c e n t r a t i o n  or d i a l y s i s  is necessary .  F u r t h e r  f r a c t i o n a t i o n  

of t h e  sa l t  e l u t e d  an t ibody  con ta in ing  f r a c t i o n  can be 

performed on ve ry  small DEAE columns s i n c e  most of t h e  o t h e r  

serum p r o t e i n s  a r e  gone and a g a i n ,  no d i a l y s i s  is 

necessa ry  - s imply  d i l u t i n g  t h e  an t ibody  con ta in ing  e l u a t e  

approximate ly  3 f o l d  wi th  DEAE s a l t - f r e e  s t a r t i n g  b u f f e r  is 

enough t o  opt imize  the  s a l t  c o n c e n t r a t i o n  and pH. 

SUMMARY 

This manuscript  a t t empt s  t o  sum up the  obse rva t ions  of 

t h i s  l a b o r a t o r y  ove r  the p a s t  s i x  months wi th  r e s p e c t  t o  

approaches t o  t h e  i s o l a t i o n  of pep t ides  f o r  amino a c i d  sequence 

a n a l y s i s  and t h e  i s o l a t i o n  of monoclonal a n t i b o d i e s  f o r  
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immunoassays. The general  conclusions reached here  are t h a t  it 

no longer seems necessary t o  go t o  a g r e a t  d e a l  of t roub le  

optimizing chromatographic sepa ra t ions  so a s  t o  be a b l e  t o  

i s o l a t e  ma te r i a l s  i n  a s i n g l e  pass through a s i n g l e  column. 

Rather ,  i t  would appear t h a t  with the  advent of very powerful 

r e s i n  technology y i e ld ing  polymer based r e s i n s  which ope ra t e  at  

a wide range of pH's and pres su res  and y i e l d i n g  r ecove r i e s  w e l l  

i n  excess of 90%, a s t rong  case can be made f o r  t he  r e t u r n  t o  

mult tple  s t e p s  of i s o l a t i o n  thereby s impl i fy ing  pept ide 

mixtures and making the  u l t tma te  p repa ra t ive  recovery of u s e f u l  

ma te r i a l s  much more p red ic t ab le .  

The i s o l a t i o n  of monoclonal an t ibod ie s  from l a r g e  volumes 

of t i s s u e  c u l t u r e  supernates  can be performed i n  a matter of 

hours with no d i a l y s i s  or concentrat ion s teps  by f i r s t  using CM 

func t iona l  groups t o  concentrate  and p u r i f y  the  antibody 

containing f r a c t i o n  with subsequent DEAE chromatography of t h a t  

ma te r i a l .  Both types of s epa ra t ion  t ake  advantage of new, 

medium pressure polymeric wide-pore r e s i n s  descr ibed I n  t h i s  

r epor t .  
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v i e w  of t h e  a u t h o r s '  e x p e r i e n c e s  r a t h e r  t h a n  s e r v e  as a formal  

s o u r c e  of r e f e r e n c e  t o  the l i t e r a t u r e .  The a u t h o r s  make no 

claim as t o  o r i g i n a l i t y  of a p p r o a c h e s  o r  un ique  f i n d i n g s  

p r e s e n t e d  h e r e i n .  
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