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JOURNAL OF LIQUID CHROMATOGRAPHY, 7 ( 1 4 ) ,  2863-2873 (1984) 

PREPARfATIVE CHROMATOGRAPHY OF PROTEINS 

M.N. Schmuck, U . M .  Gooding and D.L. Gooding 
SynChrom, Inc. 

Bon 110 
Linden, I N  47935 

High performance l i q u i d  chromatographic methods t h a t  

have been developed f o r  m i c r o p a r t i c u l a t e  supports can be 

adapted t o  30u supports, such as t h e  BynChroprep r e r i e s ,  f o r  

l a r g e  scale p u r i f i c a t i o n .  Loading capac i t y  and r e s o l u t i o n  

of  t h e  i o n  enchange and reversed pham macropar t i cu la te  

supports are enamined. One gram o f  p r o t e i n  may be loaded on 

t h e  i o n  enchange support i n  a 2 5 0 n l O  mm I . D .  column. 

------------ INTRODUCTION 

Over t h e  past f i v e  years, HPLC has been seen t o  be an 

e f f e c t i v e  way t o  analyze p r o t e i n  miutures by a v a r i e t y  of 

mechan i sms - s t  e r  i c-en c 1 u s i  on, i on-en change, r ever sed-phase 

and hydrophobic- in teract ion chromatography (1). The use o f  

r i g i d  supports has al lowed m i l l i g r a m  amounts o f  p r o t e i n s  t o  

be p u r i f i e d  w i t h i n  minuter. A s  t h e  use o f  t h i s  methodology 

became more widespread, t h e  scale-up t o  columns o f  1 cm I. 

D. was used t o  prepare hundreds o f  m i l l i g r a m s  o f  p r o t e i n s  

(2). Unfor tunate ly ,  when p i l o t  p l a n t  l e v e l s  were des i red,  

t h e  e>ctremely h i g h  cost  o f  t h e  HPLC grade s i l i c a  wa5 

r e a l i z e d  and poss ib le  a l t e r n a t i v e s  were sought ( 3 ) .  
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2864 SCHMUCK, GOODING, AND GOODING 

One o f  t he  f i r s t  probloms i n  prmparat ive HPLC is t o  

de f i ne  t h e  goals o f  t h e  analysis.  A chromatographer wants 

t o  separato a m ix tu re  i n t o  t h e  maximum number o f  compononts 

w i t h  t h e  bost  r e s o l u t i o n  posiuible. The engineer i n  a p i l o t  

p l a n t  wants t o  separate h i s  compound 9rom i t s  i m p u r i t i e s  and 

load i t  i n  t h e  h ighest  poss ib le  quan t i t y .  These d i f f e r e n c e s  

i n  goals  produco two d e f i n i t i o n s  o f  " l oad ing  capaci ty."  To 

a chromatographmr, loading capaci ty  is t h e  amount o f  s o l u t e  

which can bo app l i ed  t o  a column ba fo ro  r a s o l u t i o n  is 
decreaumd. To an ongineer i n  a p i l o t  p l a n t ,  l oad ing  

capaci ty  moans t h o  absoluto capaci ty  o f  t h o  mupport f o r  t h o  

solute.  These d i f f o r e n c e s  i n  d e f i n i t i o n s  suggest t h a t  t h e r e  

may a l so  bo d i f f o roncos  i n  support roquiramonts. 

This  r e p o r t  oxamines tho  capac i t y  and r e s o l u t i o n  o f  a 

s o r i o s  o f  5Ou macropar t icu la to supports t o  mom whothor 

methods which havo been dovoloped on a n a l y t i c a l  columns can 

bo adapted f o r  p ropara t i vo  purposos. 

EhEmicalL 
Tris(hydroxymethy1 )aminornethano (TRIS) and sodium 

acetate wero purchasmd from A l d r i c h  Chomical Co. (Milwaukao, 

W I ,  U.S.A.). Sodium c h l o r i d e  and Moni-Trol 1 . X  were from 

American S c i o n t i f i c  Products (McQaw Park, IL, U.S.A. ) .  

Propanol-2 wau purchased from The Anspec Co., (Ann Arbor, 

MI, U.8.A.) and t r i f l u o r o a c o t i c  a c i d  f rom P ie rco  Chomical 

Co. (Rockford, IL, U.S.A. ).  Lyeoayme, r ibonuclease A, 
*chymotrypsin, chymotrypsinoqmn A, and bovine sorum albumin 

(BSA) were a11 obtained from Sigma Chomical Co. ( S t .  Louis, 

MOn U . 6 . A . ) .  

n_ e e r r s t u !! 
The 3Ou SynChroprep CM300, SynChroprep AX300 ,  and 

SynChroprmp RP-P, 250x10 mm I . D .  and b.5u SynChropak cIX300, 

2 5 0 ~ 4 . 1  mm I . D .  columnu were obtained from SynChrom, Inc. 
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PREPARATIVE CHROMATOGRAPHY OF PROTEINS 2865 

(Linden, IN, U.S.A.). Tho 100~23 mm I.D. column was from HP 

Chemicals ( S t .  Louis,  MO. U.S.A.). A Var ian Model SO00 

gradient  high-performance l i q u i d  chromatograph w i t h  a Valco 

Model CV-6-UHPA-N-60 i n j e c t i o n  va lve (Var ian Instrument, 

Walnut Creek, CA, U.8.A.) and Cham Research Model 2020 UV 

detector  ( Inst rumentat ion S p e c i a l t i e s  Co., L incoln,  NE, 

U.S.A.) w i t h  a L inoar  Model 1200 recorder (L inear  

Instruments, I r v i n e ,  CA, U.S.4)  were used f o r  analyses. 

MdIHQDS 
Bocause goneral gu ido l i nes  have beon establishmd i n  

prev ious a n a l y t i c a l  i nves t i ga t i ons ,  so l  vent eel  e c t i  on f o r  

ion-ewchange and rovarsed phase chromatography warn n o t  

i nves t i ga ted  ( 1 , 4 , 5 ) .  0.02M TRIS b u f f e r s  w i t h  sodium 

acetate o r  sodium c h l o r i d e  g rad ien ts  from 0-O.SM were usod 

f o r  i o n  enchange, and propanol-2 g rad ien ts  i n  . l %  

t r i f l u o r o a c e t i c  a c i d  were used f o r  reversod phaso. The 

gradient  t imes and f l o w  r a t e s  used are g iven i n  t h e  Tables 

and Figures.  

IOCIDINECCIPAEIIY 
Dynamic column capaci ty,  which f i t s  t h e  needs o f  t h e  

chromatographer, may be descr ibed as t h e  sample mire t h a t  

causes decreased r e t e n t i o n  t ime  and l o s s  o f  peah shape us ing 

normal gradient  operat ing cond i t i ons  (6 ) .  Th is  column 

capaci ty  was seen t o  vary according t o  t h e  na tu re  o f  t h e  

p ro te in ,  i t s  molecular weight, and i t 5  r e t e n t i o n  

c h a r a c t e r i s t i c s .  The l o s s  i n  peak shape w i t h  increased 

loading i s  ev ident  i n  t h e  ana lys i s  o f  bov ine serum albumin 

i n  F ig .  1. Table I shows t h a t  t h e  capaci ty  o f  a weah 

anion-enchango support (SynChroprep AX 300) f o r  8SA i s  

approximately 6 t imes greater  than t h a t  o f  a reversed-phase 

ma te r ia l  (SynChroprep RP-P) f o r  t h o  same p ro te in .  When 

us ing a weak cation-enchanger (SynChroprep CM300), t h e  

capaci ty  f o r  a small p ro te in ,  ribonuclease-A was about 5 

t imes t h a t  o f  a p r o t e i n  tw ice  i t s  s ize,  chymotrypsinogen-A. 
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2866 SCHMUCK, GOODING, AND GOODING 

TIME (mid  

Fig.  1 E f f e c t  o f  sample loading on t h e  r e s o l u t i o n  of  a 
bovine merum albumin sample using a memi-preparative column 
o f  3Ou support. Column: SynChroprep A X 3 0 0 ,  250x10 mm I.D. 
Flow-rate: 1.5 m l / m i n .  Buf fer :  O . 0 2 M  TRIO, pH7, 120 min. 
l i n e a r  gradient  from 0 t o  0.34 CH C02Na. 3 

TABLE I ------- 

Loading Capacity o f  30u SynChroprep Supports 

A X 3 0 0  BSFI 
RPP BSA 

120 
40 

160 mg 1 Q  
25 mg 400 mg 

CM300 4chymotrypsin 120 00 mg 1 Q  

Mobi le phame as i n  Mmthods. Flow-ratel  1.5 m l / m  
Columni 250x10 mm I.D. 
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PREPARATIVE CHROMATOGRAPHY OF PROTEINS 2867 

Such var iance i s  probably due t o  t h e  a v a i l a b l e  sur face area 

of  t h e  support. 

Abeolute column capaci ty  may beet be demcribed as mas. 

over load (7) u t i l i z i n g  t h e  displacement mode ( 8 )  o f  

chromatography. To u t i l i z e  t h i e  technique, t h e  column wae 

e q u i l i b r a t e d  w i t h  a mobi le phase t h a t  had a low a f f i n i t y  f o r  

t h e  e ta t i ona ry  phase. The mample wam in t roduced and 

adsorbed on t h e  column u n t i l  i t  war completely loaded. 

Under these condi t ione,  i m p u r i t i e s  w i t h  lee. r e t e n t i o n  

e lu ted  from t h e  column dur ing t h e  sample a p p l i c a t i o n  

process. For enample, t h e  e a r l y  e l u t i n g  i m p u r i t i e s  o f  

Achymotrypsin were e lu ted  w i t h  each i n j e c t i o n  on a 

SynChroprop CM300  column wh i l e  6chymotrypsin i t e e l f  wae 

reta ined.  When absolute capaci ty  was reached, t h e  sample 

was released from tho  column by running a step g rad ien t  w i t h  

a mobi le phase having a stronger a f f i n i t y  f o r  t h e  s t a t i o n a r y  

phase than t h e  sample. By s u i t a b l y  choosing t h e  mobi le  

phase used i n  t h e  "step",  l a t e r  e l u t i n g  i m p u r i t i e s  could be 

re ta ined  on tho column and dumped a f t e r  t h e  p u r i f i c a t i o n  wae 

f i n i shed .  Again, d i f f e r e n t  observat ions were made f o r  

var ious combinatione of  p r o t e i n e  and columnm. While l oad ing  

HSA on a SynChroprep RP-P column, a "breakthrough" i m p u r i t y  

peak t h a t  had l e s s  column a f f i n i t y  than HSA was obmerved 

from almost t h e  f i r s t  i n j e c t i o n .  Sample was i n j e c t e d  onto 

t h e  column u n t i l  a constant i n teg ra ted  area o f  t h e  

"breakthrough" peak was achieved. While loading a- 

chymotrypsin onto a SynChroprep C M 3 0 0  support, an i m p u r i t y  

"breakthrouqh" peal:, t h a t  d i d  nnt  change i n  s i z e  wa5 

observed from t h e  i n i t i a l  i n j e c t i o n .  QChymotrypsin d i d  no t  

"breakthrough" u n t i  1 absolute capaci ty  was reached. 

Table I compares t h e  dynamic and absolute column 

c a p a c i t i e s  o f  t h r e e  modes o f  chromatography eupporte - weak 

anion-enchange ( A X 3 0 0 ) ,  weak cation-exchange(CM300) and 

revereed phame(RP-P), run  i n  250x10 mm I . D .  column.. The 

dynamic capaci ty  wae ca l cu la ted  as t h e  amount o f  sample t h a t  

increaeed t h e  width a t  peak h a l f  he ight  by rppronimate ly  

70%. I f  t he  r e s o l u t i o n  o f  t h e  sample components i s  great ,  

t h e  actual  dynamic capaci ty  could be h igher  than theme 

values (9). A s  would be expected, f o r  f a i r l y  pure p ro te ins ,  
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TABLE I 1  

SynChropr cp 
AX 300 

Bovine Serum 
A1 bumi n 

SynChr opr ep 
CM '31 If:) 

Q C h  ymot r yp e 1 n 

Mobile phase as i n  Methods 
Column: 250x10 mm I . D .  

ie absolute capaci ty  was s i g n i f i c a  

dynamic capaci ty.  

t l y  greater  than t h e  

FIO!!!E!LES 
One easy way t o  increase r e s o l u t i o n  i s  t o  change t h e  

mobi le-phase f lowrate. Because p r o t e i n s  normal ly  m u s t  be 

e lu ted  w i th  a gradient ,  o rd ina ry  p l a t s  he igh t  measurem6tntm 

cannot be used to determine t h e  e f f e c t  o f  f l o w r a t e  v e l o c i t y  

on band broadening. Therefore,the r a t i o  o f  t h e  r e t e n t i o n  

time/peak width was used t o  i n d i c a t e  p r o t e i n  peak spreading. 
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PREPARATIVE CHROMATOGRAPHY OF PROTEINS 2869 

I n  t h i s  method, l a r g e r  numbers i n d i c a t e  b e t t e r  r e s o l u t i i o n .  

Flow-rates were va r ied  from 0.5-3.0 ml/min w h i l e  ho ld ing  t h e  

gradient  volume constant. The remul ts  are l i s t e d  i n  Table 

11. I n  most cases, a decrease i n  f low-rate w i t h  a constant 

gradient  volume remulted i n  both higher r e s o l u t i o n  and 

longer r e t e n t i o n  times. Due t o  t h e  inaccuracy o f  some HPLC 

equipment a t  slow f l owra tes  and low pressures, and t h e  

disadvantages o f  long r e t e n t i o n  times, f low-ratem m u s t  be 

se lected on these bases as wel l  a. t h a t  of reso lu t i on .  

O_R_flBIENL-SHflPE- 
Solvent g rad ien ts  can a l s o  be used t o  optimiatm 

separat ions w i th  respect t o  both t ime and remolut ion.  For 

enample, on t h e  SynChroprep CM300 column, a 90 minute l i n e a r  

gradient  a t  1.5 ml/min gave a very good separat ion o f  

rib0nUCleaBe-A and lysoryme. However, i t  was necessary t o  

use a t  l e a s t  a 120 minute gradient  a t  t h e  same f l o w r a t e  t o  

separate chymotrypsinogen-A from t h e  ribonucleasc-A and 

lysozyme peaks as seen i n  F ig .  2. S i m i l a r l y ,  on SynChroprep 

6x300, i m p u r i t i e s  i n  ovalbumin were no t  adequately separated 

u n t i l  a 120 min. gradient  a t  1.5 ml/min. was used. 

EolunH-BrnBEIEL 
The scale-up o f  a chromatographic process from t h e  

a n a l y t i c a l  l abo ra to ry  l e v e l  t o  t h e  p i l o t  p l a n t  i s  

accomplished by increas ing t h e  width o f  t h e  column r a t h e r  

than t h e  height .  I n  t h i s  way, t h e  parameters t h a t  have been 

worked out, such as t h e  l i n e a r  f l o w  r a t e s  and g rad ien t  t imes 

would remain about the  same. Because t h e  capaci ty  o f  a 

column roughly  corresponds t o  t h e  amount o f  packing ma te r ia l  

i n  it, t h e  sample loading would be increased p r o p o r t i o n a t e l y  

t o  t h e  volume. Fig. 3 shows t h e  same 3-component mample 

separat ion t h a t  was seen i n  Fiq.  2 uming a 2 . 5  cm I . D .  

column f o r  1.3 g o f  t o t a l  p r o t e i n  instead o f  75 mg. 

R_SSP~YLlON_~N_39U_VS-_61T’u 
Once t h e  operat ional  parameters such as f l ow  r a t e ,  
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TIME (min) 
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TIME (min) 

100 

m 
50 $ 

0 

Fig.  2 Resolut ion o f  45 mg ribonuclease-A ( l ) ,  15 mg 
chymotrypsingen-A (2 ) ,  15 mg lymozyme (3), ueing a 
semi-preparative column o f  3Ou support. Column# SynChroprep 
CM300, 2 5 0 ~ 1 0  m m  I . D .  Flow-rate8 1.5 mllmin. 
Buf fer :  0.02 M T R I G  , pH7, 120 min l i n a a r  g rad ien t  from 0 
t o  0 . 5 M  CH3C02Na. 

TIME (min) 

Fig.  3 Remolution o f  7SO mg r ibonucleasr-A (l), 130 mg 
chymotrypminogen-A (2),  and 150 mg lysozyme (3) ueing a 
p repara t i ve  column ( 2 5 0 ~ 2 5  m m  I . D . )  o f  50u support. 
Condi t ions am i n  F ig .  2. 
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- 
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10 20 

TIME (min )  

Fig.  4 Analysis of human a d u l t  serum us ing  an a n a l y t i c a l  
column o f  b.Su support. Columni SynChropak A X 3 0 0 ,  250n4.1 
mm I.D. Flow-ratmi 2 ml/min. Buf fer :  O.02M TRIS, pH8. 20 
min l i n e a r  gradient  from 0 t o  O.SM CH CO Na. 3 2  

qradient  time, and component separat ion have been 

inves t i qa ted  f o r  50u supports, t h e  chromatographer and 

enqineer must know how the  r e s o l u t i o n  o f  t h 0  30u p r e p a r a t i v e  

ma te r ia l  compares w i t h  t h a t  o f  t h e  6.Su supports used i n  

the  a n a l y t i c a l  columns. Fiq.  4 and 5 compare t h e  a n a l y s i s  

o f  human a d u l t  serum on a 250~4.1 mm I . D .  column packed w i t h  

6.51.~ SynChropak 44x300 w i t h  t h e  same ana lys i s  on a 1 0 0 ~ 2 5  mm 

1 . D .  column packed w i t h  SynChroprep 44x300. There i s  a good 
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TIME (rnin) 

Fig. 5 Clnalysis o f  human a d u l t  serum us ing  a p repara t i ve  
column o f  SOU support. Column: SynChroprep A X 3 0 0 ,  100x25 
mm I . D .  Flow-rate: 3.2 ml/min. B u f f e r #  0 . 0 2 M  TRIS, pH7. 
72 min. linmmr gradient  from 0 t o  0 . M  NaC1. 

c o r r e l a t i o n  between t h e  chromatograms, and t h e  major 

component%, and some minor ones, a r e  s u f f i c i e n t l y  resolved 

on the  3Ou support t o  s a t i s f y  t h e  engineers needs +or  

p u r i f i c a t i o n .  

EoNcLueloNs 
'This study shows t h a t  HPLC methods t h a t  have bern developed 

on m ic ropar t i cu la te  supports can be adapted t o  3Ou supports 

f o r  l a r g e  scale p u r i f i c a t i o n .  Absolute loading 0.F a gram o f  

p r o t e i n  Are poss ib le  on ion-exchange columns o f  250x10 mm 

I . D .  dimensions. Cldequate r e s o l u t i o n  can be obtained by 

ad jus t i ng  t h e  f l o w r a t e  and gradient  shapr o f  t h o  analys is .  
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