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PURIFICATION OF COMMERCIALLY PREPARED 
BOVINE TRYPSIN BY REVERSE PHASE H I G H  

PERFORMANCE L l Q U I D  CHROMATOGRAPHY 

M. P a t r i c i a  S t r i c k l e r ,  M. J u d i t h  Gemski 
and Bhupendra P. Doctor 
D i v i s i o n  of Biochemistry 

Wal t e r  Reed Army I n s t i t u t e  of Research 
Washington, D.C. 20012 

ABSTRACT 

A r e v e r s e  phase h i g h  performance l i q u i d  chromatographic  
method f o r  t h e  p u r i f i c a t i o n  of m i l l i g r a m  amounts of  commercial ly  
p repa red  bovine t r y p s i n  i s  desc r ibed .  I n c r e a s e d  s p e c i f i c  enzymat i c  
a c t i v i t y  i s  observed i n  t h e  p u r i f i e d  m a t e r i a l .  The advan tages  of  
u s i n g  p u r i f i e d  t r y p s i n  i n  p r o t e i n  d i g e s t i o n s  as w e l l  a s  t h e  po ten t -  
i a l  a p p l i c a t i o n  of  r e v e r s e  phase h i g h  performance l i q u i d  chromato- 
graphy f o r  enzyme c h a r a c t e r i z a t i o n  a r e  desc r ibed .  

INTRODUCTION 

When us ing  r e v e r s e  phase h i g h  performance l i q u i d  chromatography 

(RP-HPLC) as t h e  method f o r  s e p a r a t i n g  p e p t i d e  f r agmen t s ,  a r i s i n g  

from t r y p s i n  d i g e s t i o n ,  i m p u r i t i e s  i n  t r y p s i n  can i n t e r f e r e  w i t h  

o b t a i n i n g  a t r u e  p e p t i d e  p r o f i l e .  These i m p u r i t i e s  which a r e  

co -e lu t ed  with t h e  p e p t i d e  f r agmen t s ,  may be d e t e c t e d  when l a r g e  

amounts of t r y p s i n  a r e  r e q u i r e d  f o r  complete  d i g e s t i o n  of  p r o t e i n  

o r  when t h e  p e p t i d e  fragment  s e p a r a t i o n  i s  monitored a t  h i g h  l e v e l s  

of s e n s i t i v i t y .  
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1766 STRICJLLER, GEMSKI, AND DOCTOR 

S e p a r a t i o n  of p e p t i d e  f r agmen t s  i s  commonly used t o  " f i n g e r -  

p r i n t "  o r  demonstrate  t h e  s i m i l i a r i t i e s  o r  d i f f e r e n c e s  i n  t h e  

sequences of a s e r i e s  of p r o t e i n s . ( l )  The s e p a r a t i o n  p r o c e s s  may 

a l s o  be employed t o  p u r i f y  t h e  p e p t i d e  f r agmen t s  f o r  f u r t h e r  cha rac -  

t e r i z a t i o n .  ( 2 )  I n  e i t h e r  c a s e  t h e  p re sence  of t r y p s i n  i m p u r i t i e s  

c o - e l u t i n g  with t h e  p e p t i d e  p r o f i l e  cou ld  be misleading.  

A method i s  here-by d e s c r i b e d  f o r  t h e  p u r i f i c a t i o n  of m i l l i -  

gram amounts of commercial ly  p repa red  bovine t r y p s i n .  

MATERIAL AND METHODS~ 

Reagents 

TCPK-treated t r y p s i n  was purchased from M i l l i p o r e  Corp., Bed- 

f o r d ,  MA, and DPCC t r e a t e d  t r y p s i n  from Calbiochem, La  J o l l a ,  CA, 

and Sigma Chemical Co., S t .  Lou i s ,  MO. A c e t o n i t r i l e  and t r i f l u o r o -  

a c e t i c  a c i d  of HPLC grade  were o b t a i n e d  from F i s h e r  S c i e n t i f i c ,  

S i l v e r  Spr ing ,  MD. The N a- p-Tosyl-L- Arg in ine  methyl e s t e r  

hydroch lo r ide  (TAME) was o b t a i n e d  from A l d r i c h  Chemical Co., 

Milwaukee, W I .  A l l  o t h e r  chemica l s  were of a n a l y t i c a l  r e a g e n t  

grade.  

I n s  t r urne n t  a t i on 

A Waters A s s o c i a t e s ,  ( M i l f o r d ,  MA), l i q u i d  chromatograph con- 

s i s t i n g  of two M6000A s o l v e n t  d e l i v e r y  systems,  a M660 s o l v e n t  

f low programmer, a U6K u n i v e r s a l  i n j e c t o r ,  a M440 absorbance 

d e t e c t o r  s e t  a t  280nm, a M450 v a r i a b l e  wavelength d e t e c t o r  and a 

M730 d a t a  module was u t i l i z e d .  Enzymatic a c t i v i t y  was measured 

u s i n g  a Beckman Spectrophotometer  UV 5230 equipped w i t h  an au tomat i c  

sample changer.  
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COMMERCIALLY PREPARED BOVINE TRYPSIN 1767 

Chromatographic Procedure 

A 30 minute l i n e a r  g r a d i e n t  was run  a t  a flow rate of 2ml/min 

on a p Bondapak C18 column (3.9mmx 30cm), Waters Assoc ia tes .  The 

mobile phase c o n s i s t e d  of s o l u t i o n  A, 0.1 % aqueous t r i f l u o r o -  

a c e t i c  a c i d  (TFA) and s o l u t i o n  B,  a c e t o n i t r i l e - 0 . 1 %  TFA run  from 

100% A t o  45% B. The column e f f l u e n t  was monitored a t  215nm and 

280nm. A l l  s e p a r a t i o n s  were c a r r i e d  out  a t  ambient temperature .  

Enzymatic A c t i v i t y  Procedure 

A s t o c k  s o l u t i o n  of t r y p s i n  a t  a c o n c e n t r a t i o n  of 5mg/ml w a s  

prepared i n  0.001N HC1. From t h i s  s t o c k  200 9 (0.84mg as  ca lcu-  

l a t e d  by t h e  absorbance a t  280nm, E280'14.3) was i n j e c t e d  i n t o  

the  l i q u i d  chromatograph and e l e v e n  f r a c t i o n s  were c o l l e c t e d  as 

descr ibed  i n  t h e  Resul t s  and Discussion.  Af te r  l y o p h i l i z a t i o n  t h e  

f r a c t i o n s  were r e c o n s t i t u t e d  i n  1 . 2 m l  of 0.001N H C 1  and t h e  p r o t e i n  

c o n c e n t r a t i o n  of each was c a l c u l a t e d  as  descr ibed  above. The f r a c t -  

i ons  were then d i l u t e d  w i t h  0.001N H C 1  t o  a c o n c e n t r a t i o n  range 

between 10-20 ug/ml. Al iquots  (0.3ml) of t h e  s u b s t r a t e  TAME, 

0.001M i n  d i s t i l l e d  water ,  and (2.6ml) of 0.046M T r i s - H C 1  b u f f e r ,  

pH = 8.1, mixed with 0.0115M CaC12  were incubated  a t  25°C f o r  3 

minutes  t o  e s t a b l i s h  a b a s e l i n e  a t  247nm. A t  zero  t i m e ,  O . l m l  of 

t h e  d i l u t e d  p r o t e i n  f r a c t i o n  was added and r e a c t i o n  r a t e s  determined 

a f t e r  3 minutes by the  change i n  absorbance. A c t i v i t y  w a s  ca lcu-  

l a t e d  i n  uni ts /mg of p r o t e i n  us ing  t h e  fo l lowing  equat ion:  

dA247Imin x 3 x 1000 
u/mg p r o t e i n  = 

540 x mg Tryps in  ( 3 )  
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1768 STRICKLER, GEMSKI, AND DOCTOR 

RESULTS AND DISCUSSION 

The source of t h e  s p u r i o u s  peaks i n  t h e  p e p t i d e  fragment  s e p a r -  

a t i o n s  was t r a c e d  t o  i m p u r i t i e s  i n  t r y p s i n  by chromatographing 

s o l u t i o n s  of t r y p s i n  wi th  c o n c e n t r a t i o n s  of t r y p s i n  e q u a l  t o  t h a t  

be ing  used i n  t h e  p r o t e i n  d i g e s t i o n s .  Three r e p r e s e n t a t i v e  commer- 

c i a l  s o l u t i o n s  of t r y p s i n ,  a t  c o n c e n t r a t i o n s  of  lmg/ml were ana lyzed  

by HPLC t o  d e t e c t  t h e  p re sence  of i m p u r i t i e s .  A l l  t h r e e  samples ,  

e x h i b i t e d  similar i m p u r i t i e s  a s  shown in F i g u r e s  1, 2 and  3. A 

1 
I I I I I I I 

0 5 I 0  15 20 25 30 35 
TIME (MINI 

FIGURE 1 

S e p a r a t i o n  of 100 ug of Bovine T r y p s i n  ( M i l l i p o r e ) ,  (1) t r y p s i n .  

Column: URondapak C18 (3.9mm x 30cm), Grad ien t :  30 min., 

l i n e a r .  Flow r a t e :  2.0ml/min. Mobile Phase: 100% aqueous,  

0.1% t r i f l u r o a c e t i c  a c i d  (TFA) t o  45% a c e t o n i t r i l e ,  0.1% TFA / 55% 

aqueous 0.1% TFA. Columnm tempera tu re :  ambient.  
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FIGURE 2 

S e p a r a t i o n  of 1 O O u g  of Bovine T r y p s i n  (Sigma),  ( 1 )  t r y p s i n .  

0.4 

I I I 0 4 Ib Ik i0 25 30 35 
TIME (MINI 

FIGURE 3 

S e p a r a t i o n  of 100 pg of Bovine T r y p s i n  (Calbiochem),  ( 1 )  t r y p s i n .  
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1770 STRICKLER, GEMSKI, AND DOCTOR 

-7 

0 5 I0 15 20 25 30 35 
TIME IMIN) 

FIGURE 4 

Separa t ion  of Img of Bovine T r y p s i n  (Sigma), c o l l e c t e d  fractions 

a r e  i n d i c a t e d  by numbers 1-11. 

mi l l ig ram of t r y p s i n  (Sigma) was chromatographed (F igure  4 )  and 

four  m i l l i l i t e r  f r a c t i o n s  were c o l l e c t e d  f o r  28 minutes  fol lowed 

by two m i l l i l i t e r  f r a c t i o n s  dur ing  t h e  next  s i x  minutes. A f t e r  

l y o p h i l i z a t l o n  and r e c o n s t i t u t i o n  the  amount of p r o t e i n  in e a c h  

f r a c t i o n  was c a l c u l a t e d  us ing  the  absorbance a t  280nm. The f r a c t -  

i o n s  were a l s o  assayed  f o r  enzymatic a c t i v i t y  us ing  t h e  TAME proce- 

dure ,  which i s  s p e c i f i c  f o r  t r y p s i n .  The r e s u l t s  a r e  summarized 

i n  Table  1. 
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COMMERCIALLY PREPARED BOVINE TRYPSIN 1771 

TABLE 1 
P r o t e i n  Concent ra t ions  and Enzymatic A c t i v i t i e s  of t h e  
F r a c t i o n a t e d  Try p s i  n . 

F r a c t i o n  Time (min) Concenta t i o n  A c t i v i t y  
Number (mg/ml c a l c )  ( uni  t s /mg 

p r o t e i n )  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
S t a r t i n g  

4 
8 

1 2  
16 
20 
24 
28 
30 
32 
34 
38 

sample __ 

0.0168 
0.0133 
0.0091 
0.0175 
0.023 1 
0.0245 
0.0280 
0.0637 
0.2541 
0.0203 
0.0147 
0.8484 

3.7 
8.3 

53.1 
151.5 
45.1 
47.8 

135.8 

F r a c t i o n  9 ,  which c o n t a i n s  t h e  major peak, showed a h igher  s p e c i f i c  

a c t i v i t y  than t h e  o r i g i n a l  sample as i n d i c a t e d  i n  Figure 5. A 57% 

recovery  ( c a l c u l a t e d  on t h e  b a s i s  of t h e  absorbance a t  280nm) w a s  

ob ta ined  from t h e  chromatographic s e p a r a t i o n .  An a l i q u o t  of f r a c t -  

i o n  9 was rechromatographed t o  confirm i t s  p u r i f i c a t i o n  (F igure  

6 ) .  The p u r i f i e d  m a t e r i a l  used i n  subsequent  d i g e s t i o n s  gave 

c l e a n  t r y p t i c  blank runs. 

During t h e  development of t h e  p u r i f i c a t i o n  method f o r  t r y p s i n  

s e v e r a l  i n t e r e s t i n g  o b s e r v a t i o n s  were made. A comparison of 

chromatographic p r o f i l e s  of f r e s h l y  prepared s o l u t i o n s  of t r y p s i n  

wi th  ones t h a t  had been s t o r e d  showed t h e  major peak, r e p r e s e n t i n g  

t r y p s i n ,  t o  change i n  shape and decrease  i n  a r e a  whereas some of  

the  peaks, r e p r e s e n t i n g  i m p u r i t i e s  i n c r e a s e d  i n  a rea .  S i m i l a r  
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FIGURE 6 

FRACTION 

FIGURE 5 

Fractionation of Trypsin by HPLC. 

1 I I I I 1 1 A 5 10 15 20 25 30 35 
TIME (MINI 

Rechromatography of fraction 9, (1)  trypsin. 
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k 5 10 I5 20 25  30 35 40 
I I I I I I I I 

TIME (MINI 

Figure  7 

Chromatogram of 50 Ilg of t r y p s i n  ( M i l l i p o r e ) ,  (1) p o s s i b l y  t h e  

and forms of t r y p s i n .  Column: 1-1 Bondapak C18 (3.9mm x 30cm), 

Grad ien t :  30 min., l i n e a r .  Flow r a t e :  1.5ml/min. Mobile Phase: 

12% a c e t o n i t r i l e ,  0.1% TFA / 88% aqueous,  0.1% TFA t o  45% a c e t o n i -  

t r i l e ,  0.1% TFA / 55% aqueous,  0.1% TFA. Column t empera tu re :  

ambient.  

chromatographic  p r o f i l e s  were a l s o  seen  i n  comparing l y o p h i l i z e d  

samples s t o r e d  f o r  l e s s  t h a n  one month t o  m a t e r i a l  ma in ta ined  f o r  

f o u r  months a t  0°C. These o b s e r v a t i o n s  a r e  c o n s i s t e n t  w i t h  t h e  

f a c t  t h a t  t r y p s i n  n o t  on ly  undergoes a u t o d i g e s t i o n  i n  s o l u t i o n  bu t  

i n  l y o p h i l i z e d  samples  as wel l .  ( 4 ,  5)  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
2
2
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



1774 STRICKLER, GEMSKI, AND DOCTOR 

The change i n  shape of t h e  major t r y p s i n  peak s t r o n g l y  sugges t -  

ed  t h a t  t h i s  peak w a s  no t  homogenous. By a d j u s t i n g  t h e  chromato- 

g r a p h i c  c o n d i t i o n s ,  a s  shown i n  Figure 7,  two d i s t i n c t  peaks were 

r e s o l v e d  from t h e  s i n g l e  t r y p s i n  peak. M u l t i p l e  forms of t r y p s i n  

have been s e p a r a t e d  by o t h e r s  u s i n g  column chromatography on SE- 

Sephadex. T h i s  t echn ique  h a s  demonstrated t h a t  t h e  predominant 

forms, a 

t r y p s i n .  ( 5 )  

and 6 , are always p r e s e n t  i n  commercial ly  a v a i l a b l e  

The method d e s c r i b e d  i n  t h i s  pape r  p r o v i d e s  a r a p i d  and s imple  

means of f u r t h e r  p u r i f y i n g  commercial ly  p repa red  t r y p s i n .  The u s e  

of p u r i f i e d  t r y p s i n  i n  p r o t e i n  d i g e s t i o n s  y i e l d s  a t r u e  chromato- 

g r a p h i c  pep t ide  p r o f i l e .  T h i s  i s  e s p e c i a l l y  c r u c i a l  when l a r g e  

amounts of t r y p s i n  a r e  needed f o r  p r o t e i n  d i g e s t i o n  o r  when monitor- 

i n g  a t  h i g h  s e n s i t i v i t i e s  on HPLC. The procedure a l s o  demons t r a t e s  

t h e  p o t e n t i a l  of  RP-HPLC f o r  t h e  f i n a l  p u r i f i c a t i o n  of o t h e r  enzymes 

a s  w e l l  a s  t h e  s e p a r a t i o n  of  d i f f e r e n t  p r o t e i n  forms and p e p t i d e  

cha ins .  
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