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Carboxyl lc  p r o t e i n a s e s ,  e spec ia l ly  the pepsins  of var ious  an imals  and rennin  or chymos in  find wide p r a c -  
t i ca l  use ,  but to obtain spec imens  of these  p ro te inases  with a high degree  of pur i ty  in p r epa ra t i ve  amounts r e -  
mains  a difficult t ask .  

Anion-exchange r e s i n s  main ly  based  on ce l lu lose  a r e  usual ly  used for  the chromatograph ic  f rac t ionat ion 
of pro te ins  with a low l soe lec t r l c  point. Sorbents based  on inorganic m a t e r i a l s  (sil ica - Silochrome) have a 
number  of advantages  over  organic  m a t r i c e s .  The inorganic ma t r i x  of Sl lochrome with amino groups im-  
mobi l ized  on the su r f ace  of the support  does not con t rac t  or  swell  in solvents  and is s table  to the act ion of acids 
and organic  solvents .  The mac ropo rous  suppor t  (250-700 ]k) has no denaturing act ion on the labile  molecule  of 
an enzyme.  The pa r t i c l e  s ize  of Si lochrome (0.25-0.5 ram) ensures  a high r a t e  of flow of the solution. Such an 
ion-exchange m a t e r i a l  can be used repea ted ly .  We have shown the poss ib i l i ty  of obtaining analyt ical  amounts  of 
porc ine  pepsin  by ch roma tog raphy  on a column of Aminos i lochrome C-80 [1]. The p resen t  communica t ion  is 
devoted to a descr ip t ion  of the p r e p a r a t i v e  separa t ion  and purif icat ion of a number  of carboxyl ic  p ro t e inases :  
the sepa ra t ion  of calf  peps in  and chymos in  and the purif icat ion of bovine and porc ine  pepsins on Aminos i lo -  
ch rome .  

The p r e s e n c e  of a l a rge  number  of c a rbexy  groups on the su r face  of an enzyme when the number  of r e s i -  
dues of bas ic  amino acids is low sh i f t s  the i soe lec t r i c  points of the carbexyl ic  p ro te inases  into the acid reg ion  
(pI of pepsin atout 2.0) or  the  weakly  acid region (pI of the chymosins  about 4.5). Knowing the values  of pI 
enabled us to se l ec t  the conditions [1] for  the sorpt ion and desorpt inn of p ro te inases  on amina ted  Si lochrome.  
Sorption of the enzymes  was c a r r i e d  out at  pH 5.5. At this pH the poss ib i l i ty  of autolysis  is r educed  to a mini -  
m u m  and at the s a m e  t i m e  the enzymes  pos se s s  a cha rge  opposi te  in sign to that  of the anion-exchange ma te r i a l .  
The convers ion  of the enzymes  into the i soe lec t r i c  s ta te  ensu re s  the suppress ion  of these  ionic in teract ions  and 

the i r  desorpt ion.  
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Fig. 1. Chromatography of a preparation of pepsin and chymosin f rom calf stomach on Aminosllochrome 
C-80 (along the axis of ordinates readings of a Uvicord 11 instrument, LKB, Sweden, The arrows show 
the beginnings of elutien): 1) 0.005 M HC1, pH 2.5; 2) 0.05 M HC1, pH 1.6. Peak A) an impurity possessing 
no enzymatic activity; B) chymosin; c) calf pepsin. For the experimental conditions, see text. 

Fig. 2. Chromatography of a commercial  preparation of bovine pepsin (a) and of porcine pepsin (b) on 
AminosUochrome C-120: peak A) inactive impurity; B) minor components of the pepsin; C) bovine pep- 

s i n ;  D) porcine pepsin. Symbols and elutien conditions as for Fig. 1. 

Fig: 3. l~urification of a commercial  preparation of porcine pepsin on Aminosilochrome C-120 under 
static conditions: peak A) inactive impurity; B) minor components of the pepsin; C) porcine pepsin. 

The pepsins were eluted from the column with 50 mM HCI, pH 1.6; the HC1 was eliminated f rom the pep- 
sin-containing eluates by means of an anion-exchange resin in the OH- form (instead of dialysis) which con- 
siderably shortens the time of preparation of the enzyme for freeze-drying.  However, on storage the activity 
of such a f reeze-dr ied  preparation gradually fell by approximately 30% and its solubility decreased. Apparently, 
dry preparations of pepsin in which practically all the carboxy groups are protonated are  unstable. In view of 
this the enzyme was stabilized by adding 30 moles of sodium acetate per mole of pepsin, which approximately 
corresponds to the number of f ree  COOH groups in its molecule. Under these conditions the pH of a solution 
of the pepsin remained at 4.8. The preparation obtained by f reeze-drying of such a solution dissolves readily 
and retains a high activity for a long time - for at least six months (on storage in a desiccator at 4°C). 

As can be seen f rom Figs. 1-3, the conditions of ion-exchange fractionation of vvacidicn proteinases f rom 
various sources are  similar and a single chromatographic process permits the clear separation of related 
enzymes such as calf pepsin and chymosin, the separation of the minor pepsins of the ox and the pig f rom the 
forms of the pepsin present in major amount, and the production of specimens with a high degree of purity in 
practically quantitative yield. The high degree of purification is shown by the high values of the specific activi- 
ties of the enzymes. 

The specimens of porcine and bovine pepsins obtained were homogeneous according to disk electrophore-  
sis in polyacrylamide gel, and the chymosin preparation showed the presence of three bands of closely similar 
mobilities corresponding to isoforms of this enzyme. It must be emphasized that Aminosilochrome is particu- 
lar ly convenient as a sorbent for the isolation of proteins under static conditions. In this case,  the sorptinn- 
desorption of the enzyme does not include lengthy operations which enables the t ime of purification to be sub- 
stantially shortened. Thus, one working day is sufficient for the isolation of 10 g of pure pepsin by the method 
descr ibed. 

E X P E R I M E N T A L  

Preparation of the Aminosilochrome. To 200 g of SUochrome C-80 or C-120 in 600 ml of ethanol was 
added 30 ml of 7-aminopropyltrtethoxydilane, the mixture was s t i r red  and was kept at 37°C for 72 h, and then, 
with st irr ing,  10 ml of concentrated HC1 was added dropwise and after 15-20 rain the excess of 7-aminopro.pyl- 
triethoxysilane was eliminated by washing with ethanol (3-4 × 1 liter) and with distilled water (twice). Where 
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n e c e s s a r y ,  the p r e p a r a t i o n  was dr ied  at 70°C for  a day. The capac i ty  [2] of the p repa ra t ion  of Aminos i lochrome  
obtained amounted to 0.30-0.35 meq /g .  The loading of the AminosUochrome  with pro te in  a m o u n t e d t o  100 m g / g  
of sorbent .  

The  proteoly t ic  ac t iv i t ies  of the spec imens  w e r e  de te rmined  by Ansonls method [3, 4]. To 1 ml  of a 2% 
solution of hemoglobin,  pH 2.0, p rev ious ly  heated at  37°C for  3 rain was added the number  of m i c r o l i t e r s  of the 
enzyme that  co r r e sponded ,  judging f r o m  the opt ical  densi ty  of the enzyme solution at  280 nm,  to app rox ima te ly  
10 /zg of pure  popsin.  The mix tu re  was kept  at 37°C for  10 min.  The r eac t i on  was stopped by  the addition of 5 
ml  of a 5% solution of t r i ch lo r ace t i c  acid (TCA). The r eac t ion  mix tu re  was kept at 37°C for  another  2 min and 
was then cooled to 20°C over  30 min and f i l t e red  through a f i l te r  paper  for  f ine p rec ip i t a t e s ,  and the opt ica l  
dens i ty  of the f i l t r a t e  was m e a s u r e d  at 280 n m  agains t  the contro l  sample .  In the control  s amp le  a solution of 
hemoglobin was incubated at 37°C for  10 min,  and then 5 ml of TCA and, only a f te r  th i s ,  the enzyme solut ions 
w e r e  added. The number  of units of ac t iv i ty  was ca lcula ted  f r o m  the fo rmula  

a.u./o.o. = -~E2~ • 1C00/E2~ • 1/, 

where  AE~0is the opt ical  dens i ty  of the TCA f i l t r a te  of the exper imenta l  s amp le  (after deduction of the control) ,  
1000 is a f ac to r ,  E280 is the opt ical  densi ty  of the solution of the enzyme under invest igat ion,  V is the volume of 
the enzyme  samp le ,  /zl, and a .u . /o .u ,  is ac t iv i ty  u n i t s / o p t i c a l  units.  

Dete rmina t ion  of Milk-clot t ing Act iv i ty  by  GinodmanTs Method [5]. To 3 ml  of a 0.5% solution of d r y  de-  
fatted' mi lk  in 0.1 M ace ta te  buffer ,  pH 5.6, and in 0.03 M CaC12 p rev ious lyhea ted  at37°C for  3rain was added 
that  number  of m t c r o l i t e r s  of enzyme that  co r r e sponded  to approx ima te ly  1 # g  of pur i f ied pepsin or  chymosin ,  
and the mix tu re  was s t i r r e d  and was kept  in the water  bath  at 37°C with per iodic  s t i r r i n g  by means  of a g lass  
rod.  The t i m e  of appea rance  of f locs was r e c o r d e d  by means  of a stopwatch.  The ac t iv i ty  (a.u./o.u.)  was  c a l -  
culated f r o m  the fo rmula :  

a.u./o.u. = lO00/E2so • V. t, 

where  E280 is the opt ical  densi ty  of the solution of enzyme under invest igat ion at 280 nm,  V is the volume of the 
solution of enzyme  invest igated,  ml,  and t is the t ime  of appea rance  of the f i r s t  f l ecs  of milk,  sec .  

Chromatography  of a P repa ra t ion  of Chymosin.  To 100 g of a mix tu re  of chymosin  and pepsin f r o m  calf  
s t o m a c h  was  added 700 ml  of 0.1 M ace ta te  buffer ,  pH 5.6, and it was dialyzed aga ins t  the s a m e  buffer  o v e r -  
night and was then centr i fuged at 8000 r p m .  The p rec ip i t a te  was discarded.  The superna tant ,  the ac t iv i ty  of 
which in the c leavage  of hemoglobin was 2.8 a .u . /o .u ,  and in the clot t ing of milk  2400 a . u . / o . u  was deposi ted at 
the r a t e  of 3 m l / m i n  on a column containing 100 g of Aminos i lochrome  C-80 equi l ibra ted with 0.1 M ace ta te  
buffer ,  pH 5.6. Then the column was washed with 0.1 M ace ta te  buffer ,  pH 5.6, to E280=0.1 in the eluate.  

The  chymosin  was eluted with 0.005 M tIC1, pH 2.5. The yield of chymos in  was 16% (970 rag) of the to ta l  
p ro te in  deposi ted on the column,  or  80?0 of the to ta l  mi lk-c lo t t ing  ac t iv i ty  and 870 of the to ta l  hemoglobin act ivi ty;  
the ac t iv i ty  of the spec imen  obtained in r e la t ion  to the c leavage  of hemoglobin was 4 a .u . /o .u ,  and in re la t ion  to 
the clot t ing of milk  20,000 a . u . / o . u .  The pepsin was eluted with 0.05 M HC1, pH 1.6. The yield of cal f  pepsin 
was 5% (300 mg) of the  to ta l  pro te in  deposi ted on the  column, and 2070 of the to ta l  mi lk -c lo t t ing  ac t iv i ty  and 
5070 of the to ta l  hemoglobin act ivi ty .  The ac t iv i ty  of the  spec imen  obtained was 34 a .u . /o .u ,  with r e s p e c t  to the 
c leavage  of hemoglobin and 11450 a . u . / o . u ,  with r e s p e c t  to the clot t ing of milk.  The column was r e g e n e r a t e d  
with 1 M ItC1 and was then equi l ibra ted with 0.1 M ace ta te  buffer ,  pH 5.6. All the opera t ions  were  c a r r i e d  out 
at  4°C. 

Chroma tog raphy  of Bovine Pepsin.  To 115 g of a c o m m e r c i a l  p repa ra t ion  of bovine pepsin was added 
2400 ml  of  0.1 M ace t a t e  buf fe r ,  pH 5.5, and then the mix tu re  was s t i r r e d  and was cent r i fuged at  8000 r p m  
for  20 min.  The p rec ip i t a te  was d iscarded .  The superna tan t ,  the ac t iv i ty  of which in re la t ion  to the c leavage  
of hemoglobin was 2.4 a . u . / o . u . ,  was deposi ted at the r a t e  of 4 m l / m i n  on a column containing 180 g of Amino-  
s f l e c h r o m e  C-120 equi l ibra ted  with 0.1 M ace ta te  buffer ,  pH 5.5. The column was washed with the s a m e  buffer  
to E~0=0.2  in the  e luate ,  and then with 0.005 M HC1 to E~80=0.08. The pepsin  was eluted with 0.05 M HC1, pI-I 
1.6. The yield of bovine pepsin  was 7.370 (1.5 g) of the to ta l  prote in  deposited on the column or 7470 of the total  
pro teoly t ic  act ivi ty.  The ac t iv i ty  for  the p repa ra t ion  of bovine pepsin  obtained with r e s p e c t  to hemoglobin was 
24.5 a . u . / o . u .  

Chroma tog raphy  of Porc ine  Pepsin.  To 40 g of a c o m m e r c i a l  p repa ra t ion  of porc ine  pepsin was added 
1600 mI of 0.1 M ace ta t e  buffer ,  pH 5.5. The mix tu re  was centr i fuged at 8000 r p m  for  20 m i n .  The prec ip i ta te  
was d iscarded.  The superna tant ,  the ac t iv i ty  of which in re la t ion  to the c leavage  of hemoglobin was 32.8 a . u . /  
o.u. was  deposi ted on a column containing 180 g of Aminos i loch rome  C-120 equi l ibra ted  with 0.1 M ace ta te  buf-  
f e r ,  pH 5.5. Then pur i f icat ion was c a r r i e d  out as in the ch roma tog raphy  of bovine pepsin.  The yield of porc ine  
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pepsin was 10 g or 47% of the total  amount of protein deposited on the column, and 100% of the total  pro teo-  
lytic activity.  The act ivi ty of the specimen obtained was 74.3 a .u . /o .u .  

Acce lera ted  Method of l~trifying a Commerc ia l  Prepara t ion  of Porcine  Pepsin on Aminosi lochrome.  To 
40 g of a commerc i a l  prepara t ion  of  porcine pepsin was added 1800 ml of a 0.1 M acetate  buffer ,  pH 5.5, and the 
mixture  was s t i r r e d  and centr ifuged as descr ibed  above. The supernatant ,  the act ivi ty of which was 24.2 a . u . /  
o .u. ,  was t r a n s f e r r e d  to a 3 - l i t e r  beaker  with 180 g of Aminosi lochrome C-120 equil ibrated with 0.1 M aceta te  
buffer ,  pH 5.5. The mixture  was kept for  1 h with the periodic s t i r r ing  up of the ion-exchange mater ia l .  The 
solution was r emoved  by decantation,  a f t e r  which the Aminosi lochrome was washed with the initial buffer (3 × 1) 
l i ter  and then with 0.005 M HC1 (7 × 1 l i ter)  until the pH of the eluate had fal len to 2.5 and E280 = 0.1. The pepsin 
was desorbed by washing the Aminosi lochrome with0.05 M HC1, pH 1.6, the ion-exchange mater ia l  being c a r e -  
ful ly s t i r r e d  up {3 × 800 ml). The pepsin solutions separa ted  f rom the Aminosi lochrome by decantation were  
combined and were  neut ra l ized  with 270 ml of AV-16 GS anion-exchange r e s in  in the OH- f o r m  with a contact  
t ime  of 20 rain and periodic s t i r r ing .  During neutral izat ion,  the solution gradual ly became turbid ( i s . e lec t r i c  
point of the pepsin), and then at pH 3.7 it became t ransparen t .  The anion-exchange r e s in  was separa ted  f r o m  
the enzyme solution by f i l t ra t ion through a glass f i l te r  No. 1. Then the pepsin was stabi l ized by the addLtLon of 
30 pmole  of sodium aceta te  per  1 /~mole of enzyme. To the resul t ing  solution of pepsin, containing 13,000 o.u.,  
G.5 ml of a 10% solution of sodium acetate  (about pH 4.8) was added dropwise. After f r eeze -d ry ing ,  9.6 g of 
pure pepsin was obtained. The yield was 45% of the total  protein and 94% of the total  proteolyt ic  act ivi ty de- 
posited on the AminosUochrome.  The activity of the pepsin prepara t ion  obtained in the cleavage of hemoglobin 
was 61 a .u . /o .u .  After s torage  of this pepsin preparat ion at 4°C (in a desiccator)  for  six months, the act ivi ty 
in re la t ion  to hemoglobin was 59.4 a .u . /o .u .  

V. P. Star[kov provided technical  ass i s tance  in the work. 

S U M M A R  Y 

1. The possibi l i ty  has been shown of the prepara t ive  production of a number  of carboxyl ic  prote inases  
by the ion-exchange chromatography of commerc i a l  preparatLons of these  enzymes on a column of Amino- 
s i lochrome C-80 or  C-120. Prepara t ions  of calf  pepsin and chymosin and of bovine and porc ine  pepsins with a 
high degree  of puri ty  have been obtained in prac t ica l ly  quantitative yield. 

2. An acce le ra ted  p repara t ive  method for  txtrlfying commerc i a l  preparat ions  of porcine  pepsin on Amino- 
s i lochrome C-120 by the sorpt ion-desorpt ion  of the enzyme under static conditions has been proposed.  
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