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sc 11o87 
Purification of bovine plasminogen 

Partial purifications of bovine plasminogen (EC 3.4.4.14) have been described 1-4 but 
few characterizing data given. When it was reported5, e that, among other o~-amino 
acids, e-ACA and lysine markedly increased the solubility of sparingly soluble human 
plasminogen preparations at neutral pH, these amino acids were tried in the puri- 
fication of human plasminogen7, s. Recently WALL~N9,1° published an improved 
method for the purification of human plasminogen in which the rather specific 
interaction between plasminogen and e-ACA was utilized. This method was used 
for bovine material with suitable modifications. The plasminogen preparation ob- 
tained was almost homogeneous in starch-gel eleetrophoresis at different pH values. 
I t  contains aspartic acid as N-terminal amino acid. 

The starting material used was fresh bovine citrated plasma (I volume o.14 M 
trisodium citrate and 9 volumes blood). The purity and yields throughout the 
different steps were followed by analyses of the freeze-dried fractions. The proteolytic 
activity obtained after activation with urokinase (human urokinase n containing 
about 500 Ploug and Kjeldgaard units/mg) was usually determined by a caseinolytic 
method TM, but the purer fractions were also assayed for fibrinolytic activity by a 
clot lysis technique using reagents free from plasminogen 13. Homogeneity was 
tested by starch-gel electrophoresis za. The N-terminal analyses were carried out 
by the Edman technique as applied by ERIKSSON AND SJOQUIST 15. 

The procedure elaborated for the purification of bovine plasminogen is as 
follows: From 301 of bovine citrated blood, 161 of plasma are obtained and Fraction I 
(mainly fibrinogen) precipitated according to Method 6 of COI~N et al. TM. After cen- 
trifugation the supernatant is adjusted to pH 5.3 with acetic acid, whereupon most 
of the plasminogen precipitates. This precipitate (Fraction IP), which usually con- 
tains about IOO g of protein (dry weight), is used directly for further fractionation. 
It  is suspended in 3.3 1 distilled water at o ° by means of a vibrating mixer (Vibro- 
Mischer, Chemap A.G., M/~nnedorf, Switzerland) and the slurry is acidified to pH 4-5- 
4.6 with acetic acid. To the opaque solution obtained, 74 ml of 4 M sodium acetate 
are added, giving an ionic strength of about 0.08 and a pH of 5-4 ~- o.I. The plas- 
minogen activity again precipitates. It  is then dissolved and precipitated once more 
as described above. The precipitate thus obtained is suspended in 1.2 1 distilled water 
at o ° by using the Vibro-Mischer and the pH is adjusted to 4.5-4.6 with acetic acid 

Abbreviation: e-ACA, e-aminocaproic acid. 
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in order to dissolve most of the protein. 300 ml I M e-ACA solution at o ° was added. 
The pH rises to 5-3-5.5 and a heavy precipitate consisting of inert proteins is formed. 
The activity remains in the supernatant (Fraction B) which after centrifugation is 
clear. From this solution more impurities are precipitated by adding methanol and 
(NH4)2SO 4 to a final concentration of 20% and o.o16 M, respectively. The pH is 
adjusted to 4.0 with acetic acid and the temperature is lowered to --3 ° . To the 
supernatant  more methanol and (NH4)2SO 4 are added to give a final concentration 
of 40% methanol and 0.o 4 M (NH4)2SO 4 at 15 °. The plasminogen precipitate 
obtained under these conditions is centrifuged down and freeze-dried (Fraction B2,3). 
This fraction is further purified on CM-cellulose (from Serva Entwicklnngslabor, 
Heidelberg, Germany). The plasminogen activity is adsorbed on a CM-cellulose 
column previously equilibrated with a 0.04 M sodium phosphate-o.o2 M e-ACA 

T A B L E  I 

P U R I F I C A T I O N  A N D  Y I E L D S  O F  B O V I N E  P L A S M I N O G B N  

The  figures f rom Frac t ions  IP,  B and  B2,3 refer to m e a n  and  range  f rom II  p r epa ra t i ons  and  
the  figures f rom Frac t ion  CMC-II  are m e a n s  and  ranges  f rom 4 p repara t ions .  As s p o n t a n e o u s  
pro teo ly t ic  ac t iv i t ies  in all p repa ra t ions  are less t h a n  o.i  % of  the  cor responding  p l a sminogen  
va lue  t h e y  are no t  inc luded  in t he  table.  Pur i f icat ion factor  -- the  specific ac t iv i ty  of  the  frac- 

t ion d ivided by  the  specific ac t iv i ty  of  F rac t ion  IP.  

Fraction Fraction IP Fraction B Fraction B2,3 CMC-II 

Specific caseinolyt ic  ac t iv i ty  2.9 29 58 139 
(ACU/mg)* (2.3-3.9) (23-39) (46-78 ) (12o-163) 

Pur i f ica t ion  fac tor  (I) lO. 3 20.6 47.9 
(8.o-14.4) (17.2-26.9) (41.4-56.2) 

Yield of  p l a sminogen  (%) 29 31 6 
(IO0) (20--42) (18-4I)  (4--I0) 

* Caseinolyt ic  ac t iv i ty  per  m g  freeze-dried ma te r i a l  a f te r  ac t iva t ion  wi th  urokinase .  ACU = 
A r b i t r a r y  Caseinolyt ic  U n i t s  as used  by  WALL]~N 9. 

buffer (pH 6.0). Most of the inert protein passes through the column and material 
not adsorbed is washed out from the column with equilibration buffer (Fraction 
CMC-I). Plasminogen activity can then be eluted by  a 0.02 M sodium phosphate-  
0.02 M e-ACA buffer (pH 7.0) (Fraction CMC-II). More plasminogen activity is 
eluted by  changing to 0.08 M sodium phosphate 0.02 M e-ACA (pH 7.0) (fraction 
CMC-III). After acidifying the effluents to pH 4.5-5.0 with acetic acid the protein 
in the different fractions is precipitated at --15 ° by adding ethanol (about --60 ° ) 
and (NH4)2SO a to a final concentration in the mixture of 30% and 0.035 M, respec- 
tively. The precipitates are collected by centlifugation and freeze-dried. The fractions 
contain small amounts of (NH4)2SO4 and e-ACA which can be removed by gel filtration 
through Sephadex G 75 (AB Pharmacia, Uppsala, Sweden). 

The purification and yields of plasminogen have been compiled in Table I. The 
Fractions CMC-II and CMC-III show about the same specific caseinolytic activity. 
Fraction CMC-II appears to be almost homogeneous, however, while Fraction CMC- 
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n i  conta ins  at  least  two components  as shown b y  the  s tarch-gel  e lec t rophore t ic  
p a t t e r n  (Fig. I).  The ni t rogen content  of  the  gel-fi l tered F rac t i on  CMC-II  varies  
be tween 15 and 16% as de te rmined  b y  a mic ro -Kje ldah l  technique.  The  only  N- 
t e rmina l  amino acid  found is aspar t ic  acid, amoun t ing  to one mole per  75 ooo -  
85 ooo g of p ro te in  when cor re la ted  to  the  yield of  aspar t ic  acid from a crys ta l l ine  
bovine  serum a lbumin  p repara t ion ,  run s imul taneously .  

In  con t ras t  to h u m a n  mater ia l ,  bovine  p lasminogen p repa ra t ions  were found 
to conta in  l i t t le  or no spontaneous  p ro teo ly t i c  ac t iv i ty .  I t  was therefore  unnecessary  

- - :  - - ;  + ÷ 

0 ++ 
- m / I i l  

+)  +~ + - - 

i + , * i * ° * 

INI 2 , 2  ~ ,4. o pH 6+o #I  6 . 0  pl, l lO.+ 

Fig. I. Starch-gel electrophoreses at different pH values of a CM-cellulose (CMC) preparation. 
The electrophoreses are run vertically and descending at o ° for 24 h (pH 4 and IO) or 48 h (pH 2.2, 
6 and 8) with a current density of about 3.5 mA/cm~. The buffers used are: pH 2.2: glycine- 
HC1, I o.i;  pH 4.0:0.03 M sodium acetate-o.o2 M e-ACA, acetic acid is added to pH 4.0; pH 6.0: 
0.03 M NaH~PO4-o.o2 M e-ACA, NaOH is added to pH 6.0; pH 8.0:o.o2 M NaH~PO4-o.o2 M 
e-ACA, NaOH is added to pH 8.o; pH io.o: 0.06 M glycine-o.o2 M e-ACA, NaOH is added 

to pH IO.O. 

to include a s tep  designed to remove this. e-ACA is known to interfere  wi th  the  
ac t iva t ion  of p lasminogen 5. In  the  solut ions used for de t e rmina t ion  of  p ro teo ly t i c  
ac t iv i ty ,  however,  the  concent ra t ion  of e-ACA is too low to interfere.  Yields and  
purif icat ion figures have  been ca lcu la ted  from the  euglobulin p rec ip i t a te  (Frac t ion  IP)  
because of  the  difficulties in measur ing  p lasminogen a c t i v i t y  in p lasma.  As is the  case 
wi th  h u m a n  p lasminogen prepara t ionsg,  17, p lasminogen a c t i v i t y  could be found in a t  
least  two separa te  fract ions.  Al though  differing in s tarch-gel  e lec t rophoret ic  p a t t e r n  
(Fig. I) the  F rac t ions  CMC-II  and  CMC-II I  were found to have  abou t  the  same 
specific p lasminogen a c t i v i t y  wi th  respect  to caseinolyt ic  and  f ibr inolyt ic  proper t ies .  

Chemistry Department II ,  
Karolinska Instituter, 
Stockholm (Sweden) 

KURT BERGSTROM 
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sc TTO93 
Purification of pancreatopeptidase E by batch separation on DEAE-cellulose 

Since  t h e  d i s c o v e r y  o f  t h e  e n z y m e  p a n c r e a t o p e p t i d a s e  E (EC 3.4.4.7, f o r m e r l y  k n o w n  
as e las tase)  b y  BALO AND BANGA 1 m a n y  repor t s  on the  pur i f i ca t ion  of  t he  e n z y m e  

h a v e  a p p e a r e d  in t h e  l i t e r a tu r e  2-s. I t  is t he  purpose  o f  t he  p re sen t  c o m m u n i c a t i o n  to  
ou t l i ne  a r ap id  m e t h o d  for o b t a i n i n g  p r e p a r a t i v e  a m o u n t s  of  pur i f ied  p a n c r e a t o -  

p e p t i d a s e  E b y  b a t c h  s e p a r a t i o n  on D E A L - c e l l u l o s e .  

T h e  source  o f  t h e  c rude  e n z y m e  used  in these  s tudies  was  T r y p s i n  1-3oo (Nut r i -  

t i ona l  B iochemica l s ,  Inc.)  a c o m m e r c i a l  p r e p a r a t i o n  of  porc ine  pancreas .  T h e  pre-  

p a r a t i o n ,  u sua l ly  IO g, was  e x t r a c t e d  w i t h  s o d i u m  a c e t a t e  buffer  fo l lowed  b y  f rac-  

t i o n a t i o n  w i t h  (NH4)2SO 4 acco rd ing  to  LEWIS et al. 4. T h e  r e su l t i ng  " e u g l o b u l i n  

p r e c i p i t a t e "  was  used  as t h e  source  o f  c rude  p a n c r e a t o p e p t i d a s e  E in t h e  e x p e r i m e n t s  
t o  be  descr ibed .  

F o r  t h e  b a t c h  separa t ion ,  i o  g of  D E A E - c e l l u l o s e  ( W h a t m a n  D E  50) are  p laced  

in a 25o-ml  cen t r i fuge  bo t t l e .  The  a d s o r b e n t  is t h e n  w a s h e d  w i t h  t h r ee  5o-ml  a l iquo t s  
o f  Na2COa-HC1 buffer  (pH 8. 9, I 0.04). T h e  t h i rd  wash  is d e c a n t e d  a n d  r ep laced  w i t h  

20 -50  m l  o f  t h e  c rude  p a n c r e a t o p e p t i d a s e  E p r e p a r a t i o n  (about  200 m g  prote in) ,  
p r e v i o u s l y  descr ibed.  T h e  p r e p a r a t i o n  is t h o r o u g h l y  m i x e d  and  t h e n  p l aced  in t he  
cold  for  1.5 h. T h e  suspens ion  is t h e n  c e n t r i f u g e d  a t  3000 r e v . / m i n  a t  4 ° for IO min .  
T h e  s u p e r n a t a n t ,  c o n t a i n i n g  the  p a n c r e a t o p e p t i d a s e  E ,  is t h e n  d e c a n t e d  and  saved .  
T h e  D E A L - c e l l u l o s e  is t h e n  w a s h e d  w i t h  th ree  2o-ml  a l iquo t s  o f  c a r b o n a t e  buffer  

(pH 8.9, I 0.04). D u e  to  t h e  low bu lk  dens i t y  of  t h e  D E A L - c e l l u l o s e  t h e  a d s o r b e n t  
was  compre s sed  w i t h  t h e  a id  o f  a t a m p e r  ( cons t ruc t ed  of  boros i l i ca te  glass) and  the  
r e su l t i ng  l iqu id  was  decan ted .  All  s u p e r n a t a n t s  were  t h e n  poo led  and  f i l te red  t h r o u g h  
W h a t m a n  No.  i f i l ter  p a p e r  to  r e m o v e  e x t r a n e o u s  D E A E - c e l l u l o s e .  T h e  wa te r -  

* Formerly known as elastase. 

Biochim. Biophys. Acta, 77 (1963) 676 679 


