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Purification of thrombin by chromatography 
I n  a p rev ious  pa pe r  z i t  was  shown  t h a t  t e s t i cu la r  h y a l u r o n i d a s e  m a y  be successfu l ly  c h r o m a t o -  

g r a p h e d  on a c o l u m n  of Amber l i t e  IRC-5  o. A l t h o u g h  t he  isoelectric r ange  of purif ied bovine  t h r o m b i n  
p r e p a r a t i o n s  ha s  been  found  to be a b o u t  p H  4.1-4.72, t h r o m b i n  is adso rbed  on glass  s as is hya l -  
u ron idase  4. For  th i s  reason,  c h r o m a t o g r a p h y  of t h r o m b i n  on the  ca t ion  e x c h a n g e r  Amber l i t e  IRC-5 o 
was  also a t t e m p t e d .  

The  t h r o m b i n  used  was  a bovine ,  f reeze-dried p r e p a r a t i o n  f rom Leo P h a r m a c e u t i c a l  P roduc t s .  
T h r o m b i n  ac t iv i ty  was  m e a s u r e d  a t  380 C as follows: To i .o  ml  of p r e w a r m e d  o. i  % f ibr inogen in 
o.I  M s o d i u m  p h o s p h a t e  buffer  a t  p H  6.8 was  added  f rom o.o95 to zero ml  of the  s ame  p h o s p h a t e  
buffer  p lus  f rom o.oo 5 to o.I m l  t h r o m b i n  so lu t ion  to  give a final v o l u m e  of I . I  ml.  The  t ube  was  
s h a k e n  a n d  i m m e d i a t e l y  replaced  in t he  wa t e r  b a t h ;  i t  was  t h e n  r o t a t e d  qu ick ly  by  h a n d  a n d  the  
t ime  in seconds  no ted  un t i l  fibrin t h r e a d  fo rma t ion  occurred.  A s t a n d a r d  curve  w i th  k n o w n  a m o u n t s  
of t h r o m b i n ,  lO-15 ° 7, as absc issa  a n d  t he  co r respond ing  coagula t ion  t imes  in seconds  as o rd ina te  
was p repa red  each  d a y  d e t e r m i n a t i o n s  took  place.  
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Fig. I. C h r o m a t o g r a p h y  of 3 ° m g  t h r o m b i n  p repa ra t i on  
on a 0.9 x 38 cm c o l u m n  of IRC-5  o. E l u a n t :  o. 3 M 
s o d i u m  p h o s p h a t e  buffer,  p H  7.42. Vo lume  of f rac t ions  
1. 5 ml.  O-p ro t e in  con t en t  of f rac t ions  in % of to t a l  

appl ied.  O - t h r o m b i n  c o n t e n t  in % of to ta l  ac t iv i ty .  2c 

Fig. 2. Pur i f ica t ion  of t h r o m b i n  (Ioo m g  applied) by  ] i 
adso rp t ion  on a o.9 x T 5 c m  c o l u m n  of IRC-5  o condi-  
t ioned  wi th  0.05 M s o d i u m  p h o s p h a t e  buffer  of p H  7.o, j o _ _ _ _  
a n d  e lu t ion wi th  0. 3 M s o d i u m  p h o s p h a t e  buffer  of ] \ 

p H  8. O -prote in  ; O - t h r o m b i n .  ~ ~ o - o  . . . .  ~-~.~ 
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Amber l i t e  IRC-5  o of a b o u t  25o m e s h  was  t r e a t ed  success ive ly  w i th  2 N HC1, water ,  z N N a O H ,  
water ,  a n d  the rea f t e r  wi th  p r i m a r y  s o d i u m  p h o s p h a t e  of t he  same  molaxi ty  as t h a t  for t he  e x p e r i m e n t  
un t i l  t h e  p H  of t he  s u p e r n a t a n t  was  a t  t he  desi red value.  The  resin was  t h e n  t r ea t ed  wi th  t he  
appropr i a t e  buffer.  

Fig. z shows  an  e x p e r i m e n t  w i t h  a o.9 × 38 cm c o l u m n  a t  r oom t e m p e r a t u r e  a n d  u n d e r  c i rcum-  
s t ance s  (0.3 M s o d i u m  p h o s p h a t e  buffer,  p H  7.42) where  t he  adso rp t ion  of t h r o m b i n  was  found  
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reversible. 3 ° nag of the th rombin  prepara t ion was dissolved in ca. 0. 5 ml of the buffer and applied 
on the column. Buffer was run  th rough  at  a flow rate of 3 nil per hour  and fractions were collected 
in i .5 nil increments.  The protein levels were nleasured by  absorpt ion in the ultraviolet  at 28o m#.  
Both the protein content  and the th rombin  activity of each fraction in Fig. I is given in per cent 
of total  amoun t  applied. 

I t  is seen from Fig. i tha t  most  of the protein passes directly tb rough  the column in a nar row 
band at  about  14 ml of effluent. The thronlbin activity cluted more slowly, a t ta ining its peak at 
about  the 25th 1ill. The act ivi ty per fraction in tile peak region was 7.,~; ?'i, of tile total  whereas the 
protein was only about  o.2 o{~ of the total  thus  giving a 4e-fold purification. Al though the th rombin  
peak is not  very sharp, nmst  of the cluted activity was found between the 15th and 35tll ml of elttuent. 
Only 68 o{, of the act ivi ty and 94'~[, of the protein at)plied could b(? accounted for in the efttnent. 
I t  was found, however, tha t  purified th rombin  is adsorbed on glass at this buffer concentrat ion 
and p t t .  Elut ion from glass could b~ ettected by i :1[ secondary potass ium phost)hate. The yield 
of only 68 o¢ in this case is probably  to some extent  a result of adsorpt ion on the glass tubes. 

Other  exper iments  nlay l)e sunlnl~rized as follows: Wi th  sodium l)hosphate buffers o.i :lI 
p H  6.o, o.2 3I  pH 6.8, o.2 :ll p H  7.25 and o.2 .1I pH 7.5 no th rombin  activity escaped from the 
colunlns. At o.25 M pH 7.55 and o. 3 3I  p H  7.2 elution of thrombin  took [)lace, bu t  so slowly tha t  
the activity curve was much  more flat than  in Fig. J. 

For  purification of th rombin  on a more preparat ive  scale, adsorpt ion at  a low ionic s t rength  
and elution at  a higher one is useful, l;ig. 2 il lustrates this possibility. A o.9 ?< 15 cm colmnn of 
IRC-5 o conditioned with o.o5 31 sodiunl phosphate  t)uffer of p H  7.o was used. zoo nlg of th rombin  
prepara t ion  in ca. 2 nil of this buffer was applied. When the solution had run  into the column o. 3 M 
sodium phospha te  buffer of pH 8.o was run th rough  at a flow rate of 7.2 ml per hour. Later  at 4o-5 ° ml 
effluent the flow rate had decreased to 4-4 ml per hour. Four fractions were collected per hour. 
Again, most  of the protein passed inlmediately th rough  tile column ; a x, ery small a moun t  of th rombin  
act ivi ty  was contained in this peak. Between the 4 t s t  and 5Is t  ml of effluent the main th rombin  
act ivi ty  was eluted; these fractions showed very little protein present.  The pH was found here to 
increase slowly from the initial value of 7- The most  active fractions showed a 5e-fold purification. 
Yield wi th  respect  to th rombin  activity was i2o ° L ; 95 ~3{, of the protein could be accounted for by 
absorpt ion  at 280 m/~. In  very similar experinlents  activity yields of 97 and 115 °!o have been found. 
A yield of more than  lOO °.{~ activity might  be due to removal  of an inhibitor, bu t  mixing of samples 
f rom the large protein peak with purified th rombin  did not  inhibit the act ivi ty of the latter, i t  is 
more likely tha t  a yield of nmre than  lOO°o is due to exper imenta l  error. Only o.oo 5 ml of the most  
active fractions were used in the determinat ion and the coagulation time was bu t  i i - [2  seconds. 
A difference of i sec in this range corresponds to about  i2 o/~ difference in act ivi ty;  duplicate determi- 
nations,  however, gave identical results. The very small volume was preferred instead of a larger 
one from a diluted sample, because of the activity loss which occurs on dilution. Dilution with 
stabilizing agents  such as glycerol, carbohydra tes  and the Iike have not  been tried. 

Dur ing dialysis and freeze drying of the purified fractions, containing less than  o. 5 mg of protein 
per ml, much of the act ivi ty  was lost. Most of the loss is probably  due to adsorpt ion upon the cello- 
phane  nlembrane and the glass. Some of the lost ~lctivity could be eluted from the dialysis membrane  
by  i AI secondary potass ium phosphate .  

The conditions used in the adsorpt ion elution exper iment  of Fig. 2 llave up to now given 
the greatest  purification and concentrat ion of tile thrombin .  VVhen adsorpt ion took place at pH 6, 
other  conditions being the same, more of the inert protein was adsorbed which then eluted with the 
th rombin  activity, yielding only about  a *5-fold purification. Adsorpt ion at p H  6.6 resulted in a 
3e-fold purification. 

The finding tha t  th rombin  can be chromatographed  on Amberli te  II{C-5 o poses the question 
whether  th rombin  is really an "acid"  protein. If  this is so, then not  only some basic and neutral  
proteins  bu t  also certain acid proteins may  be chromatographed  on IRC-5 o. 
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