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The immobilization of the protease of Bacillus mesentericus on Silochrome using cyanuryl 
chloride, 2,4-toluylene diisocyanate, glutaraldehyde, thionyl chloride, phosphorus tr ibromide,  
titanium tetraehloride,  and zirconium and hafnium oxychlorides as cross-l inking reagents has 
been studied. The greates t  binding and retention of activity were observed with the use of t ran-  
sit ion-metal salts. A comparison of the propert ies  of the native and immobilized preparations 
has been made. The stability of the immobilized protease on storage and repeated use has been 
investigated. 

At the present  time, proteases are  finding use in domestic chemistry,  the foodstuffs and leather industries,  
for the purification of effluents, and in medicine [1]. The production of immobilized enzymes of this class would 
possibly, in addition to increasing their stability to repeated use, cheapen them and expand their applications. 

The general principles of the immobilization of proteases have been described previously [2, 3], but the 
concrete elucidation of the physicochemical propert ies  of immobilized enzymes, their catalytic activity, and the 
cost of the supports requires  new experimental investigations. In the present  paper we consider the immobiliza- 
tion of the protease of Bacillus mesentericus on Silochromes with the aid of various cross-l inking reagents (cya- 
nuryl chloride, 2,4-toluylene diisocyanate, glutaraldehyde, thionyl chloride, phosphorus tr ibromide,  titanium 
tetrachloride,  and zirconium and hafnium oxychlorides). 

In the choice of supports we were guided by such factors as availability, low cost,  possibility of obtaining 
supports with various reactive groups (chlorotriazine, diisothiocyanate, aldehyde groups) both remote from the 
surface of the Silochrome (through T-aminopropyltriethoxysilane) and also directly bound to the supports (chlo- 
r ine-  and bromine-containing~ Silochromes modified with transit ion-metal  salts) formed according to the follow- 
ing assumed reactions:  
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* The nature of the - M e - O - E - b o n d  has not been definitely established. 
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TABLE i .  
tericus_ Immobilized on Sflochrome 

Properties of the Protease from Bacillus mesen-  

[ Amount of 
Method of immobilization immobi- 
(or reagent) "li~d pro-. tern, mg/g 

ot support 

Degree  of ]Retention of 
bi~ding of easeinolytie 
the ~?tein, [activity, qo 

I 

Cyanuryl chloride 98.7 71.8 7,7 
2,4-Toluylene diisocyanate ° 125,1 79,9 5,3 
Glutaraldehyde 71,5 52.6 13, 4 

• Thionyl ehlor.ide 94.7 69,6 11,5 
Phosphorus tribromide 107,0 78.7 6,5 
Titanium tetraehloride 111,0 81,6 21,5 
Zirconium oxyehloride 124, 7 91.7 29,0 
Hafnium oxychloride 94.4 69.4 33.8 

* The suppor t  and enzyme were  taken in a ra t io  of 156 m g  of 
enzyme  pe r  1 g of  suppor t .  
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Fig. 1. Dependence of the ac t iv i ty  of  the p ro t ea se  of Bacillus 
mesentericus on the temperature (A -act iv i ty  of the immo- 
bilized enzyme, % of maximum). 1) Native protease; Bacil- 
lus mesentericus protease immobilized with the aid of 2) 
cyanuryl chloride; 3) 2,4-toluylene diisocyanate; 4) gluta- 
raldehyde; 5) thionyl chloride; 6) phosphorus tribromide; 
7) titanium tetraehloride; 8) zirconyl oxychloride; 9) haf- 
nium oxychloride. 

As follows f r o m  Table 1, the specif ic  amount  of  enzyme per  g r a m  of suppor t  depends on the method of 
immobi l iza t ion  and ranges  f r o m  71.5 nag of prote in  (glutaraldehyde) to 125.1 ~n the ca se  of 2 ,4- toluylene d i -  
isocyanate)  and 124.7 nag of pro te in  (for z i rconi tun oxychloride) .  2"he method of immobi l iza t ion  affects  the a c -  
t ivi ty  of the p repa ra t ions  obtained to a st i l l  g r e a t e r  extent:  the g r e a t e s t  pe rcen tage  retent ion of case inolyt ic  
ac t iv i ty  was obse rved  with the use  of g lu tara ldehyde,  thionyl ch lor ide ,  and t r ans i t i on -me ta l  sa l t s .  As has  been 
r epo r t ed  prev ious ly  [4], for  an amino-subs t i tu t ed  s i l ica  gel the ac t iv i ty  of Bacillus m e s e n t e r i c u s  depends l i t t le  
on the method of immobi l iza t ion  on aminoorgano-S i loch romes ,  except  for  the fact  that the p r o t e a s e  immobi l ized  
with the aid of g lutara ldehyde was m o r e  ac t ive .  I t  is in te res t ing  to note the different  deg ree s  of  re tent ion of 
ac t iv i ty  for  the enzyme immobi l i zed  on the ch lo r ine -  and bromine-conta in ing  suppor ts .  This effect  is  apparent ly  
due to the inhibition of the  enzyme  by the I~Br l ibe ra ted ,  as  we have a lso  obse rved  in the immobi l iza t ion  of p e c -  
t awamor in  G. 

When immobi l i zed  p repa ra t ions  of the p ro t ea se  were  s to red  a t  4°0 for  1 0 , 3 0 ,  and 38 days  the ac t iv i ty  of  
the enzyme changed d i f ferent ly  for  the d i f ferent  c ro s s - l i nk ing  reagents  (Table 2). The m o s t  s table  were  p r e p a -  

TABLE 2. Stability of  the Immobi l ized  P r o t e a s e s  of Bacillus m e -  
sen te r i cus  

Storage I Retention of case.inolytie activity, % of initial 
at 5°C for, ~ cy- [ 2 4-toluyl- glutaral- thionyl phospho- t titanium zirconiun~ hafnium 
days I anuryl | ene diiso- deh-de , . . .  irus tri- itetra- 

lehtofid~ eyanate F Y [emonae [bromide ~hloride emonaelria'e°XY''"/oxvchlo- 
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ra t ions  obtained by the use  of cyanuryl  ch lor ide ,  g lu tara ldehyde ,  and phosphorus  t r i b r o m i d e  (~ 60% of the initial  
ac t iv i ty  was re ta ined  a f t e r  38 days) and of hafnium oxychlor ide  on s to rage  for  30 days (68% of the initial  act ivi ty) .  

However ,  in a s tudy of the poss ib i l i ty  of the repea ted  use  of a p repa ra t ion  immobi l i zed  with the aid of 
hafnium oxychlor ide ,  a f t e r  the f i r s t  expe r imen t  only 11% of the act ivi ty  was re ta ined ,  and inactivat ion was c o m -  
ple te  when it  had been used th ree  t imes .  Apparent ly ,  the hydro lys i s  products  a r e  compet i t ive  l igands and d e -  
compose  the complex  of me ta l  ions with the enzyme.  Such a phenomenon has  been r epo r t ed  by Slobodyanikova 
[5], who cons ide red  the immobi l i za t ion  of the p r o t e a s e s  of Bacillus subti l is  on a c o p o l y m e r  of s ty rene  and m a l e -  
ic anhydr ide .  In ac tual  fac t ,  a f t e r  the enzyme immobi l ized  with the aid of hafnium oxychlor ide  had been kept 
for  10 rain in a 5% solution of a m i x k t r e  of 18 amino acids (equimolar amounts  of  a lanine ,  g lycine,  s e r i ne ,  t h r e -  
onine,  g lu tamic  and a s p a r t i c  ac ids ,  p ro l ine ,  va l ine ,  methionine ,  cys t ine ,  leuc ine ,  i so leuc ine ,  phenylalanine,  t y -  
r o s ine ,  t ryptophan,  h is t id ine ,  lys ine ,  and arginine) the caseinolyt ic  act ivi ty  was only 26% of the initial  value.  
The p r o t e a s e  p r e p a r a t i o n s  immobi l i zed  with the aid of z i r con ium oxychlor ide  and t i tanium t e t r ach lo r ide  were  
m o r e  s tab le ,  los ing 33% and 14% of the i r  initial  ac t iv i ty  a f t e r  t r e a t m e n t  with amino ac ids .  

Where  a ch lor ine-conta in ing  suppor t  was used,  again ,  the initial ac t iv i ty  fel l  cons iderab ly .  However ,  when 
the immobi l ized  p repa ra t ion  was s to red  a t  4°C in dis t i l led  wa te r  for  a day the ac t iv i ty  i nc rea sed  by a fac tor  of 
1.5-2 a f t e r  use  th ree  and four  t i m e s .  

A study of t e m p e r a t u r e  inact ivat ion showed (Fig. 1) that  at 70°C in the ma jo r i t y  of c a s e s  the immobi l i zed  
and nat ive  f o r m s  of the p r o t e a s e  underwent comple te  inactivit ion.  For all  the immobi l i zed  enzymes  we obtained 
r e su l t s  of the dependence  of the i r  ac t iv i ty  s i m i l a r  to that  for  the nat ive  p r o t e a s e ,  with the exception of i m m o -  
bil ization with the aid of cyanury l  ch lor ide  and 2 ,4- toluylene di isocyanate .  Thus ,  in the l a s t  c a se  at 50°C the 
p r epa ra t i on  los t  55% of i ts  initial ac t iv i ty ,  while the nat ive  p ro t ea se  los t  22%; however ,  a t  70°C the immobi l i zed  
p repa ra t ion  re ta ined  13.4% of i ts  act iv i ty .  

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

We used Bacil lus m e s e n t e r i c u s  p r o t e a s e  obtained as  desc r ibed  p rev ious ly  [6]. The case inoly t ic  ac t iv i t ies  
of the nat ive and immobi l i zed  p r e p a r a t i o n s  were  de te rmined  by a modificat ion of Anson ' s  method [7]. In the 
method used,  as  the unit of  ac t iv i ty  of the enzyme we took that  amount  that  f o r m s ,  during one minute ,  p ro teo lys i s  
products  incapable  of being p rec ip i t a t ed  by t r i ch lo roace t i c  acid containing one mic roequ iva len t  of ty ros ine .  
The initial p r epa ra t ion  contained 64% of pro te in  de te rmined  by the Lowry method [8]. Its ac t iv i ty  was 1.39 
uni ts / rag .  The amounts  of  pro te in  in the immobi l i zed  p r epa ra t i ons  were  es t imated  f r o m  the d i f fe rence  between 
the amount  taken for  immobi l iza t ion  and that  found in the w a s h - w a t e r s .  

Amino-S i lochrome  was obtained by the method of Tertytd~ et al .  [ 9] and the act ivat ion of the aminoorgano-  
Si lochrome with cyanuryl  ch lor ide ,  2 ,4- toluylene d i i socyanate ,  and glutara ldehyde was c a r r i e d  out as  desc r ibed  
in the l i t e r a t u r e  [9, 10]. The capaci ty  of  the initial  Si lochrome C-120 was de te rmined  f r o m  the concentra t ion 
of OH groups  m e a s u r e d  accord ing  to a known method [11]. 

P repa ra t ion  of Si lochrome Activated with Thionyl Chloride.  To 10 g of Si lochrome C-120 was added 20 
ml  of thionyl chlor ide .  With constant  s t i r r i n g ,  the  mix tu re  was heated  under ref lux at  90 °C for  8 h. The sup -  
por t  obtained was washed with 450 ml  of  ch lo ro fo rm and 200 ml  of absolute benzene and was dr ied  in vacuum 
at  120 °C to constant  weight.  

P repa ra t ion  of Si lochrome Activated with Phosphorus  T r ib romide .  To 10 g of  Si lochrome C-120 was 
a d d e d l 0  ml  of  ch lo ro fo rm and then,  with St i r r ing ,  20 ml  of phosphorus t r ib romide .  With constant  s t i r r i n g ,  the 
mix tu re  was hea ted  under ref lux at  90°C for  8 ho Then the ch lo ro fo rm and the excess  of PBr  3 w e r e  dis t i l led off. 
The suppor t  obtained was washed with 450 m l  of c h l o r o f o r m  and 200 ml  of absolute  benzene and was dr ied  in 
vacuum a t  120 °C to constant  weight. 

P repa ra t ion  of Si lochrome Activated with Trans i t ion-Meta l  Salts. A suspension of 3 g of Si lochrome C -  
120 in 15 ml  of dis t i l led wa te r  was s t i r r e d  v igorous ly  for  1 h and boiled for  15 rain. After  cooling to 5-7°C, a 
solution of 5.59 g of hafnium oxychlor ide  in 10 m l  of wa te r  was added, the pH of the reac t ion  mix tu re  being kept 
between 3.0 and 4.0 by the addition of 25% ammonia  solution. The solution was s t i r r e d  for  30 rain with cooling 
and 30 rain a t  r oom t e m p e r a t u r e .  The product  was washed with 150 ml  of 0 .05 N HC1 by decantat ion,  and then 

with dis t i l led wa te r  to neut ra l i ty .  

P repa ra t ion  of the Immobi l ized  Bacil lus m e s e n t e r i c u s  P ro tease .  The act ivated suppor t ,  in a propor t ion  
of 1 g o t  suppor t  to 136 mg of enzyme ,  was added to 15-20 mg of enzyme in 2 ml  of  t r is - t IC1 buffer  containing 
0.005 M CaC12 (pH 7.4). The reac t ion  m i x t u r e  was incubated a t  25°C with shaking for  30 rain and was then washed 
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with cooled tris-I-IC1 buffer @I-I 7.4) until the wash-waters no longer showed absorption at 280 nm. The resul t -  
ing preparation of immobilized enzyme was stored in tris-HC1 buffer at 5°C in the ref r igera tor .  

Dependence of the Activity of the Immobilized Protease on the Temperature.  The immobilized protease 
was thermostated in tris-HC1 buffer at 30-70°C for 15 rain and was then cooled in a beaker with ice, and its 
caseinolytic activity was determined. In a control experiment, the activity was determined without heating. 

Change in Caseinolytic Activity on Repeated Use. A solution of casein (37°C) was added to the immobilized 
protease thermostated at 37°C. After ten minutes'  s t i rr ing,  the immobilized preparation was fil tered off, 
washed with 100 ml of distilled water,  suspended, and again added to the reaction vessel for re-use.  To 3 ml 
of the fil trate was added 5 ml of 5% trichloroacetic acid solution, and the optical density at 280 nm was de te r -  
mined° 

Determination of Caseinolytin Activity on Storage. ~amples of immobilized protease were kept in t r i s -  
tIC1 buffer (pit 7.4) in the re f r igera tor  at 5°C for 10, 30, and 38 days. Then their caseinolytic activities were 
determined. 

S U M M A R Y  

Preparations of Bacillus mesentericus protease immobilized on Silochromes with the aid of various c r o s s -  
linking reagents (cyanaryl chloride, 2,4-toluylene diisocyanate, glutaraldehyde, thionyl chloride, phosphorus 
t r ibromide,  and transit ion-metal  salts) have been obtained. 
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