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Summary 

Agarose-bound trypsin (EC 3.4.21.4) was prepared and its properties were 
compared with those of  soluble trypsin. The bound form of the enzyme was 
found to be equally available to large and small molecular weight substrates as 
the soluble form. In addition, the bound form of the enzyme showed the same 
specificity towards protein substrates as the soluble enzyme. However, the 
agarose-bound trypsin showed greater stability than the soluble trypsin to dena- 
turing conditions for prolonged period of  time. 

In t roduct ion 

There have been conflicting reports  on the comparative properties of  free 
and matrix-bound enzymes [1--3] and this work was undertaken with the 
purpose of  establishing some comparative data on one well characterized 
enzyme, namely trypsin (EC 3.4.21.4), in the soluble form and bound to 
agarose. The specific properties investigated were (1) relative activity towards 
large and small substrates; (2) specificity of cleavage in protein substrates, and 
(3) relative activity under denaturing conditions. 

Materials and Methods 

Bovine pancreatic trypsin (Worthington) was covalently bound to agarose 
A-15 M, 50--100 mesh (Bio-Rad) by the CNBr procedure of  Ax~n et al. [4];  
the binding was conducted in the presence of  10 mM CaC12 to reduce trypsin 
autolysis. The amount  of  trypsin covalently attached to agarose was determined 
by amino acid analysis [5,6] on Beckman Model 120C amino acid analyzer after 
hydrolysis of  1 ml of  settled agarose-trypsin in 6 M HCI for 24 h at l l 0 ° C .  

Soluble and matrix-bound trypsin activity was assayed titrimetrically with a 
Radiometer  pH-stat system using 0.01 M KOH as a titrant; the temperature was 
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maintained at 25°C with a Haake temperature control  bath. A typical assay 
consisted of  10 ml of  15 mMp-tosylarginine methyl  ester (TosArgOMe) (Sigma), 
pH 8.0, and 0.006--0.009 pmol  of soluble trypsin or agarose-trypsin having a 
comparable amount  of  active trypsin. The total amount  of  active trypsin per 
given quant i ty  of  agarose was determined from a standard curve constructed 
using the rate of  TosArgOMe hydrolysis by soluble trypsin as a function of 
enzyme concentration. In addition, proteolyt ic  action of  trypsin and agarose- 
trypsin on proteins was also monitored titrimetrically. In all cases, the slope of 
the tangent to the initial part of  the titration curve was taken as the rate of sub- 
strate hydrolysis. 

Results and Discussion 

Specific activity and relative activity towards p-tosyl arginine methyl ester, 
casein and insoluble protein substrates 

A total of 0.01 #mol  of  enzymatically active trypsin was bound per 1 ml of  
settled agarose based on the rate of TosArgOMe hydrolysis; this activity ac- 
counted for 20% of the total amount  of  bound enzyme. In the subsequent  dis- 
cussion, reference to a given quanti ty  of  agarose-trypsin refers only to the 
amount  of  active trypsin as determined by the rate of  TosArgOMe hydrolysis. 

When agarose-bound trypsin and soluble trypsin of comparable activity levels 
were allowed to act on TosArgOMe and bovine casein in parallel experiments,  
the ratio of  the rate of  TosArgOMe hydrolysis to casein hydrolysis (TosArgOMe/ 
casein) was found to be 13.9 for both  the matrix-bound and soluble form of 
the enzyme. This clearly shows that the agarose-bound enzyme is equally avail- 
able to the large protein substrate (casein approx. 25 000 mol.wt.) as it is to the 
small substrate (TosArgOMe approx. 379 mol.wt.).  On the other hand, when 
soluble and agarose-bound trypsin were allowed to act on insoluble denatured 
proteins, a marked difference in activity was observed. Whereas no insoluble 
substrate was found to be resistant to soluble trypsin, the agarose-bound enzyme 
showed little or no activity towards insoluble substrates. 

Specificity of free and agarose-bound trypsin 
Using several protein substrates (bovine casein, performic acid oxidized 

RNAase A and horse hemoglobin),  the following survey was  conducted.  After  
exhaustive exposure of  substrate to soluble trypsin (where proton product ion 
subsided as determined by pH-stat assay), the solution was heated to denature 
the trypsin, and agarose-bound trypsin was introduced at 25°C. The opposite  
experiment was carried out  too;  after exposure to agarose-bound trypsin, the 
bound enzyme was removed, the solution heated and soluble trypsin was intro- 
duced at 25°C. A typical set of  results, where casein was used as a substrate, is 
illustrated in Fig. 1. In no case was significant further hydrolysis of  substrate 
observed after the second introduct ion of  enzyme. This suggests that  the same 
bonds must be cleaved by both  enzyme preparations. In the case of oxidized 
ribonuclease A, the peptides produced by the action of  agarose-trypsin were 
compared to those produced by soluble trypsin; the resulting peptide profiles 
upon fractionation on phosphocellulose were found to be identical for both  
forms of  the enzyme. Amino acid analysis showed that agarose-trypsin cleaved 
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Fig. 1. Exhaust ive  digest ion of  bov ine  casein by soluble  trypsin (o)  and agarose-trypsin (e) .  10 m l  of  0.2% 
casein so lu t ion  was  digested at 25°C with  0 .01  ~ m o l  o f  soluble  or  aga~ose-bound trypsin f o l l o w e d  by  
heat ing the so lu t ion  to  70°C for 15 min,  cool ing  to  25°C and introducing 0 . 0 1 / ~ m o i  o f  agarose-trypsin or 
soluble  trypsin,  respect ively .  Contro l  exper iments  conta ined  0 .01  ~ m o l  o f  either so luble  trypsin or 
agarose-trypsin in the  absence  o f  the  substrate  casein. Diges t ion  was  m o n i t o r e d  at pH 8.0  by  a Radiometer  
pH-stat.  

only at lysine and arginine residues as reported by Chin and Wold [ 7 ] where 
eight lysine- and four arginine-containing peptides were found in each case with 
the expected amino acid content [8]. A comparison of the rate and extent of  
activation of  chymotrypsinogen and trypsinogen by the two forms of the 
enzyme also gave identical results. 
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Fig. 2 .  ( A )  Act iv i ty  prof i le  o f  so luble  trypsin (o)  and ags.rose-trypsin (o)  as a funct ion  o f  urea concentra-  
t ion.  E n z y m a t i c  act ivity was  de termined  b y  introducil lg 0 , 0 0 6 - - 0 . 0 0 9  ~ m o l  o f  soluble  or  agarose-bound 
trypsin into I 0  m l  o f  15 mM TosArgOMe so lut ion ,  wi th  the  appropriate  urea concentrat ion ,  and moni -  
toring the  initial hydro lys i s  rate at 25°C,  p H  8 . 0 ,  w i t h  a Radiometer  pH-stat sys tem.  (B) Act iv i ty  prof i le  
o f  soluble  tryps in  (o)  and agarosc-trypsin (e )  as a func t ion  of  temperature .  A 0 . 0 0 6 - - 0 , 0 0 9  ~ m o l  o f  
so luble  or agarose-bound trypsin  was  pre incubated  for 3 rain in 5.0 ml  o f  water  at a given temperature  
and 5 . 0  m l  of  substrate  solution~ malntalnml at the  same temperature  was in troduced  into  the  pre incubatcd  
trypsin  so lu t ion  to give a 1 0  m M  T o s A r g O M e  concentrat ion .  The  rate o f  substrate hydro lys i s  was  deter- 
mined  as described in A. All  activit ies  are expressed relative to  m a x i m a l  act ivi ty  at 62~C. 
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Effect of temperature and urea on free and agarose-bound trypsin 
The urea denaturation profiles for agarose-trypsin and soluble trypsin are 

illustrated in Fig. 2A. Both species show identical profiles where enzymatic 
activity decreases nearly linearly with increasing urea concentrat ion and total 
inactivation is observed in 8 M urea. The temperature profiles for both  forms of  
the enzyme in the presence of  10 mM CaC12 were also examined and the results 
are summarized in Fig. 2B. Both species show similar temperature profiles 
where specific activity increases with increasing temperature and opt imum 
activity is observed at 62°C. At temperatures above 62°C inactivation due to 
heat denaturation predominates and loss of activity is observed; these results 
are in good agreement with the observations made by Sipos and Merkel [9] for 
trypsin activity in the presence of calcium as a function of temperature.  

Stability of agarose-bound trypsin 
All the observations on the stability of agarose-trypsin upon storage under 

different conditions or under exposure to severe conditions for extended 
periods of time are constant  with an increased stability over soluble trypsin. 
Agarose-trypsin maintained constant  specific activity after repeated use over a 
9-month period when stored at 5°C at neutral pH. In 4 M urea, agarose-trypsin 
maintained constant  activity for 4 h at 25°C where activity was 50% of that  
observed in the absence of urea; upon removal of  urea, full activity was recov- 
ered. In addition, the bound enzyme maintained a constant  specific activity at 
50°C for a duration of 5 h, making it feasible to digest trypsin-resistant proteins 
at elevated temperatures.  The high stability of agarose-trypsin is in agreement 
with earlier observations [1,3] and is most  likely due to protect ion against 
autolysis which is prevented when individual trypsin molecules are kept  apart 
on the agarose matrix. 

It is concluded that active trypsin attached to agarose beads behaves like 
soluble trypsin in terms of specificity, availability to soluble substrates and 
behavior to denaturing conditions for short periods of  time when autolysis is 
minimized. The agarose-bound trypsin is distinctly different from soluble trypsin 
in its inability to interact with insoluble substrates and this proper ty  is undoubt-  
edly reflected in the increased stability of  the agarose-bound enzyme. 
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