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Chymotrypsin (E.C.3.4.2I.1l, subtilisi n (E.C.3.4.21.14), and a nelltral proteinase from Bacillus 
subtilis were immobilized by covalent binding to benzoquinone-activated pearl cellulose. The 
yield of the immobilized protein was 55% in the case of chymotrypsin and 50% in the case of sub­
til isin and neutral proteinase from B. subtilis. The determinat ion of activation energy at a low 
.'.ubslrale concentration showed thaI the enzyme activity is limited by diffusion under these 
conditions. Tile activity yields are generally very good yet the activity of the enzymes immobilized 
is relatively low, m ost likely because of the presence of benzoquinone, as shown in experiments 
with the imm obilization of chymotrypsin by the same techn ique on sup ports with different hydro­
philicity. 

Immobilized enzymes have received application as efficient catalysts in pharmaceutical 
industry t.2, food technol ogy3 - 6, analytical chemistry 7 - 9 and organic ';iyilthe­

sis 10
-

14
• One of the hurdles in the path to an even more wide-spread use of immobilize 

zed enzymes is the relatively high price of appropriate supports and the inconvenient 
methods of attachment which employ either highly toxic (cyanogen bromide) or 
otherwise dangerous reagents (epichlorohydrin, divinyl sulfone and others) or coup­
ling agents obtainable in larger quantities with difficulties (such as water-soluble 
carbodiimides, the Woodward reagent K, etc.). An immobilization method prospecti­
ve from the viewpoint of industrial applications is the benzoquinone coupling, 
especially when applied to pearl cellulose which because of its structure, porosity, 
and other features is especialfy convenient for immobilization and moreover is 
commercially available in large quantities at a relatively low price. 

This paper reports on the immobilization of three enzymes representing one of the 
basic proteinase types of chymotrypsin, subtilisin, and a neutral proteinase from 
Bacillus subtilis, by covalent coupling to benzoquinone-activated cellulose. 

EXPERIMENT AL 

Chymotrypsin was a commercia l product of Spofa, Prague; its specific activity was 4·61 c.u. / mg 
protein and the protein content was 794 mg/ g preparation. Subtilisin waS a product of NOVO 
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Industri (Denmark); its activi ty was 22'16 c.u ./ mg protein and the protein content was 116 I11gjg 
preparation. The neutral proteinase from Bacillus ~lIbliliJ was purchased from Pharmachim 
(Bu lgaria); the activity of the preparati on bearing the commercia l designation E-30 was 4·92 
c.u. / mg protein, the protein content being 196 mg/g preparati on. Subti lisin and the neutral 
bacterial proteinase were dialyzed prior to immobili za tion 24 h against tap watcr to rcmove sa lts . 
Pearl cellul ose was a product of Severoceske chemicke zavody, Usti nad Labcm, and had the 
following charaqeristics: water regain (pH 8'0) 7'06 g watcr/ g, mca n diameter of swollen beads 
0·42 111m, proportionality constant K 10·6 (reL I5

), and sedimentation rate 0·28 em/s. Benzo­
quinone was prepared by sodium perchromate ox idation of hydroquinonc l 6 . 

Protein concentration was measured according to Hartrec l7 and the protcolytic act ivity 
by the method of Slavik and Smetana 18 and expressed in case in unit s (c.u.) . One casein unit is 
defined as the quantity of enzyme which in I min will generate from 2::';; ca sein sol ution at 30°C 
and optimal pH I mg of fragments sol t.;bk in 0· 1 mo l 1 .. . 1 tr ic hl o roa cetic acid. The activa tion 
of the suppo rt was carried out by the c('l1vcntional p rocedure t9 as well as the coupling of the 
enzyme; the protein concent ration was varied dming the co upling. The imJ110bilized cnzyme was 
stored as a suspension in a '2M phosphate buffer at pH 7· 8 and 0 - Soc. 

For comp~rison purposes chymotrypsin was coupled by the sa me method a lso to aminocthyl 
cellulose (Wltatman AE-50) and aminopolystyrenc, prepared by nitrati on of po lystyrene and reduc­
duction of the nitro g roups20. The support, the binding, and the immobilized enzyme were 
characterized by methods recommended for uniform characterization of immobi lized cnzymcs21

. 

RESULTS AND DISCUSSION 

The quantity of protein immobilized on 1 g of support depends as a rule on the con­
centration of the protein in solution , i.e. on the quantity of enzyme used provided 
that the quantity of the support and the final volume of the suspension do not change. 
We have examined thi s dependence with all three enzymes. The protein-binding yield 
expressed in per cent according t0 2 

t was independent (except for the lowest con­
centrations) within experimental error of the quantity of the native enzyme used. 
This shows that the binding capacity of the activated support was not exhausted 
even when the largest quantities of the native enzyme were used. The binding yield 
was 55% with chymotrypsin and 50% with the remaining two enzymes. The deviations 
observed at lower concentrations of the native enzyme can be accounted for by the 
low sensitivity of the analytical method at these concen trations; these values were not 
therefore included in the final evaluation. The profile of the dependence is shown 

in Fig. 1. 

The specific activity of the immobilized enzyme at different concentrations of the 
protein immobilized (the so-called E-tese 2

) can serve as a criterion of the effect 
of diffusion under the experimental conditions given. We determined therefore 
with all immobilized enzymes this effect at a standard concentration of the sub­
strate (2% casein). The plot of activity of all three enzymes as a function of the con­
centration of immobilized protein is shown in Fig. 2. The specific activity was inde­
pendent of the concentration of the proteins immobilized over the entire concentra-
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tion range examined. This may indicate the absence of the diffusi on effect. Since, 
however, the substrate concentration was relatively high (higher tha n the Km-value) 
and since this analytical method is 110t sensitive enough to reveal minor diffusion 
effects, we used a more sensitive criterion of the diffusion effect, namely the deter­
mination of the activat ion energy of tbe enzymatic reaction as a function of the 
substrate concentration. We observed that the rate of the enzymatic ,reaction is af­
fected by diffusion in all cases at low substrate concentration or high tempera ture 
(Fig. 3). 
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FIG. 2 

Activity of immobilized enzyme as function 
of quantity of proteins immobilized. 1 
chymotrypsin, 2 proteinase from B. subtilis, 
3 subtilisin 

FIG. 3 

Arrhenius function at different concentrations 
of substrate (casein) -- 2%, ----- 4%. 
o Chymotrypsin, • subtilisin 
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A criterion of importance from the viewpoint of practical applicability of immobili­
zed enzymes is their operational stability. The latter was determined with immobilized 

chymotrypsin, subtilisin, and the neutral proteinase from B. subtilis in a column 
reactor by the procedure described elsewhere23

•24. The operational stability of these 

immobilized enzymes in continuou s operation at 30°C is rela tively low (Table I). 
This shows that the enzymes immobilized on this support s by the procedure described 

can be ll sed at low temperature only. The destabilization can be caused both by the 
effect of the support (thi s is extremely unlikely with pearl cellulose) or by the mode 

of binding. To eliminate the unfavorable effect (if any) of the support we immobilized 

chymotrypsin by the same procedure (a) on aminopolystyrene where a destabilizing 
effect of the support may be expected to result from the hydrophobic character 

of the support backbone, and (b) on aminoethyJcellulose, which is more hydro­
philic than pearl cellulose because of the presence of the substituent. The operational 

stability was low in both cases and was comparable with the stability of the same 

enzyme immobilized on pearl cellulose (the halflife of inactivation of chymotrypsin 

TABLE I 

Characteristics of immobilized enzymes 

Quality Chymotrypsin Subtilisin 
Neutral 

proteinase 
fro m B. sub/iIi.!' 

Specific activity of native enzyme 
(c.u.jmg protein) 

Protein content of preparation of native 
enzyme, mgj g 

Protein content of immobilized enzyme 
mgjg 

Native proteins for binding 
mg/ g support 

Binding yield, % 

Activity of immobilized enzyme 

c.u./g 

Activation energy (kljmol), 

S= 0'4% S= 2% 

Operational stability 

t l / 2 , h 

4·61 

794 

59 

108 

55 

47 

16'03 
53'63 

12·2 
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immobilized on am inopolystyrenc and aminocthylcellulose was 10·6 a nd 6-4 h, 

r espect ive ly. These results indicate that the imm o bil izati o n method using benzo­

quinone has a destabilizing e ffect o n the proteinases immobilized This increase 

of enzyme inactiva tion during continuolls operation is mos t likely due to the highl y 

hydrophobic character o f benzoquin one used as the binding reagent and to it s 

prox imity to the peptide chain of the enzyme. The effec t could then be analogous to t he 

destabilizing e ffect of apo lar solvents. 

Table 1 sho ws the complete character istics of the enzymes immobilized; the pro­

perties o f the support are described in full under Experimenta l and a re therefore not 

included in [he Ta ble. 
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