
INTRODUCTION

Enzymes are biological catalysts produced by living cells

to catalyze cellular-reactions vital to the organism to survive

in life. The enzymes being thermo-labile have presented the

problem of their preservation as they are denatured both by

heat and action of atmospheric chemical reagents. That is the

main reason that the scientists all over the world are in search

of suitable methods to increase life spans of these biologi-

cally important compounds. One of the method being studied

involves their immobilization by trapping them in certain

active materials such as activated charcoal or by binding them

with polymeric matrices equipped with the tendency to bind

with these species through ionic or covalent binding forces.

The enzyme in the immobilized state are less subject to denatu-

ration and thus can be preserved for prolonged period of time;

some even for the years. Several techniques have been deve-

loped to prepare immobilized enzymes because they have

shown many advantages over enzymes in solution state1. For

instance, immobilization leads to the ease of recoverability

and reusability of the enzymes2. Immobilized enzymes have

been used in food industries3,4 for the preparation of protein

hydrolyzates with dietary applications5,6.

Different techniques are under intensive research to set

up systems for continuous hydrolysis by the enzymes. One of

such techniques is the immobilization of the enzymes by

binding them with some matrices filled in chromatographic

columns and subsequently passing through them the buffered

substrates and collection of hydrolyzed products eluting out
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of the column. Enzymes immobilized in this way are equipped

with enhanced life and increased stability7,8.

Considerable work has also been carried in Pakistan to

hydrolyze casein by proteases of Calotropis procera9 immobi-

lized on Amberlite-50 and Euphorbia royleana10 immobilized

on DEAE A-50 and promising results have been obtained. The

work being reported here is the extension of the work stated

above, but with the change that protease of Calotropis procera9

was substituted by protease of Carica papaya for immobi-

lization on Amberlite CG-400 as it exhibited high protease

content and increased life span than protease of Euphorbia

royleana10. This system will be useful for the preparation of

protein products such as amino acid acids, polypeptides etc.

These immobilized enzymes will be better stored with out

denaturation.

EXPERIMENTAL

In order to immobilized protease of carica papaya

following steps as follows:

Preparation of sample: Carica papaya was freeze-dried

to preserve the enzymes activity over long period of time

Veterinary Research Institute, Harikey Road Lahore, provided

the freeze-drying facility. The freeze-dried sample was ground

to fine powder. The fine powder sample was stored in bottle at

-16 ºC in a deep freezer. This sample was used for the

determination of protease activity and afterwards for immo-

bilization of the enzyme. After removal from the deep freezer

the enzyme sample was kept below -20 ºC to prevent its dena-

turation.
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Assay of protease activity: Assay of protease activity

was carried out by the method of McDonald and Chen11

modified and applied by Khan et al.12 in the paper entitled

continuous proteolysis of casein by the cell bound protease of

Carum copticum and immobilization of Carica papaya on

activated charcoal13.

Determination of binding of enzyme with Amberlite

CG-400: 0.5 g Amberlite CG-400 was weighed and placed in

a 100 mL conical flask containing 25 mL phosphate citrate

buffer pH 7 and 5 mL enzyme sample was subsequently added

in the conical flask. The contents were kept at room tempe-

rature at around 30 ºC for 24 h with occasional shaking. The

material was centrifuged. The protease activity of the super-

natant was assayed and compared with the protease activity

of the untreated enzyme. The precipitates were washed with

phosphate citrate buffer solution of pH 7 repeatedly. The

washed precipitate was the immobilized enzyme. The protease

units immobilized on Amberlite CG-400 were determined by

subtracting the protease units present in the supernatant from

the total protease units present in 5 mL enzyme sample. The

result was also checked by the direct determination of the

activity of the immobilized enzyme.

Continuous proteolysis by enzyme immobilized on

Amberlite CG-400: The stages involved in the development

of Amberlite CG-400 system are briefly described below:

Packing of the column: 7 g of Amberlite CG-400 was

suspended in 400 mL phosphate citrate buffer at pH 7. A glass

column of volume 50 cm3 and size 18 × 1 inch (dia) was packed

and equilibrated with the buffer and allowed to settle over night

with the starting buffer standing on it.

Application of the enzyme sample: 20 mL of the

enzyme sample was applied at regular intervals in 5 mL

fractions, each time to the pre-packed column. A continuous

elution was subsequently carried out and 5 mL fractions were

collected. Each of the fractions was assayed for its protease

activity. The running was continued till the activity vanished,

indicating that no soluble enzyme was left in the column and

remainder immobilized on Amberlite CG-400. The protease

activity was plotted against fraction number to construct the

elution diagram of eluted soluble protease.

Application of the substrate: 1 g of Casein substrate

was dissolved in 100 mL phosphate citrate buffer pH 7 and

transferred to the top of the column applying 5 mL at a time

after the previous almost disappeared. It was then passed

continuously through the column containing immobilized

enzyme. The column swelled up due to the binding of casein

with the Amberlite CG-400. The eluate was collected in 5 mL

fractions for 12 h every day. The column was kept closed

during night. The fractions collected were assayed for the

soluble products of proteolysis by precipitating undigested

protein, for analysis every alternate fraction was treated with

5 mL (5 %) TCA, filtering and using I mL the filtrate was

mixed with 5 mL of alkaline reagent prepared by mixing 98 mL

of (2 %) sodium carbonate, 1 mL of (2.7 %) sodium potassium

tatrate, 1 mL copper sulphate, 2 mL 1 N sodium hydroxide

was added to make the contents of the tube alkaline and

developing blue colour with Folin and Ciocaleu phenol

reagent and finally reading the optical density of the colour in

a spectrophotometer at 660 nm as done under assay of

protease activity. The elution diagram was constructed by

plotting the optical density corresponding to each fraction as

a function of fraction number. After an elution of 10 d, the

column was stopped for 1 week and the elution was restarted.

The products of proteolysis were determined as above. An

elution diagram was similarly constructed.

RESULTS AND DISCUSSION

Adsorption of enzyme on Amberlite CG-400: The

results of the experiment on the study of the binding of the

enzyme with Amberlite CG-400 are given below:

Number of protease activity units present in 5 mL extract

= 40; number of protease activity units present in the super-

natant = 28; number of units immobilized: 40-28 = 12;

percentage of immobilized enzyme: 12/40 × 100 = 30 %;

percentage of soluble enzyme: 28/40 × 100 = 70 %.

The results indicate that Amberlite CG-400 has a signifi-

cant tendency to adsorb and immobilize the protease of Carica

papaya.

Protease activity of the Amberlite (CG-400) unbound

enzyme eluted from the column: The protease activity of

the fractions collected after elution with buffer pH 7 after

sample application is shown in Fig. 1.
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Fig. 1. Change in enzyme activity of the unbound protease of Carica

papaya during elution with 0.2 M-citrate phosphate buffer pH 7.0

from Amberlite (CG-400) column (Days 1-3)

From the profile it is evident that the entire soluble

enzyme was eluted after collection of first 15 fractions, i.e.

75 mL elution volume. The record of the units applied and

recovered as soluble enzyme is displayed is given below:

Units of protease activity applied to the column; 120 units

of protease activity recovered as soluble enzyme: 56; Percent-

age of soluble enzyme: 56/120 × 100 = 46 %; Number of the

units immobilized: 120-56 = 64: Percentage of immobilization:

64/120 × 100 = 54 %.

Proteolysis by Amberlite (CG-400) anion exchanger

bound enzyme: The progress of continuous proteolysis of

casein by the protease immobilized on Amberlite (CG-400)

for 10 days is shown in Fig. 2.

The profile (Fig. 2) indicates that significant proteolysis

occurs when the substrate is passed through the bed of

Amberlite (CG-400) with protease immobilized to it. Points

that are significant about the diagram are as under:
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Fig. 2. Elution diagram showing the extent of proteolysis by immobilized

enzyme at pH 7.0 after application of the casein substrate to the

Amberlite (CG-400) immobilized enzyme column (days 1-10)

1-Along with sharp peaks few small peaks also exist.

2-An increase in the peak height with the passage of time.

The progress of proteolysis, after 1 week stoppage and

restart on 19th day after the application of sample and end of

27th day is shown in Fig. 3.
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Fig. 3. Elution diagram showing the extent of proteolysis by immobilized

enzyme after keeping the Amberlite (CG-400) column closed for

one-week restart (days 19-27)

The results (Fig. 3) indicate that the immobilized enzyme

is not denatured after 1 week stoppage. The life span of

immobilized enzyme seems to be 27 days.

The results indicate that the percentage of immobilization

on Amberlite CG-400 54 % seems significant.

The present work was compared to those using other

supports such as the % age of immobilization of the protease

of Calotropis procera9 on Amberlite CG-50 that was 23 %

and percentage of immobilization of the protease of Euphorbia

royleana10 on DEAE A-50 that was 30 %, which is quite less

than the percentage of Carica papaya immobilization on

activated charcoal13 that is 81 %. Here, an important question

to be answered is why the whole enzyme was not completely

adsorbed by Amberlite CG-400. The complete adsorption

would have been possible only if the enzyme was just one

species and Amberlite CG-400 was in excess. As the Carica

papaya might be a mixture of a number of proteases differing

in their general and binding characteristics. Thus, the incom-

plete binding was not unexpected. After the substrate was

applied to Amberlite CG-400 column, the bed swelled up. This

happened due to the binding of casein with Amberlite CG-

400, which caused a partial choking of the column. That is

why the flow rate fell with the passage of time. The extent of

proteolysis is well clear from Figs. 1 and 2. A numbers of

peaks are present in the elution diagram, which show that

significant proteolysis was caused by immobilized enzyme.

Out of those obtained, at least one high peak corresponds to

some fraction of the eluate collected in a day. The high peak

was obtained due to the fact that column was stopped during

night and thus the substrate remained in contact with the

enzyme for about 12 h and thus extensive hydrolysis occurred

in the vicinity of the site of the enzyme location in the column.

Another interesting feature of the nature of proteolysis is that

the height of the peak increases in certain cases with the

passage of time (Fig. 2). This happened due to partial chocking

and fall in the flow rate. Thus, due to reduction in the flow

rate the time of contact between the enzyme and the running

buffer increased several fold resulting into extensive proteo-

lysis. The column was stopped for 7 d. The proteolysis caused

by the enzyme was significantly higher even in the 27 d. No

proteolysis was recorded after 27 d. The life span of protease

of Carica papaya bound on Amberlite CG-400 (27 d) is greater

than the life span of Euphorbia royleana10 bound to DEAE A-

50 that was 20 d and even greater than that of immobilized

protease of Calotropis procera9 bound to Amberlite-50 that

was 21 d. From the results reported and discussed above, it is

quite clear that the study was a successful attempt towards the

development of the immobilized enzyme system and towards

the exploration of techniques to preserve enzymes in a modi-

fied form. The work may also be extended to the study of

development of the appropriate system for immobilization of

the enzymes other than proteases for their use in commercial

sector.
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