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ABSTRACT : An enzyme membrane system was constructed by immobilizing trypsin
onto chitin and ultrafiltration sst-up was employed to investigate the activity of thus
prepared enzyme membranes. Benzoylarginine ethyl ester (BAEE) and caszin were
uszd as substrates. Usinz BAEE as a substrate, the dependence of conversion on pH
was examined uniler flow condition (ultrafiltration). Th= results showed that ths opti-
mum pH for the enzyme membrane was shifted from 7.8 for native enzyms toward
more alkaline pH 9.0. The shift was assumed to be caused by the localized high con-
centration of enzyme molecules and of the released carboxylic acids during the hydro-
lysis of substrate. In order to measure the “figure of merit” the reaction rates with a

membrane were measured under the flow and batch conditions. The ratzs werz calcul-
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atad from thz conversions of substrate, when the conversions for both flow and batch
conditions were equal. The results obtained with BAEE as a substrate gave the figure
of merit 5.67, indicating that reaction rate for flow systam was five timeas larger than
that for bitch system. This result implies that in the forcad flow of substrate solution
through an enzyme membrane, diffusion limitations could be eliminatad by exposing
all the enzyme molzcules in the membrane to incoming substrate molecules. When caszin,
a high molecular weight substrate, was used this tandancy was expected to be more
pronounced. In the case of casein conversion was expressed by total uv absorption
(AE) and the figurs of merit was determined by comparing the time periods required
to reach the same uv absorption, i.e., the same extent of reaction. The results showed

that the figure of marit was 10.3, and then figure of merit for caszin was two times

larger than that for BAEE.

INTRODUCTION

Chitin is a naturally occurring polysaccha-
ride constituted of N-acetylglucosamine units,
and also known is that when isolated, about
one out of every six acetylamino groups in
chitin is in free amine form!. In the course
of our study on chitin membrane? we saw the
possibility in that the free amine groups could
be utilized to immobilize natural enzymes, thus
enabling us to construct a semipermeable
enzymatic membrane system. One of the pro-
blems associated with the enzymatic reactions
occuring within inso'uble matrices is the slow
diffusion of substrates through solid matrices.
The reaction rates observed with insolubilized
enzyme systems are the consequence of three
stepwise processes; the diffusion of substrate
molecules into incolub’e matrices, the enzyme
reaction, and the emergence of reaction procucts
from the inscluble matrices. When substrate
diffusion is much slower than enzyme reaction
the reaction should occcur essentially at the
outer periphery of insoluble matrices and the
enzyme immobilized in the interior contributes
little to the reaction.

In the present study an effort was also made

to look into the problem of diffusion limitations.
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The work was based on the assumption that
under forced flow of substrate solution through
an enzyme membrane, diifusion limitations are
essentially eliminated as all the enzyme molec-

ules in the membrane are exposed to substrate.

EXPERIMENTAL

Materials.

Clean chitin samples were prepared by the
procedure of Cho and Lee?. Among the various
natural chitin sources, the interna! skeletal
bones of squid (sepia esculents, sepia subacule-
ata or sepia hercules) were found to provide
chitin samples in the cleanest form when pro-
perly treated. Crystalline trypsin and benzoyl-
arginine ethyl ester (BAEE) were obtained
from Tokyo Kasei Ltd. Casein was obtained
from Difco Chemicals.

Determination of Free Amine Groups in
Chitin Sample.

The treated chitin samples were thoroughly
washed with distilled water. The chitin samples
were then dried overnight in vacuum oven at
100°C. A 0.5g sample was soaked with stirring
for 1 hr in 100ml of 1.03x10-2 N HC).. A 10ml
alijuot was withdrawn and back titrated to

determine the milliequivalents of acid taken up
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Table [. Determination of Free Amine Croup
in Chitin*
i Chitin | NaOH(ml) | Glucosamine
| sample wusedin back
‘ (%) ‘ titration (%)
Exp. 1 0.5437 | 12.6 16.1
Exp. 2 0.4639 | 13.9 16.1
Exp. 3 l 0.5218 13.0 16.0

*1.08x10-* N hydrochloric acid solution and 5.03
x 10-*N sodium hydroxide solution were used
in this experiment.

by the chitin. The results are summarized in
Table [. The titrations showed that these
chitin samples posses about 162 of the total
acetylamino groups in free amine form (D-glu-
cosamine).

Preparation of Membrane.

About 1g of the chitin sample was dissolved
in 100ml of anhydrous formic acid with stirring
for 7-8 hrs at rcom temperature. The solution
was filtered to remove the insoiuble residue. And
then the solution was poured onto a clean glass
plate. Side edge of the plate was lined with
cellophane tape of certain thickness. After st-
anding in the air for 5 hrs, thus cast film was
taken off the glass plate under distilled water.
In order to prepare the membrane of larger
flux, drying time was shortened. To remove the
formic acid remaining in the membrane, the
film was immersed in 0.49% aqueous scdium
hydroxide sclution for a few hours. The mem-
brane was then stored under distilled water
more than 5 days befere use for the experim-
ents. Thickness of thus cast membrane was
usually about 26 gm of dry and 73 pm of wet
(Mode!
54 p, Testing Machine Inc.). Water content(S)

thickness as measured by micrometer

was determined from the dry and wet weight.
Water content was about 64% and dry weight
was 1.26x10-3g/cm?,
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— Ww_Wd
S= — W,
W.: Weight of wet membrane

W Weight of dry membrane

Immobilization of Enzyme on Membrane.

A representative procedure for the immobili-
zation of enzyme on membrane was as foliows:
A chitin-based membrane prepared as described
above was mounted on the support disc of the
ultrafiltration cell (Amicon Model 12) and then
the cell chamber was filled with 10ml of the
glutaraldehyde solution (2.5%, w/v in 0.05M
phosphate buffer solution of pH 7). The ex-
posed membrane area was 3. 6cm? As pressure
was applied, the glutaraldehyde solution started
to flow through the membrane with the con-
current reaction between the free amine group
of the chitin and glutaraldehyde. It took 1 hr
to deplete the glutaraldehyde solution. The
membrane was then washed 5 times with the
buffer solution to remove residual glutaralde-
hyde. Immobilization of enzyme was conducted
by passing enzyme soluticn of proper concen-
tration through thus prepared chitin membrane.
The membrane was then washed with buffer
solution containing 1 M NaCl to remove non-
bonded residual enzyme. The amount of enzyme
bonded was determined from the difference
between the 280 nm absorbance of the trypsin
solution added and that of the filtrate and
washings. Very small amount of trypsin was
detected in the filtrate and washings. We could
control the amount of trypsin bonded to chitin
membrane by means of contrelling the amount
Finally a NaHSO,
added to deactivate the

of added trypsin solution.
solution (10%) was

unreacted aldehyde groups on the matrix.

Determination of Enzyme Membrane Ac-
tivity
The enzyme activity was examined by follo-
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wing the hydrolysis of BAEE. All the hydroly-
sis reactions of BAEE were performed in the
solution buffered with 0.01M tristhydroxy-
methyl)aminomethane and hydrochloric acid with
sufficient sodium chloride to adjust the ionic
strength to 0.2. Below pH 7.0, KH,PO,-NaOH
system was used as the buffer and above pH
9.0, Na,B,0,-NaOH system was used. All the
experiments were carried out at 35°C. Deter-
mination of enzyme activity was done spectro-
photometrically by comparison the absorbance
of substrate solution at 251 nm before and after
the hydrolysis reaction. Enzyme activity toward
casein substrate was determined by the method
of Kunitz3, except that 29 stock casein solution
and 10% trichloroacetic acid were used. The
reaction rates were measured under two sets
of conditions as follows:

Batch conditions:

The membrane was placed in certain volume
of substrate solution and the solution was kept
stirred. The change in substrate concentration
was measured at certain time intervals.

Flow conditions:

The membrane was mounted on a ultrafiltra-
tion set up, and substrate solutions were forced
to flow through the membrane under various
pressure. Flow rates and product concentrations
in the filtrate were measured.

RESULTS AND DISCUSSION

In the first phase of the work a proper
reaction conditions for the study were deter-
mined.

Effect of Enzyme Loading on Conversion.
To find proper level of loaded enzyme for the
rate studies the dependence of conversion upon
the level of loaded enzyme was first examined
The results are summarized in Table J. As
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indicated in the Table ]|, the conversions were
almost directly proportional to the trypsin
loading. We took the loading level of 10-20mg
/g for the further studies.

Effect of Flux.

To find the proper ultrafiltration conditions
the conversions of substrate hydrolysis were
determined under the different applied pressu-

Table J. Dependence of Conversion on the Level
of Enzyme Loading in Hydrolysis
Reactions of Benzoylarginine FEthyl
Ester by Chitin-Based Trypsin Mem-

brane*
Trypsin loading(mg/g of chitin)‘ Conversion
7.10mg/g 31.8%
11.8mg/g 52.7%
16.5mg/g 73.6%
20.9mg/g 83.4%
*pH: 7.97
Temp.: 35°C

BAEE: 2.00x19-® mole/1
Pressure: 3 atm

Table §. Dependence of Conversion on Pressure
in Hydrolvsis Reactions of Benzoylar-
ginine Ethvl Ester by Chitin-Basad
Trypsin Membrane*

Pressure (atm) | Flux (ml/hr) | Conversion (%)

1 } 3.10 85.1
1.5 , 4.65 73.9
2 6.30 55,7
2.5 7.75 45.8
3 9.30 38.5
3.5 10. 85 33.7
*pH: 7,13

Trypsin loading: 16.5mg/g(chitin)
BAEE: 2.00x10-* mole/1
Temp.: 35°C

res. The results are summarized in Table J.
As the pressure was raised, flux was also
increased. The increase in flux shortened the

resident time of substrates in membrane, thus
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Figure 1. Dependence of Conversion on pH
in Hydrolysis of BAEE by Chitin-
Based Trypsin Membrane.
BAEE ; 2.00x10-*mole/1
Trypsin loading: 16. 5mg/g (chitin)
Temp.: 35°C
Pressure; 3 atm

resulting in the decrease of conversion.

Effect of pH.

Dependence of conversion of pH was exami-
ned. The results were shown in Figure 1.

The optimum pH for the highest activity of
enzyme membrane was shifted from pH 7.8
for native enzyme toward more alkaline pH
9.0. This shift toward alkaline pH was caused
probably by the localized high concentration of
enzyme molecules and of the released carbox-
ylic acid groups during hydrolysis of substrates.

“Figure of Merit”.

It was difficult to compare the reaction rates
obtained under two different conditions, batch
and flow, and the extent to which the diffusion
limitations can be eliminated by forced flow
through the membrane was determined by an
empirical “figure of merit”4 This is defined
as the ratio of the reaction rate under the
forced flow conditions to the rate under batch
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Figure 2. Dependence of Conversion on Time in
Hydrolysis of BAEE by Chitin-Ba-
sed Trypsin Membrane under Batch
Condition.
pH:7.13
Trypsin loading: 16.5mg/g(chitin)
BAEE:2.00X10~* mole/1
Temp.: 35°C

Table [V. Analysis of the Hydrolysis Reactions
of Benzoylarginine Ethyl Ester by
Chitin-Based Trypsin Membrane under
Flow and Batch Conditions*

Flow Batch

Substratc’(BAEE)(z_ 00Xx 10—3m01e/’1§ 2.00X 10 *mole/1

Pressure '3 atm -—

Volume 3.1 ml 10 ml

Conversion 138.5% | 38.5%

Time 20 min | 36.8 min

Reaction rate,V | 119X 10" | 2,10X107°
I mole /min mole/min

_ l

Figure of merit:—%f;‘lt"*'; =5,67

*pH: 7.13

Temp.: 35°C

Trypsin loading: 16.5mg/g(chitin)
conditions.

The reaction rates of substrate hydrolysis by
enzyme membrane were measured under flow
and batch conditions. The rates were calculated
for substrate conversions when both convers-

ions for flow condition and batch condition are
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equal. The results for using BAEE as a sub-
strate were shown in Figure 2 and Table [y.

Table [V showed that reaction rate for flow
system was about five times larger than that
for batch system. This results showed that
under forced flow of substrate solution through
an enzyme membrane, diffusion limitations
were eliminated, assuming that all enzyme
molecules in the membrane were exposed to
substrate. In the case of hydrolysis of high
molecular weight compound these behavior

will be more pronounced and casein was selec-

Table V. Analysis of the Hydrolysis Reactions
of Casein by Chitin-Based Trypsin
Membrane under Flow and Batch
Conditions*

Flow ' Batch

Substrate(casein)| 1% solution |
3 atm } —
1

Pressure
Volume 2.5 ml 2.5 ml
Conversion(AE) | 0.207 0. 207
Time, T 20 min 206 min
: H Tblt h
Figure of merlt:——T—c—:IO. 3
flow
*pH: 8,00
Trypsin loading: 20.9mg/g (chitin)
Temp.: 35°C
o€
o3r
0.2 s
o.ir
o 40 85 120 160 290 240 280

min

Figure 3. Dependence of Conversion on Time in
Hydrolysis of Cascin by Chitin-Based
Trypsin Membrane under Batch Con-
dition.
pH:8.00
Trypsin loading : 20.9mg/g(chitin)
Substrate (casein): 1% solution
Temp: 35°C
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Table V[. Stability of Chitin-Based Trypsin
Membrane for Hydrolysis Reactions
of Benzoylarginine Ethyl Ester*

Extent of hydrolys's reaction of benzolyarginine
ethyl ester by trypsin membrane

When f{reshly | After storing After storing in

prepared | at 4°C for 7 buffer solution
| days of pH 7.97 at
| ‘ room temp. for

i 24hrs,
73.6% ] 70.4% | 68.9%

*pH: 7.97

BAFEE: 2x10~* mole/1

Temp.: 35°C

Trypsin loading: 16.5mg/g(chitin)

ted as the next substrate. Using casein as a
substrate, we expressed conversion in terms
of uv absurption (AE) and the figure of merit
was determined, comparing the time periods
which required to reach the same uv absorption.

The results were shown in Figure 3 and Table

V.

Table V showed that the figure of merit for
casein was about 10 and two times larger than
that for BAEE. However in the case casein as
a substrate, ultrafiltration reaction suffer a
small loss of flux because of its large molecular
size. Interesting to note is that in spite of loss
of flux, figure of merit was enhanced. This
means that in the case of high molecular
weight compound as a substrate diffusion limi-
tation phenomena become more severe as

expected,

Stability

The chitin-based enzyme membrane could be
used repeatedly without loss of activity and
could be left standing in pH 8 buffer at room
temperature for 24 hrs with only a 5% loss of
activity. This membranes could be stored wet

at 4°C for 7 days with only 3% loss of activity.
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The results were summarized in Table V[.
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