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ABSTRACT

In order to increase the productivity of cellulolytic enzymes, medium composition
and culture conditions were studied. When cellulose powder (Avicel) supplemented
productivity of 8-glucosidase was
increased by about 3 times compared with the runs with only cellulose powder as a

with rice straw was used as carbon source,

carbon source. In this case no negative effects on the production of CMC enzyme
activity and filter paper activity was found. For the production of cellulolytic
enzymes using T. reesei QM 9414, casitone was found to be a good nitrogen source
compared with other sources studied, such as peptone, yeast extract, tryptone,
and casein. The highest cellulase aciivity was attained when 0.3% glucose and
0.01% Tween 80 were supplemented to the standard medjum of Reese. An adequate
oxygen transfer rate was also found to be important to the cellulase: fermentation

and about 50 mmole of oxygen/liter/hour supported good cellulase biosynthesis

during cellulase fermentation.

INTRODUCTION

Efficient utilization of cellulosic mate-
rials as a renewable resource is drawing
a great deal of attention in the scientific
Reese, et al. (1950) pro-
posed the C,—C. cellulase component

community.

concept.
Thereafter many researchers have sus-
pected that coenzyme is a limiting factor

in enzymatic hydrolysis of cellulose,

and this stimulated many studies on
characterization and role of C, enzyme
in hydrolysis of cellulose using Tricho-
derma reesei that is known to be most
active for hydrolysis of natural cellulose
(Siu, 1953; Wood and McCroe, 1972;
Halliwell and Griffin, 1973, Berghem,
1973, 1975; Wood, 1968; Mandels, 1975),
Hovever, it was found that substrate
pretreatments could lower the require-
ment of C, enzyme for enzymatic hydro-
lysis of cellulose. Also found was that
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cellobiose, which is produced mainly by
the action of §-1, 4 glucar\ cellobiohydr-
olase (C; enzyme) on cellulose, inhibited
B-1, 4 glucan cellobiohydrolase competi-
tively. In addition, when the cellulase
enzyme from 7T. reesei is usedl more
than half of the sugar produced by

enzymatic hydrolysis of cellulose is
<ellobiose, and the higher the concentra-
tion of sugar produced, the slower the

hydrolytic reaction rate (Sternberg,

1976).

All of these findings imply the impor-
tance of inhibition effects of B-glucosi-

dase, which hydrolyses celiobiose to
glucose and of $-1,4 glucan cellobiohyd-
rolase which hydrolyses cellulose to
cellobiose. Mandels(1975) and Sternberg
{1976) showed that
production using T. reesei,
hydrolytic activity and CMC hydrolytic

activity

during cellulase

filter paper

increased when the pH was
controlled at 3 and S-glucosidase activity
was almost completely lost when pH
fell below 3. Sternberg tried to overcome
this problem using buffered medium and
control pH above 3.5. In this case §-
glucosidase activity was increased but
both CMC hydrolytic activity and filter
paper hydrolytic activity were decreased
(sternberg, 1976). Katz detected mostly
glucose but hardly detected cellobiose in
the enzymatic hydrolysate of cellulose
when T.reesei enzyme was supplemented
Aspergillus
which was known to have high J-gluco-
sidase activity (Katz and Reese, 1968).

It was reported that 3-glucosidase was

with luchuensis enzyme

inhibited by gluccse (Gong ef wl., 1977
Berghem and Patterson, 1974). In our
study, medium compositions and culture
to increase the

conditions were studied
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productivity of cellulolytic enzyrae using
T. reeset QM9414. Particularly,
productivity

impro-
vement of B-glucosidase
without causing negative effects on the
productivity of CMC hydrolytic activity
and filter paper hydrolytic activity was
achieved, when cellulose powder was
supplemented with rice straw as a carbon

source.
MATERIALS AND METHODS

T. reesei QM9414 supplied by Dr. M.
Mandels, U.S. Army Natick Research
and Development Command, was used.
After growth at 29°C for seven days,
cultures were stored at 4°C (Mcenezes et
al., 1973). A loopful of
transferred from the stock culture to a
fresh agar slant medium, then the agar
incubated at 28°C~30°C for
sporulation

spores was

slant was
about seven days until good
occurred, The spores from the tube were
then suspended in 5ml of cellulose medi-
um (Mandels and Weber, 1969) in 500ml
Erlenmyer flask. This culture was
incubated for about five days
shaker (New Brunswick Scientific) under
the standard conditions (27°C to 30°C
and 300 rpm with 50mm throw), and

this culture was used as inoculum. The

in rotary

fermentation in shake-culture started
with transfer of 5ml inoculum to 100ml
cellulose medium. Compositions of basal
medium are as follows: KH,PO,, 0.2%;
(NH,),S0,, 0.14%; Urea, 0.03%; MgSO,
-7H,0, 0.03%; CaCl,, 0.03%; Cellulose,
1.0%; Proteose peptone, 0.1%; FeSO,-
7H,0, 5.0 ppm; MnSO,-H,0, 1.56 ppm;
ZnS0,-7H,0, 1.4 ppm; and CoCl,, 2.0 ppm
in distilled water (Mandels and Weber,
1969). After harvest, culture broth was
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centrifuged at 300 rpm for 20 minutes,
then the supernatant was assayed for
the soluble protein by the method of
(1975), and for the
enzyme activities by using
method reported by Mandels ef al. Hy-
drolytic activities of carboxymethylcellu-
lose (CMC)
(FP)activity were measured by Semogyi-
Nelson Method (1952).
measured using

Lowry, et al.

the same

activity and filter paper

Cellobiase acti-
vity was glucostat
enzyme(Kwon, 1977). All enzyme acti-

vities are expressed in International Unit
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per unit volume (ml) of culture broth.

RESULTS AND DISCUSSION

The effect of nitrogen source
Casitone was found very good as a
protein source. This result is shown in
Table 1. During fermentation of cellulose
using 7. reesei proteolytic enzymes are
known to he produced in the culture
broth, and

eNZymes may cause

extracellular  proteolytic
the deactivation of
celluloytic enzymes in the culture broth

(Selby and Maitland, 1967).

Table 1. The effect of nitrogen source on the production of cellulase.
Protein Source (%) Final pH FP Activity CMC Activity Cellobiase

(IU/ml) (IU/ml) (IU/ml)

Peptone 0.1 4.03 0.88 0.255 0.138

Yeast extract 0.1 6.52 0.58 0.214 0.128

Tryptone 0.1 6.14 0.59 0.245 0.134

Casitone 0.1 6. 40 2.05 0. 208 0.134

Casein 0.1 6. 66 1.70 0.379 0.125

*Conditions: (NH,),SO, 2.0g/1, Carbon soruce 1% CaCl, 0. lg/t, KH,PO, 0.14g/1, MgSO,
7H,0 0.1g/1, with tap water to 1 liter
*Carbon source: Mixtures of rice straw (0.7%) and Avicel (0.3%) 8 day-old culture

The effect of glucose
It was reported that soon after the
addition of glucose during fermentation
of cellulose using T. reesei, the pH of

culture broth rapidly fell to as low as
pH 2.2 (Sternberg, 1976). 0.3% of
glucose added before inoculation was
found to be optimal (Table 2).

Table 2. The effect of glucose on the cellulase production.

FP Activity  Soluble Protein

Time added  Glucose (%) Final pH  CMC Activity

(hour) (IU/ml) (1U/mI) (mg/ml)

0 0.0 7.16 0.296 0.98 0.945

0 0.1 7.39 0. 290 0.74 0.998

0 0.3 6. 96 0.340 1.13 1,200

54 0.2 7.30 0.200 0.57 0. 945

54 0.3 7.27 0.128 1.13 0.998

54 0.5 7.10 0.276 0.69 0. 998

140 0.2 7.23 0. 250 0.74 0. 966

140 0.5 6. 90 0.276 0.78 1.082

*Conditions: 13 day-old culture

1% rice straw
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The effect of surfactant Tween 80

Reese and Maguire found that Tween
80 doubled the cellulase yield in Tricho-
thus 0.2% Tween 80 is

routinely added to the growth

derma reesei,

medium

{Vol. 16, No.4

(Reese and Maguire, 1976).

as carbon

In the case

of using rice straw source,
maximum productivicy of FP activity
and soluble protein was obtained at 0.3

% of Tween 80 (Table 3).

Table 3. The effect of Tween 80 on the cellulase production.

Time added Tween 80 Final pH FP Activity CMC Activity Soluble Protein
(hour) conc. (%) {JU/ml) (1U,/'ml) (mg/ml)
0 0 7. 13 0.18 ). 116 0.777
0 0.1 7.03 0.98 1170 0.924
{ 0.2 6.96 1.09 1. 220 1. 060
G 0.3 6.93 1.58 J. 290 1,113
96 0.1 7.12 0. 80 3.220 0. 840
96 0.2 7.43 0. 64 J. 190 0. 361
96 0.3 7.53 0.51 ). 180 0.714
150 0.1 6.98 . 67 0. 256 0.914
150 0.2 6. 86 0.51 1. 300 0.998
150 0.3 6. 85 0.43 J.386 0.945

*Conditions: 10 day-old culture

The effect of rice straw/Avicel ratio

When carbon source was supplied in
the form of mixture of rice straw and
the final pH

value of culture broth increased with the

Avicel at various ratios,

straw to Avicel ratio

(RS/Avicel ratio).

increase in rice

The maximum pro-

Table 4. The effect of rice straw/Avicel ratio on the cellulase production.

1% rice straw

ductivities of FP activity and soluble
protein was obtained when RS/Avicel
ratio was 1(Table 4). This medium was
designated as RS/Avicel medium.

Table 4 shows that the final pH of
culture broth was 6.42 when RS/Avicel

ratio was 1.

Rice straw Avicel

Soluble protein FP Activity CMC Activity Final pH
(g/100ml) (g/100ml) (mg/ml) (IU/ml) (IU/ml)
0.0 1.0 0. 80 (.55 0.296 2.90
0.2 0.8 0.80 0.98 0.275 3.20
0.5 0.5 1. 00 1.50 0.375 6.42
0.8 0.2 0.84 (0. 80 0.385 6. 80
1.0 0.0 0.9¢2 0.85 0. 400 6.71

*6 day-old culture

The effect of pH on cellulase
activity during fermentation
Table 5 shows that pH and activity

changes during fermentation on RS/

Avicel medium. The pH value decreased
during the first 48 hours, but increased
thereafter and final pH of the culture

broth was 6.4. Minimum pH value was
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Table 5. Changes in pH and cellulase activity during fermentation on RS, Avicel

medium (RS/Avicel ratio was 1.0).

Culture Time pH Cellobiase CMC Activity FP Activity
(hour) (1U/mb (TU/ml)y (IU/ml)
0 5.6 — —
18 3.5 0. 0.41 1.50
95 5.8 0.12 0.42 1.58
0.31 0.91

125 6.4 0. 136

observed at 48th hour after incubation,
but its value was far above 3. On the
other hand, pH decreased more rapidly
when Avicel was used as carbon source,
value maintained

below 3 throughout the

and there after its
fermentation
process. Final pH in this case was 3.0
(Table 6). Productivity of cellobiase was
about three times higher in RS/ Avicel
medium than that in the medium contaj-
ning Avicel as the only carbon source
(Avicel medium). The productivity of
FP activity was better in RS/Avicel
medium,

Sternberg (1976) reported that produc-
tivities of FP activity and CMC activity

was slow in buffered medium where

pH was controlled above 3.5 and below
4.5 with 0.011 M citrate buffer, and that
productivity of B-glucosidase increased
in buffered medium by about six times
compared with that of unbuffered midi-
um. However, productivity of FP activity
and CMC activity decreased in buffered
medium compared with that in unbuffered
medium. Based on these results rice
straw as carbon source prevents the pH
drop below 3.5 during fermentation and
the increase in pH to about 6.5 did not
cause the decrease in productivities of
FP activity and CMC activity. Therefore
it appears that pH within the range of
3.5—6.0 provided satisfactory conditions

for cellulase biosynthesis.

Table 6. Changes in pH and cellulase during fermentation on Avicel medium (1% Avicel)

Culture Time pH Cellobiase CMC Activity FP Activity
(hour) (IU/ml) (IU/ml) (1U/ml)
0 5.60 — —
48 2.72 0.032 0.040 0.68
95 2.74 0.048 0. 404 1.13
125 2.99 0.236 1.15

The cellobiase activity was, however,
less than FP activity in these cases
(Table 5) studied. In the case of sacch-
arification of 10% BW 200 with culture

filtrate of T. reesei QM 9414, after
incubation at pH 5.0 at 50°C in shake
flask produced glucose and cellobiose

(Sternberg, 1976). Katz showed that it
was necessary to use high concentration
of T. reesei cellulase with supplemented
from A.

highly

By doing so, he was

B-glucosidase {uchuensis in

order to produce concentrated

glucose solution..

able to produce sugars consisting of
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nearly all glucose. . From these results The effect of CaCO,

cellobiase may be suspected as a limiting It is known that calcium carbonate is
factor for the hydrolysis of cellulosic an effective buffering and neutralizing
materials using T. reesei QM9414 cellu- agent when acid is produced (Pirt, 1975;
lolytic enzymes at high concentration of Stanier et al, 1970). But Table 7 showed

cellulose. that CaCO, was not effective in prevent-

Table 7. The effect of CaCO, on the final pH and productivity of cellulase.

CaCO, Final pH FP Activity CMC Activity Cellobiase
(%) (1U/ml) (10/mb) (IU/m})
0.01 2.91 0.59 0.207 0. 064
0.05 2.90 0.80 0.243 0.046
0.1 3.01 0.61 0.194 0. 056
0.2 2.92 1.09 0.255 0. 046
0.3 3.17 0.95 0.194 0.052

*100 hour-old culture
*Natick medium =CaCO,

ing pH decrease even at 0.3% concentra- When about 50 mM O,/1/hour  of

tions of CaCO, during fermentation oxygen transfer rate is maintained, the

process. highest productivity of FP activity was
7. The effect of aeration obtained (Table &).

Table 8. The effect of aeration on the cellulase productivity

Working Volume Soluble Protein FP Activity CMC Activity O.T.R.
(ml) (mg/mb) (1U/ml) (IU/ml) (mMO,/1/hour)
30 1.176 1.38 0.53€ 75
50 1.453 1.90 0.520 50
75 1.575 1.48 0. 486 40
100 1.453 0.83 0.476 30

*7 day-old culture

¥ =2

T. reesi QM4 FF§ AF&-8ld-& o glucose= 0.3% Tween 808 0.3%8 ExojA cellulase
8] productivitys} #3kor nitrogen source® = casitones] 2 A u-E vehic, =HFAE Wayo
2 39 &9 culture broth9] final pH¥ 7%2ojglon] wA 3 Avicele 4hubd o] srgoz &
R & cellulased] productivitys} A Jebikeu] =3] cellobiases}] productivitys} &84 Z71
85 o o] ¢ fermentation §olol pH7} 3.5 ¢]3ts welxlz] 3 final pHE 6822 o8 el
web. 22] 3 &3 oxygen transfer rate: 50 mM O,/1/hours} & Zropbwich,
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