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Enhanced production of cellulase by a mutant
strain of Aspergillus phoenicis.*
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ABSTRACT

Mutational experiments were performed to improve the cellulase productivity of Aspergillus
phoenicis KU175, isclated from the southern part of Korea, as a high cellulase producer. By
treatment ultra-violet light and 4-NQO (4-Nitroquinoline-N-Oxide), mutation was induced,and
A. phoenicis KU175-115 was finally selected for its highest avicelase production.

Avicelase production of the mutant was increased about 2 times compared with those of the
wild strain. However, activities of other hydrolytic enzymes, such as amylase, protease and

nuclease, of the mutant strajn didn’t show a marked difference compared with the wild strain,

.except slight increase in ribonuclease activity and slight decrease in glucoamylase activity.

Avicelases from the mutant strain selected were purified from wheat bran culture by succe-
ssive salting out, followed by dialysis and column chromatography, and their characteristics
were compared with those of the wild strain. Avicelase was separated into three peaks in the
mutant strain as well as in the case of the wild strain. Avicelase II activity of the mutant
strain was prominently higher than that of the wild strain, while avicelase I and III activities
of those were equivalent.

The optimal pH ranges and stability of avicelase II from the mutant strain were pH4~5
and pH3.5~6.0, respectively, as well as in the case of the wild strain. The optimal tempera-
ture and thermal stability of avicelase II from the mutant strain were 40~50°C and 20~55°C,
respectively. These results were same as those of the wild strain.

By the using of Eadie-Hofstee plot, Ku and Vaax of avicelase II from the mutant and the
wild strain were calculated to be 2.29mg/mi and 4.84ug reducing sugar as glucose per min
equally, from the line fitted to the data by the least square method. Activity of avicelase II
from the mutant strain was slightly activated by Mg*+ but inhibited by Cu*+, Mnt+t and
Znt+, as well as in the case of the wild strain.

Therefore, it was concluded that the mutant didn’t induce the formation of ancther avice-

*This w;)rk V\;éisiéﬁbﬁérted by a grant from The Korean Traders Scholarship Foundation.
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lase isozyme, or the changes in the properties of avicelase, but induce the changes in the pro-

ductivity of the same avicelase II by the action of regulatory gene,

INTRODUCTION

Cellulases in the nature play an essential
role in the carbon cycle. Cellulases are prod-
uced by a very large number of micro-organ-
isms. It has been known that there are mul-
tiple forms of cellulolytic enzymes in the cul-
ture filterates of various micro-organisms, such
as Trichoderma viride(Okada et al., 1968; R-
eese ef al., 1950; Toda et al., 1971), Trichod-
Wood et

al., 1972), Pseudomonas fluorescens var. cellu-

erma koningii(Iwasaki et al., 1965;

losa (Yamane et al., 1970; Yashikawa et al.,
1974), Aspergillus nidulans (Maeng et al.,
1980) and Aspergillus niger (King et al.,1963;
Li et al., 1963). Some of these cellulases have
been purified and investigated extensively.

To increase the rate and yield of glucose
from cellulose significant improvements have
been achieved through pretreatment of cellu-
losic material (Knappert et al., 1980) and de-
velopment of better strains by mutation(Man-
dels ef al., 1971; Montenecourt ¢t al., 1980).
However, there are little reports to clarify
how the mutation caused.

In the present study, avicelases from the
mutant strain were isolated, purified and com-
pared their characteristics with those of the
wild strain, to clarify whether the mutation
was caused by the variation of a single regu-
latory gene,or due to the formatoin of another

avicelase isozymes.

MATERIALS AND METHODS

1. Experimental organism

Aspergillus phoenicis KU175,
the southern part of Korea as a high cellulase
producer (Lee and Park, 1977), was used.

isolated from

2. Selection medium

The clear zone production medium (Hyun ef
al., 1978) was used for a primary screening
test of mutants. The medium contains 0.5%
sodium chloride, 0.2% potassium phosphate
(dibasic), 0.19% ferric citrate, 0.19%
citrate, 1.0% ammonium sulfate, 0.1% deox-

sodium

ycholate, 1.09% rice straw pulp powder and
1.5% agar.

3. Mutagen treatment

The conidia grown on a Czapek’s agar slant
for 7 days were suspended in distilled water.
The suspension was filtered aseptically through
glass wool, and it was sufficiently agitated to
segregate clumps of conidia into individual c-
onidium on the shaker-incubator. The number
of conidia was counted with haemocytometer,
and the conidial suspension was diluted with
distilled water to be approximately 10cells/m/.

UV (Ultra-violet) light irradiation: 10m/ of
the conidial suspension in petri-dish was exp-
osed to at the distance of 5cm by employing
a germicidal lamp(15W, Toshiba) in the dark
room.

4-NQO(4-Nitrequinoline-N-Oxide) treatment:
The conidial suspension was treated with diff-
erent concentrations of 4-NQO for 30 min.

4. Induction and selection of mutants

Mutation was induced by UV-light irradiation
at the dose exhibiting 99. 5% lethal rate(3min),
or by 4-NQO treatment at the
of 95% lethal rate (3.2x10°°M). After mut-
agen treatment, 0.5m! cell suspension was p-

concentration

oured out by spreading with L-shaped glass

rod on the clear zone production agar plate
for a primary screening test. After 20 days
incubation at 30°C, desirable mutants were
selected according to the ratio of diameters
halo and colony, and then were transferred

to Czapek’s agar slant for final selection.
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Final selection was made by the treatment of
cellulase activity.

5. Isolation of enzyme solution

The mixture of 5g wheat bran and 4ml d-
istilled water was autoclaved at 121°C for 30
min, and was cultured at 30°C for 72 hours
after inoculation with one hook of the conidia.
After culture,100m! distilled water was added
in the culture, and then was maintained at
5°C for 24 hours. Followed by these process,
which was filtered, and the filtrate was cent-
rifuged at 10,000rpm for 20min. The supern-
atant were used as a crude enzyme solutin.

6. Purification of enzyme

A concentrated culture filtrate was prepared
by precipitation of the filtrate of 200g wheat
bran culture with (NH,),;SO; between the li-
mits of 30% and 80% saturation, and it was
centrifugated at 10,000rpm for 20min. The
precipitate was dissolved in 0.02ZM acetate
buffer (pH5.0), and
the same buffer. The dialyzate was subjected
to DEAE-Sephadex A-50 column(3. 03<40cm)
chromatography equilibrated with 0.02M ace-
tate buffer(pH5. 0). Each fraction was collected
linear NaCl
gradient (0~0.5M) in the same buffer at the
flow rate of 60ml/h. For futher purification,

it was dialyzed against

5ml, during the elution with a

dialyzate of avicelase II fraction was applied
to Sephadex G-100 column (3.0X40cm) and
eluted with the same buffer at the flow rate
of 40ml/h.

7. Assay of enzyme activity

Cellulase: Avicelase activity was determined
by the method of Somogyi (1952) and Nelson
(1944). 0.5ml of enzyme solution was added
to the mixture of Iml of 0.2% avicel solution
and 0.5ml of 0.4M acetate buffer (pH5.0).
After incubation for 1 hour at 50°C, Z2mi of
the low alkalinity copper reagent was added
to the reaction mixture, and then was heated
in boiling water bath for 30min. After cooling,
1m! of arsenomolybdate reagent was added,

When
all the cuprous oxide was perfectly dissolved,
the solution was diluted with 20m/ of distilled

measured at

followed by standing at least 20min.

water. The optical density was
500nm. One unit of enzyme activity was de-
fined as the amount of enzyme releasing 1.0
wmole of reducing sugar as glucose from the
substrate per min.

CMCase and
under the same conditions in the case of avi-

salicinase were determined

celase, only except that substrates were CMC
and salicin, respectively, and reaction time
was 30min. Unit of enzyme activity was exp-
ressed as same as avicelase.

Amylase: The activity of the glucoamylase
was assayed according to the modified Somo-
gyi-Nelson method (Yamada, 1963). The rea-
ction mixture containing 1ml of starch solu-
tion (10zmole glucose equivalent/ml), 1m! of
0.4M acetate buffer (pH5.0) and 1m! of enz-
yme solution was incubated at 37°C for 10min.
The reaction mixture followed by adding 3ml
of Somogyi’s reagent was boiling for 30min in
water bath. After cooling, 2ml of Nelson-sulf-
uric acid reagent (two-fold diluted Nelson’s
reagent with 1.5N H,50,) was added and the
optical density was measured at 660nm. One
unit (1GU) is the activity which produce red-
ucing sugar from starch for 10min, equivalent
to 1qxmole glucose.

The activity of a-amylase was assayed acc-
ording to the Fuwa's blue value method with
a little modification (Yamada, 1963). The 1-
eaction mixture containing 1ml of the starch
solution, 1m! of 0.4M acetate buffer (pH5.0)
and 1m/ of enzyme solution was incubated at
37°C for 10min, and the reaction was halted
by 5mi of N/2,000 I,-KI solution
0. 995N HCL. The optical density of the react-

jon mixture was measured at 700nm(D"). The

coniaining

optical density of the blank test(D) in which
the enzyme solution was replaced by distilled

water also measured. One unit of «a-amylase
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(1DU) was expressed as enzyme activity de-
creasing blue value to 10%. Units were calc-
ulated by the following formula: 10(D-D")/D.

Protease: The activity of protease was ass-
ayed according to the Folin-Ciocalteu method
(1927). For the determination of alkaline p-
rotease activity, the reaction mixture contai-
ning 1m! of enzyme solution and 1m! 1.5%
Hammastern milk casein in 0.1M phosphate
buffer (pH8.0) was incubated with 2mi of
0.44M TCA (trichloroacetic acid). The amo-
unt of TCA soluble non-proteinous material
showing positive reaction to Folin reagent was
determined colorimetrically at 660nm. For the
assay of acid and neutral protease activities,
1.5%
buffer (pH3.0), or in 0. 1M phosphate buffer
(pH6.0) was used as substrate solution, resp-
ectively. One unit (IPU) of protease activity
which

will liberate the above non-proteinous substa-

Hammastern milk casein in 0. 1M lactate

was expressed the amount of enzyme

nce equivalent to 1pg of tyrosine per min.
Nuclease: DNase activity was determined by
basis on the assay of acid soluble deoxypentose
compounds released from DNA by the enzyme
action (McDonald, 1964). Dexypentose in the
cold 3M TCA-soluble fraction was measured
by the diphenylamine method of Dische(1962).
The reacticn mixture consisting of 0.5ml of
0.-1% DNA, 0.2m/ of Tris-HCl buffer (pH9. 0),
0.1ml of 0.1M MgSO,, and 0.2m! of enzyme
solution was incubated at 37°C. After 30min,
0.5m/ of 3M TCA was added to the reaction
mixture,and then the solution was centrifuged.
To 1m! of supernatant was added 2m! of dip-
henylamine reagent. The reaction mixture was
heated 10min at 100°C. After cooling to room
temperature, readings were made at 660nm.
One activity unit corresponds to an increment
of 0.1 reading value in the spectrophotometer
induced in 30min by one m/ of the enzyme

solution.
RNase activity was determined as described

[Vol. 20, No. 3,

by Keto-Ikeda(1968). The reaction mixture
consisted of 0.5m! of 0.6% RNA
0.3m/ of 0.1M acetate buffer (pH4.5), and
0.1ml of enzyme solution. After incubation at
37°C for 30min, the increment in absorbance
at 260nm of the soup fraction was measured.

solution,

One activity unit corresponds to an increment
of 0.1 reading value in the spectrophotometer
induced in 30min by one mil of the enzyme s-
olution.

8. Determinration of protein

The rotein concentration of enzyme solutions
at each step of the purification were determi-
ned from the absorbance at 280nm. When n-
ecessary, protein concentration was also esti-
mated by the Lowry et al.(1951) using cryta-
lline bovine serum albumin as a standard, the

absorbance at 550nm being measured.

RESULTS AND DISCUSION

1. Selection of enhanced cellulase producing
mutants
About 200 mutant strains, induced by UV-
light or 4-NQO, were selected by using the
halo and colony ratio as the criterion for a
primary screening test. Four mutants among
them with the increased cellulase production
in wheat bran culture were obtained by second
selection. Their cellulase activities were shown

in Table 1.

Table 1. Selected mutant strains of Aspergillus p-
hoenicis for predominent cellulase produ-
ction in wheat bran.

Cellulase (10-2unit/mi)

Strain  Mutagen
Avicelase CMCase Salicnase
KU 175* 1.08 1.85 3.08
KU 175-37 UV 1. 69 2.16 2.27
KU 175-67 4-NQO 1.54 2.16 1.23
KU 175-70 4-NQO 2.16 2.46 2.77
2.16

KU 175-115 UV 2.31 1.85

*wild strain
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A. phoenicis KU175-115, a UV-induced m-
utant, was selected as the most predominent
mutant of avicelase production. Avicelase pr-
oduction of the selected mutant, A. phoenicis
KU175-115, was increased about Z times com-
pared with the wild strain.

2. Other enzyme activities of the mutant

129

Protease, amylase and nuclease activities of
the mutant strain in wheat bran culture were
shown Table 2. RNase activity of the mutant
strain was slightly increased, while glucoam-
vlase activity was slightly decreased,compared
with those of the wild strain.

Table 2. Amylase, protease and nuclease activities of A. phoenicis KU 175-115.

Amylase activity

Protease activity (PU/ml)

Nuclease activity (unit/mé)

Strain Gi i i
u((:g%n/ll}‘rn?)se a_agg/?:g acid neutral alkaline DNase RNase
KU 175-115 4.31 73.0 4.24 1.41 1.41 2.4 7.0
KU 175 5.70 73.0 4.24 1.41 1.82 2.3 5.5

3. Chromatography on DEAE-Sephadex A-50
Column chromatography on DEAE-Sephadex
A-50 of avicelase from the mutant and wild
strain was shown in Fig.1. Avicelase was se-
parated into three peaks, I (fraction No’s. 11
~21), 11 (fraction No’s. 31~45) and IlI(frac-
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tion No’s. 79~86) in the mutant as well as
the wild strain. Avicelase II activity of the
mutant strain was prominently higher than
that of the wild strain, while avicelase I and

Il activities of those equivalent.
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Fig. 1. Fractionation of avicelase by ion-exchange chromatography on DEAE-Sephadex A-50.

(— : avicelase activity, -~ : protein)

4. Column chromatogrephy of avicelase II on
Sephadex G-100

Avicelase II was rechromatographed on Se-
phadex G-100 as shown in Fig.2, and Table 3

is shown the purification procedures. Avicelase
II from the mutant and wild strain was 6.5 fold
and 8.7 fold purification respectively,compared

with those of crude enzymes.
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Table 3. Purification and specific activity of avicelase from A. bhoenicis KU 175-115.

Fractio Vol ! Total activity Total protein Specific_activity
on olume (m/) (unit) (mg) (10~%unit/mg)
Crude enzyme
KU 175-115 750 15. 34 142.3 11
KU 175 740 7.80 140.6 6
Dialysis
KU 175-115 40 9.54 20.1 31
KU 175 40 4.10 15.4 27
DEAE-Sephadex A-50(Peak 1)
KU 175-115 75 3.24 5.3 61
KU 175 70 1.92 4.3 45
Sephadex G-100
KU 175-115 100 1.92 2.7 71
KU 175 100 1.04 2.0 52
the case of the wild strain, as shown in Fig.
al 3 and Fig.4.
- The optimal temperature and thermal stab-
% ility of avicelase II from the mutant strain
E I were 40~50°C and 20~55°C, respectively.
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5. Effect of pH and temperature on the acti- - 5 8
vity and stability of avicelase II ? . ) ‘
The optimal pH ranges and stability of avi- 0o 3 4 5 &
pH

celase II from the mutant strain were pH4~5

and pH3.5~6.0, respectively, as well as in

Fig. 3. Effect of pH on the avicelase II activity.
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Fig. 6. Thermal-stability curve of avicelase IL

¢. K. and V... value of avicelase II

According to Eadie-Hofstee plot of influence
of substrate concentration upon the reaction
velocity of avicelase Il from the mutant and
wild strain, K, and Va.. were calculated to
be 0.229% (2.29mg/mi) of avicel and 2.686
% 107% units (4. 84pg reducing sugar as glucose
per min) from the line fitted to the data by
the least square method, as shown Fig.7. The
K. value was similar to that of Trichoderma-
koningii (Hong ¢t al., 1976) bui this result is
far from that of Halliwell ef al., (1973),0. 05%

sl

Vi =2.6B6
o Ymax 2

—&— Mutant
-~ Wild

vIXx102unit/mi)

Slope = ~Km=—0.229

L 1 L L [ ! i

v/(S) (X10 unit/ml - %)

Fig. 7. Eadie-Hofstee plot of the action of avicelase
II. The line fitted by the least square me-
thod to the points.

7. Effect of metal ions on avicelase II activity
In the effect of metal ions,avicelase II from
the mutant strain slightly activated by Mg*t
but inhibited by Cu**, Mn** and Zn'', as
well as in the case of the wild strain, as

Table 4. Effects of metal ions on the
avicelase 1I.

activity of

Treatment Relative activity (%5)

(2X107°M) KU 175-115 KU 175
CuS0, 80.2 21.4
MgCl, 107.6 103.6
MnSO, 90.6 90.3
ZnS0, 78.3 76.7

—
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shown in Table 4. Considering the optimal formation of another avicelase isozyme, or
pH-temperature ranges, pH-termal stability, the changes in the properties of avicelase, but
Ku-V,.., and effect of metal ions of avicelase induce the increased productivity of the same
II from the mutant and wild strain, it was avicelase II by the action of regulatory gene.
concluded that the mutant did not induced the
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