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Saccharifying Enzyme Hyperproducer, through Mutation and
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Abstract — Mutation experiments were performed to select the mutant of Aspergillus niger
55, which had lost almost all the ability to produce transglucosidases but retained that of
high productivity of raw corn meal saccharifying enzyme, by means of successive induction
with N-methyl-N'-nitro-N-nitrosoguanidine(MNNG), ultraviolet(UV) light, and y-rays. Also, we
used the mutant enrichment techniques, such as liquid culture-filtration procedure and differe-
ntial heat sensitivity of conidia, in order to increase the possibility of obtaining a mutant.
The glucoamylase productivity of mutant PFST-38 was 11 times higher than that of the parent
strain. The mutant PFST-38 was morphologically identical to the parent strain, except for the
size of conidia, the tendency to form conidia and the length of conidiophore. Asp. niger mutant
PFST-38 appeared to be useful for the submerged production of the raw corn meal saccharify-

ing enzyme.

We isolated a fungus, Aspergillus niger 55, which
was a superior raw corn meal saccharifying enzyme
producer in previous studies (1). However, the en-
zyme productivity of this fungus was not adequate
for industrial application. The commercial importa-
nce of the glucoamylase is well recognized. Of the
several microbial strains known to produce this en-
zyme, species of Aspergillus such as Asp. awamort,
Asp. niger and Asp. faetidus have been used for
obtaining the enzyme on an industrial scale. For
commercial production of glucoamylase, attempts
were made to obtain potent mutants from a power-
ful glucoamylase-producing strain, Asp. niger 55.
Glucoamylase synthesis is known to be accompa-
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nied by the formation of transglucosidase, which
adversely affects the efficiency of saccharification.
Transglucosidase promotes the formation, particula-
rly from maltose and glucose, of unfermentable car-
bohydrates. When transglucosidase is present as a
contaminant in glucoamylase employed to hydrolyze
starch to dextrose, lower yields of dextrose are ob-
tained. Large amounts of glucoamylase can be pro-
duced by Asp. awamori without objectionable quan-
tities of transglucosidase (2-6). This paper demonst-
rates induction of a mutant of Asp. awamori by che-
mical and physical means that produces a large
amount of glucoamylase without formation of trans-
glucosidase.

In the studies reported here, we describe the
breeding of a mutant from Asp. niger 55, which has
lost almost all the ability to produce transglucosida-
ses but retained that of high productivity of raw
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corn meal saccharifying enzyme, by means of suc-
cessive induction with MNNG, UV and y-rays. And
also, we describe the mutant enrichment procedure
used, such as the minimal medium liquid cuiture-
filtration procedure in order to increase the possi-
bility of obtaining a mutant. The productivity of
glucoamylase was found to be several times that
of the parental strain. Furthermore, we also found
that some relationships existed between the high
productivity of the enzymes and certain morpholo-
gical characteristics of the mutants, such as the ten-
dency to form conidia, the size of conidia and the
length of the conidiophore.

Materials and Methods

Media and growth conditions

Minimal medium for agar plates contained: 1.5%
(w/v) agar; 3% (w/v) glucose; 2.0 mg asparagine/mi/;
1.5mg KH,PO,/mi; 0.5mg MgSO,/m!; and 0.5 ug
thiamine/m/. Minimal medium for liquid cultures
was identical except for the omission of agar. Enri-
ched complete medium for agar plates contained
2.5% (w/v) agar; 2.0% (w/v) raw corn meal; 0.14%
(w/v) (NH,). SOq; 0.03% (w/v) urea; 0.2% (w/v) KH;
POy; 0.03% (w/v) CaCly; 0.03% (w/v) MgSO;-7H,0;
0.5% (w/v) polypeptone; 0.1% (w/v) yeast extract;
and 0.3 m/ Triton X-100. In complete medium for
liquid cultures, the agar and Triton X-100 were re-
placed by 2.0 g/l of Tween 80. Raw corn meal was
sterilized with the method described in a previous
paper (7). Liquid cultures were grown for 20 to
48 hrs at 30T with aeration.

Mutagenesis

MNNG treatment: Asp. niger 55 was used as
the parental strain. This strain was cultured at 25C
for 10 days on Czapek-Dox agar medium. Conidia
were heat-shocked at 48T for 15 min and then se-
dimented to give pellets containing 107 conidia. N-
methyl-N'-nitro-N-nitroso-guanidine was dissolved
in 0.2 M citrate buffer, pH 5.0, and its concentration
adjusted to 4.0 mg/m/. MNNG solution was added
to the conidia suspension (1.0 mg MNNG solution
per 1 ml conidia suspension) and the mixture was
allowed to stand for 30 min without shaking during
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the treatment period (killing rate of conidia was
above 99.9%). Then the conidia were washed three
times by centrifuging (3000 rev./min) and resuspen-
ded in sterile water. After the final wash, 1 mi of
the conidia suspension was transferred into 50 m/
of minimal medium (Fig. 1).

Ultraviolet irradiation: 10 m/ of the conidia sus-
pension (about 10° conidia/m/) were transferred
into a Petri dish and irradiated with an ultraviolet
lamp (15 W) at a distance of 30 cm. After irradiating
for 15 min (survival rate less than 1%), 1 m/ of the
conidia suspension was transferred into minimal
medium.

v-Ray irradiation: The conidia formed were col-
lected and suspended in 0.1% sterilized peptone
solution in a 10 ml/-cap tube with a density of about
10° conidia/m! and irradiated with y-rays from a
Cobalt-60 source for 50 minutes. The radiation dose
at the distance used was 1,000 y/min, totaling, the-
refore, 50,000 y. Survival was somewhat less than
0.15 percent.

Mutant enrichment: A minimal medium liquid
culture-filtration procedure facilitated mutant cell
enrichment. Only wild type cells grow in the mini-
mal medium while ungerminated, presumably mu-
tant, conidia can be separated from these by filtra-
tion. Although liquid culture-filtration selection has
been successful in enriching mutants, repeated cy-
cles were necessary to eliminate wild type cells.
Mutagenic treatment apparently delayed cell divi-
sion in a treated population so that differences bet-
ween wild type cells and mutants developed only
after several selective cycles. Even when conidia
failed to germinate in a minimal medium liquid cul-
ture, they would often appear on minimal medium
agar plates. Therefore, by using the differential heat
sensitivity between ungerminated mutant conidia
and germinated wild type conidia, it is possible to
increase the proportion of mutant. Germinated co-
nidia and mycelia die when left at temperatures
higher than about 45T for 24 hrs but ungerminated
conidia survive this treatment and subsequently
germinate if transferred to complete medium,

Screening of mutants
The mutagen treated conidia were plated onto
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Slant (25T, 10 days incubation)

Adding 0.2 M Citrate buffer, pH 5.0

Agitation

Filtration (with glasswool filter)

1
Centrifugation (3000 rev./min)

i
tConidia Suspension (conidia number: 107/m/)

y-Ray Irradiation U.V. Irradiation

(50 Krad)

(15W, 30 cm, 15 min)

|
Heat Shock (48T, 15 min)

Adding MNNG soln. (Final conc. of
MNNG in conidia suspension: 1000 pg/m/)
Treating with MNNG at 30C for 30 min

MNNG Treated Conidia Suspension

Washing three times with cooled
above buffer

Washed MNNG Treated Conidia Suspension

Inoculation onto Minimal Broth

|
Filtration (with glasswool filter)

|
Plating on Minimal Medium Agar

|
Ungerminated Conidia and Growing Colonies

|
Ungerminated Conidia and Dead Mycelia

|
Transfer to Complete Medium Agar Plate (by replica-plating)

|
Mutant Selection

Fig. 1. The methods of mutagen treatment and mutant enrichment.

the complete medium, and incubated at 30C for
4 days. The agar blocks displaying clear zones
around them were used for further investigation.
The initial screening was based on the ratio (R)
of the diameter of the clearance to the diameter
of the agar-block. The colonies with significantly
higher values of R as compared with the parent
were selected, and were assayed for the activity
of enzymes. Mutants with significantly higher glu-
coamylase activities were selected and further sub-
jected to the combined action of MNNG, UV and
y-ray treatments. The stable mutants were again
further tested for their ability to produce glucoamy-
lase.

Growth in liquid medium and preparation of crude

enzyme

Conidia from purified strains were inoculated
into 5ml/ of the complete medium in a test tube
followed by incubation at 35C for 24 hrs, then the
culture was transferred to 100 m/ of the complete
medium in a 500-m/ Sakaguchi flask and the incu-
bation was continued on a reciprocal shaker. After
cultivation, the cells were removed by filtration th-
rough filter paper (Whatman No. 2), and the filtrate
was used as the crude enzyme preparation.

Assay of enzyme activity

RDA: Raw starch digesting-ability (RDA) was
determined by measuring starch saccharifying acti-
vity according to the method of Oh ef al. (7). Raw
starch digesting activity was assayed using a reac-



Vol. 19, No. 2

tion mixture consisting of 20 mg of corn meal, 0.2
m) of 0.1 M acetate buffer solution (pH 4.5) and
1.6 ml of distilled water.

Glucoamylase activity: Glucoamylase activity
was measured in a reaction mixture that contained
0.5 ml of 2% soluble starch in 0.2 M sodium acetate
buffer (pH 4.8) and 0.5 m/ of enzyme solution. After
aerobic incubation at 60C for 30 min, the reaction
was stopped by cooling the mixture on ice, and
then the mixture was boiled in a steam bath for
10 min. The released glucose was quantified by
using the hexokinase-glucose-6-phosphate dehydro-
genase method (8). One unit of glucoamylase acti-
vity was defined as the amount of enzyme that li-
berated 1 umol of glucose per min under the assay
conditions used.

Transglucosidase activity: A solution of maltose
was prepared by dissolving 100.0g C. P. maitose
in distilled water and diluting to 500 ml. A 50.0 m/
portion of this 20 weight percent maltose solution
was then placed in a 100 m/ flask and diluted to
100 m/ with distilled water. To the flask was added
5m/ of 1.0M acetate buffer, pH 4.5. After mixing,
an amount of enzyme preparation containing 5.0
units of glucoamylase activity was added. The flask
was placed in a 55C water bath for 48 hrs. At the
end of this incubation period, the optical rotation
of the sugar solution was measured. The higher
the specific rotation measured at 25¢C, [aZ®], the
higher the transglucosidase activity or content of
the enzyme preparation being tested.

Cultivation in jar fermentor

Mutant PFST-38 was pregrown in a medium A
containing per liter of distilled water: 25 g soluble
starch, 30 g peptone, 5 g KH,PO,, 2.5 g MgS0,-7H,
O. The glucoamylase production medium B contai-
ned per liter of distilled water: 10 g corn meal, 20 g
rice bran, 30g wheat bran, 1g HCI (36%), 1g
NaNOQs. After inoculation of conidia, shaking culti-
vation was carried out in a 1/ Sakaguchi flask con-
taining 100 m/ of the medium A on a reciprocating
shaker with agitation at 35C for 24 hrs. Jar cultiva-
tion was started by transferring 300 m/ of a conidial
suspension into 15/ of the medium supplemented
with 0.05% silicon as an antifoam in a 30! jar fer-
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mentor (Marubishi Co.) and continued under forced
aeration at 1vvm and stirring at 400 rpm. Cultiva-
tion was carried out at 30T for 5days.

Analytical methods

Mycelia and broth of the liquid culture (10 mi)
were separated by centrifugation and filtration with
paper (Whatman No. 2). Mycelial dry weight was
determined after the mycelia had been washed th-
ree times with distiled water and dried. Total su-
gar was determined using the Phenol-Sulfuric acid
method described by Dubois (9).

Results and Discussion

Selection of mutants

Four typical mutants representing different sta-
ges of induction were obtained by successive induc-
tion processes. The sequence of mutation is shown
is Fig. 2. At first, only 45 isolates with high values
of R as compared with the parent were selected.
These isolates were further tested for their ability
to produce glucoamylase and transglucosidase. One
clone (P-72) exhibiting the lowest transglucosidase

Parent Strain (Aspergillus niger 55)
} MNNG treatment
Isolates (45 strains)
] Screening
The First MNNG Mutant (P-72)
| UV. irradiation
Isolates (30 strains)
Screening
The Second U.V. Mutant (PF-133)
) MNNG treatment
Isolates (18 strains)
Screening
The Third MNNG Mutant (PFS-81)
l y-ray irradiation
Isolates (5 strains)
Screening
The Fourth y-ray Mutant (PFST-38)

Fig. 2. Improvement of Asp. niger 55 strain with succes-
sive mutation.
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Table 1. Morphological characteristics of the mutants
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Conidia Conidiophore Conidial heads
Strain
Shape Diameter (um) Color  Length (mm) Diameter (um) Shape Diameter (um)
55 (Parent) G 3.0~5.0 B 1.0~15 5~20 G 200~300
P-72 G 2.0~35 B 07~12 4~15 G 100~150
PF-133 G 20~30 B 0.7~1.0 4~13 G 80~120
PFS-81 SG 0.5~15 PB 03~0.5 2~ 6 G 30~ 80
PFST-138 SG 0.5~1.0 PB 0.1~0.3 2~ 6 SG 30~ 60

*Medium: Potato dextrose agar, Incubation temp.: 30T, for 7 days.
*Symbol: G; globose, SG; subglobose, B; brown, PB; palebrown.

Table 2. Cultural characteristics of the mutants

Strain Czapek's solution agar Malt extract agar Potato dextrose agar
55 ++ DCB 5~7cm +++ DCB 7~8cm ++ DB 6~7cm
P-72 + DCB 3~5cm ++ CB 5~6cm + B 4~5cm
PF-133 + DCB 3~4cm ++ CB 5~6cm + B 4~5cm
PFS-81 + CB 2~3cm + CB 3~4cm + PB 2~3cm
PFST-38 + PCB 1~2cm + CB 2~3cm + PB 1~2cm

*Incubation temp.: 24~26C, for 10 days.

*Growth: + poor, + moderate, ++ good, + + + excellent.
*Color: PB; pale brown, PCB; pale chocolate brown, B; brown. CB; chocolate brown, DB; deep brown, DCB;

deep chocolate brown.

productivity was zelected and further exposed to
combined mutagen treatments. As a result, 5 clones
were isolated. Among them, one clone with signifi-
cantly high glucoamylase and low transglucosidase
activity was selected and designated as mutant
PFST-38.

Morphological characteristics of the mutants

In order to learn whether morphological differen-
ces existed between the parental strain and the
mutants derived from it, the shaped and sizes of
conidia were examined. The results are shown in
Table 1 and 2, and in Fig 3. Inspecting the mor-
phological and cultural characteristics of the various
isolated mutants described above, it would seem
that the diameter of conidia and conidiophore, the
length of conidiophore, and the tendency to form
conidia are closely correlated to the productivity
of glucoamylase. The production of enzymes was
found to be inversely proportional to the diameter
of the conidia, the length of conidiophore, and the

Fig. 3. Microphotographs of conidia of 4sp. niger mu-
tant PFST-38.

*The strain was grown on potato dextrose agar slant
at 30C for 10 days.

*One scale indicates 10 ym.

tendency to form conidia. The effects of tempera-
ture on the parent and its mutants are shown in
Table 3. The conditions for growth revealed no ma-
rked differences between the parental strain and
its mutants, but the characteristics of conidia for-
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Table 3. Effect of temperature on the growth and conidia formation of various mutants
10T 20C 30T 40C 50T
Strain
MG CF MG CF MG CF MG CF MG CF
55 + - ++ + o+t ++ ++ + - -
p-72 + + ++ + 4+ + ++ + - -
PF-133 - - + + o+t + ++ + - -
PFS-81 - - + + + + + + + - -
PFST-38 - - + - ++ + + - - -

*Symbol: MG; Mycelial growth, CF; Conidia formation, —; no growth, +; very poor growth, + +; poor growth,

+++~+4+++ +; abundant growth.

*Medium: Potato dextrose agar slant, Incubation period; 7 days.

Table 4. R values of some mutants of Asp. niger 55

Diameter of agar

Diameter of clearance

Strain block (cm) (including the colony R Value
within, cm)
55 040 1.30 3.30
P-72 0.35 140 4.00
PF-133 0.35 145 4.14
PFS-81 0.25 1.55 6.20
PFST-38 0.20 1.60 8.00

*The ratio is the diameter of clearance to the diameter of the agar block.

mation were found to be different. The parental
strain formed many conidia over a rather wide ra-
nge of temperature, but the mutant strain formed
only a few conidia and these only within a compa-
ratively narrow range. The tendency to form coni-
dia in the mutants decreased in accordance with
the advancement of mutation treatment.

Comparison of enzyme productivity among the
mutants

In order to ascertain the quantitative differences
between the parental and mutant strains, measure-
ments of RDA, glucoamylase, transglucosidase con-
tent were carried out (Table 4, Fig4). From Table
5, it can be seen that mutant PFST-38 produced
11 times as much glucoamylase as the parental st-
rain, No. 55. On the other hand, the productivity
of transglucosidase was decreased by about 42%
when compared with that of the mutant strain, PFS-
-81. Furthermore, the ratio of raw starch saccharif-
ying activity to gelatinized starch saccharifying acti-
vity (RDA) of mutant PFST-38 was higher than that

Fig. 4. Formation of clearing zone in the screening me-
dia cotained 2% raw corn meal powders.

*Symbols: 1, 55; 2, P-72; 3, PF-133; 4, PFS-81; 5,
PFST-38.

of the parental strain when corn meal was used
as the substrate. These results suggest that mutant
PFST-38 is one of the most promising producers
of a raw starch saccharifying enzyme.

Time courses of glucoamylase production in 30/



146

Table 5. Comparison of enzyme productivity of various mutants
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Strain RDA (%)  Glucoamylase (u/m/)* Transglucosidase content**  TG/GA ratio***
55 910 5 9.0 0.18
P-72 93.0 11 12.1 0.11
PF-133 942 16 12.8 0.08
PFS-81 95.0 38 190 0.05
PFST-38 96.8 55 55 0.01

*Cultivation was carried out in 100 m/ of the complete medium at 35C for 4 days using 500 m/ Sakaguchi flask.

**Percent unfermentables formed from maltose.

***(Transglucosidase/Glucoamylase) Ratio is obtained by dividing the grams of unfermentable sugars synthesized

per 100 gr. of maltose hydrate by 100 minus this value.
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Fig. 5. Time courses of glucoamylase production of
mutant PFST-38 and parent strain in liquid medium
B.

*Symbols: —, mutant PFST-38, ---, parent

O, Glucoamylase; @, pH

0, Wt. of mycelia; ®, Total sugar

*Cultivation was carried out in liquid medium B at
30 for 5 days using 30! fermentor.

Jar fermentor

The mutant PFST-38 was further tested for its
ability to produce glucoamylase in the medium B.
As shown in Fig.5, in the case of mutant PFST-
38, the peak of glucoamylase activity was observed
at 120 hrs, whereas for the parent it was 96 hrs.
Production of glucoamylase by mutant PFST-38 was
3.7 times that of the parent strain.
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