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Strain Improvement of Aspergillus oryzae for Increasing Productivity of a Proteolytic Enzyme.
Kim, Doo-Sang, Hyeung-Rak Kim', Taek-Jeong Nam, and Jae-Hyeung Pyeun*. Department of
Food and Life Science, Pukyong National University, Namgu, Pusan 608-737, Koreaq, 'Depart-
ment of Food Science and Nutrition, Yosu National University, Kukdong., Yosu, Chunnam 550-
749, Korea —Aspergillus oryzae producing high proteolytic enzyme was isolated from soybean koji
and named tentatively A. oryzae O-1. A. oryzae U-1 was obtained by mutation of A. oryzae O-1 with
ultraviolet (UV)-irradiation and produced 14 times higher protease activity compared with A. oryzae O-1.
A. oryzae B-1 was acquired by treatment of A. oryzae U-1 with 0.5 M ethylmethanesulfonate (EMS)
for 6 min at 30C and produced 39 times higher proteolytic activity than A. oryzae O-1. With protoplast
fusion between A. oryzae O-1 and A. oryzae E-1 in the presence of polyethylenegylcol (PEG)-CaCl,,
proteolytic activity was increased to 82 times compared to A. oryzae O-1, and the fusant was named
A. oryzae PF. The activities of the cultures containing proteolytic enzymes produced by the strains
were determined to be 0.23 U/ml for A. oryzae O-1, 3.29 U/ml for A. oryzae U-1, 8.91 U/ml for A.

oryzae E-1, and 19.0 U/ml for A. oryzae PF.
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Tablt} 1. Characteristics of the strain isolated from soybean
koji*

Item Character
Source wheat bran koji
Color

colony white

conidia white — yellow — green

— brown

Structure

mycelium flocculate

conidia smooth
Protease productivity*

activity (U/ml) 0.23

protein (mg/ml) 0.52

cell mass (mg/ml) 20

*!'Culture condition: temperature, 33°C; culture time, 3 days;
medium, Czapek Dox agar

**Culture condition: temperature, 33°C; culture time, 3 days;
working volume, 3 L; aeration, 8 L/min, medium composition,
protease producing medium (defatted soybean flour, 2%; lac-
tose, 2%; KH,PO,, 3%; CaCO;, 0.3%; MgSO, - 7TH,0, 0.06%;
pH adjustment, pH 7.0)

A3 95, AR FehE H-9, A 2] g A
A7} ] st E W A4S 5 B9 ope} 7]
Zro] A dpE Mo =H= FFE A oryzae var.
brunneus Murakami® E53la, A& o2 M8 #
A= F A. oryzae var. viridis Murakami®, A4
o 9T EAA Zr17k A 56 um o4kl AL A
oryzae(Ahlburg) Cohn var. oryzae® 2F= 17, 18]
o] &5 7|EollA] v]Fo] & uf & FF= A. oryzae var.
brunneus Murakami2 273 <= gladch

xgh o] g AR gL A4S vix](Defatted
soybean flour, 2%; lactose, 2%; KH.PO,, 3%; CaCO;,
0.3%; MgSO, - 7TH,0, 0.06%; pH 7.0)o4 zlekujjok
(30T, 3¥7h3AS w, FAS 20 mg/mlelHc). 2
2] o] mlFd-& AAE2](8,000%g, 158)35}e] FAE
AAG o, A SO dilAe FeE 233 A,
0.52 mg/mlgg v, Dzl 7e2a) 8 4] AL azo-
casein®l W3}ted 0.23 U/mlsich.

ARl oIt 22| JHE!

ellx AL FF(A. oryzae O-1)FEAF detelS =19
Ao 2 30~8027F ZAMAA EALe] A Ralas &
A T3] 7 & #55 1054 st ol & 42t
slofale] F-gA wijoklo] chilA R g4 AL A
- ¥ ¥ A3H(Table 2), 90%7r ZAR: F FollA]
AR E A FAdo] 71 743 HFE AL 4 ) o]
7o AR aEs 4L 329 U/mlEA Heldt
(A. oryzae O-1)Br} & A4ZA o] 143w Zr)slel o,
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Table 2. Proteolytic activity of the culture containing pro-
tease produced by Aspergillus oryzae O-1 irradiated by UV

UV-irradiation time*' Number of Proteolytic activity*
(sec) strain (U/ml)

0 0.230
30 0.230
0.178
0.385
1.400
0.160
0.307
0.810
0.495
0.240
0.398
1.770
0.412
0.126
0.490
0.330
0.230
0.640
0.472
0.699
0312
0.265
3.294 —
0.242
1.050
2.100
0.280
0.452
0470
0.135
0.412
0.372
0.520
0.442
0.347
0.508
0.698
0.382
0.212
0.870
0.588
0.390
0.950
0.615
0.570
0.323
0.450
0.760
0.130
0.988
0.875
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Table 2. Continued

UV-irradiation time*' Number of
(sec) strain

180

Proteolytic activity*”
(U/mi)

0.940
0.305
0.360
0.190
0.420
0.330
0.378
0.440
0.212
0.630

*'Distance from 20W UV-lamp to the culture media was fixed
to 15 cm.
*219 azocasein in 0.02 M Tris-HCl buffer, pH 7.5, was used as
a substrate for determining proteolytic activity.
*Arrow mark indicates the selected strain.
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7V, 3~30487F wek 3, Al e A Ao A4t
5 574L FH3lod TS BlstsTH(Table
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= AR HH“J% PR A 2 A e S e] #Ade]
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Table 3. Proteolytic activity of the culture containing pro-
tease produced by Aspergillus oryzae U-1 treatment with
ethylmethane sulfonate

Table 4. Proteolytic activity of the culture containing pro-
tease produced by Aspergillus oryzae U-1 in large volume of
liquid medium after treatment with ethylmethane sulfonate*'

Treatment time*' Strain number  Proteolytic activity*’

(min) (U/ml)
0 3.29
3 1.63
7.04
8.04
7.20
8.20
891 —
2.14
0.34
0.62
0.49
0.88
0.68
0.88
0.43
0.63
7.33
5.42
8.21
6.39
4.89
8.77
7.50
5.60
8.13

*'Fungal spore was mutated in Czapek-Dox's broth containing
0.5 M ethyl methanesulfonate. **1% azocasein in 0.02 M Tris-
HCI buffer, pH 7.5, was used as a substrate for determining
proteolytic activity. *Arrow mark indicates the selected strain.

12

18

30

P ULUNPFPONEWNDFFEOVE WD, OVPAEWVNDRFR VR WN -

Strain No.* Time of treatment*’ Proteolytic activity

(min) (U/ml)
1 3 7.50
2 3 6.39
3 6 9.63 —
4 18 8.21
5 18 5.42
6 30 8.47
7 30 7.33
8 30 5.60

*'Incubation condition: working volume, 2 /; temperature, 33C;
pH, 6.5; aeration, 4 //min. **Strain number is ordered by in-
tensity of the proteolytic activity on the plate culture.

**Culture time in Czapek-Dox's broth containing 0.5 M ethyl-
methane sulfonate. *Arrow mark indicates the selected strain.

& QA F2MANA Wk F UVA s S
Afe $4& 248 AFH(Table 5), B339 WolF

£°] A. oryzae E-1¥x} A el o 558 457}
FA8A o] =94t) o5 EE]sl A. oryzae PFEE o
Hatgon, ol wAR AT 19 U/mIZA
A. oryzae O-1¥.ch= < 828, A. oryzae U-1 Rl 2F
5.7, 1831, A. oryzae E-1Hth= oF 2. 1002 =4 o}
ehdon], w3 A oryzae E-19] 32 FA A4S B
shale] F oo, FAAAEo] oplFF R YA
A. oryzae E-1Rth= ©F 150 FolA] Rt HAgE 75

Fig. 1. Microscopic pattern during protoplast fusion between A. oryzae O-1 and A. oryzae E-1. Protoplast fusion was per-

formed using PEG-CaCl,.

Magnifying power, 1,000; dimension in bar, 10 pm. Photograph condition: Microscope, Olympus C-35AD; camera, Olympus BH-2;
carmera adaptor, Olympus PM-10AD; film, Kodak XTRACROM ASA 400. Exposure condition: Exposure time, automatic exposure;

reciprocity, 6 times; film exposure, ASA 400.
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Table 5. Proteolytic enzyme activity by the protoplast fusant
between A. oryzae O-1 and A. oryzae E-1

Fusant No. Proteolytic activity (U/ml)
1 35
2 52
3 2.8
4 47
5 22
6 38
7 2.5
8 2.6
9 4.0
10 3.9
11 19.0 —
12 42
13 29

14 59
15 2.8
16 2.0
17 2.1
18 8.6
19 37
20 0.7
21 49
22 4.0
23 4.0
24 33
25 8.9

*Arrow mark indicates the selected strain.

Table 6. Comparison of the proteolytic activity and cell mass
in the cultured medium among the methods of mutation

Mutated strain Proteolytic activity*  Cell mass
(U/ml) (mg/ml)
Aspergillus oryzae O-1 0.23 20.22
Aspergillus oryzae U-1 3.29 9.89
Aspergillus oryzae E-1 8.91 8.75
Aspergillus oryzae PF 19.00 13.50

*Proteolytic activity was determined using azocasein as a sub-
strate.

dE & 4 dnh Ao R AP A g3 23k
o] A& F3le] Aozl dF= A. oryzae O-19] W& A
AL oL A oryzae E-19] 2 A4 o] o]AA S
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Abshe 32 d9m, w3, Ushlpma Sl22] 2AHA
ZA 543 ZAE A5 A7) Y3l EAAYAL
FTHE T A sgaed] LIHAA Gl At AFHI
A3}, FH o Alol ofFte] F& A4 A4S Yt
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oryzae TFE AP 2 HolE AX A oryzae -5 /‘}
3 Zhol| A¥AA £33 AFo2ZA 28 IAd &
A EAAE PaE F 9l A oryzae PFE Agithe Aol
A1 EAE &7 Uk

Aol 2
BREr)

2 o

whill A AlZ 9] 7] o] 88k —/T— = Grt =2
AR ELE /R3] sl 75, vlF, o, A7 Y
Eof 59 AR FolA EAe] é«‘l‘% A R 540
A TR A oryzae O-17& E2 EAsIgc A
oryzae 0-1& UVEAH20 W, 15 cm, 903&)3}e} 2HAdo]
& oA B g4 WA, A oryzae U-18 A1Hbs}
o3, T}A A. oryzae U-1 £A2 0.5 M EMS £l =]
2](30T, 6%7h)3le] B} &Ae] =& A oryzae E-1&
A stgdct. theoll o] A oryzae E-13} A. oryzae O-12)
AYFAA A 5 A a0 Pibso| 7P A7
Wo| 5 A. oryzae PFE E2|3lich 72 A AR
42) A8 azocasein 7)& ol thEte] A. oryzae O-10]
0.23 U/ml, A. oryzae U-1-2 3.29 U/ml, A. oryzae E-
12 8.91 U/ml, 285 #HF Ho|dAE AR A oryzae
PF= 19.0 U/mlZA] &9 AHEFS A oryzae O-19]
H[3te] 1 &AJo] oF 82ui7kR] Frfeksdch.
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