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Isolation of Mutants Overproducing Amylase from Nuruk Fungi by NTG
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Abstract

Aspergillus coreanus NR 15-1, Asp. oryzae NR 15-3 and Asp. oryzae NR 2-5 isolated from traditional
Korean nuruk were screened as parental strains producing starch hydrolyzing enzymes. They were
mutagenized by N-methyl-N’—nitro—-N-nitrosoguanidine (NTG) and mutants were isolated for analysis
of various amylase activities and the ability of acid production. Among them, the mutants harboring
high saccharogenic activity, dextrinogenic activity, and the ability of acid production were selected.
Fifteen, six, and five strains of mutants were isolated from Asp. coreanus NR 15-1, Asp. oryzae NR
2-5, and Asp. oryzae NR 15-3, respectively followed by NTG mutagenesis. Among these mutants,
thirteen strains were identified as auxotrophic mutants. X11 (Arg.”) mutant from Asp. coreanus NR 15-1
showed high glucoamylase activity and total acid productivity. Z6 (Ade.”) mutant from Asp. oryzae NR
2-5 showed the highest a—amylase activity, therefore X11 and Z6 mutant were selected.
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dine)= Aldrich Co.(US.A.) AEE A48 o, F8
wl} ] @1 Czapek solution agar, hammasten milk easein,

yeast extract®} casamino acid+ Difco Co.(U.S.A.) A&
(e}

S Ab4-sledt). Glucose oxidase, peroxidase, 4—amino—-
antipyrine, Tween 80, Folin and Ciocalteu’s phenol A 2}
3} Triton X-100- Sigma Co.(U.S.A.) A&& A3t
o} 7)et AF2E Aok 2 Al g 5L 7o sHsE #HAd
AEE AHg3t

SATF

B AP A EH #FE AETFLENE £ - F
AE 2T A5 F3lo] S-53k FFal
Asp. oryzae NR 15-3, Asp. oryzae NR 2-59} 28 54
= AF A4 7 Asp. coreanus NR 15-1(17)% FA T

G Agsholeh

N O X FF2 Czapek solution agard #]

off A Z3}o] 28°Coll Al Al odEtey 45 &
A A, AHE 0.1% Tween 808988 3~5 mL
Folz EAE A WAAA FARG 2
o228 2AE §A2 5, Fre] AL
ZAderl e A s}A 2lekstel Fabeh £A4E ¢
2 A A AT DAL 3kl FAE A7
Zard e g 10,000 X goll A 10~1587F ¢4l
3o ZAE ARA Y JAY EZAE TR
T} 20% glycerol & 0.2 47} oF 1.0X10°
spores/mL=} Al EX & eel e A steich EAbR e
& -70°Coll A wakashR A Abgsch
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Tris-HCl & (pH 9.0).2.2 f&al 3 Holdql NTG
£ 1~3 mg/mLA7}Istgdch o] A2 30°CellA 15&
2} A=) (1~10% survival ratio)¥+ ¥, BF+2 23] A2 s}
gk AHH FFE A ulA] (2% glucose, 0.1% K2HPO,,
0.05% MgS0, - TH20, 0.05% KCl, 0.29%6 NaNOs, 0.001%
FeS0; - 7TH:0, 0.5% yeast extract, 0.5% casamino acid,
1.5% agar, pH 5.6)0l =23}0] 28°Cell A 3~4U 7k A&
A FE Sge g Bore w AFe} ofE 2RI AN
okrkS Roly wHFE AEsdch
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KoHPO4, 0.05% MgSO4 - TH20, 0.05% KCl, 0.2% NaNOs,
0.001% FeSO04 - TH:0, 1.5% agar, pH 5.6)l % &3}
28°Cell A 12~18A17F nll ok Al Zac}. o] vl aFo-E- sintered
glass filterZ o]&-38}o) HamA) o A&32] o2
s FEYE WolRA] AdskAYt dgaHelF
7t obd BEL FelstE A)g 4~53) WhEEqct. A
ZA 07 o3ty wiokd-S A2 AAsta kA
o) mrkahed 28°Cell A 3~4L 7k vl Al A A colony &
HomAZ &A wjFstaeh. HauA) 2] platettell A
Q5544 @A g 2] A A &ahs colony E Al
2 t}A} o] 758 adenine, arginine, ascorbic acid, bio-
tin, histidine, leucine, lysine, methionine, nicotinic acid,
pantothenic acid, pyridoxine-HCI, riboflavin, trypto-
phan, tyrosine2 747+ 3+4-3H(50 ng/mL) 3 Aul A off A
HA1A cdekaTAE AAAY

kol L
5 go] UrSo ZF5 4 mLE Hrisla 121°ColA
1587 39t Z7|Aw3 AL 33U 7] &(cooked wheat

bran) #]X] & A}-&-3} ethylene oxide gas®. H-+ %
wUr)& 5gol BEST = HrMe AL L7 (raw
wheat bran) ]2 ARl

91o) iAol 2+ F5-9) EAFEE(1x10° spores/mL)
150 UL A Z3tz 28°Col A 797k whaksidrl.
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£°CoA A B A A7 ohg A2(15~20°C)oll A 347
A28 A A Ag 3 o o 7S 4°C, 8,000 rpm
ol 1087 AR g 2 Asd 10 mLE 001
M sodium acetate 2% (pH 5.0)e4 15417 548
& g &ML 20 mLE fill up(2w] 3] 4])ste] Za 4

o2 AHgaslch
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Glucoamylase &

Glucoamylase®] &4-& Q&I FHIAFA
(1993 74A(18)ofl whzl ¥-333 = A (Shimadzu UV-

120-02, Japan)& AH&3ted 505 nmelA+ &F=(OD)E
=&t} 2% A4 1 mLe} 0.2 M acetate 344
(pH 5.0) 0.2 mLE &§3led 40°Coll A 547t 412
t}e o] Egde] A AN 0.1 mLE &Hrlshed 40°Ce
A] 208-7F wk-2-A)#A 1 N NaOH 0.1 mLE 7}3}a 307
whx 8o} A WS AA A7) 1 N HCl 01 mLE
A7tste] F3Azich 2T A V1AL wiA
1 N NaOHZ A718t obs 25408 @5 ofg-9f ub-g-

& e,
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A 228-9(40.5 mg 4-aminoantipyrine, 250 mg phenol,
50 mg Triton X-100 in 100 mL of 0.1 M Tris-phos-
phate buffer(pH 7.3)2} &.4--8-9% (800 units glucose oxi-
dase, 2,000 units peroxidase in 125 mL of 0.1 M Tris-
phosphate buffer(pH 7.3)% 1: 1% £33 229 A

AleF 3 mLoll ¢9] ukg-ol 0.1 mLE A7}8te] o] & 40°C
oA A0E7} vk A T} e o g ZF40 XFET
X £-9(0.05% glucose, 0.1% benzoic acid in water)®l]
diated WA 7 o}2, 505 nmell A FFEE A 8o
AAFAHEE A G 4 FAE | unite 40°CH
A 1A 2 74 Aol 2H8-8lo] 1 mge) EEF S A

s Bael oz Aesenh

AEE 3 25°Coll A 147} A ekl ok
3HAL 8,000 rpm°ﬂ/‘1 107 A1 2
Hog abg-stgivh
717 8-28(19% soluble starch in 40 mM acetate <F&¢
pH 5.0) 2 mLE- 40°Coll 4] 5327} ol g &} 57 2] Fgt of o
_4/\43} 1_-9;_/\014 0.1 mLZ z47],z;]. Z_/q u]_o ou 1 mLE&
H3}a, 40°Cel A 308-7F k-4 7) uk-Lol 0] mLE &
shod o] yh-g-oj o 2 HE E_:_%HT% Aot & 4t
<N 01 mLefl 025 mM &85 £ 10 mLE s
o5, o] ¥k-§-94-8 670 nmell H | S R v R =
229 A % (unit)E Wohlgemuth valueol| F3F o}
Aoz AbEsteloh(18).
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U (units/g koji) = {12.75 X (Tsomin~ Tomin)/30min} X 5

T30min - 3087 54 H‘l‘—g——% )\]7‘1 3}‘—9} _‘%—_E].E_
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Glucoamylase®} £t v o2 2 g 4N =A8
©}-8, Somogyi-Nelson® (19)o)] @2} f-amylase ZA-&
ZAsto] v} M= 7] A8 (29 soluble starch in water)
0.5 mLel] 0.2 M acetate £+% (pH 5.0) 0.2 mL& & 7}3}+
2 40°Col A 5E7F A d gt & 2852001 mLE H )8}
o] 40°Cel A 203 4H&A 3 ©] ¥ 1 N NaOH 0.1
mLE A7tk W& A A A 7] o Aol 4] 3052} W
2%k th-& 1 N HC1 0.1 mLE & 7}slod ub-go-& F354]
7t} o] ubk-g-olo] A8-91(15% CuSQs - 5H.0)7 B2
(25% Na:C0s, 25% Rochelle salt, 2% NaHCOs, 20%

NaS04)-& 1:259] v] &2 £33k £ 1 mL& 715t
I 10R7E HE 7 3 1.0 mLY) C-EH(25 g (NHa)sMorOz
- 4H;0, 21 mL HsS04 3 g NagHAsOs - 7TH20 in distilled
water 500 mL)& H713le] AFo] A7|A] & w7hA]
A AL of-& Aol A 2087 Wh=] 8} o] ub-g-el S F
3] 343 ¥, 520 nmoll A F3EE St dx
T2 7% 71A4dd WA | N NaOHE 718 o} &

o290 vhg-& mirlh A4 AE
unit= 40°Cell A 1417} 7184 Xd—";r off 2838t 1 mg¥]
A ee Hae] ooz Aojslgict

kol Bk
maltose s

Acid protease &4

wjokA 5 goll ZFS5 100 mLE o] & Fg) & Al
o) A /‘Vi 3] auksbE A 147k vhx] 3} 2, 8,000 I’Dm°ﬂ/‘1
1087 A Eejg AASAE a LN Al8-3b9d ).
/L“é pH A 2t8-3}= A4 protease S5 & 9
3) hammarsten milk caseing 0.6%7} = 7] Mcllvaine
kA (pH 2.7)el) &gk 7124 5 mLel| &4 1
mLE 7}8l3 37°CollA 1087 wk-¢41 71 tf8 044 M
trichloroacetic aad(TCA) 5 mL& A7Fstd uk$-& &
A A7) 2L 37°Coll A 2087t WhA & § o s} o o
1 mLe 055 M NagCOs g-o) 5 ml ¢} Folin-Ciocalteu’s
phenol Al 2k(3u]) 314 ) 1 mL& &33F 3 37°Coll A 20
7 A E AL 660 nm"ﬂ/ﬂ EFHEE % et A=
= 2F4d 1 mLel 044 M TCAS 5 mLE 7}
, 712 5 mLE A 71ak A ¢ o 8t 7:5’% wwos &4
%%‘ At Ao dx7oe] F4re] s
ehui G eh(20,21).
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gk 1 goll 1% NaCl 8- 20 mL& o] 2 sha) 3
¥, 30°Cell A 3417k A 413] 3wbe}ar 8,000 rpmell A 102:7E
.ﬂﬁ%a}a}x}‘gou pﬂxloi/n]- ARAJ——F—__ZJ—Q—},}%

A& 5 mLE 100 mL beakerel] 21 60% "é’i%‘g‘ 2
©. 2 833 0.1% phenolphthalene &9 2~3 #-&& A
7].3}_,1 0.1 N NaQOH &dlo & gzl B u’ﬂﬁ].z] A
stedch 1 WA mLaE AGAER BA s o 247
o Amel #E szk—g— veh o).
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Asp. coreanus NR 15-1, Asp. oryzae NR 15-3 2]
T Asp. orvzae NR 2-55 A F238}o] NTG # 2] Z #Ho|
5 22§ A3, Asp. coreanus NR 15-12 %8 15%
2] o] F(Table 1), Asp. oryzae NR 15-38 3-8 5% ¢
W o] (Table 2)¢} Asp. oryzae NR 2-52 %€ 652} ¥
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Table 1. Amylase activity of the mutants isolated from Aspergillus coreanus NR 15-1

Glucoamylase (units/g koji)

@ -Amylase (units/g koji)

B-Amylase (units/g koji)

Strains

RWB" CwB? RWB CWB RWB CWB
Parent NR 15-1 188 102 410 76 376 281
Mutant X1 256 233 735 404 390 360
X2 394 209 795 457 354 351
X3 97 177 342 312 360 350
X4 51 260 162 383 195 365
X5 93 115 244 125 300 360
X6 145 158 242 431 369 353
X7 40 120 140 287 167 354
X8 His.” 105 49 115 8 359 105
X9 Lys.” 38 19 53 37 153 57
X10 Met.” 163 70 104 28 338 209
X11 Arg.” 186 46 431 34 366 141
X12 Lys.” 126 87 166 84 296 229
X13 His.” 95 55 312 31 365 168
X14 Lys.” 62 28 179 49 273 86
X15 Arg.” 155 55 253 50 327 163

The strains were incubated at 28°C for 7 days.
Abbreviations used as follows; His.” ' histidine, Lys. : lysine, Met.” : methionine, Arg. : arginine.

"RWB: Raw wheat bran
ZCWB : Cooked wheat bran

Table 2. Amylase activity of the mutants isolated from Aspergillus oryzae NR 15-3, and Aspergillus oryzae NR 2-5

Glucoamylase (units/g koji)

@ -Amylase (units/g koji)

B-Amylase (units/g koji)

Strains

RWB” CcwB? RWB CWB RWB CWB

Parent NR 15-3 152 175 94 351 340 366
Mutant Y1 152 104 667 697 399 390
Y2 192 196 689 740 401 402

Y3 Lys. 157 24 703 134 335 156

Y4 Rib.” 120 69 1,036 375 350 317

Y5 Nic.”, Trp.” 195 151 40 30 291 306
Parent NR 2-5 181 136 62 531 373 361
Mutant Z1 187 106 51 115 352 366
72 163 66 47 36 332 356

73 121 77 51 612 360 366

74 171 90 11 8l 360 356

75 Ade.” 72 143 1,007 511 341 315

Z6 Ade.” 123 154 1,348 591 351 317

The strains were incubated at 28°C for 7 days.
Abbreviations used as follows; Lys.
"RWB: Raw wheat bran

“CWB: Cooked wheat bran

o]F(Table 3)F ¥-=]& < AUdrh 0|5 26F9] Wlo]FF
13%0] G o7 FRA deka A el i)

Asp. coreanus NR 15-12) 353 &) &} A -§-of4fo] ¢}
2 WHo|FE qlol g XA X15 HolF&, Asp. orvzae
NR 15-32. 258 Y14 Y5 HelF=E 18] Asp.
oryzae NR 2-523F-¥] Z1olA] 726 HolF& 283 %
718tk

HolFE 2l 2nf 2| ol A 358l o] Bgslgl ot ®
k2] A3t colony?] Fele A3 Hghow, JgaT
o 7o A= Al A M= AT Wo| w5 A
Satg ot iRl A5 St o) E Ak

. lysine, Trp.” - tryptophan, Rib.

. riboflavin, Nic.” : nicotinic acid, Ade.” : adenine.

Kol FE AR Gsheh w449 ddayd
o] 5 4 obvlmatz} F Ak 7] 5 x| o] Fo}

L Aol A5 o] ZHE o] F Ho|Fe
FaTAE AAYE F ok

Ho|Fo| 2oy

Amylase &

iyl Ho| 8 AErEH Y7 EA A ARA
7 %, 4% amylase®] 24§ 54T A4, Table 134
Table 20l Vet vl e} 7Fo) Asp. coreanus NR 15-19]
glucoamylase@A -2 59} WolF4l X119} X2 wWolF
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£ AL g B3| o i AAaAo] =5
om X2 Wol e A nrt 2u] o] ake] a484)4l 394
units/g kojiZ 7} =& glucoamylase 24 -& vt 9l
t}. Arginine 3 F 874 HolFal X11 W) F2] gluco-
amylase@A -2 186 units/g kojiZ 59} v]&q o
A& vhebyl on, X1, X29} X11 W o] o] 9] o] Wo] 5
T ZagAe] AFH} dsich

X2 WolF9] g -amylasex= FH 7] &4 795 units/
g koji2 AFrR} o 28 =& 2A4-S Yehugled, B
-amylase+= X1 ¥ o157} A= 7]-&-ol| A 390 units/g koji
2 52 84S 29t} Asp coreanus NR 15-12] o]
FE& g-amylase®} B-amylase?] B4 5314 7] Lol
Auc) ] gelle] o] AR okt Park
S(22)0] FFAHEFELZYE ¥ Asp. oryzaed) 5
T5% glucoamylase$} ¢-amylase@A]o] 714 &2 J04
59 glucoamylase®@4 -2 160 unitsg 2™ e-amy-
lase®Ad-& 32 units$ith. £41 So] Bejg X2 F¢
glucoamylase®Al 2 394 units &4 Park $(22)¢] 234}
R} 258 %8 EA45 Vel 2w, o -amylase@ A4
< 457 units 4] Park 5(22)¢] A3} wr} oF 1434 -2
3 AAL Yehfodch

Asp. oryzae NR 15-39] glucoamylasev= 3.3 71%
ol A} BHAJo] -2 Wb, ofok e o] Fql Y3, Y49} Y5
HolFE e AU 7] Eo 42 &34 e]) E9tc) Nicotinic
acid®} tryptophan %% 27 Wo]5¢) Y5& P 7] L
] 195 units/g kojiZ ¥ glucoamylase 4-& vieid]
sl Y4(riboflavin )¥¢]5-2] o -amylase@A-& 24

ol 7o) 22 %1

e

7184l 4 1,036 units/g kojiz A5} 11w F& &4
ZFA4S vehllo] o} 2 Wel| FE R 2 &4 S e
gom, B-amylaser Y2 WolFr} a3 7])-EellAM 402
units/g kojiZ 714+ =gk} A2 ¢ -amylase?} B-amy-
laseZA]-2 Z3L 7ol A A o] &b V3, Y49 Y5
wHo| = diAde 2 A7 goa ArdAe] Eobrh

Asp. oryzae NR 2-52 5-¢] Wo]| X 71 Ho|F¢ glu-
coamylaseZA & AU 7] LollA] 187 units/g kojiZ A5
o} u]F A48A S 7H o9, o —amylase®] A ade-
nine % %k 2 T o] Fal 76 WolF & AL 7] goll A 1,348
units/g koji® IF R} 21,79 F& A 4LHA & e

wWol R B n&d FATAE el

FZAFF9) Asp. coreanus NR 15-1-2 A=
E2 AzY FEoBNe ¥Ed AFAMT
3] Yo Bul 2] o] A amylase@Ado] =2 7
gk delzt & 4 gle).

ol Aol A3 2 RE Asp. coreanus NR 15-12%E 9
L X2 Ho]F= o -amylase ¥ o}y 2} glucoamylase®
AE v zon AA PR MY EAYAE kst
o FFA G FY A g AT TEA AFEA ZHA L
F83 452 AlssE
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Acid protease 4 U A MM

or

Table 32} Table 4¢l vyebxt nke} 3ro]) Asp. coreanus
NR 15-19] AFAl protease® A& Asp. oryzae NR 15-3
7} Asp. oryzae NR 2-52] & 484 ¥} 60~400% =3t

Table 3. Acid protease activity and total acid productivity of the isolated mutants

Acid protease

Total acid productivity

Strains (OD 660 nm) RWBD CWBZ)
RWR" CwB? pH used NaOH (mL) pH used NaOH (mL)

Parent NR 15-1 0.083 0.117 4.58 0.7 2.81 39
Mutant X1 0.088 0.055 5.08 0.6 436 09

X2 0.133 0.080 5.38 03 4.42 09

X3 0.074 0.048 4.53 0.8 3.64 25

X4 0.079 0.053 4.08 1.1 341 1.8

X5 0.102 0.050 5.28 0.7 373 1.7

X6 0.099 0.061 5.69 038 5.52 0.8

X7 0.160 0.082 4.32 0.8 3.63 1.2

X 8 His.” 0.095 0.104 4.44 0.4 2.82 3.0

X 9 Lys.” 0.069 0.021 4.19 0.6 3.89 0.6

X10 Met.” 0.099 0.088 4,03 05 2.88 29

X11 Arg.” 0.101 0.107 5.02 0.3 2.79 3.1

X12 Lys. 0.022 0.014 3.50 11 3.20 1.4

X13 His.” 0.069 0.117 4.98 03 2.78 32

X14 Lys.” 0.020 0.008 5.17 0.2 354 1.0

X15 Arg.” 0.033 0.055 4.13 0.5 2.62 3.0

The strains were incubated at 28°C for 7 days.
Abbreviations used as follows; His. : histidine, Lys. : lysine, Met.” : methionine, Arg.”: arginine.

"RWB: Raw wheat bran
PCWB: Cooked wheat bran
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Table 4. Acid protease activity and total acid productivity of the auxotrophic mutants

Acid protease (OD 660 nm)

Total acid productivity

Strains RWBY CWR?
RWBY cwn? pH used NaOH (mL) pH used NaOH (mL)
Parent NR 15-3 0.033 0.094 6.14 0.3 6.30 0.2
Mutant Y1 0.028 0.074 6.32 04 6.28 0.5
Y2 0.036 0.062 6.26 05 6.05 04
Y3 Lys. 0.031 0.010 6.13 0.5 594 0.5
Y4 Rib.” 0.078 0.101 6.37 0.3 541 05
Y5 Nic., Trp.” 0.038 0.204 4.71 0.5 4.14 0.7
Parent NR 2-5 0.052 0.106 6.23 0.3 6.17 0.2
Mutant Z1 0.060 0.094 6.09 04 5.58 04
z2 0.032 0.091 5.07 04 4.31 0.6
Z3 0.085 0.095 6.28 0.3 6.29 0.2
74 0.070 0.098 5.07 0.5 4.04 0.7
75 Ade.” 0.022 0.023 589 09 6.27 0.8
76 Ade. 0.001 0.045 6.49 04 6.72 0.5

The strains were incubated at 28°C for 7 days.
Abbreviations used as follows; Lys.” : lysine, Trp
"RWB: Raw wheat bran

PCWB: Cooked wheat bran

o, A& 37| EoAM AT HelF nF
OD 0.1 9] 2 chekst R AZA S velligdel. 2 & Y5
WHo|F2] A9 33U rs|EdA OD 02042 714 &
HAFA L vebd wbd A ) gl A = 0.03824 F S
o A v B el 28 z6 |
o|F= AL 7|l OD 00018 A proteasedAd-&
et 48] 7P G2 WolF ek Hr) A
A Asp. oryzae KC-152] A4 protease@ A -2 0.046
224 F3] wjeksiA AR Yo 21) AU E
vl 2} el 4] Asp. coreanus NR 15-19] 4342 0.0832
24 99 Aol o 2n] 2 AL bl FA
FHFREE d& X2, X737 X11 #elF9 4k protease
42 0.133,0.1603 0.101.2 2 &2 434S el
Qor 53], X7 Wo|F= AT ] oF 2] & 543
43(0.160)- vl AFAl protease@Ad o] ¥ X7 W
ol HEEY Yol FFA pHL dutAew
40018H8) A& m#ghrie pH 3.0 4 A8 & e

= proteased] zH&-2 Gz Zwox Z 4EE
gl Alg o

Asp. oryzae NR 15-3% NR 2-59] 44 protease &
A& Asp. oryzae KC-15(21)9] £4843 3} v 5=38) &4
S bl e Y5 Mol & A o3 HolFx A F9) v
g EAEAE e

A Aol 9}l A= Asp. coreanus NR 15-1, Asp.
oryzae NR 15-32} Asp. orvzae NR 2-512.t} th | & & &
Al Aol 4ty o] AUl B} 531 7]
oA Ak-E Fo] AAarete Ao Z eyttt Lysine &
TA WelFel X12 Mol A& pH 352 4t
B o] sl o 33U r| Lol = arginine &
-4 WolFal X15 Ho|F7} pH 2622 714 w2 A

w3 U

. © tryptophan, Rib.

. riboflavin, Nic.” : nicotinic acid, Ade. : adenine.

kst A2 eyt

sl axgd e e A, 4 A ) 4T Asp.
coreanus NR 15-19] <4 of @ 7 o5 & glucoamylase
#Ao] &2 X11(Arg. ) He|F2} Asp. oryzae NR 2-5
2] @ -amylase A o] 713 £2 ojof ool 76
(Ade. ) Wo|F& A X §i ol 18] 7t F5 4}
Bk

plo|Fe) Hels E4

Asp. coreanus NR 15-12.%-8] 93-2 arginine 3 %
FHeldel X113 Asp. oryzae NR 2-52%E 4
adenine Q% & T o]Fal 76, 1] 3 o] & HolF9
FE shAd x| ol 797F KA A 25 colony 2] 3
A BEAE AbuHgit

Asp. coreanus NR 15-19] 7Z-$-, A5-9} X11 Ho|F
B circulare] ™ FobE718 ] Feol At 7H
2te], whAlde] 1w 713l colony 7t (A H ol 12 &
X132 X7 0] 2] colony 442 A 51t 3 F4o] o
colony 2] 713 F-Fo NN 7irl-g- A9
EZ27 DA gl =7 Y4 WolF9 colony 5<%
B9 E7|3-Eol B Ay} WAt ohE Wol
Fo} Aol A B Aol A& vebd Tt Asp. oryzae
NR 15-32] Y1 We|F& 250 A M4 YA 5] 4
Alglo] zape] MALL s WS el glgld

3
T2l ¥2 WelFE AFurh Arg ol ostel

orle o

colony 4 Fe] o} <3k A& vieh]gl o™ colony
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2-59 A%, AFE 253 FEA F9 colonyolHt 26

o]t A
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Table 5. Morphological characteristics of the isolated mutants
Strains Form Elevation Margin Surface

Asp. coreanus NR 15-1

Parental strain circular umbonate filamentous radiate

X11 Arg. circular umbonate filamentous radiate
Asp. oryzae NR 2-5

Parental strain circular convex filamentous rugose

76 Ade.” circular flat filamentous concentric

The strains were incubated at 28°C for 7 days on complete agar medium.

Asp. oryzae NR 2-59] colonyoll &= %1%+ 37449 &
A7} EA ) glew odof el Fal 759 colony A4
> 7 Rg FAo s dAE 5EAS el 9t

(@) ok
i ]

b= A TEo 2Ry B - TAR Asp. coreanus
NR 15-1, Asp. orvzae NR 15-3, 12|31 Asp. oryzae
NR 2-52 2-€] amylase@Ad o] =3 Al 258 A-85
Hol|F£Z& Bejsla 19 BEAS ALl Aspergillus
& APT-S Wl A eislr] 98 Mol eg NTGE
AL-8-8t9d e vy Asp, coreanus NR 15-12H¥€ & 15F9]
WHolF2 8 2] dof 8o, Asp. oryzae NR 15-3
L2 e F5FF 3% AT TE Asp. oryzae
NR 2-524-8 & 6%5%F 2% 2ol FE 223
stk o] & ol T oA dAdes Q53R
Ster 5A ofml i Aty A7) B wR| o A7}
& Aol Sl Fejd wol o] g3l
8 9 a QE =8 Aeg A} A P4 o] S5l

T4 Asp. coreanus NR 15-1Z ¥ glucoamylase &
Aol ¥2 X11(Arg. ) WHol5-¢} Asp. oryzae NR 2-5&
€] o-amylase A o] $43F Jof ool T4l 76
(Ade. ) HolF& A EgTe] AHEe] 715 HolFe
A8 E AT 2R o] e Ho|FE e AEFE

4 B3 S5 AT E 15 S 9= 722 AR
7t Feed AEFE Batstel seft wat opz}
92 S50k AAH o] oz atshe AEFF Aol
7bsstelet Abadc
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