e

E E Q!‘ QI II The Korean Journal of Mycology

A2 HRESEH 22|H 22 5Y ¥ 54

3 OAl4 =. 1
= - ZEA - s

M
A

no
I
o
A
02
H
ol
=
m
ron
iy
i
o

)

Ry

Pt FRAL, A AT, A I, SEIEE AN WA

Identification and Characterization of Aspergillus oryzae
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ABSTRACT : In this study, we attempted to isolate fungi from soybean fermented foods produced in Sunchang County and to
identify Aspergillus oryzae from fungal isolates. Ten fungal isolates were identified with B-tubulin gene. According to the sequences
of B-tubulin gene, ten fungal isolates were identified as A. oryzae/flavus complex. For further identification of the ten of fungal
isolates, omtA gene, one gene of the aflatoxin biosynthesis gene cluster, was sequenced and the sequences were compared with
those of A. oryzae and A. flavus strains from the GenBank database. In addition, identification of the ten fungal isolates was
further confirmed using the PCR amplicon of norB and cypA intergenic region, in which a deletion was recognized relative to A.
flavus and A. parasiticus. The amplicon size of the ten fungal isolate strains was smaller than those of A. flavus and A. parasiticus,
but the same as that of the reference A. oryzae strain. These results indicated that the ten isolates should be identified as A.
oryzae. The protease activity in rice koji made with 6, 13, 17, 27, 37 and 38 of strain, respectively was twice higher than that in
control. The kojis made with nine of the A. oryzae isolates, respectively, did not produce aflatoxin, suggesting that the strains could
possibly be used as starters for soybean products.

KEYWORDS : Aspergillus oryzae, 3-tubulin, Identification, Isolation, Mycotoxin

M E u, =0l =t (Aspergillus oryzae)S WSt A|Z=3gh

5194 (Koj) 2 0 B 3, Hatel Az vk

FEuete] AL IHFE FURE slof AT B A AlxTiest Ao 7S} o) FoiAd
_qui ‘Qf@;—ﬂl—‘: Xﬂﬂ]/ﬁ, Hohﬁol ﬁ%aﬁ A]‘%‘E’]‘ﬂ $ko }\ﬂ EH%b‘gﬂ'o] 7]":63]'71] %01] Iq—E]— 7H%}ﬂ| %78‘0] E_T}Q
SArH1.5]. FA7 r|awe] SHoly B A Ege] 2

Kor. J. Mycpl. 2014 December, 42(4): 282-288 T 231 gho] QukF o g Y| AE oEh), =4
http://dx.doi.org/10.4489/KIM.2014.42.4.282 o Stolz o] =0l o] Sle

PISSN 0253-651X » eISSN 2383-5249 o] FUsPrt o9l AE=GA we} IsFES] Apol7t
© The Korean Society of Mycology o AH|zle] ddEZol} k| ue} Az o] 2Jolr}
“Corresponding author ks, 7). S, T tiashs A Bl
T e Stoh E0lE QUEILA A% EE BT ol8sle A
e el U (8 BE0E AW g Az ot g, AE
Accepted December 18, 2014 Z22d ZAz1o7} 9o FRAEA] o gE AEHRY o

_E_Ng_;q-o Z7F A= w7 Q .

@This is an Open Access article distributed under the terms of the ;’ ge] 3 Fejs ol /\)\ie oL ol Semho
Creative Commons Attribution Non-Commercial License (http:// T‘ﬂ‘%‘ﬂ' ;ﬂ%,ﬂ_% Zﬂ]—%—/\]oﬂ ‘jﬂ—r’é By o?l"r%t
creativecommons.org/licenses/by-nc/3.0/) which permits unrestricted 259 AT 20|57} AR oz st AalEH)
non-commercial use, distribution, and reproduction in any medium, = - -

provided the original work is properly cited. o], sl A o5 PIBEEY thARRECl ofst

282



o] F4 EAo] e Al €ths, 9. webA] A
AzA710 we} AEulFe] Fdo] dUsHA]
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oM IHF HH A ATE T8 FEA
A2 A F e S 2 e
obgl[10], T =AW, 71FEE 5
S JEE SAEZQ FFols4 A (11], Bacillus
cereus®} Clostridium perfringens & 2512 32112,
13] 5ol tk ZA7F A71= A A

olgfgt AFEFe] TS wosly] ffeiie FI
(starter)®] o]-§-o] HiAsh X HIwe] AFAEo
8T 2] AP a1, AR AEIAeIN
T A F0) A A8 BElE Sl e A
S8l WFE 2 RS ATk oy AREEHL
e AU TP A5 ohet dEolM S |
T2 -2 AL UTh(5]). webd 3t o]
e slirs 9 AT LEAF sk, AFe
25 18 vEe] 22 2 £ VeSS o183 dF
LEAE FAUFIE 93 7124 A ASHeE
o]Fo|zjof gt

Rt opet, Thdgt wgolrt Aol EAEH AZtNA
ol = freleiAl 283t o] ApddS A
B2 F9 AGolA & s, AR ATt T4
HUAE BaEglon v Fgold 7= it
Rhizopus 18]3l Absidia & Y¥= AZTE, I, Ai
agjar F7] 9 ERle EAs1E s Mucor 18|31
Rhizopus= 9| (Tempeh), FF(Sufu) 12]3 2} 22
(Lao-chao)2} 22 WFa 2ol 714k AAdeht, =2
HE|= oy} 2 Absidiacorymbifera(current name: Li-
chtheimia corymbifera), A. gluaca, A. spinosa, Mucor abun-
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dans, M. circinelloides, Mucor circinelloides, f. griseocyanus,
M. griseocyanus(current name: M. circinelloides f. griseocy-
anus), M. hiemalis, Mucor hiemalis f. silvaticus(current
name: M. silvaticus), M. janssenii(current name: M. circi-
nelloides f. janssenii), M. plumbeus, M. racemosus, Rhizo-
pusoligosporus, R. oryzae, R. stolonifer “L2|3L Syncephala-
strumracemosum 5°| F2]HAc}H14,15].

Aspergillus & FFol= & JEoZ FAE 0] glon H]
WA FE 2%, vk oA A% 7hssitt. whebA
ThFet Aspergillus & =30l= A1 S88F F30]= <l
2A=o] stom, sletad 94, A WE ea 54
Aot Soll E8=o] SIth. 53] A. oryzae, A. sojae 1)L
A. awamori(Current name: A. luchuensis)®} 2L 55 &
sgole 2]Fol &8=o] gkovt A. flavus 9F A. ochraceus
= AFeA 2 Fa A F3012 4R dut viFell=
A. clavatus, A. flavus, A. flavus var. columnaris, A. fumi-
gatus, A. mellus, A. niger, A. nidulans, A. oryzae, A. oryzae
var. fulvus, A. parasiticus, A. phoenicus, A. sulphureus, A.
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terreus ZLB]aL A. versicolor 5-°] H1E U} 14-16].
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Zyzre) AR (W, B4, 174 5) 10 g2 EvE A9
22(0.85%) 90 mLoll F7Isle] FAFEITE. YAlEE
(4,000 rpm, 5 min)E 3} TS HakaL, 10744
A4 31431 potato dextrose agar (PDA; Difco, Detroit,
MI, USA), malt extract agar (MEA; Difco), ZL2]3L yeast
peptone dextrose agar (YPD; Difco)ol] 212t =atT.
30°ColA 797 Bl Blar EALE WFol2 A F3)e]
e AQeE SR FMEkal SM5 100 uLe
PDA B0l Eale] 30°ColN 52Ut M. B
Hyo = wdE AIFEE 4°Coll Hysta A7 Hpoz
= ¥4} QRS SRR Aul7po] 5ol e Ed
| TF Bg upo] ol Yar Aol Hasiit).

=] 3ol Fg5P7] A8l PDASH MEA HjA|ol 134
= 3% AHEste] 30°CollA 793E mi ST vl
Ao MiGSAT AN 55 71, BAEA,
AL BAEAE 55 @AV os sl Jeehy 54
= AT, EAESH] 58S fl8l o™ Bi2a
(5-GGTAACCAAATCGGTGCTGCTTT-3)¢} Bt2b (5-A
CCCTCAGTGTAG TGACCCTTGGC-3)E A}83}od B-
tubulin -7k F7IME-S SF3ITE. DNA F7144E
282 Sol Gent Co., Ltd. (Daejeon, Korea)oll 2]=]3} T

AHE =R

Sequence dataE BioEdit v. 7.0 ZZ 10 T X35}t
%, CLUSTAL-X v.1.81% ©]-83}4] alignmentd}$33L, ME
GA v.522 ZZ2I3& o]83}] neighbor-joining (NJ)
treeS Z4J3}al, Kimura-2-parameter distance modelS A}
831, Confidence valuest= 1000 replication bootstrap -
How wEdlal, Ee 459 F $8S st AL An
Z BLAST T2 1302 B3I},
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71488 [0.2% azocasein, 5 mM CaCl, 20 mM Tris-HCI

buffer (pH 7.0)]°l H7FkaL 37°CollA] 1A17F ¥H-8-A]7]aL
12%(w/v) trichloroacetic acid (Sigma Co., USA) 2 mL< 3
7ksle] WES-S ARIAZTE 4°CollA] 3087 R334
F2]5}19(9,950%g, 10 min, 4°C) A& Aol F<] 0.5
M NaOHZS &3t 440 nmolA TF =S A3t
AATAHS A7 B 2G4 1 mLo] & WSS
440 nmoA 0.01 57} FFEE 1 unit/mLE THEATH

a-amylase S4-2 71 5 [18]9] WHS Wyt A3}
A AlE F=N 0.1 mLS 1 mL 7128 [0.5% soluble
starch, 5 mM CaCl,, 20 mM Tris-HCI buffer (pH 7.0)]°]]
7¥skar 50°CellA] 303t WESAIFTE §EE-Y 0.3 mLol

Heg

1 mL Lugol's 8-S #7}sle] @A 9k-3-3199t), o] %,
2 100 B350 660 ol SHESE Zase). &

AL (AI7F ZoF ZE AN 1 mLo] GRS AT AT

£ 50% HAAFHS

W] 1 unit/mLE TFA3}ATH

OrEZ2tEL &4

A& 2590l 1% NaCle] 7Fe 70% HIghE 100 mL&
7kl 587F 7A3)eE 3, Whatman No.45 ©]-8-351 ¢
7} 3 1 3K 10 mLol 1% Tween 20 8 30 mLES 7}
Sed B4 F AR AHAE 018} oA o)
20 mLES AflaTest column®] 23 17E AT £57
loading3t ¥ F7F 10 mLE A3}t Columns ace-
tonitrile 3 mLZ £-&3F & 719} F=3}aL 200 ul trifluo-
roacetic acid® 713} AollA 1587F W3 & 20%
acetonitrile 800 uLE 71514 0.45 um AHX] THZ 3}
3] 10 uL A1E5 HPLCO| Y3kl Shiseido UG 120
(4.6x250 mm, 5 um) BHI} FLD (excitation: 360 nm,
measurement: 450 nm) detectors AREsle] B8 T
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SCF37

SCF-271

SCF-17

SCF-13

SCF-11

SCF-6

Aspergillus flavus CBS 100927 EF203132

Aspergillus oryzae CBS 100925 EF203138

SCF-66

79

Aspergillus parvisclerotigenus CBS 121.62 EF203130
Aspergillus toxicarius CBS 822.72 EF203163

Aspergillus sojae CBS 100928 EF203168
Aspergillus parasiticus CBS 100926 EF203155

Aspergillus caelatus CBS 763.97 EF203127
Aspergillus pseudotamarii CBS 766.97 EF203125
— Aspergillus flavofurcatus CBS 484 65 EF203124
100 IAsperg[!!us tamarii CBS 104.13 EF203123

4|7Aspergfﬂus bombycis CBS 117817 EF203121
100

P
om

Aspergillus nomius CBS 260.88 EF203120

Fig. 1. Taxonomic position of Aspergillus oryzae/flavus complex strains isolated from Sunchang county based on partial beta-
tubulin gene (primer bt2a and bt2b). They were compared with sequences of Pildain et al. [24]. The sequences were first
analyzed using the Tamura-Nei parameter distance calculation model with gamma-distributed substitution rates, which were
then used to construct the Neighbor-Joining tree with MEGA version 5.2.2. Numbers under nodes are bootstrap values (>0.6).
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Aspergillus section Flavioll £3k= A. oryzae®} A. flavus
= FeEsk o ® EF37I7E ul- oA, A oryzaes ©F

SCF-38
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= SCF-13
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Aspergillus oryzae SRRC 2103 DQ176822
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SHELS A o AL flavuse oFEEEAIS A
Ao g Fstke dl ol AE5es 7Isiokgith[19]. A.
oryzae #FO|=A HIAY Fgo|2A4 Lo A5 AH
U 7gol g-g-5o] Tt 20, 21]. wEbA, dv)EE BES
B3l A. oryzaestal TS = 10 WOl isl] EARIES
2 54 2 AT 7= skt Feshy s B3l
Aspergillus$ 0.2 F== SCF-6, 11, 13, 17, 27, 37, 38,
63, 65 12|31 66 A. oryzaelflavusell &3h= A& &I}
RekAH HAA).

Chang 5 [19]> A. oryzae®} A. flavus®] omtA A}
= omtAF (5-CAGGATATCATTGTGGACGG-3)%} omt
AR (5-CTCCTCTACCAGTGGCTTCG-3) Zeo|HZ o]
3l PCRS 47343+ A3}, 594 bp PCR AHE-S A%lom
A71E B8 3 A3 167)19] QIERT} 177h9] dso
2 A U WAL, w28t AL oryzae 6 TS} A.
flavus 27 T2 omtA 3] A Hlads o, A
oryzae T SRRC304, SRRC493, RIB40, SRRC2044, SRRC
2098, Z12]3L SRRC2103E A. flavuset 783 &= = T
BE Holal Jvkar Barsiett. o] gk dd= A
AN ezt F3o] 7Y T4 A8 F U= 34
2 48 F US Ao Al HH. PEEE 0= A ory-
zae®}t FALSH FEIE Hol= &3ollA 28§k 10 ol o)
3 omtAF-RIANe] 43S ZAKE AT, SCE-6, 11, 13, 17,
27, 37, Z12]3L 382 A. oryzae SRRC 21032} YX|3}3 .01,

L-type, B-

Aspergillus flavus NRRL 3357 DQ176782 — L-type, B

Aspergillus oryzae SRRC 493 DQ176826

SCF-63
SCF-65

86
L-type, B-

SCF-66
Aspergillus flavus 3-2 AF036812
—| L-type, B*/B-
68 I Aspergillus flavus NPL VA2-9 DQ176785

Aspergillus flavus NPL CA38s DQ176814 — S-type, B*

i Aspergillus flavus Af12 DQ176821

75 _IiAspergillus flavus 7-2 AF036815
67 | Aspergillus flavus NPL TX8-8 DQ176791

Fig. 2. Taxonomic position of Aspergillus oryzae/flavus complex strains isolated from Sunchang based on partial omtA gene

(primer omtAF and omtAR). They were compared with sequences of Chang et al. [19]. The sequences were first analyzed using

the Tamura-Nei parameter distance calculation model with gamma-distributed substitution rates, which were then used to
construct the Neighbor-Joining tree with MEGA version 5.2.2. Numbers under nodes are bootstrap values (>0.6).
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SCF-63, 65, “12]1L 66> A. oryzae 4933} L X511} (Fig.
2). WetA oA Beld 7 1XFHCE A, oryzaed
2 Felsigint.

Tominaga 5 [22]<> A. oryzae®] oFEe}54l A4 7Fs
el tigh o]3l] H-S 98l A. oryzae RIB409] ol&E2H5
21 AT FARE RS BS99 AL oryzae RIB40
o] o} FEEAl AR ARt tiiEo] A flavus®] oFEe}
E4 A AT 97~99% AEAS YERAIOLY,
Al 7Re] A= 93% olse] e dE HAlrt. o] Al
FRARR= 2V} afiT, norA 1)L verAS 2 aflT A}
+ 257 bpZ} A<= (deletion) =A™, norA A= &4
SH=AWH 0] (frameshift mutation) 28] 3L verA A= 4

71x18 EARO] (base pair substitution)E 7FXaL Ut}
aflRF-712} L_Ei-J 85 e A7IXE EAol7}
WA= & 2L Ared THEo] ZTHE A 9] F
Bfvfolot, EhE ShRs Facp 23 31ekL vslon] s
sk I+ A. oryzae 210 T F= O 2 AflT, nor-1, norA,
avnA, verB Z18]3l vbs XS PCRE S35 M-S
HlnEAste] B73 A3} A. oryzae RIB 40 712 norB-
cypA G71-E dol= A. flavus ART} 1.5 kb7t A5 o
Qi B st cTh.o|# st 75{’}% A. oryzaes A. flavusSt
THEE EXo g ubgAlZ S 13)s) 72 ARA] BE
H F3o] T A oryzaei FAE= T5E Il
&3 FARE 289 F Utk ol 2 dAqelM=
norB-cypA AFelel] 1.5 kb 7‘3.1_7} AEH A=A E FRIsha
2} PCRE =333t}

Fig. 3914 & 4= Q15| SCF-6, 11, 13, 17, 27, 37, 38,
63, 65, 12|13l 66 T4 500 bp2] PCR AH=-S- &1k

T A= ol g A= o] Aol Bl A. oryzae
o] PCR &7} 5YS Ao =2 [22], 7] A5 A. ory-
zaeZ AT WA B Aol A= Tominaga 5 [22]7
Ehrlich 5 [23]9] "ol wet A. oryzaet A. flavuss 7

1 "u 19PPE| 4931}

o
o
o
o
-
B
' 8

100bp

- 282 - 489

s17] $18ll olEetEAl 1A I 5 omtAS} norB-cypA©]
multiplex PCRE 7381 18131t}

olA TE] g A oryzaeS AIHH O E 2E3}7] 28]
A= protease ¥ a-amylase B30 =575 W5 S
29 %9—7]—*/‘%] =0} koji®] BAEAS S5
Protease B4 =M B3k A= The IZAJONA Al
3L Qe TR v IA| KT BlaE st g
] A= ©]F SCF-6,13, 17, 27, 37, ZLE)al 388 A%
B SR tET (AR 20 SR A A
o 28] AE =2 protease T3S IRIT 5= AU a-
amylase 432 257~320 U/mLZ Ao e¥o=
FAEE 63HS A QS A E2ISH AL oryzaes &
A FoZ AlFE T Q= w1} HluglS W a-amylase
Faelr7} ol e A4S SIEkIThFig 4)

L3k, T3go] B4 AAEA] golok sl R o Z &4
A FRR ] BEA ALoZ o} ZalEAlo] AR &
= ACE JSEA| g a9 -O/BH e A7)

1] A SYEAR B SR A AU,
6385 A2t A. oryzae B ‘?{'—roﬂ/\‘] 23 ookt 2] o)
A At AF5E 715X (F 15 ug/kg, ©F BISZE 10 ug/

kg)°lslZ SE AT (Table 1).

A o
b | L

SRR DB BRI F2
A8t Bt kel 7)eAde] w2
Hd s SEshaz ’3}93\‘:}. A el A
% ’&Q*‘E A AFOoZ2HE FFo|E 83t B-tubulin

E'H 1070e] 57} Aspergillus oryzaelflavus
T At 2ok PEs 58S flste] of
i I e oA

——rth

S SF31 A oryzaest A. flavus BT T2 omtA XE

Fig. 3. Aspergillus oryzae/flavus complex strains were amplified with norB-F and cypA-R.
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Fig. 4. The measurement of protease activity (A) and o-
amylase activity (B) in Koji made by 10 strains of Aspergillus
oryzae isolated in Sunchang county.

Table 1. Aflatoxin production in Koji made by 10 strains of
Aspergillus oryzae isolated in Sunchang county

Koji made with Aspergillus oryzae Aflatoxin (ug/kg)
isolated from Sunchang county Bl B2 Gl G2 Total

Control - - - - 0
6 - - 0.016 0.002 0.018
11 - - - - 0
13 - 0.003 - - 0.003
17 - 0.002 - 0.0020.004
27 - - - - 0
37 - 001 - - 001
38 - - - - 0
63 Not Determined
65 - 0.001 - - 0.001
66 - - - - 0

- : Not detected.

o A AT BRS AT, A oryzaed] T T
AHAT} =55 & T AT EZF norB-cypA Atole] A
7G-S 53 A7} 500 bpo] FF AHEC] ERIE =T
ol 3T T A. oryzaed] norB-cypA Aol 971N E
FE AT FYg 2710S ER1E AT A. oryzae
2 IRIE 10075 &83t IAE AZ3IAL a-amylase
2337} protease 43S ST, Protease B2 6, 13,
17, 27, 37, 18] A1 38 T2 A|Z2H A= U2 (A=
I e THoE AFEE FA)E 2v] A& E2 prote-

T ARENE B el e 2 54 287

ase TS B OH, a-amylase 42 257~320 U/mLE
SAHAT. AFP S A% o EEEAl 24 8l 4
3, 630 TR AxE FAE ALl BE AN ok

SAS WA e AoE gl £RelA e
A. oryzaes FF- T HISTOZ LS T US-S HA

At

a9 2

B =S 5538 A (AIR-AE AR (EFF)
Azl A8 T Ak (Fgo]) 2 Ax7E N, Al
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