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Diversity, Saccharification Capacity, and Toxigenicity
Analyses of Fungal Isolates in Nuruk
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ABSTRACT : Nuruk samples collected from various regions in Korea were investigated in terms of fungal contents and diversity. In
measurement of colony forming unit (CFU) in Nuruk suspensions on DRBC agar, Nuruk samples MS4, MS8, and MS10 were
among the highest fungal density, with 1,278.9+21.6 (x10"), 1,868.0+27.7 (x10"), and 775.1+19.2 (x10") were among the
samples showing the highest fungal density. CFU per 20 mg Nuruk, respectively. The majority of fungal components were yeasts,
including Pichia anomala, P kudriavzevii, Kluyveromyces marxianus, and Saccharomycopsis fibuligera, whereas Aspergillus oryzae
and Rhizopus oryzae, the representative Nuruk fungi, were predominant only in the low fungal density Nuruks (MS2, MS5, and
MS11). Saccharification capability of the fungal isolates was assessed by measurement of amylase activity in the culture broth. The
highest amylase activity was found in A. niger and A. luchuensis, followed by S. fibuligera. A. oryzae and R. oryzae showed fair
amylase activity but significantly lower than those of the three fungal species. R. oryzae was suggested to play an additional role
in degradation of B-glucan in crop component of Nuruk since R. oryzae was the only fungus that showed B-glucanase activity
among the fungal isolates. To confirm the safety of Nuruk, aflatoxigenicity of the isolated Aspergillus was estimated using the DNA
markers norB-cypA, aflR, and omtA. All of the isolates turned out to be non-aflatoxigenic as evidenced by the deletion of gene
markers, norB-cypA and afIR, and the absence of aflatoxin in the culture supernatants shown by TLC analysis.
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(1,2]. o] g FF0| 52 a-amylase, glucoamylase & &
Xl

7HA] amylase 455 EHIAAISE SRl A74E AE
= sl AES o= 2= dHA Ak w73l A

HF3bsol sl ol BRe AR o3 43S A
Al ARREY, =2 75 A5k S5 2% Saccharo-
myces cerevisiaes Y53} Pichia jadinii[1], P anomala
[3,4] 5] &eld 1 3lon, 2de]e] PCR-DGGE £4
S B3I P kudriavzeviiZ} 2EZ2719] 7o) BiEzl
v} ATH(5]. Saccharomycopsis fibuligera™. TF2] 750l A
A=, SolsiAE ¢x2edEs tiil 2 93}
= 7ML = Ae=® BuHlHe]. o]9fdl® w5
< Bacillus subtilis, B. amyloliquefaciens 5 FHseE O
G A=}, Pediococcus spp., Lactobacillus spp., Wei-
ssella spp. & TAHTE°] X o] = ASZ HIE
ATH1I.

FEAAM 7P Bol BEElEle F30l= R. oryzae} A.
oryzae®2X F5-5 3Eshs F8olt & 4 Itk R. ory-
zae= TS (Zygomycosis)S Yo7 HYAd 3ol
WA [7], TolME AeTaEAFe] Az ARREE 4L
Ao F Q3 FFooltt. R. oryzae= AENANNE =
& 21EAl 7)ol ZFAE= 7HHA} FAYT (Pioneer sap-
rotrophic) 2=, 7| 3T T U= 7145 o838t wWE
Al 71BRFE T 58S 7L ok A2 73
Al AFANXME R. oryzaedl= exo-cellulase -4}, pectin
alloll 23t B2/}, xyloglucan, xylan, inulin 5-2]
Eafloll Zagh FuxpE EAHA] i JlojA, ddRy
AT} o] A Bl = AUe THIHE wEA A3t
o & FBolEH BAdA o7|= AE Hske 3o
2 YWSIHTHS]. FHANXE R oryzaes HEZ7]E 12F
5} (primary colonizer) J&-& 3P 52| A Ee
s & Aog FPHANRE, 2ol 73] v
o Lart JPeo] F5 vt Sephd HapEes
A. oryzaedt & 2127 Fgo|oke] BAlA ek A
o2 A7V 2] F77]] A oryzae o-amylaseS
H] - AAkehes 2 FlsS Hole 30|24 [9], 7=
M= AR AT e 2N 5] T3 3 A3} V)5
7P} F83F 73o] F sholth1, 2]. 1Y A. oryzae=
aflatoxin AJ2HTQ A, flavuse} HEHQ] £/ 7Eo
2 788 7 8lS W WAV PR doE afla-
toxin®] A F5-5 AFsh= Aol FFHelrt1o, 11].
Aflatoxin A HZE 257119] F-ZAR (gene cluster) 2
T/3E o] lom[12], ©]59] AL i HAKEIAL
(transcriptional activator)<] aﬂRoﬂ o3t ZH=EH13].
R afIRF-AR] polymorphism¥} -2} 24 (dele-
tion), aflR AT o] EAF-57} aflatoxin AT TS T
ks S8 ARE 8EIL ATH10]. 53] norBt cypA
FrRALe] Aolel] EAlSE afiR ARSI HA FAA-
o] Wof] FAQl Folo|th. UREH O R A oryzae/flavus

= norB-cypA(1.8 kb)F-9]¢] FE2| AAslElol we} Type
I deletion(0.3 kb), Type II deletion(0.8 kb) 152 U
31, Type I deletion 155~ aflatoxins- AJAFSHA] Zohe= A
o2 B QY11 14, 15].

£ Aoldes =l oegl B2E F
o] T3t ARl TAMS FFole FF B Tk

A o2 WS Aspergillus 7E2] aflatoxin F4
AiFsS AR 755 ARESE ASEa e kA
= HESIH

e, RS 75 1 g2 Ffste] 10 mLe] Etel &
BAIZ] F, 5 NS 1/100002 3]251] potato dextrose
agar(PDA; Ventech Bio Co., Eumseong, Korea)2} DRBC
agar(T =22 GAFINE 5¢/1, X=T 10g/L, KH,PO,
1g/L, MgSO, 0.5g/L, Rose Bengal 0.025g/L, dichloran
0.002 g/L, chloramphenicol 0.1 g/L, agar 15 g/L, pH 5.6)°]|
ESIAL 30°ColAM 3~43F w5 @ F2YE PDA
AR $A =T st 2eE w3elEde] vl
WEAS o], TN LRAFHANA BATE A
oryzae 7% (82-7, SS1, 59-5, 83-3, 78-5, 40-2, 82-3), A. lu-
chuensis 2°& (74-5, 34-1), R. oryzae 6% (26-4, CN084, CN
105, CN174, 58-11)%, aflatoxin A2k HIaE $lsire
A. flavus KCCM11910, KCCM60330 152} A. parasiticus
KCCM12699, KCCM12701, KCCM35079 #5-5 242} &
Frol ARg-skIt.

™
I

18S rDNA % ITS Q7 |MLEN

28 7t Fgolo REEAES 25le] 18S 1DNA %
ITS Y971 E-S 243313t 18S rDNAE NSI (5-GTA
GTC ATA TGC TTG TCT C-3)¥ NS8 (5-TCC GCA
GGT TCA CCT ACG GA-3)% ©]&3}9 PCRZ F%3}
A2 [16], ITSE NSA3 (5-AAA CTC TGT CGT GCT
GGG GAT A-3)9} NLB4 (5-GGA TTC TCA CCC TCT
ATG AC-3)E o]83l FZ319t}h. PCR ¥ genomic
DNA &2 o] ®ud WS ARSIt 17]. 5%
¥ PCR 2F=2 TA cloning § @71X8S A3t 2
AE Q7IMEY Blast 412 F3tod 3lE Fgole] &

TS AATEIH

Amylase ¥ B-glucanase SLEMO| X
Amylase 873 SAS fletd zt Fo] FFES starch



(Bio Basic Canada Inc., Ontario, Canada)®} beef extract
(BD, MD, USA)7} Z+2} 10 g/L, 3 g/L 3$FH 5 mL starch
brothel] 30°C, 4817t vl 3ttt vl Fel-S 13,000 rpmell
A 5 AAREE sl o] AER TAE Tk
3 FEHE FskAnt. 4Ed 20 puLell E 180 uLE 7IgH
< 30 mM phosphate buffered saline (PBS, pH 6)°l] =<1
starch(1 g/L) 200 uL= 4331 30°ColA 2087+ w8217t}
g & frEje Sd9S DNS WPH[18]0R At
amylase®] €4S S731th. B-glucanase B/ T3 $
TS ARkl S8 ©1E skl Ade e 20 uL
o & 180 uLE 7FeF ¥, 100 mM sodium actate (pH 5.0)
ol %<1 B-glucan (1 g/L) 200 pLS 4332 30°CollA] 30837+
HEEAIZ T Whe- 5 freld $h9-S DNS 'R o = A
St B-glucanase®] T o= Bkt 72 B40] &4
1 unit 1% 1 pMe] IEFS vte=t Qs g45%

©2 Gejaiglny.

Aflatoxin ¥&Hd FTX 24

Z} {FE0NA] aflatoxin A4bel] Tofshs FExEe] &
A AR5 ZRI517] Y3+ norB-cypA, omtA, aflRol tl-&-
k= primersS AlASEY PCRS 3313t} norB-cypA
dHe] SFolli= AP1729 (5-GTG CCC AGC ATC TTG
GTC CAC C-3)%¢} AP3551 (5-AAG GAC TTG ATG ATT
CCT C-3') primerE AF8-3FATH14]. omtAS] SZ-L for-
ward primer, 5-CAG GAT ATC ATT GTG GAC GG-3'¢}
reverse primer, 5-CTC CTC TAC CAG TGG CTT CG-3'

EEYol Lelie] toby % 9aks B4% SA40% 24 193

= AF83FaL[10], aflRS F2 (5-CCG GCG CAT AAC
ACG TAC TC-3)¢} R2 (5-GGC GCT TGG CCA ATA
GGT TC-3V& AF&3I e 11].

Aflatoxin2| TLC 24

Zy #FE aflatoxin AJ2H] =5+ YES BlA] (sucrose
60 g/L, yeast extract 20 g/L)[19] 10 mLe]l &3}l shak-
ing incubator®l|A] 180 rpm, 30°C, &4 2702 120417t
Fot viekstitt. vikts & v 1 mLol| chloroform
0.1 mLE 7}5FA aflatoxin =33t =N Y aflatoxin
S TLC plate (Silica gel 60 F254; Merck Co., USA) g0l A]
diethylether-methanol-water(96:3:1)& ©]5 3.2 A3}
of 207t st A8

55 3T (Table 1, MS1~11). F3E F5O 25
#=golE Eelslr] flsted, 75 =S DRBC ILAHRA]
=l 25°CollA 5URE wiFsiiTt. wi AT} thit
o] FEN aRFe] ks Ao® AFHRoH,
MS2, MS5, MS11 F5R5te] FAME F3gol5o] %48kl
AATH(Fig. 1, Table 1). 7} AARA Fgolds2] 45
ZEUFAADER (CFU)E 5783 47}, MS4, MS8, MS10

Table 1. List of the isolated fungal strains from various Nuruk samples

Nuruk Sample No. CFU (x10%
(Region, Isolated fungal strains Isolate No.
Collection date) Individual Total

Rhizopus oryzae MS1-1, -2 6.0+1.0
Aspergillus oryzae MS1-5 02+0.1

( Sanchunl\g/[,sFleb. 2014) Saccharomycopsis fibuligera MS1-S1 81+12 53.0+3.7
Pichia kudriavzevii MS1-S3 19.3+32
Kluyveromyces marxianus MSI1-Y1, -Y2, - Y3 194 +3.1
Rhizopus oryzae MS2-1, -2 41406
Aspergillus oryzae MS2-5, -6, -12, -15 204+24

(]inju,I;Iesz. 2014) Saccharomycopsis fibuligera MS2-S1, -S2 3.1+0.2 40.3+25
Pichia anomala MS2-Y2 9.5+1.1
Kluyveromyces marxianus MS2-Y1 32%0.5
Rhizopus oryzae MS3-1, -2, -3, -5 0.8+0.1
Aspergillus oryzae MS3-4 0.7+0.1
MS3 Aspergillus fumigatus MS3-7 0.6 +0.1

(Hwasung, Feb. 2014)  Mucor indicus MS$3-12, -13 02%0.1 7209
Pichia kudriavzevii MS3-S3 1.0£0.1
Saccharomyces cerevisiae MS3-Y2 43+03
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Table 1. List of the isolated fungal strains from various Nuruk samples (continued)

Nuruk Sample No. CFU (x10
(Region, Isolated fungal strains Isolate No. o
Collection date) Individual Total
Rhizopus oryzae MS4-3, -4 3105
Absidia corymbifera MS4-2 0.3£0.1
Aspergillus oryzae MS4-11 0.1£0.1
(Yesan,l\gili. 2014) Aspergillus fumigatus MS4-6 0.1+0.1 1279.1£17.8
Saccharomycopsis fibuligera MS4-S1 436.3 +£10.5
Pichia kudriavzevii MS4-S3 745+ 5.5
Pichia anomala MS4-Y1 764.7 £13.2
Rhizopus oryzae MS5-1, -2, -3 125+2.6
Absidia corymbifera MS5-5, -11 0.2+0.1
(Yesan,l\;zts). 2014) Trichosporon loubieri MS5-10 1.8+0.5 262 +3.1
Saccharomycopsis fibuligera MS5-6, -8, -9 55+1.3
Pichia anomala MS5-Y1 62+1.6
Paecilomyces variotii MS6-4 0.1+£0.1
MS6 Saccharomycopsis fibuligera MS6-S1, -S2 2415+ 15.1
(Yesan, Fib. 2014)  Pichia kudfiaievi ) MS6-6 106.6 £9.1 9272203
Kluyveromyces marxianus MS6-Y2 104.5 +10.1
MS7 Aspergillus niger MS7-1, -2, -3, -4 49+0.1 S
(Chungdo, Feb. 2014)  Cyberlindnera fabianii MS7-Y1 202+ 1.1
Rhizopus oryzae MSS8-1, -2, -3 14+0.1
Aspergillus oryzae MS8-4 46+0.1
MS8 Absidia corymbifera MS8-5 0.2+0.1
(Busan, Feb. 2014) Saccharomycopsis fibuligera MS8-7, -8, -9 1080.5 + 25.2 18680116
Pichia kudriavzevii MSS8-6, -10, -11, -S3 451+2.6
Pichia anomala MS8-Y1,-Y2, -Y3 7362+ 11.3
Rhizopus oryzae MS9-1, -2, -3 8.3+0.1
Aspergillus oryzae MS9-13 29+0.1
MS9 Absidia corymbifera MS9-5, -11 0.7+0.1 953 + 5.0
(Kwangju, Feb. 2014)  Saccharomycopsis fibuligera MS9-6, -7 6.0+0.5
Pichia kudriavzevii MS9-S3 13.1+2.1
Pichia anomala MS9-Y1 64.3 4.5
Rhizopus oryzae MS10-3 0.8+0.1
Aspergillus oryzae MS10-11, -13 34£0.1
MS10 Absidia corymbifera MS10-12 0.7+0.1
(Sanchung, Mar. 2014)  Saccharomycopsis fibuligera MS10-4, -5, -6, -8 469.1 £ 8.5 TS
Pichia kudriavzevii MS10-7, -9 97.5+45
Pichia anomala MS10-Y1, -Y2, -Y3 203.6 + 6.5
Rhizopus oryzae MS11-13 16.1+1.5
Aspergillus oryzae MS11-1, -3, -11, -12 156.7 + 7.5
MS11 Absidia corymbifera MS11-2 2.0+0.1
(Sanchung, Mar. 2014)  Saccharomycopsis fibuligera MS11-4, -5 36.1+3.1 232577
Pichia kudriavzevii MS11-S3 20+0.1
Kluyveromyces marxianus MS11-Y1 203+1.1
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Fig. 1. Diversity of the fungal colonies from different Nuruk samples. Dried Nuruk (1 g) was suspended in 1 mL of water. 0.2
mL of the diluted supernatant (1:1000) was spread on DRBC agar. MS numbers in the pictures are the Nuruk sample numbers

described in Table 1.

T 3% 50X 27} 1,278.9421.6 (x10%), 1,868.0+27.7
(x10%), 775.1419.2 (x10') CFU (20 mg F=E 7} =
2 Fgoli UEE BYoH, o5 e SRTS
2 9rejRint. o]9} #Hste] HT A+ thE Aqelre=
5 10 g7 10°~10° F2YH I (colony forming unit,
CFU)2] F#ol9} 10' CFU Wele] awito] EgEo] 9l
= 2o BuEol]. ¥ 79 A% 75 10 g
Zgold =2 ksl 10°~10°%) CFUR 7|& d7-43
oF fAfelth & 4= o, aRgte] U dEHoE W
= SN 71E A7) zte] v Aol xjo]<]
Al Feol] AREE iAol A 71Q18k= 1S 2, PDA Hj
A} yeast mold agar+chloramphenicol A [1]= &3]
o] A& frejsle] AtiF o2 Frgte] o] AR,
DRBC HjAI= #3019 3745 GAAAX 5o 44
FF o2 RZAAFE iR olth20, 21]. THH, MS3 *F
22 76404 (x10") CFUZA] 71 2 F=o] Tsgo| -
7HA AL QAT FFolrre] TRl S = MS7S Al
23k U] FHAA 55 Ue]e] FFolEo] WHFHA
o}, o)de] A= FHo] AlRAY 9 A5 uef ot
et FgolS Tt vlE=E ¥3slal oS g F

= Aot
TESZEo|Z 22| ¥ ITS, 18S rDNA MEEMS St
33

7}
2lel 2z Fgole] F-2E7g2 flsko], 185 rDNA B ITS
A7 Ee 2R8It 24E 714 E8S BLASTE 4
sled 7+ FgolE T8tk 1 A, thEY rSollA
T8 v oE HFEE ANTELS P anomala, P kudri-
avzevii, Kluyveromyces marxianus®} ©]387d &= (dimor-
phic yeast)?] Saccharomycopsis fibuligerald©] Y%t} P
kudriavzevii= ethanol W& 50| 93 GRTOE njo|
LQuf2 Ao R FAIGIPLRE F3F ethanol AL
A7 YL Q= tHEAR] dFolvh22-24]. P kud-
riavzeviie YRE G RO} G| o] BYfo] A&, ¢
of| wehx= Mol AZE 2itAH(pseudohyphae)E FF
E71% 3} (Fig. 2) S. fibuligera= ©18A AREM F2
He] Yol any #A7 v #EEu 7Pk §
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Fig. 2. The filamentous fungi and yeasts isolated from various Nuruk samples. (Scale bar=5 pm).

LolME TAPE O A= s BEEIATHFig. 2). A
o] F3ltd a4E HHIAMERE 58] e TR
wo Aqraat BauEo] QIU25, 26]. K. marxianuss ©F
&FF THO EAE FHIsH, YA RS ALt
slo] WEAF FHE Tske ARo|A] ALl U=
LHEEskE 548 7HAAL ITH27]. P anomala® 5-°)3t
A AR ANT dH-8-S WHashs 548 A
ATH28]. BEFF FEFOlE Fol= w0l HoY A. flavus
e falle] BESA AR A7Ea k29,
AAZ P anomalaZ} 3= 722 750l TAMS
o] o] SEE JAIES RIT  Uk(Fig. 1).
Hgol2= FtFoll £3h= R oryzaest APl
&3l= A. oryzaeZt T2 HEEATH(Table 1). R. oryzae}
A. oryzaes FUNA HEZ O Z YR AFo) AHE-Eo] &
N3E2Q) F3He Fgololth. R A. corymbifera
&7Ne] S5014] 2h2 RS0} o] mEet SRS o]t F
2 FHoldS & AUt o|ol= A. fumigatus, M.
indicus, Trichosporon loubieri °] 574 FSol|A] WAE
k. MS6 FElA= Paecilomyces varotiiZ} A=
gl o= thE oM BauE ul QIoh(30]. A, A5
HEA oM T FFMS7)M = F8ol= F=e)
A. nigerito] EE|HAT}. Fo]d thE2Q F30] 2 &%

£ Fig. 20 VERAIRAT
F5E2| 5H0(2| vitHO| amylase, B-glucanase, este-
rase SAEY

FES AET AN HES Eallsle] dslsle
715 FAE ¥ ofde}, dEa o] b gk Feeke A
S Aldt 759 oladt 713 Hdste] 52
Fgo)7h 8] - ik B8l AS] amylase?t $d &F
71735 A2tol] TAE esterase, TH-A RS Dol X3 p-
glucans B-glucanase EAEIS AR ©|& 93t
Z}z}e] FgolE ZARulAellA 25°CollA 5UTF uj gz =,
HiFlS Aaldelste] Aeds bz or A8
o 33o] wieFele] 7 gL Fig. 30l YERAIH. p-
NitrophenylbutyrateE ©]-83} esterase &/d- 2]
Fo] HjFHell A FAFsHA LRt

Amylase /32 A. niger®} A. luchuensis7} 7P 32 3
o7 eyttt ol dF= F= Azl ARS-Ho
S TFEZEA, BT A niger cladedl] 3= T=0lt}H[31].
A. niger clade Th3 02 ©3l50] 2 FFo|= S. fibuli-
gera=A] o-amylase, glucoamylase & @318 AE 0L
she BoZ dTA] Jom[25,26,32], T2 FelsEH o=
lste] FPapael 2 ito] wol IHrE Ao I3l
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Fig. 3. The a-amylase and B-glucanase activities in culture supernatants of various fungal isolates in the order of Nuruk sample
number (A) and in the order of the a-amylase activity (B). The strains including 26-4, 34-1, 40-2, 58-5, 58-11, 59-5, 74-5, 78-5,
82-3, 82-7, 83-3, CN084, CN105, CN174, and SS1 are stock strains in RDA, Korea, independently isolated from different Nuruk

samples.

8531 ATH(33]. A. oryzae 2} R. oryzaer= =0 H|
o} 7he AERFAZA] 22 WAEE TolFo s
58] rRolrs 7o Bakdolt]. 1eh}, Setse
ﬂﬂ%%HJﬂﬂaﬂﬂ+»ﬂ%ﬂ1ﬂﬂ£4ﬂmw.
SHH, A. corymbifera, P. kudriavzeviis X315h= 7|E} 5

RN m\‘l

==

ﬂﬁ%ﬂegﬂuﬂﬂﬁm+1—4ﬂﬁv%ﬂf
ol W9 P} ol 2 /5L 3R] = Ao T

=AU}, Pichia spp.i= ethanol HL}?:—O] Hold gHo|=
2 o] g3t & G Akl 7]od Ao Yz

T2 Azl AHHE FEelle tEFe] Hig8A p-
glucan®] ZH=o] Qlr}[34]. o]2ist BI8- B-glucans
23] Eafste 7]~9“§]r3}‘5, TR ol8st] vkE v
ol HASAS =T+ 7IeAS Fo o o wet
A FEFF0]9 B-glucan w35 FRI817] st wiF
M| B-glucanase &3-S ARSI 71 23 B-glucanase
S UHF- A oryzae Tl A FEE O, o2
< R. oryzae®] W&ol A HEE AT (Fig. 3B). $EXE
% el CN10sT7F 7P BAd0] w=3tem, & <

ToA 2 MS2-1, MS2-2 T % & 84S Bt
Aspergillus oryzae2| Aflatoxin d4Hs XA}

5 EAskE 78 HFol?] A. oryzaet aflatoxin
AR AL flavus®t F-HH 02 TASE Fo|B 2 [10], &
2 A. oryzaert=2] aflatoxin AAFARE ZALSIATH W
A B AT norB-cypA, aflR L A HAZAJol &
ANk omtA FAA}F F-915 PCRE AL 1 23
omtA TR = BE A, oryzae wElTdTE L A. flavus
(KCCM11910, KCCM60330), A. parasiticus (KCCM12699,
KCCM12701, KCCM35079)l14] WA S Y}, A. oryzael
flavus clade®l £31A] 8= A. fumigatus (MS4-6), A. niger
(MS7-1), A. luchuensis (74-5, 34-1) SollX= TAFA] &
ITH(Fig. 4A). aﬂR TR Ao = Z= deletion®] &
ZE=H[15], B AFolAE= MS1-5, MS2-55 E35= 9
o) BTt 208 2EldT 83-3, 402 5 F
9] A. oryzae T4 aflR §-7419] deletiono] & JH
SATH(Fig. 4A). SHH norB-cypA YIS AR Ao, tj=



afiR

omtA

norB-
cypA

Fig. 4. Analyses of the aflatoxigenic activity of Aspergillus isolates. (A) Deletion patterns of aflatoxigenic genes, afIR, omtA, and
norB-cypA. (B) TLC analysis of the culture broth extracts. A. flavus KCCM11910 and KCCM60330 were included as non-
aflatoxigenic control strains, and A. parasiticus KCCM12699, KCCM12701, and KCCM35079 were included as aflatoxigenic
positive controls. The strains including 34-1, 40-2, 59-5, 74-5, 78-5, 82-3, 82-7, 83-3, and SS1 are stock strains in RDA, Korea.

%1 A. parasiticus (KCCM12699, KCCM12701, KCCM
35079)°14= 1.8 kbZele] €3k PCR 4h=o] RSOl
o &, o295 A. flavus KCCM119103} KCCM6033O i
= 212} 0.3 kb, 0.8 kb Z2°]9] norB-cypA FG-S YERY
o} Z¥zZ} Type I, Type 11 deletion T9S & = AAH
(Fig. 4A). ¥ MS2-15, MS9-138 A|&|¢ Be FeliT
X norB-cypA FHol AEHA egkor, o2|gt 3=
Hole #FEIAME aflR FHAE deletionE]o] AT
o|FEA aflR A2 deletion®] norB-cypA G2 dele-
tion¥} FWehR= 7397} T Agrollx] Barso] QAT 1
ARAL oF FEEA FUTH15]. oFe] A= Eeld
BE TFE59] aflatoxinS AASHA] b= dFE5LS A4
A}, ©]= aflatoxin AAF =Rl Aol A HlSRE 2} o
FEY AENRS TLCE BA3 dyels YX|5= Ao
t}. F1g 4B9] TLC 23} A. parasiticus 5= TH] aflato-
xins<S ALrkska %IOUJ] Type I, 11 deletion®] A. flavus

Skl %

5 X3%E B 755°] non-alatoxigenic T5-HS
& e

Agsoz, s ol L YAF2E Fal] 9
A S Fgole] I ¥ tpYS 2ARE A7 5ol
Az0] ek o] Fas iepgel A Aol A
B2 BYOM], o $5L ol§H HEF] FA U WA
ol 27 9B 112 Ao BRI 2 A pols

= 53] o] FElM FaeHTo R o]gPaRS 8.
fibuligera®] WHE-Z 02 VAR, S. fibuligera 71°] 2
Yoo Hlol wel, 750l £ F8 It o = 7
E9 R. oryzae}t A. oryzaedl BIStA S. fibuligera’t -9
g g3 & 7FsAel A71EIT. Has] e B Al
T2E A oryzaedl 72 25T aflatoxinS ALFSHA] e
AT T2 WAAT FF e A} Fe) 74
g ol 5 Bgold R Awo| Bejs 5, 3
o) Fgole] AU MPIIE, TR G2 o)
Holol U A/} A%HOE olFolAol & Ao

rﬁﬁ
o
o

= g 5 11500 501
5o} wgole o g EP%“ % ARSI, 75

=3 DRBC AR A B FRE 5 SLARRAV %J&O]ﬁg
o] = FEUFAHES (CFU)E =43 A7}, MS4, MSS,
MS10% 39| TS50 22t 1,278.9421.6 (x10%), 1,868.0
+27.7 (x10%), 775.1£19.2 (x10") CFU (20 mg ‘T+53)=Z 7}
=2 Fo| 9EE HYoH, o]59 gt Pichia
anomala, P kudriavzevii, Kluyveromyces marxianus 2 Sac-
HWI} ApA|skaL 229114 MS2,

01% &
_1|1

charomycopsis fibuligera "5



MS5, MS115 3%59] 5ol Aut F30]Q1 Aspergillus ory-
zae, A. niger®} Rhizopus oryzae=°] FwolATt. 2t &
Folo] FHeM qea &7] Hsted, wgele] mFE
THE FH3t] amylase E B-glucanase B3-S AT
Amylase /32 A. niger®} A. luchuensis 5 A. niger clade
of &sh= ol 7 =k, Solsle au]l s
fibuligera?} A. niger®ll T43h= amylase /43S R0}
A. oryzaeSt R. oryzaew J3FsHOAA 9 A7FA] F30]
o] Hlsl] FHA= Aoz F7I= ATt SR B-glucanase
G2 T2 R oryzaedl T YERAA R, oryzae?t HE-2]
F3} elol]l F7e] FEE T 3R] B-glucan?] Eafish=
AES o= Aoz S, 759 A F7HE ¢
ste] FEE Aspergillus 5] aflatoxin B4Fs-S norB-
cypA, aflR B omtA FHARAZ ZASE 2, BE A
oryzae BT EL aflatoxin A4Fs0] Qe dTEZ A=
= om, o] vjedde] TLC #415 B3liA ERI= A

A =

£ Aie 5233 F5A A (Project No. PJ0099
9304)2] Aol oJ3) o] Fo|Zl Aolw, WA, 741, 3]
A4S BK21 ZEI70] e A|itsynt
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