THE KOREAN JOURNAL OF MYCOLOGY
Copyright © 1996 by The Korean Society of Mycology

SHREE AZo| R0l HFel FS0IM 22l IR0 st AT
O|AM* . HIL|S - MET! . RFRI?
BFRANST )38, Eeirysta ﬂg—cszfﬂ/, SENENYE YT

Studies on the Yellow Fungal Isolates (Aspergillus species)
Inhabiting at the Cereals in Korea

Sang-Sun Lee*, Dae-Ho Park, Chang-Kun Sung' and Jin-Young Yoo’

Department of Biological Science and Education, Graducate School, Korea National University
of Education, Chung-Puk 363-791, 'Associate Professor at Department of Food Science and
Technology, Colloge of Agriculture, Chung-Nam National University,
Yu-Seong Ku, Taejon 305-764, *Biotechnology Division, Korea Food Research Institute,
Seongnam Bundang P.O. Box 2, Kyonggido 463-420, Korea

ABSTRACT: The yellow fungal isolates inhabiting at the cereals (Hwang-Kuk, HK-fungi) were
widely collected from the mejus and nuluks in Korea; the meju is a raw material for Korean
traditional foods for soysauce and soypaste, and the nuluk is a raw material for Korean trad-
itional rice wine. These isolates, well known as an Aspergillus oryzae producing amylase for Kore-
an rice wine or producing protease for soybeans, were compared with Aspergillus species known.
All isolates were microscopically observed to be a species of A. oryzae or its related, but to be dif-
ficult to be identified. Thus, RAPD-DNA techniques were applied for these isolates and analyzed
with nummerical values using NT-system, or Ecological programs or Factorial analyses. Several
common bands of RAPD-DNA in the 28 isolates were synthesized with the different OPD prim-
ers and speculated to be used for identification of HK fungi. The HK-fungi isolated were re-
vealed to belong to the group of A. flavus previously defined. Particularly, the isolates collected
from mejus were analyzed to be more closed to A. flavus. The species of A. flavus, A. oryzae and
A. sojae were grouped at the values lower than those indicating the diversity of species. In other
words, these three fungal species were not distinguishable and all isolates known as a HK-fungus
were very closed to A. flavus. All isolates were not diversified at groupings of RAPD-DNA, and
considered to be not the natural flora at the mejus or nuluks. The meju or nuluk having the
above fungi as the fungal flora were speculated to be not termed "Korean traditional foodstuffs".
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Table 1. The fungal isolates purchased® and collected® from the hand made raw materials, mejus or
nuruks for Korean traditional foodstuffs

Isolates Identified Descriptions (References of sources)

AF-01 M-1 A. oryzae identified and collected from Meju (Lee, 1995)
AF-02 M-4 A. oryzae identified and obtained from Meju (Lee, 1995)
AF-03 M-25 A. oryzae identified and obtained from Meju (Lee, 1995)
AF-04 M-39 A. oryzae identified and obtained from Meju (Lee, 1995)
AF-05 M96-21 A. oryzae identified and obtained from Meju (Yoo, JY, 1996)
AF-06 SK-19 (unknown) A. oryzae identified and obtained from Meju (Sung, 1995)
AF-07 04-5 (unknown) A. oryzae identified and obtained from Ok-Cheon Meju (Sung, 1996)
AF-08 Unmarked A. oryzae identified and obtained from Meju (JM; Sung, 1996)
AF-09 1-A A. oryzae identified and obtained from Meju (JM; Sung, 1996)
AF-10 M96-4 A. oryzae identified and obtained from Zong-Pyung Meju (PM; Lee, 1996)
AF-11 Meju 6 Unknown

AF-12 SK-16 A. oryzae identified and obtained from Meju (Sung, 1995)
AF-13 unmarked Unknown but collected from the Nuluk on Shin-Tan-Jin
AF-14 Nuluk-1 Unknown but collected from Nuluk (Sung, 1996)

AF-15 Nuluk-2 Unknown but collected from Nuluk (Sung 1996)

AF-16 Nuluk-12 Unknown but collected from Nuluk (Sung 1996)

AF-17 SK-21 A. oryzae identified and obtained from Meju (Sung 1995)
AF-18 A7 Contaminant in Lab

AF-19 A-8 Contaminant in Lab

AF-20 AJ-1 A. sojae identified and obtained from Meju (JM; Sung, 1996)
AF-21 unmarked A. sojae identified and obtained from Meju (JM; Sung, 1996)
AF-22 AO-12 Mutants, yellow colonies and short conidiophores

AF-23 AO-7 A. oryzae purchased ATCC 2114

AF-24 SK-24 A. flavus purchased KCTC 2117

AF-25 MT-15 Contaminants in Lab

AF-26 04-6 Unknown but collected from Meju (Sung, 1996)

AF-27 AO-12 A. oryzae identified and obtained from Meju (Sung, 1995)
AF-28 CM1-B A. oryzae identified and obtained from Meju (JM; Sung, 1996)
AF-29 V-1 A. terreus identified and obtained from Meju (Lee, 1994)
AF-30 Unknown A. terreus identified and -obtained from Meju (Lee, 1994)
AF-31 M-29 A. niger identified and obtained from Meju (Lee, 1995)

AF-32 M-30 A. niger identified and obtained from Meju (Lee, 1995)

AF-33 M-26 Penicillium species obtained from Meju (Lee, 1995)

AF-34 M-44 Penicillium species obtained from Meju (Lee, 1995)

*The fungal isolate were purchased from American Type of Collection Center or Korean Center of Type Col-

lection.

* The isolates collected by Dr. Sung, CK for the studies of Korean traditional rice wine at Department of Food
Science in Chung Nam National University (Oh, 1995); by Dr. Lee, SS for the studies of Korean traditional
saysauce at Department of Biological Science and Education) in Korea National University of Education (1990
to 1994, Lee, et al., 1993; Lee, 1995).
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Table 2. The raw data® obtained from PCR-polymorphic bands of the fungal isolates reacted with the dif-

ferent primers of OPD series. The experimental bands were shown in Fig. 1

Isolates

The bands of PCR-DNA of the fungal isolates made with the different

1 10 20 30 40 50 60

Remarks

AF-01
AF-02
AF-03
AF-04
AF-05
AF-06
AF-07
AF-08
AF-09
AF-10
AF-11
AF-12
AF-13
AF-14
AF-15
AF-16
AF-17
AF-18
AF-19
AF-20
AF-21
AF-22
AF-23
AF-24
AF-25
AF-26
AF-27
AF-28
AF-29
AF-30
AF-31
AF-32
AF-33
AF-34
oryzae
oryzae
oryzae
oryzae
oryzae
oryzae
oryzae
oryzae
oryzae

R

A. oryzae
Asp terreus
Asp terreus
Asp niger A
Asp niger B
Penicillium A
Penicillium B

* The representives of bands (indicated '1') made by PCR-polymorphic bands shown on the column 1 to 23 were
reacted with the OPD 2; 24 to 39 with OPD 3; 40 to 51 with OPD 7; 52.to 68 with OPD 13, respectively

(40 mM Tris-acetate, 1 mM EDTA, pH 7.9)%&
AF4-3lo] 1.4% agarose gelol|lx] 7|93 %8 AlA]
sledct. 0.5 pg/ul ethidium bromide® 158-7F 93
Aty TFpolA 2087 FANS AAT g,
uv transilluminatorAtell 4] plaroid film 667<
o] g-3led ztzhel et WleES &3S it
(Sambrook %, 1989). ¢tollA H= 252 F2|4F
2]l %AxA9l EAL UPGMA(Unweighted Pair

Group Method using Average)2] program<- o]
23193 7 (Rohlf %, 1979), 1 #1¢] SAA== A
A4, 9elBA3 Polar Ordination(PO)
o]-g-3ted viazslsdtHReyonld & Ludwig, 1988).

= O
o =

2
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Fig. 1. The PCR-Polymorphic patterns of the 34 fungal isolate's genomic DNA made with the different
primers mentioned; reacted with the primers of OPD 2(A), OPD 3(B), OPD-7(C) and OPD 13(D).
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Table 3. Cosine Similarity Coefficients between two fungal isolates®. The values (1.00) in the box in-
dicated the identical form of the fungal isolate and calculated by SPSS PCPlus programs

Cases 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

Case 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33
19 .89

20 92 81

21 89 .86 .89

22 81 .79 81 91

23 82 80 .89 93 91

24 85 .75 84 82 88 82

25 96 85 88 B8 78 .78 .88

26 84 74 91 83 81 89 84 88

27 89 80 89 93 91 86 .82 .8 .89

28 81 71 8% B8 78 8 74 .76 88 .85

29 20 19 21 19 17 19 20 .20 21 .19 .20

30 B33 32 27 32 29 24 25 26 .18 .32 26 .71

31 28 34 30 27 25 27 28 29 30 .27 .29 .20 .16

32 36 41 39 41 37 41 30 31 39 41 38 .17 21 .36

33 06 06 06 06 .05 06 .06 .06 .06 .06 .06 .00 .00 .00 .00

34 07 07 08 07 06 07 .07 .08 .08 .07 .08 .00 .00 .00 .00 .54

“ These results obtained by NT-system was also compared with theose obtained by SPSS PC+: Command by
CLUSTER A TO BI /PRINT DIST /MEASURE EUCLID /METHOD SINGLE/PLOT DENDROGRAM, by
CLUSTER A TO BI /PRINT DISTANCE /PLOT DENDROGRAM/METHOD CENTROID, or by CLUSTER A
TO BI /PRINT DISTANCE /PLOT DENDROGRAM/METHOD COMPLETE/MEASURE COSINE.
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niger$} A. terruso)| A= o] bandr} WAER] ok
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lymorphic DNA pattern-& 7= =] ¢kgkel.
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Table 204 vtehd 2}5e whsl] Uubdos g
o] AM-3l= NT-system$ o]83be] FALEX]S
(Simailarity Coefficient)E 3}¢ith. mmal, oto
A AF= vhe} 2+ SPSS PCplusg- o]-4-5}e] of
2 7] 218 o)-43k Avle} wlwslyir}. Basic
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AR e Fdgh A5 epi o}, Ak gt
42122 Uehl= COSINEwbHS sjelsielch
(Table 3). 2 #4el4 vheht 53 &= FAKE A5
2, ¥ AF-37} AF-49] fA|oA 3= 124
FRAA L Apol7) gle Y A AR e
et ole} Wb, Penicillium<:q) AF-333) AF-
34= Ba]F AF-1, 2, 10, 11, 13, 14, 16, 29, 30,
31, 32 53 FALE A7) 0 224 AR 7kl
Al o] gz Aoz #]lEglon, 1 uke]

£ Feldae fAEE A7) 0.05~0.085 5-AF
el A9 gisdeh(Table 2).
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2 FeEe] el o] £3<8 ABCDEF=
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Fig. 2. Dendrogram of the 34 fungal isolates cal-
culated by the unweighted pair grouping
methods (the scale shown here indicated
the cosine similarity coefficient.
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Fig. 3. Polar Ordinations of the 34 fungal iso-
lates calculated by Bray-Curtis method
calculated from Basic programs (the ab-
solute distance methods).

elg ZAEeH, 23w D 25 vFA Ea
5 Fog o] Fell= A sojaeR TAH Ho] xils
o] gt 23T E= A% odws IA A
flavus 2 5T o] 2§ s, Fe AR ¢
Aol A ARESE Aol ®eol EdEe] lgich
£3], 2%t Fol 7% A oryzaed} A. sojae®. A
= Fedo] A 2FE A wHolE dogl Ao
2 FA5L a7 (AF-22)0] 37 23sle] 9le)
th. AF-22+= &0 33 slollMe A oryzaest 5
dE Py 5A& eRR] e PDA uljx] Abell4
colony7} Aoz HA4E A3 wxYx,
213+ (conidiophore)2] Zo]7} o} 74 EAlo]
IS

Table 2] 2zl thale] =] B5gholld gol
A14-5%= Bray-Curtis methodel] 23 =2#&%
(PO)YEA 2 2 absolute distance methods2- o]-&
g Wgo)ch(Ludwig & Reynolds, 1980)s) ¢4l
w491 (PCAYE HAIg A7= Fig. 3 ¥ Fig. 49}
o) 34ie Belt AAE dite g FHEE
g Ade Ak Aot fARRE Aoz el
ch 4, 28 Bee] ke HE Ao YA
el olulellA g e Aoz FAsi=]e] 9w,

>

Fig. 4. Principal Component Analyses of the 34
fungal isolates calculated by Factorial A-
nalyses (SPSSWIN; Factor 1 and 2 in-
dicated the eigenvalues of 22.65 (66.6%)
and 2.10(6.2%), respectively, but the total
values of two factors was 72.8% against
total eigen values).

78 F9l A. terreus ¥eld 2709} A. niger EE]4
VNE e F78] FAsEe] slslet. =3, e
29) Penicillium ¥2ld 2= 4A A=E T
FAFEHAT. 2A8AL FFFE TEI) A9
eigen 7} 2 2 4712 F 3 (¢37]4 & Factor 1, 2, 3,
4)% AHgsle] BAE9len, 1 F Fig 42 A9
Factor 13} 2= AR FA15 A FollH 72.8%5 £
Fah= groloh. o] Ade - SHES) ¥
e Ve o, 33 vl g AA
W7} FA Jebdols A3 S o199 671 &
2l W] Azlgte] 2A viehdrhs HellA tha
zte]7} 9lgict.

n &

Aspergillus 42| 25+ vesicledr] }& un-
iserate phialide®} biserate phialide®] £7F<}
colony?] M7zt £o2 GroupS ¥F3li, phi-

alide®] 4=, conidiospore W2 E7] &%, &
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WA Ay B et 7 Boz BRik
(Raper & Fennell, 1973). o]¢} 7ol B2F3l= o)
= 23 717k £33 AFAHQ 7)E, AAEuA
5 2e 9 7177} eseh. B9, g eE @
o] o]-4-E &= A. oryzaed} A. sojae= WEAE QA
Bz A flavuse} e Q) Ao A& FHElr] o}
S, AE A AT Frele) AHeshe o7t
BE Ao A7 =, gelo]= wjok(Boothe,
1994)2- £5}9] aspergilli®] A¥=] 2 FAw
o1219] T4l BAE B A0 2 Az,
RAPDZ 3}ol| 4] ¥, AF-21(A. sojae)7} AF-26,
27(A. oryzae)o] 23 Dell 37 x3=w, AF-
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HEE 5] Ze Antl] TFHATE F Yo £
AFE Aol A2 AF-293 AF-30 (A. niger) Alo]7}
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252, &5 2 ¥ ARE opd oz Az
o £ RAPD #4022 3¢ B4} 17
g dlol= FAAe] Sl AL ohx|wt, th&
B 59 ¥F3p] 95 H 9ol RAPDY} 28
Hohs s gataxt g oy Bex] =
o] AL2-H A oryzae, A. sojae 2 A. flavus =
Fo® A% 4 glvh. =3 ¥ A¥S 53]

A flavusFE A 209 groupE & 71

2

o o2

AT S

>, 3
T

F Aol = d5e] A A gt gkt g
AL B AT BEE RES F94 g
el s AvlAA el 7123 & A9
(Alexopoulus &, 1996)0] 22 A X, QA= 7
At 22 F WellA] wel= o] A, A 53
Hedsle] Foma specialis(f. sp)Z o237 9lc}.
o]#1gF Hel|4 A. flavus GroupL 2-3Fo o] 2

< FAA-e] 9len, o] AAE A ebrt A3t

Y 4

A, B, C, D, EollA= Ak @Al o] 85 A=
ol 2 7] E3de] ledl, Arlde & 9Vt
dck. A, 2k 7P oA A7) Al 2E = wl ke
2] ASE dA F5E AR HEATIH, o] o
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