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from Korean Home Made Mejus and Nuluks
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ABSTRACT: The fungal isolates of Mucorales, directly collected from Korean traditional raw
materials of Nuruk (raw material for Korean rice wine) and Meju (raw material for Korean soy-
sauces), were compared with those of Rhizopus oryzae purchased. The- fungal isolates of
Rhizopus, Mucor, and Absidia mostly identified as based on the morphological observations,
were evaluated with the PCR-polymorphic bands. The PCR-polymorphic bands of the genomic
DNA reacted with the primers of OPD series tenmer were various, but showed averaged 4 to 6
in the agarose-electrophoresis. The dissimilarity coefficient (DC) between two isolates were com-
pared by the cluster analyses, dendrogams and polar ordinations. The isclates of R. oryzae
known showed several groupings within the lower value of DC and were divided to two groups
of amylo-process and other fungi with other purposes. The isolates unidentified were identified
by the DC made of this results. Taxonomy of these isolates made by the morphological ob-
servations were consistent with those resulted above in most case but not in all aspects. More
works were needed with the isolates known for detail informations of Mucorales.
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Table 1. The fungal isolates purchased by KCTC or KCCM, and collected from the hand made raw ma-
terials, mejus or nuruks for the Korean traditional foodstuffs

Fungal Purchage or

isolate remarked The isolates _Descriptions
R-01 KCTC 1272  Rhizopus oryzae (IFO 4746) for alcohol production (J. hanzawa)
R-02 KCTC 1278  R. oryzae (ATCC 22581) for industrial aleohol production
R-03 KCTC 1279  R. oryzae (ATCC 20344) for glucoamylase and cell-separating enzyme
R-04 KCTC 1279  R. oryzae (ATCC 26612) for high production of alcohol at amyloprocess
R-05 KCCM 11276 R. oryzae (IFO 4716) for Kaoliangchiu yeast cake
R-06 KCCM 11556 R. oryzae (ATCC 24794) for degradation of insecticide or herbisides
R-07 KCCM 11606 R. oryzae (IFO 4706) for kaoliangchiu yeast cake
R-08 KCCM 11697 R. oryzae (ATCC 4858) for pectinase
R-09 KCCM 35223 R. oryzae (ATCC 11145) for insert moulting hormones and hydroxylation of
R-10 KCCM 60159 steroide
R-11 Koji (F-6) R. oryzae (ATCC 9374) for starch conversion into amylo process
R-12 Maeju (R-7)  Not identified and isolated from Koji for Korean rice wine by Seong, Chang-
R-13 Magju (R-1) Kun®
R-14 (E-1) Not identified and isolated from Maeju for Korean soysauce by Choi, Seong-
R-15 (S-2) Hyeon®
R-16 M-12) M. racemous isolated from Maeju for Korean soysauce wine by Park, Kwon-
R-17 M-14) Ho
R-18 M-17) Mucor hiemalis h isolated from Maeju for Korean soysauce by Park, Kwon-Ho®
R-19 M-18) Mucor hiemalis h isolated from Magju for Korean soysauce by Park, Kwon-Ho®
R-20 M-19) M. racemous isolated from Maeju for Korean soysauce by Lee, Sang-Sun®
R-21 (M-35) Mucor hiemalis s isolated from Maeju for Korean soysauce by Lee, Sang-Sun’
R-22 R-2) M. racemous isolated from Maeju for Korean soysauce by Lee, Sang-Sun’
R-23 (M-10) Mucor hiemalis s isolated from Maeju for Korean soysauce by Lee, Sang-Sun®
R-24 (M-23) Mucor hiemalis h isolated from Maeju for Korean soysauce by Lee, Sang-Sun’
R-25 M-24) M. racemous isolated from Maeju for Korean soysauce by Lee, Sang-Sun®
R-26 (M96-1) Not identified and isolated from Koji for Korean rice wine by Choi, Seong-Hyeo-
R-27 (Dae-Jeon) n’
R-28 (Shin-Tan-Jin)  R. stolonifer isolated from Maeju for Korean soysauce by Lee, Sang-Sun®
R-29 (Ryu-Seong)  Absidia gluaca isolated from Maeju for Korean soysauce by Lee, Sang-Sun®
R-30 R-D Absidia spinosa isolated from Maeju for Korean soysauce by Lee, Sang-Sun®

*The fungal isolate were collected for the studies of Korean traditional rice wine at Lab of Fermentation
(Department of Food Science) in Chung Nam National University(Oh, 1995).

"The fungal isolates were collected for the studies of Korean traditional say sauce at Lab of Mycology
(Department of Biological Science and Education) in Korea National University of Education(1990 to
1994, Lee, et al., 1993; Lee, 1995).

“The fungal isolates were collected for the studies of Korean traditional say sauce at Lab of Mycology
(Department of Biological Science and Education) in Korea National University of Education(1995 to

1996, Lee et al., 1993; Lee, 1995).
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Table 2. The primers of OPD series employed for PCR-polymorphism

Primers® The sequences of Primers The PCR-polymorphic bands checked
at the raw data in Table-3
OPD 2 5' -GGACCCAACC- 3' 11, the column 1st to 11st
OPD 3 5 -GTCGCCGTCA- 3' 10, the column 12nd to 21st
OPD 4 5' - TCTGGTGAGG- 3' 7, the column 22nd to 28th
OPD 8 5 -GTGTGCCCCA- 3 4, the column 29th to 32nd
OPD 11 5' -AGCGCCATTG- 3' 11, the column 33rd to 43rd
OPD 13 5' -GGGGTGACGA- 3 13, the column 44th to 56th
OPD 18 5' -GAGAGCCAAC- 3' 10, the column 57th to 66th
OPD 20 5' -ACCCGGTCAC- 3' 7, the column 67th to 73rd

*0OPD primers was purchased (Operon Technologys Ins: http://operon. com. 100 Atlantic Av. Suite 108

Alameda, CA 94501, U.S.A. Fax. 82-810-865-5255)

"The characteristics represented by the PCR-DNA bands was indicated in Table-3 and Figs 1.
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Fig. 1. The PCR-Polymorphic patterns of the 30 fungal isolate’'s genomic DNA made with the different
primers mentioned in detail (Materials and Methods); reacted with OPD 2 (the upper) with OPD
18 (the middle) and with OPD 20 (the bottom).
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Table 3. The raw materials obtained from each bands of PCR-polymorphic bands of the fungal isolates

made by the different primer of OPD series. The experimental bands were shown in Fig. 1

Marked

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

1 5 10 15 20 25 30 35 40 4 50 55 60 65 70

R-01
R-02
R-03
R-04
R-05
R-06
R-07
R-08
R-09
R-10
R-11
R-12
R-13
R-14
R-15
R-16
R-17
R-18
R-19
R-20
R-21
R-22
R-23
R-24
R-25
R-26
R-27
R-28
R-29
R-30
The representives of bands made by PCR-polymorphic bands shown on the column 1 to 11 were reacted
with the OPD 2; 12 to 21 with OPD 3; 22 to 28 with OPD 4; 29 to 32 with OPD 8; 33 to 43 with OPD 11;
44 to 56 with OPD 13; 57 to 66 with OPD 18; 67 to 73 with OPD 20;.
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Fig. 2. Dendrogram of the 30 fungal isolates calculated by the unweighted pair grouping methods.
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Table 4. Euclidean Dissimilarity Coefficient between two fungal isolatesa. The values (1.00) inside in-
dicated the identical form of fungal isolate

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

R-01] 1.00

R-02]0.96 1.00

R-031095 095 1.00

R-04|0.87 0.90 091 1.00

R-05{ 051 050 043 048 1.00

R-06 | 0.56 0.55 0.50 057 0.64 1.00

R-07 046 045 045 050 0.75 0.76 1.00

R-08]049 0.47 048 052 077 068 0.76 1.00

R-09| 050 0.49 053 054 054 080 059 064 1.00

R-10| 0.69 0.71 0.73 0.78 0.38 0.57 041 0.43 058 1.00

R-11| 045 0.47 048 053 066 062 0.70 0.77 0.65 042 1.00

R-12|10.40 041 042 047 0.76 0.64 0.79 0.73 066 045 085 1.00

R-13}0.27 028 028 021 035 033 042 0.20 026 029 026 037 1.00

R-14) 027 028 028 021 035 033 042 0.20 0.26 0.29 026 037 100 1.00
R-15]027 028 029 022 036 033 042 0.20 027 029 026 038 098 0.98 1.00
R-1610.32 0.30 026 0.27 034 035 030 021 0.33 022 023 027 0.37 037 0.38 1.00
R-17{045 043 044 045 036 0.41 050 033 036 039 027 030 036 0.36 0.32 0.34
R-18(035 032 029 030 036 0.37 032 025 036 026 031 030 040 040 040 091
R-19/0.39 040 033 034 023 030 020 0.14 0.27 035 0.15 020 0.31 031 032 045
R-20]0.36 0.33 030 031 042 039 037 030 037 027 047 040 0.37 037 038 0.72
R-21|0.16 0.17 017 0.18 0.06 0.05 0.11 0.07 006 0.15 0.08 0.07 0.00 0.00 000 0.15
R-22(023 0.24 025 0.25 027 040 038 020 0.34 025 026 037 061 061 0.58 0.33
R-23| 027 0.28 029 0.29 028 0.39 041 025 0.31 025 0.30 040 058 058 0.56 048
R-24]0.15 0.16 0.16 0.16 022 030 0.36 027 0.22 0.14 0.20 029 035 035 031 0.34
R-25|0.47 045 038 0.31 051 042 045 043 029 022 0.38 040 0.25 025 0.25 027
R26)029 029 031 032 010 029 0.17 015 0.25 022 017 011 0.25 025 0.20 0.11
R-27|0.66 066 070 072 034 032 026 035 038 065 029 027 025 025 026 027
R-28{009 0.09 010 010 011 013 0.14 005 0.16 0.12 0.06 0.12 0.33 0.33 0.28 0.18
R-2910.20 020 017 013 0.19 027 029 014 018 015 016 0.15 0.37 0.37 038 0.30
R-30(043 043 045 046 065 046 061 071 050 045 0.68 065 0.22 022 0.23 0.20

Case| 17 18 19 20 21 22 23 24 25 26 27 28 29 30

R-17| 1.60

R-1810.33 1.00

R-19{033 042 1.00

R-20{0.30 0.82 045 1.00

R-21{0.07 014 0.18 015 1.00

R-22{0.36 036 040 029 0.00 1.00

R-23[035 046 048 044 000 0.72 100

R-24| 041 027 037 029 0.00 040 054 1.00

R-25(0.30 0.30 025 0.31 007 0.33 029 0.09 1.00

R-26| 042 0.10 0.12 0.05 000 035 026 024 022 100

R-27/0.44 031 030 0.18 008 0.12 .022 015 027 040 1.00
R-28(0.23 0.17 028 0.06 000 0.38 028 041 0.12 0.33 0.06 1.00
R-2910.29 029 034 035 0.09 046 044 038 041 032 010 022 1.00
R-30) 028 023 005 030 0.09 0.09 0.12 016 045 006 030 021 0.05 1.00

“This result obtained by NT-system was also compared with that obtained by SPSSPC+: CLUSTER CA
TO BX/PRINT DISTANCE/PLOT DENDROGRAM /METHOD CENTROID or CLUSTER CA TO BX/
PRINT DISTANCE /PLOT DENDROGRAM /METHOD CENTROID.
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Fig. 3. Polar ordinations of the 30 fungal isolates calculated by Bray-Curtls method calculated from Basic

programs.
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Fig. 2)& 2] 7 (R-16, 17, 209 A& 222 |
zlae & DColA] F5¢] A=) o)2d
A< w2, group Ax group B 4] vl3), &
AAde FelFEe #EE FAEUHFig 3,
Table 5). 22{v}, group B A3] o|ddal &
2 FEe] 2 Ao Jeldtl. o]zlgt den-
drogramt =3 9] dFH A Z2ode
ARS8l om, A= DCFLell tijt ) 4dt Xfo)

Qe glon) thEold AE vehirh.

Polar ordination

A7) 83 dendrograme] Azle= dukziel ¥
Moz 747 R 459 F5S AAIL o
Aok da, A $E 2R @e] A8d
Bray-Curtis 2] ¥4 gl ==}% (Polar ordination)
£ AHEslcl. ol AleEke] AR Ao AR
5| Basic Z23E o] 43le] AXlslgict. of7]
A A o g weA4le] oste] ¢ 2749 HE =R
velie] Fig. 3¢ 283}, 941, £=14R-21)
= uE 2277 ge] "oA, % 61 o] &9 ¥uld
I FAAe] ®elz kst o7l vehd Ze
2, R-19& R-219) w]3)A EAto]7} AL, &
Fa)FEe) vle) ge1A slgich 4714 R-13, 14,
158 Fdg Hog JJehds, R-22 % R-237 7}
A Jebgteh ol2igk A& A7 84 (Table 3)7
vl 2 a3 (Fig. 2)o} Ao} Fd3k Zoldd.

$-A1, A A A DC 3tel 0.3 o3k2 Fol
2l AL group 144 7] E2F} group 29
®e|g Ay, group 52 3749 ¥l group
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Table 5. Grouping of the thrity fungal isolaties and known fungal species

The species known®

Cluster analyses” and Poloar
ordination (numbers)

Soures of fungal isolates and
the matrials collected

Rhizopus oryzae

R-10

R-27
Rhizopus oryzae R-05, R-07, R-8

R-11, R-12

R-30

R-06, R-09
Mucor hiemalis f. silvaticus R-17

R-26
Mucor racemous R-16, R-18
Mucor hiemalis f. hiemalis R-20
Mucor hiemalis f. hiemalis R-19

Mucor hiemalis f. hiemalis

R-01, R-02, R-03, R-04

R-13, R-14, R-15

1 Amylo process or Nuluk fungi

1 Starch hydrolysis

1 Nuruk fungi

2 Yeast cake, Pectinase

2 Nuruk and meju (Seong's Lab)

2 Nuruk (Seong's Lab)

2 Degradation of insecticide or
Hydroxylation of steroids

3 Meju (Lee's Lab, M-14)

3 Mju (Lee's Lab, M96-1)

5 Meju (Lee's Lab, 94)

5 Meju (Lee's Lab, M-19)

6 Meju (Lee's Lab, N-18)

4 Meju (Lee's Lab, 94)

R-22 4 Nuluk (Seong' s Lab)

R-23 4 Meju (Lee's Lab, M-10)
Absidia qgluaca R-25 3 Meju (Lee's Lab, M-23)

R-29 5 Nuluk (Seong's Lab)
Absidia spinosa R-24 3 Meju (Lee's Lab, M-24)

R-28 5 Nuluk (Seong’s Lab)

R-21 (a) Nat included for michanhting

*The fun;gal isolates identified as based on the microscopic observations.

*The grouping of each fungal isolates indicated that the different color indicated the different groups as
based on the Cluster analysis(Table-4, Fig. 2). The different number indicated the different group on
based on Polar ordinations and the letter a meaned other group beyond this work in Fig. 5

4ellA Zel W7} E/gel alet. 1odell=
7} 0.3-0.7 AfolollA Hg-o] = glct(Table 5). :LEJ
v, o ElgHe] 22 Bl A (DC, Fig.
3)Z 4 F-2-3led Dendrogramel| A vieht 2zt
(Fig. 2)sh ¥]szshic}. 919 e 43248 7%
2 sof, Fatwe| pelFe] Bg olhst Lol
Al3kde}; Group 1 (R-1, 2, 3, 4, 10, 27), Group 2
R-5, 6, 7, 8, 9, 11, 12, 30), Group 3 (R-17, 24,
25, 26), Group 4 (R-13, 14, 15, 22, 23), Group 5
(R-16, 18, 20, 28, 29) 18] Group 6 (R-19). o]
I A oL A AU 3 592
< W2 FTES wdssdch o4 vR
DCge] Aels) vha, FaEeA EHeln R21E
9] 52 groupell 4] Al Az}

LI
A, el A gellM $-2]e] FepA

o]ct. ‘T‘H A ¥ Eﬂ jol ¥-F2 @7 Ao
)3t sporangiag} columella @ sporaniophore
ol wlel, Rhizopus, Mucor % Absidia7} ¥
F¥ 2 g)cHZycha, 1969; Domsch et al., 1980;
Gilman, 1968). ©1714 Rhizpous: th2 A3+
%o] Fah= EAEel BT stolons] T} o)
7} oh27] Wl A Felrt ck(Scripper,
1984; Scripper & Stalpers, 1984). 1=}, Mu-
cor$} Absidia's X5 Foll g dnl HAo 2
£ 2A7 vk 2Adwe) b mele] Ab-
sidia= thZ Feo] 5L, columelladA] = x}o)7}
solegic). olest TAHe WA 2R A
A Fo 2w EFs AHEFe R e I
ol ol FolAE FHetslr] Hshe] A3

?E‘_,J
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2@

A AAE B8 o8l o] Wgten, £3)
T FA el g Aol ofg- o) Wske} vlaA e
2 3% @ g2FE AR stgod, o7
A A3 E A bFu TS A=
HgHtol g7l 714 v]s=3 272 R. oryzae
2 ALg-Elith(Table 1). AH8-¥l F22 R. oryzae
= - gAE FAAA A" Rol B, o
e AFA R 2% 328 B 7
So]ck(Table 1). 3 5ellA= $lolA 5= ule,
el A28 A4] dendrogram =3}
B2 AANE FRE ol $A4, o B
3l7]ell= R. oryzaex 1379 H402 o)A
Nel, AELE, F5o Fi=le T, wAzd B3
e 7, 2 237 fHEE o8 Yelygrt of
7VA, 7€ 27 R. oryzaed Y Fo02 ol
Agchd, dendrogramollA] el DCe] zHe 0.
55-0.60 Alo] gt 3 FF o2 Azleof &r).
289, Hag 0 A4S A, Tl FEeE
vehdr}. o= driAslelA £ FEol e
e Aslel dx%v, Mucor £ M. hiemalis
silvaticus2} M. racemousAteldl] EAAe) 2=
Aoz AYztgiti(Lee, 1995). 941, o] FF F9
Alolofl= Helheg FA} Ul chlamydos-
pore FA L2 FH7} Ba, Av|gatela T3t
Al FZE = Hgolrt. T, o]Ijh Ao el 2
dlo] QA= 3, 2 Age] Axr) ok A7,
A9 Zycha(1967)2] 2-Fo Ea)go] gl 7o)
o} ol2ldl 8- olRlx 4ES 4} g A
L2 & A AYE 873y 9l

a2, of7|A U A oR 7F FE] oigk 24}
£ 43l DC ks zA Ao, de=dt 75
22 o33ty JEA ot 2, R. oryzaeel
A AL F Y Heoz A, A9 2
o] A & 7oz A=} or)elA A4 R.
oryzae= A 22 v F- clokil Ho| F& AHE-
ol st W dE2FS A7) Wil e
@2 d5o] 2318 o] & 3h& 2 Ao Ay
o, EAlSAS 4¢ Aoz Azt $4, R
oryzaex INS) WF o Y, o AL &
7t & #E7ke] Wo| g s, ¥ 5ol v} A

o)

S} 24 47} Qe R. oryzaedl Rt 27
Wol Teisi, F9) £7 oo} FE7 Wl
a3l ks ALE, A AP FuA
el dXHE Ae B4 ok v, M
hiemalis f. silvaticus 9% M. racemousel] th3t A
< o= EA #Ae] B 932 AR Folsich
223 of2’ Rl F AR AY AgeZE A
s =jojo} At

DA

24/53

d71M EEgodt, SAHEA & 2 Y F
of g Aol AL el & Ao AR
wZo)4 22)¥ R-17, 26& M. hiemalis f. sil-
vaticus2 A7vE|w], Absida(R-25, 24)8} Abehs]
LA BAE Al ALz IR EA= eyt
(Fig. 3). 224}, 7 ¥4 5} Dendrograme] £4
A TheA vehbd, kAl EdEdchTable
5). olzlqt W82 32 Al wgL AolH S
eh7]el] M2 & Aog At w3, A
2 F&o] t& 7, F vFe} FFA AAE A
22 & AT A eH @] R. oryzaedA A
o w3h). 9714, e AHE R-29¢9 R-28 &
Absidia gluaca$} A. spinosa 2 7+z+ A3 5}9ch.
FEellA Hel® R-22, 23 QA M hiemalis f.
hiemalis2. FA=E oM, Aolde e Aoz
AR $4, A3F HellX Mucoralesell thit
5= #A 50093 49| Zycha EFAAS} £/
Key 2|2 AM-3}7] wol] EAHL e AL
ohjch(Lee et al., 1993; Lee, 1995). o]&lgF &
U5 AEgsle] dAz A4t Aggtle dHe
EEA, FF Foll v]F % HE( =foma
specilias)?] 7d-& AME-sl7]o] EH3E o) gl
LA, BRolA FEL AvEA el FHo=
s7lef v EAIE Az} oy FE gy
= ol v)Eked o]2d /NS U zAHS &
S-Eokoll M= AH431717)7) o) 94 $ehet
AA Fa3t vlFu FEo Als Fo 2 A3
AdA g2 AFA A=l Tk g A
olr], o]2j3t A& Aske Ao] BRIl 9F
23 A7) &, 79 dvlAAQ Pl Al A
22 AMEE A AT dAEE o] A F
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