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Analysis of Microbial Diversity in Nuruk Using PCR-DGGE
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Nuruk plays a significant role in the flavor and quality of 7akiu and Yakiuy, which are produced through
saccharification and alcohol fermentation by various microorganisms. In this study, we identified micro-
bial strains isolated from a plate count and PCR-denaturing gradient gel electrophoresis (DGGE) analy-
sis targeting the 165 and 285 rRNA genes, in order to characterize bacterlal and fungal dlver51ty in
Sansung Nuruk. The numbers of bacteria and fungi in Nuruk were 1. 5x10° CFU/ g and 2.2x10° CFU/ g
respectively. The 165 rRNA gene sequence indicated that the predominant bacteria in the isolates and
PCR-DGGE profile of Nuruk were Kocuria spp., Fantoea spp., Lactobacillus spp., Pediccoccus spp., Weissella
spp., Staphylococcus  spp., endophytic  bacterium, uncultured Gamma-proteobacteria, uncultured
Cyanobacteria, and Actinobacteria. Dominant bacteria from the PCR-DGGE profile were Padiococcous pento-
saceus and uncultured Cyanobacteria. The 285 rRNA gene sequence indicated the predominant fungi
in the isolates and PCR-DGGE profile to be Trichomonascus spp. Pichia spp., Torulaspora spp.,
Wickerhamomyces spp., Sacharomycopsis spp., Lichtheimia spp., Mucor spp., Rhizopus spp. Aspergillus spp.,
and Cladosporium spp. Dominant fungi from the PCR-DGGE profile were Pichia kudtiavzevii and
Aspergillus aryzae The PCR-DGGE technique was used for the first time in this study to assess a micro-
bial community in Nuruk and proved to be an effective protocol for profiling microbial diversity.
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Fig. 1. Numbers of bacteria and fungi in traditional Nuruk.

Table 1. Identification of bacteria and fungi isolated from
traditional Nuruk

Is’sﬂiﬁd Closest relative Eg%%elgce
No. (GenBank Accession No.) (%) 8y
Bacteria
Bl Kocuria rhizophila (AP009152) 9
B2 Pantoea agglomerans (GU477762) 99
B3 Pediococcus pentosaceus (AB481102) 9
B4 K. halotolerans (DQ979377) 98
Fungi
F1 Lichtheimia corymbifera (FJ345350) 9
F2 Mucor racemosus (AJ271061) 98
F3 Rhizopus microspores (AB363776) 98

F4 Trichomonascus farinosus (DQ442685) 9%
F5 (Jadosporium cladosporioides (GU214409) 99

F6 Pichia kudriavzevii (EF550222) 100
F7 Aspergillus oryzae (AP007172) 9
F8 R micraspores (AB363776) 97

DGGEE 0|8%t MlZe| Cidd &4

FEOZHE AoJ total genomic DNAZFE 165
RNA geneS ©]-8-¢ nested-PCRS S35t o0 Ao o
F& Lotr7] 98| DGGEE 3 o} Fig. 2A°] UYEhASL
T DGGEE4 23 16749 T+5 < bandE &A1&l or
71 % 3709 band7} & bandEl HIste] =7t EA Ve

78 $3202 BRI 2 bands] DNAS 34519
A7) EE ZA3 3 NCBI BLAST searchS £3}o] A}
Hol e & UHOZ YT A7E Fig. 280] eI
. 1 AR Lactobacillus? (2%, Pediocaccous?;, Weissella?s (2

%), Staphylococcus®;, Pantoea?;(2%) 2.2 UEIOH 1 9]
uncultured bacterium, endophytic bacterium, uncultured
Cyanobacteria®t Actinobacteria® % 94 A% & AU
T 5 W AEE ToA FAkdo] B2 HlES 2R8I

t}. DGGE profile?] A band9] B@=& v w3l HS o T8 $
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A B

40% DGGE . Sequence
Band Closest relative homology

No. (%)

Bl Lactobacillus mucasae (EU722291) 96

B2 Pediococcus pentosaceus (AB236655) 98

B3 Weissella cibaria (AB494716) 9

B4 Lactobacillus plantarum (HM101329) 98

B5 P pentosaceus (AB236655) 9

B6 Weissella hellenica (AB494724) 91

50% 12» B7 P pentosaceus (EU082187) 85

B8 P pentosaceus (AF404738) 97

B9 Staphylecoccus saprophyticus (GU201857) 98

B10  Pantoea agglomerans (FJ611851)) 99

B11  Uncultured cyanobacterium (EU572215) 100

B12 L plantarum (HM101329) 100

B13  Uncultured bacterium (AB441501) 9

B14  Pantoea ananatis (GU477763) 92

B15  Endophytic bacterium (GQ153248) 97

60% B16  Uncultured actinobacterium (DQ196220) 96

Fig. 2. DGGE profile of PCR-amplified 165 rRNA synthesized from the DNA extract of traditional Nuruk. (A) DGGE profile.
(B) List of bacterial strains identified from the sequence of each DGGE band.

A& Pediocaccous pentosaceus (B29}F B7) Z12] a1 vl vj Yt
Q1 Ganobacteria (B11)2 A% th. DGGE profile} H]al3}o]
PCAM A ZHE Zg8 A (Table 1) P pentasaceus
Pantoea agglomerans 2.7 1 9= LA|8}A ¥t 53]
v kol A £2]% Actinobacteriaql Kocuria rhizophila®t K hal-
otolerans= DGGE profiled| Xl 9 £ #AZHA gkou
uncultured actinobacteriumo] 7AE% At} E=3 DGGEHH
& PCRYH 9&3}7] W&ol AE3A 10" cells ©]31]
2 WAFR et AEHA G Ao AR Ty
NN BuE 5 M-S Badllus Micrococcus Mycoplana,
Erwinia, Lactobacillus, Leuconostoc, Pediococcus, Aerobacter,
Pseudomonas, Bacillus, Enterococcu®- 2 % 1170 9] 4[5,19,24,
260]0]m 7]Eol] B E 270 9] & gol] & AFelA AR 75
9% F A
T FHAM FHE ATz 194549 o]H I F5
Aol tigk aZNAN Bacillust (3%F), Micrococcus? (4%),
Mycoplana®; (1), Erwinia:(2%)°] 8% Atk B33
th26]. A2 Z[19]= Lactobacillus casei, Leuconostoc mesenter-
oides, Aerobacters;, Pseudomonas 4 52| AldS R34t
&3} ol[24]= I FE N M Micrococcus varians, Bacillus sub-
tiliss, 133 29} sH5le Il 75 FAH L2 L madsen-
teroides, Pediococcus  acifilactici,  Lactobacillus  plantarum,
Lactobacillus murinus, Enterococcu  faeciume B 113}$ T
DGGE #4237 ¢} vlnd wf L plantarum& A3 ) FE2
AL FEANA Ao Rud o3 Addn

FEAN erEed 759 vlastdS o DGGE £472

= d2 BHo B&HoE AU
AN Wuk op} F3ko] FH(richness) 9] FTh]] vl
=2 [ o) ez

Aoz gAdd 5 AUth(Table 1; Fig. 2).

DGGEE o|&st Tlro| ttafy &4
FEOZHE AoJR total genomic DNAZF-E 285
tRNA geneS ©] 43t nested-PCRS st oM +5 Z
o] thp S oty 18] DGGEE 423 3o Fig. 3A°l 1
Ehf ATt 71 23 DGGE profiled] M & 87§9] 7%= band
= 39lsg o 2709 band7HE7T E8) Al Ao W}
wol +HToE ddEn.
7 band2 % DNAE 3ot 97|Mde 24T
NCBI BLAST searchE &3} Ao =2 —76‘"% o s
g 23} Fig. 3B Yetiglet. 2 23} 75 Ad-& Pidhia
&, Tt mzlaspora &, Wickerhamomyces <, Sadlaranycqzszs %,
Aspergillus 2.2 5719] &o|3it), ol& 7]&o] HiH F5F
) 411 Aspergillus, Mucor, Rhizopus, Absidia, Penicillum,
Monascus, Amyolmyces, Saccharomyeces, Endomyces, Pichia,
Hansenulas, Torulopsis, Candida [4,6,89,20,21,24,26]¢} ¥] 1.3}
o () B MY EALFANA AE = 7529 DGGE Z3}ol| A
A AR Aspergillus oryzaes A T AEHA &
Koy aRA AR Saccharomycopsis fibuligera, Torulaspora
delbruecksi, Wickerhamomyces anomalus, Trichosporon asalire
FEATOE AF AT & AUk Eg DGGE &4 ol A
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A B
35%
DGGE Sequence
Band Closest relative homology
No. (%)
El Aspergillus oryzae (GQ382276) 93
E2 Pichia kudriavzevii (AY529504) 86
E3 Saccharomycapsis fibuligera (AB196495) 97
5% é: K B4 Trichasporon asahii (GU904178) 100
6: © E5 Wickerhamomyces anomalus (AY296048) 100
7 E6 Torulaspora delbrueckii (FN668002) 99
«8 E7 P. kudriavzevii (AY529504) 99
E8 A. oryzae (GQ382275) 98
55%

Fig. 3. DGGE profile of PCR-amplified 285 rRNA synthesized from the DNA extract of traditional Nuruk. (A) DGGE profile. (B)
List of fungal strains identified from the sequence of each DGGE band.

=& UEE Wl E7S Pichia kudriavzevii 18] 1 ES8S A or-
yzaez SAE O (FFHMNEATY FEo N FH AFo
2 Yepytth

TEOZRY B IS ¥ 8FoE ARA o] 2%
a3 zA4Te] 4% aya Aol 2F S E(Table 1)
DGGE &4 23} vlwatis W P, kudiavzevii S+ A oryzae
Q1 2Fwko] AA|HGiTt. o] 2l F1te] B = Aol
A EeEE AT EY A9 438 A9 gHE A4 7]
Z3to] 2387 ELZE Al ET F5o EAste Al
o, 858 2 AP Ay AE(EAE TIHEFH total ge-
nomic DNAE F£3}7] 93] AXgd= AA2d4 d23
WS A&tk YRt o g A E Rt £219] 313
F&o] i & FE AT Fig. 39lA A ayze’t TH
AE T & ToE AEH AP AT AE Ee
A gl AR Bt Ao ATk A5 EA3)
= UAEY HEF &9 209 PCR-DGGE 7]&2 A& Yo
29 AAF7} 10 cells 0]81Y 3 AEHA Fe A4S
ZEal gloj[14], widol s EE | AP TS 2
MAFZ et AEHA @ Ao2 Addh

B 932 37E PCR-DGGES o] &3 Eaes /e ¥2
A A, B B o] s Awste H fod 4
W AE Gkt Al A g 7he e 8 Blwl
TR 4% EAE ATt B3 W] B o &
S} AP Rt e] EAIE gRlatsith ¥ PCR-DGGER ™ ¢
T HAEFAR SR e NAFY F/A Adste de

A A o] S B3ttt 28y PCR-DGCGE7|&& +5
W EAske 29 dAAS aeFoE Ayda glo] ¥ =
U EAshe 83 vAEALY R a2 v59 7,
FA% L AFFEY AL 5 dshe d 83 Wy
oz #8d £ 9l Aow duHy
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%5 1 PCR-DGGEE 0|8 TF0lA 9| njd= oty 4

TEE B9 o ARE T Felass dFLHEE AT B FFPOEA AFY Uy FAE
Aste T 4TS b B AT e TS Aud AT dF S 2AEY) A8 eFR 94
165 2 285 rRNA geneE W40 2 3 PCR-DGGEE o3 £4& Fysginh. +5 U Al#9 F& 2.7x10°

CFU/gol o ¢4#89 PCR-DGGE #4414 3%
Pediococcous spp., Weissella spp., Staphylococcus spp. 1 ] endophytic bacterium, uncultured gamma-proteobac-
teria, uncultured Cyanobacteria®t Actinobacteriaitt. PCR-DGGE profiled] A ¥ -3 F-2 Pediococcous pentasa-
ceusst uncultured Cyanofacteria 1At 5 W A7) FE 35x10° CFU/gol 1o <4529} PCR-DGGE
BN $HFL Trichomonascus spp., Pichia spp., Torulaspora spp., Wickerhamomyces spp., Sacharomycopsis
spp., Lichtheimia spp., Mucor spp., Rhizgpus spp., Aspergillus spp., Cladesporium spp. %t PCR-DGGE profile®] A
T $HEL Pichia kudriavzevii?t Aspergillus oryzae?) . PCR-DGGE 7|&& £ AT A F59 v &7
2 B A8l Agoz AgHon H4R bl Ause B AR49e 45t

rlo

Kocuria spp., Pantoea spp., Lactobacillus spp.,



