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Microbial community analysis of commercial nuruk in Korea
using pyrosequencing
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Abstract Microbial communities of four commercial Korean nuruks were analyzed by the 454 pyrosequencing method
to correlate different characteristics of rice wine fermentation. The total and average sequencing reads of fungi in the four
nuruks were 14,800 and 3,494, respectively. At the phylum level, Ascomycota was dominant in three nuruks, namely, SH,
SS, and JJ, while Zygomycota was dominant in SJ. Saccharomycopsis was dominant in nuruks subjected to longer
fermentation periods, such as SH and SS. The total and average sequence reads for bacteria were 31,485 and 7,871,
respectively. Bacteria belonging to the phylum Firmicutes were dominant in all samples. SH showed several genera of
lactic acid bacteria, such as Lactobacillus, Leuconostoc, Pediococcus, and other minor bacteria. Staphylococcus and

Bacillus were the dominant bacteria in JJ and SJ, respectively.
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Table 1. Specification of commercial nuruk samples in this study (3)

Sample code Ingredient ~ Water source Form and dimension Brief description for production

SH wheat undereround round, Fermented for 3-4 weeks at 30°C in summer (or at 35°C in winter)
& 20.5 cm (D)x2.5 cm (H) then drying at 25°C for more than 30 days

1 wheat undereround round, Fermented for 15 days at 30°C in summer (or at 35°C in winter)
g 20-22 cm (D)x5 cm (H) then drying at room temperature for 45 days

. round, Fermented for 7-10 days at 37-40°C then drying at 40°C for
SJ wheat city tap 21 em (D) 7-10 days
sS wheat underground round, Fermented first for 7 days at 38°C then switched to 30°C,

35 cm (D)x2.0-2.5 cm (H)

then fermented for 7 days then drying

(SH, JJ, SS, SHE FuliatATth3, Table 1). ©]& &3171(FM-909
W, Hanil, Seoul, Korea)2 &3} &t ¥ 20m|<|(mesh) =(test sieve
850 pm, Chunggye Industrial Co., Seoul, Korea)o] @ % o]
A 82 AREsHATH

+5 DNA F&

Z} F2 AES 05g FHdke] EU(soil), Blo] L E (biofilm), 2]
#Z(food), fecal & DNA FZ7]E(extraction kit, Cat. No. 6560-
200, MP BIO)E AMg-3te] Al #ge] Wl genomic DNA
(eDNAYE FZ31TE 58 ¢DNA £ 025 E DNA AA7]
E(purification kityS ©]-83l] gDNAY] U= F2AHhumic acid)

< AAsAT

PCR &= ¥ IO|ZAIAY HHY

Aol NS SAsiA BHEEote] 16S rRNA 332k Vi
AN V3 d9E FE3e FF ZEtolwE ARtk Forward
Zzglo]lHE VIOF (5-Linker-TCAG-AC-GAGTTTGA TCMTG-
GCTCAG-3)9} bifidobacteriumE Z%3}7] 93 Bifl6S-F (5-
Linker-TCAG-AC-GGGTTCGATTCTGGCTCAG-32 10% H7}s}
o Ao reverse ZEte]H = V3-541R (5-Linker-TCAG-
HEE E-AC-WTTACCGCGGCTGCTGG-3)& AH&-3lth. Linkere)
A9 33 CCATCTCATCCCTGCGTGTCTCCGACStH HlE=
4R FF AEERYH $EE IMES 4 s
A& 27 o2 7ope] FVIMER A ATk TS A
79 2HEHS Y8 EL-F (5-~ACCCGCTGAAYTTAAGCATAT-
3') EL-R (5-CTTGGTCCGITGTTTCAAGAC-3")¢] 3H4¢] Zzjolm
= A}8-31] 26S rRNA gene®] DI-D2 998 SZ3I90tH(12). &
FEAAHS(PCRYS Thaat 2 2702 FPFrt. 94°C|
A 5E e 27 WA 3 o4°Cel 30%7 A YAl (denatur-
ation), 55-60°COllA] 45% E<t alo|u|7} DNAY| Adsls wA
(annealing), 72°CelAl 90% &<+ Alsk= Tl (elongation)ye] 3}
AL 103 WHEela, 72 Z7oA ZEoluyt DNAC Ajt
(annealing)aFe €52 55°CE IAANA F71Eo= 203]¢ H4
< O WSSt $3%E DNASS 45 A (resin column).S.
Z Ak o] Foll 1 mge] PCRAHES Roche/454 GS FLX E}
o|EHF (titanium)S ©]-8-3te] tFH7INEHEE AA Yt

OO|2AIEA HIolE 24

454 dto]Z AP e wgt AAHE raw data= reverse ZE}o]H
of AYH viEAE AR wEt ol FEAE tiste] 7t
7} di|glolel Mt SO0 E FEE EF g oA IEe
2 ULk ¥ gl EXlsks vt2=, A4 A (linker), ZEt
oy A7IMgd dFsle FEES AAS FH, T A2 Ao

o’ 450 bpr]Ykl A7IMERt ettt BHEEo S
f13ted 16S rRNA F21e] 7]WE] Q714 & (chimeric sequence)
£ chimerauchime ZZI1% & ©]&3}e] Silva DB (silva.gold.
align.fasta)o} H]aLste] A|ASIATH HEHO0R dofzl vFA9
16S rRNA A g¢] AFTERE #I8l4 16S rRNA gene similarity
£ 97% 7|22 OTU (operational taxonomic unit)E LT3 T
FEX < (representative seqs) & L2 ¥, UlE 4 ¥E-E RDP Classi-
fierS ©]-8-3l4 greengene 13 5 16S rRNA gene database 2} H]
W3l taxonomic assigns Gt MdFF LHEAS $E
A= 26S rRNA gene®] DI-D2 ¥99 MEZFE viz=, 42
2, xetoln] Gr7IMES At Wk Age] Aole} quality score
£ 7102 IFA MES Adg 5, 71 F7IXAES viA
St P& YL CLcommunity software (Chunlab, Inc., Seoul)
< ol&ste] 7 Tt (fungal diversity)©-A-& Y3ttt o]
] OTU= CD-HIT programs ARME-3sld 99% FAME 7|0 =
A o] =t} Rarefaction curve, Chaol®} Shannon index S
Mothur SHE-S ARE-3te] ARt

A A71HH FoA quality score”} 25 ©]AFolm o7} 250 bp
(e}

Hn o ng

=
HzF{ ZEEM(fungal diversity)

N/ 53] F3golst AR 9= thFs oprlo waAE
o] Azl ARE-EO] Yt olw) Hu e BrstES F30
ox wEHEE Fstaicd o8 FRIF BAEEL o5 ol&de
"R ojate] F71H Aol dEdEgo] AdHeR
Fe AT 548 Fosted S8 A% g & &+
Aok FGE A FEARY FFF F 8 sequencing read
= 14,800912M 2 quality trimming, denoising, and chimera

removal®} 22 S B do FHEA | AT AL H
o sequence read & 34943 THTable 2). +5 W AFFY
rarefaction 2| Z E4& Fig. 13} 2t} JJo] A= v AR
Bl ¥3] 7Y & OTUTE B FoM 2 HE S
7F, thro 2= SHeOF SS7F HIS=d S Bk AAFE &
25 FEAIFEY] YA (richness)?t w4 (evenness)S UEM =
alpha diversity®] 7432 Table 201 YERNRITE. Sequence simi-
larityE 7IRFC. 2 ZHF £ 45(OTU: operational taxonomic
unit; similarity 97%)E HlZ¥ -9 OTUS| 7H4E 990.08 ELI
WE 7P =8 e B3em SH, sso A 7zt 275, 255
OTUZS Bt 28 W vk (alpha diversity)S &4sk= Al
2 AM-H%E Chaol #o® 33 AJFFE2] H richnesss
736019 Th. o] e Jung 5(10)2] BHAE] AEE EAE d&
20-1002 Tt 2-100) B= ¢ B s dHeplth 54 2



Table 2. Number of observed diversity richness (OTUs),
estimated OUT richness (Chaol), Simpson and diversity index
(Shannon) for fungal 26S rRNA libraries derived from nuruks

Number of Number of

reads OTUs Chaol Simpson  Shannon

SH 4319 275.0 3894 0.015 4.64

17 5370 990.0 1539.9 0.004 6.07

SJ 1530 450.0 621.3 0.012 4.97

SS 3581 255.0 391.57 0.016 4.59
g717ke] Aoz &2 Ji SJelA AE FFe o
& g 7|zke] 71 SH9‘r SSHth & 3 HAth ol 759
Fazrld gdgel =& AdtF7h rEEast gl wt
BB Agehe AFFIE SHES A chpge 3
Ashke Ao ® BT Simpsonfte o]&ste] Au B Ay
Z9] diversitys H|23RS Al I7F 7P v 7S Ho g2
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T s T RAEE FE IHRF 5 38l R
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Fig. 1. Complete rarefaction curves for fungal communities of
nuruks
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A BAAESH mAdE Y 98 =RdAE oA
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ol EAlg EE ol ¥
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nn
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Table 3. Fungal profile of commercially available nuruks at genus level
Phylum Genus SH 1 SJ SS
Saccharomycopsis 85.0 972
Pichia 0.3 0.5 0.5 0.3
Monascus 2.1
Eupenicillium 1.4
Aspergillus 0.1
Didymella 0.5
4 Coniothyrium 0.5
Scomycota Davidiella 03
Alternaria 0.3
Pleospora 0.2
Lewia 0.2
Phaeosphaeria 0.1
Chaetomium 0.1
Other genera 0.7 74.2Y 6.3? 0.8
Wallemia 4.5
Basidiomycota Filobasidium 0.1
Other genera 0.5 1.4% 0.1
7 . Cryptococcus 0.5
ygomycoia Other genera 0.1 0.5 73.1
Other phyla 13.9 16.2 159 1.6
100% 100% 100% 100%

"Contains unidentified fungi belonging to the family of Trichocomaceae (17.39%), and the order of Eurotiales (53.54%) and the class of
Eurotiomycetes (1.94%); ?Contains unidentified fungi belonging to the family of Diatrypaceae (0.33%), Sporormiaceae (0.2%), Chaetomiaceae
(0.13%) and Trichocomaceae (0.13%), and the order of Eurotiales (3.92%), Xylariales (0.26%), Pleosporales (0.13%), and Sordariales (0.13%),
and the class of Eurotiomycetes (0.13%); *Contains unidentified fungi belonging to the family Hypsizygus (0.13%)
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Fig. 2. Complete rarefaction curves for bacterial communities of
nuruks
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Hdogx o Fallu YAl bdeta H3stA Hol
Aspergilluss: 015 AHste] FE ARSSHE Y=o R A
AEE FRAZETE 2Ee S FHANE F As AL
2 HATh

2 A A3, phylum F=2oll4 73.7%2] HF(Zgomycota)
7F $AIEE SIS AlYsiale H9HeE AE Al FRlA A
St F(dscomycota)’t AT Aoz NE o E3|L} SH,
SSo] %= 717k 86.0, 98.3%2] APdAFES ETSIUH(Table 3).
°|& Kim 5(11) o] HolA 4 1159 F5ES ZAA
F FEolHEY FE FEUIATA(CFURE 57383 43 52
A4FEEES Kl F59] A, o|& tF-Eo°] Pichia anomala,
P kudriavzevii, Kluyveromyces marxianus 2 Saccharomycopsis
fibuligera & ER7F AATTRL 3 AAETR dXohe AIFS B
Atk =3 HZ Bal 58 75 Azl RA2ES g
st 75 Ul PAE Fo|RAIEA FHEAE g ATl o]
Eof 3 ¥ HARIIE S 36°CE 308 5 AxT AS A
WO 2 Mucorales sp., Aspergillus candidus, Aspergillus cibar-
ius 50 FAHTFE JERE ¥HH, 7] 1097 45°C=, o] Y
R 2087 35°CE AZ3MAE Wl Rhizomucor pusillus, Mucor-
ales sp., 1213 Thermoascus crustaceus?t S-Ald+=2 SA 3Hch
3 HAg vk Qi) ols 2 AN AiHoE AxeErt
kA SIA Rhizopusss, Mucord-S XE3FsIA = 77
B2 XL S99 A dxshe e vERh
Az o7 22 ARG B o Ax3AH, 25, F5,
zol| A= Azke] Aol we} ¢l wEo] A4 ==t
Aol AREE AlF9] AZ94(Table 1ol wpel g A]7bo)
oz A9 sieh NEth= SHet 8S9] A-5-olM Saccha-
romycopsissy EE2] X7} ¥ Bkt ESE SJe] A= B A
TollA FHo| FHEA UUARE Rhizopus, Mucord; 0] X3
o] Qe JAIFRIF 73.7%=2 7P BA EE3IIh

7P Ba st gol AEE JelME Aspergillus®e) 73.3%
2 71 wol AEHUTE SHHY SSelX = E5F Saccharomycop-
sidaceae?-°] 717} 853, 97.5%= 7HE Wol HE HUoH S
e Mucorales%:°] 56.7%% 7Fg %ol AZT A tH(Table 3). 3
A B AT AMgg FRER AME 9] 548 AR
ok& w(14), SS9} SHE ]88l Azd vdgFe] 44, wax
71RE 15U 7 gEE TEVE S ARG 953 E9kth

o T 2

Table 4. Number of observed diversity richness (OTUs),
estimated OUT richness (Chaol), Simpson and diversity index
(Shannon) for bacterial 16S rRNA libraries derived from nuruks

Number of Number of

Reads OTUs Chaol Simpson ~ Shannon
SH 6,004 173 439.2 0.889 4.72
Al 3,378 93 2425 0.705 2.89
SJ 11,701 48 96.5 0.184 0.95
SS 10,402 293 1572.7 0.740 4.67

ol F TR/ FIANAM =2 EXE HQ Saccharomycopsissy
AFdFe #FEAo] e AoE FALAT. Kim S(11)S Sac-
charomycopsis fibuligera®] opPd# o] o] 7 Hd{ T of
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Hys7) = sk
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group®] EATTIAL BB o] 2AAANE o] 83t X
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iumss, Monascaceaess 5 Rt} et AdF77F AEEHULH

e
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ATZ GRS uf SIY kol 7P wol /WA 42 oTUz
T E2AFHS & 4 ATE % Shannon AlFE EHYS wi=
SH, SS9 A% #Ee] =of Aoz 72 U9 MaFe ¢

AEEl X2A EATES & F Ak

B oAFolA B3 16S tDNA reads F7IAMES &85t
Basic Local Alignment Search Tool (http:/blast.ncbi.nlm.nih.gov/
Blastcgi) 2 #43 2458 AT HEH, phylum Follie BE
A BAA Firmicutes=©] M RoZ FA = tH(Table 5).
Genus ol A 2 AlgE9] 43ujAlEe] EX= SHe
- Lactobacillus (27.9%)%3 Leuconostoc (14.6%)&2.2 0|
¥3k= Aoz Yyelsttt 718k Pediococcus (10.7%)53 o1&
V8= Lactobacillales=3} Leuconostocaceae®t 5 F2 BbAE
o] $AFFE FxsATE Nt S1Y A, 2 Staphylococcus
(73.9%)%3 Bacillus S HE95.1%)°] $AIFC 2 LERITE Kwon
I Sohn(16)2 SSTES At AHNAM Staphylococcuss0]
AT Bg vt 2ot ST ofa FiktEo] HWol
FEHAT BT £ A= SSTRE AT olF +
F= 227F "HA Zgo} 3|8 A RANAME Staphylococcus
&o] $AZT o= e ol FF 7 AU AR Aol
2 It #FEEI %] ofd Ao #FEAA YEhv=

Hl Mz oo
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Table 5. Bacterial genus profile of commercially available nuruks at genus level

Phylum Genus SH 1 SJ SS
Actinobacteri Saccharopolyspora 1.0 0.2 0.0 0.0
crinobacteria Other genera 0.5 0.5 0.1 2.7
Bacillus 0.0 0.1 1.0 3.0
Pediococcus 10.7 0.1 0.1 1.4
Lactobacillus 279 0.0 0.1 3.0
Firmicutes Leuconostoc 14.6 0.8 0.0 66.6
Clostridium 0.0 0.0 1.3 0.1
Staphylococcus 1.6 73.9 0.0 0.0
Other genera 427" 16.1 95.3%9 11.6
Proteo . Ralstonia 0.0 0.0 1.0 0.0
roteobacteria Other genera 0.9 18 0.6 44
Other phyla 0.1 6.5 0.5 72
100% 100% 100% 100%

DContains 42.5% of unidentified bacteria belonging to the order of Lactobacillales, ?95.1% of unidentified bacteria belonging to Bacillaceae family.

Ay SHAA 4] 752 A2 g8 B B
SHE frikto] 95.7%5 AHAske $3F0Ier SSke
o] 2k 70%E AL XA|EL Y2 Leuconostocs©] 66.
A8t} SH7F thFst frakto] Fag Earsitial 2d
At} olAe] TE FFof Hlsty IE el Hgle
AZAE AT = Stapylococcuss:o] <F T14%E PRS2 H, S
£ Bacillus%0] %F 95%E A6

ol ATF(14)014 gt SIFRoE AxH BT
o] 2719} F7] ¥EE LUt =SEd ol 5l
2 H& BXEO Saccharomycopsissy RTdFS ZAHto]
1w o] JPe oA g Aoz FEHHAT Ed =
G AS AR BaU|t F F fElohr At
O 758 o]8dt] Az dFrt =4 Yeid Jeg 1
o} Stapylococcuss2t Tl A el wIte] #A g AHAdol
Uehd 2oz fuso] olel AHH ATty Fed Ro=
Btk F5AMY Stapylococcusts}t AR Ao tigh A+
= 8ol dHAA] Z%o} ofxEgle] FREUT 2FolA
A Halso] HauE uf JQuk(17). LS k= I gAFME B
=o] B E v AATR(18).

1945 o] 75 Alstol] gk Z13)lA Wl FFeAM 2
HE AlFe2E 539 BacillusE3} 422 MicrocococcusES
state] 94, 17%°] B2l AT, 19453 o|F FEOZHE
EE MEEe ATEL Lactobacillus, Lactococcus, Leuconos-
toc, Pediococcus® 52| fAbdEo] E3EWA 155 395°] &
ZET BaE vk IvkS). 28y o]S9 &4 UE Fdl of
W AS s=Ale WERA Gtk ol A (14)0dA F
g opux=AkghEre] A% 17, SS, SHF S-S o83t #Axzd &
T o2 @ol AN S19] Aee 2 ] 7
Skth ol TSt Mol EXE S dde] e 7t
Alte] &A3ell o} xfol7k ARE Aoz Ak A

119 AL 9H-Ee Saphylococeus?(73.9%)°)1 3 th SHol A&
Lactobacillus%:0] 78 Bo] AZTEJI Leuconostocso] 14.6%
I to® @ol HEEHATE SIdAM = Bacillussol 95.10%
A B Qo] HAE Exe] AUHes s degh B2
Uelfo] nAE B2 A HolA "o e RS & F
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Ebdths olA SHeE Aboldg Bt ole o|F bl
Leuconostocs:0] A B8} h2 FRAZ A $HFTOE 54
T A olFZAFAA & F AUe o Elk(acetic acid), 2
2Hlactic acid), ©]AF8EHA(CO,) 2 T E(mannitol) 52 ast
5 B 2o ogs e Adsted s3RMEE A
LactobacillussE HUth f218 F g ZA0= dAddr). o|d &
HE HdS Bl AAS F5AAA SHE o83t Al=d
GFTFollA HLdgo] ThE FFE o|&T ASRT FoHeRE
E2 A2 UL B3 SSE o] 83 T A 19} SR
o Fdgko] A YUeRd vF 2lej(14) 5l g ZiktEol
= x5 A5 GFEE IFoAM THAHA FFE F
T Jg AoE FJE )

Kwonz} Sohn(16)2] ¢17ol| =™ PCR-DGGEE SS9 &
Aske Ml 54AS Wl Lactobacillusss, Weissellass 183
Escherichia?;, Pantoeas, Staphylococcussy ©18A 57HAZ 1§
o] Lt o] ZAAN S o] &5 £ ATelX= Leuconostoc
<, Lactobacillus%:, Pediococcus$y3t 742 -4kt ooz WA
T Saccharopolysporass, Proteobacteriait-*l 431= Ralstonia®;
5 kst 99 mAE #Fo] AEEAUh

o &

_‘

HA AZHoR AZXEHE /K AL ARFEES T
FAAAN IS o83t RS RIS FEAIRSY
F#FF F 2 sequencing read ™% 14,80001912™ & quality
trimming, denoising®} chimera removal®} 732 S Fall A2
it sequence read®] = 3,4940|A Tk 72| phylum G0l
A SH, 1], SS AlZeME APdti7E A 2R ERI=EgCe
v Sie HJER7E AT R dAVE U AR
L7 Saccharomycopsissy ARFEEE= A ZIGAA oz
Aol AE SHeF SSo| Aol o Witk AldFel 3t
O|ZA| AT FE sequencing readTE 31,4850|H o H
sequence read= 7,871¢] ). Al9] phylum oA EE A
FoNA Firmicutesso] A3t Aoz EXHAc}. SHY 7%
2 Lactobacillus%s, Leuconostocs;, 7€} Pediococcus%3} ©1&
sl Lactobacillales=3}  Leuconostocaceae® 5 BATFE0]

=

o kN
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