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Soybean pastes with 8% (w/w) salinity were prepared instead of soybean paste with 14% (w/w) salinity to meet the
growing demands of Korean’s low sodium diet. After aging, white films had appeared on the surface of all
low-salted soybean pastes [8% (w/w) salinity] unlike high-salted soybean pastes [14% (w/w) salinity]. All of eight
microbes isolated from the surface film were identified as Pichia kudriavzevii. Eleven Bacillus strains with good
characteristics of fermentation were isolated from traditionally fermented soybean pastes in order to preserve their
unique flavors and aromas after aging, and as a result of analyzing the biochemical characteristics and 16S rRNA
sequences, those were identified as B. subtilis, B. licheniformis, and B. methylotrophicus. All of the Bacillus isolates
had antagonistic activities against 8 isolates of the film-forming yeasts and harbored the genes for synthesis of
antimicrobial surfactants including lichenysin and/ or surfactin.
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Table 1. Characteristics of isolated Bacillus strains

AR A E 24 RSB F1R1E Bacillus 287

Strain .[’utrf;scine .Tyra:mine B cereus Glutamate B..cereus Prqtefisg Arn.yl.ass
digestion (%) digestion (%) inhibition (mg/g) toxin genes activity’ activity
SCKB 17 6442 99+1 ++ 0.96+0.12 none -+ +
SCKB 18 56+1 951 ++ 1.28+0.09 none o+ 4
SCDB 19 68+2 92+3 ++ 0.96+0.05 none R o+
SCCB 32 88+2 94+2 -+ 4.47+0.08 none R +
SCKB 33 7843 92+2 ++ 3.84+0.10 none +++ +++
SCDB 34 8341 9143 SR 3.83+0.08 none R o+
SCDB 35 83+3 88+l ++ 3.21+0.13 none - -+
SCDB 36 84+2 912 ++ 2.24+0.15 none o+ +
SCCB 37 98+1 901 -+ 3.20+0.08 none o+ 4
SCSB 38 90+3 87+1 ++ 3.23+0.07 none -+ o+
SCSB 39 94+2 912 ++ 4.79+0.12 none o+ +

*++++, halo radius>10 mm; +++, 7-9 mm; ++, 5-6 mm.
®+-++, halo radius 7-9 mm

ZYol| X Zygosaccharomyces 2] AT G Ry SAEQITH= H 11
(Chu et al, 1975) ol21ol A2 B7} Gtk 25 FHolA
Aspergillus 43} 37 g o] 3 98-S 3= Bacillus -2 W4
o Foisks B2 Al 23 7hedl 7P 98 Hskar gl
(Kim et al., 2011a, 2011b), 3| Bacillus®] Q& 4FE2 A
B4 B A SHAE Brlste] Al 2 3 282 7HA
+ AR HuE o] $riTagg er al., 1976). 72 A H3tol|
£ A a2 Wete] Hag Ao & Aqts AG B Az
et SR A ] RuldES STk, o5 Fulflutol sl
2% 58 2= FY Bacillus 758 S5t 948420 A
AFE AXsteed 528 Fo0-

A A2E 8l w8 F (=7 4D 20 kg A AISH
121 CoflA] 308 SRR3R WZsdch. SAet Foll A% 154
oA B3t A. oryzae SKM7 EAFH(~3-7 x 10’ CFU/ml)Z} B.
licheniformis SCK B11 8J%Fo(~2-10 x 10 CFUm)& z+
0.1% (v/w)2} 0.05% (viw) FE2 FAlof F3}o] 30T oA
48X HEAF L, 0] 60 Cof| A 24417t XS & Pt o=
£ A|Z3FA A. oryzae SKM7+ Potato dextrose agar (PDA)
oA 28°C, 142 ¥k 3, 10 ml 0.01% Triton X-1002 L3}
o ZAE £A% H ojnste] AN&SHETE B. licheniformis
SCK B11%& 37T o)A 18A]7F 5-¢F Nutrient broth (NB)©]| v &k
3t & JEFSHATE 2 2 kg @919 2 vl 16% (wiv) B
23% (wiv)S] HLE 6 LE 242 J7Igt § S44a0] 1.0%
ol He AEY F45U7 IR LastY, o] A& AA
sto F-E Ralskyitt. A=A (Takemura, Japan) 2 574 A1,
16% AEG42 JA S IAL 8+0.4% (w/w) 252, 23% 1Y
ol AP D2 14+0.5% (w/w)<] Ag-& T3t

A4 EEgh B A4 A 657t o S4%k= 5%
14% H5= Bl = L7 FA3Fm|7t JOHA Abato]
Aot 8% AE B AEE B4 HH & Ahdto] 3
A= Rzt A HARZE stk HPLC (Agilent, USA)©]] %t
714 B40A 14% B gt ol A= kg I succinic

acid, lactic acid, acetic acid 30| 66+4 mg, 221+7 mg,
123848 mgo| W WM, 8% A B olM= 42 86+5 mg,
680+9 mg, 2864+13 mgo 2, A g3s}o] wet succinic acid 1.3
vl}, lactic acid= 2F 34}, acetic acid?] - 2F 2.38) Z7}3th
AbeE ] RS Baa] S8l 2 AlRolA] Akt Bajslel
DW= 3|45t1 o]2 &= 9 Two] B 3 M Petrifilm (3
M, USA)e]l &3t 7 27 CollA] 48417k viokstaict. 349 3
55 PDAC| HFsto] vjgstal o] & A PDAOYA thA] &2
HjeFste] 859 JE ATt A8 o 27|E AR A
o2 30E Ax} o] 5L BlUFP o Z ¢F 1.7-2.5 um x 3.1-5.2
um® Z7|FGchFig. 1). TS ¢J3 28 genomic DNA
(gDNA) prep kit (Solgent, Korea)Z gDNAE $&3}11, o]&
Z% DNAZ 3}9] PCRE $335}%tt. Universal primer2A]
ITSIF (5-TCCGTAGGTGAACCTGCGG-3)¢} ITS4R (5
-TCCTCCGCTTATTGATATGC-3)2 ARES| ITS F9S =

EHT= 2.00kV Signal A= SE2 JBNU CURF

EM Lab.

WD= 53mm Mag= 2000K X Width = 15.06 um

Fig. 1. A field emission scanning electron micrograph of the film-forming
strain SCS FY 10. The bar represents 2 um.
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Z3519) 00, PCRLS 95C 25 A2, 95C 202, 50C 40%, 72C
182 982 303] whg, 72 CollA] 58 9-g & F239ch v
AHE2 1.5% agarose AoA A7 95 sho] EIsFHAAL PCR
purification kit (Qiagen, Germany)ol|A] A3t F|, Macrogen
(Korea)oll €7] Mg sttt si=3ITS 9 971 A9
(476-723 bp)E2 CLUSTAL W (Thompson et al., 1994)°] 4]
H| w3 A} 8F HFEY] 5 ITS (484 bp)2 51Lte] 47]
A 7ol 2 AJska 75| A5 v (Fig. 24), BLASTN
search (Zhang et al., 2000)2 Z=d BAES B2 S 0 o]
2 B Pichia & A% &3ch. 45 58S &) 22 45
(type strain)52] ITS 9 g7] A €& StrainInfo2] Advanced
Search®} GenBank databaseZ ©]-&3| 32 T, ¥F #F=3}
ASZ 49 #AE 27] Y3 MEGA Program version 5.10
(Tamura et al., 2011) 2.2 A5 =5 IS cHFig. 2B). AlEE &
A2 AT ITS §99 €7] A E=S Y sl chromatogram
o] AlZb P} 521 © 2 gapo] HABHE)E e B e Tamura-
Nei model?] 7] & & Maximum Likelihood ¥ (Tamura and
Nei, 1993)& AR&-ste] ZHdstet. AREdh ZH2Ho] Al 540l A
Z+ B ol thgt FAEY A== 4H=E3}7] 213 bootstrap 4]
< 1,0003] A33tg.om, AEEAT} bootstrap 42 MEGA

(A)

SCS FY11 -AGGATCATTACTGTGATTTAGTACTACACTGCGTGAGCGGAACGAAAACAAAAACACCTA-
SCS FY12  -AGGATCATTACTGTGATTTAGTACTACACTGCGTGAGCGGAACGAAAACAAAAACACCTA-
SCS FY13  -AGGATCATTACTGTGATTTAGTACTACACTGCGTGAGCGGAACGAAAACAAAAACACCTA-
SCS FYO6  -AGGATCATTACTGTGATTTAGTACTACACTGCGTGAGCGGAACGAAAACAACAACACCTA-
8CS FYO7 ~ -AGGATCATTACTGTGATTTAGTACTACACTGCGTGAGCGGAACGAAAACAACAACACCTA-
SCS FY08  -AGGATCATTACTGTGATTTAGTACTACACTGCGTGAGCGGAACGAAAACAACAACACCTA-
SCS FYO9  -AGGATCATTACTGTGATTTAGTACTACACTGCGTGAGCGGAACGAAAACAACAACACCTA-
8CS FY10  -AGGATCATTACTGTGATTTAGTACTACACTGCGTGAGCGGAACGAAAACAACAACACCTA-
EF568018  -AGGATCATTACTGTGATTTAGTACTACACTGCGTGAGCGGAACGAAAACAACAACACCTA-

(B)

Pichia kudriavzeviiWM14T (EF568018)

Pichia menbranifaciens CBS1077(DQ104710)
Trichosporon porosum CBS20407 (AF414694)
Candida tropicalis™ (AF287910)

Williopsis saturnus CBS 2547 (AY563508)
Pichia anomala™ (AY046221)

C ramir T (A
[Candlda pseudointermedia JCM 15927 (AB013547)

100 Candida boidinii NRRL Y-23327 (JQ698882)
Candida fermentati NRRL Y-17903" (AY553853)

Pichia manshurica IFO 107267 (AB019216)
1 Pichia occidentalis NRRL Y-7552T (EF550374)
78" Candida pseudolambica NRRL Y-17318" (EF550373)
y rouxii CBS732T (CU928181)

—
0.2

Fig. 2. (A) Close—up view of a single base difference (arrow) between
ITS regions of film-forming yeasts. For comparison, sequences of
the partial ITS region were aligned for match with that of type strain
P kudriavzevii (EF568018). (B) Phylogenetic tree by Maximum
Likelihood method based on ITS sequences (484 bp), showing the
relationship between the film-forming yeasts found in soybean
pastes with 8% (w/w) salinity and closely related yeast type strains.
The percentage of trees in which the associated taxa clustered
together is shown next to the branches. The tree is drawn to scale,
with branch lengths measured in the number of substitutions per site.

programE AMSSIFTE 1 A3} 8F G W= B Pichia kudriavzevii
(=Candida krusei =Issatchenkia orientalis) 2 57 =] 1 +=1|(Fig.
2B), g B2] A1t B4 AR EA Pichia 49 A2 o] AT
7} Agol gl i Z ol A kS PAJske AR E Candida
boidinii, C. intermedia, C. pseudointermedia, C. pseudolambica,
C. tropicalis, Issatchenkia occidentalis, . orientalis, Pichia anomala,
P. fluxuum, P. fermentati, P. galeiformis, P. membranifaciens,
Brettanomyces 4:0] X 1%} 31(Vollekova et al., 1996), o5 5 P.
galeiformis®} P. membraniformis7} 714 A HAE = o2 &
A Slok

A A7 1/ IuE A2 fASHEA AE AR
oA 4HaE PAdote B F4] A, olF AR Hia 4
T s8E Ad AR LA AHgo] 7Y FEg Y A o]
o} A F o] 8- 9|3 At R AF-S AE APAF kA S}
A AT = JQEAF FLEFOZA, ] Fof et a7t3
%1 4 51 A AR F0E FASMoF &t} ©|F F Bacillus
< Aspergillus®} B Eo] A7 Had 7MY Sa3% 98 sk
HAAERA, A5HoR AMEE A7 AFlA 4F b0l
gEo] glon RuldEel s 4% 5385 MK 3+ 24
=2 AT 5= Slk o] H S EAE aEfsto] ARolA ST
B 532 A4 Bacillus 1342 At 5 Aok & ol of
o 2% 52e A WA 94 wE 5L A Bacillus
P9 A 98 ARON BT FEE ez (1) B
cereus ABJ8|Z]?1 chromogenic B. cereus selective medium
(Oxoid, UK)E ©]8-3}9] B. cereus group]] &3H=A] -5, (2)
KL TLE, 38 =4S YAEH= 10£9] B. cereus S A
AR 2R 5, (3) pH R A|2F §-- vl X o] 4] biogenic amines
A 55, (4) HPLCof| 23t biogenic amines &3f 53, (5) Al
Z 9] glutamate AT, (6) protease L amylase A 5 7]
Fo.2 4o} Kim 5(012)2) o] w2} Adsisic. of 74
& 59 28%0) BE RO $4UE 5L AW 159
Bacillus 9552 £33} th(Table 1).

ASt 115 Bacillus 4559 Assts 54L& Y3l
Nutrient agar (NA)o] HZ3}aL 37 CollA] 18Xt viS3tich
7 gere NBoj 514 F 650 DxuAIeL Aslet wg B
FA= BCL ID card (bioMérieux Vitek Inc., USA)o] 35
31, 14A17F & vj9F = ¥H3 Z3E VITEK 2 Compact software
(bioMérieux Vitek)ol| AAE EFE #5:2] AYSH6HA] database S
1} v wste] A3k 1 23 SCKB17 ¥ SCDB19: B.
subtilis == B. amyloliquefaciens\} B. atrophaeus® F3 = 3]
I, YR 97dFE52 94-99% 2] =2 &-EZ B. licheniformis
2 5%=|3tk 16S rRNA §-3212] |74 el &5t o 532 9
3]] universal primer2A4] 27F (5'-AGAGTTTGATCCTGGCTCAG-
3n¢} 1,492R (5'-GGTTACCTTGTTACGACTT-3")2 AF&-35}]
16S 1RNA A4S $F £, 4 F2% 7HH 97] 99
(Chakravorty et al., 2007)S Z33= 1,443 bpE BigDye
terminator v3.1 Cycle Sequencing kit (Applied Biosystems
Inc., USA)E AHE3tS sl 55ttt o] A7) HEES o834l
BLASTN search (Zhang et al., 2000)2} Ribosomal Database




Table 2. PCR primers used in this study

AR 54 A =S 7HAls Bacillus 289

Primer pair Sequence Target gene (GenBank accession no) Size (bp)
IchAF ACGGCCGATCAGGAGCTTTC Lichenysin synthetase, Ich44 557
IchAR TCTCAGCGCCTTCGATCTGC (AJ005061)

IchBF TTTGACCCGGAGCTCGTTGA Lichenysin synthetase, /chAB 706
IchBR CTGAGGGCGGAAAGCAGGAT (AJ005061)

IchCF CATGTATACGGGCCGACGGA Lichenysin synthetase, lchAC 1173
IchCR CTGAAGGCCGGAGATGGCTT (AJ005061)

srfAF CAGCGGCAGCGGATTAAATG Surfactin synthetase AA, srf44 1.025
srfAR GGCCTTCAAAATCGCCTGCT (NC000964) ’
srfBF CGGTGTGTCATGGCGGATTT Surfactin synthetase AB, srfAB 696
srfBR TCGAAAGCGGACGGTTCAAA (NC000964)

srfCF TTCACTGTCGGAGGCGGAAA Surfactin synthetase AC, srfAC 933
srfCR ACCGGCAGATAGGCTGCTCC (NC000964)

Project (version 10)2] SeqMatch programojA] A& AX =7}
2 EF AFE9 16S RNA §37 Q71N EES €3, ©l
£ g97] AL Az H| 2 E 93l CLUSTAL W (Thompson et
al., 1994)8 A8 AlS e B2 #5559 16S rRNA F-
AR 97 AEEL F Y3k chromatogram@] A|Z}& -zka}
AR O R gapo] FAJIEE=E HASE & Tamura-Nei model
o] 7]%3F Maximum Likelihood ¥} (Tamura and Nei, 1993)
<= AMgSto] AAJSEITH(Fig. 3). 4RSS 2442 AlgSollAl Zt
Ex]o gt BAsHE] A =5 AFE317] 93] bootstrap H4-2
1,0003] Alaslgon, ASEAT} bootstrap E4- MEGA
program (Tamura et al., 201 1)E ARSI Ad F5FEL2 A

100

SCDB 19 (KF 158798)

3o E424 U 165 IRNA 907) Aol Agsty pajomy
€] Bacillus subtilis@} B. methylotropicus7} Z} 13, B. licheniformis
EE 9%0] SHEUT Ta o] BYstal 2F Aol &
= 1120 AT Wa 455 7124 B. licheniformis7} 952
AT AOR Bo} B licheniformis= A% 5 Sa17go|
A Vg FA% G3E she nBER Bl @4 MEDS <]
3] A5 ¥ha 2] GRAS (generally recognized as safe) #52 ¢l
Asl= B. subtilis, B. polyfermenticus, B. natto, B. coagulans
(http://fse.foodnara.go.kr/ origin)&} Zro], Yo 2= S A HA
© 2 otA Ao Y B. licheniformis A A5 LA S 3t
GRAS 55 w59] 2% = ojof & a7} Qi

77 | SCSB 38 (KF158805)

SCSB 39 (KF158806)
SCCB 32 (KF158799)

SCKB 18 (KF158797)

SCKB 33 (KF158800)

SCDB 34 (KF158801)

Bacillus licheniformis ATCC 145807 (CP000002)
SCCB 37 (KF158804)

FCDB 35 (KF158802)

SCDB 36 (KF158803)

Bacillus methylotrophicus CBMB 2057 (EU194897)
Bacillus siamensis PD-A10T (GQ281299)

Bacillus amyloliquefaciens NBRC 155357 (AB255669)
Bacillus vallismortis DSM 110317 (AB021198)

Bacillus mojavensis IFO 157187 (AB021191)
Bacillus tequilensis 10bT (HQ223107)

SCKB 17 (KF158796)

Bacillus subtilis DSM 107 (AJ276351)

— Bacillus atrophaeus JCM 90707 (AB021181)

34

| Bacillus aerophilus 28K™ (A)831844)
Bacillus altitudinis 41KF2b™ (AJ831842)
| Bacillus stratosphenicus 41kf2aT (A)831841)

0.005

Fig. 3. Phylogenetic tree by Maximum likelihood method based on 16S rRNA gene sequences, showing the phylogenetic position of the strains
isolated from traditionally fermented soybean products with respect to species of the genus Bacillus. The percentage of trees in which the
associated taxa clustered together is shown next to the branches. The tree is drawn to scale, with branch lengths measured in the number of

substitutions per site.
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Table 3. Growth inhibition of film-forming yeasts by antagonistic Bacillus strains isolated from soybean products

Relative inhibition zone® by antagonistic Bacillus strain

Film

yeast SCKB 17 SCKB 18 SCDB19 SCCB32 SCKB33 SCDB34 SCDB35 SCDB36 SCCB37 SCSB38 SCSB39
SCSFY6  1.340.03 1.2+0.03 1.3+0.02 1.4+0.02 1.3+0.02 1.6+0.05 1.6£0.02 1.4+0.02 1.440.02 1.5+0.02 1.5+0.02
SCSFY7  1.240.02 1.2+0.01 1.3+0.05 1.4+0.03 1.5+0.03 1.2+0.01 1.4+0.03 1.3+0.03 1.3+0.02 1.3+£0.02 1.3+0.02
SCSFY8 1.4+0.05 1.3#0.01 1.4+0.01 1.4+0.05 1.2+0.02 1.2+0.01 1.4+0.02 1.540.02 1.4+0.02 1.3£0.01 1.3+0.01
SCS FY9 1.2£0.03 1.2+0.02 1.3+0.03 1.2+0.02 1.2+0.02 1.3+0.03 1.3+0.02 1.4+0.01 1.1+0.03 1.3+0.03 1.3+0.03
SCSFY10 1.3+0.05 1.3+0.02 1.3+0.03 1.4+0.01 1.4+0.05 1.6+0.04 1.6+0.01 1.4+0.02 1.4+0.01 1.3+0.01 1.3+0.01
SCSFY1l 1.340.05 1.4+0.01 1.3+0.05 1.4+0.01 1.5+0.02 1.440.02 1.5£0.01 1.4+0.01 1.540.03 1.5+0.02 1.5+0.02
SCSFY12 1.340.03 1.3+0.03 1.2+0.02 1.240.03 1.4+0.05 1.44+0.01 1.5£0.03 1.3+0.03 1.3+0.05 1.3+£0.02 1.3+0.02
SCSFY13 1.3+0.05 1.4+0.01 1.2+0.01 1.3+£0.05 1.2+0.02 1.5£0.01 1.3£0.01 1.4+0.03 1.2+0.03 1.4+0.05 1.4+0.03

*Halo diameter/paper disc diameter

A Bacillus 750l A3t A 4 a8 JA52S g<lst
7] 43, 89 At HA #FE=2 ZHZ} Potato dextrose broth
(PDB)J| 4] 28°C, 18417k vl $- 200 plE 3 PDA vl A
FHo) 124 A thg 6 mm 27 9] paper disc (Toyo Roshi,
Japan)Z itk A Bacillus 45-& ZF NB vj®]¢] 37T, 48
A7t Fot ok 3 2141 8.2] (13,000 rpm, 3 min)3}1 A=Y Z}
20 ulE F3f paper disc 9ol £F3t5.2H, o] & 30T, 24417t
a0l 4] o HF B paper disc F910] BT T 47
573ttt Table 39 Aol A A Bacillus®] 45352
R A g o] ths)) A} 58 BA0H, ol F B. licheniformis
SCDB34 4 SCDB359] #F&= AA|F oz Atal g B Eof 3t
4 9A a7t o 43}, w4 BacillusE A4 EE5ho
A27F AAE G5 T2 paper discoll 25371 wiZofl AFat
a9 FAE RStz B2 BacillusS] M| & HEEH=E
ZA Q). Bacillus Q5 452 lipopeptidesA| 2 9] surfactin
family, fengycin family, iturin family, antiadhesin, BamylocinA
5215 ol4fe] ikt Al B B SUES AR 2
© 2 B35t Roongsawang et al., 2011). B. licheniformis‘t
B. subtilis®] | ¥ gt AHEAIA| 2] lichenysin (Grangemard

KX
=

et al., 2001)©]| surfactin (Arima et al., 1968) J-AXS A9t
d5E0] Hash=A] E1317] Y3l B. licheniformis2] lichenysin
3P @A SARQ IchAA, IchAB, IchAC2}¢ B. subtilis2)
surfactin 343 G4 -§ AR} srfAA, srfAB, srfACE A&5te] PCR
2 4395} t}. Primer A EE5-2 Table 29} 29431, PCR 242
94 Cof| A 287 27] §Ad &, 94C 187F ¥4, 56 C 127 2
g, 72C 187 SZ774 303] whEskaL 72 CoflA] 5E3F upA]
w229 AA|SIE Ty 11 AT} B. subtilis®} B. licheniformis o
ZY+= lichenysin¥} surfactin 4 AR
& s glglonh, ol uet Bk $08 SRE A
o]5 R HtKTable 4). T3 €} X9t #5590 B|3| B. licheniformis
SCDB34 4 SCDB359] &2 43 537} o8] I+ EZLE
& FAlol BAtel7) HhiEY = Q7] flel, e g o] F 5Tt
Aibete A 245 7Y =2 24T a0t ok
Ao A Est oA A7l BEE 49 F4, Ak 2
A B 7Y, HilH e 37 BAIES S dagd o R AT
Sk Aol 7Y A e sja A Y Aolvh. 1 B¢t A5 I A
T AR dacA i d8-E sk B. licheniformis®] Y5 <t
Z=7} Aspergillus ochraceus, A. fumigatus, A. flavus, A. parasiticus

Table 4. Presence of surfactant-synthesizing genes of isolated Bacillus strains

Surfactant-synthesizing gene"

Strain
IchAA

lchAB

lchAC srfA srfB

Bacillus subtilis SCKB 17 -
Bacillus licheniformis SCKB 18 -
Bacillus methylotrophicus SCDB 19
Bacillus licheniformis SCCB 32
Bacillus licheniformis SCKB 33
Bacillus licheniformis SCDB 34
Bacillus licheniformis SCDB 35
Bacillus licheniformis SCDB 36
Bacillus licheniformis SCCB 37
Bacillus licheniformis SCSB 38
Bacillus licheniformis SCSB 39

+ o+ o+ o+ o+ o+ o+

+ o+ o+ o+ o+ o+ o+

- + +

+ +

+ o+ o+ o+ o+ o+ o+

"+, presence; -, absence
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