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SUMMARY
(FEL o)

This study aims at the development of functional food material-producing strain
using omics information of fermenting bacteria from Korean traditionally fermented
foods for alleviation of human metabolic syndrome. To conduct this study, eight
Korean traditionally fermented foods were collected and about 1,589 fermenting
bacteria were isolated from them. AP-PCR/DGGE/16S rRNA sequencing were used for
composition analysis of microbiota in the fermented foods. In addition, antibacterial and
fibrinolytic activities were monitored in the isolated fermenting bacteria, showing that
about 20% fermenting bacteria have these activities. Among them, B. subtilis ZA400
showed the highest fibrinolytic activity and this strain was selected for further
molecular gene expression of a fibrinolytic enzyme (BsfA) and applied for development
of a new type fermented food with high fibrinolytic activity. Furthermore, changes of
fermenting microbiota in Korean traditionally fermented foods (jeotgal and
meju/doenjang) during fermentation were monitored using metagenomics and
metabolomics. Functional analysis of fermenting bacteria in jeotgal showed high growth
inhibition activity against A. flavus producing aflatoxin. Among major fermenting
bacteria in jeotgal and doenjang, S. jeotgali MJ3 and B. methylotrophicus YJ11-1-4
were studied to understand human metabolic syndrome-associated functions in omics
level. From these studies, omics data were collected and the related database was
constructed. For comparative analysis, fermenting bacteria and various microbiota
information were collected and deposited into the DB. Based on the collected
information of this study and previously reported omics information in the DB,
comparative genomics and metagenomics were conducted and the results were also
deposited into the DB. Finally, all the analyzed data are present in the DB and
available to the public. The study results and the related DB would be useful for

further application and development of various functional fermented foods.
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T Wk wE oA wASE Lactobacillus delbrueckii subsp. bulgaricus (Sun et al.
201 71548 =49 poly-y-glutamic acidE A4t wE v AES Bacillus
amyloliquefaciens LL3°] ™3t genome sequencingS 539 (Geng et al. 2011) &3& oj
Aol #EE AFE s Rdstar S

Ty wAEd g A5 dF AR v=, 9 59 ol ygelAx ojn] wrE mA
ol W3 genome ATE HAs Qo™ 16 Lactobacillus, 2 Leuconostoc, 1
Pediococcus, 2 Oenococcus, 4 Lactococcus, 4 Streptococcus, 8 Bifidobacterium <ol oj
Sl genome A4S ¥ e IREES ¥ oty HToE FAMT AT FAA EAS
3l AR ol el tig AE dshA dstal S (Liu et al. 2005, Makarova et
al. 2006

+HE el

Heo|dE
Had= 22F)
Cheese Dairy
Lactococcus sp. Lactobaiclius sp.
Corynebacteriumsp. Bifidobacteriumsp.
Sireptococcus sp Streptococcus sp.
Lactobaiclitis sp. Lactococcus sp. A
- s spergillus oryzae
Pediococcus sp. Corynebacterium sp. Aspergillus sojae f;‘;?‘g?:ms

Bacillus subtilis
Baciilus natto

Leuconostoc sp.
Wiessella sp.

HNFZIMEEMO| 22E YE A E F2 0]4E 37 ==(20114,NCB)

U dE5dE AE U EA5tE nAEY] 7% 42 gds UHe S8 daHASS
Ax9 AS HZ HAA el A48 7#EFS metagenomic WHOE 2189 11 (Jung et
al. 2011). #AX e FAabtel gk A dVIAAE 4 A AA v Ve
o g A4 Wol o] FolA Aot o3t e dEE thAAA Ao g
A= dFe AAd

@] AF vele AF A& 7Rk 7]s7HEARS(2003720011) 0] Ao w T FEl AT
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AAA oz F-A A7 &2 AP glow F8 AXx2 F4A4 A dFEAHS
Azt A=A A g JFH FAE AdsL U=

=2 A 3@EAYL (NIH) YA (DOE)] =82 2 Joint Genome Institute (JGI)
| we FAb olFelAm glg. JGIE A% 20108 153FF 2011delE 171570
HAES] AAG7IAGEAS 8L WEA =2 £49 49 2011d ol v 59 nd

=l ol o S
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J. Craig Venter Instituteol] A A%+

AT A& Fell AH
FA7F ot FAA A5 Adstar o
sHer dATE F9 Fod A& =7H71+=%7Hd (National
Institute of Technology and Evaluation, NITE)AFel A &E-FstFo A 26F2] nAEof o
st AA GG RN S olv] &5 A Lactobacillus homohiochii, Aspergillus
awamori = & FFE EFsto] 79F Y A Ed I AVIMLREA o] Y Foll U+
538 FdA #AAHRe] F8&LE =ol7] % FHdA dHeolEweo]l2 (Database of the
Genome Analyzed at NITE, http://www.bio.nite.go.jp/dogan/top)S 33t glom 2012
doll= 74 49 diAtet #-dd FdAe g o]y #o] ~(Database of
BioSynthesis clusters CUrated and In Tegrated, DoBISCUIT)ES T3S, & Qo

e 712 FAAGT Bk oyl 7|5 FAAS Eofo] 1S wFo] AFE 23 Fo
al
o FH 397k AAEE FAY, 2008-20109 % WAE GAA] #E AP EA] e T
&

147] Z2g Aoz =

2
TeAE AT 2 o3 Ve AF
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<HE 1-2> 7 AR agAE G o7 BEgE S g 249 AY
AELFAE Hj & Y #] W =2 FaEH
5 Nutrient 749 9] 59, 2011,
B MRS 37 Sk 2] ﬂi@ A, 43(4):446-452
(W7 =], 24571 :
mox E71714]) LB 271 A7 9] 47, 1995,
Tt = MI17G g A 318} 3] #] | 5(4):203-210
- 7 oFx & 9] 47, 2012,
o Nutrient s7) &2 E o oF Jﬂrfwﬂ 41(5):721-726
(A$-A, HAA - .
s MRS &7 A4 9] 47 2009,
B oh=n| A 581 8) %] 45(1):26-31
A7 9 39, 2003,
= Nutrient 57 Bhar ) 3 of ok} 8} 3] ]| 32(6):818-824
T LB & 7] Z 29 9] 6, 2012, The Journal of
Microbiology, 50(3):386-393

A g AEFoZ2RYH vAES BEsr] Yt ¥ Stomacher plastic bagol 0.1%
peptone water 225 m¢ ¥} sample 25 g v]g3sle] 30%7F stomaching 2 Al 8FA <

g E AFEAES AT 7] Yste] 1587 2o WA ste] AEAS A g A5 ds
0.19% peptone waterE AF&3ste] 102 1073 104 10°9] d&uj-E X519 S

2 A <& 1-2>¢ =S FEsto] 74 mASAEE =3 § 484 et

JTE= A Wl FEAEZ vl S A

HiF 5 GAE EAS FRUE 2 AV s A JFI F 24X <E 3750l A
gt

A A o A A g u| B EE9] stock cultureE A FdH7] Yske] At E 80% glycerolS
A7bste]l HFE L7 15%7F H =5 o3 AlZEE stock culturew - 80%ol H#E

7 g A Ed REE BadTe 5 13575 2587714 thdek &

HTAHORE 8F MEolA F 1589719 #F5 Eesion AEd #F IS <&

Zol 4
1-3>0 4] el vhsh 2

<E 1-3> ABWEAFFY LEWAE P @3
AT EAF =5 degaFy | HEE IF A AT
| 5 e 185 185
7)1 A] 204
) Wl 7] %] 258
7] = -1 A
A5 7457 250 830 1589
52X 168 ’
A $-A 206
A5 Z A 183 524
i %] A 135
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(1) AEDZAEFY LE 1 WE 2 Molecular fingerprinting 4]
- AEUGFAEFoRYE Red & 1589 7o tiste] EAPETA Q) FEolA dFY
thokAd S etalr] &l Arbitrary-primed PCR (AP-PCR)S 43 3to] Molecular

fingerprinting< %1 3§ gt

- ©]= culturable method& vl o2 sl o] ny IF o]ee HE o U

BAYEGH o2 fAE FF

S
e g
o Z.
- P>

)4 (
= 3& 5’1 Y
oo o
°

T
£ B
T
o

o,

|
ol
N,
i,
i

2] cell€ molecular waters

5%29] Chelex 100 resin solution® & Zo]=

- ol F 10%3F Zhdste] celle A F AT

template DNA® 283}

- A= 1Y template DNAES 7|&o] &dex] d+=

AP-PCRS F3stgd o o] uf Z 23 primer ¢ PCR w+3%7 2 PCR mixture %

o] &3te] T W AHsle] HIAAPES A

universal primer?] P32 pirmerE A}-&

st AR= 747 < 14>, <& 1-5> % <% 1-6>3 25

<3 1-4> AP-PCR universal primer 7 X.

Primer Sequence (5’ to 3)?

Reference

P32 | CAGCAGCCGCGGTAATWC

S.M. Cusick and D.J. O'Sullivan, 2000, Appl. Environ.

Microbiol.
2 W(A/T)
<3# 1-5> AP-PCR wr&=x=4
Step Temperature (TC) Duration time Cycle number
Pre—denaturation 92 2 min X1
Denaturation 92 30 sec

Annealing 40 1 min X 40

Extension 68 1 min 30 sec
Extra—extension 68 10 min X1
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<} 1-6> AP-PCR mixture &4

Mixture ZA4 Volume (uf)
Molecular water(M.W.) 18
P32 primer (2 pmol/ul) 25
dANTP (10 mM) 0.5
10x reaction buffer 2.5
Tag polymerase (5 U/ul) 0.5
Template DNA 1
Total 25

10 11 12 18 14 15 186 M

<Z1¥ 1-2> Arbitrary-primed PCR9 #7]d% A3}

M: 1 kb plus DNA ladder lane 1-16: selected strains

1 55x 5! 59x 9: 63x 130 67x
21 b6x 6: 60x 10: 64x 14:  68x
31 97x 7 61x 111 65x 150 69x
4: 58x 8: 62x 120 66x 16:  70x

3l finger—printing& 43 ¢t

i

i

= o
S ANGEARE vgew 7 #Fd W= dEe PHSuEA g
[e]

grouping< 83} 2 grouping®l W3k oAl= v <Y 1-3>3 &

oo
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| II 111

<a¥g 1-3> AP-PCRe #A7|d& A& vfgro =2 3 grouping A3} oAl
Group I, W. cibaria, Group I, Lb. curvatus; Group Ill, Lb. plantarum

Ho 7]

£

- 1 A3 F 220709 grouplE UFH Ao o] Lo ojugt TIFAE &A=
E} groupl = #]d

- A7l s A3E vgo g 173 3 Ay 1,238 719 bacterial strains 7} 219709 I1F o &2
FAom 351709] bacterial strains’F Z+7 thE 3 E1S UElfo] YElaF o R £

(3) Grouping 2% & Hlg o2 3 ¥+F TA

- AP-PCRE %3] oz Zt 2FoA dxdez 273709 A Awsgon Ads
S =AY gal 71 L% 16S rRNA universal primer setE 28319 2 %%

(dl7=7] 1,465 bp)

- o] wf A3 universal primer ¥ PCR %3377} mixture /4ol Wish A& 2H7F <%
1-7>, <3 1-8> 9 <F 1-9>3 25

- PCRS E3l4 +Z9 16S rRNA PCR productel]l W3t #7195 A= <29 1-4>3 2o
1 o A¥ PCR product size¢! 1,465 bpE LU

- PCR producti= gel extraction ¥ 22 DNAE A A dte] Macrogen®l sequencings 2] & st

- Sequence 23 A #: EzBioCloud ¢ EzTaxon program< ©]&3dte] ztzte] #F5 %A
stlon olE Fal 4 AELEAF AE T dF 2SS GRS

-7 AFREAEY FF 2AARE o) <E 1-10> 2 <2Y 1557 28

2o
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<3 1-7> 16S rRNA universal primer % X

Primer Sequence (5’ to 3')? Reference
F1 AGAGTTTGATCMTGGCTCAG Dorsch M and Stackebrandt E. 1992, J.
R13 TACGGYTACCTTGTTACGACTT Microbiol. Methods

4 M(A/C), Y(C/T)

<3 1-8> 16S rRNA gene PCR 4¥F&-Z A

Step Temperature (°C) Duration time | Cycle number
Pre-denaturation 94 3 min X1
Denaturation 94 30 sec
Annealing 57 30 sec X 30
Extension 72 1 min 30 sec
Extra—extension 72 10 min X1

<E 1-9> 16S rRNA gene PCR mixture %4

Mixture 24 Volume (uf)
Molecular water 175
F1 primer (20 pmol) 0.5
R13 primer (20 pmol) 05
dNTP (2 mM each) 2.5
10x reaction buffer 2.5
7Tag polymerase (5U/ul) 05
Template DNA 1
Total 25

1,650 bp

1465 bp
1,000 bp

LY

M 2526 27 2829 30 31 32 33 3435 36 3738

1,650 bp

1,465 bp
1,000 bp

<Y 1-4> FAABESH A4S Y3 16S rRNA PCR products®] A7|d5 A3}
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M, 1 kb plus DNA ladder; 1, 2E; 2, 18E; 3, 19E; 4,121E; 5, 129E; 6, 135E; 7, MY62; 8, MY66; 9,
MY68; 10, MY75; 11, 17C; 12, 25C; 13, 78C; 14, 153C; 15, 182C; 16, 183C; 17, 47X; 18, 50X; 19, 54X;
20, 100X; 21, 111X5 22, 156X; 23, 161X; 24, 162X; 25, 50W; 26, 115W; 27, 128W; 28, 158W; 29,
215W; 30, 224W; 31, 117S; 32, 1185; 33, 188S; 34, 193S; 35, 196S; 36, 58]; 37, 66]; 38, 73], 39, 89];
40, 179]; 41, 182]; 42, 183]; 43, 185]; 44, 108Z; 45, 188Z; 46, 196Z; 47, 197Z; 48, 1967

e

<FE 1-10> e a il v 24 24 23

Bacterium Baek-kimchi  Pogi-kimchi ~ Kkakdugi  Mugeungi  Saeu-jeotgal  Jogae-jeotzal  Myeolchi-jeotgal  Meju

Bacillus 20 62 i8 37 20 2 9 43
Bifidobacterium -
Brevibacillus - - - - 1 - - -
Brevibacterium - 7 1 2 - ~ 1 -

58]

Cirrobacier - - - = - 1 o -
Corynebacterium - - - =] = = 4 =
Enfiydrobacter - - - - - - i ”
Enterobacter - = s 3
Enterococcus - 1 1 -
Exiguobacterium - - - =
Kocuria - - - -
Lactobacillus 139 70 103 23
Lactococcus - - 1 =
Leclercia - - - »
Lelliottia - - - £
Leuconosioc 55 47 57 18
Lysinibacillus - - - =

L~ I, T
B
Lad
=]
|

Macrococcus - - - =
Micrococcus 1 - - -

et R~ o R
I

Microbacterium - - - =
Paenibacillus - - . -
Pediococcus - - = 3
Pluralibacter 2 2 - -

kg
bk
[

Fropionibacterium - - -
Raoultella - - - - - - 3 -
Rummeliibacillus - - - - - - 1 -
Salmonella -
Staphvlococcus 4 7 6 4 140 18 57 18
Streprococcius - 2 -

Vagococcus - - - - 1

Weisselfa - - 35 4 2

Unidentified 37 4 & 14 ] - 4 1
Total 258 204 250 168 206 183 135 185

* Reference: SH Lee, MJ Ahn, JS Hong, and JH Lee. 2015. J Korean Soc Appl Bio Chem.
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Weissella
Vagococcus
5 Streplococcus
i Staphyococcus
£ Salmonelia
200 - . = Rummalibacilus
o Raoultela
o Propionibactedum
= Piuralibacter
B Pedococcus
- w Paenibacilius
o Microbactenum

B Micrococ cus

150+ T —

m Macrococous
W L ysinibacilus
| B Levconostoc
100 +° i i # Lalliottia
m Leciercia

Number of strains

H Lactococous
o Lactobac s
B Kocumns

50 4 |~ e B Exiguobad terium
B Erlerococcus
| B Entorobacior
& Entydrobac ter
B Coryriebacterium
m Citrobacter

—— B Brovibac terium

f& #&qé ﬁg r A

B Bifidobactanurm

& & & o  Bacitus

Weissela
 Staphyococcus
: Salmaonela
B Rurmmel baciis
w Proglonibacierium
BPediococeus
mMicrococtus

50+

a0 7
BLactococcus

ul actobacilus

ml auconcstoc

Bl sciercs

=l ysinibaclius
BExigucbacteriun
mEnterococous

Boé s Enhydrobacterum
f m B fdobacteriurm
%

20 +

Number of strains

mBaciiius
<19 1-5> Culture-dependent WS o]83F 8% A5 a2+

8
AA 1,689 59 #F 4@ 1w3t HA ¥ BN #F9 =4 ().
* Reference: SH Lee, MJ Ahn, JS Hong, and JH Lee. 2015. J Korean Soc Appl Bio Chem.
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S/ AEREAE Y 714 Hsta d= Ao R ws R #F= Lactobacillus, Bacillus,
Leuconostoc, Enterococcus, Weissella, Staphylococcus® ¥Y3 3 <31-10>.

AAF (WA, L AA, 4%, Beel A 71 Ss

1_

+ Lactobacillus,

R
32
e
m

Leuconostoc, Bacillus3.2™, Weissella= 7+ 7ol A7 #2590 &

AdF (M-AZ, 2NAZL, AAAD)o = Staphylococcus, Bacillus?7y $-743Fal ) o}
A F5o wet 42 A2 g2 3150 #FEHJS (A4 -Lactococcus,
ZINA L~ Weissella, Lactobacillus, Leuconosotc, 8 X3 Z-Pediococcus, Micrococcus)
W=l = Enterococcus, Bacillusd 43t wTFE°] UlHE 43t JRom, 1 9

Salmonella, Staphylococcus®| 43t 50| ##HAHAS

e ngo g 3 ANFEdF FA
A&t Ao A NCBI BLAST % EzBioCloud EzTaxonel ?*—7‘-‘?% ] o] E] Hl|

o]~E o] &3l AT A F 100% FeAHS HolA e s A

NCBI BLAST ¥ EzBioCloud EzTaxon®] H¢JEE H]al oPO% FET S é%ﬂ‘}iguﬂ =
olE 7} dAIEHA @S W= =L UlolHE HlEe® 3 A8l EzTaxone| HoJEHE AF
3}

2 A3s Fgsle] 2| AZ=RFYH Y i Weissella sp. 64CS A FdF THE
AAstel W, jogaejeotgali FOLOlol2} WHetal AFHFedS &lstr] 91 F7F 48
R ErD

HAAN7MA Barg 19F 2] Weissella speciesE 2] 16S rRNA gene sequenceS NCBIZHF-E 3

5t & FOLO19] 16S rRNA gene sequence®t H|w3+ A3 <29 1-6>3 o] W.

thailandensis®} 7V 7V7v Al W. paramesenteroides = W. hellenica®t 3¢ 155 o]F

o

T [e) =
= As s E
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99  Weissella thailandendsis FS61-1T (AB023838)

ﬁ[[Weissefla thailandendsis FS45-1 (AB023838)
FOLO1
Weissella paramesenteroides (ACKU01000017)
31 —— Weissella hellenica (S67831)
|: Weissella confusa (AB023241)

99 Weissella cibaria (AEKT01000037)
Weissella soli (AY028260)
| 44 Weissella oryzae (AB690345)
Weissella kandleri (AB022922)
78 g7 | ————— Weissella koreensis (AY035892)
55 L—— Weissella diestrammenae (JQ646523)
Weissella ceti (FN813251)

Weissella halotolerans (AB022926)
— —— Weissella viridescens (AB023236)

1

8|H"

85

100 _[ Weissella uvarum (KF999667)
Weissella minor (AB022920)
—— Weissella beninensis (EU439435)

100 Weissella fabalis (HES76795)
99‘ I: Weissella ghanensis (AM882997)
94 Weissella fabaria (FM179678)

Enterococcus plantarum (HQ847537)

0.01

<Z1¥ 1-6> Neighbor-joining ¥ & ©]83 FOLO1Y A2 t& Weissella species®]
16S rRNA gene seqeunced] #AlE3sh% 24 Ay}

- o5 M2 & dFdS sy Yste] 16S rRNA gene] Amplified Ribosomal DNA
Restriction Analysis (ARDRA)S 33135

- FOLO1, W. thailandensis, W. paramesenteroides, W. hellenica®] 16S rRNA gene< 27F
(5-AGAGTTTGATCCTGGCTCAG-3)¥ 1492R (5-GGTTACCTTGTTACGACTT-3)=
Zy7y PCRSF 5, Haelll®} HhalC & 37°Coll Al 24435 <F HES-A1 71 3 29 agarose gelol A
71958t HES A=

- A% <a9g 1-7>3 o] g2 #5EYe M g2 gus Bmlon, W
thailandensis®t= L3 JHS YEFHI AT 1 sequenceE #eldk 23} 1,335 nucleotide
ol 2570 9] nucleotide’} M & t}ES Felste] F WHF7F AR o E

o] =) o
Qfx_]o Py =1
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<29 1-7> FOLO1Y w23t M= b2 Weissellaite] ARDRA 4 23}
M, 100 bp DNA ladder marker (MGmed, Seoul, Korea); 1, W. cibaria LMG 17699%;
2, W. hellenica ATCC 51523%; 3, W. paramesenteroides ATCC 33313%;

4, W. thailandensis FS61-1%; 5, Strain FOLOL.

N

- Southern blotg ©]-&3F Restriction enzyme profiling ¥4 93slo], z+zte] #F9
genomic DNAE #2443k & FOL019 genomic DNAE Haelll® A3 & DIG
hybridizations &3} probez A2t § th2 T 59 genomic DNA$} hybridization
A1

- 2 A <9 1-8>el A7 FOL019] RE profileo] A& 7HHAl Vet b2
Weissella= 3 #Fol7} &5 Fste] o] #F7 AFdFAS S+

- A3letA zpol= EAE7] 98] APIS0 CHL kit 2 cellular fatty acidE A& H]ugh
A o <E 1-11> 9 <HF 1-12>9 2%

- <% 1-11>91 A% FOLO1% cellobiose, xyloses #3138 4= 9l o™, galactosers 3l 314
Yol oR Hojx o 3F9 Weissella®t #}olE B+

- F3F melibiose, ribose, raffinose, esculin® &3lel QoAM= ThE 7M7hE 35 Weisslla®t
ol & yEbdel wet AFHEFdS Sl o

- A2 9] fatty acid T AAA Ciro cyclo, Cigr we, and Cigo cyclo n8c2l A ©]
W. thailandensis 2 W. paramesenteroide®} #}ol& B Yol we} FOLO1o] o] 2% 9]
Weissella®t <2 ThE speciesd =S &3t <% 1-12>

2
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=== 5,000-bp

5,000-bp mump

4,000-bp mep === 4,000-bp

3,000-bp == == 3,000-bp

2,000-bp ==—p | J <= 2,000-bp
.

1,650-bp ey O €= 1,650-bp
5

<19¥ 1-8> FOLO1¥ w]=3k A& 2 Weissellaite] RE profile ¥4 23}
M, 1 kb plus DNA ladder (Invitrogen); 1, strain FOLO1; 2, W. thailandensis FS61-17;
3, W. hellenica ATCC 51523"; 4, W. paramesenteroides ATCC 33313",

<3 1-11> FOLO1¥ M2 7V7h8 Weissellaite] APIS0 CHL, G+C %, 16rRNA sequence
Hlal A A
1, FOI01; 2, W. thailandedsis FS61-17; 3, W. paramesenteroides ATCC 333137;
4, W. hellenica ATCC 51523"

Characteristic 1 2 3 4
Acid from
Arabinose + + + +
Cellobiose + - - -
Fructose + + + +
Galactose - + + +
Lactose - - - -
Maltose + + + +
Melibiose - + + -
Raffinose - + - -
Ribose - + + -
Salicin - - - -
Sucrose + + + +
Trehalose + + + +
Xylose + - - -
Hydrolysis of esculin + - + ND
NH; from arginine - - - -
Lactic acid configuration D D D D
G + C content (mol%) 39.6 41.2 40.4 394
533‘ sequence identity of 16S rRNA 100 99 39 98.50 9274

*ND, No data available
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<¥E 1-12> FOLO1® M & 7}7b-8 Weissellait9] cellular fatty acid 7+ A& vl
1, FOI01; 2, W. thailandedsis FS61-1"; 3, W. paramesenteroides ATCC 333137

A A

Fatty acid 1 2 3

Straight-chain saturated

Cis0 4.92 4.11 4.66

Cis0 3091 32.52 29.25

Ciso 0.84 1.87 1.91
Branched saturated

150-Cio:0 0.81 0.61 1.40
Unsaturated

cyclo-Ci7 3.95 0.48 -

Cisa 9c¢ 8.03 16.9 32.61

cyclo-Cig 8¢ 20.6 12.26 -
Summed features

3 5.93 4.37 2.45

7 22.02 23.42 24.35

8 2.61 3.40 3.38

* — Not detected

- ol Astetd, EAAY=HA HUEA S F8te] FOLO1o]

0

o 3}

= =1

[«

2}. Culture-independent ¥ (DGGE)S &3 AF5d 34

(1) A daAFe AZ TF ¥ DGGE £4& ¢ &7

- AAF 3F (E71UR, WA, 457, ALdF 3% (FNA,
oz daidFe 24EHS DGGE WH & &85t &4

- AAF A AYr] FEY 585 FES ERste 747 ¥e

- AETEAE AE F7F 2 DGGE B4 & 93 BHe <#
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Weissella®] M 28 species
o1&l ow olo uwgl FOLO1S W. jagaejoetgali FOLO1Z ™™3dlel KCCM % JCM
o 71889 S (KCCM 43128"=JCM 30580")

5 2R
D L AF 1ES



lelljncéGn% Source Sample Sample &
1 EEHE e ki Rl
- EN0A HE
S 2] o 77 A9 7]
4 ZJ] ]TI‘ 7—1]’7-7] y]—c 7] %%
0 7] %] H—HZ:I%] 149 7]
6 = W75 2=
! N EEESE
38 A7 A 2-A A $-A
) EAA =R
10 W= ME | Wx

(2) AT T a4 Eo2HE Total bacterial DNA ¥z 2 AA

- ZF AEEE A5E 10 goll EiF 90 g5 HUFE F 230 rpmell A 30% E<F
Stomachingste] &3} 3 & AF NS centrifugeE ©]-83 4T, 4,300 rpmol A 15
T AAEYF

- Bacterial DNA F&2 93], 292 Pellets Witz A% 3 & Solgent DNA Extract
KitE AF&3}9 Total bacterial DNAE +2]% A| g+

(3) DGGE #4& 93 16S rRNA PCR %

- DGGE #45 ¢dl4+= 16S rRNA genes 23 4 A+ 16S rRNA universal primer”}
a3ty 3 GC clamps

- 16S tRNA PCR <%& ¢3 16S rRNA universal primer?] DNA sequencei=
5'-GCCCGCGCGCGGCGGGCGGCGGGGGCACGGGGGGACTCCTACGGGAGGCAGCAG-3
(gc338f forward primer) 2 5-ATTACCGCGGCTGCTGG-3 (518r reverse primer)©]| ™
DGGE$4 PCR % X712 <3 1-14>9 &

- 2% PCR product® QIAquick PCR purification kitE ©]-&3}o] A A3} S

WEA A3 glofol 3

<3 1-14> DGGE= %% PCR 5% x4

Step Temperature Time Cycle
Predenaturation 95°C 5 min X1
Denatuartion 95°C 1 min
Annealing 58°C 1 min X 30
Extension 72°C 2 min
Extra extension 72°C 5 min X1
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(4) DGGE gel AlZ ¥ DGGE A714% +3

- DGGE #41<& ¢3% PCR products 7M ureaZs 3$H#-3F 40% (w/v) formamideE A}-&3}]
A zZ" DGGE gelS 1X TAE buffer (20 mM Tris, 10 mM acetate, 0.5 mM EDTA (pH
80)E AF&3ste] 40 VoA 3083 #7195 (DcodeTM System Bio-Rad, Hercules, CA,
USA)= a3k o] % 60 VoA 15413 718 7|95 3

- DGGE #44%+= <ad 1-6>7% 2%

- <I¥ 1-6>04 Hewpeh ol b Al dEAEe] AH7] % w&3ke DGGE PCR
band pattern®] H| W &AM E FaA HEAF 249 A7t A9 feS & F AS

- ey AdedaAF AMEE ¢ DGGE PCR
zol Aol7k Ades & F AT

- 7} PCR bandE & gel extractions E3dto] FZ 5

- o]# 3% PCR bandE2 F714< PCR +%< 539 DNA sequencings #ste] Zask &

=3 DNA® & stret=d 284

J

o
g,
@
=
ko]
=
o
(@
o
o
Q
il
o
o2l
2
ol
ol
8
ulles

(5) AA ¥ DGGE band=9 PCR ¥% %2 PCR product® DNA sequencing £4& &%

daadEe T4

- DGGE gel24-¥ gel extractions &3to] 2] AAE 2t DGGE bandE2 #x PCR <%
S %3}lo] DNA sequencing®] Z 23k 83 DNAE dH3H

- DGGE #7149 % ¥ gel extractions 93te] A& ¥ 7} bandE& <% 1-9>¢ 2

an

<Y 1-9> AeggrEe warE 2448 DNA sequencingS 93k



1, Z74A Ad7] 2, ®APA 28 3, 2%/ Ay 4, Z4%7] ;E 5 90X AdY]
6, WA FE 7, 274 8, A5 9, @)l 10, ¥

- PCR %% %3 primere] DNA sequence 5-CGCCCGCCGCGCGCGGCGGGCGGG
GCGGGGGCACGGGGGGACTCCTACGGGAGGCAGCAG-3  (338f forward primer) %
5-ATTACCGCGGCTGCTGG-3 (518 reverse primer)©|™ PCR $% 72 <% 1-15>¢9}

[e]
2=

<% 1-15> 2R3 #F Y #4845 9% PCR % =11

Step Temperature Time Cycle
Predenaturation 95°C 5 min X1
Denatuartion 95°C 1 min
Annealing 62°C 1 min X 30
Extension 72°C 2 min
Extra extension 72°C 5 min X1

- PCR %4 PCR productE< QIAquick PCR purification kitZ o]-&3alo] A A8t &

- DNA sequencing< (F)upa 2 Ao A 233} <

- DNA sequencing$ 9ojx DNA $7]A44S& BLASTN Zza#lg& o]&st9 7t DGGE
band&9 LI HTFES FAHIIAS

- AR A%E oy <F 1-16>7 o, oj¥d Ars wEOoR DGGE ¥AE 5 AF

S ZTHE <% 117> 7S

DR 5

e
fo
et
1o

HH
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<3 1-16> DGGE

B ogRE Aozl 7} bandE9 £A

Sazlglnple Samples Band Identified strains Homology (%)
0. No.
1 x 47 A 1 Leuconostoc mesenteroides KC865284(100)
7
A4 7] 2 Lactobacillus curvatus KC545936(100)
Lactobacillus saker KC787547(100)
3 Lactococcus lactis EF204360(100)
2 X717 A Lactobacillus curvatus KC545936(100)
ER Lactobacillus sakei KC787547(100)
3 257 5 Weisella confiisa KC834396(100)
7] Weisella cibaria KC456621(100)
6 Leuconostoc lactis KC545933(100)
Leuconostoc garlicum JQK05713(100)
7 Lactobacillus curvatus KC545936(100)
Lactobacillus sakei KC787547(100)
8 Lactococcus lactis K(C545916(100)
9 Pachycladon cheesemanii JQR06762(100)
Camelina sativa GABL01033948(100)
4 57 wE 10 Weisella confiisa KC834396(100)
Weisella cibaria KC456621(100)
11 Leuconostoc lactis KCR36716(100)
12 Lactobacillus curvatus KC545936(100)
Lactobacillus saker KC787547(100)
13 Lactococcus lactis EF204360(100)
5 7 %] 16 Lactobacillus curvatus KC545936(100)
At 7] Lactobacillus sakei KC787547(100)
17 Lactococcus lactis KC545916(100)
6 WAx & 20 Lactobacillus curvatus KC545936(100)
Lactobacillus saker KC787547(100)
7 ZMA 22 Weisella paramesenteroides KC426952(100)
23 Leuconostoc mesenteroides GU458344(100)
8 A 5-A 27 Staphylococcus equorum GQ169122(100)
28 Leuconostoc mesenteroides K(C836745(100)
9 H 2] A 30 Weisella paramesenteroides KC426952(100)
31 Leuconostoc mesenteroides KC836745(100)
32 Tetragenococcus halophilus AP012046(100)
10 | 34 Bacillus licheniformis HQ290087(100)
35 Bacillus subtilis KC595863(99)
Bacillus pumilus DQ379997(99)
Bacillus safensis KC967072(99)
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Weissella paramesenteroides

<} 1-17> DGGE #4& &3 AgHagEFd daadF9 TF
T Species YFAETEH
1 Leuconostoc mesenteroides | X712 A9 7], /WA, A5, E 2] A
. XA AY7], ¥ 4A wEw, A7 A9 7],
2 Lactobacillus curvatus 7=y ==, M Agy], WAx =
. X7 A 197, £7110A &, 457 A9 7]
3 Lactococcus lactis 74;,_7“ R BARY 75% 7
. . E71AA AY7), 271 HAA =, 2457 A7)
4 Lacbacillus sakei 7=y ==, M)A Ag7], WiR =
5 Weissella confiisa 77 A9 7], 7 o=
6 Weissella cibaria 27 AY 7], A7 &
7
8

Leuconostoc garlicum

7771 971

9 Pachycladon cheesemanii

7] A

10 Camelina sativa 7] 29 7]
11 Staphylococcus equorum ZNA

12 Tetragenococcus halophilus | 8 *] A

13 Bacillus licheniformis |

14 Bacillus subtilis |

15 Bacillus pumilus o 5=

16 Bacillus safensis LS

- DGGE #4 A3 2 %3

T2 X Leuconostoc mesenteroides, Lactobacillus curvatus,

Weissella paramesenteroides, Bactillus licheniformis, Bacillus subtilis species”}

AZHAS
ole] gt Tl 7FA Y species AELUEAF U F&LadTo Fo% FiES AAT
Ao w A7tE oy

- DGGE 443} AAFAA 2 WA% = genus Lactobacillus, Lactococcus,
Leuoconostoc®] 28] 2 A=A S

- Weissella genus strains< F=2 AZ4F 2D ZH57)o A0 =49

v}, Culture-dependent #'d &
Y dEgFFe v
- AP-PCR ¥ DGGEZ=

Lactobacillus, Bacillus, Leuconostoc, Weissella, Staphylococcus?}

culture-independent W& F3ly #FH AFTELSR

Fohel RAE 87h4 ABREAE U B

Al
o

F

- V7] AY 7] AWMZo| M= Pachycladon cheesemanii, Camelina sativa’t #2= Q=4 o] =

Culture-indepent3+ =4

Aoz woly

- Wezse]]a«] A AAF oAM= 27 7
Aijo| A Hltal 3 o o]59] HlFEo
AN =

- DGGE 23, 337 52

5474 A7 2

Zo| A Leuconostoc®]

2~ ol

T = A &9 chloroplast”f

Tl ATt #FZEE Aoz AP-PCR ¥ DGGE
W. confiisa 2 W. cibaria ©| &3t AS &4 &

25 #EEo] AP-PCROIA HFLRE
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B Staphyicoccus, Bacillus®t+= A2 t& A34E Yetdoen £33 HXx3 9 DGGE
A A3} Tetragenococcus halophilus’t -85 202 MEA 935S

- Tetragenococcus halophilus® 735 Q=7 =& (salt-rich) Wi Ao A 2 et #5
544 culturingoll AFE-gE A1) kAl ofs] 2 EE]E X go} AP-PCR Z ¥ A+
HEEA] S HORE AR H

- vF Y 4E #EFo AP-PCR #A4Z43o| M= Enterococcus?t 7F4 $d38ta 9o,
Bacillus7t + WAZ 431 Jd& Aoz #EHF o DGGE Z 3ol A= majors}Al
UEs Y band 27 <Z1™1-9, band 34, 35> E5 Bacillusdl &3tE #dF 2 A 5o
ME oE s UeddE

2. #F A FAHAAMFEE wtBoE 3 7oA ¥F9 A48 H 758 AR

PAABEE Gy

(1) By FAEE 445 Bt

-2 AgelA 2 1589719 dE 2aAE #dll MAAE T bacteriocing A= &
w5 Adstr] 8l AxRTFF(M. luteus)s ©]1-83 standard well diffusion method&
g-g3to] wrHE Al Aie S S48 9 S

- ZF fFF AAEAA dEo e tdd F71aH B, 24F Sl 98l Indicator strain]
Aol AelE 7hsAS WAs7] 93]l 100 mMe] PIPES buffers AM839o™ ol & 53
e pHE 6.07752 FAAA MF T AHE F7Ictel g Asf 7tsde AT

- AEAFeRSE ¥ ZF vAE v A4S 60 ulE A7 wellel H7bskal 1A7FE<E
A F ARTFTFE X8 05% SMAE mH Zxste] 37T A 5AHE <L
vl 5t Sl =

1‘
o
2

v

A,

- Positive control> 7} & &4d R Lactococcus lactisol A 2] g+ Nisin (Sigma, N5764,
Jiangsu China)& AFg&3sto] R ad 50| Ailsts dH el 2419 A5 v uwgk
- Standard well diffusion method& §3dte] #HlE A& v & Bacteriocin .=

[e]
F4HE Bl % A5 A A <1 1-10>9F 2E
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91o] APANERE 257 e 3¢F (194, 195, 198) 2 WA Fe 137 (219)7F 4d-+
2 A AAE a"go® dA 1589 HadT T 182%¢l S
luteus W3] 35S 7F#:= bacteriocin-like compoundE AJ4tshi= A& &<l
7z} A& 2% ¥ bacteriocin-like compoudsE AJAHsHE 59 Hl & <ad9 1
oA AL 7]E 2 4#fX nisin Buh rAEA A& 0] o

33 2
Adsts wFE Adwdte Aol YSEZ nisin® AT HlaLE Fdke] 5 7154
=]

BFEAFE NI
FHEA S 7= Zo® g ® #F F Nisin Bt} ¢ 2 S4S Yede= #F

13%(ZA362, ZA372, ZA379, ZA394, ZA400, CB117, CB120, XA194, XA195, XA198, ZB204,
WA219, WA24D) & §-5 F32 ddslo] HEaow Ausig s <®1-18>

<aF 1-11>9) AgARel A mEo] 2AAFA BRIFEC] WP Y5 A1
Wol W&t gom ASA, /4, AT 5598

- Nisin 10mg/mlith 840] $58 Sagrs + 1349 #57 A% Augge
ZoAo A A4 we AEAREII A0y

el 2w X

w4 5 )

Lo,
o
N
r
X,
N
N
)
38
o

_39_



300

250

258

200

185

piele]

M Total strains

M Bacteriocin activi

50

H TF
5 g d $FTF
A 41% (75/183) CB117, CBI120
g ] A 7.4% (10/135)
Al $-A 23.8% (49/206)
7|3 A 23.5% (48/204) 7B204
7} 7] 21.2% (53/250) XA194, XA195, XA198
9 7] %) 8.9% (23/258) WA219, WA241
5o 3% (5/168) 7ZA362, ZA372, ZA379, ZA394, ZA400
| 5= 14% (26/185)
Total 18.2% (289/1,589)

7 wadFE Aol WA F A e

il

Gl

Aabe 9y 7729 cellS molecular waterES ©|-£3te] F H A F 3t vjAAES A ASIL

DNA template®= &-8-3}

00 ul®] A 2L molecular waterel cellS Eo|%

2
- M A ¥ cells Beadbeaters ©]-83te] 323l 3l spin downdld] 35 HS FHIAA o] &

710 &# A 2+ 16S rRNA universal primer set& &-83Fo] dojz AZ o DNA

templates H}E S 2 16S rRNA geneS PCRZE S8}k 3 (of|A4=7] 890 bp)
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RS gk FRE 77 <& 1-19>, <& 1-20>9 25

2% 16S rRNA PCR producti= 890-bpe] Alo|=E 7}A o] & capillary
sequencing WHE E3slo] A7IME S ZAASta, BLASTN database®t Hlnlslo] HFAH o=
SRR

¥ 1-19> 16S rRNA universal primer 4 X

Primer Sequence (5’ to 3')? Reference
165-F CAGCMGCCGCGGTAATWC
165-R AGGCGCGGTGTGTRC Lane et al. 1985. PNAS

4 M(A/C), R(A/G), W(A/T)

3 1-20> PCR WH&-=x71

Step Temperature (°C) Duration time Cycle number
Pre-denaturation 94 5 min X1
Denaturation 94 30 sec
Annealing 50 30 sec X 30
Extension 72 1 min
Extra—-extension 72 5 min X1

- 16S rRNA sequencing "<& &3 FAAESTAQ] AW HS &8st HFHAUd
13709l Ha¢FE BF FAHSdNeY I A¥s <FE 1-21>9 22
[e3]

<
subtilis® s3ERQ o™ 1 o B. licheniformis, L. plantarum 2 B.

_l

- 7F9 waF7t B
bifiduml.E =A% AL
- B. bifidum 7B204+=

E71AAANA EYERA o HIH A7 e e AlS A7 TE A2
AA7ZIA] & 1Fe] Hayte glern=g AF " sl Aibso] v F&dTFE T
Aol 7HX7F =& Aow AdyE (FaFEE, Lee et al. 2008. BMC Genomics)

- 11 Wl B. subtilis, B. licheniformis, L. plantarume 7150l v 8] 2218 A2ks}
deiA loemz E AFANE ANAY Aow Yz

rlr
EY
N
H

3E1-21> ¥ A 759 16S rRNA &4 23

HE A #F T4 47
WAZ219, WA241, ZA362, ZA372, ZA379, ZA394, ZA400 Bacillus subtillis
XA194, XA195, XA198 B. licheniformis
CB117, CB120 Lactobacillus plantarum
7B204 Bifidobacterium bifidum

(3) Agdd #F=25Y A4id dEH A fAEZY SAE U3 fg pH 2 €
o]-xJAg %7].

S MEFFERE QAR s GEose B82S A GEd 4E 2ol
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215l & standard well diffusion methodE £3) ZF <=4 & A WHI =

dot ofy
ro,
_O‘E
2
lo
)

positive control& nisin (10 mg/ml)< AF-&3F% S

pH <t /32 PIPES buffer7t Z3h5] =] ¢8-S vl x| oA vl

NaOHE o]&3}o] pHE 2, 4, 8, 10, 12, 145 W3} AlA 30%5o Ao A whg3sl3l oy
IM PIPES buffer2 A F &

Standard well diffusion methodS &3] Z} pHYE 8 &4 W3S 213} 21 positive

=
SH =7 v Fasen, delle 52 HAAS BiS <ad 1-12> ¥ <29 1-13>

<E 1-22> A dFE5E e tEg e AR A pH 2 d A

Sample Stable pH range Stable temperature range
XAL9A H 2712 (Stable)

i able o
XAID o pH 10 ol 4eilA] 24 87 As 4-121°C
CBI117 | e pH 278 (Stable) 4= 100°C
CB120 e pH 10 o]/olA &S5 7] Al=g

H 2710 (Stabl o

01| LB B SEA e wrl At 4~80°C

WA219 | o pH 278 (Stable)

WAZ41 e pH 10 o] Aol A AL 7] A za) 4~80°C
ZA362
T H 278 (Stable)

[ ] able O
Zgi o pIL10 o HelA BAE Bl AT 4~121°C
ZA400
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<ag 1-12> A=A

MCB117

GWA241

<ag 1-13> FHEAE
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(4) %3 A5 75 883 2aaFa8 dH g2 FAFEZ Y Host range B 7}
Aol Z88 feldE pH 2 dol digk kg Aol sk

host range analysisE& 3335

- 1hg| 2] 2 419] host range B7FHE 913 A F5 AEFETTFE 44 U THRY 19

(Pseudomonas aeruginosa, Citrobacter sedlakii, E. coli O157:H7, Salmonella

Typhimurium) ¥ ZH5Y$Ad T (Listeria

faecalis, Staphylococcus epidermidis)E

MAAE <F 1-23> =%

/\6] i

monocytogenes, Bacillus cereus, Enterococcus

- Positive control®i= Gram negative©ll 4] bovine lactoferrin (250 mg/ml), Gram positive®l 4]
nisin (10 mg/m< AF&3FA <

- Host range 3 7}+= Standard well diffusion methodZ ©] &3l =A% on AEH top

agart o HA WA 21E 1

&3t LB(E. coli O157:H7, S. Typhimurium, P.

aeruginosa), NA(C. sedlakii), BHI(S. epidermidis, B. cereus, E. fiecalis) S A}-&313 S

¥ 1-23> vre 8] 2419 Host range 7S 913 A5 © wjdxA
Gram e R
A
Pseudomonas aeruginosa LB
Gram (=) E coli O157:H7 _ LB
Citrobacter sedlakii NA
Salmonella Typhimurium LB
Listeria monocytogens BHI
Gram (+) Bacillus cereus . BHI
FEnterococcus faecalis BHI
Staphylococcus epidermidis BHI
<3 1-24> Host range analysis 23}
7A | ZA | ZA 1}%12, 7B | wa | wa | CB
. . 362 | 3719, | 372, 1 195’ | 204 | 219 | 241 | 17
Indicator strain 394 | 400 | 7gg 120
Group 1 Group II Gli(ﬁlp
Pseudomonas aeruginosa - - - - - - - CL
Gnrla E. coli O157:H7 - -1 -1 -1T-71T+- - CL
(-) Citrobacter sedlakii - - - - - - - CL
Salmonella Typhimurium - - - - CL
Listeria monocytogens - - - 1 C I I
Ci;a Bacillus cereus I - C C - - CL C
(+) FEnterococcus faecalis - - - - I 1 1
Staphylococcus epidermidis | - - - - - - - I

* CL, clear and large zone; C, clear zone; I, growth inhibition zone;
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- <3 1-24>9] Hol= F 3 Zo] host range H7F A, Al 714 IFOE Um F Ao
Group I (ZA362, ZA372, ZA379, ZA394, ZA400)S += Salmonellas AT I+ AL,
Group II (XA194, XA195, XA198, ZB204, WA219, WA241)9] ¢+ IdFdd S
A&t 54 o] o™ Group III (CB117, CB120)e] %+ Sold o=z adSAdT S
detAl Asfste 54e RS

- Group I¢] A% 2& o7t B. subtilisoll &3t 23541 Salmonellas A 3l s+
S4S HojFo] Akl v e ilo] aggAAERtS Adsts Ad AolE H

- Group 1I®] A 2FFATT At s B ol dybzQl vre e Al 9]

A&l s A, °o] T B. licheniformis (XA194, XA195, XA198) ¥ B. subtilis
(WA241)2 B. cereusoll X 743 84S AL

- Group II° &3+ B. bifidum 7ZB204+ 193¢ w9t A&lsty 1 % L. monocytogenes®l

gk A3 AsE BTl

- Group 19 7% aZAH 9 a2 7S &

d

= T Aty 53 et g
A 7F gdste] 7]E w2 ApE SR (3Fasd, H.S. Gong et al., Food
Control 21:89 -6, 2010)

(5) HHIE A FAIEZAZRE vy g 249 FAHS 93 Proteolytic analysis 433

o
- Bacteriocine W] A Eo| A AAtelE FH A S 7R = HEFO] =0 2 & proteolytic enzyme©ll

ofsf ZeEo] I FAS @A He 5SS THHER o2 ol&ste] wH A s &

o
E 4 o] bacterocin®l A1 9] AF-& AT F Y&
Al

2
- wheba] Auke zZp o] Ao proteolytic enzymeS ] @]dle] A TS vl u O 2 A
1
2 A A= proteolytlc enzyme< proteinase K, pronase E, pepsin, thermolysin, trypsin,

a-chymotrypsin®. 2 & 6%0°] AFgHJQ o vbs 21 <% 1-25>3 5

<3 1-25> Proteolytic analysisoll AF&% enzyme % ¥kHS- 274

) Working Units
Incubation
Enzyme Enzyme buffer . for 100ul samples
temperature(C)
(U)
Proteinase K 10mM Tris-HCI, pH 7.5 120
Pronase E 20mM Tris-HCI, pH 7.5 37 110
Pepsin 2mM Tris-HCI, pH 2.0 173
Thermolysin 10mM Tris-HCI, pH 7.2 120
Trypsin 10mM Tris-HCI, pH 7.6 o5 95
a-chymotrypsin 80mM Tris-HCI, pH 7.8 102

- BAE 2647 B Agon WAt ofF 1083 #ol wud RaAELsd B4
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A7 5 &

O A3 <9 1-14>

ControlZH = @l z 2 g

-2 492 Ba 139 AE F

R [

Aol = A e

_ o]
o] Fo] 2 bacteriocin®©] 2} aL
;l

!
2 A7 F4

Thermolysin

Proteinase K

GZBz04
original

Pepsin'/
Pronase E

PronaseE

LXA194

original =

‘Thermolysin’

FQk o B 2 bacteriocin©]

=
Toll 1152 M2 AN aiol osf &t EAo] A= Aoz

E 1-26>9F 25

Proteinase K 2 -
" 8 Thermolysin

GWAZ41
original
PronaseE

LXA19%5 »

original *

«h [~

Thermolysin
L]
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Eho ost 7 ME el gt &4 W3S standard well diffusion method® =7 3181 o

Proteinase K - Thﬂrmglysin

MY72

original

PronaseE

Wypsin

LXA198

original -

Thermolgsin



<3} 1-26> Proteolytic enzyme # & $& Z} sample?] &A= W3}

g g g g ZA | WA | WA | XA | XA | XA | ZB2 | CB1 | CB1
36 | 37| 37(39|400 | 219 | 241 | 194 | 195 | 198 | 04 17 20

212|191 4
Proteinase K Alalalal B A A - - - | | A
Pronase E H B RN 2 AR - - n A A
Trypsin Al -] -2 1| 1 [ | - - - A A [ |
a—chymotrypsin | - | - | - | 2| N [ | [ | - - - [ | A [ |
Thermolysin -l - -l a] - [ | [ | - - - | | A
Pepsin VAN IS VAN VAN VAN A A - - - ] - A

B no activity, A: reduced activity - : activity

(1) 49 IR € A5 LR FY AL s 9+ R
gl J EA43l+= fibrinogens 22 & dol| &ole whild g Foalguol FAX 9TS
st=d, 4 EEWY wkEsle] 5849l fibrino] Ho S doF

Plasming N ZFof 9= dlARFg FAro AdZEO R fibrinO &2 o]Fojz FHE

= AefE. nES HAFA 2l Plasminogen® 2 £4)3t™ plasminogen

of EA|3t= plasminel] 93] §ald 4 Jdov; w3yt W] u}
plasmin activator®] o] =7} plasmin AHA¢] EAo] WolxHA A 7|%5<S s1# %3}
| dAdo] gAE HEFT A, G T TS A AHS Fiss Yol #

2 dE o ubg 2=l nattodl A 83 Bacillus subtilis natto’} A32rsl= & 783
=

& 2°] nattokinase® 7FA| 1L 7154 A FEow Ao MaS A3 ub ‘iliﬂﬂ, o gl utalel
Ae g SAdE dd&afiztgo] B @ v s (FG7] ¢ 47, HA 9 AL 28,

A 3}sk3s] x] 1995, 5(4):203-210)
webA] o] ol A= fibrin plate methodZ o] &3dto] 3o AEwF
d ddgalls s HAE LadTE AEsa ojs F ¢

°] =
Haste] AFTAAFY V54 FUANE $FLRTFE FEtus 3

(2) ATLEAEFTH TETFY AL H7t

- 20 unit®] thrombin 100 wE petri dishel spottingdt % 0.3% fibrinogen 10 m{ =
ZAHA F& 5 AFol A7A A 4ol 30 min < Aol A HHEAF]

- A fibrin plate®] 6 mm paper discE &% %, PIPES bufferd] &3] pH7F 24 H w <t
AZ N sample 15 & FF384o] 37T A 1A ¥H8-A1 )
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positive control 0.02 unit plasmin, negative control= molecular water A}-&

g 5 fibrin®] #aF =l wet Ed Gl i E A

8L dedarFozRe 8w 158979 TawFo et d&sllss Bt
A= <29y 1-15>9F <% 1-27>3 2L

=4
T % 919 #F7F A&l

AA wg Lt S Ho <i 1-27>% Zo] F 57.8%9 wadtFt
A TS 7ML J= Ao gotE A

AWt o7 HHG3lsol 7 Ao A vlF (67.6%)°] BFHth= & AFdA=
ZNA(86.3%)Fd HadTe ddgsso] EX BEAo|y g AoR HolHS
HEFALHE dHLEs SFLadTE R 24 2 2 AA A EE A

250

200

Total strains

M Fibrinolytic activity

100

50

ZAR  BAR MR E7EA mE7 wux

<E 127> A EaAERd davTe dd&ss 3 49
=
T

sample A& ST HFT 4949 o
Z A 86.3% (158/183) CA082, CB110, CB125, CB126, CB158
1 ] A 42.2% (57/135) EB133
A -$-A 27.2% (56/206) SA175, SB179
F 717X 54.4% (111/204) ZA003, ZA007, ZA024, 7B140, ZB193
7= 57.2% (143/250)
w71 % 58.5% (151/258)
524 70.2% (118/168) ZA400
| = 67.6% (125/185) JAO0B5
Total 57.8% (919/1589)
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3) AAEHS SrdaFr BAABGE 54
- ¥3AgTE B

=21 0

S Hol= 919 ¢ T <19 1-16>3 o] @A o] Positive control (0.02 unit
plasmin)l‘%_q A3 T FE 165 <FE 1-28> Autste] FASEA S
Sl

°o] 15%¢]

A5 GAs] g 5w A A

<E 1-28> H3ARd dd&sle FedadTe] EAAEA w4

Selected bacteria Identification result
ZA007, SA175 Leuconostoc mesenteroides
7B140 Lactobacillus curvatus
CB110 Propionibacterium acnes
JAOR5 Staphyviococcus saprophyticus
ZA003 Staphyvlococcus hominis
EB133, SA179 Staphylococcus warneri
CB158 Staphylococcus epiderimidis
7ZA400 Bacillus subtilis
ZA024 Bacillus licheniforminis
7B193 Bifidobacterium bifidum
CA082, CB125,CB126 Weissella paramesenteroides

. 258 7154 FAAERE 248 QA UAE ABBD 7154 AELAALETY D

=

_
]

BES 54 AR FE

(1) 84" 7|48 F3dA4A ARE &8 7|54 S
H 7+ & < full genome sequencing®| &5 ¥ ¥+ T2+ Leuconostoc

g
=%
mesenteroides J18, Lactobacillus curvatus CRL705, Propionibacterium acnes HLO9GPAI,
Bacillus subtilis LSSE-22 , Bacillus lichenitorminis NH1, Bifidobacterium bifidum BGN4

5 ol9e
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- 9] 9] bacterial full genome sequence®| A serine protease enzyme2] CDS gene sequences
NCBI GenBank database (http://www.ncbhi.nlm.nih.gov/genbank/)E &3] & H 3}
- ZH3t dHEsE) Ve FAAE vtEo R dld XY CDS genedl A FAIAES

AL)sta F ol EAR AsaA (Xhol, BamHl, &=, Hindll) A8& L2 <3% 1-29>

<HE 1-29> AL 7l AR SFS 93 primer set

PCR
No Sequence roduct Target
(5" to 3’) broduc bacterium
size (bp)
.| F © GGATCCGATGAATCAGAATTCAGGATTAATG Lo |z .
R : CTCGAGTTTTGCTGCTGTTGTACTATCTG ’ ac. curvatus
, | F @ GGATCCGATGATGTATAACGATGACGC e |z eroid
R : CTCGAGGTTCAACATATAGCCGCTATTC ’ eu. mesenteroraes
5 | F AAGCTTATGGTACAACCAGCATTAACAA ‘e |z oroid
R: CTCGAGGCTTGCTAATTTCTGTGTTAATTT ’ eu. mesenteroracs
, | F# AAGCTTATGGCACTACGCCGTACG g | P e
R : CTCGAGGGCCGATTTTGCAGCC : - acnes
= | F : GGATCCGATGGCGCACATCCTCGA Los | p
R : CTCGAGGGCGACACTGCAACGTCC ‘ - acnes
F : GGATCCGGTGAAGGCCGGATGCG .
5 IR : CTCGAGCTAGGCGGCTGTTCCG 1654 | B. bifidum
- | F ¥ GGATCCGATGAGAAGCAAAAAATTGTGGAT 1156 | B supits
R : CTCGAGTTGTGCAGCTG ’ - SUbHS
_ ,\H

= Az fibrinolytic enzyme A& targetingdti= Z42He] primer sets ©]-83t] PCR
2 skal o] & Fste] sl A DNAS Ak 83l

o
g wrelg]ole] total DNAE 7] ¢lste] wigs A& bead-beating ¥ (30x7H<

olN
|

e N
ofo

3 Aol Z+ vrg gl ol total DNAZE PCR DNA template® -8 3}

- <¥ 1-28>9 PCR 5% z7°2% PCR FZA errors flol7] Yato] phiA &4 2
polymeraseE ©]-&3to] PCRS X dste] &3] 7|5 FHdAE S&std oy, <a149
1-17>3 #o] PCR TZ% A&ES A&

<3 1-30> @d&slls 7158 A %S 9% PCR x4
Step Temperature Time Cycle
Predenaturation 94°C 3 min X1
Denatuartion 94°C 15 sec
Annealing 57°C 40-100 sec X 25
Extension 68°C 80 sec
Extra extension 68°C 5 min X1
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2000 bp

1650 bp 1600 bp 1650 bp ==
1000 bp 1000 bp =
M : 1 kb plus DNA ladder M : 1 kb DNA ladder M : 1 kb plus DNA ladder
1 : B. bifidum 7B193 1 : Leu. mesenteriodes ZA007 1 : Negative control
(1,954 bp) (1,627 bp) 2 B. subtilis ZA400
2 . Lac. curvatus 7B140 2 . P. acnes CB110 (1,156 bp)
(1,249 bp) (1,482 bp)
3 : P. acnes CB110 3 . Leu. mesenterordes SA175
(1,204 bp) (1,627 bp)

<a¥ 1-17> 8d &3 F3# PCRe #719ds A3
- 9o}z PCR productE-S agarose gel extraction WS 88310 zHzE AA sl F2Y 9
insert DNAZ A}-& 3}

(2) %9 7154 FA49 43T BEN=Poze F2Y

(7F) pGEM-T Easy vector29 224 & T3 AL 7|54 A4 4714A<EF &<
= 7] 913t AF8-¥ Pfir DNA polymerase=
T-vectorel]l F2437] 93 A-tailingS WEA 7] wj&FEo] F714 o2 A-tailing 955

o1 o
ksl =

- kA Fibrinolytic enzyme F+3AE 533}

- PCR % agarose gel extractions &3t td 355 AAld ddL&8 7l A=
<3} 1-31>¢} mixture® 72CAA 20 &3+ ¥ES-3le] A - tailing 351+

- A -tailing®] €% AL 715 FHAE gel extraction kitE F3 thA] AA g
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<3} 1-31> A - tailing mixture %=*3

Mixture %43 Volume (u0)
PCR product 275
Taq polymerase 05
dATP 8
10X buffer 4
Total 40

- A -tailing & AA7F 2 dd &3 715 FHAE pGEM-T easy vectorel]l &= 3s}7]
93t AAE 7T FAA 35 et pGEM - T Easy vector 1 uf, 2X Quick ligase
buffer 5 pxl, Quick ligase 05 WS 44 & AF-2oA] 5E7F vk3-3}

- 5@ WhE T iceol A 1-28%F ¥olE s 7154 FA4 5 e ice ZellA

>\ll
op

=oELS E coli DHbaol Yol & & 3
- dAd88s 7eA RS 9ol = E coli DHSaE 42Tl A 1% 30%3F heat shockS =+
F icedll A 5EZF A E

|
O

| = LB broth 800 w& 2o = & 37ColA 1A v gt

- o] &8 H T+ 50 pg/ml 2] Ampicillin LB agar plateo] 50 @] X-gal (20
mg/mlE WA spreadingts F wjIFAS 100 w® F plate spreading 33 o™ -2 800
W= 100 W2 F5=3te] FF spreading YE3}e] 37ColA 1247 w3t

- vjoFo] &89 Ampicillin LB agar plate/X-galoll A &M colony"+S A &te] 50 pg/ml
Ampicillin®] X239 LB brothell H3E3ste] 37Col A 12A]3F v &g+

- wjeko] &8 ¥ T Axygen plasmid mini-prep kitE ©]-&3o] plasmidE e, AA 3 &
pGEM - T Easy Vector® universal primer (Foward : T7
5-AATACGACTCACTATAG-3, Reverse : SP6 5 -ATTTAGGTGACACTATAG-3)E
o] &3t DNA sequencing$t S 24 PCR error’} 55 #2033

- 27 9 AAY plasmidE2 BamHl/Xhol =+ Hindll/Xhol 2 % double digestiond} o]
insert DNA A& AgetA g<lg 5 olF AAS Mgl

(Y) AAE fibrinolytic enzyme A pET26b(+) Vector29 249 % E. coli
BL21(DE3)pLysS systems B3 dAE3] g49 gz &4

- E coliz? & F4A2 43 systeme 7|54 @A iz wdS ) A4 sHE ol
AL s o)z o o s vl Al 7]sAd w@l A o] inclusion bodyE #Ad st activity 7t
AAY, AE Wel galdo] WA sonication 5o HAES AAoF 3= FAlHo] &

- olfg FAAE WAy Aste] A Rl AHE oY Vs duAds A SA
A o 7 HjZE3}lE secretion systemS AFgEH7|®E &

- o]Z 93t pET26b(+) vectors pelB secretion FAAE 7FA 11 Qo] F2YH F429
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e

r |

215 Q) H-Z secretion® F ALEFH EoF

- pGEM-T Easy vector®] %4 ¥ insert DNA (fibrinolytic enzyme)& BamHI¥} Xhol

Hindll ¢} XholS £3] Double digestiond}al agarose gel extraction kitE A}-8-3}¢]
FH3 ko] AAYE insert DNA (Hindlll/Xhol %= BamHl/Xhol -digested) S 1.3}

- 134 insert DNAE pET26b(+) vectordll Quick ligase kitE ©]-& 3] multiple cloning
site (MCS) W Hindlll % Xhol site® cloning & E. coli BL21(DE3)pLysSel
transformation= %83} 31 kanamycins *23$F3k agar plateol] 4] A 2&le] plasmid
THAAAE JAs A

- ZYAAE plasmidE &A3t7] 98t BamHl 2 Xhol %% Hindlll 9 Xhol 2.2 double

digestionS &}al agarose gel electrophoresisdt A3 <719 1-18>9} &

e
rr

e

6.0 kb

5.0 kb

20 kb

1.7 kb

10 kb
M : 1 kb DNA ladder M 3 1 kb plus DNA ladder
1 : Transformant ZA400 (no cut) 1 : Transformant SA175 (no cut)
2 : Transformantl ZA400 2 : Transformant SA175

(BamHI, Xhol - 1,156 bp) (BamH 1, Xho1 - 1,627 bp)

3 : Transformant ZA007 (no cut)
4 : Transformant ZA007

(BamH 1, Xho1 - 1,627 bp)

5 : Transformant ZB140(no cut)
6 : Transformant ZB140
(Hindll, Xho1 - 1,249 bp)

<29 1-18> pET26b(+) Vector22] &35 7154 4 224 A71ds &<

- 2240l gxyo] Ar|dEFEoz &Rl transformant™ pET26b(+) vector®] universal
primer (Foward : T7 promoter 5 - TAATACGACTCACTATAGGG * 3, Reverse : T7
Terminator 5 -~ GCTAGTTATTGCTCAGCGG - 3)& °]&3te & F=24 product
sequences 2ol gt

- #F F24 product sequence &21& &3 frameshifte] AF&E 213}

1
Bacillus subtilis fibrinolytic enzyme gene (bstA) 24 ZA¥+= <19 1-19>9F 25
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5 | peptidase
pelB leader sequence o —
1 CTECTRCCBACDBCTRCTRC TEETCTECTECTCC TCRC TRCCCABCIBECRA TRECCATE
LLPTA&AELSL_I.IL!-AEIP&HAK

61 GATATCBBAATTAA
018 INSOPUNRSKKLET SLULF

praner
121 BOBTTACBTTANTCTTTACBATBBOSTICARCANCATBTCTGCRCAGLCTGE0SSAMM

ALTLI FTMHAFSHNMS Ak 0 AAMNEK

181 AGCAGTACAGAMEGAMTACATTGTCEBATTTAAGCABACAATBASTBLCATBAGTTCE
SSTEKKY I YGFKOQT NS ANS S

241 GUTAABAAMAAAGGATETTATTTCTBAAMAAGECEGAMGET TCAAMAGCAATTTAAGTAT
AKKKDVY I SEKBBEKYOQOKOQFKY

01 GTTAACGCBECOBCASCAACAT TGRATEAMAAGL TETAAMABAAT TGAAAAAGATCLS
YNAAAATLDEKAVYKELKEKDP

351 ABCOTTECATATETEEAMGAAGATCATATTECACATEAATA
SYAYYEEDMHI AHEVYaAOSVYPY

421

| I K A ALRH Y NY

481
KYAYIDSSBI10SSHPDLMNYRSGE Yellow : Signal peptidase

© - GOABCAASCTTOHTACCTTCTEAMECAMACCCATACCASSACERCADT TCTCACSETACE : icti
8 S P S R Blue © Restriction enzyme

Green : Signal peptide
H\’A!'IA&LHH!I! ! !
T I NG I

Gray : Propeptide

601
YLGY A
- CBCATCATEATOCATARAAGTOTTATTCAACABEAEICCANTA TARCTES
ASLYAVYEVWL Y S Red : Mature enzyme
TR BRA TABTEBRAT TCOMMTATBSATETTATCARCATRAOCTT
" Al NNMOY | NNSL
.
ALKTYYODKGAY

a
I YY AAAAGNEGS 56355 S5TVYE

o
YPAEKEYPST I AVYEAVYNS SNOR

|
H
A A AL I A Y
“'ﬂm
K
A%al
1201 TBA

LI NYOAAADLEHHHEHHH-=»
—R - priner His Tag

- TTCATICTCANCRCARTTCTARCTTGATHTGATRCTOCTRRATATOATEM
A A L ¥ N A Y
L Y Y N M A

| BTTRBACACARTTANTTCTTTCTANCACCTBACTTBACMACICTCANT
Y A L K H B N
L A YL N Yy

<% 1-19> Bacillus subtilis ¢ fibrinolytic enzyme A=} (bsfd) F2Y 97144

A4 3
- Insert DNA9] 9714 <d EA A} frameshift7} dojy#] a1 vl2 A insert DNA7}

Al E FHE pET26b(+)-bstA vector7} AErElom ol&E ¥3+sl= E. coli
BL31(DE3)pLysS transformanti= 80% glycerol®} 43¢ A&+ (HF
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3] S Q&) 5 ml LB (50 ug/ml kanamycin $F-) wjx|o] A& 7|54 FAx7}
| U A FE JEste] 37CAA 12413 vl Fste] seed cultureE A=+t
- 214% LB 81#] 100 ml (50 ug/ml kanamycin &)l seed cultureE 1/100 HZ3}to]
subculture® 713 sh
- Subculture®] O.D.eoonmo] 0.6°] & wi7}A] 37CAA #jF = IPTGE HFE % 1 mMo]
HEE o] & F 20TolA 2447F A g
- W39 fibrinolytic enzymeS standard fibrin plate methodS %3] <19 1-20>3 29|

<39 120> WREEn 8%

- Standard fibrin plate methodS -8 3 fibrin lysis test 28 A3}, Leu mesenteroides
SA175%} Lac. curvatus ZA1402 9 wFolA = &S BA S cloning 2 IPTG
inductions E3F SAZSAHANA= FAS HolA ol Z} insert DNAE©] fibrinolytic
enzyme©°] oFES gQlst <19 1-20>

- a2y X7 AA 5 B, subtilis ZA400 5
BF A4S B9 insert DNAC] &0+ F4 A7} fibrinolytic enzyme A A<

glst A+, wepA F5 AFolr= o FHAE HtEoR JAPHAE

rr

A g B R dA A

=

o

o

-

o
ol
32

(3) FdH e AF2A9 £AA 2 AAAT

- dHg3E a4 uEg HdE 98 AFEE pET26b(+) vectoroﬂ His-Tago] coding¥ ]
5]

7] el sle) FARe] WAA o] His-Tagd ol &dke] AT + A8, =@

facs
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fibrinolytic enzyme$! BsfA+ IPTG induction®] ¢]slo] A=
Aol = o] gk His-Tag¥ A3st= Ni-NTA column=

o ©
o
M
=
L)
o

BhE #5 AT
- onAE BAEN V15 BRE Q7] A8 WA FPTAG WFAL 4T, 3600
pmel A 30% F¢b 94 Felstel AEenke Felshe] ol

- 2 ajFAZAe membrane (12 - 14 kDa)¥} Polyethylenglycol 6000 (PEG 6000)<
o] &3to] /1008 &S a3
- FFo] dad mE A AAE s 1X PBS bufferol] Imidazole2 10 mM, 25 mM,
300 mM©o| %% &3)3}e] Equilibration buffer, Wash buffer, Elution bufferE | %}t
- Equilibration buffer& Ni-NTA column %] 5815 &3 XU columns equilibrium 3+ %
% MZ3 equilibration buffers 1:11E 2430] columnel] 3] T B
- column &% 109 9] wash buffers 3] EHHE W column? binding oA %
v 24 &7 o2 proteingS A A
- column & 9] 5H] €] elution buffers %3] &2 EUl His-tago]l Hojd+ & &3l
E4hE AASIY <a¥ 1-21> ¥ <3E 1-32>9} #o] standard fibrin plate methodE &3
3

- Total proteine BSA kit®} UV spectrophotometerS ©]-83}%1 29, total protein AlAHH &

=+ 2

A FEE <3 A+ albumine serial dilutiondle] BSA kite} UV spectrophotometer&
a

[e)

3] ODusg am ANA <Z2¥ 1-18>3 o] FHEE SA43

0.7

06 wv=171973x- 00086
R® =(0.0986

0.5

N o4 /
0.2 /
P

o 0.1 02 0.3 0.4 05 0.6

protein mg/ml

<71¥ 1-21> Albumin standard curve

- =H] ¥ sampleS BSA kit?} UV spectrophotometerE ©| &3l S =S =43 & <%

[e]
1-30>0 A Aol standard curvee] &FEE Yol protein® S T3 & 7+ sample? total
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volumeE #3}¢] total protein®¥= <3k 1-33>9F #o| AAkst

v

<F 1-33> =3 sample? total protein B % 23}

Sample O.D. Protein (mg/ml) | Total protein
ZA400 supernatant 0.85 0.721 720.7 mg
ZA400 conc. 6.67 5.606 280.3 mg
column purification 0.128 0.115 0.115 mg
purification conc. 0.62 0.528 0.2112 mg

— Activity 742 5 unit®] plasming serial dilutiond}e] standard fibrin plate method testE
2 A&l standard curveE <1¥ 1-22>9F o] =A 3}

0.7

06 ¥ =03962%xF 01026

R =0.9984

0.5

- /
oz

0.1

\

c

(o] 0.2 0.4 0.6

<719 1-22> Plasmin standard curve A% 23}

- o] & gy sampled activityE SA3t7] st <1¥ 1-22>3} o] standard fibrin

plate methodE &3] Z sample©| lysis$t fibrin®] %S =43} plasmin standard

1=

curveo] A3t Zt sampled] activityE <& 1-34>3} o] A4k

™

Ni-NTA
Puarification

\
' Purification |
Ni-NTA C. N.C. concentratiol

1 Flow
% through

ko3
T
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24§35 7
ZA400 original, B. subtilis ZA400 original supernatant; Ni-NTA Purification, o =3
% Ni-NTA column #AAl; Ni-NTA Flow through, Ni-NTA column A #] A] 2o

flow through; Purification concentration, &&3&d ¥ Ni-NTA column % A3}
Amicon Washl, =9 AF8%¥ Amicong 12 wash3dt £, Amcion

; P.C., 0.02 unit plasmin; N.C., 1X PBS buffer

=

Amicon &=,

Wash2, Amicons 2% washdt &

<E 1-34> thE2d sampled activity =4 23
Sample Lysis of fibrin (g) | activity (unit)
ZA400 supernatant 0.0806 0.05
ZA400 conc. 0.1599 0.14
column purification 0.1246 0.06
purification conc. 0.3157 0.54
- <3 1-33> 9 <F 1-34>9 ZA3zS vigo g = 4y 3k A8 &ho specific
activityS <3 1-35>9} o] AAkst
<% 1-35> tigF HH3 8] a4 dHdEsls
S 1 Total protein | Total activity| specific activity Fold R (%)
ample ecovery
(mg) (L) (U/mg) (x~fold) ’
ZA400 supernatant 5,240 92.73 0.02 1.00 100.00%
ZA400 conc. 1,434 21.69 0.02 1.00 27.37%
column purification 195 8.33 0.43 21.50 0.37%
purification conc. 1.2 5.38 448 224.00 0.02%
(4) Quantitative Real-Time PCRS %53 A4 4835 +4x9 mRNA 2d &5
gl
- AR e AEE dopry] A WU OZE mRNAZE cDNAR A = d&
=243l Quantitative Real-Time PCRe| d3&] AF&% 1 A
- 2 Ao = Quantitative Real-Time PCRS 91319] probe & #ol &33E&E4 3}
quancher’} Z3tx o] 9l&= TagMan probeE A #&to] A&S % 3)3t

Z} primer®} probei= GenScript Real-time PCR (TagMan) Primer Design siteE

o] &3t o™ PCR 5% size= 100-150 bp, primer Tm #2 55C-607TC, probe Tm<
65C-70TC7t =% A A spo] A2
PCRo] == Fdx2] A7]& 101 bp7t H =5
) S HIE S 2 primer®} probeE <% 1-36>

e

3Z
=

208

.
3 Ayl o
I=IA=]
OE_]'_I‘T':

rr

facs

2

£
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<3 1-36> qRT-PCR primer % probe %X

Primer Sequence (5’ to 3°)?
qRT-F GGCATTTCTCAAATTAAAG
gRT-R GGATGAGAAGAGTCAATTCCG
probe AGGCTATACAGGCTCTAACG
1 bp 84 bp 243 bp 345 bp 446 bp 1156 bp

Mature enzyme

10 20 30 40 50 60

GOCAT I TCICARART TRAAGCGCCGGCTCTICACTCICAAGGCTATACAGGCICTARCGTA

T t t 1 T $ T : T t T 1 &0
T T TAAT T TGOS CCEAGAAGTGAGAG S TCCGATATGTCOGAGATTGCAT

CCGTARAGAGTITTAAT CGC CCGRAGAAGTGAGAGT CGATATGICCGAGATIGCAT

...........................

TTICAICGA CIGICGLCTT

GACARTAAC GTAGE

ARCTGAGARGA

E ¥V & ¥ 0 5 G 0D 5 s L

<71¥ 1-24> Quantitative Real-Time PCRE €3+ primer % probe A%t

- B. subtilis ZA400 original 77+2] DNAS F=3l9] RT-PCRS 9 3te] A 23t primer®
PCRE &all dd&s3] 714 FdAE 533 5 Extractionste] DNAFTEE A &35t o,
serial dilution3} % &

- RNA isolatione 93}e] ZA400 original A& 55 5 mle] LBujA ] HFsd o, E. coli
transformant® 50 ug/mle] kanamycin®] ¥3%t¥ 5 mle] LBol HFslo] 37TColA 1247
vl Fsle] seed cultureE A2+

- A #E seed cultures= M 2 100 ml LB A] A 7fel original 170, transformant 27§ =
1/1008 % 38ko] 37Col A OD.soomm®] 0.57F 2 w744 subculture? 83} om, o] &
transformant+= IPTGE & 1 mMeo] ¥ %% inductiond}il 3}y inductionstA| €3

S 20ColA OD.goonm®l 0.97F & wi7h#] & 39 2™ originale O.D.goonm®] 0.97F =
u| 7}A] 37Col A Hdslgon <17 1-25>, +H] ¥ sampled standard fibrin plate method
test= AN <219H 1-26>
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|

2
Host only 24400

transformant

37°C, OD.ponm — 0.5 l ,/ N 37°C 0D, =~ 05
NO IPTG IPTG induction
Host only ZA400 transformant ZA400 transformant
20°C, O.Dggonm = 0.9 20°C, O.Dgppnm — 0.9 20°C, O.D.pp0m — 0.9

<718 1-25> Total RNA isolations $38F sample +=H] "W

B. subtilis ZA 400
original

*

ZAA400 N.C.
‘transformant (1XPRBS)

ZA400
IPT G induction transformant 4
NolPTG /

<29 1-26> Total RNA isolatione #l3l H]$ sample®] standard fibrin plate method test
A3}

- 23 o] 953 T AmbionAlte] RiboPure Bacteria kitE ©]-83fo] w3 wjkel 3 ml=H-E

total RNA isolationg Z3)3ste] <3 1-37>3 Zo] RNAZ isolationdt
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<3 1-37> Total isolation A3} % quality

Sample RNA (ng) Ratio

B. subtlils 7A400 original 24.065 1.953
Host only 153.53 1.899

No IPTG 88.86 1.917

IPTG induction 187.40 1.998

- B. subtlils ZA400 original DNA+ 3012 x 102 - 3012 x 10°2 = serial dilution 3}
standard curve product® A}F§-3+91 2™, gRT-PCRE 2WHE 314 standard curved 7%

- Standard curveE T-3}7] 91% RT-PCR mixture®} =712 <& 1-38> % <3 1-39>¢9}
Zxom olw] ZAl oA PrimeScript RT enzymet: #| €] g+

<3 1-38> gRT-PCR mixture %4

Mixture =43 Volume (u0) Final concentration
Premix Ex Taq (2X Probe qPCR) 125 1 X
gRT-F primer (10 pmol) 0.75 0.3 pmol
gRT-R primer (10 pmol) 0.75 0.3 pmol
TagMan probe (10 pmol) 0.75 0.3 pmol
DNA (RNA) 5 20 - 0.625 ng
(PrimeScript RT enzyme) (0.625) -
Molecular water 4.75(4.125) -
40X ROX dye 05 1 X
Total 25 -
<3} 1-39> gqRT-PCR Wb =4
Step Temperature Time Cycle
Transcription 48°C 15 min X1
Predenaturation 95°C 30 sec X1
Denaturation 95°C 5 sec X 40
Annealing 57.5°C 33 sec

- 1 Ay dojA standard curver <19 1-27>3 #&

L=
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Standard Curve

Log Starting Quantity

O Standard

—— FAM E=35b.7T%R"2=0 958 Slope="3 405y-int=5. 110

> Unknown

<Y 1-27> bstA F-AAFe] Standard curve

- <9 1-26>3 & wHo R AR B. subtlils ZA400, Host only, ZA400 transformant

NO IPTG, ZA400 transformant IPTG sample©]A] isolationd RNA+ <3 1-38>2] mix
ture AR <3 1-39>9] Whg Ao R sl o I A= <F 1-40>, <3E 1-41>

2 <oy 1-28>3 2

<E 1-40> A8 7154 A2 gRT-PCR 23}

Total

cDNA

Adjusted

Sample RNA (ng) (ng) ¢DNA (ng) average stdev* error
20 0.00038 0.000376
10 0.00031 0.000616
B. subtilis 5 0.00021 0.000827
7A4000riginal 55 0.00009 0.000699 0.00070 | 0.00018 | 0.00007
1.25 0.00005 0.000864
0.625 0.00002 0.000794
20 0 0.000000
10 0.00000 0.000000
5 0.00000 0.000000
Host only 55 0.00000 0.000000 0.00000 | 0.00000 | 0.00000
1.25 0.00000 0.000000
0.625 0.00000 0.000000
20 0.00002 0.000025
10 0.00002 0.000034
5 0.00001 0.000041
No IPTG 55 0.00001 0.000047 0.00004 | 0.00001 0.00000
1.25 0.00000 0.000046
0.625 0.00000 0.000054
20 0.11428 0.114278
10 0.04083 0.081662
. . 5 0.02338 0.093512
IPTG induction 25 0.01006 0.080504 0.09271 0.01216 | 0.00497
1.25 0.00575 0.092061
0.625 0.00294 0.094229

*Stdev; standard deviation
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- Adjusted cDNA?] 7
fholm,
- Standard error=
AFEOE throl ARG

4% 20 ng9l total
o] A k&

<E 1-41> A 83

nhgo 2 ity

RNAE

9 standard deviation ~1¥] 31 standard error< -3t
Tote AR S Zhzbe] xFHAE 2 Ade] ubE F 4 (6)9] Yo

Z|EoR N WiaE wote] R

715 Ak wd A

Sample cDNA (ng) | Stdevs* Standard error
B. subtlils ZA400 original 0.00070 0.00018 0.00007
Host only 0.00000 0.00000 0.00000
No IPTG 0.00004 0.00001 0.00000
IPTG induction 0.09271 0.01216 0.00497
*Stdev; standard deviation
Gene concentration (ng)
0. 10000
0.08000 ———
aﬂ.[)ﬁ{]{)ﬂ j—
£
<
-
= 0.04000
0.02000 —
0.00000 T ]
ZA400 onginal Host only No IPTG IPTG induction
Sample
<% 1-28> qRT-PCR& &3 Ed&al 7548 Fdx TdaAE nlu

- qRT-PCR Z3¥ dHdE&38 7|54
1-28> 9}

(4) SDS-PAGE/Western blottingg ©] &3 o

(7}) SDS-PAGE &4
- dAE
7ZA400 original %3l

mlo
of
(oL
)
)

3 &

2ol e A
2ol E. colidl transformationd}®] overexpressiondt sample©l 4]
subtilis ZA400 originalell Bl <F 132v) 7} =4 LG =S

B FAAT AL A e
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E. coli BL21(DE3)pLysS%< 233t sampled}

sample, IPTG® inductiond}#] &S dd&s] T4 A F

9]
© 3lo ‘&1-./_":

T <G 140>, <FE 141> 2 <O

H]—
=

= = =

FLHS T3 ALE EH &S 2L F
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E. coli BL21(DE3)pLysS, IPTG induction ¥ Ni-NTA column< %3] AA| 3o Amicon
(10kDa)o. & s53e dd83] S48 <19 1-29>9 o] SDS-PAGEZ 1%

- SDS-PAGE Z3# IPTGZ induction & AA 2 #%3% &3 &4E loading g
Fito| Al 28.7 kDa L7119 WHETE E1¥ S

M

[
[ ]
w
F'eY

25 KD == ‘ | = 28.7kD

<29 1-29> SDS-PAGEE G3F @d-&3] a49 &9l
M, Precision Plus Dual Color Standards marker (Bio Rad); 1, E. coli BL21(DE3)pLysS; 2,
ZA400 original; 3, No IPTG; 4, Purification, concentration

(4) Anti His-Tag antibodyZ ©]43td &d, FAd AL &

- E. coli BL21(DE3)pLysS transformantol| A 2a %= dd-88) g9
His-tage] o7 2d+

- o] & o] &3t western blotE F3 &3] &4 SutE WAS F<lsty] flste] Anti
His—tag antibody & ©]-&3}% western blotE %38t

- SDS-PAGE$} £7+& sampleg 7FA 2 western blotg A 33 A3 <29 1-30>3 #2&
A3E WA

- Western blotZ2 ¥} SDS-PAGE ZA¥¢} o] IPTG induction ¢ A|, §%3F sample
laneol Al 287 kDa®] ME=E gAE = AAS

- 2= 49 laneol A RE WH=7)F Hojof ShARE host #FRF W& S 1H lanel A= 2
Ato] = ol Al Mi=7} K¢

- 9] w=3= Histidine°] % £ 3% protein®] B %o 2o unspecific binding7} & ot

Ao F29

ﬂ

o

gl
0] Eo

oﬁ ﬂllﬂ.l
FOI'

o
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25 10 = — = 287 kD

<29 1-30> Western blotE ©]&3 dd &8s a4 &<l
M, Trail MixTM Western Markers (Novagen); 1, E. coli BL21(DE3)pLysS;
2, ZA400 original; 3, No IPTG; 4, Purified BsfA

(th) %=, pH % ion T 93 ddEHaL9 AN F7

o X~
e T en,

mel exelA Byl 713

- olUR AL HoR WA AEH /15 Tao A o S FA5] stk

k<3

4, 20, 30, 37, 40, 50, 60 F 70°Cell A 30+ 7t ®WF-g ¥ iceol A 5 %+ A3 ¥ standard fibrin

plate methodE &3l Hluwst &A= <9 1-31>7 25

= =
I

- o] ], negative control®Z+= 1X PBS bufferE ©
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Effect of Temperature
120.0%

100.0% + 4 % it

80.0% \
80.0% \
40.0% \

20.0% \\
0.0%

] 10 20 30 40 50 &0 70 80
Temperature {°C)

Relative activity{%)

<9 1-31> 2% ot dAL3 7| a4 &4 W g

- AY A% BAE A5 Bre) A% A°CHA RO, ol F BHL 97 Aol
50°CHEl BASA 1 YL BT 0°CH HW Bl A3 Ak E B

- 30~37°CANA BHol 7bg At solglonE Aol ALl B5CANE AH FYL
UEhd Aom F3Hr £% il A8% 5@ Aow 47

N

@ pHOl 9% & ¢FA Bt

- dAdgs 71ed a4 w2 pH ¥ =2 pH #7435 oA v ek A Hrshr] §181
pH 2, 4, 6, 7, 8, 10, 1204 &EA HHd S v sk &

- 7} pHE 957] 91¢ buffere] T/ ths <& 1-42>7% 25

<3 1-42> pHel &3t a4 bAA A7k A-8¥ Buffer S/

pH Buffer

2, 4 50 mM glycine-HCI buffer

6, 7 50 mM sodium acetate—acetic acid buffer
3 50 mM Tris—HCI buffer

10, 12 50 mM glycine-NaOH buffer

7} pH range buffere} 83l 7154 E4E A2 F 37°ColA 1A &S pH stressE
% Amicon¥ PBS bufferE ©]83}o] buffer changeE 3te] pH 77FA S3tA1Z1 F standard
fibrin plate methodE %3 A4S &9l
-2 A3 <a9 1-32>A9 Ak 2 A7) 27129 pH 2, 4, 12 A= 247 845 e
3 5}

=il g
Aom FAEJAR pH 67100014 = vjas Hgd S-S wols Aoz d¥ds
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- pH 10914 = 60% o189 &S fAstem™, pH 6, 7, 8l 4= oF 90% ol &4
o

Effect of pH

100%

80%

60%

Relative activity (o)

40%

20%

pH2 pH4 pH6 pH7 pHS pHIO pHI2

® Metal ion ¥ inhibitoro] ¢ ¢AA H7}

- w4 o2 Aot Agtele 24 «1 W8S EoF = cofator®] J&& shrY B4
o [e]

ol

49 Ao FZo]2 3 inhibitor7b oW dF S

Agal Bl HF =7 950129 45 5 mMo| HEF,
inhibitor?] 4% 1 mMe¢] ¥ %% CoCl,, CuSQ, CaCl,, MnCl,, KCI, MgCl,, SDS, EDTAE
£ A7l & standard fibrin plate method 2 &S %3}
activity S HluLgk A3 <I1¥9 1-33>3 3
- Inhibitor®] €&l EDTA ¢ SDSll ¢JslA = 60% ol Aol AHS B+
- T4 ol &el = Zn*, Cuoll s EA4o] A9 AsjEw e F& o] Mn”
Mg” el A= o] 60%0°17d FA 5w Co* e 45 Aol AutAdw=

_67_



120%

100% -

80% -

B0% -

40% -

20% I
oo []
F.C N.C EDTA S5DS ZnClZ2 MnClZ2 CaClz KCl MeCl2 CuS04 ColCl2
Metal ion & inhibitor

Relative activity(%)

<% 1-33> w< o] % inhibitorel o3 dH &3 T4 A W 1=

(1) Lab-scaledll Al 7154 238 nAES A& @79 Ax 2 4885 H7t

o 8% A=

- AA Adsketr] A, lab-scaledl A EH G VTS T EE 2E V=S

goto] AFS A=z, dd G el HHEH=A FQlstara o

ol A8 & vFE AvrEr|E @4 o R EEetal ield ®dl

a7l 58S MR wAES (1) B subtilis ZA400 (2) B. subtilis
ZA400+ Bifidobacterium bifidum 7ZB193 (3) B. subtilis ZA400+Enterococcus faecium JB138
o zFowm st #F B 47 10° CFU/g o] HES [Fala 4ol Folelon wa
Ay PL <218 1-34>

- 9o Al T 5 dd8dTS PHoe ZA4007 ZB1932 urE g oAl AT E S
ZFA AL Q. 53] ZA400 = BN ASE fE 54 AT eR EAYL =
Bacillus cereus®l| W&l gt A&y S HolBZ 5 B, cereus® Ast= F79
S =L F de A 7IdE

- 719 B. subtilis ZA400= EX4 4 anaerobic A Ejol A 2 Ak B3 ok @F 2t

o

ps|
S|

e
a4

- A7kE dFe FAGsT MuHE Aol ge Yo Axds vy FE 0z
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<719 1-34> Lab-scaleoll A A x=3+ A%
() Azd 949 dALAS F7}

- H Az T daggAedA 0, 3, 7l 74 A EElo] standard fibrin plate method testE

o <29 1-35>3 2o] dALHTS HAF

R Lo e noe s
(1, No inoculation; 2, B. subtilis ZA400; 3, B. subtilis 7ZA400+Bifidobacterium
bifidum 7ZB193; 4, B. subtilis ZA400+Enterococcus fecium JB138)

- dHgss HrF A 7S HFEA ES AZHT TS WUt AMZolA AL 5ol ¢
AA et oew E3) B subtilis ZA400+ Bifidobacterium bifidum 7B193¢] %39 %7}
AY A 232 activity7}F B AAE AE & F A=

- &AW B, subtilis ZA400+ Enterococcus faecium JB138¢] %3] 7%
oS gl

- F5o AFAee] AlAFE A Al foF 2 AFANE ENZE B subtilis
ZA400+Bithifidum 7ZB193E A &3t A& &oA B & ddgdlss 7Iagd & d&A
Ay 7k 5] o] 1

%, 23|¥ activity7}F

a9

i

(2) Lab-scale9| Al B. subtilis ZA400& L3 A3 Az €L AL F F7}
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h =3 A=

Ao e FS W FAA PBacillus subtilis’7y A7) e AFFEA g 7gko] ok

292 HE /1Y W HAT 5 Y= AFLANEY

AFge G2 IR U Ao 93 B2 BRYSHE e 5 AS AT 0T & A9
_zr_

A, RAEASO] WANEA Helsh B

HEE Yol 40C incubatorol] Al 36417 F¢F wtg = 233t

(

W) Alxd =39 dd83lT Bt

- A Az T AL, 124138, 244038, 3641tk 1g4 AlE 8o 9 mle] 1X PBS bufferel]

ZolE & A=N(20 u)S ©]83}e] standard fibrin plate method testE A Al 5FA S

~ Fibrin plate %ol A S<ebdo == élsHEl fibrin®] x}o]& AEsA T F glojA] 7

AMZof o3 f3lE fibrine] FAIE M ¥ positive control(0.02U plasmin)©] £33+ fibring]
AR fdstel FAESE S unitg (AHFAB) R G <™ 1-36>

F
=
&
©
c

Unitig %

0.60
/‘”

J
.

3

Time (h)

—TAAL0 TS HZ A - Mo inoculaien ESE

<a¥y 1-36> AzxE Aol ddges 7t

- A3 ZA400S AR ere Aol wste] ZA400E W AFFOIA o e ¥
Agslsel HANYL

- W3 3617 FoF ZA400S FH7FeAl &8 A=l Hlstel A& sol ZA400s H7Fe

LN
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olp

g

bs

b A A3

- Lab scaleol| A &<

scale—up A
- JAAAY A

o
e

3FA]

Foll A o JF A AT

.
G

/1\1_

% =

Fdew 100

J|

A (7 A )

5|

dlA 347kt

o
RN

7}

=
=

A

AE

—
fIte)

=
]
]
&
5
=
=

=
=

SMETFIONE

torl

TAME] | 1 1EIEAE

FEWSED

& | BN | e | Huey

O
&0

] I%jh F

orE 0] 0f7|

s ALY 6‘:

e BN A s

2015-08-12
2 A-10-1R

IS BE 1314 Z
o TRIFMSALT 2R E SO TRTEN 2014 11 1Y 1 nn-am

AL &
amlall =

o

-37> A

<191

W) B Az
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Qur AN A AA5ol WFE B ARV SANTE AAL ARORA dEE
24 @ 5 gl & o] Fakrks wiel 9

oo Ha} ‘el VY WYL 1P FeUA e WFE T Rl A4 14 BEE
AR F B DEAZE, Addnt 3 g wEea golelel 6719719 A% A

T

™
AGlAE olEe Hge A

X

o] AxAAL <18 1-38>7 S

No inoculation

(1) Only ZA400

(2) ZA400 + ZB193

HIIEZ|E A La% PRI MUY, > HE bt >
HFE AA 1 2= = 24 TEMNTIE H7t

Sampling _
(718 &)

» Zorof &4 =2 > AHIE AR

<1g 1-38> WA A%

EE AE7F widd g dd&a7isAdS 7 A ES (1) B. subtilis ZA400 (2) B.
subtilis ZA400+ Bifidobacterium bifidum ZB19394 %30 7 3ol BA 6kgdll v+ & 27+ 10°
CFU/g ©] H=5 Az Folelodr TEE PR
Lab-scaleol Al |7 Alxo A& & ss Hol= = ©E ¥ Enterococcus faecium
JB138E @A &3ls H7klA &) s ¥ oy =

2 3E o] oF 3 ok 2] (KFDA) | A probiotics® Q1A= w5 HEo A 2tA| 5 o] &4 scale-up

Azl A

b=

(e]

o

§3H4 2
A7 T @Agels MuRstE slskel 2e PPoR AxsE /54 #FE U

[¢)
HESA g

[«

=

3k g3k %4 (No inoculation)S control® 3} S

71oll &= dFdrtt}, Rt = 25 vt} samplings shal 2057041 9]
=83 B. subtilis®] AT E<2l, Real-times &3 Y

A Eel e AN BL AR B 15 Sotnad §F
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(th) Azd "R AL A7}

-G AE F0,1,2 356789 10, 12, 14, 16, 18, 20 weeks®] AZ< 1g4 4l =2 3}¢]

[e]

9ml®] 1X PBS buffere] ol & A5 H(20 u)S ©]E3t9 standard fibrin plate method

testE A AR S

- ZF AZ 98] g fibrin® FAIE M & positive control (0.02U plasmin)©] &3l %
fibrine] FAZ FAatste] AL TS unit/gB A )2 RIS <29 1-39>

\
]., /N
_' [ T T \.I\ T [/ f \‘g
g . i‘ 2 ‘IL j_f‘ll . _'I_'\\‘\\

Unit/g B

Time [week)

=—g—No inoculation @& —e—7A400 T z

O R X . ZAAOD+7 Q3 5+S AL
St mE TAANG+ZR193 LS WX}

<2 139> Az Aol Fhgas @7

- A9 A B AFAA @S WP L WAE WA fibrinolytic activity 7t B &
e HAT 5 Ae

- 7S HET F A A Only ZA400, PZA400+7B193) ztol= & Aol & Holx| ekgtom

(2h) 23 H&7|te] WE B. subtilis & W3}

- A a7y F B subtilis®] At WEE glstr] flske] 6575 viable cell countE
A A3t

- B. subtilis selective media® AF&3F MYP agarol:= A A2k & phenol red’} 5] 9
mannitol salt @& oo weh wjx]e] Ago] el 2 E mannitol salte] #&7} 75 B.

subtilis] 213 WA 7F =7 tﬂaoq AE A ¢l countingS & U T3 B subtilisol A=
w A ol £0]9lE= Egg-yolke] A9 Lecithing #31& 4= 9l S H o] glo] colony Tl
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EFHEE S A 25
w3 MYP iAo &4 4] Polymyxin Be] #1712 a2&SAgdww delzo=w =9 & 9=

MYP A= Mannitol salt agarell Egg yolk®} Polymyxin BE #7}ste] Al %351 o
petri-dishell 20 ml % #&F3F] A& &

stomacher bag®ll 0.1% peptone water 22.5 ml¥} 2% 25 g 8] &stH 185 <t stomaching S
ANt gfd A AES AAAT F AFAS dAS

Az e (0.1% peptone waterE AF&38}o] serial dilution 3 3 10°, 105 1079 32 A&
MYP agarel] =23k 5 24A17F &QF 370l A v} et

71 % viable cell countE A A3t CFU(colony forming unit)S S43A9 S <18 1-40>

10

107

No inoculation 10 105 107 ZA400 10% 10 107 ZAL00+ZB193 10° 109 107
1 180 13 1 1 266 36 2 1 m n 1
2 206 2 3 2 2355 32 3 2 11 33 2
3 185 17 1 3 263 27 4 3 27 31 2
1.78 X 108 CFU/g 3.26 X 10° CFU/g 2.9 X 108 CFU/g

<219 1-40> Selective media MYP agarE A}-&3F viable cell count < A]

84

8.3
82 E
31 e ———

=

Z 8

g 73

M T8

o

ol v

o

s 76

Qo

g 75

= [ 7 8 9 10 12 12 16 1B 20

Time (wesk)

—s—lNoinoculation HE  =—e=7A400 THQ WA —e—7AA0+ZE103 T WA

<9 1-41> 2R B. subtilis <+ A3}
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- g7 B A B. subtilis w50l ol BE ]9 20 $o] ME = & Zolvt

A=
theb kg k7] well= ZA400s H7he R MEFON A B subtilis®] w7F S7bskE
EES 338 5 Jd&

- g7 Foll B B subtilis®] T 10® CFU/g %22 UEyon ol& E3
A okl B subtilis @ 7} 10° CFUR fAH L JS & & & <29 1-41>

(7}) Real-time PCR& 5% A3t Ao BA8ss 4449 A28 2 vlm
o

- Real-time PCR& A1 =

o)A 93H= DNAS 24 #5 213 4o5s 98 Piow d9
AR E T 9le

w2} -2+ Real-time PCR A4S s A4 kAo dd8sls 14 DNAGS
s Zo 2 ME 7bo] AAHe AL agrddsady gEo vg 7|7t e

ZA4009] BE&2 gelska

B. subtilis ZA400 original DNAY 1.46 x 102~ 1.46 x 10® © & serial dilution 3%} standard

o

curve product® AF-&3} o™ 3¥kE 3}o] standard curveE 8 <19 1-42>

22 0.1% peptone waterdl s+ & Y4EF2](2000 rpm, 5 min)ste] B E-ES A AT F
AZzolukS 712 11 iINtRONAFS] G-spin™ Genomic DNA extraction kitE AF&3le] DNAS
Aoy

2 gof] 229 primer?} probe BH = <F 1-36>, <19 1-24> a1

Real-time PCR mixture®} 732 <& 1-43> % <3F 1-44>9} &
DNA extraction efficiency®l] W& =}o]& 97| {38l Aol 2921 Z}7te] DNAES total
DNAZ 200 ng/ulo.z uk3o] 213 73]

<3 1-43> Real-time PCR mixture %4

Mixture =43 Volume (@0) Final concentration
Premix Ex Taq (2X Probe qPCR) 125 1 X
Forward primer (10 pmol) 0.75 0.3 pmol
Rreverse primer (10 pmol) 0.75 0.3 pmol
TagMan probe (10 pmol) 0.75 0.3 pmol
DNA - 200 ng
Molecular water - -
50X ROX dye I 0.5 1X
Total 25 -

<3 1-44> Real-time PCR Wk-g =71
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Step Temperature Time Cycle

Pre-denaturation 95°C 30 sec X1

Denaturation 95°C 5 sec X 40
Annealing & Extension 57.5°C 33 sec

- 1 A3 AoJZ Real-time PCR9 Amplification grapht <1¥H 1-43> 3} 25

Standard Curve =
T T T T T
40 Rl o LS o i e sairseey
“H’f}-\. i 3
~——_ : ! : ;
35 T '“-\I@;‘H ¥ : =
P T :
30 i, = S B I
o > R : i
o ] : G i :
T : ; ]
2 ﬁ\‘ﬂ:\: 3
e | :
20 s G b
e N
v £ "*-—.“C.
-4 -3 -2 -1 0 1 2 3
Log Starting Quantity
(& Standard * Unknown
—— FAM  E=0884% R"2=0.999 Slope=-3.634 y-int=26.844

<Y 1-42> dA s FHAA standard curve o Al

*standard curved] 3 G 24 T 1Y BA 1529 datad

Amplification e
3000 + .
o 2000 + -
&
OO L ivsamisimmasisianieg 4
0 __.%"“ T o 4
0 1‘0
Cycles [ Log Secle
<19 1-43> "Real-time PCR2] amplification graph <A

“amplification graph®] ¥ o ZA dF 2P A 157%2] data
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S0%
B0%
T0%
B0%
50%
a0%
0%
20%
10%

0%

1] 1 Z 3 5 7 B ) 10 12 1

4 16

18

<19 1-44> Real-time PCR& &3 e &8 wdate A A Fst

20
Time [week)

B Noinoculation X BZA400 THEEZEF W ZA400+7B193 SO WX}

-3 As #g AkHE Wgel /1E MART BAEs 44 DNA Pl 13, BAE 2w
kel A5 B o7l Ag

Z = =
- webA ZAd000] B AA FEAA FEAA AR g3 ASL & 5 A

(vh) Azd B #5 37t

- 2074 #a7t 9 No inoculation R34 ZA400S i3t A A554S vlusl] =

= A3k gk A 2 (texture)oll thElA s et et B sHE A 10 WHe] dd S A
o W7 AW (Single blind test) g A A gt

- ol A Al @ 4 FEel i A Adiks te <& 1-45>9 B

<3 1-45> ZA400 ¥ 7ol wmE Aol dig &l w3 Ay 23

2 B A EH A=
i i 2] 2} 3 9] %
. A | ZA400 B8 A (A) No inoculation % AT B9 #polv}
(B) ot

i 1 8 1

] 3 2 5
%) uk 5 2 3

A7 2 4 4

ABT % dAdoz & gko] & (29)
% Bee 2o e 2 2o 409 (49
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71ed 4E HA

<a¥ 1-46>

37t

o

1.

ERRSE

- Lab-scale®| 4] 2] #|ZA] =2 fibrinolytic activityE H.Q

h =3 A=



No inoculation

ZA400, 10°CFU / ¢

Fermentation -
38~40°C, 48 h

> E=

> AHIZ H A

<Y 1-46> A=H A x

- =% sample Y= B. subtilis ZA400S 10° CFU/g ©]
AL s vuFGrtE st TS HEeA 22 A S control(No inoculation) 2
Skgol =S A%

- E A3 AAFE g8 §F samplingS stol @A) sol HAHE=A Felataz

okt

(W} Azxzd I3 4835 H7t

- A AZ % 0 day, 2 dayse] AMZS 1g¥ AWM= 3ste] 9mle] 1X PBS bufferol

AFZ (20 ul)S ©] 83} standard fibrin plate method testES AA|sFA S <19
3

2 gEsgon Wte F39
Z

Fo|F 7,

1-47>

of o3l &3l¥ fibrine] A& M $ positive control (0.02U plasmin)©] &3} €

fibrine] A2 @4tste] dHEdsE unit/g(F U E) o2 HEPHA S <T¥ 1-48>
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<Y 1-47> AzZE HFHF A9 fibrin plate methodE 3 4 &35 H7}
N.C, 1X PBS; P.C, 0.02U plasmin; 1, No inoculation 74%” i}, 2, No inoculation % =%
29 =} 3, ZA400 SF- qu—fo 04 =} 4, ZA400 € }

0.157
0.160
0.140
0120
0.100 0888 S
B Mo inoculation ® 23X

- WZA400 Bt HIE
0.060

0.043
0.0:0
0.020 [ﬁ

0 2

Time (day)
<H 1-48> AlxE HA=xgel Ao A&l

"" O
O

ox!

oN

e}

15/

4

Unit/g B =24
=1
[}
oa
)

o

7}

-39 A, ZAA00S WA e ATl wske] ZAA0S A7k AT el A UE
% galsol HATAL

T

r°"
ek

3 7

LI

(th) Real-time PCR& &% =73 WA AL3As F+AA AZFs 2 v
- A=2S QIAGENAFY] QIAamp DNA Stool Mini kitE o] 83te] DNAZ extraction 3+

- primer, probe, PCR mixture ¥ 27 & # &3 25
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- 1 A3} AoJHA standard curver <1¥H 1-49> 9} 7
Standard Curve L=
0 A S : ]
- --H-\-_\"'\—\._\__
a0 .L__q_t_’;l_H ....... =
- |
s 25 1 : S g : : ; FRE—
el
20 4 ”"~h.__5n% ; i
151 : . 5 A
1 i 1 I 1 --\-\---k:!l
3 -2 -1 1] 1 2 3 4
Log Starting Quantity
O Standard % Unknown
—— FAM  E=07.%%R%2=0999 Slope=-3 373 y-int=25 727

<29 1-49> A L85 FAA2 standard curve

- 0¥ 2k No inoculation, 092} Added ZA400, 22 %} No inoculation, 2¥ 2 Added ZA400
Ao sampleol A isolation 3 DNAo°| 3t Real-time PCR A¥+= <219 1-50>3 25

DMA quantification

DA concentrationing ul)
(]

Time (day)

B Noinoculation B =2ZF HEZAL00 TS HIF

<19 1-50> Real-timeS %

ot
oX
H
o)
1o,
ol
™
oo
)
Ho
2
D)
lo,
ol
ol
ot
)
e
=1

- Real-time Z3¥ ZA400S Y 297F 233 Ao Ao dA&a)s A DNAS %ol
4 "ol AL & 4 dL ol A el dHgd FAAE A =

N=
ZA4009] AEL B, =2 AT 7teAol dE Aoz 9JAH

dlo
o

:
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ZA4009] ABET = AFGES Folg o
ZFo] o] AHAL e WALH FHE wolk AAA Ak VA ABRE AFow
39 Aelet A7¥ oy

() Axd B2 % F7t
- 299 ¥E7F £ No inoculation =743 ZA400& 33 H =74
- A, @, Bk, A3 (texture)oll thefA] 7B vietal ekl R R4 10 o] HdS A s
@ W Al H(Single blind test)S A A g
[e)

WA Aol g 7 el Ug FHAe) HEEE O <E 1-46>% 2

<FE 1-46> ZA400 ¥+ F7boll mE Aol gk 9 WH Ay A

PR EILEE READ
1 1 ‘é Z} T3 T-9] x
BEY | AARE | ZAd0 S AR () | o meciation BEE T AT B el
®) |
A 4 5 1
aFn 4 2 4
s 4 4 2
e
° Az 1 2 7
AT AT § 6 =AY (19)
Av |- BRe Agel § O wed =4 (19)
Bel 49 golA Eyol We (29)
- ZA400 & Pl Ao Asmrh oF 21 Ax = BAE Ao Hol e 754
A Az 2 AL S W e ARG glol aHAEdA S AyE B

- 20 Bt wavt Byt MA(ZA400 s+ B, ZA400+ZB193 g A )2 22 350g, 500g,
lkgo & Yyo] AAES A <1¥ 1-51>
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<% 151> A AAE AR

W A= ZA400 S A=) 24 200g, kg o2 o] AlAlE S

<9 152> =G AAE AR

3) Azg AAE] 7oz}
- B ATE Eao] AzH
\ s

_83_



- Al o] Al

-

AolH, o

feig
=

of 4 o

=
5

wK

o

7o
X/
ol

o
Hio

A2d A 185 HA

= Al 1MF-ZA AN 5

AP-PCR % DGGE

mK

g 7F s =

-
1

tAomz Al 19 F A o A

d|

1)

=
=

mgE e AT
e w3}

Lol whE thARA]

=1
P2

ol A

B
Nr
o)

AL
OO

|

B

ol

o

X0

Jo

=K

No

o

i
o

)

A & s ojgtont, el v

115
=

3}
=

tHARA]

o

= A&y vs W v

7] wjzell Al 19 & 2A ol

==
7ol 9

)

R

0

te]

ol

R

+

o

i)
el

2. 372 Wl MAE TR 2 HAA AR 24

7h AR Alg A 2 SAHAR

N
_#OL
~

)

N
&

or
Bl

<
;O@
L

EA 5

2 gl waEE

v A= stol] w

o

)

ofp
i]in
o

U A Az Ly

tol A AolA Az

5]

g A9 ol

™
=

&l A

sle] )z

Al e

_84_



= ZF A A Fujgt = AR A7|7F 7] g2y 22 A7) HA](Small, 6-8cm,
E%‘“éi]), i 37]94 H 2] (Midium, 8-12cm, o5¥EA]), 7Fd & 2719 HX|(Large,

L @AA8 @ sk e S aua UAe) AEed add Advs agsl A
9% 10 kg o WA 32 kgol 2FL Arbgon, WA AL FuF HoA 33
W A AN 3] Bebay g7 474 9 F, ATES 279 49 WA )
5% Feay g0 WSS <1d 2-1A>

- AzE WAL BCAM WERFAA AAATE Aske] WEVAYE Beo] AEFHAS

- A A ) wE AR BE fete] Az

|
=

Jdo o o
Y
lo i

\
=

S
Lo
2
off
k1
rlr
)
X
N
)
)
off _llﬂl
2
o
&
o
o
= -
=
o
g3
i)
N
=)

aEe Ao
Agkel AAGS AT, AHE AT FE 3 kgol Aol ATH NS Ax2EY
2 el @ Pl 800 g& Hobskel AESAE
S ASsh WAAL BnT Ao) 38 wE AW 8 3o Behady 870 A7 we F
D T R
- AzE APAS GEE GEAR FARGT, 15T BEFAN ASATS Astel BE
MAE F2E 96 s

<9 2-1> ZanAE B2 E sl Alxd F2AAA), A-AB)

o EX AZY Lav|zte e vAE YW

(1) &2 A7]¥ pH R At W83 54

- fellM Az EASC A ‘1—5— Agde 27|17 @sten, 22 A27]9] A (Small,
6-8m, EFEA), T 2719 EAMidium, 8-12cm, 5FEX), 7H¢ & A7]9 EHA

(Large, 12-16cm, Fall'd %) & —?E—E] e <ag 2-2>

m&ﬁ
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6.8
—8—S.MA

—O—M-MA

—¥—L-MA
6.4

5.6

—
-
4
)

107

16S rRNA gene copies/ml
—
=

—
=3
=]

50 100 150 200 250 300

< 2-3> A7|I7F v EAR AEd EANsle] HRv|t F pHek Al o] st

0

) HEAZIE HA AL W 7| TEVAAEY £ A

W B A Al &2 bead beating WS AFE3lE FastDNA Spin Kit for Soil(MP-Bio)Z A}
st B ArER AxE Al FFe BAARAA AVIEE ARE AF skl 2 AR
A HA genomic DNAE F=3tgon, F=3 DNAE 07% (w/v) agarose gel
electrophoresisE £3lo] FHoH 2 sHelstd S

A Algule] dA mAE s A7) Y8 16S rRNA FHA 5 %= 7bd
P VI-V3FiEs Soldow F3HT F 9= Zgolw (27TF-518R)E Al&ste] F54

DNAE FT3atsls <3 2-2>

<3 22> WPELE-PCR Zzholwo] ALGH ofHE e} vtaE 7| E 55

A5 HEEL = 71M<E (5'-37)
S0 ATGCTGAG
S5 TACAGCAG
S10 ATGCAGAC
S20 AGATCGCT
S30 CATGTAGC
S45 ATCGTGTG
560 CTACACAG
S80 TAGCTACG
5100 TCGAGTAG
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5130 TGACTCTG
S170 ACACTGTG
5220 ATGCAGAC
S280 ACACTGTG
MO ATGTGTCTAG
M5 ATGTACGATG
M10 ATCGTCTGTG
M20 ATCGTAGCAG
M30 ATCACGTGCG
M45 AGTCTGACTG
M60 TGAGTGACGC
M80 TGAGTGACGC
M100 TCTGTCTCGC
M130 TCGCAGACAC
M170 TATCTGTACGC
M220 TCGCTAGTGTA
M280 CACACGATAG
LO ACTACACGC
L5 ACTCGTATC
L10 TGACTCGAC
L20 CTGTCTACG
L30 CAGTCTCGA
L45 AGTCACTAG
L60 CAGACAGAT
L8&0 ACGACAGTA
L100 AGCTCACTG
L130 ATACGTACG
L170 CGTGTACTG
L220 CAGTCTCGA
1280 CACTATGTG
oAHy A7IM<E
A ol9H CCATCTCATCCCTGCGTGTCTCCGACTCAG
B o] 9 H CCTATCCCCTGTGTGCCTTGGCAGTCTCAG

S
o

ANE2d AAE PCR % 2A&ES 5o

= s}

i

o
o

) Fo 2 o] AEE A o] Z A
o 1 A3 F 159701702 F7IAME readE €3, QC (Quality control)E
of| 5l quality score #ko] SEAY, read®] ZAol7} AL, Alitol H] 5ol Ql reads

A At mpA 2O 2 chimera sequence 52 #1718 A3} 130,72771°] reads €& F 9

o
ol
x2
of

i

2

ol
ol
3@

ulles

o]#]3 ZA3}Z= RDP pyrosequencing pipelineE ©]-&3Fo] 97% similarity <ol 7 =%
24k k9] (Operational Taxonomic Unit, OTU)E A

AFek % 3)ular A (rarefraction curve)
7 thokA %42l Shannon-Weaver A5+¢ Chaol® #5EE A AS <Z 2-3> <19
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<3 2-3> FAAA A|mEo| A vtIE-glo] 2R A dlo]E QoF U wAE thFd A
High Average _
Subject Days g‘e%tc?é quality read OTU=* Svf\}zg?,g?* Chaol* Evenness*
reads length

0 5525 4220 464 291 3.7 434 0.66
5 5512 4444 462 367 3.7 581 0.63
10 7430 6258 465 174 2.4 278 0.47
20 6999 5709 471 119 2.2 146 0.46
30 681 595 475 21 1.6 32 0.53

S-MA 45 2185 1867 476 51 2.1 58 0.54
60 6571 5372 474 120 2.5 164 0.52
80 1976 1554 474 44 1.9 75 0.51
100 6193 5253 474 7 2.2 116 0.49
130 3026 2616 469 53 2.2 66 0.56
170 2460 2117 467 40 2 45 0.54
220 9663 8758 448 231 2.8 307 0.52
280 1494 1417 454 49 1.6 63 0.41
0 1161 1073 467 115 2.9 187 0.61
5 3413 2933 442 328 3.5 573 0.61
10 1903 1898 441 214 3.4 352 0.63
20 4819 4258 440 399 3.6 624 0.61
30 2254 2028 441 244 3.5 427 0.63
45 4496 3900 442 387 3.8 644 0.64

M-MA 60 6116 2063 446 264 3.7 508 0.67
80 6529 6228 459 262 2.6 411 0.47
100 8803 8791 463 255 2.1 376 0.39
130 5722 5713 463 95 2.1 113 0.45
170 1701 1696 481 64 1.3 103 0.32
220 2214 2204 478 97 2 151 0.43
280 2606 2594 467 83 2 120 0.46
0 6589 4646 465 296 3.6 419 0.64
5 4769 2842 459 415 4.3 756 0.71
10 5708 3583 461 495 4.6 903 0.74
20 1458 1114 464 148 3.5 329 0.71
30 6452 4299 455 392 4.5 556 0.75
45 1973 1328 458 183 4 295 0.76

L-MA 60 1522 1047 461 174 4 296 0.77
80 4600 3116 457 1050 6.2 2233 0.89
100 1454 1141 479 40 1.2 61 0.31
130 3421 2713 481 51 1.4 68 0.35
170 2821 2699 462 57 1.7 70 0.43
220 6204 5425 463 95 2.1 118 0.46
280 1278 1215 463 35 1.6 53 0.45

*

=k OTUs, operational taxonomic units

71?1 5YFE, M-MA+ 459+

o
wA9 2k AAGEE VB
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S-MA M-MA

0 W00 2000 3000 4000 S000

ol =
0 1000 2000 3000 4000 8000

<O 2-4> 2@ 7Ite] wE dx A el nAE &Hr (rarefaction curve) ¥ s}

1A
22 FA] AR (S-MA), T4 EA AA M-MA), & €A A (L-MA)
2 RDP naive Bayesian tRNA Classifiers ©]&3}o] #4313
NME= WF %7 Proteobacteria’t $-A3ska Ao, W

. &
o= A 2H9 FHRNRK BT Firmicutes® VAE o] A= AL Fodd 4
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S-MA

Gthars

P

= Tenericutes

T

Bacterpidetes

P L

- Acmabacmrm

- Pm‘teabnr::ma
F Iraticiutes

e

Q0 3 10 20 M) -l-"- i B DO M0 1T 220 20

V[ A

—_—
;E L ———)
e
o]

M
=
=
= 60
—
=
= B T
&
L 2
=2
—
i
="

85 10 20 M0 48 o HO DO S0 10 220 280

L.-MA

10 — - -
MO
i
=Ty
i

i} SO0 20 A0 A48 60 HO D00 13 LTO 220 280
Fermentation time (davs)

-
=1

<19 25> wEv|gel e wAaAe] AL 2YAS (phylum 4F)
W oA (M-MA), = 95 43 (L-MA)

2 Hax7]o H(genus) FEAAY MAE o o] EE WA FHol uwet

Uetds S g0 5 A=

HE x7lde EACA fraletds Aeolet AWAEHE Vibrio, Photobacterium®)
FRE TWAA = Salinivibrio$t  Staphylococcus?t  $-73FA AL,

g 7)ol GA EA A FeElatds Aol A4 H = Photobacterium®] Ve
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v, wtg 27| 5E FWA = Psychrobacter’t $-7 382

- a8 L-MAY= 28 X758 $9WWA Psychrobacter, Pseudomonas®©] 9]¢ thalk w4y
EEo] AR 4 st vAES YEREA] kS

- AR WE FVI7F AYH BRE EAARLS "HA o FH Faglel Tetragenococcusol
gl A HE= AL T ¢ dAa, o gFH o R S-MAYE Tetragenococcus©) 2 ol &=
o] #oldta QS Aolet MZAE = Halanaerobium©) 7 543t AL &9 5 <l
R <2y 2-6>

Others
m Unclassified Bacteria
- | Unclassified__Adctinobacieria
&0 m Unclassified_Solirubrobacrerales
Unclassified Fibrionacecae
40 | Unclassified Errerobactericceas
m Unclassified Oxafobacteraceae
20 m Unclassified _detinonncefales
i W Unclassified Beraproreoboacteric
¢y = -zn M Unclassified Rhodobacreraceae
- M-MA m Unclassified_Alreromoncadales
S 200 [ m Unclassified Gammaproteabacreric
"‘;" 1 B Propionibacteritom
E 80 W Salimicrobium
= Aliivibrio
|
5 60 B Ralsionia
] W drthrobacter
ﬁ . W Pseudoalteromonas
Z a0 W Coberia
= W Chryvseobacterium
~ o m Bacillus
Exiguobacterium
100 [ 0 Vibrio

B Myvecoplasme

B dcinetobacter

B Photobacterinm
B Pseudomoncas

W Stapinlococcs
B Halanaerobium
B Salinivibrioc

B Psyehrobacter
B Terragenococclis

a0

6

40

20

o] vAE FHW3 (genus

(M-MA), 2 ¥x 943 (L-MA)
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A

- AE 3 doletE 7|¥ro 2 RDA (Redundancy analysis, &84 #4]) W& o]&
AN BAS U Ao <2y 27>, FRA BA A3 94 wE Zude oy
247y e dade s JEldvrl, BE kel B 8 A 0% Tetragenococcus©ll ©]

WE lEe] VUYL HAT 5 AL
= S10
20 —
° M
—L
-
Saltnivibrio ]
= :
PN :
% R aphyfococcus—=---
Tf.‘ I'ucllsslﬂ((l(.lmnn)le?lmll ‘:" ’ \\
: I"dmmm,f];;ﬁ;:l[l:;:“- s ) \\
8 = - [fé'l} ."’"h”ul.g," X “ .s ......... “l ..........................................................................
60 i e
P o N M /r" Tetragenococcus
Mo
T
M38
° Pyychrobacter w
I I I I I
-5 0 5 10 15
PC1 (66.89%)
<9 2-7> a7 wE A AA A FATHA At S

Az U dAA] ©3t
717y = UAMAl sl Aol Aol &
o thal] FAZ =138 ChenomX<

Ak e
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120 S-MA

O day [ S days [0 10davs [ 120 days 30 days [ 45 days [0 60 days
80 days 100 days 130 days 170 days 220 davs I 250 days

Concentration (mM)

1
& G (0] \_Q tnad
A o A ‘t@,‘b o o

':"‘1- PC L-\“\ c,\\‘“

<2 2-8> waVITRe] wE EA A ] ofvkal W3}
2 1A A3 (S-MA), w3F FA A3 (M-MA), & 23 A3 (L-MA)

=l

=)

A9l glycogenl] A ‘ITEHO]—}\}\E A ]E} A 7+E = glucosers L-MACIA 23
= % %

A3 x7]dd o
TR "X HA o vEA dxHoR FIs] FHEIA EAGL e Aoz FAHA
g ow g 27) o] Fo AFEA AastE S FAT AN
F2) o] Aol A FeEstale Aolet AZbE = glycerol, glucosest= 22 &2 Alghel] w
g A&EA Srtete AS F1T = A, A A7t F45 ¢ wy FrkelE AS
g 4 AN
Acetate®] FHF2 HX < A7t FAEFE Wy Friete AS A% 5 9dlen,

-1 =
butyrate® %< Al F7e WA BF $E J17ke] webA = Ao} gl AL Feld
A&
Lactatet= A 7b4 @Age149] 4 wol AYHBE Fo {71490 g
Arl Wb Frkehe AL BAT F AAS

nlo]l @ Ay oldl F 3Fupel putrescine> 27 S-MAoA"F Al 7bo] uwebr F7}sl= A

| Y
o] &k 2= o]Jo] o
gﬂ]'bga T /\}J\U

Histamine, tyramine, cadaverine® #-2 X A4 A oA A AT ojn] L& x Q= Hfol L

A obrle gele A sk

RS
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—@—SMA B
1 = —O—M-MA A
ME xk -y-raa | P =
,+ﬂ' \T - ] % 3
2] *‘T'\i 24 ¥
1 N 7
B \‘\ 16 ’hix /d
\+ FYo o ¥ g
1 o 8 Fkﬂ#w __
GM-‘\"\%\“.——-\;—-__ Ok _h_‘_i 0 & ‘./%__‘*_ _‘_;
140 210 0 70 140 210 280
20 5
g C D
E 16 4
g ’ ﬁ 3
g
E s =./¢ —— 2
= / ;i -
b l*/ ok ';T 1y 22 4
g 4#% HE PN —
U oo oi
0 70 140 110 280 0 70 140 210 280
75— 20
E F )
60 ,-f*;?"* 16 ,—
g !
45 /%,(* — _+ 12 IH
v Lo /
30 ¥ ’h?r*ﬁ{/ 8 /
ey i
15 4 »
14
P 0
0 70 140 210 280 0 70 140 210 280

Fermentation time (days)
<y 2-9> #Hgvizte] wE HAAA FQ f{7] A&
[glucose (A) glycerol (B), acetate (C), butyrate (D), lactate (E), and putrescine (F)] 3}

Ao wx) AR (9), F1k WA A3 (W), 2 @A A3 (1)

o] ¢} ¥4 RDA (Redundancy analysis, 54 E4) BAEAS & EX A3 hAA
Wt F g}, old mE community2Fe] A A EASA S <19 2-10>
M-MAS} L-MA+= ®& $wto Tetragenococcus’t W&o JIFS 71A+= AS &g 5

[¢}
ANeH, gt ofnjeit EE0l FAELR YEyes AL #ld &
=]

SEAIRE o] of= Htl &2 S-MAY Tetragenococcus®. By Halanaerobium®] 220 U
s 7AE AoRE IAHAF
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W2s0
il w220 Oz2s0
Wiio 170 Aspdtate
! Glyderal
. Ay
el
af, l“"’é g@wu Vo fé‘): (130, Serine
S u QP"’ Glu..ose bﬁlgmm 0, 1 220
:-\; anlissmﬂd M’eromwmddeﬁlr mQG tay OGE w:;; E:n:eme‘ --Oil,m‘né"' Tﬂmgenmoccns
L > Lt = DT ; 5
2'] = Vibrio AT wtn“‘v‘[ethxp m?_vuc ﬂéhﬁrmf‘hﬂaﬂiﬂﬁ
bt Pimtnh treﬂum‘gaim s Al o r;E'ro :na: 1?“.
S | Lq.‘- LA cé' hna\ Alimine
= T \0@‘ i’ll;:t'l!il‘illﬂ..su
a ! o :
- o
§ i Alaine
L | @100
A e
' . ik ® s-MA
1
: Halanaeroblum O M-MA
A D;ij;’ ¥ L-MA
"2
T T ; i |
. : Y 5 10

RDAI1 (62.4%)
A g 7)7kel] 2 ARA] Wkl Alet F7Ee] AdaA 4
Hx Az (M-MA), & 23 943 L-MA)

3. A7 7 +8& LRUAAEY Y, ¥4 H 714 B4
7 2AAZ 7 714 TEUAE 24

(1) 8X AZ2d=z5g &7 5 £
- Alxd AZRYEH WAES Eestr] 9 sl=eA AFHAT AEE PBS (phosphate
buffered saline) bufferE ©]-&3dto] A&t NaClZ2 xS Z4(0%, 2%, 5%, 10%, 15%,
20%, 25%)3%F Marine agar Wi Al
- HAE 2 A FES HAs srds FRY B 2 A4Z2E FEse FRYUE
1, <=4 1A E(single colony)g 1 3t S
- g MAEY SRS vAE] fdte] wAES] 16S rRNA #HAE PCRE &3
FZ% rDNA A3 24

2
=

o

e

_Ll
N—
ot

, ARDRA (Amplified Ribosomal DNA Restriction Analysis,
Aletds <19 2-11>

i o
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<Z1¥l 2-11> ARDRA &40 93 m A& S5 A

(2) 228 2AAE +d L7 #5994 T3

- ARDRA EA44¥ Fd3t ddS Role HAZEES A¥ste PCRS T3 T3H 16S
RNA 422 F1 primer%t o] €3] 16S rRNA FAx IS FEA oz BAstgon,

olgd A Aoy 16S rRNA FAA A <EE GenBankoll 4] BLAST programs ©]-83Fo] 16S
rRNA #3729 sdS EA80 &

- 1 A3 of 100F¢] wAdEe]l F2 HAaL, o] § ARDRA® 16S rRNA 32 A 4&

A FEl oF 10o4F0] Al FERToRE FE HIJoW AF FHIOE ERE HAES]

%3 & TOPO TA cloning kit (Invitrogen)& ©]&3le E.

colidl & A 3 T AojZ colony? Plasmidol] A¥ 16S rRNA #& =} &

3 145 &4
CIe=s
- ol#EA doJF 16S rRNA A ES o] &34 GenBankol4 BLAST program= ©]-&3 &
HAE U= MAES AAsda, 1 AdE vteoR BAAEEA A4S HAAsH e
2-4>3 2
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<E 24> WA ALAM RelF YRS Mo & BAAELA 24

Sample Name Closest strain Identity (%)
M1 Nocardiopsis litoralis 99.8
M2 Staphylococcus equorumsubsp. linens 99.6
M3 S. salexigens 98.9
M8 Chromohalobacter canadensis 99.1
M9 Halomonas sinaiensis 98.6
M22 Psychrobacter pulmonis 99.5
M24 Tetragenococcus halophilus 99.3
NM1 Phychrobactera limentarius 98.11
NM?2 Bacillus subtilis subsp. subtilis 99.88
NM3 Bacillus licheniformis 984
NM4 Salinisphaera orenii 96.47
NM6 Ocianobacillus picturae 99.89
NMS8 Ocianobacillus picturae 99.87
NM9 Virgibacillus soli 94.19
NM10 Psychrobactera limentarium 98.35
NM13 Bacillus anthracis 99.87
NM14 Lentibacillus juripiscarium 94.32
JT-1 Vibrio azureus 99.02
JT-3 Vibrio hepataius 99.24
JT-4 Photobacterium jeanii 98.92
JT-5 Vibrio azureus 99.13
JT-6 Vibrio alfacsensis 100
JT-8 Vibrio atypicus 99.58
JT-9 Photobacterium damselae subsp. piscicida 99.79
JT-10 Vibrio owensii 99.21
JT-11 Vibrio campbellil 99.9
JT19 Enterococcus faecalis 100
SJ7 Photobacterium damselae subsp. piscicida 99.89
SJ9 Vibrio azureus 99.23

S4 Vibrio azureus 98.56

S8 Vibrio azureus 98.38
S10 Vibrio communis 99.46

(3) d€ X7 «d 2R #5F9 7|4 2 71T AR FERTY A4

(7}) Aflatoxin A4t 30| (Aspergillus flavus)e] AAS A= vAE &4 2 7]

54 A7

AENN BROIF A favusi ‘aflatoxin'o]ehe =S4TV A L Aol Aol 7]
AEA, Bl e Ao sbsAel 917) WEel 4Fe] ShgA Akl AFasle] 9
FAe
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bdet™, At s BESHA A WS mtdsE] 98 AF(A )N el
nAES o83 A favus A A5 FHstLA 5=

=S gAEl7] 93 Inhibition zone A ¥ S A A&7
st A Aavusst FHERUAB =S wigetr] A WA= 247 & F TR BaAE
AHE-8F &

A. flavuse= A-8¥1 A2l PDA (potato dextrose agar) B Aol 2% NaClS H7}ste] A
Aavustit oty Aol E28 3948 FERMABE 9 BF 43T = A e,
2 stve 94 PAE AEuA 0 Marine agarfl Al & AF-&3ke] GA] mAED A4
favus7t 5 3% & F A=F i+

zkzk o] spujAlel] gEFol = AdeA FHE wAES 3B mmd Zol®E &4 =Eete] 7}
ZF A Eskal, 50 mm "Wolx "t Eol = PDA Hdu Aol A ulg] wjdd A Aavuss A5
65 mm Z24 HeE AR&ste] FAE WG A= HiAE "ol HEFAS

HE 5 25T oA 547 vigstaA Addom FH A favusd] TAMAE AdAA=RE 5
oA =

A A <39 2-12>3 o] AAdA FEE FERUAE ol A Aavuse] BFS 7
AA e #& = F AFE, Bacillus sp. MJ419} Bacillus sp. My9 57} o
20-30%°] A. flavus AL A AAE Hol= Ae FlstA S

N

=06}

ket
4
-
~

Bacillus sp. MJ41 Bacillus sp. My9 Control

PDA
(Potato
dextrose
agar)+
2% NaCl

MA
(Marine
agar)

<™ 2-12> 9A AZ ol A= A davus B A
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3
"§%91 protease 280l olaf A4 o] doju= Aow A U=

ady dAztA ARy 2o S 19374(25-30%)01 4] protease o] A& wAE
e 2y 2 54 A% #Ed BRaus Wol o]Fojx A f¥om, 5] AL ~EHE
AE Frste AAE] F7HE 7 A ek sk

o= HAES nA3H A =2 protease TS ZFH <

>,
ofo
ik
=)
03“:,
e
B
N
o
o,
:{o
E
il
S
1N
A rlr

= Hetd= vAES & Al o
HF7HA o m, Ao 22 fzbRe 4 AR 71" (chiting et MAES dEdE B

a2F 3RS
AMe-AozRE mAES BEdty] 98] AolA HFHE A &S PBS(phosphate buffered
saline) bufferol]l ¥4 38|X 3t AE(0%, 2%, 5%, 10%, 15%, 20%, 25%)& 2Zt7] &gt
=kl

ZREUE FHg3 54, 2eh)d wep dEsta 13] Aduidts S o 3 F &
2lg mAES<aY 2-13>9 Zo] 16S rRNA F{A-ARDRA ¥4& Fdso T84&
=ola, 16S rRNA 22 A9 sequencingS F3] ¥ojx 16S rRNA FHdA AL
ez-taxon % NCBI-BLAST program= ©¢|&3}o 7|& dolgHo]xele] HWE &3

2-5>9F 7ro] A5 A (similarity 2 identity)S #2315

_4

Marine agar Hj #] ]

i <
iy " il |
<19 2-13> 16S rRNA gene-ARDRA fingerprinting =}

rSE
A
Y
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<E 25> Mg AZERH &5 RUE dF 5=

Quer . NCBI Diff/Total | Similarity
Hit accession NO
y - nt %9

Staphylococcus equorum subsp.

4-1 ) AF527483 0/893 100
linens RP29(T)

4-2 | Kocuria palustris] DSM 11925(T) Y16263 0/896 100

4-10 | Halomonas stenophila N12(T) HM242216 40/879 95.449
Staphylococcus equorum subsp.

5-3 ] AF527483 0/839 100
linens RP29(T)

5-10 | Halomonas jeotgali KCTC 22487(T) EU909458 26/894 97.092

5-15 | Tetragenococcus muriaticus X-1(T) D88&824 2/689 99.689

5-22 | Halomonas salina F&-11(T) AJ295145 15/895 98.324
Micrococcus yunannensis

5-23 FJ214335 2/871 99.770
YIM65004(T)

5-30 | Shigella sonnei GTC 781(T) AB273732 6/688 99.128
Marinilactibacillus piezotolerans

5-35 AY 485792 42/708 94.068
LT20(T)

5-37 | Alkalkbacillus halophilus YIMO012(T) DQ359731 2/926 99.784

5-39 | S salexigens 29CMI(T) FR714935 3/926 99.676

5-46 | Salinicoccus salsiraiae RH-1(T) DQ333949 0/951 100

(2) 298 A2 7 282 #59 7158 R 768 #AA FERLY AE

(1) @9 A 7235 A H(Protease activity test)
- tpekdlk 9 %=(0-15%)9 Marine agar BiAo] 1% skim milkES H7}ste] iR & A %349 1L,
A Qo] E RS wjFdl vt AS spottingdte] 2-3Y HlY & clear zone Ao Fo u}
]

o
gt Aol A e MAEE adzdddAe] el Zelss dEstaA &=
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<9 2-14> 83 " =2 Protease activity test

1, Kocuria palustri, 2, Staphylococcus equorum subsp. linens, 3, Staphylococcus equorum
subsp. /inens, 4, Halomonas sp., b, Halomonas sp.; 6, Staphylococcus equorum subsp.
linens;, 7, Tetragenococcus muriaticus, 8, Staphylococcus equorum subsp. linens; 9,
Halomonas sp., 10, Micrococcus yunnanensis, 11, Marinilactibacillus piezotolerans;
12, Shigella sonnei, 13, Alkalibacillus halophilus, 14. S. salexigens; 15, Salinicoccus

salsiraiae; 16, Tetragenococcus halohpilus

(W) 71891 E3l5 29 (Chitinase activity test)
- 1% colloidal chitin (w/v)= F7}¢H marine agar W =]l
o] 343+ WY F, clear zone Aol o wigt 7" &3
- 1 A <29 2-15>9 2ol chiting wafste PAE A
&t B FAA vAES FEste 71" 23 &

23k oz WS

- 102 -



<29 2-15> 71¥€l &3 g4

1o

N4
1, Kocuria palustri, 2, Staphylococcus equorum subsp. linens, 3, Staphylococcus equorum
subsp. /inens, 4, Halomonas sp.; 5, Halomonas sp.; 6, Staphylococcus equorum subsp.
linens; 7, Tetragenococcus muriaticus, 8, Staphylococcus equorum subsp. /linens; 9,
Halomonas sp., 10, Micrococcus yunnanensis, 11, Marinilactibacillus piezotolerans; 12,
Shigella sonner, 13, Alkalibacillus halophilus; 14. S. salexigens; 15, Salinicoccus salsiraiae;

16, Tetragenococcus halohpilus

(th) €83 84 A3F(Hemolysis activity test)

AR W wmAE F+H F, Vibrio, Enterovibrio, Photobacterium, Allivibrio s
pathogenicity 7} & 7| & = " Eo] EAg i Bil (Jung et al, 2013)ES EUZ
ATE T3 AA
A=Al ek 1S o

Aol o] w3k Wy

rie
i >

il

Rl
g

poss

O AMF A2 W HY 7hsA MAEY 29

Az AMeAoZREY WHA/tsAd dFE B f8 xS A5 AFHS PBS
(phosphate buffered saline) bufferel <4 3]A4ste] TCBS (thiosulfate citrate bile
sucrose) agar HiA|eo EEalo] 30T 2-39 1+ vl st

g 5 dEety 54 wel 22UE FAda 13 A S S &5 S ds

= wdd ¥F= 16S rRNA 34 HEE& £43ke] ez-taxon ¥ NCBI-BLAST
program+= &3l 7]& dolEW o] ~eto] Asd EAS E ofwe nAEJA EA A

I A3 <FE 2-6>3 o] 11709 Vibrio strain, 3702l Photobacterium strain, ZL&] 3L 17

0.

o] FEnterococcus strains w8 dtH oW, o] A% Salinicoccus, Pseudoalteromonas,
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Exiguobacterium, Planococcus & %3 w5 &8 2 T = AL <& 2-7>
£39ukS g4 A3 (Hemolysis acitivity test)2 7|0 HAVISA 52 I dEz
Vibrio, Photobacterium, Enterococcus 4| ¥3t% &= #F9S F383 S
3% 2-6> TCBS A8 A& &3 ¢ Ted ¥d7ts4 &5
No. Species Strain (T) Accession Sirrti;/j)rity nt/Diff.
JT-1 Vibrio azureus LC2-005 AB428897 99.02 9/918
JT-3 Vibrio hepataius LMG20362 AJ345063 99.24 7/923
JT-4 photobacterium jeanii R-40508 GU65209 98.92 10/922
JT-5 Vibrio azureus LC2-005 AB428897 99.13 8/915
JT-6 Vibrio alfacsensis CAIM 1831 JF16656 100 0/989
JT-8 Vibrio atypicus HHSO02 FJ009624 99.58 4/954
_ Photobacterium damselae
JT-9 subsp. piscicida NCIMB 2058 X78105 99.79 2/942
JT-10 Vibrio owensii DYO05 GU18180 99.21 8/1008
JT-11 Vibrio campbellii ATCC 25920 X74692 99.9 1/964
JT-19 Enterococcus faecalis JCM 5803 AB012212 100 0/785
_ Photobacterium damselae
SJ-7 subsp. piscicida NCIMB 2058 X78105 99.89 1/923
SJ-9 Vibrio azureus LC2-005(T) | AB428897 99.23 7/908
S4 Vibrio azureus LC2-005(T) | AB428897 98.56 13/905
S8 Vibrio azureus LC2-005(T) | AB428897 98.38 14/862
S10 Vibrio communis R-40496 GUO78672 99.45 5/934
<3 2-7> Vibrio, Photobacterium, Enterococcus ©]% +2l%® tfs 5
No. Species Strain(T) Accession Sim(i%)r ity nt/Diff.
JT11 Salinicoccus salsiraiae RH-1 DQ333949 99.9 1/978
JT13 Exiguobacterium marinum TF-80 AY594266 99.66 3/895
JT14 Salinicoccus salsiraiae RH-1 DQ333949 100 0/794
JT15 Joetgalicoccus halotolerans TKJ-101 AY028925 99.55 4/891
JT17 Exiguobacterium marinum TF-80 AY594266 99.64 3/830
JT20 Salinicoccus salsiraiae RH-1 DQ333949 99.66 3/895
JT21 Arthrobacter creatinolyticus GIFU 12498 D88211 100 0/726
SJ4 Exiguobacterium profundum 10C(T) AY818050 99.78 2/892
SI6 | Vagococcus fluvialis CCUG3)27O4(T Y18098 98.96 9/863
Sjl0 | Staphylococeus sciurt subsp. | p\p0345(T) | AJ421446 100 0/810
SJ11 Aerococcus urinaeequi IFO12173 D87677 99.79 2/932
SJ13 Psychrobacter celer SW-238(T) AY842259 98.79 12/990
S2 Pseudoalteromonoas undina NCIMB)2128(T X82140 99.11 8/897
S3 Planococcus maritimus TF-9(T) AF500007 98.15 17/918
SH Psychrobacter marincola KMN277(T) AJ309941 99.25 7/928
S13 Planococcus rifietoensis M8(T) AJ493659 99.89 1/929

@ €3¢ A A 3F(Hemolysis activity test)
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)

Ry

Hel R werely] A% @ 44 2

e

H % 1% sheep bloodE % 7}38F marine agar ¥ A
of T3t A of Fol dis) #HEIAS

O Ay <9 2-16>¢ 2ol Vbriodl %
Y, Photobacterium®| <3+ 370 FFolA &
5, vpekE ol A
o 7= Yolytor dHA ¢

il
rlo

o,
a.:]
r o

1> o

damselae subsp. damselae®] 73

2
ol
il

fr

E’_]_-

rr

jn)

L
a

<

Ve ek

. Photobacterium

ohuet 4ol
Zael el

=
Kol
=]

<a¥ 2-16> A%

Ao 83t Photobacterium strains 2] 334

4. AZ VY F& LR AEQ Salimicrobium jeotgali MJ3% 7154 &4

b Ao 88 S jeotgali MJ3e] HAA &4

- A Fe g 7 FastAl 719etal S ol AAA = Har A=
T ol A e oln] XL Ee e Fo mAEEY FHA AFE
A

- BARE o} kA] o]y e A= AA ] FAH glom E tE e HF
Z kg lojAE FAH SR o] Fol HE gls

- ES o)y e AL wEe] wAYUZ] WA THEHAR ZFe HAon
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Aol 7Hd wol At HA Y AA 7losta s Aoldt FHH= MAET ¢ T

FAAE LAt o] HE ARE A sk

o] Fot] AATE wIUEFS & F A 2 Bw

o gol, ZAEHY AL opl A AAlet 2 AESHAA Y AvE ALY

Rom, Fo AA thAE A3 diddE FHAAE FelsteE Aol 9oE Fil e

- Salimicrobium %9 P& AAH HAAY FPEar|gh s F AFd B
o]

LR

o
o
i
I
n)
T

o
o
N
N
_>L
:LI
oEE
(o,
oX,

}-H

FAAATE Bl O 5 A

o A
AEarizteld HavE dEoM A dARdAM FAT HAA vdE

_ Salimicrobium jeotgali NLI3
2,698,725 bp

<9 2-17> S jeotgali MJ32] A& AR A=

- AA 7L FAAJ] SAES <E 2-8>° AsE

- S Jjeotgali MJ32] AR+ 2,698,725 bp =712 chromosome, 52,672, 25530 bpe] =&}
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AR om Zpzro] EIFEH U= C+GEFFS 247 46,5, 385, 42.0mol% ¢
r 9] 2 o]F 93%<1 268170 At @
waAso] AX WA Feshe AL FAT 5 UAAS
4 -

F+ rRNA ¥ 22 T2 @A 3tdo] g840 2 dojd Fo = o

<E 28> HA AE AGe wgow @ faxe] 54

Characteristic Chromosome pSJ52 pSJ25
Size (bp) 2,698,725 52,672 25,530
G+C content (%) 46.5 385 42.0
Total genes 2,783 59 20
DNA coding density (%) 88.3 72.4 779
Protein coding sequences 2,681 58 20
Proteins assigned to COG (%) 1,975 (73.7) 13 (22.4) |7 (35.0)
rRNA operons 7 - -
tRNA genes (diversity) 69 (33) 1 (1) -
Genomic islands 15 1 1
Confirmed CRISPRs (questionable)] 1 (1) - -

Y. RAZoA B8P S jeotgali MJ32] thALA] &4

(1) 'H-NMR< ©] €3 compatible solutes &4
o

XA EElE S jeotgall M]3 1 HEH o2 HH 7}3117\]% NEREYAZRE AX
= Eié}ﬂ & AEH ‘compatible solute’E =28}

olg]dt ML Yol AAtE o] =25 compatible solutes®] FHE BBHAsl7] 98] At
A v‘f—*—;% A5 &

Compatible solute® #413}7] 918 10%(w/v)e] NaClel %3+ 9= marine broth# =]l
A S, jeotgali MJ3E ¢ O.Dgonn=0.8 7FA w3t H, LA EZE F3to] ajFdol A AHE

o)
TS st 9 S S

olgA dolF AME 2ZAS 600-MHz 'H-NMRE o] §3l0] 7A%59S. A% A7 <13
2-18>3 e ~HEHS BIPow, FQA35HA  glycine-betaine, glutamate, glutamine,

proline, ectoine, ~2¥] i hydroxyectoine®] 7 &% S
ol UAMAIES 1L g9 &7 oA Ao FAs = o=z F5H1, 21 4 oA Al

£ UelA] ol FolAE AT FH PP sheftun HeS
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B 0 0
BB Glnl J Glul

HaC—N s i ;
GB1 é'_({;Bl i "N im Jem3® O gz J6ma®
¥ NH; NH,
betamne glutamme Ehltamate
HE3 Pl Q'
E3 - .OH
W E1 Jﬂ \“Tf[El P2 =
le ; B 4 5 A
E:""L'r'jy L0 HyC” "ri”JZEEn”O SN o
: | HE2 I H,
ectoine © hydroxyectome prolme
E2
P3" PY HE:
HE3" HE3F
Glu3 3 E3“ GB1 {;h,_ G“‘l Glul
Gln3 g2
i N\ ﬁ/
DSS DSS
— \E:i |
L _ J"- (. -"\_ h

<9 2-18> 600-MHz 1H-NMR=Z AZ3 ~9 e

(2) AA G718 S vt"g o2 3 compatible solutes BFA FH2 4

- AAD7NAAE BXE 58] RIS jeotgali M]3 AA| 97] AES bty oz d

compatible solutes®] AgtA o FHodt= &4 A FAAES &4 2 1 A4S

= <29 2-19>

(A4)

gbsA gbsB ghsR

G - -

gdhdl gudB gdhAd2

(©) -4, —

gD ghB

@) -

gind ginR

) -y -G

ectB ectd ectC ectl)

&) - -G

argE argD argB argJ argC

(G) -- - -

rocD proC

(H) 1kb -8 -G

proC picdh

<1¥ 2-19> F8 compatible soluteE< A= FHxo 74
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- 1 A3 19 sHAA FAEHE gAAIES ARAE BEVF EATESE g9 o, o=
UAAE AT ekt Azel Folsts ma fAAEL olFI dol, FAA A, 1
a A B B BPY duE XS S AN <E 29>

- 600-MHz 'H-NMR9] A& A8} S jeotgali MJ3¢] AA 447 49 ARE ngor =2
F=9] NaCle] X3ty o] Q= AoA AESH7] 918 compatible solutes®] 2% 74 &3}
TR ARd Felshe mad A4 FAAEY TA 4TS wers] A BHS 5
B S

- Compatible solutes®] A & A FHAAEY A FoAAe FAHES ZABIIS W,
glycine betaine, glutamate, glutamine, ectoine, “L2] 3l ornithine®] A3 FHA7F Ld9 =
o] FAE o]Fo] 1 ¥ T892 compatible solutes®] Aol 7tedd Hoz oA

<X 2-9> 82 compatible solutes g4 A=
Product name Gene Locus tag Length Direction
name (bp)
Betaine
Betaine aldehyde dehydrogenase gbsA AAV35_002775 1471 +
Choline dehydrogenase gbsB AAV35_002780 1686 +
DNA-binding transcriptional
regulator, GhsR gbshi AAV35_002785 546 +
Glutamate
Glutamate dehydrogenase gdhA AAV35_002805 1383 -
Glutamate dehydrogenase gudB AAV35_006040 1263 +
Glutamate dehydrogenase gdhA AAV35_010370 1383 -
Glutamate synthase small subunit gltD AAV35_009610 1488 -
Glutamate synthase large subunit gltB AAV35_009615 4643 -
Glutamine
Glutamine synthase g/nA AAV35_006710 1332 -
DNA-binding transcriptional InR AAV3S 006715 405 _
regulator, MerR family & -
Ectoine
Diaminobutyric
acid aminotransferase ectB AAV35 008025 207 "
L-2,4-diaminobutyric
acid acetyltransferase ectA AAV35_008030 1280 "
Ectoine synthase ectC AAV35_008035 393 +
Ectoine hydroxylase ectD AAV35_000930 933 -
Proline
Acetylornithine aminotransferase argD AAV35_009590 1188 -
Acetylglutamate kinase argB AAV35_009595 789 -
Arginine biosynthesis _
bifunctional protein arg.J AAV35_009600 1218
N-acetyl-y-glutamyl
phosphate reductase argC AAV35_009605 1035
Acetylornithine deacetylase argF AAV35_001345 1362 +
Ornithine cyclodeaminase ocd AAV35_007870 948 -
Ornithine aminotransferase rocD AAV35_009335 1196 +
Pyrroline-5-carboxylate reductase proC AAV35_009790 810 -
1-Pyrroline-5-carboxylate _
dehydrogenase p5cdh AAV35_010445 1548
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32
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- olgh 2o fAsRe oW Bdo) ofgs sk s, 4 wAlel Agate mae of
23 Y 542 AASE AR o2 ARE o = QS

- U B RE Eato]l 3 BANA AEWe] FHHE BQ3e] BAC tste] RS A
S 7 A%, ol ARE vReR 3 d 37 delA compatible solutes®] A3FAE EAi
E0°| S jeotgali MJ3 AE HelA dAHow W= AeS dotstax F7H4 AP S

A9 2

Glucose — > Proline
i OCD (ocd) IPmC (preC)
Hydroxvectoine / \\‘ 1 o
) Glyceraldehyde Dihvdroxvacetone "~ c-fr:;:»’r;iiet:- s
EctD (ectD) 3-phosphate ¥*  phosphate "
RocD
Ectoi
: ?me % 1 Oiiibine (rocD)  Ghytamate-5-
EctC (ectC) Py 'r'L}bvaIe a semialdehvde
Ny-Acetyh-L-24- 3 i
T-Acetyl-L-2: 3
diaminobutyrate AC&EC:DA N-Acetylornithine
EctA (eczd) | ArgD (argD) Es;gg
P - Citrat ArgC (argC) =
Diamino butyric acid Oualoacetate N A
) ArgB (argB)
EctB (ectB) GDH AT D
L-Aspartate-f- Aspartate (gdhAl, 2, gudB)
semialdehyde =4 2-Oxoglutarate ————— Glutamate
S GlnA (gind)
Choline (sltDighB)
Glutamine
lesB (ebsB)
Betaine aldehyde
lGhsA (gbsA)

Glycine betaine

<29 2-20> S jeotgali MJ37} 2= compatible solutes®] tA}E =

(3) A& F: S jeotgali M]3 A AAtE = compatible solutes®] 243 #8754

- S jeotgali MJ37} 13 A A AESH] f8llA4] W=+ Ectoine, proline Glycine-betaine,
Glutamate$} -2 compatible solutesi= Ao 2 &87b5Ado] vj§ =&

- Compatible solutes= AL B2 AW XzAR o] &M, AFEHORE A7} o] Fof

ok o]

T
X]—ﬂ 911{? =

M

- S jeotgali MJ37} €53 £ T2 F43F+ ectoine® 7% small molecule chaperones
(SMCs)o. 24 a2 o] misfolidng =+ aggregation® ZH-E fitE 4 Qs d=3slo|y
U, upre 24 Ho) out -2 A E 3l 1S (Kanapathipillai et al. 2005, Furusho et al.
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t
e
>
o
o,

2
o|N

b Aol EFFQl] A EZQl hsp70 and hsp70B’e] e R A7+

AR R fFHe #He dERES dAstE Ve s

& A (Buommino et al. 2005, Sydlik et al. 2009)

S. jeotgali MJ32] compatible solutesa 3}l glycine betaines A A o}n| :=AF tjAlo

o w2 Yeus A IRAEERSS A Rde ABAR ol&de= Aol AT U
W2k Zholl Ao AL dqusts AR BdE R Aor dHA A=

FIMH o2 S jeotgali MJ33} wv|xsle] A+ Y Halobacillus halophiluso) A ¥

trans—4-hydroxy-L-proline Halobacillus halophilus’} 7}% 52 compatible solutes®A]

29AQ] antiphlogistice] &3t AFAZ ALEE 7% stw, 7habddl Al A <F kA o E

A& HPA = 249 AfAZA AHE5 7% $H(Shibata et al., 2004, Remuzon et al.,

~
2l

9. #AA/AAA BB L Sotel H¥E 54 FAA FuEe AEARA g

[B] Chromatin structure and dyvnamics

[C] Energy production and conversion

[D] Cell cyele control, cell division, chromosome partitioning
[E] Amino acid transport and metab olism

[F] Nucleotide transport and metab olism

[G] Carbohydrate transp ort and metabolism

[H] Coenzyme transport and metah olism

[I] Lipid transport and metab olism
[7] Transhtion, ribosomal structure and biogenesis
[K] T ranscrip tion

[L] Replication, recombination and repair

[N] C ell motility

[M] Cell wall/memh rane/eny elope biogen esis

[O] Posttranslational mod ification, p rotein turmov er, chaperones
[P] Inorganic ion transport and metab olism

[Q] Secondary metabolites biosynthesis, transport and catab olism
[R] General function prediction only

[8] Function unknown

[T] Signal transduction mechanisms

[U] Intracellular trafficking, secretion, and v esicular transport
[V] Defense mechan ism s

[W] E xtracellular structures

[X] Mobilome: p rophages, transp osons

o 2 4 6 8 10
Relative abundance (%)

<29 2-21> S jeotgali MJ39 COG¥A 2}
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- 5 jeotgali MI3¢l A @7 AE ARE ol gste] dgHt AA wwPe T4, 1¥m
Bod A B BEA ol& % e A U ) BRe) 7Y PRF H ¥ &
A

- S jeotgali MJ37F 7FA|aL Qli= A @A S-S AyEd, o] w57t a1 o &4 Wl

BEol Fa% 54 F bl

2
(pD) #& 4¢F 55 Afolof] wl¢- =& H &R FEFIL UYSS ¢ T UL
- oy AL 2y FHAAM MES= Salinibacter ruberol| Wdle]l Aol FAHE v}
Aol dud o] vlso] AA yetuw, 4w #FE3 vusds o, e S
o] Hl&ol AN A vHuEs AS & F U
S. jeotgali M]J37} Salinibacter rubers A3+ Y™ A 359 Hst 0L =2 &
L A E 1 ALl T & Ao®m ditEH= Ad

N
)
N,
£
ox .
(AU
=
i)

— S. ruber DSM 13855
==== 5. jeotgali MJ3

— H. halophilus DSM 2266
====F. subtilis ssp. subtilis 168
——— L. lactis ssp. lactis KF147
==== 5. aureus NRS100

— F. coli K-12

3 4 5 6 7 8 9 10 11 12 13
Isoelectric point (pI)

<8 2-22> SAAPDEIE 02 7FAo 7 gAEE ORFES X E Ul 1=

- AA FAR ARE EA S jeotgali MJ3e] 11 A StAHA Jlef A= AE AEYARHE
H, MxEZ e AF4Y IS FA8H7] st ddstE Yol &= 2 compatible
[e)

solutes®}, 7L ATA| 9] B2E <& 2-10>3 Zo] Fedd & JAS

% 2-10> S jeogali MJ39] 425 2~Ed 2 AP %}

COG gene Product Local tag Length
NhaC-type NhaC-type Na'/H'" and K'/H" antiporters AAV35_002930 1473 bp
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NhaC-type Na'/H" and K'/H' antiporters AAV35_003735 1545 bp
NhaC-type Na'/H' and K'/H" antiporters AAV35_009660 1395 bp
NhaC-type Na'/H' and K'/H' antiporters AAV35_010185 1305 bp
NhaP-type Na'/H" and K'/H™ antiporters AAV35_001300 1185 bp
NhaP-type .
NhaP-type Na'/H" and K'/H™ antiporters AAV35_001905 1857 bp
K' transport systems, NAD-binding component AAV35_007730 669 bp
TrkA
K" transport systems, NAD-binding component AAV35_011240 666 bp
Trk-type K+ transport systems, membrane
TrkH components AAV35_011245 1314 bp
ABC-type Na+ efflux pump, ATPase AAV35 000545 939 b
NatA component - b
ABC*type Na+ effluX pump, ATPaSG AAV35 009550 897 b
component - b
ABC-type Na+t efflux pump, permease
component AAV35_000550 1245 bp
NatB ABC-type Na+ efflux pump, permease
component ’ AAV35_009545 1230 bp
multisubunit sodium/proton antiporter, MrpA
subunit (TC 2.A.63.1) AAV35 005285 | 447 bp
multisubunit sodium/proton antiporter, MrpB
subunit (TC 2.A.63.1) AAV35 006670 | 2328 bp
multisubunit sodium/proton antiporter, MrpC
subunit (TC 2.A.63.1) AAV35.005280 | 339 bp
Mrp multisubunit sodium/proton antiporter, MrpD
antiporter subunit (TC 2.A.63.1) AAV35_005275 1485 bp
multisubunit sodium/proton antiporter, MrpE
subunit (TC 2.A.63.1) AAV35 006270 | 477 bp
multisubunit sodium/proton antiporter, MrpF
subunit (TC 2.A.63.1) AAV35.005265 | 312 bp
multisubunit sodium/proton antiporter, MrpG
subunit (TC 2.A.63.1) AAV35.005260 | 360 bp
PutP Na+/proline symporter AAV35_000730 1410
u
Na+/proline symporter AAV35_010620 1512
GItS Na+/glutamate symporter AAV35_000975 1425
ABC-type glycine betaine/L-proline transport AAV35.009510 1203
system, ATPase component
OpuAA ™ BC type glycine betaine/L proline ¢ rt
ype glycine betaine/L-proline transpo AAV35 011025 1152
system, ATPase component
ABC-type glycine betaine/L-proline transport AAV35.001100 1557
system, permease component
ABC-type glycine betaine/L-proline transport AAV35.002870 1509
system, permease component
ABC-type glycine betaine/L-proline transport AAV35_ 006605 1527
OpuAB System,~ permegse compo.nent
ABC-type glycine betaine/L-proline transport AAV35. 007675 1533
system, permease component
ABC-type glycine betaine/L-proline transport AAV35.009505 852
system, permease component
ABC-type glycine betaine/L-proline transport AAV35. 010415 1497

system, permease component
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ABC-type glycme'betam.e/L—prohne transport AAV35_ 008865 909
system, periplasmic components
OpuAC ABC-type glycme.betam.e/L*prohne transport AAV35.009500 949
system, periplasmic components
ABC-type glycme~beta1r1.e/L—prohne transport AAV35 011015 889
system, periplasmic components
OpuBA choline ABC transport system, ATP-binding AAV35. 006610 1029 bp
component
choline ABC transport system, permease
OpuBB component AAV35_011020 648 bp
choline transporter AAV35_008300 1515 bp
BetT choline transporter AAV35_010155 1632 bp
choline transporter AAV35_010770 1536 bp
BCCT-type Choline-glycine betaine transporter AAV35_010410 1527 bp

19 A stoll st A= AHE bEel gk AXE J S FAEY] fEiAE AlE U2
L9 Na' #5, dAF ez Alx e 2% b8s FAsH7] 9l

toolol fel uigk 2do]l QA H=ul S jeotgall M]3l o5& flste] W

o] & Z(transport)’} EAstal o] ¥alH

A, 84 W =2 s EAE] AE WE Fdfle] FY9Es Nars AxE vpgo=w |

B 7] 9ste] 47019 NhaC-type, 271 2] NhaP-type?] Na' ZHE&Z7} Ex8y Fr7lH o=z

ATP AUAE 2539 Nats AE vpgoz R ABC-type Na® HE 24| E7} 29l

Ry

aga g gid o] BojA sty AES oA He= HE AEfFY Na' §2E g

AE 7H ez, & 9789 Natz2d F28 7HAal AlE e Fd5s ek Nats AxE

o 2 Y E U A ¥

3 233 oA wteElgolrt AHRSE S dF

o

H

il

FR

A A8kl #ske] K's A2 Wl

ZX3A ==, S jeotgali M3l = trk Alagle] KW 2EERE o|F& §AA7 Al 7
=A% & 7 AAF

o

S. jeotgali MJ37F 7FAI L Sl o] & £ T2E o] &3t AX W o9 FHFAAE FA3
of ol o FAA HE 7 & Aoz olad

A W o] &9 A H Qe ojxAHl 1 ¢ A AE whEoE AXE o
compatible solutes#} 3= AHF 4#E FAE g UAAE A SHA H =4, S jeotgali
M]3 = o] 2]t compatible solutes®} 1 HAFAE ME YWHEZ A= =24 §2& o
T Mo E o5 tAMA Y AE W A4S &o] stA T

o
M YHEZ compatible solutesE FUAIA ME WHFZ F435t= 32 AEZ UlFolA AF
dste A Bt Us meddel welgom, S jeowgali MJ3E o2l 744 compatible
solutes®] 22 E3 &8 %07 compatible solutesE =2Zdlo] @3 A A &&=

Aow o

—
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2t S. jeotgali MJ3°] AX W thAA AAEF oo st 7T FHEAL E3

=

ol

N Fuy 79

olE tIAMAIY] ME UF FA 9] gtotalz] $te] 04 M, 1 M, 1.5 M, 2 M,
26 M 9o Z}7] g& %9 9| o] 1+ marine broth¥l =l A wi%H S jeotgali
MJ39] MEZFEEH =29 6702 compatible solutes®] %S <2¥ 2-23>3 o] 3o}ald
o5 A4S flEA = screeningell ©]4-35F91E 600MHz 'H-NMR¥} HPLCE ©]-8-3}%]

%

©
=

i
2,
ot

)

bl
ot
i)

o do

<9 2-23>° A S jeotgali MJ39] M3 Wlol =% % compatible solutesi= & e)e] 7

4= 7AW NaCle] 5ol mebsd ®stetes As S a

ol T3 NaClsxol uegl +=2% F7FS YERA proline®} ectoine®] S jeotgali MJ3<]

F 9 compatible solutes®)& 2135t S

Ectoine®] A% t& diAMAIE Hl&] AE U FHFo] =& AS &3 S jeotgali MJ37}
o

k=
ectoineJ2F vhE|glol2 9] 4FA A o] & ThsAdo] dFS AlAMS

o

35
o~
.E  0.4M
€ 04| "
4 . 1.5M
& 12
S 25 | mm 25M
=
E x.
-1
= =
= 15
: | [ n
=
3
10 4
g
=]
S
5 =
8 ﬁ
I s I Y 11 ULl

Betaine Glutamate  Glutamine Proline Hydorxyectoine Ectoine

NaCl concentration(M)

<29 2-23> NaCl 5=l W& S jeotgali MJ32] A X W compatible solutes =74 =2 W3}

F7}H 02 7+ compatible solutes®] =A =3 AFA Fho LIS HAEr] HFHo]
gRT-PCR (quantitative reverse-transcritase PCR)E A]3)3dle] NaCl 5= wWE A3HA
T4 wd AEgE gotetd S <a¥ 2-24>

B
o,
o,
Ho
2
2
1o
e
el
o
ftlo
BN
>,
rok
v
i

Z} NaClsE® compatible solutes 4334

k=X
ectoines AT ectABC L#Z9] W gfo] AR Fxo wehx 43 F7tete
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- o]+ 9k¢] compatible solutes®] =7 % = ectoine?)

=A%} 4

1
T

W
=

Y

0

Jo

Hlo
il

&
o
)

HGAM 7lse 2

o]
=

S ek gZo] AL

- 3%k ectoine?] A

jmiat

o
Jo

eci‘C

proC

ectD

N 0.4M
1M

gdhA

N 1.5M
C—12M
. 2.5M

40

30

T
=]

— =

[9A9] =o_mm?=u_u8 ?ﬁEQm

Biosynthetic genes

El— A

<719 2-24> NaCl 5%9] v} compatible solutes A

5. W3 W WAE 23 2 gAA 24

7hodlF Alg AR 2 SHAR

o

2ol A =

=

Aow dHA A7) ol e} Wiel gAAE 77 ¢

Gt

)

H,

(2) W= A=

] ©7§o] 19 x 15 x 8

ol ghar, 40°C el A

S

120C oA 2413 A e]

=
=

TS

o

20070 ¢] WlFZS A xstar, 40TolA 204 7HEer Ax

=
I
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a-amylase &4 W3}

(1) 2aA7d 7%, pH ¥3 A

- Ao AMEE "L oF 100 kgol #WFF 180 Lo A5 %(20% NaCl (w/v)S &F F
297 oA B H 2m3EFPHS dFEEEH EEsa 3 T oo 2%
Axs 918 332¢ g 2-27>

Brine (20 % (w/v) NaCl) Meju (100 kg)
+ Brine (180 L)

Fermentation

<Y 227> MAE TR, BAA 24 2 V54 #EE 2ea] A% 98 Az A

Hg7|IZt F pH, WAE A @ FHEAS JE AEAAE FHEOS

pH &4 A¥, wrazx7lol= pH 708 Yeblla &57F g wpe} pH 50704 7Haskad

o 23049 o]Fell= vhA] FUkske S B

dARE70 T AT S 27 107gold HE7E AyEed wet 10%g2 o7t sk
= 10-10%/gem Aol Hla] Ho 8 EAsy HEr|z = 2 Wk glo]

0o

FARE AL AAT F AU <1Y 2-28>
ole WAE AwF BAL B B wEl Bgolnd Awel 9Te wol v o
S EE DL
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| 109
g =
10 .-En
7 D
107 2
| 106 2
10 -E'
105—"1:0

4
4 —- pH i 10 E
—0— Bacterla L 103 Q

—&— Fungi
3 ‘ . . 10~
0 100 200 300 400

Fermentation time (days)

<1 2-28> HAA a7

W oA W Fol %, pHel W3t wd

(2) FaAN7I¥ E8F U 7|5 LaryEe] +H W3
- AEE AFHE AFAAZZHE genomic DNAC] 35S 93] FastDNA SPIN Kit for Soil

(MPBio, USA)E A}&3t%al, &3 DNAE

3}o
= U

e

o=
- g3 #
16S rRNA F3#¢] V1-V3
27F-518R barcoded primers&
(Solgent, Korea)E ©|&3] PCRAHES
454-GS FLX titanium (Roche)& ©]&

<Y 2-29>

A&

Micobiome
DNA Extraction
S LE Bacteria Genos 1 ic DNA
DOENJANG g0
>< 7\\¢ 7
Doenjang sample

<y 2-29> @ U3

<¥ 2-11> ¥}3E=-PCR Eglo]n|o] A&

0.7% (w/v) agarose A7195& 539 F&
g FEoE A

AL A e

-11>, PCR purification Kkit
durel ARz §A

3Fo] high-throughput pyrosequencings 4339 <

454-GSFLX Titanium
pyrosequencing system

;3
Iiiiil" —

CHONE- &
mmlm

AW

S

Varian 600MHz NMR

enactramator

FA7E 2 9 oAb BA A

g o RE st Has G E 2
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iﬂ)ﬂ (day HtEE 9714 4E (5'-3)

0 ATGCTGAG

16 TACAGCAG

28 ATGCAGAC

48 AGATCGCT

108 CATGTAGC

179 ATCGTGTG

249 CTACACAG

332 TAGCTACG

olHE d7IMdE (5'-3)

A o CCATCTCATCCCTGCGTGTCTCCGACTCAG
B o9 H CCTATCCCCTGTGTGCCTTGGCAGTCTCAG

- Pyrosequencing A3} & 434327012 A71A <Y readE F wHEA7] ¥ 8 AREFEH A
3, QC (Quality control)= 33l 1 Foll Al quality score kel SAY, read Zol7}F #
Ak, Mttel B Eo]lZ el readE A At wA 2O 2 chimera sequencesS A 73 A
HEHoZ 23031719 reads & F AU

- o]lg 3 A= RDP pyrosequencing pipeline(http://pyro.cme.msu.edu/)S ©]&3te] 97% <4

71ME FAE VlEoe R BF ZZFA @9 (Operational Taxonomic Unit, OTU)ES  Al4ks
]HFar Al (rarefaction curve)®4S Ea wHaA7¥ AMZ U alpha-diversity® 43

_0|L
rr

1 Qs
3, waEslE Mad we GRS iAW 89 44 gl A i

300

oTU

T T T T T
0 1000 2000 3000 4000 5000

Number of sequences

<28 2-30> @A HgA 7] 8 AHE A B5Ae FurarA (Rarefaction curve)

e
O_{.[t
o
22

ZF A8 mAAE FFHEAS RDP naive Bayesian rRNA ClassifierE ©]-83}¢]
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S BAAR B (Phylum)FwolAE Firmicute 7} W& 205 2g7F 29 w7 =2
Tk Aes AT = Ao, Actinobacteria 7% TE x| 25 7St thA
st AS gQlE = Qe <29 2-31>

® Unclassified

m Bacteroidetes

I Protecbacteria

W Actinobacteria

M Firmicutes

[ |
DO D16 D28 D48 D108 D179 D249 D332
<9 2-31> HEAY] E 94 AzoAe mAE A (phylum FF)

24 (genus) F=olAeY MAE FHo HolE AEIPS Wl Bacillus %0 AA Lz 7|7F
o $H-3= AL Feldd 4 A3, EojHor g bR Y 48U VA Bacillus 2+ ¥
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B Others

® unclassified_Bacilli

B inclassified Bacillales

8 ynclassified_Thermoactinomycetaceae 1
B Corynebacterium

m Staphylococcus

[ | | | | | | | ) B Oceanobacillus

B Clostrdium sensu stricto
I I I I I B Enterococcus
B Loctobocillus
I I I B Tetrogenococcus
B Bacillus
|

DO Die D28 D48 D108 D179 D249 D332

<29 2-32> waA7dE 3F AR Y mAaE FHEA (genus FF)

vl Hg A 7|E @3 U A W3S 2 vAE TR AFFAA FAF Y
- HAA 2 g 7 F9 AA H3E proton NMR 2412 o] &3] <& NMR A3 E 29
3] ChenomX ZZ1HE& AF83lo] ZF tALA] 2 annotation ¥ 224 & F339 S

<y 2-33>

ub)

=

- 2 A3 93 W 43 obv] At % alanine, glutamate, glycine, leucine, lysine, valine©]
T opgtolEhs RS FAF 5 d%den, &l Enterococcus 53 =7F Akl
Tetragenococcus 2] X7 71k A QA 484 o] 5o F43] S71ste= AS &g
T A=

=4l lysine, alanine, glycine<-

el ek Jeucine ¢lo] ¥ (Namgung et al., 2010).
=

2 v Fo] BokS v Tefragenococcus= BFe] #rS A= T vAER ddd

- o3 opu At FF kS AAst= T
73

Fk‘l

2
¢k

©
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200
BN 0 W 16 £ 28 EEE 48
= B 108 EEE 179 mmm 249 BN 323
=150 S ———c
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0 |

<72d 2-33> wra A7) 8 @A A 7oA FQ ofuin-

A 6]—%1: ﬁﬂ. A

T H

)
o
Lo
N
ko
au”
B
[0
o

2+ glucose, fructose, galactose, glycerolo] #2532
47HA ehagl R %}ﬁzﬂ 104704 S7kstitrh 24744 A3 =g A=

glucose”} HH}EH] Z.}ié}‘}iﬂ, 108Y o] 5ol galactose, ~L#] il

T8 gadEo] gadd w}a} lactate ‘3% acetate= S 7Fst =l o] &2 fructose %
glucose’} ZA43dh= 429 o] %o w27 F71skSal fructose, glucose”t 3] AREE A7)
M= S7F glo] HE7IZF Wl IS

4-aminobutyrate < GABAZ Z &elzl olm|ile]l 749 108Y o2 F438] F7tstsl+
GABA:= A4ddE=dz2r 985 gt Aem I opnmtto s HoA =9 £3)

5 Fxeta Ao Ve Gt o= e ot Hd Aol R AREE R

lactate, acetate, 4-aminobutyrate 5. 7Tetragenococcus’} $-743tal Q= Al7]ol F7tet=
Ao ® Mol Tetragenococcus’t ©1 &9 Aol Aol & Ao=w HI

o] ]9 I= butyrate, fumarate, isobutyrate, isovalerate, propionate & A =} o1} uf-$-
nFos & Weglel AR S <1¥ 2-34>
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P 2 Gyea | | B 5
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bl D IME
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E £
= =4
1] -]
g g
e n
o : T . 0
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F ermen tation time (days) F ermentation time(days)
<O¥ 2-34> HEAy] # 1 AR AY Fo KU i W
- ol9} A TEAVE 3HEoT FAg giAbA ARE o]&ste] FAAEEA (principal
component analysis, PCA)E AA|gt A3} vt Ay Al7|gE Wiks] fREE= AS &
A = Ao, PC 1& 7oz Hart sde me} Helstes AS AT F+ AN
& <1 2-35>
100
+i9
80|
&0
g 40} ,-—OJ;L\ 24’9:'{_..-— <.
E et Y
g 2'q- = 16d =20 o
wn 3 P e 4
5 e l/’__‘\{ -
t[l'-; o I
g % Ny asd 7 s7%d
28g " D e
il et |erdt #12 |\1$1§1? /.I
a14 13 =
w0 . . . | ., '1,51'03:" .
00 80 60 40 -20 0 20 40 60 80 100
Scoreson PC 1{27.12%)
<y 2-35> FAAE A (PCAE &3 tAMAl Hstddat daA7]e Aad &4
6. 83 U #8& 7l WA= £8 2 74 H7t
-¥% U pyrosequencingg £3 HAE £F XS 58 Bacllus’7t ¥ W 8 s+ T8
R EDERER
-o] AxE EUE FAAA Bacilluss 2lste]l QA A d&kdnt 2 #H% dbge 3k

- 125 -



< "A= 71sAd B7kE A9d
AR H7tE 75 22 protease activity (b A 3

A Hxgow, A e VIS F

oX,
M
ro
o
1o
=
il
M

<19 2-36> @A EE3d Bacillus® protease activity(th# 2 H-&2]) test

d

-Protease activity test® %3] 1A= XYEE Bacillus 55 o=z HAA vAAE
Escherichia coli, Bacillus cereus, Staphylococcus aureus, Listeria monocytogenes =9l
gt v S FAst 232 5 716 Bacillus 9t TE AEE <19 2-37>

—ol g WA AR JAleS BAe VIeA MAEES 948 A A + 3

€}
oy MARRYY /198 Ut dFe 432 a9 5 A4S

==
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<2y 2-37> 12 AW 3 Bacillus® antimicrobial activity (3 &A]) test

“we @ye] 9w Ravd FT BHS AW HPY 9] #FE BPOE 165 rRNA

=

<3E 2-12> AAE 9] w9 16S rRNA @71 E #4 2 54479

=
Sequence homology
Isolates Closest relative
(%)
JI-D16 Baillus methylotrophicus CBMB205(T) 99.93 (1/1415)
1J-D34 Baillus methylotrophicus CBMB205(T) 99.86 (2/1405)
YJ11-1-2 Baillus methylotrophicus CBMB205(T) 99.93 (1/1416)
YI11-7 Baillus methylotrophicus CBMB205(T) 99.93 (1/1416)
JJ-D8 Baillus methylotrophicus CBMB205(T) 99.93 (1/1410)
JJ-D51 Baillus methylotrophicus CBMB205(T) 99.93 (1/1414)
YJ11-1-4 Baillus methylotrophicus CBMB205(T) 99.86 (2/1415)
JJ-D12 Baillus methylotrophicus CBMB205(T) 99.93 (1/1416)
YI3-6 Baillus methylotrophicus CBMB205(T) 99.93 (1/1415)

-5A% 9ol dFFE e R F7F 7S A testE® 23 3k fibrinolyric activity (33 83
T) AF-E 82135l 7] A8 Cell-free s oz TP &4 AR5 A Ay
S AT 4 S <Y 2-38>. olB2A HET, A, T

p— | N
e} avr
oA AWS ek Aol He ddE &8 & s Vs As FAEd UM

“QD
B
i
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<¥y 2-38> AEE 97F9] fibrinolyric activity (24 €3]%) test

D16 1-D12

Y112 Y36

Ay

Yili-1-4  1-Dy

<29 2-39> AHE 99| cellulose-degrading activity (44 £3l5) test

_4

235 (amylase activity)S &21&t7] 93slo] Gram’s lodine A A 2FS 1% soluble
T EA oFE BEY A3, AR

BRI |
starch LA v x| ol A w3t colony TR

=]

d fF RF ARA 2ase e
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-Antifungal activity (
418095 1831 2. Aspergillus flavus subsp. favus 9 A4S Adsls 425

I AdE 7 B A 245 HEleE As 08 7 AS <39 2-41>. O]i’ﬂ
& I Fels dod nk oyl dids] gk MEHE<l ‘aflatoxin’S ABAATFOEH 2
F9] AR Aol Agtajle] E F e A favusE A T F Av VTAEE Q’O]%
T AR

7. 9% W & 2EvuAEQA Bacillus methylotrophicus JJ-D34¢] 7154 &4

7}, AZANA B89 B. methylotrophicus JJ-D349] fA A &4
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H R B. methylotrophicus (Sim et al., 2015)
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=

AW #EE

bol QA 207

7(61 S

=l

R4

St B. methylotrophicus strain JJ-D34

ol A e

!

olp
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<19 2-42> B. methylotrophicus J]-D34 2]

<Y 2-42>,

- Genomic DNAE phenol-chloroform

—~
o

FAR AEE a8 Ay <™ 2-43>9F 7ol 1719

1
T

chromosome®|
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<19 2-43> B. methilotrophicus JJ-D34¢] A& 42 A=

- A A7IMEY FAAR] EHES <HE 2-13>9 AR
~ JJ-D34 TFE 4105955709 A7 ER o] FoA e ARRES
46.24% <

- Awol EA8= & FHARY M= 412070012 1 F 3982709
FYste] A E YoA] ZLsteE AL 3ed £ 9 S

<X 2-13> B. methilotrophicus JJ-D34 ¢ A= &4
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Value for:

Characteristic JJ-D34
Size (bp) 4,105,995
GC content (%) 46.24
Total no. of genes 4120
No. of protein coding sequences 3,982

No. of proteins with function prediction | 3,231

DNA coding density (%) 96.65
Protein assigned to COG (%) 2742 (65.55)
Average gene length (bp) 996.59

No. of rRNA operons 9

Total no. of tRNA genes 86

v, 9% F8 B. methylotrophicus JJ-D34¢] 7154 AR &4

ForHEH AMAEE 44 T 752 7 COG(Clusters of Orthologous Groups)® 2t
He FAAs A ke 66.55% % S5 A5

5 7 7IedE JHH g2 ERstd ofn At F=Ea tiabe] dHEE FHAEC] 7HE
= H &S AAsHH, dAbel gsts £ 9 Al #EE §FAA GA =8 HES

A QAL <2 2-44>

=
N

[C] Energy production and conversion ]
[D] Cell division and chromosome partitioning T— 1
[E] Amino acid transport and metabolism - ]
[F] Nucleotide transport and metabolism {1
[G] Carbohydrate transport and metabolism - ]
[H] Coenzyme metabolism - ]
[1] Lipid metabolism - ]
[J] Translation, ribosomal structure, and biogenesis - ]
[K] Transcription ]
[L] DNA replication, recombination, and repair —————— ]
[M] Cell envelope biogenesis, outer membrane - 1
[N] Cell motility —1
[O] Posttranslational modification, protein turnover, and chaperones T———— 1]
[P] Inorganic ion transport and metabolism - ]
[Q] Secondary metabolite biosynthesis, transport, and catabolism —————7]
[R] General function prediction only ]
[S] Function unknown - ]
[T] Signal transduction mechanisms ]
[U] Intracellular trafficking, secretion, and vesicular transport {—1
[V] Defense mechanisms ———— ]
[W] Extracellular structures -
[X] Mobilome: prophages, transposons |1
[Z] Cytoskeleton

0 2 4 6 8 10

Relative abundance (%)

<1 2-44> B. methiotrophicus JJ-D34¢] A& EA 3 COGEA A

oG e a9

- AA FAA HARE FalA B methilotrophicus J]-D34¢ w7 S
5} frA87] sk

SN FreAE AF 2EdAAZREYH, A¥ e AEetel A

o on
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WHE sk ool =& 9 compatible solutes®t, 7 AFAY ERZE <19 2-45>3
o

P
Choline
Glycine Chocine bt
hetaine yeine betane A
carniting, choline  Proline
Ktra
KtrB Opus CpuB CpucC lPutP

Bacillussp. JID34 | | bl N G [ ]

4 = ol ol o B \
K+ A - —
W : Mrp

Na+

{ —>

gltanate Choline Proline "
Putg
ProB + -
it GhsAB PUTC J’ il N_m‘}
Prol v i
Glycine betane glutamate
Proline

\ Compatible solute /

<1¥ 2-45> B. methiotrophicus JJ-D347} Zt:= compatible solutes =4 7 2

Folgh= 1Y A4 Stoll 7MeiA = AHF el WE AlE W S FAEH7] fEiA
B. methjlotrophicus J]-D34+= A W=Z Al&EIA FUHE 11 %9 Nato]&& &5
b TEE IYske FAAE 7HAH, K& AXZ do 3387 98 K+ o]&9 Fd&

ZHE B2 AYeE FAAE 34 A8 Aol FAHAS
B. methjlotrophicus JJ-D34 & o|8]gt o] xd FEE o]&ste] ME U o]&9 3
= FAste] 23 W oL d g4 BE Ve 3 Ao w ol

2 2o ME WHF-ol compatible solutesE =43}7] 3 FHdA7F ek WA=
o]¥13 compatible solutes¢t = AFAE AE WF2 FAAIE= =4 $2E v
Ao w ofg tAAlY AE W 45 &l & st Aowm K4

B. methjlotrophicus JJ-D347} 31 @373 A AESL7] #1384 "=+ proline
Glycine-betaine, Glutamate®} #-2 compatible solutesi= 919 ‘S. jeotgali M]3l A
AL E = compatible solutes®] AF] 2 87154 SO A AFIHE AP H o R
Z8&7tsdel M ==

O
off
—

o
o,

B. methilotrophicus JJ-D347} glycine betaine2 Al ol &4317] Y3 F-AAS AHS
gl o ma o]F ofu il ALEER] ‘ERA] A~ =

[‘

>«
o o
o

=
AAe apsts ARd mdel #8¥ 5 Aee WA AU

iy
o
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A3d Al 2% -5 A

1—;@;1:1]

m]I.

1. A dolguolx E Fdd AEARS V&S 4 ATLIYEFFY 71&E
AE FAA As)A

Hgu|AE TFe AFHAA doly A doly wolA~ FEHES fd diY LEvAE
S FHIHY A7 A%E 9 44T
S %3] Bacteriocin, Fibrinolysis®] 7]5Alo] &< ® HFFE9
H <HE 31> % <F 32> TS

3t 3-1> Putative Bacteriocin produing strains

Sample Strain
WA219, WA241, ) ..
ZA362, ZA372, ZA379, ZA394, ZA400 Bacillus subtilis
XA194, XA195, XA198 Bacillus licheniformis
CB117, CB120 Lactobacillus plantanum
7ZB204 Bifidobacterium bifidum

<3t 3-2> Putative Fibrionlysis enzyme producing strains

Sample Strain
ZA7, SA175 Leuconostoc mesenteroides
CB110 Propionichacterium acnes
CA82, CB125, CB126 Weissella paramesenteroides
ZA3 Staphylococcus hominis
JA85 Staphylococcus saprophyticus
EB133, SA179 Staphylocoocus warneri
CB158 Staphylocoocus epiderimidis
ZA24 Bacillus licheniforminis
ZA400 Bacillus subtilis
7B140 Lactobacillus curvatus

- o5 #FE T dAA7FA NCBI (National Center of Biotechnology Information)?] database

o T/t He e #FES T wol FHF
2o A genomed ThEwrol BRI £ Qe FFEL oo <F

3-3>3 &
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# 3-3> NCBI dlolEulo] =2 RE th ol &4 5 = AFdA -

Species Number of available genome sequence
Bacillus subtilis 18
Bacillus licheniformis 6
Bifidobacterium bifidum 6
Leuconostoc mesenteroides 3
Staphylococcus saprophyticus 2

2. AfAE 71€ TEVAE FAABZERE uvgez I TRAMYESTY HAFHA

(Comparative genomics)
- Public dHlo|E o] 22 5EH FHI 359 A4S $3] Average Nucleotide identity

(AND) valueE ©]&3F genome trees 18 152 FAMH AEE 39

- genome treeE 1¥ F o]E9] CDSE9 homolgyE A& H]ud 3 o]E o]&3sle] A4
oS H A

Aol AolH& HA £ F A+ circos mape 1T
=
[e)

7}. Bacillus subtilis 7

Eiy
- B. subtilisit+2] 7§ putative bacteriocin®} putative fibrinolysis enzyme= W=+ 2
FH7IAA A FEEH A
- 71548 s 7 ErAE
!

1870 ¢ A d A dur

A$ A7 vlo]E S NCBIoIA 21 stech

o] o]52& o] &3l genome treex= <1¥ 3-1>3

Bacillus subtilis subsp. spizizenii W23/ PRJNAS1879
Bacillus subtilis subsp. spizizenii ATCC 6633/ PRJMNA4S045
Bacillus subtilis subs p. spizizenii TU-B-10(T}/ PRJNAT3S95T
Bacillus subtilis subs p. spizizenii DV1-B-1/PRJNASS583
I:Ba cillus subtilis subsp. inaquosomum gtP20b/ PRIMNAE3249
Bacillus subtilis subsp. inaquosousm KCTC 13428(T)/PRJNATTE182
Bacillus subtilis subsp. subtilis 188 /PRJNABS2E3
Bacillus subtilis subsp. subtilis SMY /PRJNASE25T
Bacillus subtilis subsp. subtilis 188 /PRJNAETETS
Bacillus subtilis subsp. subtilis NCIB3810(T)/PRJNASSZEE
Bacillus subtilis subsp. subtilis JH842 / PRINABS2EE
Bacillus subtilis subsp. inaquosarum QB928 7/ PRJNATTISZE

o
fr
el
(i
it}

¥ 2
s
i
1o,

m

Kol
=]

Bacillus subtilis subsp. inaquosousm AUSISE / PRJMNAI20ST

Bacillus subtilis subsp. inaquosorum BEST7513/PRJNA184825

Bacillus subtilis subsp. inaquosorum SC-8/ PRJINATTEE2S

Bacillus subtilis subsp. subtilis BSn5/PRJMNAS2463

Bacillus tequilensis BEP1/PRJNA184D10

Bacillus subtilis subsp. inaquosoum BEST185/PRJMNA183001

= Bacillus subtilis subsp. inaquosomsm RO-NN-1/PRJNA15887S
L Bacillus subtilis subsp. spizizenii J3/PRJNA162189

Bacillus vallismortis TV1-F-3(T} PRINATT1172

Bacillus mojavensis RO-H-1(T}/ PRJNATT1173

=
(=]

<19 3-1> Bacillus subtilis®] genome tree
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- B. subtilis®] 75 @2 subsp.7b HilEo] o599 AFHAT}E o] &rtsstH olE F 7sA

153
S VA= HavAES Addsitd o we Aol 73
Y. Bacillus licheniformis
- B. licheniformisit+2] 75| % putative bacteriocin® putative fibrinolysis enzyme= A4

St #ER P40 HAS

-dA F 6719 AFHA R NCBI 7150 lom o5& ©]&3t genome treet

<y 3-2>¢ 7S
«Baﬂusmbﬁs

Bacillus amyloliguefaciens subsp. plantarum FZB42/ PRJNASEZT1
Bacillus amyloliquefaciens subsp. plantarum AS43.3/PRJNATE3882
Bacillus sp. 916/PRJNATTO241
Bacillus subtilis subsp. subtilis 588/ PRJMNATE15%1
Bacillus subtilis subsp. subtilis ¥2/PRJNA1E5195
Bacillus siamensis YAL B3801-Y2/ PRJNA1EI001
Bacillus subtilis subsp. subtilis DC-12/PRJMATTE544
Bacillus amyloliquefaciens subsp. plantarum CAU B246/PRJNAS4215
Bacillus siamensis IT-45/PRJNA181817
Bacillus amyloliquefaciens subsp. plantarum M27/PRJNA180835
L

Bacillus siamensis KCTC 13813(T)/ PRJNATT2400
Bacillus amyloliquefaciens subsp. amyloliquefaciens XH7/ PRJNATEEE81

Bacillus amyloliquefaciens subsp. amyloliquefaciens TAZ208 / PRIMATSETO1

Bacillus amyloliquefaciens subsp. amyloliquefaciens LL3/PRJNA158133
Bacillus amyloliquefaciens subsp. amyloliquefaciens DSMT7(T)/PRJNAG3IE3S
Bacillus licheniformis DSM 13 (T)/PRJNASE13T

Bacillus lichenformis D'SM 13 (T)/ PRINASSDST

Baciilus licheniformis BT1B_CT2 ( PRJMAB2055

Bacillus licheniformis 5-2-0/ PRJMA1ET337

Bacillus licheniformis 10-1-Af PRINA1E7I3E

Bacillus licheniformis Wx-02/PRJNATE1TI0

Bacillus licheniformis CGMCC 3983/ PRJINATTE3S]

0.02

<19 3-2> Bacillus licheniformis®] genome tree
- B. licheniformis®| 745 A-F+AA7} B. amyloliqueficiens®t B. subtilis®] -+ A<} A}

U gz24 JHdudes AS gl & F Qlom o] dFE] 717 CDSE2 homologyE ©] &

o] Bl AAS 93 circos mape <1¥ 3-3>3 e
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=

<% 3-3> B. licheniformis®] circos map
Y¥ B. licheniformis BT1B_CT2, 10-1-A, 5-2-D, CGMCC3963, WX-02
v Aafoln] kAL GC skewolil g% 2 ORFE YERY )

7y FE59] sequenceES homology searchs 3k %

(I,
oft
=
fru
2
o
tlo

zF% w2 cg file@ 2 02 THE9] CLgenomicsol A o] & &9l
1

Hol 2ol Ads & 4 = dHE 75T 44

Y
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lfl

Lo

<9 3-4> B. licheniformis® vl u-FAA £ Ay %

—

( CDSH| L E F&] dFE7e] FAAES A AMZZ homologyE ¥EAIE Ik}

7WV484 2 100% homology S YERW a2 WA 3} 7174852 0% S LEFE )
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t}. Bifidobacterium bifidum
- B. bifidum® 5+ putative bacteriocine A st= w2 ##Eo] Hom NCBIZH-H
671 AFHAA dolHE Rl o]5S o]&dte] vluf A A|

- A#A A9 homology searchS %3 genome tree:= <1¥ 3-5>9} 2

Bifidobacterium bifidurn NCIMB 41171 / PRINAS5283
Bifidobacterium bifidum IPLA 20015 / PRINA180937
Bifidobacterium bifidum BGM4 / PRINA167988
Bifidobacterium bifidum 517/ PRJNA59545
Bifidobacterium bifidum PRL2010/PRJNA59883
Bifidobactenum bifidum LMG 13193 / PRINA180936

0ot

<19 3-5> B. bifidum®] genome tree

<19 3-6> B. bifidum®| circos map
( B2 AX-H B. bifidum BGN4, PRL2010, S17, IPLA 20015, LMG 13195, NCIMB
A7 FE59 v 232 dZEALS GC skewo] L vpzZZE 92 ORFE YEY )

_o]

il

FF5e v

=5

= <ag 3-7> e
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subcategor

AR A ECERTERRRH

g}, Leuconostoc mesenteroides

- L. mesnteroides 152 73-% putative fibrionlysis enzymeS A 3tthar WA= S

- % 3709 AFHA dHeolHE NCBIZFH gHEFon o5& o] &3 genome treew <1
4 3-8>3 25

Lepconostos mesenterpides subsp. mesenteroides J18S PRIMNAELZIT
Leuconostos mesenteroides subsp. mesentercides ATCC BZ52(T) | PRINASTIIZ

Leuconostoc mesentercides subsp. cremernis ATCC 15254{T) / PRINABSEET

<19 3-8> L. mesneteroides®] genome tree

=
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<Y 3-9> L. mesenteroides®] circos map
( ¥2Z 9X¥ L. mesenteroides J18, ATCC 19254Z vtehin ¢S GC skewo| L
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,—S‘..apr—y!:r:o:cars equorem subsp. equorum OJ82 / FRINATT43ZE

l—S‘.ap!‘-yln:cccus equorum subsp. equorum  Mu2 / PRJEATEITE
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Bfdoheteruem beidhm S0 SMMITER.. 1 Fiic) 00 L+ : ] i
Bl etwraorem M 1] = ATCE 14200 N 1 “on N n n 1
e R i s % i i
Sfdnhaerum Drfghm 537 S TSHETN.. . 1 1 1 i} ] i
facle o 484 A e i PR, 1 ] ] - ® 1
eyl Syl - i s = '
BTG PSS D Ul eSS ATOC 26054 IS0 1% 47 N0 - 3
- ey o7 s ,“.. 3
S0 R0GS SR RIS SUSD. 380r DON B CRCT 165T pate s T = a7 TS 5 ] 1
<Y 3-14> ol dH A AFAA] ARES e B3 5 B4 A34E5S SQL
dolHuo]~gAog TrEo] F 3
4, FEVAERH GRE 7|5 FAAY EA 2 dAEA S 93 AAA/OAA] B4
A3 el DB +=
- ARAA dolEMel 2~ TES 93 A% AW 7S YU 1 FEne Ay
H 353 <% 3-4>
<% 34> AEE 4" dE nAE TFH
Food Identified species
Beakkimchi Leuconostoc mesenteriodes
Beakkimchi Lactobacillus saker
Beakkimchi Lactobacillus curvatus
Beakkimchi Lactobacillus brevis
Beakkimchi Lactobacillus plantarum
Beakkimchi Staphylococcus epidermidis
Beakkimchi Baclillus altitudinis
Beakkimchi Bacillus subtilis
Beakkimchi Bacillus megaterium

Pogi-Kimchi

Bacillus subtilis

Pogi-Kimchi

Bacillus altitudinis

Pogi-Kimchi

Bacillus weihenstephanensis

Pogi-Kimchi

Bacillus pumilus

Pogi-Kimchi

Bacillus safénsis

Pogi-Kimchi

Bacillus licheniformis

Pogi-Kimchi

Brevibacterium halotolerans

Pogi-Kimchi

Bifidobacterium bifidum

Pogi-Kimchi

Staphylococcus haemolyticus

Pogi-Kimchi

Staphylococcus hominis

Pogi-Kimchi

Staphylococcus saprophyticus
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Pogi-Kimchi

Lactobacillus curvatus

Pogi-Kimchi

Lactobacillus sakei

Pogi—Kimchi

Leuconostoc mesenteriodes

Pogi-Kimchi

Propionibacterium acnes

Pogi-Kimchi

Streptococcus parasanguinis

Kkadugi Bacillus aerius

Kkadugi Baclillus altitudinis

Kkadugi Bacillus cereus

Kkadugi Bacillus niabenisis

Kkadugi Bacillus subtilis

Kkadugi Bacillus saféensis

Kkadugi Bacillus thuringiensis
Kkadugi Bacillus licheniformis
Kkadugi Bacillus weihenstephanensis
Kkadugi Leuconostoc mesenteriodes
Kkadugi Leuconostoc lactis

Kkadugi Leuconostoc garlicum
Kkadugi Leuconostoc citreum
Kkadugi Lactobacillus curvatus
Kkadugi Lactobacillus saker
Kkadugi Weissella cibaria

Kkadugi Weissella confiisa

Kkadugi Weissella paramesenteroides
Meju Bacillus amyloliquefaciens
Meju Bacillus cereus

Meju Bacillus thuringiensis

Meju Bacillus pumilus

Meju Enterococcus faecium

Meju Staphylococcus saprophyticus

Pickled anchovy

Brevibacterium permense

Pickled anchovy

Corynebacterium ammoniagenes

Pickled anchovy

Staphylococcus saprophyticus

Pickled anchovy

Staphylococcus waneri

Pickled anchovy

Staphylococcus pasteuri

Pickled anchovy

Lactobacillus curvatus

Pickled anchovy

Rummelibacillus stabekisii

Pickled shrimp

Bacillus altitudinis

Pickled shrimp

Baclillus thuringiensis

Pickled shrimp

Bacillus firmus

Pickled shrimp

Exiguobacterium acetylicum

Pickled shrimp

Staphylococcus saprophyticus

Pickled shrimp

Staphylococcus equorum

Pickled shrimp

Staphylococcus warneri

Pickled shrimp

Staphylococcus epidermidis

Pickled shrimp

Lactococcus lactis

Pickled shrimp

Leuconostoc mesenteriodes

Pickled clam

Enterococcus faecium

Pickled clam

Staphylococcus epidermidis

Pickled clam

Staphylococcus saprophyticus
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Pickled clam Weissella pthailandensis

Pickled clam Weissella paramesenteriodes

%_
of /47t He] = #FES v wol Fxs 1 DB &%t

DB 7%2 918 oo we AfdAe 5% <E 3-5>5 o ok

<¥ 3-5> NCBIZFH the wol DB w&ol A1g8 4 = Af44
Species Available numbers of genome in NCBI
Bacillus aerius 0
Bacillus altitudinis 0
Bacillus amyloliquefaciens 20
Bacillus cereus 147
Bacillus firmus 0
Baclillus licheniformis 8
Bacillus megaterium 5
Baclillus niabenisis 0
Bacillus pumilus 6
Bacillus safénsis 1
Bacillus subtilis 32
Baclillus thuringiensis 33
Bacillus weihenstephanensis 1
Bifidobacterium bifidum 7
Brevibacterium halotolerans 0
Brevibacterium permense 0
Corynebacterium ammoniagenes 1
FEnterococcus faecium 251
Exiguobacterium acetylicum 0
Lactobacillus brevis 5
Lactobacillus curvatus 1
Lactobacillus plantarum 17
Lactobacillus saker 2
Lactococcus lactis 24
Leuconostoc citreum 4
Leuconostoc garlicum 0
Leuconostoc lactis 24
Leuconostoc mesenteriodes 0
Propionibacterium acnes 36
Rummelibacillus stabekisii 0
Staphylococcus epidermidis 83
Staphylococcus equorum 2
Staphylococcus haemolyticus 2
Staphylococcus hominis 4
Staphylococcus pasteuri 1
Staphylococcus saprophyticus 2
Staphylococcus waneri 0
Streptococcus parasanguinis 8
Weissella cibaria 1
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Weissella confiisa

Weissella paramesenteroides

Weissella pthailandensis
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Strain list isolated from Traditional Fermentad Foods

(http://tff.chunlab.com)
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http://tff.chunlab.com

MZez M2 2NY S UTE T
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Beakkimchi
Project D | Stahus Tasks EZGenome Name Strain HCBI onginal name:
I
PRIMAIG6457  Assembly a6 Badllus amyloliquefaciens subsp, plantan SPZ1 Bacius subblis SPZ1
PRINA4S37L  Complete 5 ‘Bacilus megaterum D&M 319 Bacius megaterium DSM 319
PRINAZ00005  Assembly aG Bacllus megsterium NCT-2 Barilus megaterum NCT-2
PRINAISE6Z  Complete QG Bagllus megatenum QUELSEL Bacilys megatersum QM Bi551
PRINALS9341  Coepiate G Sacius megaterum WSH-002 Baciys megaterium W5H-002
PRINAZ00473  Assembly LG ‘Bacilus subtils subsp. inaguosorum gtP20b Eacilus subtls gtF 20b
PRINAIBTIST  assembly oas Badllus subtils subsp. inaquosarum KCTC 13429(T) Badius subtibs subsp. maquosorum KCTC 13429
PRINA9045  Assembly cL ‘Bacius subtils subsp, spizizeni ATCC 6633 Baclus subtiis subsp, spizizent ATCC 6633
PRINAZOOTES  Assembly QG Bacilus subtils subsp, spirizeni DV18-1 Baciius subbls subsp. spiziveni DY1-8-1
PRINAT3S67  Complete s ‘Bacilus subtits subsp, spuizeni TUS-10(1) Bacilus subblts subsp, spizizeni TU-8-10
PRINASIS?S  Complets as Bacilus subbks subsp, sprzizeni w23 Bacihus subbis subsp, spiszen str. W23
PRINASS263  Assembly QG Bacius subtils subep, subbiz 168 Eackus aubbis subsp. subtis st 168
PRINASPETS  Complete 1€l Baclius subtils subsp. subtis: 168 Bacihus subtits subsp. subths str. 168
PRINAIS370S  Complete [<(] Bacilus subtits subsp, subtiis £051HEW Badius subtiis subsp, subtiis 6051-HGW
PRINAZ0OTER  Assembly (41e] Bacilus subliis subsp, subtiis. AUSI9E Bacikus subblis subsp, subtis str. AUSISS
PRINAIOS®E]  Complate G Bacius subliks fubsp. Subbis BAB-1 Baciluz subtls subsp, subtis str, BAS-1
PRINAIBIN0L  Complete falc} Bacilus subtis subsp. subtics BEST195 Baciius subtis subsp. natto BEST 195
PRINASZ453  Compiete (45 ‘Baclius subliis subsp, subtiis BsnS Bacilus subtiis BSn5
PRINAIG4DI0  Compiste aG Baciius subtils subsp. subbits B85°1 Badlus subtis subsp. subbis str. BSP1
PRINASSZSS  Assembly QG Bacilus sublls subsp, subiiis HEs Bacius subtits subsp. subtiis str, HE32
PRINAISOSE0  Assembly oG Bacilus sublibs subsp. sublils MET32 Bachs subtiis MBT3/2
PAINASS26S  Assembly a6 ‘Bacilus subtiis subsp. subbts NCIB 361007} ‘Bacilus subbks sibsp. subbis str, NCIB 3610
PRINAZOLIIE  Assembly G Bacilus subtils subsp. subts PS216 Bachus subblks PS216.
PRINAL73926  Complete CiG Bacilus subtiis subsp, subbis: Q892 Bacilys subtis Q8928
PRONAISESTS  Compiate oG Bacllus sublils subsp. sublits RO-1 Bacius sublits subsp. subbiis sty ROHN-1
PRINAIGSEE2  Assembly ac Bacilus subtils subsp, subtis 514 Bachus subtis 514

PRIMALTSS3  Assembly (41 Bacilus subtiks subsp, subtiis 5C8 Bacus subblis subsp. subtis str, SC8

<AOE 316> AEFER ok & 9 vare 74

=% DB= == 7} AF¥ A#dA DB7F &< 7he gt
a

g 3-17>3 Zo] ClLgenomics X213 S o]-83}o]

i
N
M
it

TN LD LY SRR Liu DO FILUS UL, PRI parl DOV ULV UL, SRS U, DT L
PRINASS2S5  Assembly cu Bacllus subtiis subsp, subtils JHE42 Bacillus subtilis subsp. subtis str, JH642
PRINA1S0660  Assembly el Bacilus subtiis subsp. subtilis MB73/2 Bacilus subtiis MB73/2

PRINASS265  Assembly a6 Bacilus subtis subsp. subtilis NCIB 3610¢T) Badilus subtilis subsp. subtis str. NCIS 3610
PRINA201316  Assembly a6 Bacilus subtilis subsp. subtilis P5216 Badillus subtilis PS216

PRINA173926 Complete ae Bacillus subtils subsp, subtils Q8928 Eacilus subtilis QB928

PRINA158878 Complete a6 Bacillus subtiis subsp. subtilis RO-N-1 Bacilus subtiis subsp, subtiis str. RO-NN-1
PRINA199882  Assembly [ald Bacllus subtils subsp. subtilis 514 Badillus subtilis 51-4

PRINAL179898  Assembly L Bacilius subtiis subsp. subtilis sC8 Badillus subtilis subsp. subtiis str, SC-8

CLG files can be opened by CLgenomizs™ program which can be downloaded through this.
CLGfileg € &= 2= Clgenomics ZE1H link
<19 3-17> ClLgenomics A2ZE¢o]E v} BS F Qe
- CLgenomics Z =185 ©]&3}o] gene contents Hlx <% 3-18>, genome mapH|ul <71

2 3-19>, Average nucleotide identity (AND) ®H]n % <729 3-20>3 7o] Mummer #4]

o] Fsseg TAFAT
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[ « CADIEIS0I2:: IPET| | OIS Blmetogonomisample

2| IPET.tbl_metagenoms_sample: 194 & (@)

& 4 IPET ETCE T _ud] o - meta L ] 2
th_metagenome_classificaton 194 kiE 147 i5E Kmds 2
_| thi_metagename. sample 189 ¥iB e i it 5
b, rretagendne Sty 32KiB 148 eo's e i
1 Ibl.haas:rip_ramr 154_3.":iB e pors =
Imp trahscriptome 154 3KiB R s 3
152 wamchi 2
153 Kimchy F
154 Himchs H
155 Hmchi 2
154 Kmch 2
157 Kimchi H
158 7 Hamchy 2
158 x24. Kzs Kimchi 2
160 -1 Kimch 2
161 K5-10 Lo )
162 537 Kt 2
163 5-3 famchy 2
164 3 vt 2
165 K54G imely T
166 & Kemchy 7
167 a2 Kmchi 2
168 Wi -1 Kimchi 2
168 K551 W55 nchi 2
17 KLt K- Hmchi 2
171 4t 84 Kimch 2
172 ¥o-1i K2-10 Himchs 2
173 red_pepper powder  oed_pepoe.. . red_peoper_povder 3
174 dongdhws 0 doogchirs 04 dongchies 4
175 | dorgdwn 50 dorpctem 50 dongchime 3
176 | prrpang kmd N k... | Gmang Kmdh 5
77 st &
178 e 14 ]
179 e 3 ]
180 ex 35 L]
181 e 35 5
182 e 47 &
183w H &
184 e 63 ]
s 7 5
186 n 1 &
187 w_14 &
188 n 21 ]
189 n_ 38 5
i 190 n 3% &
191 n 42 L]
191 n & g
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NCBIZ HE| 257 TS $RAlE BR i 74

Study 1D sample Name Meta Info. Source

| I | |
TPET TiSO0 T1500 pickled anchovy -
1PET TISD10 T15D10 pickled anchovy |
1PET T15020 T15020 pickled anchowy

T mww
TPET TisD42 T15D42 pickled anchovy
1PET TiSDS4 TisD54 pickled anchowy
IPET T15D75 T15075 picked anchowy
1PET TISD100 T15D100 pickled anchovy al
Name Ratio(%0)

W | Unclassified Betaproteobacteria 2522 ~
W tycoplasma 2452
W Unclassified Gammaproteobacteria 12.48
B Unclassified Rhodobacteraceae 1077
Others 1033
W Unclassified Proteobacteria 7.35
B Undassified Flavebacteriaceae 158
W Photobacterium 148 ms
W cpvm 127
W vibrio 101
Tenacbaculum 0.82
Alitvibrio 0.82
W Gplla 0.76
B unclassified Bacteria 0.70
W Ralstonia 0.57 1077
W Harinicella 0.13
W | Pseudoalteromonas 0.08
M undassified Bacillales 0.06
o Alkalibariilus 0.06
W Tetragenococcus 0.00
B Undassified Alteromonadales 0.00
| |

Unclassified Bacilll 0.00

<19 3-24> dE Ha

o
=2
rix
B
ol

e vgE 2o B(Web)e 53 A7l

rr

8. AT TIAE I 7
DB #+=

olr

4

>
HH
E

2R A FFE A 2 fHA Bue) BE 2

- NCBI SRA &7/1d 2E vAdE dAAe] NGS A4 deoly 3714 g5 <19 3-25>

Status of species

™ Bacillus amyloliquefaciens

= Bacillus cereus

W Bacillus licheniformis DSM 13 = ATCC 14580
m Bacillus subtilis

m Bacillus subtilis subsp. subtilis

m Bacillus subtilis subsp_ subtilis str_ 168

m Bacillus subtilis subsp. subtilis str. NCIB 3610
™ Bacillus thuringiensis

= Lactobacillus plantarum ST-ill

| actococcusiactis

W Lactococcus lactis subsp. cremoris MGL363
= Propionibacteriumacnes KPA171202

= Staphylococcus epidermidis

<219 3-25> NCBIYA g53 ge La s AAA A7 voleuol~ @3
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Strain list

Metagenome

o —

olated from Traditional Fermented Foods

[[occissmers I pooiemen | ruasciuo | tress | kies anchovy | rickicd snnmo | mosed com |

Project ID

- Biomarker @& X =g 189]

FRe Az vE A%

=

-

Status

Tasks

EZGenome Name

Staphylococcus epidermidis
Staphylococcus epidermidis
Lactobacillus plantarum subsp. plantaru
Bacillus subtilis subsp. subtilis

Bacillus subtilis subsp. subtilis
Lactobacillus plantarum subsp. plantaru
Lactobacillus plantarum subsp. plantaru
Lactobacillus sakei subsp. sakei
Staphylecoccus epidermidis
Staphylococcus epidermidis
Lactobacillus plantarum subsp. plantaru
Staphylococcus epidermidis

Bacillus subtilis subsp. subtilis
Staphylococcus epidermidis
Staphylococcus epidermidis

Lactobacillus plantarum subsp. plantarns
Leucomostoc mesentercides subsp. crem
Lactobacillus hilgardii

Lactobacillus brevis

Bacillus subtilis subsp. spizizeni
Leucomostoc mesenteroides subsp. mese
Staphylococcus epidermidis

Badllus subtilis subsp. subtilis
Lactobacillus plantarum subsp. plantarns

iz

<9 3-28>3 A& AlZsE AdE A

Strain

12142587
14.1.R1.5E
16

168

168

WE AES depE YL v @

L

o

- 188 -

NCBI original name

Staphylococcus epidermidis 12142587
Staphylococcus epidermidis 1.1.R 1.5
Lactobacillus plantarum 16

Bacillus subtilis subsp. subtilis str. 168
Bacillus subtilis subsp. subtilis str. 168
Lactobacillus plantarum 2025
Lactobacilius plantarum 2165
Lactobacillus sakei subsp. sakei 23K
Staphylococcus epidermidis 36-1
Staphylococcus epidermidis $1tr
Lactobacilius plantarum $_3
Staphylococcus epidermidis S28m
Bacillus subtilis subsp. subtiliz 6051-HGW
Staphylococcus epidermidis APO27
staphylococcus epidenmidis APO3S
Staphylococcus epidermidis ATCC 12228
Lactobac
L

subsp.

lus brevis ATCC 14869 = DSM 20054
ATCC 14937

Leuconostoc mesentercides subsp. cremoris ATCC 19254

lus brevis ATCC 367

Bacillus subtilis subsp. spizizenii ATCC 6633

L subsp.

sStaphylococcus epidenmidis AU12-03
Bacillus subtiliz subsp. subtilis str. AUSISS.
Lactobacillus plantanum AYO1

PN
T

lus brevis subsp. gravesensis ATCC 27305

ATCcC 829

=13
-

LEfSe (Linear Discriminant Analysis Effect Size)

dE 7T

Genome
Size
2,556,074
s55,725
3,361,015
4,214,547
+,215,506
3,068,696
3,179,972
1,884,561
2,714,638
2,685,457
3,320,363
2,687,516
+,215,610
2,576,963
2,556,994
2,564,515
2,473,047
3,212,261
1,735,074
3,194,856
2,340,228
3.978.576
2,075,763
2,406,624
“+353.151
3.315.973

o
+

=
=

Ko
=




B kimchi
I meju

Cladogram

a: Corynebacteriaceae
b: Corynebacteriales

c: Nocardiepsaceae

d: Streptosporangiales
e: Hymenobacter {

t Cytophagales

g: Cytophagia

h: Sphingobacteriaceae
i: Sphingobacteriales
Sphingobacteriia
cillaceae

: Baclllales_uc

m: Planococcaceas

n: Thermoactinomycetace
o: Baciliales
Enterococcaceae

q: Lactobacillaceae

r: Leuconostocaceae

5: Streptococcaceae

t: Lactobaciliales

u: Bacilli

v Clostridiaceas

w: Clostridiales

i Clostridia

y: Caulobacteraceae

z: Caulobacterales

a0: Aurantimonadaceae
al: Methylobacteriaceae
a2: Rhizobiaceae

a3: Rhizobiales

a4: Rhodobacteracess
a5: Rhodobacterales
a6: Sphingemonadaceas
a7: sphingemonadales
a8: Alphaproteabacteria
a8: Comamonadaceae
b0: Oxalobacteraceae
bl: Burkholderiales

b2: Neisseriaceae

b3: Neisseriales

ba: Betaproteobacteria
b5: Aeromonadaceae
bé: Aeromonadales

Relative abundance (%)

Bacteria.Firmicutes.Bacilli L L
Kimehi
50~
40-
30
Statistics.
Frenan oS I ... L T — — mean
]| S
20~
10~
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(1) B, oA 3], okvlE Fa|x, o]FF. 2013. 7| AR olA #8138 Bacillus subtilis MLO1

fref Brelg oAl A 4] 54 A A Retd T A=A 32 66-73.

(2) EJ Choi, SH Lee, JY Jung, and CO Jeon. 2013. Brevibacterium jeotgali sp. nov.,
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63(Pt9): 3430-3436.

(3) SH Jeong, JH Lee, JY Jung, SH Lee, MS Park, and CO Jeon. 2013. Halomonas
cibimaris sp. nov., isolated from jeotgal, a traditional Korean fermented seafood. A Van
Leeuw J Microb. 103(3): 503-512.

(4) SH Jeong, SH Lee, JY Jung, EJ Choi, and CO Jeon, 2013. Microbial succession and
metabolite changes during long-term storage of kimchi. J Food Sci. 78(5): M763-M76.

(5) HJ Lee, SH Lee, SS Lee, JS Lee. 2014. Ramlibacter solisilvae sp. nov., isolated from
forest soil, and emended description of the genus Ramlibacter. Int J Syst Evol
Microbiol. 64: 1317-132.

(6) JY Jung, SH Lee, and CO Jeon. 2014. Microbial community dynamics during
fermentation of doenjang-meju, traditional Korean fermented soybean. Int J Syst Evol
Microbiol. 185: 112-120.

(7) LO Naysim, SH Lee, HM Jin, JY Jung, P Schumann, and CO Jeon. 2015. Garicola
koreensis gen. nov., nov. isolated from saeu-jeot: traditional Korean fermented shrimp.
Int J Syst Evol Microbiol. 65: 1015.

(8) SH Lee, MJ Ahn, JS Hong, and JH Lee. 2015. Diversity and community analysis of
fermenting bacteria isolated from eight major Korean fermented foods using
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58(3): 453-461.

(9) HJ Ku, MS Park, and JH Lee. 2015. Characterization of a minimal pKW2124 replicon
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(10) SH Lee, JY Jung, and CO Jeon. 2015. Bacterial community dynamics and metabolite
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(2) Halomonas sp. 10-C-3 16S rRNA gene, partial sequence. 2013. (GQ232738)
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kimchi. Bacterial metagenome sequence database. 2013. (SRA059491)

(5) Ramlibacter solisilvae sp. 5-107 16S rRNA gene, partial sequence. 2014. (KC569791)

(6) Microbial community dynamics during fermentation of doenjang-meju. Bacterial
metagenome sequence database. 2014. (SRP039098)
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(9) Bacterial community dynamics and metabolite changes in myeolchi—aekjeot. Bacterial
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Y. FF5F (F9-64, IH-67)

(1) Brevibacterium jeotgali sp. nov., isolated from jeotgal, a traditional Korean fermented
seafood. 2013. (¥ JCM 18571)

(2) Brevibacterium jeotgali sp. nov., isolated from jeotgal, a traditional Korean fermented
seafood. 2013. (tf 1= KACC 16911)

(3) Halomonas cibimaris sp. nov., isolated from jeotgal, a traditional Korean fermented
seafood. 2013. (¥, JCM 16914)
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seafood. 2013. (Hgkql= KACC 14932)

(5) Ramlibacter solisilvae sp. nov., isolated from forest soil. 2014. (€ JCM 19319)

(6) Ramlibacter solisilvae sp. nov., isolated from forest soil. 2014. (th3tl= KACC 17567)

(7) Garicola koreensis gen. nov., nov. isolated from saeu-jeot: traditional Korean fermented
shrimp. 2015. (¥4, JCM 18572)
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A 2014 7E. AE TEAFES VIS FE R ELIE AT volHuol s =

- EAFY(ISSN 1598-8384). 27 4%.
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52 [ Srmin fist ssofated from Traditional Fermensa Foods:

Strain list isolated from Traditional Fermented Foods

Beakklmchl

PRINA1S8813  Assembly

|n

Staphylococcus epidermidis 12142587 Staphylococcus epidermidis 12142587 2,556,074 2,342 Bacteriz; Firm

PRINAIBODDL  Assembly [al Staphylococeus epidermidis 14.1.R1.5F Staphylococcis spidenmidis 14.1,RLSE 2,555,725 2,521 Bacteria; Firm
PRINA20S042  Complete ac Lactobadillus plantarum subsp. plantaru 16 Lactobacillus plantarum 15 3,361,015 243 1 3,088 Bacteria; Firm
PRINASS263  Assembly ae Bacillus subtilis subsp. subtilis 188 Bacillus subilis subsp. subtilis str. 163 4214547 435 5 4,279 Bacteria; Firm
PRINAS7E7S  Complete ac Sacillus subtilis subsp. subtilis 168 Bacillus subtilis subsp. subtilis str. 163 4,215,606 435 1 4,175 Bacteria; Firm
PRINA220353  Assembly ac Lactobailius plantarum subsp, plantar 2025 Lactobadillus plartarum 2025 3,068,695 47 595 3,533 Bacteria; Firm
PRINA220352  Assembly ac Lactobacillus plantarum subsp. plantarur 2165 Lactobadillus plantarum 2165 3,179,972 245 152 3,108 Bacteriz; Firm
PRINASE281  Complete el Lactobacillus sakei subsp. sakei 3K Lactobacillus sakei subsp. sakei 23K 1,884,651 413 1 1,871 Bacteria; Firm
PRINA203329  Assembly ac Staphylococcus epidermidis 361 Staphylococcus epidermidis 36-1 2,714,638 318 47 2,642 Bacteriz; Firm
PRINA203331  Assembly fal Staphylococeus epidermidis aitr Staphylocoecis apidanmidis 41t 2,685,457 317 100 2,502 Bacteria; Firm
PRINA23181%  Assembly ac Lactobadllus plantarum subsp. plantanu 4_3 Lactobacillus plantarum 4_3 3,320,382 243 105 3,150 Bacteriz; Firm
PRINA203330  Assembly [al Staphylococeus epidermidis 528m Staphylococcis epidenmidis 528m 2,687,516 317 117 2,502 Bacteris; Fim
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