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METERIALS AND METHODS
Material and regent

Bisacodyl(Sigma Aldrich, B1390)-> 1% Sodium-carboxymethylcellulose <} 0.2% Tween-
80% THral= AT A 99(0.9% NaClyoll &&3le] Fo]ls A %31 om 742
s ol 2} 10mg/kg & F o2 -5 51t} Short chain fatty acids 7 < Butyrate,
Propionate, Acetate 5 % 5] Methanol = &1l 2 20, 40, 200, 400uM &] 5= = 3] 4]

S External standard = A}-83} S T}

Fermentation of soybean

o Aol AHSE tF= A5 sl 25 = MY E AR sl e A
kg Ao A 2% Bacillus amyloliquefaciens SCGBI, B.subtilis SCDB291, B.subtilis
SCGB574, B.subtilis sub. Natto KCCM12512 3F=~(Table 1) tryptone soya broth (TSB,
Oxoid LTD., England) ¥l #| (Pancreatic digest of casein 17%, Enzymatic digest of soya bean
3%, Sodium chloride 5%, Di-potassium hydrogen phosphate 2.5%, Glucose 2.5%)°1 4] 30°C,
24117k 20 wgste] Eaar R dAlE A 5 o] geklvh =g M
3.5kg S 2471 759 R A BFe] FE8] B ¢ A2 A el E7|E Al A autoclave ol A
121°C & 3037k SAsklth. G4kl WEjE 40°C olst= WZAA wigeield
Bacillus 7772 W E] A FA12] 0.5%vw)E FE L g das d2357=
o]-g3to] 37°C oA 80% F == 36417 &t Al ste] Fos Alzs T EI
SBAUEE AT AR Hae gyt opd Fo= 1%k avkE wiAlsy] 25t
d5E H7FekA AL 364178 ¢k A8kt o] §- =2 60°C ol A 2447 A 231

F 4ol B Pul 2 A x5he] Aol At



Table 1. Fermented strains used to manufacture Cheonggukjang

No. | Sample Strain Source
1 Cl B.amyloliquefaciens SCGB1 aF7t
2 C291 B.subtilis SCDB291 k)
3 C574 B.Subtilis SCGB574 L%
4 C12512 | B.subtilis sub. Natto KCCM12512 Natto
5 SB Fermented soybean without strain -




Animal experiment
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o

3]e] SRS dol A
il

H sERHA H=dS
4835t 75 A 24 37, 235 =S 6575 2] A Sprague Dawley rat (170~190g,
n=82)% (F)gulo] 283 (DBL co., Ltd.)ollA TQ38tth L2 Hb/A] 2] o] AlHr
Alae Fdulo] L EAle] o] F]sle] TD.06414 (Adjusted calories diet, 60kcal)=
Hygstlom A Alse A5 Fdg aAAA o dT Alset wj§elo
AH8-3131H). Control diet & (F°) 22N E nH}o] Q. A2l LabDiet 5L79% 2 (Envigo)<
T8ke] AHga i th(Figure 1). A TE ASAE AT APEE Al oY

ST 22 + 2°C, FUFEE 50 £ 5%, BUTT] 2 1227 1R 24

ARl kel ARkl A/ Aol Abs AFHE QIR Dysbiosis
FTET0=72)% UARALE(CD, n=10)wolie wshslth AeEs 453
AR em md AT Azt Fdd Fo] ARE Folsdon =5 FA

T3 ©] 3 Dysbiosis F-8 5 LA W/ A 2] o)A AFE F o] T (HFD, n=12)%
A 9] slal Bisacodyl " (BSC, n=10), B.amyloliquefaciens SCGB1 ‘*& =%

3 (C1, n=10), B.subtilis SCDB291 & “d=7 F(C291, n=10), B.subtilis
SCGB574 %+ a =17 3o 7-(C574, n=10), Bacillus subtilis sub. Natto KCCM12512 %+ &
d= (C12512, n=10) 0.2 o] o A oS A/A Aol AbR et A=4S

HH ;:}-6

R

ﬂd

>~
>
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ot
ll
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Bisacodyl Fol& 6737 Akt BSC A<
A/ A A o] ALRE wolst A x£3 Bisacodyl NS 671 AT

stlom o 5 5 7|11 F9F A A A(0.9% NaCl)E 7 77 513 tH(Table



5L79
(Chow Diet)

TD.06414
(60% refined HFD)

TD.06414
o refine +
60% refined HFD+FS

I Protein
I Fiber
[ Cheonggukjang

[ Carbohydrate [ Minerals & Vitamins
Bl Food additive

P Fat

Figure 1. Diet content
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Table 2. Schedule of animal experiment and used diet.

Schedule | $=3}7]7}F Dysbiosis Treatment
Week 1 2 34 5 6 7 89 10 11
CD Chow
HFD High fat/Low fiber Diet
High fat/Low fiber Diet
BSC + Bisacodyl
C1 High fat/Low fiber Diet
+ C1 Cheonggukjang
291 High fat/Low fiber Diet
Chow ngh fat/Low fiber | + C291 Cheongguk] ang
C574 Diet High fat/Low fiber Diet
+ C574 Cheonggukjang
High fat/Low fiber Diet
C12512 + C12512 Cheonggukjang
High fat/Low fiber Diet
SB + Steamed soybean
(Without fermentation strains)

Fecal collection and SD rat sacrifice

rat & AFES FAH(CAS) F CO. 7I2=E F3l dFAtsdith o] IshA]
H| M) A -&(Sartorius) 2 T FS SASIAOH WA HAE SA| AAALE o] &5l

& PE T 80°C 2 RASATE NG Dol WA B HERE 43 A R
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Prepare miseq library
nNAETH #4s s B HE&ES 02g & dsDNA o FF=of
A}-8-3} 1 3(Qiagen, PowerFecal DNA pro Kit) Qubit-iT dsDNA HS assay(Invitrogen,
Carlsbad, CA, USA)E ©]&slo] v% 5748 % Sngul & E7331] Illumina AHE
Miseq = $13}+ 16S Metagenomic sequencing library pipe line & w2} %1 8 5} 91 th(Illumina
2015). Amplicon PCR = 16S rRNA gene 2] V3-V4 hypervariable region < target 2]
Sequence 2} Overhang adapter Sequence & & 3} ¢+ Forward primer(5’TCG TCG GCA GCG
TCA GAT GTG TAT AAG AGA CAG CCT ACG GGN GGC WGC AG’3, Macrogen),
Reverse primer(5’GTC TCG TGG GCT CGG AGA TGT GTA TAA GAG ACA GGA CTA
CHV GGG TAT CTA ATC C’3, Macrogen) £ A 2} 3} Al-§ 8} Th PCR 2 2 713 -295°C,
33-9] Denature 7} ©]%- 95°C 303, 55°C 30%, 72°C 3025 253] WH gk 5 75°C of] A]
5%-7F Final extension = %1 8§} >] Amplicon PCR 2H=S A48} t} PCR 2H= 9] #2
SkQl& 913l 1% Agarose gel A 719 5= &3l V3-V4 primer AH8- 2.2 o] 4% = PCR
AHZ o] 577191 550bp o] W= F-F-2 <138} ). Index PCR & 5.3+ 715 3¢ primer ¢
Nextera XT Index kit v5(Illumina, Inc, San Diego, CA)2] B,C set & AF8-3}%] 2.1 Index
primer -2} & o] 4% = PCR AF=9] 7|21 630bp 9] W= 75 &Rl HAES

21831}, ZF ©hA| ol Al EE PCR 4HzE 2 AMPure beads(Beckman Coulter, Indianapolis,

3

INVE Abg3ate] AAlol A3tk A ZE Library & Qubit-iT dsDNA HS
assay(Invitrogen, Carlsbad, CA, USA)< AF&31o] 5% 54 & BE MES 160ng/ul =

#3elslth. ¢4 ¥ & S library © Macrogen(Seoul, Korea)AFoll Miseq < 9] &3} T

Miseq data analysis
A EE] A AE +5 B4 Miseq oA 9& FASTQ 3243 FASTA =

Helsle] A2 73091 Mothur(Schloss et al. 2009)9t ATH= X+ 9

12



rr

A 2HSOP)E ™} sequencing 2] 2771 A A = 3 HhH(Kozich et al. 2013). Z} &7

ALK o7 o] Fol X FF Output file & AY/J = fasta, count table, taxonomy =
o] g3l F71 XS delitt. 7t Sequence 52 97%2] A S V|Eo=E

Operational taxonomic unit(OTU) 2.2 Clustering 3}%1 2. 3} OTU 7} 2t A=<
EAEE NG5 shared file & Adste] & 5= lom s OTU ol ek &34

++ taxonomy file 2] A4 o & 1}ol3}SI T B3 phylotype W H O] E 3l 7t

Xl

|5

M

F 71502 Q°FH shared file S A SFo] F7F B4 ol ]85} ). Shared file <

i

rarefaction curve & 7|RFS 2 7} A2 sequence ¢! 123105 subsample size = & &

_{

Normalization 3} 91 U}, Subsample ¥ shared file = 7} | 2] R A& 3 4 S 91F3}17]

%13l Abundance E Percentage = A| Z}38} 3k 9= QI 1t} 2t A1 9] alpha-diversity 2] =

it

A&l 5 W 154 2 Shannon(Hill 1973), T} %A 2 Chao(O'hara 2005) A| & 7] 5= 2.

¢

H 7L vk, A =7 2 Bisacodyl 3] 152} Control diet 7 ¢ 172] 5o]& o2 e
n =S &2135l7] 913 Linear Discriminant Analysis(LDA) Effect Size(LEfSe)&
AL} 0] (Segata et al. 2011) HFD L& @Y H|w st o 18 719 2fo]| & EAJ 3}
SF+= genus level 2] OTU & 2123} 31 T} ZF OTU & LDA score 7} 30]/©| ™ HFD 1% 3%}
H] 1L 8}81 S w] Abundance 7} 0.5% ©]73 Z}o] 7} U= A S A ¥ 31 Heat map 2] 0.2

Al Z¢

ot
ol

32

FA .

Microbial network analysis

ZF A& AW A= 73 9 Correlation 145 &3l S 485 ol =317] #1561
mothur & &3}l OTU association = <835} & Spearman Coefficient #t-S Cytoscape
V3.8.25 F3l Al 23} 51l .1 Clustering = 93l A 3-%) = App ¢! Moduland plug-in =
o] &3} t}. ModuLand plug-in < Network module 27 A|3&<<] LinkLand influence
zone 27 method ¢} ProportinalHill module assignment Wi S 7|HF o2 FulgkA] o

13



Network ¢} weight description 2] overlapping ] = module = 2 “d $Fth(Kovacs et al. 2010).
IE 3} hierarchical module S 7| 4Fa}od 7 2| network -320l A 319 2 2] module < -]
A MO meta node 7} H™ 39| S moduler overlap = 9] 2 S] meta edge
7bhE X 2 A 2183t (Szalay-Beko et al. 2012). OTU association - output 3} o] 3 g+%l
OTU 9] abundance 7} %A reads 9] 1% ©|&4<]l =& AAATE 7+ correlation

4 3} (Spearman Coef>0.7, p-value<0.05)E- Cytoscape & & 3l Al Z+3} 5} %1 2. ModuLand

oy

2.0 plug in & &3l "|AE T2 Network & Clustering 331t} 2} nodes ¢} Label 2]
7] 3l OTU & abundance & 2| V|5, o] 3 AAE 2H= 745 FebA edge €,
=9 FHABAE 2t A5 WA edge E AFE3F] UEFWITE Nodes 9] 2172 3lld
OTU 7} %3+ Module o] aL+-3F A5 0] S35 o] AZk3} H ) o] F 1 OTU ¢

=

B ATAEE i Hub T QRS AEste] 23 U FLT 4L B Ho

ol 53kl

Quantitative analysis of short chain fatty acids

345 Yes o] mask g U8-E 0.2g 2 1ml 9] Absolute methanol(67-56-1, Sigma-
aldrich, St. Louis, USA)<S & 315} 247+ w7+ A 3}51$ o} 23192 4M Hydrochloric acid

solution(7647-01-0, Fluka Analytical, Munich, Germany)< ©]-83}¢] pH & 2~3°2

{

N
o2l
ol

2] 3% tH(10min, 10,000rpm, 4°C). 2] %

M

}ol 10327} Incubation 3F 5 A

o

= NS syringe filter(SC13PO45NL, Hyundai micro, Seoul, Korea)E ©]-&3}o] o] 3} &

AN

Al F-AJo] AFg-3I Tt A S $13F SCFA standard & 57 Sigma-aldrich(St. Louis,
USA)°l 4] ]38k External standard Q1 Acetic acid(64-19-7), Propionic acid(79-09-4),
Butyric acid(107-92-6)%} Internal standard 1 2-Ethylbutyric acid(88-09-5)E 235} 0

UM, 2 uM, 20 pM, 200 pM 9] =2 A =25} T

14
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ol

o} o] WA E-EoA FEH =N 2] Short chain fatty acids g & 2] 9
GC solution software(GC Real Time Analysis)E &3l GC-2010 Plus, AOC-20i Auto Injector,
AOC-20s Auto sampler(Shimadzu, Kyoto, Japan)E A8} o™ Z=E7]+= Flame
ionization detector & ©]-&3}%lth. H3d A}-8-%¥ Column & DB-FFAP silica capillary
column (Length 30m, Inner Diameter 0.25mm, Film Thickness 0.25um)X. 2 (Agilent
Technologies, Palo Alto, Calif.)S AF&-3}S1 T W7 U-8-& ol 4] 5= % Short chain fatty
acids 7% % 1ul & splitless = T 3L & =Y 7 ==+ 230°C ©] t}. Carrier gas(He) &

pressure 100kPa, Total flow 40.2mL/min, Column Flow 1.20mL/min, Linear Velocity

29.6cm/sec, Purge flow 3.0mL/min &2 A3}t A5 U] A& 2] S 213 column
oven & =% Z712 60°C | A 321 HF-& ©]F 20°C/min 2] &%= 200°C 7H4] &%

bt

£

Ol

Z 0587 A, mFA O & 20°C/min @) £ EE 230°C A5dte] 1.357F £
HEF 255 280°C ©]™ Sampling rate += 40msec ©] U}, %= ¢F Makeup gas(He)2] flow =
40mL/min ©]™ <A 40mL/min, Air flow © 400mL/min ©. & 27 3}o] 71335} ).

AZE% peak o gk Quantitative analysis © GC solution 2] Post run analysis software &

&3l X1 Y3t o™ 7} Target = 2 oll g 5=+ Area #h2 7|WHO. 2 =581 Ql T

AA AT RE ATV P F AT E QAR 7] 2 on] AR L AT E gof
9 71 4] (GraphPad Software, San Diego, CA, USA)S A3}, 7 w-<] 2414 g5
Zpol = AAufA] +AHEA] (one-way analysis of variance)S A8} o F A g4
2143 3 7F= ANOVA 9l 2] 3t Tukey-Kramer H| ~E & A}-8-3le] AA = At} W4 U
| A& do]H 1] Hl L& R software & &% one-way ANOVA & &3l p<0.05¢]3}<]

Folge Faste

]Iﬂ.l

F AV A © 2 = Duncan’s multiple range test 2 Tukey’s

om
range test = ©]-835} 31t}



RESULTS
Effect of suppressing obesity induced by feeding high fat/low fiber diet
AnbALg o] Fof Tk 5 AX /A A o] HF ALR R A& BLE Tl A Aol

< 7Fsk3l th(Figure 2A). sHAIRE B= H =7 Fo] Z5molA HFD ¢k BulskelS
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HFD 9| A §-9&tA Z7}8l= Ao =
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~

WA RE C1, €291, C574 2 BSC Lol A&

Aol FootA AhdE AL
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O
_0|L
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e
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=
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ol

242 3bg ]t Bl RS A SAHE g CD 1ol A 2507 o) o] A vt
AAY/A A o] A AFR Tl Rk BE 1ol A 20070 o] sk 2HA3 S Hh(Figure 4A).

AW A= Fo] 1E(C1, €291, C574, C12512) ¥ BSC 1&Eol|A HFD 1%}

Mk e o frelH oz SUekE gl W R e W ek Aoz
S48 W U 2] B9 BSC 1H0] 70% o132 7Hd wekon dntAl g Fo]
LEQl CD & HIRE RE aAMAACA AR we] e o' Abolvh
T E A 2 A TH(Figure 4B).
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Figure 2. Effect of fermented soybeans on high fat/low fiber diet-induced body and
subcutaneous fat weight in rats. HF/LFD-induced body weight and subcutaneous fat
weight was measured by weighing balances on last day. Significantly different from the control
group (### p < 0.001). Significantly different from the HF/LFD group (*** p < 0.001). (High
fat/Low fiber diet; HF/LFD). BSC,Bisacodyl, CD,Control diget, SB;Steamed soybean, Cl;
Cheonggukjang 1(B.subtilis SCGB1), C291,; Cheonggukjang 291(B.subtilis SCDB291), C574;
Cheonggukjang 574(B.subtilis SCGB574), C12512; Cheonggukjang 12512 (B.subtilis sub.
Natto KCCM12512)
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Figure 3. Effect of fermented soybeans on high fat/low fiber diet-induced blood
glucose concentration in rats. HF/LFD-induced concentration of blood glucose was
measured by ACCU-CHECK Instant on last day. Significantly different from the control group
(### p < 0.001). Significantly different from the HF/LFD group (** p < 0.01, ¥***p < 0.001).
(High fat/Low fiber diet; HF/LFD). BSC;Bisacodyl, CD;Control diget, SB;Steamed soybean,
Cl; Cheonggukjang 1(B.subtilis SCGBI1), C291; Cheonggukjang 291 (B.subtilis SCDB291),
C574; Cheonggukjang 574(B.subtilis SCGB574), C12512; Cheonggukjang 12512 (B.subtilis
sub. Natto KCCM12512)
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Figure 4. Effect of fermented soybeans on high fat/low fiber diet-induced changes
of fecal number and fecal moisture in rats. (4) The fecal were collected from rats on last
day and calculated the fecal numbers. (B) The collected fecal were dried at 70°C for 24h, and
the total water content was calculated as the difference between the wet and dry weights of
fecal. Significantly different from the control group (*** p < 0.001). Significantly different from
the HF/LFD group (** p < 0.01, *** p < 0.001). (High fat/Low fiber diet; HF/LFD,).

BSC;Bisacodyl, CD;Control diget, SB;Steamed soybean, Cl; Cheonggukjang I(B.subtilis

SCGBI1), C291; Cheonggukjang 291(B.subtilis SCDB291), C574; Cheonggukjang
574(B.subtilis SCGB574), C12512; Cheonggukjang 12512 (B.subtilis sub. Natto KCCM12512)
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Comparison of the content of short chain fatty acids in the cecum

1
H]

3}
o}

Acetate = C574 L& o] LAY/ A A o]+ Folat3t Hlulste] o407 £
EFsk . Propionate ] 73-%- C12512 “Lo] ot A W/A 2 o] A = wtoll
3ol = Vel Butyrate + C12512, C574, SB, CD ZLE-ol| A 2] % Q1 z}o] 7}

Q1 =] A Th(Figure 5).
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Figure 5. Content of Short chain fatty acids in cecum(uM). Values are presented as
means+SD. Significantly different from the HFD group (* p < 0.05). (A)Acetate
concentration, (B)Propionate concentration, (C)Butyrate concentration BSC;Bisacodyl,
CD;Control diget, SB;Steamed soybean, Cl; Cheonggukjang 1(B.subtilis SCGBI1), C291;
Cheonggukjang 291(B.subtilis SCDB291), C574; Cheonggukjang 574(B.subtilis SCGB574),
C12512; Cheonggukjang 12512 (B.subtilis sub. Natto KCCM12512)
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Analysis of microbiome in the cecum

Wk v A E R A2 77709 raw data & =E 510 12310 reads = 38} 51 o]
o] & B2 of] A5} Uh(Figure 6). 2 ZLg-ofl o3k W v A& 5] 2] alpha diversity &
Chao, Shannon #| 3£ & ©]-§-3}o] <213} th(Figure 7). C12512, C1 Lol A P] A& F <]

- 3S LHEhY = Chao ) 71 3} 4 0.2 82, 0574 TN A B2 15t

o{u

o

H
Of

gt 15 W A5 1) A E 2] & 7F Abundance 9] 5 ¢S YEFU <= shannon &

C29159] oA iAoz sopgs slsigion o= 54 =TS
SolAdl S7F 2 A4S et ddsw JAE nAdE A fAME Hlals

Operational taxonomic unit(OTU)= 7| 5= 0.2 3}¢] phylogenetic tree = W EFW 1 TH(Figure

8). BSC 15 7 AWk AR Fo T1F 9] A9 & /A 7} 8] Cluster & H A 8H3A]

2

CI2512 15= Al t& B =7 o] 153 HFD 13 A3 s= 9 WA nd=

rlo

w3t Lhrol A4 et

22



Rarefaction curve

Figure 6. Rarefaction curve of cecum miseq data
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Figure 7. a-Diversity analysis of bacterial communities. Chao Diversity, Shannon
Diversity are shown for each group. BSC;Bisacodyl, CD,;Control diget, SB,Steamed
soybean, Cl; Cheonggukjang 1(B.subtilis SCGBI1), C291; Cheonggukjang 291(B.subtilis
SCDB291), C574; Cheonggukjang 574(B.subtilis SCGB574), C12512; Cheonggukjang 12512
(B.subtilis sub. Natto KCCM12512)
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High fat/low fiber AF5 = Q13+ SD rats ©] "W A= 5 2Fo] = Family <l A]

golst 4= I th(Figure 9). FolA &3] WAY =
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Figure 9. Abundance of each treatments in Family level. BSC;Bisacodyl, CD;Control
diget, SB;Steamed soybean, C1; Cheonggukjang 1(B.subtilis SCGB1), C291; Cheonggukjang
291(B.subtilis SCDB291), C574; Cheonggukjang 574(B.subtilis SCGB574), C12512;
Cheonggukjang 12512 (B.subtilis sub. Natto KCCM12512)
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Family =9 A 2} 74 ¥ & 9] Abundance 7} 178 2 ¥ 8} gHof| )2} 519 level 91
Genus T2 FUH|AE FALS FoA<d AolE EA 8 Bacteroides spp.©]
abundance 7} CD 153} v|nstd HFD IFoA HFoAo=z =713 AL
821 8} th(Figure 10). ¥ Prevotella spp. = JA /A2 o] AR E A3 BE

IdgFoA Fodoew TASAT. Wk Lactobacillus spp.”} CD  ZLg-oH] s}

FEHASS AAFS} shH A=) Wha 520 Bacillus spp. 7F €291, C574, C1

954 Fol aFolA frolHow Frsglon ot dY YTF] wio] g
7 el AF RS 7o g
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Genus .t} 3}9] Level 91 Operational taxonomic unit(OTU) 7]+ S 2 7} 152 HFD
155 % Lefse 415 X8 3Fo] o] 2 Q1 2Fo] 7} 9l+= Taxonomy ] &34 Size 7} 0.1%
o], LDA score 7} 3°]73¢1 OTU & Heat map &2 X333 442 LDA score &
ARgstlen Ael IR U HFD oA fFoHem 2 A5 o o=
#7131 th(Figure 12A). =17 5o 159 23+ YA Figure 12B o] 8.¢F5}5] o
=7 7ke] 2914 2}o]7F 9l OTU += Table 30l 7] %] gt}

HFD oA feA o= F7kgk OTU ¢ tiF-&& BinteAo AN & Bl &=
A gkt B a1 e v A &<l Lachnospiraceae family (OTU;0085, OTU;0058, OTU;0054,
OTU;0015), Ruminococcaceae family (OTU;0042, OTU;0069, OTU;0014), Rumonicoccus?2
spp. (OTU:0066, OTU;0006), Blautia spp. (OTU;0005, OTU;0076, OTU;0026, OTU;0023),
Erysipelotrichaceae family(OTU;0067, OTU;0017) 1 ©.™(Wang, Lam, et al. 2019)
Aol d e} 2 g ol 71odstE A o2 &#| X Porphyromonadaceae family
(OTU;0043, OTU;0053, OTU;0071, OTU;0075, OTU:0070), Alloprevotella spp. (OTU;0012),

b g v e 29

mlo
ol

Z4

Prevotella spp. (OTU;0060)9} 7 tjoll A WS w3

AN}

H3lE Fste 5 AA f3k V)5S st Aow dEF Lactobacillus spp.
(OTU:0020, OTU;0004, OTU;0008, OTU:0064), Bifidobacterium spp. (OTU;0065)%=
HED S0l foldoz He uaw 2asin BSC 1golA S59l A3}

Fgors x4 3t= Ao #ojsltla HiEo] Q¥ Odoribacter spp. (OTU;0082)

olN
N
Y
ol
ol
rlr
o
o%
-
%0,

21 2. (Gomez-Arango et al. 2016) H| Tt} 733k 59 AF3aA 7}

A= Akkermansia spp. (OTU;0038),  Allobaculum spp. (OTU;0030, OTU;0022)7}

FolHoz =& HES HATtHGarcia-Mazcorro et al. 2016). ©|2|3d+ A=
AR o A LA/ A A o] A Al = o] 3t 2 1k Rat o] FUM| A E B H >
HI Tk v A &) F7he) 7)1k S & 4= St} Bisacodyl 9] A M-S Hwta} dE H



LA ol ## o] k= 547 9 2™ (Santacruz et al. 2010; Karlsson et al. 2012;
Png et al. 2010; Hansen et al. 2012; Qin et al. 2012) 2= A & A ojstttar 4l A

2 TH(Everard et al. 2013). $FA | A =0 A7} X/ A 2 o] A7 AR E F

o

A

ol

&

= g #F2 A89 Bacillus spp. (OTU;0074)7F €291, C1, C574= L&A 7}
H] & 2 =28}l o™ (Figure 12B) ¥ =774 5o ZLu1He] Bl s Faf C2911w°] 7H
2 S7F AdeS @S ti(Table 3). Cl1251271%-2  Lactobacillus  spp.
(OTU;0064)2] 5717} #2591l o Butyrate AT o2 43 Genus & U
X838} Clostridiales order(OTU;0079, OTU;0040), Clostridium sensu stricto spp.
(OTU;0011)7} F-2] 4 o &2 =& H]-& & &4 3} tH(Pichler et al. 2020; Ferrario et al. 2014;
Appert et al. 2020). 3+ I AZ 259 F Q3 vjs/fA| 2 X 31% Porphyromonadaceae
family(OTU;0046, OTU;0051)7} <718} 31 th(Zackular et al. 2013). C574 “L5- Alistipes
spp.(OTU;0019)7F FdstAl FolH o= Frsialon v&E HA=4d IFE4H
Ruminococcaseae family 7} o =2 Hl &2 EA5ke 33 135S HE Cl12 Acetate,
Propionate 373 3?1 Phascolarctobacterium spp. (OTU;0007)2} Butyrate AJ7d <<l
Porphyromonadaceae family(OTU;0043)7} < 7}3} 3 tH(Zhang et al. 2015; Sakamoto et al.
2009). HFD 13 9] Erysipelotrichaceae family & 7F= AW 2@k o 2 {-dbg v gkrdl

Holl A 73k A/ o = A3} & 28 (Hui etal. 2015) C574 L5 A 98 R E
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(B)

OTU TAX C_NC c_C1 C_C12512 | C_C291 | C_C574
Otu;0002 Bacteroides spp 0
Otu;0005 Blautia spp 0
Otu;0007 | Phascolarctobacterium spp 0
Otu;0009 Bacteroides spp 0
Otu;0010 Bilophila spp 0
Otu;0011 | Clostridium_sensu_stricto spp 0
Otu;0013 Bacteroides spp 0
Otu;0015 Lachnospiraceae family 0
Otu;0016 Parabacteroides spp 0
Otu;0019 Alistipes spp
Otu;0021 Enterococcus spp 0
Otu;0027 Ruminococcaceae family 0
Otu;0029 Clostridium_XlVa spp 0
Otu;0040 Clostridiales order 0
Otu;0042 Ruminococcaceae family 0
Otu;0043 | Porphyromonadaceae family 0
Otu;0044 Clostridium_XIVb spp 0
Otu;0046 | Porphyromonadaceae family 0
Otu;0051 | Porphyromonadaceae family 0
Otu;0054 Lachnospiraceae family 0
Otu;0057 Ruminococcus spp 0
Otu;0064 Lactobacillus spp 0
Otu;0066 Ruminococcus2 spp 0
Otu;0067 | Erysipelotrichaceae family 0
Otu;0069 Ruminococcaceae family 0
Otu;0073 Roseburia spp 0
Otu;0074 Bacillus spp
Otu;0079 Clostridiales order 0 0

Figure 12. Gut microbiota comparison between HFD group and sample treatment
group. Lefse analysis in genus level, LDA score>2.5, (A) Results of all samples, (B) Merge
the results of Cheonggukjang with LDA score, BSC;Bisacodyl, CD, Control diget, SB;Steamed
soybean, Cl; Cheonggukjang 1(B.subtilis SCGBI), C291; Cheonggukjang 291(B.subtilis
SCDB291), C574,; Cheonggukjang 574(B.subtilis SCGB574), C12512; Cheonggukjang 12512
(B.subtilis sub. Natto KCCM12512)
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Table 3. LEFSE result between Cheonggukjang group

OTU TAX Group |LDA |Tax SIZE
Otu0044 Clostridium_XIVb spp. SB 34 0.3
Otu0064 Lactobacillus spp. SB 3.8 0.2
Otu0101 Erysipelotrichaceae family SB 3.5 0.1
Otu0009 Bacteroides spp. C574 34 1.5
Otu0019 Alistipes spp. C574 | 34 0.9
Otu0033 Ruminococcaceae family C574 3.9 0.4
Otu0013 Bacteroides spp. C291 4.1 1.3
Otu0018 Escherichia/Shigella spp. C291 3.9 0.9
Otu0030 Allobaculum spp. C291 3.3 0.5
Otu0050 Alistipes spp. C291 3.5 0.3
Otu0054 Lachnospiraceae family C291 3.8 0.3
Otu0074 Bacillus spp. C291 3.5 0.2
Otu0093 Lachnospiraceae family C291 3.1 0.1
Otu0004 Lactobacillus spp. C12512 | 4.1 2.9
Otu0008 Lactobacillus spp. C12512 | 4.2 1.7
Otu0016 Parabacteroides spp. C12512 | 3.5 1.1
Otu0022 Allobaculum spp. C12512 | 3.9 0.8
Otu0023 Blautia spp. C12512 | 4.0 0.8
Otu0040 Clostridiales order C12512 | 3.5 0.3
Otu0046 Porphyromonadaceae family | C12512 | 3.4 0.3
Otu0055 Mucispirillum spp. C12512 | 34 0.3
Otu0062 Bacteroidales order C12512 | 3.0 0.2
Otu0066 Ruminococcus? spp. C12512 | 34 0.2
Otu0015 Lachnospiraceae family C1 4.1 1.2
Otu0031 Streptococcus spp. C1 3.6 0.4
Otu0039 Rothia spp. C1 3.6 0.4
Otu0073 Roseburia spp. C1 3.1 0.2
Otu0087 Clostridiales order C1 3.1 0.1
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Cecum microbiome network analysis

7t A= A7 B Ul v A= 5] 9] Network #2415 913F9] OTU association
ZA3}9] Spearman Coefficient #t©] 0.8 o]0 = 75t ##AA1E 2E= Correlation =
4815k Cytoscape & 3l Al ZFs} 9 2™ (Figure 13) Moduland Plug-in ol A #|&-3}=
Network W 9] 107l node(OTU)<] Betweenness centrality(BC)E Table 401 LEFU 1T,
BC © WA W vAE 42 Network °| 4 Hub(Keystone) OTU & 7H#|5}7] 9%+
Index = AF8-% % th(Brandes 2001). Hub 2 % & v ES 5 WA 71

e o] QAN FH AL AT 2

FU\L

T AE, B Ao AAAE AFdte

(@)

v] 2 &< 4= 2 th(Layeghifard, Hwang, and Guttman 2017). Moduland plug-in = &%+ B
Index & 7|HFO. 2 B = 159 A E % 9] Network ol A “Hub”Z 4] 283} &5 9]
OTU <= Bacteroides spp. (OTU;0001), Lactobacillus spp. (OTU;0004)°] T}, C12512 15
T8 Bacteroides spp. (OTU;0001)7} BC A|47} =& UYWE Lactobacillus spp.
(OTU;0020)9} &2 FAIAZ A5 2H8-S sl AL Ao o]9 9 tha B E
159 A = Lactobacillales order (OTU;0310)2} &2 &3 A| & YEFH AT =3+ 34
U Butyrate Aol 7H =kE C574, C125127172] 749 Alloprevotella spp.
(OTU;0012)7} 3% Hub "] Eo|R ™ (C574715F -2 Porphyromonadaceae family
(OTU;0071), Paraprevotella spp. (OTU;0115)7}, C12512 152 Lactobacillus spp.
(OTU;0008, OTU;0020), Oscillibacter spp. (OTU;0108), Lacnospiraceac family
(OTU;0311)°] +H WelA t2 OTU ¢ =2 HJ3 485 3l Hub PIAEZEH
PA A= BQ1e AT B3 Bacteroides spp. (OTU;0013)°] C574 15 ol A
Bacillus spp. (OTU;0074)9} %F2] & 218 #Alof = A& 18kl o 12512714
ol 4] Porphyromonadaceae family, Ruminoccocuceae family ¢} ¥#HH OTU <} 42

BEAg DA Qe A A8
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Table 4. Centrality analysis including degree and betweenness of the constructed
network (the main connected component) via ModuLand

OTU;Taxonomy C1 C291 C574 C12512
Otu;0001;Bacteroides 56.3 9.0 373.2 229.6
Otu;0003;Romboutsia - 4.0 - -
Otu;0004;Lactobacillus 23.5 4.0 210.0 34.0
Otu;0008;Lactobacillus 23.5 - - 34.0
Otu;0010;Bilophila - 4.0 - -
Otu;0011;Clostridium_sensu_stricto - 8.0 - -
Otu;0012;Alloprevotella - - 439.9 181.9
Otu;0013;Bacteroides 154.0 - 3954 137.9
Otu;0018;Escherichia/Shigella - 3.0 - -
Otu;0020;Lactobacillus - - - 124.0
Otu;0022;Allobaculum - 21.0 - 135.5
Otu;0024;Acetatifactor 227.0 3.0 - 355
Otu;0031;Streptococcus 75.7 - - -
Otu;0057;Ruminococcus 78.4 - - -
Otu;0071;Porphyromonadaceae - - 64.4 -
Otu;0101;Erysipelotrichaceae 144.0 - 59.6 -
Otu;0108;Oscillibacter - - - 29.6
Otu;0115;Paraprevotella - - 64.4 -
Otu;0118;Bacteria - - 131.8 -
Otu;0184;Firmicutes - - 293.6 -
Otu;0261;Anaerotruncus 88.0 - - -
Otu;0311;Lachnospiraceae - - - 14.2
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DISCUSSION
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