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a9 36. B9 FE #HE vwlo]maZHE vlA 7% - hsCRP 215 % Linear

discriminant analysis ¥4

Linear discriminant analysisE& 3 3¢ 23} hsCRP 19& oA Porphyromonadaceae
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streaking HA S WHEslo] ©dd F2YE AL 3T human serum®| F7FF BHI uj %] of A

ol wjoke S wigAogHE A8 A Fstn H#d PCRS 53 16S rRNA genes

BL agar plate

a9 37. AW WA= 28R R AE golEdy 75 2=

1078 ¢] 52kt speciesol] a3l & 15378 straing M & A & r.E.



X 3. A5 R F4d species ¥ strain T

wita New isolation (153)
Bifidobacterium adolescentis 35
Bifidobactenum bifidum 27
Bifidobactenum faecale s
Bifidobactenium longum subsp. infantis 4
Bifidobacterium fongurm subsp. longum 26
Bifidobacterium longum subsp. suis 3
Bifidobacterium steroris 24
Bifidobacterium pseudocatenulaturm 23
Lactobacillus rumins 4
Lactobacillus salvarius 1

71 200070 oo AAl A HAE gholBE e xstEoIA @Y 24t G HAE
species 13 &S &KX (Anaerostipes hadrus, Anaerotruncus colihominis, Blautia
hansenii, Butyricimonas virosa, Mitsuokella jalaludinii, Paenibacillus timonensis,
Ruminococcus gnavus, Streptococcus constellatus, Streptococcus intermedius, Bacillus

circulans, Bacillus spiralis, Streptococcus salivarius subsp. salivarius, Coprobacillus
cateniformis) — 21t 2] Foll sl SCI =it AlA.

Irstevreabonal’ Jocmal of Spatematc and Evolusonany Morobology (20 V6], 68, 951 0956 DO8 OO e OLOO0E 17

Sellimonas intestinalis gen. nov., sp. nov., isolated
from human faeces

Boram Seo,'? Ju Eun Yoo,! Yung Mi Lee® and GwangPyo Ko'!

Cumreaparudonce "Comiben Tor | luman and Civnonmentsl Mhcrobeome, Graduaie School of Pulblc | loalih, Seoul
Gy Ko Mabonal Uinsversity, Seod, Republc ol Korca
ghodtenunchs bl ool Fodogpeal Sorencers, Seoul Mubond Unevorsity, Soomd, Ropubbe of Koes

Mwveon of Polar Lde Soences, Komwa Pole Rescarch nsbbule, 26 Songdorerae-ro, Yoeonsu-gu,
Inchoon 406-840, Ropuble of Korea

*N-Bio, Seoul Natsnal Unversdly, Seoul, Republbe of Korea

A G alary pomdes ared olisgatly anaerobe, bactonal sbian, DRV, formerg moty yutow
calones wis. solaled from a leocal sample ol & hoalthy Koman woman, 165 iHNA gono
seouonce analvis nckcatod thal stran BRT2' bolonas to Clostncdum chestor XWa and

1% 38 KO-018 giA 227 E AF vAE 23 #d =% &3



AW PAES LS HEE LSS AT A WHEAANZE TF

opekst wjA] =31 el A A& 7] wES st 98 7S 5 E o e 3-stage
71¥k 621d HE|FHWE S 1-stage continuous colonic fermentation A]Z~®l o 2 7] Z3}o]
AdE 7% (29 39).

‘ H Ill_tnl_lln’—“ - I'{II_EI! |LFL‘H i

a2

| S

a¥ 39. ANTF N AEE A A 454 F7] MEAE"E 7

A8t7] e Al AT BT E
1 A% vl Alxde A BCM (basal
33t A mucin, 9 (arabinogalactan, starch, pectin,
xylan, inulin, sucrose), @A &FS th2 A sto] 2 ol MLGS F3E. U MAAESF
B33 & o]} = SCFA (short chain fatty acid) %S =Aslo] <A thHA 59

4u vagoz 243 (19 40).



SCFA #45 93] AM=dd wfdd A &= sulfuric acid= AHA3FAI A 2™ diethyl ether
o2 w83t GC-FID A3¥8& T35, olu volatile acid +24 Z-§ Nukol ZAF
(Supelco) & AF&3F31 S acetate, propionic acid, isobutyric acid, butyric acid, isovaleric

acid, valeric acidg %4 == X333 (WFET=4: 2-methylpentanoic acid).

well plate 7]4¥F wjok
1%E FFsto] ol=xt vjsts ] 4
nAE fH felas &4 , SCFA &%, gPCRS &3¢ it &4 o9% &
AU mAE U fFAlELke A 54 =29 =3 7 s
B-glucuronidase¢t FulelX EHERS st AEF
tryptophanase, %= aromatic amines A A3}l DNA o]
=459 5. Akt =2 = A= Lactobacillus (
GAGGCAGCAGTAGGGAATCTTC, R: GGCCAGTTACTACCTCTATCCTTCTTC)
Bifidobacterium (F: CTCCTGGAAACGGGTGG, R: GGTGTTCTTCCCGATATCTACA)
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Component g/L
Peptone 1.3
Yeast extract 2
NaHCO3
L-Cystein—HCI 0.5
Bile salts 0.5
Hemin 0.005
Vitamin K 10 pLL
NaCl 0.8
KHZ2PO, 0.04
KZ2HPO, 0.04
MgSOy 0.01
CaCly 0.01
Resazurin 0.0025
Mucin 2
Casein 5)
Sucrose 1

ZefolEol A ik R EUEHY doe=x Alvdes HH &5



SCFA analysis

Microbial enzyme assay DMNA extraction

3

Statistical data analysis

a9 41 A W rBEF AL BT LEHT A2H 2R

CAAE FolBE P E 8% AA Zutolegx AA o=

AAE golBdy 5 FU vAdE 3 JHddd 23Ut e Ae=E d#zl giA et
phytochemicalss T st e Al 2 it dAdo] & Aoz 4 A4 &
FTAHOoZ oF 30odFe HAES oz AuUdF: MAdsS A5 (O™ 42).

T5E HAE 95d A A vAET I B AEHST AE2EE o]fste] AdE
TH A #F N EeS FAAE. HAAdE AY vEE 100 ppml 2 FUA o
44  WERTS=Z  Fructooligosaccharide (1 mg/mL), SAUETe=Z  IAA

chloramphenicol (10, 40 ppm)& AF-&3}3 .



samles 00600 b-glucuronidase falucuron dase
wi w2 wi [ average| % ttest wi w2 w3 | average| ttest | wi w2 w3 | average| ttest
control control control
nedia only 0.001] 0.000] 0.000f 0.000]  o0.00 0.003 -0.001] -0.001f 0.000]0.00
no OMSO 0.071] 0.119| o.112fMo0.100] 81.79 0.416 o 123.29 0.759 0.520| 0.57o{MM.619) 146.08 0.156
0. 1% DUSO 0.000 0.138| 0.13zf@Mo.120] 97.55 0.909 0 115.07 0.587) 0.419] 0.435\ 80 .481] 113.53 0.600
0.2% DUSO 0.084) 0.140| 0.1a5EMMo.123] 100.00 1.000 0 100.00  1.000 | 0.594) 0.363| 0.316/@M0.424] 100.00 1.000
0.2 ouso 134t %I 0.006] 0.152| 0.14g 132) 107.34_ 0.752 0 119.18_0.100 | 0.686] 0.341] 0.384{WM0.a70] 110.91 _0.755
Fos 1 mo/m 0.225| 0.278| 0.253 2| 205.16 0 0.088] 0.060] 0.062§ 0.070] 16.47]
chloranpheni col 10 pon 0.065 0.006| 0.115f 0.062) 50.27 _0.175 0 0.672 | 1.541| 0.204f o0.250MMeos| 164.62 0.559
chloranphenicol 140 pon 0.005 0.010] 0.008f o0.007] 5.43 0 0.571] 0379 0.1 o.35] 83.99 o0.688| |
100 ppm 0.134] 0.164 0. 189] 162] 13207 0.194 0 0.484] 0.340] 0.36/@Mo0.3%] 93.38 0.786
100 ppm 0.133] 0.133| 0.209 157] 12772 0.334 0 0.387 | 0.322| 0.359 0.238 8 0.306] 72.22 0.274
100 ppm 0.154) 0.142| 0.209) 1e8] 136.95 0.186 0 0.525| 0.499| 0.435M0.as6] 114.64 0.528
100 ppm 0.138] 0.1309| 0.183 15| 12473 0.284 0 0.492 | 0.3a6] 0.351f 0.316/80 0.338] 79.63 0.375
100 ppm 0.129 0.021 o.167fMMo.105] 85.57 0.736 0 0.146 | 0.316] 2.258( 0.274/8 0.295] 69.58 0.471
100 ppm 0.169 0.160] 0.209 177] 1as.29 0.082 0 0.551 | 0.443 0.167] 0.378 0.329 0
100 ppm 0.132] 0.139] 0.170) 147] 11957 0.351 0 0.149] 0.127] 0.193@ o0.156§
from B 100 ppn 0.172] 0.168] 0.170) 7o) 13832 0.074 0 0.441) 0.421] 0.475%Mo as6] 105.16 0.815| |
(Gos) 100 ppm 0.251] 0.251 0.279] | 21277 0 0.430] 0.456] 0.44/H0 442 0.846
100 ppm 0.196| 0.219] 0.229) 13l 173,91 0 0.076 | 0.205| 0.341f o0.2510 0.29¢) 0.226
100 ppm 0.188| 0.216] 0.238) 1l 17418 0 0.076 | 0.270] 0.267| 0.247 0.261 0.132
100 ppm 0.175| 0.233] 0.222) 1of 170.92 0 0.526 | 0.256| 0.244f 0.238/8 0.24¢] 0.107
100 ppm 0.180] 0.208| 0.227] 205|  166.85 0 0.132 | 0.288| 0.258| 0.224 0 257] 0.129
100 ppm 0.182 0.208] 0.209] 108] 161,14 0 0.407 | 0.262 0.256| 0.251[f o0.257] 0.123
100 ppm 0.180] 0.212| 0.215 202) 164.67 0 0.672] 0.405| 0.58s/HD.554 0.327
100 ppn 0.186] 0.208] 0.218 204f  166.03 0 0.338] 0.345 0.37:/M 0.351 o) |
100 ppm 0.220] 0.1%2] 0.167] 193] 157.07 0 0.276] 0.369] 0.445/8 0.364 0.580
100 ppm 0.223 o0.1%5] 0.172) 196]  160.05 0 0.272] 0.286| 0.394HM 0.31 0.321
100 ppm 0.203] 0.148| 0.169) 73| 14103 0.7 0 0.052 | 0.289) 0.357[ 0.377i 0.341 0.409
100 ppm 0.120| 0.183] 0.189) 164 0 0.429 | 0.549| 0.234f 0.205/ 0.359) 0.642
100 uM 0.279] 0.220| 0.260) o) 1.057] 1.184f 1.239
100 u 0.238] 0.195 0.214 | 0.302] 0.337| 0.436{ 0.359) 530
100 uM 0.189) 0.198| 0.19: 192] 0.592 | 0.231 0.256( 0.3298 0.277] 169
100 ut 0.120 0.117] 0. 123EMMo. 29 1.008] 1004 1171
0.002] 0.000[ -0-002f 0.0
0.122] 0.112| o0.136HMo. 129 0.388 | 0.208] 0.119 0.2168 0.211 51
0.162] 0.113| 0. 105Emo. 127] o.821 | o.163 o.118 0.194@ o0.159) 99
0.165| 0.107| 0.08afEM0. 120 1.000 | 0.154f 0.108| 0.220/ o0.160) 000
0.2% ouso 134t %I 0.145] 0.079| 0.072 0.09q] 0.653 | 0.161) 0.169 0.157 o0.167] 940
Fos 1 mg/nL 0.380| 0.319| 0.300) 0.053 | 0.254 o.108| o274 0.212) 8
chloranpheni col 10 pom 0.137] 0.113] 0.180) 13 0.184 | 0.200] 0.277| 0.1198 0. 199 531
chloranphenicol 140 pon 0.003| -0.004] -0.005 -0.00) 2.111) -1.083] -0.4678 o0.187] oo | |
100 ppm 0.196] 0.214] 0.209) 206) 0.155] 0.142] o.1acll 014 694
100 ppm 0.192 0.19] 0.19: 194 0.086 | 0.142| 0.150 0.141/8 0.1 666
100 ppm 0.184 0.129] 0.188] 167] o 0.333] 0.460] 0.252 0.34 052
100 ppm 0.167| 0.123] 0.179) 15¢) [ 0.188] 0.238] 0.181f@ 0.202 2
100 ppm 0.134) 0.118] 0.106§MMo0. 119 [ 0.264 | 0.174f 0.198| 0.239 0.204)
100 ppm 0.122 0.114f 0.155 130] 10861 0.715 0.225 | 0.240| 0.178| 0.176/fl 0. 199
100 ppm 0.168] 0.170] 0.188] 179 [ 0.239 | 0.139] 0.143 0.1358 0.139)
from € 100 ppn 0.171) 0.181) o0.192) 181 0 0.318] 0.273] 0.205 0.265
(Caseln) 100 ppm 0.226) 0.252] 0.218 32} 0.218] 0.243 0.245/8 0.23)
100 ppm 0.198| 0.215] 0.229) 19 0.189 0.211] 0.192i@ 0.197]
100 ppm 0.176| 0.221] 0.185 197] 0.789 | 0.070] o.119f 0.1154 o0.101
100 ppm 0.175| 0.220] 0.189] 194 0.121 | 0.150] 0.124f 0.1428 0.139)
100 ppm 0.174) 0.181| 0.183 179 0.199 | 0.1a0] 0.157 0.128 o
100 ppm 0.170| 0.209] ©.168] 187] 0.090 ] 0.155 o [ 0
100 ppm 0.169| 0.236] 0.197] 201 0.298] 0 [ 0
100 ppn 0.191] o0.218] o185 199) 0.216 0 o 0
100 ppm 0.109 o.114] 0.209) 127] o0.052 [ 0.297] o 0 0
100 ppm 0.183 0.229] 0.18: 199 0.148 | 0.122] o [ 0
100 ppm 0.262 0.204| 0.19g] 21 0.180 | 0.070] o [ 0
100 ppm 0.260] 0.218| 0.20 27] 0.619 ] 0.055 o [ 0
100 UM 0.230] 0.203| 0.210) 14} 0.471] 0 [
100 u 0.236 0.175| 0.185| 199) 0.150] 0 [
100 UM 0.126 0.218 0.215 189) 0.225| 0 [
100 ut o.168) 0.192] 0.191 18] 0.204] 0 o

a9 42, FW MAEFT NHAESE 7HAE FEE T=S 4

TER QA WFRAALGE BEeke] AUTF AASS HAE AA Zejuelog s
aA4E zadysgon, o Ax FF, UEFEE ¥ dedvd a4 FNEE
AR FAsa L.

T FEES ASWA 231 32 adid AR EARECAA v s

THFEEE FATELAGN S Hojmd s gd
w27 Fads gue (2™ 44).

Faug, FHdE Hdsol &

[H
i)
HTl
filo
AL
K
ofl
=)
@)
<
rlo
o
=
4
0%,
o
o
b
2
ol
K
do
%
4



bel ol whA o

)

A

Protein-enriched condtion

400

Normal condition

250+

L
= =
i

m - —
(%) ymoJb |eigolol iy

-

Treatment

Treatment

Water extract of red yeast rice
Ethanol extract of red yeast rice

RWE
REE

{

-

—

£ 3 & 3

- -

=

{%) Anapoe eseueydojdfa )

)

(=}

(%) Aiangoe
asepILoInan|crg

300

Treatment

Treatment

is

A FAEA JA

o
—a-

o]

) 2 A (short chain fatty acid;

)

7}sla,

)A
B



Short Chain Fatty Acid (%)

Content

Acetate Propionate Valerate (mM)

cﬂﬂ*l‘bl 46.254+432 1536+t0410 4354055 250644976 8281044 071+ 0,04 18,604 1.21

ﬂ 4644 £179 23541033 297 L0554 21574437 5481025 H.D. 2541 10.55

FN L 54361323 25401085 MD. 2024+ 0.64 H.D. N.D. 203+ 0.06

45684120 1aTiH166 4111083 2313+468 7621062 0T5+042 20.56+0.99

48,40 10,39 168610892 3631072 21410144 TO00LD44 0.62+0.01 20112075
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24, 224dE A7 W8 R 23

L B HAEF 70 E &

o

@7 2

e

7}. Direct platings ©]-€3 AU HAE &5 2

o B AFXE AR A= 7MY EE Sl A mAE Y-S B4 SE, gRe A
oF, 20-30th, 40-50tH, 60-70t]) =W A|EE o] &3t Ul MAES AL &
oS A=3AS. d7] Z7A], non selective agarel direct plating= 3}t
2000 F oo vFd A vAES £ ZYsilon, ofE Eoto] dA AFeokE HHA (4
okx) oA Frtsta e 1AIE, Y AAHY ZRulol o€ s w5 (% 5) o 438k Lactobacillus
112%, Lactococcus 2%, Bifidobacterium 464% 2 755 2]339e

M

(m

£ 5 H4A NG EF Y&

:rl.

Lactobacillus

Hr

L.acidophilus, L.casei, L.gasseri, L.delbrueckii spp bulgaricus, L.helveticus,
L.fermentum, L.paracasei, L.plantarum, L.reuteri, L.rhamnosus, L.salivarius

Bifidobacterium B.bifidum, B.breve, B.longum, B.animalis ssp. lactis
Lactococcus Lc.lactis

Enterococcus E.faecium, E.faecalis
Streptococcus S.thermophilus

Y. In vitro 3 WAE-TEAE EF ¥e T BF7F A &5 BIL

o A Y #FEE UeR 3 Uik 2 ugsAd HUHe F8ll, Lactobacillus 19%, Lactococcus
<, Bifidobacterium 34&< A% o] & w3 AEF THP1Y Azt dxEHAG3 G (human
peripheral blood mononuclear cell, PBMC)E ©]-&3}o], QIF ¥ 2 &4 289 AW dF9 o
&t Afol BTl TS ElE

Fe

e THP-1 HA¥FE 100 mMe| phorbol-12-myristate-13-acetate (PMA)E A 2]3te] 242
(macrophage) = Tﬁ}é}‘iigfq o= 7] MHAA W Toat= AT = stz Ay Dk A
SRR AlelEFS fE @ 4 FES M. PBMCE, WA FHAoms, AU
Holstal s ‘ixlé}%tﬂ*—‘.ﬂli_ R FAGAE BRE ol B AE T H]Ti 9 natural killer T

(NKT) AZ 5 FA90] golshe tad 927 of o3 Aol Eskel W3S Ha1g 5 98

o H A= QI ME (THP1 %+ PBMC) tl A H]& (cell: live bacteria) & 1:20 &
11002 &% wjekst = 24 A H ASAS 53] cytometric bead assay (CBA) H&

o ol



o

enzyme-linked immunosorbent assay (ELISA)Z Utk
3 2!

[e}
IL-10, IL-2, IL-4, IFN-y IL-17A) =S gelsty] A% THP1 AZFAAM+= d54
ALl EFII F  IL-8¢]  FofatAl Frheldon, Ed FHT A|EFRRIQL IL-10 Fo8H
Z7WN 71 Lactobacillus, Lactococcus €3} Bifidobacterium & 221395, T3k IL-6, TNF,
IFN—y el IL-10 Hd& A glate] A543 AelEFRRIo] FATA Aol E7Hlol Hlg) =2
Fo g WHEE By #F2 FsS (1Y 4).

F ALl E7RQD (TNF, IL-6, IL-8 IL-1B,
]

ol EJIO
ololr
il

i

a) b)

SNUG 1D SNU_species_name
[ sHueAosen TactaRacillis gassen ATCE T3723T)
1 5 2 | snussosaz L reuteri JCM 1112(T)
oo e = [ SHUGs006T p EERRE=)
ok b bgccsidd = [ snuGs03e2 L JGM 1136(T)
5 | SHUGK0429 L JGM 1136(T)
e 5 [ SHUG50430 Coctubacilus riarmosus JOM 1136(T)
/| smucsosas JCM 11360T)
5 [ Snuss00ey L tarmantum CECI 562(1)
o 5 [ snuGs0013 L formentum GECT 662(T)
= 70| SNUGG0134 [ gassen ATCC 93023(7)
S 7 [ SHUGE001S L Casei BLZ5M
&= | ShuG0023 actobaciius paracasel subsp. tolerans JCM 117 107)
= 15 | smuss0031 L casel BL23M
[=] 1| SnuGe0UE7 D casel DLZH()
= 75 [ SNUGE0061 [ salivarius ATCG 11741(T)
L~ 7G| sNUGGoT22 [ Salivarius ATCC 11741(T)
— m 17| SHUG60139 [ Salvarius ATOC 11741
] e[ Snomtoer | T Prantaram subsp. plantaram ATCE TAST(T)
L [} 7o SNUG103E [ Saivanus AICC 11/101)
20| SHUG10122 Lactococous lactis subsp._lactis JOM £805(T)
23 [ 5HUG10129 Lactococcus lactis subsp lactis JOM G005(T)
2 [
= TS (1000 ngimi)
21 LIS (500 ng/mi)
SHUG 1D SHU_species name. T T T R T
| 1 | snucsonzs i dum ATOC Z9821(T) D 156546 [[ 000646 |1 180156267
m ST i P A BT 0057334 [OD 78282 [0
= = [ Srucsooes S ATOC 255211 T055T05 [DE2S007E [ 835032555
<5 4 [ Snocsoars Sicum ATOC Z9821(T) TTEE007 LR
= [ Snocsosss i dum ATOC 29521(T) 513507 [[D132508 [ 1 F7E7A752
m o = [ sicsezio animale subep lacte DEM 10120
7 [ sicsazio
= | sscsoze
= = s [ scsosn
S| . 0 | Snocsaatt
= - i i o
& 72 | Snscsoses
= g6 75 [ snocsores
o 74 | snucsatao
£ 15 | snuceaztz
S| m e [ srocsazia
= = 7 | Snoesates
= - 7 [ Snocsoas
o 75 | Sncsoszz SifiScbecterium longum = uts p_longum JCh 12171
20 | snocs0en Ereve DS 20213
] =1 | snocsaza animale subep ot DS TS
2= | snucsoa= Eifioctactarim animali =ubap lacte DS 101500,
= | srussoas Eifostacterum animate =t p lace BV 101500
4 24 | snucso Srimslis subsp lactis DSW 10120(T)
2= | snucsazs B arimalis subsp lactie DSM 101200T)
2= | snucsomes s arimale = ubep lact DSM 101200 To3305%
= | srucsoers i animale = ubep st DS 112 565057
=5 | snucsaset Sicbecterium ongam = ibe p_longom JG0 127D GoasTE
= | srucsose EX infants ATCC 1568T(T] EEESIE
0 | snucsaare B arimalis subep lactie DSW 101200 5.02602 ||«
1 | sncseats s arimali = bep lact DSM 01200 SLIAEANIL
= o ot T == [ swososs | e arirale subep lacis Dt to1som |00
=3 2SI T=ZS = [ sscsoas0 Bifiootacteriom animale = bep lacte G5 101200 Go30EE
=z SSESSEZZE = | seeozet St arimals subsp Jacts DS 19120(T) GosiETE ]
N coo===2
= s8a=

a9 46. R FF S| 93 THP1# PBMC 29 AlolE
237 (a) 2 PBMCSHe] &dAFA Aol EF Aoy &

o
=
El
S

o 24 ¢AAH-71H HhE B EF dF 2=



Infant Adult Fecal samples

HIB CyAR} stojE2fal 7=

o HFAHOoRE Mg dF 3F T SNUGHM30 #F SNUGH0559 + 371 mlwke] 21Mgk oo} W
AMEA Estas. SNUGI0122 & A9 8 AZo ERdA 83 (& 6). 24 #F+ 16s
rRNA gene resequence 412 E3l], 99% ] identity 7} 453 o2 543

CHF A FF 3FY AR
SNUG ID Bacteria name HEID source Isolator
SNUG50430 Lactobacillus rhamnosus BL16¢ Infant HS,NY
SNUG10122 Lactococcus lactis subsp. Lactis O-6 Biff Adult SH,HO
SNUG50559 Bifidobacterium longum subsp. Infantis S20BS1 Infant HS, NY

O:

o 7} o AS BA 4 2 HHE dd A" e AYEES AIEE Fgeld Ax
SNUGH0430¢] 79, vl $ 11A1%F el 57#]7] (stationary phase) o Z=E38t%om, A= 3.26
x 10" CFU/mLE JEWE. SNUGI012E vl F 54133 (Bafd 236 x 100 CFU/mL)
SNUGH0559¢] 4% 17A17F 4 (Bd+5 448 x 10° CFU/mL)e Z+z AA 7o) Z=dshs AS

shelatals (11 48).



SNUG50430 SNUG10122 SNUG50559
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O9 48 AEd #F9 4RI

SNUG50430 SNUG10122 SNUG50559
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501 =

Survival (%)
Survival (%)
Survival (%)
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a9 49. AEd 59 WAAN-WEEAH B

Tok 7F o] AEs 2 HAS Akl 98l pH 2, 3, 4 213 @ (oxgall, sigma) 1%, 2%,
2 243 MRS brothell Z} 7S HEsba, 4A7F 5ot ajdkst 5, 1 A% A=E pH 65
2719 Yz vlaste] AES [(AEde] ODF/HETS] 0D x 1001= A3t (28 49).

|

SNUGEM309] 7%, pH 4914 53%, SNUGI01228F SNUGH05599] 74 2% 1%, 2014 50%
ol AEES Holt B, AP A L HEHS B Pl 9P e pH 9 239 ©F
SOl o 2@ ugel Bad P ness W, B FFES A £30 WHe nesha
22

A o] A A H7FE 98] 1SO-sensitest agarell 2 55 FE3 oS A4 MIC test
strip (Liofilchem, Italy)E &ulE3l, 18-24A17F &<t vjdste] S A (clear zone)’} YEU=
TEE ZsIS. AMP (Ampicillin), Va (Vancomycin), CN (Clindamycin), K (Kanamycin), S
(Streptomycm E (Erythromycin), CD (Clindamycin), TE (Tetracycline) % C (Chloramphenicol) &
T M AAAE dE WS Hrtstalen | AdE mAEY A #E wA7IE<
European Food Safety Authority (EFSA) 7|55 A&3sle Ak 3F9 AETFTE
A ow A S| ik Aol 7|EX Bt Yol 8 =t (L9 50).

RS
ke
L



SNUG50430 0.5 - 3 24 6 0.064 0.38 0.19 3

EFSA L. rhamnosus
breakpoint 4 n.r. 16 64 32 1 1 8 4
SNUG10122 0.19 0.19 1 8 16 0.47 0.125 0.064 2
EFSA Lactococcus lactis
Breakpoint 2 4 32 64 64 2 4 4 3
SNUG50559 3 0.38 3 96 6 0.094 0.064 0.75 2
EFSA Bifidobacterium
e T 2 2 64 n.r. 128 0.5 0.25 8 4

Y 50, A #FF9 A WA 38 Hu)

3l &8 (morphology)E
skelstsls (29 51).

e SNUGH0430 (L. rhamnnosus)® SNUGH0559 (B. longum) °l t
o

2% 51. (a) SNUG50430 (b) SNUG50559 FAMHZ@ 7 7 A7

ot A AlX EFZ3 (Tight junction) & 715 B 7}

« 3% 7ITA #F (SNUGH0430, SNUGI10122, SNUG50559)9] wjgFxzl &3 H
|

S 285 (stock) 5 FATEOH, 7 #FE 44

1:}_1_ s LAk
@ F N L RAL BAE B8] 2 33 4EFS QA



XS W gt
MFEds Sesl

Els
cell viability®ll oﬂé‘}% n] x| A ek k

|
om old #FE9 s HHe AT E£F WS
o] HAs] Zrxoiss & F Ue (¥ 52).
Cell viability
120-
2= =
LR ——
SE o0
T o
Qo
-
S 404
3z
S o
- & §°
< & e
S 5

a9 52. Neutral red uptake

Moz AZE

EF g =4 24

vl 7154 oF7F AAIAHE tight junction 2 F A9 #d @83 2Fo nXe= G
)|
o 75 A F Edujdt T Caco-2 AEZE A S E Transepithelial/transendothelial

electrical resistance (TEER) assay= 43 5}04 715 TF7F &I M 2] tight junction
of v 9L A3 (¥ 53).



Meter
The EVOM? s ready to use, but you will need a slot-head screwdriver inot included)
to calibrate thee R ADJ screw,

CAUTION: Do mot leave the meter In direct sunlight for extended periods of
time. it will become dark and unreadabde.

Labedéd iberns on Fig. 3 are described below,

l Digital LCD Display 2 Power Switch 3| Function Switch CDl'nPOurbd & | Medium

& pnsiog Cutput Microvil ‘-"" ., liquid level
5) & 4D) Calibration =

light junction .. L__ .-~ Caco-2 cel

monolayer
6 ivput Pt '
miper 17 &R 0 "eeeeeal]

7 Charger Inpat Jack Semﬁbr:-:::’bi R MH‘nbiaﬂEamnEtlahle mmpﬂund

Basolateral side

a9 53. TEER A€ A4 (EVOM2) ¥ Caco-2 ME9]
tight junction®3} #F A

gl zwtel s 3% di4d #FE A Caco-2 AIE 4 TEER#C] #2384l 453t
A& o 3 12417 Ao ulal 247k HE T 35 AL =

o rr

a) b) *
*
% 5' o G' *
|"E 5 E 54 ——
£ c
S 4 £ 4
o *
= 34 s 3
5 * 5
Q
El e
& 14 g 14
BimiEINT B
& U & >
d’& ‘?b'-? & @h 650 @""9 '@\'ﬂ' G?‘:@
F F F ¢ & © ©
$ & 5 &S & S

a9 54. 7154 IdF Y F9 Caco-2 M¥ 4 TEERZ W3}
(a) 12A12F A g; (b) 24713 A E

Tk dAYE oo APESE 7 B T F WS AT HS Caco-2 AEol| 2441 A g
o5 28] W el9 TEERZte] st A 2. & déde 7|54 =25 Fdlshe=
thALA]  (metabolites)E©] & AT A EQ] tight junctionE Fol3tA A3AZ + ASS

HoE (19 55).



a) Heat killed bacteria treatment b)  Bacteria supernatant treatment
*
r 3 e 3
L w
i * m
[= = %
£ PR k=
@ 2 pe 24
(=] o
s 5 e
= c
o [
o A o 1]
S 2
® ®
5 5
. e .
S & &
& & s° kS &
¢ RS e < R
il & 5

Azde AF3 & Caco-2 ¥ A TEERFH W3

o 7]SA TFE 24MNZTF AYE Fo A wawiEel ZO-1 2 Occludin®] 2@ &S western
blot& &3t XA A3 izt Hste] ZO-12 oF 164, Occludine ¢F 28] Al
HAFE = AS AT ol F 7|eAd T Ayt wadw e wd JEks

moms A AV AES tight junctions A3 7 dee Holw (¥ 56 R ¥ 57).

Z0-1 * = m | 9N
Occluding  mos swes Sl
GAPDH  wm e

SNUG  SNUG SNUG

Con 50430 10122 50559

1% 56. Western blot& %3l
7S dF AY ¥
gz 4P v
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o] tight junction 73}
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e AgAde F3 2wd BEd d5F % AdZuielegaEs &9
s

a7 A&, SATAHAAEZH (Central composite design, CCD) 7]
2
=

Al e

o) 3‘3_:%}

xe .0

L)

HE
o
EN]

y
=]
2
.o
Ikl
|
=
=
lo
Jm
B
r'lat
ot
1o
I'EY
>
e

WAEALZIRE 1&g NAds IR RS S8t g4 48 A5 T3
g S8S mAketr] 9 B2 AuividE sl 7IRkske] high throughput in
vitro 71 EHE JIHE (Long, 2015). A4S AA A R2FEH 10% fecal slurryE
W= oS 1%7F == HFske] 13k Wl (50 mL)& 24A13F wob A 23wk
96 deep-well plate (1.6 mL)olA 24-48A17F &<t st o oju Zznlo]og 2~ Hl
Zejulo] QA5 FAlo] AEst . vl A= ZEulo] QB a9t IZejulo] @ o] o3t

o =3} Q)= Fu}ulz

% M aas gdst7] #8l Fun A= dysbiosisE - d
2 (C-source: 6.7 g/L, N-source: 10.5 g/L)= ©]&3t} 2™ (Marzorati, 2017), 7]

e obdsh BE (£ 7.

PN
TR



X7 HEEDE EXIE BAE A AHSE e widaA =4

A& & (g/L) H] 31
Starch 1.0 C-source
Arabinogalactan 0.5 C-source
Pectin 0.5 C-source
Xylan 0.5 C-source
Glucose 0.2 C-source
Yeast extract 3.0 N-source
Peptone 2.5 N-source
Bacto tryptone 2.5 N-source
Casein 2.5 N-source
Mucin 4.0 natural C-source
Cysteine 05 A A A &

sgrd pts g8 ArEd fAE 7 FEATEIEA AEdEue FREFE
AWsl SNUGH0430, SNUGH0559, SNUG10122 3% 755 AM83 (F ). 2+ 5o tsl
FERtorT e A hEuld F A2 EUASE AFitol AFE FR o FFE
A R ool 25 AR A7 Al 10710° CFU #4kt A 25 A3

£ 8 EF¥xd o] AgE FAT AEE AEF

SAF A7 ID A5 (CFU/g)
SNUG50430 49 x 10"
SNUG50559 55 x 10"
SNUG10122 2.8 x 10"

fabit aAete ERATE AF AQ Teueledgsze FEE A¥T 2a9YS
S8 wEse] 53U £ B F5%, 5 @ 722 09 oue 758 g4
© DMSOe°l 50 mg/mL® =i o™ A8 A A 10-200



2014)S 3 total SCFASF 3709 major SCFAS! acetate, propionate, butyrate 3oF#<

.
=43

A A Y (Central composite design)s ©] &3+ Z]-Z=Zulo] Qg A wighH] % g}
ATE T R BAS 984 = Minitab 18 Wl o] AREElom X Eulo] Q E
(SNUG50430), Z2jvtel g (HY et FE55)5 279 d589902 AME9S.

[ex]
AA
TAGAAAGHES  o]gd HHIIE 98]  bacterial growth, tryptophanase A,

= 5

beta-glucuronidase €4, butyrate 2 ZF T A H4F (total short chain fatty acid) 3=

5 S response® %Xéfé} (JL 9).

£ 9. SNUG50430, Y dgSFEE° g SAHAIAAH 43 A9

9 e 9w 2y A B SNUG50430 gy deaFE2E
(log10 CFU) (ppm)
1 0 1 0 0 45 110
2 1 1 1 1 5 180
3 -1 1 1.414 0 521 110
4 0 1 0 0 45 110
5 1 1 1 -1 5 40
6 -1 1 0 -1.414 45 11.01
7 1 1 -1 1 4 180
8 0 1 0 0 45 110
9 0 1 0 0 45 110
10 -1 1 0 1.414 45 208.99
11 1 1 -1 -1 4 40
12 -1 1 |-1414 0 3.79 110
13 0 1 0 0 45 110

, |
tryptophanase, B-glucuronidase &4 o] HAxZgulo] S~ A7 Al TFAH= A
)
=

T ARE (53] &= dEE FEFE9 tryptophanase &4

2
he
_\|1_‘
<
Iy
v
B do fob ok ox

X 0 ook 2
Mo N Ml % O X

Az AF Ax AHAlds S HY T4 92 dF A &Aool U+
AT Aol = SNUGH0559, SNUG10122 Al =29 -5 B-glucuronidase A &HAS 7}
et s (L 60).



GROW TRYP GLUC

T
-

[n
e

+ SNUG50430 (10%)

T
e

C
N N ——

02 02 {0202 |02 {02 |02 |02 |02 |02

b

+ SNUG50430 (10°)

T
™

+ SNUG50559 (10%)

b

+ SNUG50559 (10°)

T

+SNUG10122 (10%)

T
o

+ SNUG10122 (10°)
+ 2= EFEE 30ppm
+ 2= 0B =2 == 30 ppm

+CE OBt 2==&E= 30 ppm

T
o

T
e

RIlRIB|IRIR.IEBIRIR.IRIEL

T

®
o
C
g

; Bacterial growth, TRIP; Tryptophanase activity, GLUC; B-glucuronidase activity

3™ 60. AT, Ad ZHute]le g g5 A A FHEF NAEF

SNUG50430¢ s A zZgjufo]l ¥~ (30, 100 ppm) <3 wWlg AdS 343
SNUG50430 10° A& Al &=, "9 dge FFE5 30 ppm ¥E&A= A7 AR
(tryptophanase &4 9A|). ©, T de& FEFE9 74$ B-glucuronidase A
S7H71= ZAF o] d&s 2<% 100 ppm o] el A= o3 &4 H

= = P2 oA 2ol HolA
271 wiel ZF Al S WS Al Zg-zEule]e i slE HHsd Zevt
Vae AT T AME (2™ 61)

GROW TRYP | GLUC
HH 2F A

HY 2FQH + SNUG50430 (10°)

Hi 2k + SNUG50430 (10°) + B3 2FZ 2 30 ppm

HY 2FO + SNUG50430 (10°) + 8= 0| EH2FZE 30 ppm

HY 2FO + SNUG50430 (10°) + L & O EFH2 F=ZEE 30 ppm

Hi ¥ + SNUG50430 (10°) + 2= EFE 2 100 ppm

HY 2O + SNUGS0430 (10°) + = O B2 3 E 2 100 ppm

HY 2F + SNUG50430 (10°) + L & 0| BF2 3% 2 100 ppm

a9 61. SNUG50430° of gt
Ay Al FHEE HD 23

SNUG50559¢  disll <l =Zgnfo] €2~ (30, 100 ppm) <3 wid HAFS FA3h
SNUGH0559 10" A2l Al &5 & F%% 30 ppmolA B-glucuronidase &4 A &5l
AR, g9 e FEE 30 ppmolA tryptophanase A A FFol UAS (1H
62).
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= 0f

H + SNUG50559 (10%) + G| & O] Et€ &= Z=E 100 ppm

=0

= 0f

H + SNUG50559 (10%) + G B O Et 2 == 2 30 ppm

20

A A AR 2F A 2

=3

=

AP A ANEE AQ 5
2 o] 2 ¢

v

2 100 ppmolA tryptophanase

A
SNUGI10122 10° A2 A &= & F=%& 100 ppmoll A B-glucuronidase

19 63. SNUG101229 o3t A =) u}o)

HY FH + SNUG10122 (10°) + B & 0| EF2 FZE-E 30 ppm
HY Q4 + SNUG10122 (10°) + B 2= ZE 100 ppm
HY QFQH + SNUG10122 (10%) + L & O] EF2 =X E 100 ppm

H + SNUG50559 (10%) + 22 2 =2 30 ppm

ol
H + SNUGS50559 (10%) + 8= EXZ=E 100 ppm

I
HY QO + SNUG10122 (10°) + B EFEEE 30 ppm

H + SNUG50559 (10%)

+ SNUG50559 (10%) +

+ SNUG50559 (10%) +
H 2FOH + SNUG10122 (10°)
H| QFOH + SNUG10122 (10°) +
HY QM + SNUG10122 (10°) +

=

=
20

IF 62. SNUG50559¢] tigh A =& njo]

o &l
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o= =9 daaAE yetd (29 64).

a)
Growth = 0.0103 + 0.0630 probiotics - 0.000019 prebiotics - 0.00660 probiotics*probiotics
+ 0.000000 prebiotics*prebiotics + 0.000007 probiotics*prebiotics

TRYP = -0.032 + 0.0524 probiotics + 0.000429 prebiotics - 0.00538 probiotics*probiotics
- 0.000000 prebiotics*prebiotics - 0.000098 probiotics*prebiotics

GLUC = -0417 + 0.318 probiotics + 0.00163 prebiotics - 0.0308 probiotics*probiotics
- 0.000000 prebioctics*prebiotics - 0.000340 probiotics*prebiotics

b)

0165

Growth ¢ J

0.155 \ P

S S0 oy s sEE

< 200

44 T
4

SNUG50430 52

010

0400 |
Tryptophanase °% B-glucuronidase
activity activity

0375 |
200

. 10 oY A EEFEE 0350
4.0 T s
44

— 0 oy oletexsE
48 . 0 40 A'A T
SNUG50430 =

48 2 ]
SNUG50430 si2

19 64. Growth, tryptophanase &4 % beta-glucuronidase &4 o3+
(a) CCD 714t uigu] A3 w84 2 (b) 3D HISHEHE

AL el i wreEW AA A8 Ay AN AR TERS SHlA
Aelo] ¥9es ol 4 9l

Ak dehe] A4EE 4 o el oz
=7

AFEE O] WY
skeldt (19 65).

i=]
Jo =S 5 ez &4#Z butyrate] A



a)

total SCFA = .0.1434 + 0.1102 probiotics + 0.000179 prebiotics
- 0.01196 probiotics*probiotics - 0.000000 prebiotics*prebictics
- 0.000037 probiotics*prebiotics

butyrate = -0.00689 + 0.00728 probiotics - 0.000002 prebiotics
- 0.000823 probiotics*probiotics - 0.000000 prebiotics*prebiotics
+ 0.000001 probiotics*prebiotics

b)

Response: Butyrate Response: Total SCFA

butyrate

[} < 0.0087

I 00087 - 00088

I 0.0088 - 0.0089

[ 0.0089 - 0.0090

[ 0.0090 - 0.0091

I 00091 - 00092

m > 00092 Ofu

=
=

i

s "
ou ou
i w
s 5
ar o
o iy

4.00 425 450 475 5.00

400 425 450 475 5.00
SNUG50430

SNUG50430

19 65. Butyrate, total SCFA 3| o 3
(a) CCD 714t vl HZH3 v82 2 (b) HSEH STIAE

tryptophanase, B-glucuronidase®t #Z2 3 &49 XS HL3sHA =
+FH butyrate FHFES HAsE &+ de 2 =

o, HA3 AL SNUGH0430¢] 10*° CFU, Y ogg FEE&o] 230
BEAHAL. olg3t A3 A%E EY R FF Ed24 Ax Al HFH age =

total SCFA

< 0.100

]
0100 - 0102
0102 - 0104

0.104 - 0.106

W 0.106 - 0.108
0108 - 0.110

> 0110



kS| Chexz
- & =5 5.2071 208.9949
HtS = X &) . =
HtZ % X 3} total SCFA, butyrate, TRYP, GLUC D: 0-6:93 ST [4.2929] [23.0044]
a5 4= 3.7929 11.0051
2ol g .
s =5 st =SEI M JER ERS s 1l .
total SCFA E|CHZ! 0.102392 0.113614 1 1 BHEE T
butyrate  E|CHZY 0.008771 0.009583 1 1 D: 0.6093 ’
TRYP AT 0.083000 0.107000 1 1 |
E|AZF —
GLUC E A3t 0366333 0.428667 1 1 —— ||
[ Ae
A y = 0.1098
S total SCFA  butyrate TRYP GLUC d = 0.65685
£FH sSNUGS0430 HIEEZES HER| HERI Hgx  Hgx ¥R e ]
1 4.29287 230044 0109763 00092346 00942309 0385634  0.609283 butyrate
Z[Chgt
) y = 0.0092
(o = | S d = 057119
B CE]
SNUG50430 429287 TRYP . W -
Ol HEESEE 230044 Kozt /
gt MEHR e ®EH 95% CI 95% PI y = 00942
total SCFA  0.10976 000200  (0.10504,0.11448)  (0.10156, 0.11797) o=0nms g
butyrate 0009235 0.000138 (0.008907, 0.009562) (0.008666, 0.009804) — o
TRYP 009423 000454  (0.08349,0.10497)  (0.07556, 0.11290) GLUC
GLUC 03856 00151  (0.3500,0.4213) (03237, 0.4476) ESESAY
y = 03856
d = 0.69037 /
> =0 = o 3 = =
a9 66. SNUG50430, Y d &2 FEEo g vt A3 2 oF3
=] A= fe) = L =
3. AUPABE-TE EFYSS T FAHF 71548 HF
- — — T =z O = =
o HAxgntolo g A T aEdE AAe VT ASTS fste, AuUldF wYgA ="
Rl Eol oMuyulHZE  (Caenorhabditis elegans) E @A 7|54 2 =4 A
ST a)] SO = = o = =~ O O L= (=) o =
FHFS TEANE. REEEQ AEanpAdSe A3t fASHA FUndES BAd
. ® - - -
Ao  (Cabreiro, 2013), AMdi7|zte]l i FHA WHF7|H  HEo] LolalA H
h= S = [e]
AU A E Ate] &be] o] & s (L 67).
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u Microbiota Host

- >

10" human cells/ 10* worm cells/
10'* prokaryotic cells  10* prokaryotic cells
Protects against
pathogens J ‘/
Matures the immune
system ‘/ J
Facilitates digestion \/ ?
Synthesizes vitamins \/ \/
Supplies nutrients
and energy ‘/ ‘/
Induces development \/ \/
Metabolizes xenobiotics \/ ?
Contributes to species
evolution v v
—
Provides sheltered
habitat v v
Provides nutrients \/ s/

L

e
=)
Bl

19 67 RIS AT
AR R A mrbdF B

U AE F WA Aoz 4# A pathogens (Staphylococcus aureus KCTC3881,

Pseudomonas aeruginosa PAOl, Enterococcus fecalis KCTC3206 S)o] X3t
HjFzAA oaepd S S wA= JEFS FANFoZAN HEihAe Vs
ASsE s, ol dxv vAEEE JBavnpdFe] dwrAl wjge] ol &EHe A
(Escherichia coli) strain OP50S ©]&3}%1 2.
T wdE gd AR ofyeh, AAl g RARA ] A v tE A R A EF o]
o BundFe] FHdd mx= GEFS FASAS. olE #1F AR dAAVAES
R fafjgk A 23S BEARGE HAES ajgdS oBanpdE Holm Fo ¥
T m2= FEFS FAE RS

gk oolyet, ATt freEl g

ojuf Ao o]gw oMuulMdF straine °FAF S N2
=

CF512 straing oz HAEE £359 2.

o



ost  FA wEd Admuleledze E4¥s BAES TEagor, ot
Auuvkd Gl AviAS Fol F, FuUnd, APEE, Y45, YHH ALY B 5
o =54 4EE wumst Sud 9L o HES4PL BARE G4TEA
NEFAOIE (ctoposide) & ol §3GEH, o FAAE P EWAEE EINA 3
AZS AN+ QE SRHTARM FF 3% Gl B Aser) BRI

a7l S aureus KCTC3881, P. aeruginosa PAOl, E. fecalis KCTC32065 C. elegans
CFb512 strainoll SFoste] FHHo wx= 9 &2t A P, ageruginosa=
o Ml ze] S A FAAAS (P < 00001, Log-rank test). ZFn A=
ol mean lifespane 11539 oloew, S aqureus T+ 11249 E.  fecalis
FoATS 127492 Yey, dix2a 9= vjuste] fARSEAY o sold FHE S
UES S, ol¢te Ulx2Ho® P ogeruginosa T FHol 6794 AL

=
1=
Haskds (2" 68). o3 A7 A Fande-Rdes Y mdw 483

100 -e—Escherichi coil
920 —&— Staphylococcus aureus
80 -m- Pseudomonas aeruginosa
i \ \ -+ Enterococcus faecalis
X 60 ¥ : \\\
T 50 \ ‘\\\K <Statistical analysis>
g 40 \\ \ C. elegans Intestinal Max. LS Mean LS + p-value
S -\ .\\ Strain Bacteria (75%) 5D; (Log rank test)
30
\ \\ CF512 E. coli OP50 14.00 | 11.53+0.32
20
\\ \ CF512 S. aureus 12.00 1124 031 0.1608
10 T
0 CF512 P aeruginosa 8.00 6.79£0.28
T <0.0001
0 2 4 6 8 10 12 14 16 18 5y E. fecalis 16.00 | 12.74+0.40 0.0005
Time (days)
o ] 3 = 2= =
a9 68. e FUvAEe] RAdFESN dRunAFY 8 e 9%
= = 5 T ES o
AA G EAA 2o A wj e Q17E Ul Fe] RAsEC vAE dFE HUbe S
e} = = = e} = = O %
AR AxAL BAG ANTEEY 19wl AAZALS ZAR FUFES obd

o M7iupXZE N2 straino] T3 Ay o

lifespan 19.22¢)e H]3] o®ampdFe] 9 AR FAEMS. AN FHTF (mean

lifespan = 15.8¥)¥% neb¥Wd HHARAL FHdF Fo Alol= HlsebAY a4 AL

FUtE (mean lifespan = 15.019) ©] & O F8& & AH S (L9 69). i OP50
stel Holm A=l v, VA e Azt

=
FHE dmurkdE A% A
FNEE MFAS vz T

- 7(:)] -
oft7] wiiol Wi OPS0 #F FolwRTh:E F



B

%

o135kl 7]

=
T
2

1

Aol 7]

T=

o

Qs

F A

ag:

7}

on
R

¢

o

B

p-value
(Log rank test)
* ok
<0.0001
* ok
<0.0001

Mean LS £
5.D.
19.22 £ 0.47
15.80+0.27
15.01+0.20

Max. LS
(75%)
21.00
17.00
17.00

Intestinal Bacteria
E. coliOP50
Normal microbiome
High protein microbiome

<Statistical analysis>

C. elegans
Strain
N2
N2
N2

- I FYFS
- TEYE YHEI

- £ coli

20 25 30
Time (days)

15
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(%) 1emning
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ﬁo

el

)

)

I

o
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s

¢}

(gonad germ cells)?] 3

-
X

Al

Al
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B

7w 2ol



a9 71 54 AvZe] qRAEFY AL AE

a8 70. A AnZdo] dqEAmulHAF 2 4
(A) A& &9 714 (B-D) €9 R34

8-
w
>
- s- T
td
°
= 4
[
£ T ..
= 24 -
z
o e Kk
0 T T T T
Control 0.25 0.5 1
Etoposide (mM)
C 100
80
w
=)
o 60
@
I
2 a0
(5]
& 20
=
]

8 12 18 24 33 36 42
Incubation time (h)

Hatched eggs (%)

Hatched eggs (%)

mMESF (D) 0.5 mM FoT

Control

100

80

60

40

20

8 12 18 24 33 36 42
Incubation time (h)

100

80

60

40

20

8 12 18 24 33 35 42
Incubation time (h)

O ne hatching eggs

| Hatched eggs

2 g = FFFL
=4, B) &< (C) 0.25
B o 1204
° T *
> v T £
"EE 80+ T :?_*
s E
o @ 404
£Eo
=
-
0 T T T T
Control 0.25 0.5 1
Etoposide (mM)
C
=2
§ 59 * e %
ET 4 T % =
s 2 g
g2 o
@8]
e
g8
= g v T T r
Control 0.25 0.5 1
Etoposide (mM)
N 9% (A) B A=

(gonad germ cel) 9] A F e #ZF (B) YAHAE 2 (C) AAH Axe 3 A7

U F7IRE FAR7E FHE FHo #Hg AFAHRE
Toxicology#A 6¥€5 9 FA=Fo7 AAQqEAder (19 72), &
050l A AAHeR FFE TREIZEZ FEHI S (Le
AR A, 2ALUE, FoldR, AALE AW T FLYA %}
HotEol 75 AMEHE T =S FEAA E9HE B (1H

20173 % Environmental
H AFge vge Ad=

e, 2017). ¥&H AFUYL&e
YTNA}o]ol 2~ HlEn e 2
73).
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o8 FAY FAH4H EAF T5F} #EdE FeA EA A

Varnig Rt iC e
FAA 543 871 F obd "EH 7 R
KIST Q7 RIshig A4 N Ve

eaea s goaanas '5"%; 3

it B Ak

AUl drdol Ts@ il & & dz g Lo 25 5‘

R BHE Hrlshs 71eE AU
AW EUTRKIST- AT olsAEe 2
= ZEEY YR T4 HANgO| ‘dleant

A1%(Caenorhabditis elegans) & 0| 28 212H

=4 g7} 7158 /sl 122 Bl
ot Ee Fol ALSHs 1m 37]9) £

Bk Tk 900047 ZMIESH 300017 HAM

Z, 20007h QEALE ESC EAL40%71Q1

oA HES) HIE AW, -3} 5 YEeHE 715

o] QA HEE 5 Ali= 21 0% YeiRle)
TR WA P B MY BEE

7 L2 ERF U cIBANMEES Lt

AEE0) YRS Foigh = WEolLt Ma,

Aol 2417} flA] SR
Exo|soiztod] Asimlo)x} atatetH el

OIEFAOIS" S AIFRCE 71E 7 dEat

ATE IS Ak
RS 8ol 3% FEE B, 10}

27} o 30070 & 'ert LB Yo @

A, Mcholl 27 g8e Brisich A ANE d

Al B 2RSS AE 810 150 3t

29k
71Eol = A S 871 A 8 g ola 7 100

of ofe] BEE S8AIAok Fich Flo) AEwal,

ZEMEAL BT vigo2 B2t Y

SR FOI5HR| 92 HH(Z)0H bla) SOtRIE F0f
EHEE Yy LX|D, UE BU A FEREY
Qlgraguct.

& o2 Alolli= el 7] Hgl Yol 7, Yol B
SHEE, YAAE BET RY8 7Kk

GTEe IREE SlE H4s BENT
@l 48 zg Zo= Zlugic Ag 8
/I ERE hssich QRS SR 1
B3 Qo] A2 |SAE SEE AL A EH Y
7ol = o] Welg gae ARolc,

ZATKIST YAR: "o eRoZS U5 Y
2ARIg At RARR 40718, AA71E /3
AHg 2w Qo] o] AlQJokE fis, ok BEY
215 5l ol RS Ausich

A7 k= AR EEA SERYSRK En
vironmental Toxicology)’ 6@ A= go0i e
FCh KIST 7181 AR, SHEANAER 12
7RIS SRR O 2 s

BEY7 IR songiy@etnews.com

(14.0~16.3)cm

a9 73 & AMEY A7 A3 2d AARALE AE



4. ZW PIBEF D FF $RulA WF 71 54 AA

o TEF MY A &EY dFEA Z87beAdS Brberl A&, AW ndess Al 75
3% (SNUG50430, SNUG10122, SNUG50559)ell EH%J 0% (w/v) EAEF wiA B
E}\

i 2lef A o] S 545 S48k % wiA wd I3t

o EAERF WA AF, Agod EARFE 10% (w/v)E =9 F W feded "
987100C el A 303t T®/7HE dets Fdstal, &M A3 F S F7F A=

AEF SR WAL A
=
-

J
el Aa F e

e 1”0 R 3FS HFE 10% (w/v) EAEF iAo 05% (v/v) T 20% (v/v)=E
A w

HEFS 2ols 15413 wieFste] @4+ A Tass F7re

o HEFHow 3% #FE 74 $F wiAl 1 x 10° cfu/mL FEo2 HEI F A $F
a2l el FEC A 4BAIZEEE Wl kstE Al wiE 20A1%F, 40A1%E, 48A17JoﬂAM A=
Aol AF s, Wit pH, Wi AEFE HAsE S5 A W A% V%

o
Sy % waq AEE AT ~oE FF2AN B F5HE B

o 1IAHom HAEF DEss Huke A3, 05% (v/v) %j%‘f& A
ISAWAA 3% 5 EF wddelA A=rt BAEEA %

ol X 3T BF GAET HiAlA A=Tt AdE 9
kol (19 74).
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rlo
i) 1
pop
N
N,
>
(o=
i}



pH curve T.A curve

L] 5 10 15 20 25 30 EL) 40 45 50 o 5 10 15 20 25 30 35 40 45 50
NUG10122 NUG10122

a9 74 AW MAEF AL E2FY $H WE 54 AA

HEHoxn AA TaF 2edH HFF 9 1 x 10° cfu/mLE F ¥ IS
xl B?I% SNUG50430 t¢] 75 wjeF 4871t 7HA = fr Al wfFdolx AT}
AAE A Fekar, HF g A= 0.289%, pHE 6.03, A 26 x 10° cfu/mL=E 44,
SNUGI10122  3t5Fe] A5 wjeF 24413 o] FFH 7 x| wjFedels AT}
AAEdoH, HF g A= 0.773%, pH 452, B34 84 x 10° cfu/mLZ 4%
SNUGH0559 5 A5 vlgd 2k% 0.99%, pH 4.22, Bt 14 x 10° cfu/mLE 44

A A4 52 SNUGH0559>SNUG10122>SNUGH0430 =o. &2 =% (L9 75).

ko] HE5E TEHF 2EE A$ 1 x 10° cfu/mL FF0] HEE HEFSIS ),
HFEHoR HAA Haf 2eE HEY U 1 x 10° cfu/mLE -F A I d S
&gk SNUG50430 ﬁ—er A9 i A8A17F A= f wiA| wjgdol A A=}
AR A oka, HF wjgd A= 0.289%, pHE 6.03, A o2 245", SNUGI0122
T A HiE 24X%F 01?—$Ei i HA iRl A=V A EHASH, HF
kel A% 0.773%, pH 452, A4 2 A%, SNUGH0559 T & HET wdd 2=
0.99%, pH 422, A5 = —Eﬁ.%. A AA TS SNUGH0559>SNUG10122>SNUG50430
To® =S (19 75).

Aol AgH = TEF & A, GdiEF Ze EPAFE AREET 1 ox 10°
cfu/mL 0] HEE 2 HFse w, 37742TelA 423 ool wigo] @hms =
7l ko] Wol P F= ALEH AtE= g 0.9070.95% = YERE. 3F 9]



MRSl A1 48 SNUGHS9e] A

=

A AFEH FF 3
A S|
S|

oz kI
_|>i
rob
i)
g
Mo ok 2
ol ™ e
of "
Y

o M= N
1o

, ®P g
O
o

oX,
i)
N
o
4
N
fru
o)
i

1S B2 Y A M =210 47 - [ g 2= L pH @7

SNUGH0430, SNUGI10122, SNUGH0559¢] HA wldF ==& glsty] {3, 49§
AN FnEde T dwAel wg Lx = 8 o

L m e e R

ke d W 20M7F F AFFE wusted 4 @R HA WG 2= 44F
SNUGH0430, SNUG10122 #5%= 49§ MRS wlAelA 30T, 32C, 35T, 37Ce L=
W sbe FAE. SNUGH0559 #5414 BL wixdlAq 30T, 32C, 35T, 37C

eER WPgrt FY,

SNUG50430, SNUG10122, SNUG505599] H# v} pHE eletr] 9al, 2t w5 4
e =mol A wikele] pH =d& Eeste] FAE wiAolAM 207 3bEr wjFe HE
Mg Ay wng T 24 wF H4 g pHE AW SNUGHM3 #7: F&

MRS Hj#elAd pH 50 pH 55, pH 60, pH 652 w4712 Fas93, SNUGL0122
#5494 MRS iAol A pH 50 pH 55, pH 6.0, pH 652 < 7t2 Fasigom,
SNUGH0559 5% 49§ BL ®iA¢lA pH 50 pH 55 pH 60, pH 655 v %37}

S,

SNUGH0430 w2 HA ¥ &%+ 37C, SNUGI0122 59 FHA WY =&+ 32T,
SNUGH0559¢] HA g 25+ 37C=2 B4 ¥ (29 75).

SNUGH0430 ¢ 4 8¢ pH+= pH 55, SNUGI10122 w59 4 w1 pH+= pH 6.0,
SNUG50559¢] 79~ pH 6.0°] = #j< pH= Z4H (29 75).



CFU/ml

300E+09
250E+09
200E+09
150E+09
1.00E+09
S500E+08

000E+0D

A By 2= Bt CRU/ml

257F09 2008410
232809 2.34F+09

2.19E+09

207E 1.85F 150E+10

L30E 1.56E

8.95E+00
1.09E 1.22F 100E+10
2E+09 5.E+00
S00E+09 | 3 11E

I 285E08 | I 273E I L8SE I

0.00E+00

mSNUGE0430 = SNUG10122  w SNUGS0559

£ B pH

1.65E+10

1.37E+10 1458410

mSNUG50430 wm SNUG10122  w SNUGS0559

a9 75. AW AAEFE NA 759 A4 g 2= € pH H7}

AW HAES A 2F AS5FA I

SNUGH0430, SNUG10122, SNUGH0559 #+ & AR
Fg WA AG ASFAE Tl

SNUG5H0430, SNUG10122, SNUGH0559°] 2 i< I
BLuj Aol A o] wjFAIZE 8 Aytps SAste] A AdsE Yehle wjgAts g

pH % 2&xx3

SNUGH0430 it #lF 18A17te] 349 x 10° CFU/mLZ ol A#5E el ol &
A7t adts A3s B SNUGL0122 5+ 1)

Ao e

207 7rell 745 x 10 CFU/mL& AW Ad+S el
Bl (19 76).

GERNE 0% ARt dadt 43

oF 18A17+l 1.72 x 10" CFU/mL=
el SNUGH0559 5= Hj

o ok
= [e}
3o F ATEFIF padE ABS



1.72E+10 1.59E+10
6.80E+HI9

1.27E+09
15

1.57E+10

—— SNUIG10122

10

S HliX| Hi Y e a
I a5 248 A A

EF 7

=

—s— SNUGS50430

1" 76. FH T4
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=
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FEolH. 4
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YA <

SNUG10122 #5F+ seed Axol ¢lo]

SNUG50430 ##F+= seed Azl
40760%
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_ZTI
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HHQEA|ZH Yeast extract 7
(h) A B C D E F
4] '§I 80.E+06 'EI 80.E+06 '§I 80.E+06 'EI 80.E+06 | 0.80.E+06 | 0.80.E+06
15 [fB2d.c+08 ‘BSE-!-DB E+DB ﬁ.&ﬂq Pi52E-09 (F6.20.E+08
18 [FB0s.Er08 [P855E408 [FI60.E+08 Pi44E+00 |FB50.6+08
HHQFA|ZH Peptone 7
(h) A B & | b | E | F
0 2 24, E-l-[]? 2 24.E+07 2 24.E+07 2 24.E+07 | 2.24.E+07 | 2.24.E+07
15 |BB8E+o E&E*{D@ I‘ E+00| |JE60E-Do [J63€E-0b |JHOBE-09
18 |[Ei6E+09| Ji77E+do [JES0E=00 [[Ji85E-0p [JE76E=qo E+09
SNUS0430HHX|£[ER}- HRAZE MHAY SNUGS0430 B X|X[E{S}- HIE S MAIY
160E+09 250E+09 2.29E+09
140E+09 1.44E+09 et 4 2196409
130E+09  200£+09 o TonEsgs  216E+09
120E+09 . 1.85.E+09
1.22E+09 Y =8 1.77.E409
AaEses iomewg  1S0E9 DT
8O0E+08 733%;3? £+ TeaE0e
600E+08 /.,_,,fr' 6.20E+08 LONE+0D
~  6.20E+08
4.00E+08
5.00E+08
200.E+08
0.00E+00 0.00.E+00
(e} 3 6 9 12 15 18 21 20
A B (o} D —e—E —=-F oA B C D —=—-E —=-F
T# 77. SNUG504309] #lA 4% HA3-2dad Ad 49
9. Plackett-Burman design (PBD)E %3 SNUGH0430 @9 Ao £3 84 89l
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F10. 718 AL YF A =4
B =] A # (%)
ERFEEE 4
H=C 1
KoHPO, 0.15
Vitamin C 0.002
Tween 80 0.1
MgSOy 0.0014
FeSO4 0.0014
MnSO, 0.0014
Glucose 2
AT 92.74

¥ 11. Plackett-Burman Design (PBD)S %3
AS& F2Ax AA
=l @ | A
iﬁ e %“sg 2% | YELE | PE.C | K;HPO, | Vit C Tzzen MgSO; | FeSO; | MnSO, | T3
1 7 1 1 1 1 1 1 3 1 1 1 1
2 | 1 1 1 1 1 1 1 3 3 1 1 1
3 3 1 1 1 1 1 1 1 3 3 1 1
1 9 1 1 1 I 1 1 q 1 3 3 I
5 6 1 1 1 1 q 1 1 I 1 3 3
6 8 1 1 1 1 1 1 1 1 1 1 3
7 2 1 1 1 1 1 1 1 1 1 1 1
8 1 1 1 3 1 1 1 1 1 1 1 1
9 1 1 1 3 3 1 1 1 1 1 1 1
0 | 13 | 1 1 1 3 3 1 1 1 1 1 1
| 1z |1 1 1 1 3 3 1 1 1 1 1
2 | 14 | 1 1 3 1 3 3 3 1 1 1 3
13 10 | 0 1 0 0 0 0 0 0 0 0 0
M 5 0 1 0 0 0 0 0 0 0 0 0
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a9 83. SNUG50430¢] 300 L wH=A 4
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44
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9 EAAZ T AWEEO| lab scale ZHANAY FALEA AADE F2ls
Aate] 2 AT S Ao AlndE. uywt g% FAHSA A A
HAo A A& FANZE T AEES US =9 F e weks vidsE)

2 AlRE
¥ 14. 300 L e 4+ A7
A5 o y FEAAZ ¥
= X 2= 220 0,
CFU/mL or g A () T Ads T O AEE (%)
48 x 10° ~ 300,000 1.44 x 10 100% -
472 x 10" ~ 30,000 1.42 x 10 98% -
3.90 x 10" 3,051 1.19 x 10® 83% 84%
CFU/mL SNUGS0430 300L g 24
6.01E+09
*5AGEHD .o
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34. 3AdE A7 W8 R 23

1.
A
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In vivo vb-¢= EdE $3 7lsAdaAd 2 2ERY AEEY 7 2 AN ¥F A4
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[

: Probiotics Prebiotics e

w “’% % |

LS00 2R R ARE S0
B A, S
W/
P

WT/KO mice
Convent/Peudo GF

)
oS
>
N

ol Iy
ry
12
12
N,

AT E fse] vdFd visA vAE AAle T HAFHoR AAE  Lactobacillus
1=l

N

Dextran Sulfate Sodium (DSS)E ©]-&3F A uk C57BL/6 vk Aol d54 4 243 2dS o] &3}
o] SNUGH0430 o9 Z#dd7ls /I a5 H7ksh vk 54 49
29% DSSE 157 A& FoJ3819S. o]F SNUGHM307#F+= 1 x 10° CFU/mL9 =& phosphate
buffered saline (PBS)oll 34 % ddk C57BL/6 wF$-2 Rdo= 157k DSS %=

Bl FEAAANE 1097 372 Folaae.

1559 A97]ls 9 ¥ MH ASE 95k pseudo-germ free wh§-2

A
2 2eol [L-107 vk mdS 32381908 917]4 pseudo-germ free Wt
?g =

2 mde FAAE QA I Felsel P #ES AASE WAL B A949
germ free HHE THAE PO, BH T BT FAshslol A vEAA @

A A el ampicillin, vancomycin, neomycin, % metronidazoles &3sto], g w271 &
&3l AFE 3l FoAsAE. 53] 7IE vk &AL = AU vFe] AAE &
A Fdodo]l glof, AdAA FA7IZHE 1Y, 4Y, 742 Yol #F84S A% (a9

1 = 2
85). A, FAA Fol 4dAFEH L W tFdol Aasty] AFste], 7= St
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ga888
LE233

00 02
X X-T 1

NMDS2

-02

ag 85 FAA Fo Ve wE "AE YA EYH (A)
Alpha diversity (B) Beta diversity

g f A AEY AHG starteritF (Streptococcus thermophilus)S F714 o2 X es9 S
fre 472 Foldlglon Psudo-germ free vh¢-2 ®d& 157 IL-107 v}$-2

Bre
]38t (Starter ¥ 7.45 x 10° CFU/mL, SNUGSH0430-> 2.05 x 10" CFU/mL).

g 24 % 2R ARL ogel WS AM &5 WS FARFO, ol oA
@

ul7 2] RNA

715 5 SNUGH0430¢] AWl #F 7N &5 BH7HE el 28 25 ¥ vk 3R

(cecum)s s B x4 &&= DNAFE ¥ 515F/806R primers ©]-&st

16S rRNA gene V4 9<<& %3t ol INlumina MiSeq #H]E ©]-&3to] 16S amplicon
= A

Sequenojng% st o QIME 3% 7Rt 2 35 #45 AAE
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I9F 86. 4wk C57BL/6 R4l A
AN 45 Bd 734 23 F

B A
LS |
¢ DSS = d3A Y v Bl s &AQ SNUGHM30 w5 A" 1 x 107

CFU/mL= 109 7+ Fo3t A3 3 Z2o|A 2] A5 cytokine?! 11103} Tgble A &=
o] F7leteier, Ay UAAH (tight junction) A3 vkl Zol3 Occludin® F+7HAF @& 2ol
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@ ) ] L]
< < < <
= = = =z
o © o o
E 14 £ 05 E 0.5 E 0.5
2 2 2 2
& 5 & k:
[T} [ [} [}
o o © 0.0 x 0.0 © 0.0
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Weighted unifrac distance
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(A) B * NO_Abx : & NO_Abx
® PBS

® PBS
® SNUG50430 ® Starter

(B)

C2 (21 %) WT
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Starter IL-10-"-

SNUG50430

hd PC1 (37 %)

a9 93. A AW vAE JdFA (Beta diversity) H L
(A) Pseudo-germ free 29 (B) IL-107 =&

53] SNUGH04305 E33F AlAE Fol vhe2 G ol vtegotEo] Hxa 5
o= 3EH= AL g (29 94). Pseudo-germ free vl-¢-2~ Edo| A= thEAQA F9
o] Hria <A AE

T Lactobacillus  spp.2l S7Fe  BIEs] H|ukd W] =&

Oscillospira spp., @REA o2 FHE SHAA A5 FHS I 5 59 FIHAAE 7}
A= Coprococcus spp. 9F Ruminococcus spp. 5°1 S7lete whi, 3 7|3 @gddoz
4¥ 3 Proteus spp. © #Aad ob&d, IL-107 wh$-2 RAo|ME Lactobacillus spp.ot
Ruminococcus spp.2] =717} #zEon o] = SNUGH04309] Fo7F A 718k 79

5 A= [eJNe) o
T T7te ¥ des BolFa s

1



(A)

Relative abundance

(B)

Relative abundance

a9 94. SNUG50430 =3 #&f F

Lactobacillus

Oscillospira

IL-107

Coprococcus

Proteus

B

Relative abundance
e © o o
= o

9

0% T FNAH F

o A2 (A) Pseudo-germ free 2@ (B) IL-107"

ol

!

m}g- s
o F&
B
butyrate<

fr do

*EOM 55 Wy

2|
s

1

=

% butyrate’} S71ES
- T Q3% SCFA=

2=

AgollA, F2 WAE Al A8t A
short chain fatty acid (SCFA)Q! butyrateE
SNUGH0430 0] 18l A
g A ouxdor AgEHE

4z

SNUG50430¢] Fof= AW Fd S7HE #ste], d3pqoz A 374
= 9gS dva

(A)

NEE:

Pseudo-germ free

NS
NS 0.4+
05 R
L — |
0.4 p=0.06 0.3
p=0.06
03 —
z T 021
02
i | 0.14
0 T ND B o
& & & & &
2L 4 & @ \)(7
DA &
+Abx

a9¥ 95. WA Butyrate
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IL-107-

(A) Pseudo-germ free 29 (B) IL-107"

Ruminococcus




2. AW A AEET JAA e ABBA AT

2
b
>,

Ag dTsk7l 8, LTafAlES  3-stage
W

o o Wl 3/ B9 (e, 38, s A4 AAS AETE F JdEHE 3-stage AH54
WS 338 (Macfarlane, 1998). 73k 244 A< dAdel o AE2Z2FH o<
AENE FHsh 34 wig 2413 & AEA wigS Al &stHA 3709 AERES7] 9]
Hj kel WEE AZFS 300, 400, 325 mL= 7H7 tg2A A= 2 werle 2A FY
(20 mL/min)< &3 F71FE7 FAHESE 3 2F St ASAZ F LdERAE 1
mLE ascending XA AERES7IA HIFEE. ArIHoe=z I4d wjYgd MES

B
Y
rfo

YEae ®astla Al mAES, AR 400 o] 833l

o AU mAEE BAS 98] Hlumina MiSeq FH]E ©]&3Fo] 16S amplicon sequencing<
=83k 515F/R06R primerES ©|&3lo] v]AE 16S rRNA gene ¥#9 V4 949 SE3}
Miseq reagent kit V3E o]&3lo] oo fJrjAd AHHZFEH QIME ZdE 7wt
nfe] A 2R A4S s aF T vAE 2olE BAHoR BAs7] 98 linear

_?_
=]
discordant analysis¢! LEfSe #4535 A}&3}.

o AUl diAbAl EAES 9l NMR 71WE Al dixbA] A4S 33 (Lamichhane, 2015).
Hjokel AMZ A olo] tha] 500 MHz NMR systems ©] €3kl 'H NMR spectoscopy
HolHE Frg. A AHAA EAHS 98 Chenomx NMR Suite 453 Human
Metabolome DatabaseE Z-&3t9om™ F 43701¢] 8 tiAFAl (acetate, acetoin, alanine,
4-aminobutyrate, arginine, betaine, bile acids, butyrate, cadaverine, choline, p-cresol,
ethanol, formate, fumarate, glycerol, glycine, histamine, histidine, hypoxanthine,
isobutyrate, isoleucine, isovalerate, lactate, leucine, malonate, methanol, phenylacetate,
phenylalanine, 2-phenylpropionate, propionate, putrescine, pyruvate, sarcosine, thymine,
tryptophan, tyrosine, uracil, uridine, urocanate, valerate, valine, xanthine)®l] w3} 45
TR 24 A @ G E+= Metaboanalyst 4 &+ olgsdte] w7 wlalel FAH

#F9e B,

>

e 3-stage A& wF A

J29e o] 8% WAFAFY FUMARE, AA Wl G9E
CRSEECE N E A

F Alzdo] HFsk <Al W Al Prevotella, Dialister,

Bacteroides,  Parabacteroides, Faecalibacterium, Roseburia S° T2 UHAE
TR Yol o A3 (ascending, AC), 3] (transverse, TC), 33 2% (descending colon,
DC) EAb AZWgrle w3 S4e PAS W g, sRAgld AA oz



) AL Clostridium, Lachnospira, Bifidobacterium 5 ©|
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o= Z5& diversity 7t
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e LEfSe

Az vz

w2}

Atopobium, Streptococcus

Veillonella,

Roseburia, Parabacteroides, Coprococcus 52 FlAE] FolXoz F71g (29 97).
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Veillonella
Atopobium
Streptococcus
Blautia

=
| e ——
“ ; i

Pediococcus
Enterococcus
Bacteroides
Providencia
Klebsiélla
Clostridium

-6.0 -48 -3.6 -2.4 -1.2 00 12 24 36 48 6.0
LDA SCORE (log 10)

Roseburia
Parabacteroides
Lachnbspira
Veillonella

: Acetobacter
Streptococcus

: Coprococcus
Citrobacter
Blautia
B}'ﬁdobac:terium

S : : : Bacteroides

-6.0 -48 -3.6 —24 -1.2 00 12 24 36 48 6.0
LDA SCORE (log 10)

Christensenella
Pediococcus :
Phascolarctobacterium

Parabacteroides
Veillonella
Sporanaerobacter
| Streptacoccus

: Bacillus
Coprdcoccus

. Cloacibacillus

Christensenella;
Eubacterium :
= ] J Phascolarctobacterium -

-4 -3 =2 -1 1 2

LDA SCORE (log 10)

o
»

Before treatment After treatment

ad 97. 2EFAF
(A) 3832% (B) %

A oAF ME 7 2F5E 194 FAYE (genus).
P24 (C) P27
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A
d

1
=

A B AC RN
= TC b)
(a) - BC Metharol ( o MEDO
Propionate o CDOEm
o
3 Acetate ° DO ign
s .
% () el Vvalerate ° OJEm
N sobutyrate ° OEm
[
e Isovalerate ° ] |
o
Qo
E o Leucine o [}
© Histine |0 mom
+ Betaine | © | [m[m}
Choline | BEO
T T T T T T T T T T T
4 2 0 2 4
1.30 1.40 1.50 1.60
Component 1 (45%) VIP scores
B BT
® Ja BN (b)
© Lactate ol M
= Isobutyrate o M
. Acetate ° OOl ign
§ sl o e ° | (]
) Tyrosine <3
o) @ e
= o Propionate ° Oom
= & Ethanol ° Om
2 o ® o
8 Histidine ° m
£
8 < % Butyrate ° om
Histamine =3 -D
©
Valerate | @ Om
@, ; ; : : : :
- 4 2 0 2 4 &
1.45 1.50 155
Component 1 (32.4%) VIP scores
B BT
© ¥ (b)
(a) Ethanol o (OM
<4
o Butyrate o OM
«l Valerate @ Om High
9
S 00 Glycine o Om
o ° *o
N o e Glycerol © Om
E s 9 Thymine o Om
g o C
g " Isoleucine o (] |
aQ
(&) Histidine ° Oom v
v
Lactate o D.
Fumarate | © Om
<
T T T T T T T
E E g 2 2 t 12 13 14 15 16
Component 1 (38.2%) VIP scores
D 1| B BT
“1 (a) u suyae | (D) ol OM
Methanol ° mo
S~
> Valerate ° O ign
= ®
g— & o Ethanol ° Om
] L Xanthine © Om
(7]
ch &4 &—g—02 . Acetate ° [ [}
@
§ = % Formate o Om
a A Uracanate o Om ‘o~
Histidine ° Om
1 Glycine  |-© (] |
T T T T
. e z 9 2 12 14 16 1.8
Component 1 (33.5%) VIP scores

d 98. NMR<S o] &3 tAlA] &4 Z3 (PLS-DA score plot). (A) &ZAH ¥ (B)
ERFAE AY AdFd & APZEAF, (C) FAZAH, (D) stAZAAE A A A

E3], 33 sl A= acetate, propionate, butyrate?} #-2 v AE Ff oA A
FA] E3] butyrate SrFo] FgH oz FUEAEY o= e R Z7tHY9W
Roseburia, Coprococcus’} W™XEZA<Q  butyrate AT E= HoAd Az LA3=
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npo] A g2 H] g HlolH e Al thALA A AdE FFele] AR #A4ES TS H,
ZF g T2 gabAlel old JEgS T AU rAER] BAE ATE F AU
A8 Ao A= ethanol¥} acetate®] F717F F=gjlg o of7lo 74 4SS 713 A
n &S Streptococcus$yS. AA R Streptococcus® 7BF LEFAEFY Fo HAE F
stual S, oleldt Ay Lactobacillus, Bifidobacterium®| B3} Streptococcusy T3¢
g AlA el AEsle] AUl A4S WIAZ JteAe] =85S HoFRE 99U}

g3, stallAddNA=  Bifidobacterium® 3ol FEHAA YUERESW,  Acetobacter,
Roseburia, Coprococcus 53 7 butyrate A9 S717F F=8 3. st Ao =
Streptococcus®] [ o] A A vluwstds W FHAEHJLL, 5B dFel o FF
(A 2)Be} tfAbAol] ok g3F (Z7F=)o] o AsiAl= s B (2" 99).
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Histamine

N
{l'
:

Butyrate I
Glycerol
d 0.5

Lactate

W Histidine

Tyrosine

R e P

1 . Valerate
. | Ethanol B "
.. . g Thymine
. 1 m g . i ..H. Fumarate 0.5
.. i |J Isobutyrate = :.. . | . Isoleucine
i | |E Lactat . I Rl Ethanol
actate ]! T
- R Propionate .L_m . . + Histidine
+
POIIOLICIDOLEDS
@ = I Y 2 =2 3
. Valerate §§%§§§§§§§§§§§
g s g S 5o T 3
Q 233 DPDR2B LS gﬁ§§38%§-§§-388 3
g @ 3 & I 8 < & 8 388 vg 282 5
2 2 25 8§88 E 8 8§ 8$E9E3 Ssi¢
B g8 £ 8z F 8 g3
SRR R R, S
§ ® =a g 2
& 5 :
Acetate
Methanol
I! |I,J .| Ethanol
= [ Xanthine
Butyrate
Valerate
Formate
:i Histidine
l Glycine
Urocanate
$ESE8IEILT
S § 23§ s g ¢ 8§ 2 §
g @ 2 8 T & & § ¢
g & § T @ 2 B
S "2 83§83
> s "§E 8%
1] & Q
A 3
S

18 99. metagenomics® metabolomics HIOJHE o] &3 d@A A 4. (A)
AP43 (B) 323 (C) st 2%

HoAg Aybs AF HoF A A2 Food Chemistryol 20181 109 Zof ®HE %A (Cha,

2018). ol¥g AAHNE FH LEFAFY A Al vAdE S 2 Al AR

sl oAl S F 7 dgol FAE. T AR A el oA in
A

ERGEES,
vitro Al 2=81S T3 I EAL

12 E3 Tk FaHE BelFE ohge WEAAFL T4 vIgEol
B FUE WA Gl GRy] Wil 2 fAEAR WP ¥ wek JRELS
4488 & g AY 71%9 Aol LTS MG
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AR BEE FFEAQ e} FRE WPOR HIYPES LAz IFF
AREZHE A% 2ARS ARHGLS. o|F A8 HPLC AZvhETY RS 0§
53493 2599 (chemical profiling) % 14 LARFUES |88 FAEHE T
% FEenwols FFS H3AYL.

gy 2 g% F2E A2 96, 40U AF F 06% AR shste] 39 Fok 4o
FEAYS. FEEAL filter F AL FHAe OY FEES Az TIY 4L
BFRYZ FEPL olgetel 95% Be FE §9 AQom, FHEAL fiter F AU
53] 3 & AzF9E

Oy 9 33 /2350 HPLC AZnE1AS A7) 935 Agilent1260 HPLC systemd]]
Shiseido Capcell pak (4 AHE AE3te] 1.0 mL/mine FH5o=2
A5 S. 4 F&E £ 85 10 mgs vES mLel] & =9 filter & 10 plLE
Qa
[e)

1
mf 23E ofelet Za (& 15).

¥ 15. HPLC 384 ¥ Z=29d5 < 93 &0=4

Time (min) 0.1% FA in water (%) | 0.1% FA in ACN (%)
0 90 10
5 90 10
%) 10 90
60 10 90

oY 2 35 FE/AY9=9 TEYHE 4 FEHExolE TF =

= 545 9@ Folin-Denis& AH&3tw. DMSOd =¢ F+&& A& 20 uL¢
60 pL, Folin-Ciocalteu’s phenol reagent 20 pLE # 410] AF2o]A] 583 Wk3A17]. 1
20% Na2CO3; €< 100 uyLE H7Fste] A2dA 30837 ©f ¥ A7l & 730 nmolA
FTHEE 43I, oy galic acidE ETFFoz AMESIFeH, 0-500 pg/mL %
pZs v

>
1P EFAAL ol getel FEeE FF THAL.

=
nmoll A FFEE =AH3FA L. querceting EFEC

= 5
1g3te] FEeN S FFE TIHAS,

i R A=y o
2E% g AS o
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Absorbance

= EtOH ext.
= n-Hex. fr.

ALl — EA fr.
—— BuOH fr.
=—— Hz0 fr.

50

T T T T T
10 20 30 40 50 min
Time (min)

a9 101. &5 A]%¢ HPLC Chromatogram

gy 2 5 A8 FEYHs FF FHZ2A%E #1791 JEHAS. galic acidE
HETEFORE ARGt 7 AR 1 g e FEEHE FFoR ZASAS. dY oes
FEEAAE FEYdE Tl vuy A YepgAnl oF £33 A =2uds 4
EotAH | E, Fetg FEEA £ FEYE FFS Ron, 53] o dopAH =
T EdA FEHE el M =4 UERS
E 17. 949 2 35 A5 FTEHAHE IF
AlEH g% (mg/g)
qete FE& 3.05 + 0.35
ETIL EYE 1051+ 0.17
k= o dolAlH O E 2= 17.95 + 0.92
Hee 238 863 + 0.20
2 rEE 1.79 + 0.33
qete FE& 1355 + 1.76
2l 85 797 + 054
T o dolAlH O E 2= 14.00 + 0.47
Hee 238 14.92 + 0.15
2 rEE 11.50 + 0.41
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AP F5AF g AGA 225 FAT 12% sARIAE 1112 urk 35t F24 5
6%¢ s=d Bl ddS Az 5 HaA 9 #5842 F

o g5E 5 L g 2 FEdo AysE 4 A3 1.30 x 10 cfu/ml, 1.32 x
10 cfu/mL 2 7.9 x 10" cfu/mL, 9.8 x 10" cfu/mL=Z &< AUt} = F=&& <9 101%
FTog FHEA FAV e AHe] sHAE WdEHE 10% sHAETA & 12%
2 FARTAY T A7 39 x 10'cfu/mL, 56 x 10''cfu/mLE gl (& 19).

E19. W% L 539 PA A

W EZND) | AE(F)ND) U e
A8 °cT = T (cfu/mL)
A | Bo | g | Bt o 2
32} Seed 1.20 % 10’ 150 x 10’
10A] 7F |)) Sk oh 6.3 x 10’ 7.2 x 10
A= wjoke 1.30 x 10" 1.32 x 10"
wEa ND | ND | ND | ND 7.9 x 10" 9.8 x 10"
Zd + AR SA 39 x 101 56 x 10"
ok 1.29 x 10"
Auky] aAb/Ru B S AES AFEsle] AlZE A W BRuEgro FEAAM(VEA:
Axk 1 x 10 cfu/mL, 2 1.0 x 10" cfu/mL)S 3Helst Aap WAo|r] A =ZZF 12
F,ED 24 YA 1249 E gy TS U (10T olshoz fFEo 7|+
ste] TAE AEX7IE, S2E 2 A7 Ee] §578 dA7E) TA AE (2] A
TAl A2017-89%, 2017.11.14)° TASS F&7I18S 1072 AAS (F 20). =2 T 4
= 75 71%6}04 AL 10ME 2 AAHS (F 21). dwbdl BHEfo fE7|de 10 ~ 15
o MAsF] ey JS. SNUGH430E A7t Hx 10% ol A} FA Hel wet 271X

Bl mE %7]_ T2 AEA A E ) 7bsEict S3o

E 2. A35EFEY FEXRA 482

=
i 71+ 3F F 65 ¥ 95 = 12 %
A 1 x 10Y%fu/mL ©]4 | 92 x 10 | 73 x 10 | 41 x 10" | 1.0 x 10"
o 7t - =43 =43 =43 =4 =4
9] AE g
I
2 AF FrE 7HAH, ) ) =z ) = &} =) &t
17] - o] FH 7} glofof
sho}
ol = glojof shr, A 9k A% A3 A%

- 109 —



E 2l RUEFFY AEMHY YA

T 7] = o7hg | 178 | 370 g | 670 | 97 | 1270€ | 1370 €
o xpap e 1 x 101 1.29 x | 7770 x | 649 x | 385 x | 200 x | 1.18 x 9.87 x
e cfu/mL ©| A 10%2 101 101 101 101 101 101
o) &t =4 =4 =4 =4 =4 =4 =4 =4

o] AE

}\é /2)1— éizlﬂl% Z]]—;];:?—’ 731'%1— 75]'81— 75]' Sk 75]' %1— 75]' Sk 75]' Sk 75]'81—
glofof 3o},

ol & glojof 3o}, A3 A3 %t %t %t A9k A%

71 ALY Stater® AF85Q Streptococcus thermophilus® viFS 98] ©ALS] 4 Hj
A WA RE vl T TAE VE 2 4, 18 FUFEE 184 HEAF, 2) 5 2
Ef atAel 2r1ske] FAAAE KA

Sfulkdo] 78%el AlF 20%E I AFD JleATF 2% EF F 30UF¢
AEe 7lE 92 A, 18 fUFEE 184 HERF, ) sFLaH Fhd A
W

71%€ DALY Stater® AFEF9¢l Streptococcus thermophilus® wlES 98] 9ALY ¢
2] wj oA wjt & FE HALE S Ay, FEARA = 5olAde] @A SHA]
k. AlFstel At wigAoleta ATE (F 22)

£ 22. WFY MF A7 2

B T =
;T’_xqp]_ = Al ;‘E_/\ A\l 77
> A CFU/mL or g FA (g) ZF AT |3
Hj ok A 7F 530 x 10° 4,000 2.12 x 10"

T FUs &3 TAE Ve ¢ 4, 18 f7F

GFALS] WA B FE T H S

3w 184 FEaFF, 2) sFFEF 4 (& 23)0 wEk 30€ A A AALE g 7
A S A0l FHES 2% BT 2 AR Aol EVRS ddEE
2 B AES 53 Fo|x AEEI) M AR AddE (F 24, 25).
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¥ 23 EFd9 FFAAE HAF 71+

3 = 7l & A WY H] 3L
Tgo] AMelyl Fgu= 7R AAF | A7 AuA]EH
}‘é }\01' b | [e] LS b . L == H—]Z-]-ﬁLﬁ
o2 o]u] - o] H7} glojof . | 1.1 AN B
olES FFotAAAME oy H
%%*é olZ&A 100 mg/kgol A7, oA
ol & HE FHAXE oY HHW, =3 F 19 o= HA 5+ 4
% o%e 2 mm ol AEnw o 2 NE
Y #d}
A)7. D kA &
3 o) Ao A 4. M A EA Y W 2 314
48 )t
71557 3 o] Ak Q) vl Al & W
4 o st 1.0 x 10° (cfu/mL) ©]* A7, DHEA S W 2 314
RS AR A
¥ 24 JHAFTH TF F FAAE HA E2H
%5 A ol & o SNUG50430
192k 750 x 10°
74 2} 596 x 10°
13 =} ) ) ) 517 x 10°
A3t 2 %) = & ND
19< =} 486 x 10°
254 = 3.11 x 10°
304 = 2.15 x 10°
¥ 25 BIU93d EF F FAAE HA 2H
%5 A ol & o SNUG50430
19 =} 1.25 x 10%
74 2} 9.27 x 10°
134 =} i . . 652 x 10°
A3t 2 %) = & ND
19 =} 514 x 10°
254 = 324 x 10°
304 = 1.75 x 10°
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Figure 2: Top five categories using probiotics in global product launches, 2010-14
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Sellimonas intestinalis gen. nov., sp. nov., isolated
from human faeces

Boram Seo,'? Ju Eun Yoo,' Yung Mi Lee® and GwangPyo Ko'*

Corrospondence
GwangPyo Ko
[kl LAk

"Cantor for Human and Environmantal Microbiome, Graduate School of Public Health, Seoul
National Universily, Seoul, Republic of Kores

“Schaol o Biological Sciences, Seoul National University, Seoul, Republic of Korea

Iivision of Polar Life Sciencos, Korea Polar Research Institule, 26 Songdomirse-o, Yeonsu-gu,
Incheon 406-840, Republic of Korea

*N-Bio, Seou Nalional University, Seoul, Republic of Korea

A Gram-sain-positivo and obligatoly anacrobic: bactorial strain, BR72", forming ivory yollow
colonies was isolaled from a faecal sample of a healthy Korean woman. 165 fRNA gene
sequence analysis indicated that stran BR72' belongs 1o Clostadium cluster XVa and
represents a distinct phyletic kne within the family Lachnospiraceae. The most closely relaled
straing were Clostridium nexile DSM 1787" (84.1 % 165 rRNA gene sequence simiarity),
Coprococcus comes ATCC 27768 (935 %), Ruminococcus lorques ATCC 27756" (93.5 9%),
Ruminococeus lactans ATCC 20176" mshwkcwmmma'm1 W)
and Eubacierium fissicalona DSM 3598" (92.9 %). The DNA G 4 C content of stran BR72"
based on its gonome soquence was 45.3 molh. The major collular fatty acxds wore Cog 6.
Cia - o, and i80-Cy7 . ¢ | andior anieiso-C,; .  B. Acolic acid was produced from ghicose
fermentation. Other physiological and biochemical compansons allowed the phenotypic
differentiation of strain BR72" from the members of the famdy Lachnospiacese. Based on the

phylogenatic and phenotypec findings, the: strain is consdered 1o rep

nl a nowel

dammﬁwhhlﬂlﬁmsﬂﬁmmm
gen. nov., sp. nov. is proposed. The type sirain of Sellimonas intestinalis is BR72' (~KCTC

15478 =JCM 30740").

The human gut contains a highly diverse bacterial commu

nity (Eckburg et al, 2005 Human Microbiome Project
Consortium, 2012). Recently, gut microbiota and its func-
tions in maintaining host health have attracted great interest
and have been investigated using culture-independent mol-
ecular techniques {Human Microbiome Project Consortium,
2012). The gut microbiota is estimated to exceed over 1000
species of mostly anaerobic bacteria and is dominated by
the phyla Firmicutes and Bacteroidetes (Bickhed o al,
2005). Commensal gut bacteria in healthy humans maintain
a balance and produce microbial metabolites such as short-
chain fatty acids during glacose fermentation. Their products

Abbreviation: AN, average nudeotide identity.

The GenBank/EMBL/DDE accession number for the 165 fRNA gone
sequence of skain BRTZ' & KPDGE60S2 ThquEarH:Bhpqad
W numbers for the draft of strain BRT2' and
Euhactesum fissicatena KCTC 15010 are PRINAZEASE2 and PRINA-
2HIBE3, respectively.

One supplementary lable and ane supplementany figure are availabbe wih
the anline Supplementary Mabosal,

are considered to perform important functions for the host
metabolism and the immune system (Brestoff & Aris,
2013). The major bacterial species producing short-chain
fatty acids are included in Clostridium cluster IV and duster
XIVa In this study, we describe the taxonomic characteriz-
ation of a novel bacterial strain, BR72", belonging to Clostri-
dium cduster XIVa (Collins et al, 1994).

Strain BR72" was isolated from a faccal sample of a healthy
Korean woman, subject KO-018, who had not taken anti
biotics in the previous & months. The fresh faccal sample
was immediately brought into the anacrobic workstation
(Coy Laboratory Products) containing 5% Hjz 5 % CO,
and balance nitrogen. For isolation, the faccal sample was
directly plated onto YCFAG medium containing 1.5 % (wiv)
agar (Duncan et al, 2002). After 18-24 h of incubation at
37 °C, single colonies were selected based on their

and streaked on new modified Gifu anaerobic medium (GAM;
Kisan Bio) agar plates at 37 "C under anaerobic conditions to
obtain a pure culture. The isolate, designated BR72", was
stored at —81 °C in modified GAM medium supplemented
with 25 % (viv) glycerol for preservation.

000817 & 2015 IUMS  Primted in Great Britain
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Merdimonas faecis gen. nov., sp. nov., isolated from human

faeces

Boram Seo,'” Ju Eun Yoo,' Yung Mi Lee” and GwangPyo Ko'4%#*

Abstract

A strictly anaerobic Gram-stain-positive, non-motile and non-spore-forming bacterial strain, BRI1", was isolated from a
faecal sample of a healthy human. Bacterial colonies were ivary-coloured on GAM agar and composed of rod-shaped cells
with rounded ends approximately 1.4-2.1 x0.5-006 pm in size. According to comparative analysis based on 165 rRNA gene
sequences, strain BR31" farmed a distinel phylogenetic lineage that reflects a new genus within Clostridium cluster XIVa in
the family Lachnaspiraceas, with highest similarity ta Cubactenium contortum DSM 39827 (94.6 %), The DNA G+C content was
calculated to be 47.0 mol% (rom whole genome sequencing. Predicled genes associated with synthesis of teschuronic acid,
polyamines, polar lipids and diaminopimelic acid were detected, The peptidoglycan contained meso-diaminopimelic acid and
the main polar lipld detected was phosphatidylglyceral. The major metabolic end product o glucose was acelic acid, which
was in agreement with those of most members of the family. However, the profile of major cellular fatty acids ICys 0 Cia o
summed feature & and Cy4.q) and overall enzyme activity demonstrated phenotypic differentiation ol strain BR317 rom other
closely related genera. Thus, based on distinct phenolypic, phylogenetic, genotypic and chemotaxonomic characteristics,
strain BR31" is considered to represent a novel species of a new genus, for which the name Merdimonas faects gen. nov., sp.

The human large intestine harbours highly diverse anaero-
bic bacteria colonized at concentrations greater than 10"
cellaml™" [1], Firmicuies and Bacteroidetes are the two
most dominant phyla, which play commensal roles by aid-
ing the digestion of non-digestible fibres during fermenta-
tion [2]. Recent human gut microbiome studies have
focused on in silico whole genome and metagenomic analy-
sis as well as on investigating distinct features of anacrobic
bacteria and their interactions based on culturing techni-
ques, Browne el al revealed that spore-forming ability
ensures host-to-host microbiota transmission and suggested
a novel workflow for obtaining and phenotyping unculti-
vated commensal gut bacteria [3]. Spore formation is a key
feature of strains within the class Clostridia, but is no longer
used to determine a taxonomic affiliation [4]. In particular,
Clostridium cluster XIVa in the phylum Firmicutes has
attracted a great deal of attention as producing beneficial
small-molecule metabolites from carbohydrates [5]. These
microbial-derived metabolites interact cdlosely with host
immune systems, such as inducing immunomodulatory

nov. [ proposed, The type strain of Merdimonas faecis is BR31" (=KCTC 154827 - JCM 30748")

effects by promoting regulatory T cells [6]. Clostridium
cluster XIVa encompasses diverse genera such as Coprococ-

cus, Dorea, Eubacterium, Roseburia and Rumi [4].
Here, we describe the ic char rization of a novel
bacterial strain, BR31", bdonging to Clostridium
cluster XIVa.

Strain BR31" was isolated from a faccal sample obtained
from a healthy Korean female (30 years old) who had not
taken antibiotics in the previous 6 months. After collection,
the faecal sample was immediately brought into an anaero-
bic workstation (Coy Laboratory Products) containing 5%
Hy 5% €Oy and balanced nitrogen. To isolate obligate
anacrobic bacteria, all materials were brought into the work-
station and ically. The faecal sample was
directly plated onto YCFAG medium [7], with 1.5% (wiv)
agar added. After 18 or 24 h of incubation at 37 "C under
anacrobic conditions, single colonics less than 1 mm in
diameter were selected and sub-cultured on fresh modified
Gifu anaerobic medium (MB-G0825, modified GAM; Kisan

Auther affiiations: 'Depariment of Environmental Health Sciences, Graduate School of Public Health, Seoul Mational University, Seoul, Republic of

Korea, “School of Bological Sciences, Seoul National University, Seoul. Republic of Korea;

*Dévision of Polar Life Sciences, Korea Polar Research

Inslitute, Incheon, Republic of Korea; “Center for Human and Environmental Microbiome, Seoul National University, Seoul, Republic of Korea: "N-Bio,
Seoul National University. Seoul, Republic of Korea; “KoBioLahs, Inc., Seoul, Republic of Korea

“Carrespondence: GwangPyo Ko, gho@@smeass ki
Keywords: Mow Lsa; Closiridivm cluster XIVa: human gul miceobiola.
Al AN, dverage

identity, AP, diaminopimelic scd.

The GenBank/EMBL/DDBJ accession number for the 165 rRNA gene sequence of strain BR31" is KPF&4093. The GenBank Bioproject 1D msmber for

Ihe draft genome sequence of strain BR317 ks PRIMAZBISSS.

Two supplementary fgures and one supplementary table are available wilh (he onfine Supplementany Maleral.
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Disinfection of various bacterial pathogens using novel silver @mm
nanoparticle-decorated magnetic hybrid colloids
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HIGHLIGHTS GRAPHICAL ABSTRACT

= The use of AgNPs for contradling pathe- PR
£ens is hindered by several major obsta- g bbb
des. Mg Bl

= AgNP-MHCs can prevent the aggrega-
tiom of AghPs and be re-collected easily
alter e,

= AgNP-MHCs showed great antibacterial

[ ies in various envi al
conditions,
ARTICLE INFO ABSTRACT
drﬂd_rﬂsmm Silver nanoparticles (AgNPs) have long been considered a powerful disinfectant for controlling pathogenic mi-
Rereived 7 March 2017 croorganisms, However, AgNPs might have adverse effects on both luman heaith and our ecosystens due o
Received in revised form 7 July 2017 their potential cytotoicity and the difficulty in recovering them after their release into the environment. In
Wiﬁ’lﬂﬂ;ﬂ,m? this study, we characterized the antimicrobial efficscy coused by a novel micrometer-sized magnetic bybrid col-
loid {MHC) containing 7, 15, or 30 nm sized monodispersed AgNPs (AgNP-MHCs), which can be re-collected
Editor- Simon Pollird from the environment using simple procedures, such as 3 magnet or centrifugation. We evahmied the antibacie-
rial capahilities of AgNP-MHCs against target bacteria { Legionelio prewmophiln, Bocillus subtifis, Excherichia ooli,
Keywards: and Closiridiim perfringens) and compared them with the inactivation efficacy of AgNPs - 30 nm in diameter
Silver nannpartick: (nAg30s). Among the different AgNP-MHCs composites evaluated, Ag30-MHCs had the greatest antibacterial ef-
Magnetic rybrid colloid fert After 1 hof exposure, mone than a 4-kg,, reduction af L Pl and 6-log duct ¥ B, subirils ws
Disinfictian achiewed by 4.6 = 10 particles/mlL of Ag30-MHCs and Ag30-MHC-Ls. In addition, Ag30-MHC-Ls maintained their
Antibacterial ages strong antibacterial capabilities under anaerobic conditions. Our results indicate thit ANP-MHCS can be consid-
Aeroic ered excellent 1ools for contralling waterborne harterial pathogens, with a minimal risk of release into the
enviTDRment.

© 2007 Elsevier BV, Al rights reserved.

* Corresponding author at: Department of Envimamental Health Scienoes, Graduate School of Public Health, Seoul National University. 1 Gwanal-m, Gwanak-gn, Seoul, Republic of
Korea

E-mail address ghnd@snunackr {G. Ko).
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Abstract
El Ide, a top: has. been widely used as a dinkcal anticancer drug to treat
diverse cancer patients, Since not only rapidly dividing cancer cells but alo the cells of normal
Timan tssues and every |ving In e | hawe itis
crucial to study the toddlty of lde in other ! In addition to cancer cefis In this
study, we evaluated the taxicity of etoposide in bath a sofl nematode, Coenarhabeitis dlegans, and
3T3-L1 normal murine cells. E significantly the growth, egg Liying, and hatching
In €. elgans. Lloposide aho affected the reproductive gonad Hssue, decmased the number of
germ colls and induced abnomally enlarged nuckel in € elegans, In addition, etoposide inhiblted
AT3-L1 ool proliferation, with 1Ce values of 37.8 1+ 7.3 and 9.8 + 1.8 pM after 24 and 48 hours of
¥, via the induction of cell cycle amest at the G2/M phase and apoplotic cell
death. Eloposide alse induced nuckear enlargement in 3T3-L1 normal murine cefls, The reproduc-
thee toslcity and abnormal nuclear morphological changes seemed (o corelite with the adverse
effiects of etoposide. We suggest thal these expermental i, the toodeological evalua-
tion of both nematodes and 373-L1 cells, may be uselul Lo study the mechanisms underlying the
side effects of cf Is, including it

M 1 inhibi

KEYWORDS
aboormal nucled, €. elegans, collular toxicily, ctoposide, germ cell todcity, reproductive: tosdcity,

1 | INTRODUCTION

Topolsomerase inhibitors ane one of the major classes of anticancer
agenils because rapldly dividing cancer cells need Lo replicate DNA con-
tinuowsly, and lopolsomerases are essentlal enzymes Tor DNA replica-
thar, There are two clisses of lopolsomerases, topalsomerase | and IL
T | inhibitors f dothecin, Idnotecan) and topol
ase |l inhibivors (etoposide, domrubicin) have brosd spectrim antl-
cancer activity, le, they can kill a broad range of cancer cells,
compared to trgeted anticancer agents, such as imatinib.' 7 However,
topolsomenise inhibilors damage rapidly dividing normal cells and
cause varkous side effects, such as myelosuppression, halr koss,
gastrobntestingl Injury, cardlac Loslcity, Infertility, and the development
ol secondary leuk Therefore, cor i elforls are needed to
overcome  the side effects of the antlcancer drugs  targeting
topolsomorasa ™

topolsomerase inhibdiorn, 3T3-11 cells

As every living onganksm has i Il
Itors possibly affect all living enganisms, Topoksomerase inhibitors have
been widely used lor the reatment of varlous cancers for decades,
Ernvironmental concerms relating o the use of topolsomerase inhibitors
have ncreased. Topolsomerase Inhibltors exen detdmental effects 1o
diverse wild lfe, including bacterla, aquatic organisms (plankions and
primary consumers), and plants.® ¥ However, in these reports, the toxi-
cological evaluation is lmited to growth inhibition; the detalled cellular
and molecular mechanksms underlying the toxdclty of topolsomerase
Inibibitors havee not yet been Tully chickdated,

Etopaside |5 a polson-type topolsomerase [l inhibitor, which is a
clinlcal anticancer agent for the treatment of varlous buman Lumorns,
Including small cell lung, testicular, and ovaran cancers.™ Similar 1o
ather | Inhibitors, e b beseny reported (o have
side effocts, such as Immunosuppression and an increased Incldence
of secondary beukemla™ Recontly, our group suggested thal the

1836 | ©2017 Wikey Periadicak, Inc.,
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New perspectives regarding the antiviral effect of vitamin A on norovirus

using modulation of gut microbiota
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Gut microbiota has been d to play an imp role in health conditions, and recent Received 22 Novemnber 2016
studies have suggested the modulation of as a th tic strategy. There is no Revied 31 March 2017
effective of norovirus infection, though vitamin A has been suggested 1o have an antiviral AP0 79 hine 2017
effect in an epidemiolog . We ok d that vit: A significantly inhibited murine KEYWORDS
nofovirus  replication.  Vitamin A iy d the abunda it marmobacme FH 41
Loactobacilus sp. during norovinus infection, which played a crucial role in antiviral efficacy, inhibiting Lacintuc i, morowrus,
murine: we elab d the antiviral effect of vit, A wia modulation of gut vitamin A
Furthermaore, suggest a novel stralegy, using potential probiotics, as having a

protective and therapeutic effect on

Introduction

The gut microbiota plays an important role in energy
tract.'” Recent studies have revealed that the modula-
tion of gut microbiota significantly impacts various
diseases including infectious diseases.** For example,
fecal microbial transplantation (FMT), as a gut micro
biota-targeted therapy, for the treatment of Clostrid
ium  difficile, could be a good example of the
application of gut microbiota modulation for prevent-
ing infectious discases® In our previous study and
other recent studies, metabolic improvement by com
monly used drugs such as metformin, accompanied
by modulation of the abundance of bacterial taxa (e.g,
Akkermansia muciniphila), had a beneficial effect on
obesity and type 2 diabetes”® In addition, gut micro
biota influences healthy immunity from viral infec
tions such as influenza virus and hepatitis virus.*'°
Norovirus is the most common cause of acute gas-
troenteritis, with clinical symptoms that include diar
rhea, vomiting, nausea, abdominal pain, and fever
lasting one to 3 d."" Unfortunately, there is no current
treatment or vaccine effective against norovirus infec
tion. A recent study reported that norovirus infection

did not significantly alter the gut microbiota, the com-
paosition of gut microbiota was not considered in nor-
U\'i-l‘llllﬂ 12

In previous epidemiological studies, the norovirus
infection rate and dinical symptoms decreased signifi
cantly with sufficient vitamin A supplementation."
Retinoic acid, the metabolite of dictary vitamin A,
plays an essential role in innate immune response
against viral infection. A recent study reported that
sufficient vitamin A supplementation reduced both
mortality and morbidity related to infectious gastroin-
testinal diseases."" Moreover, retinoic acid-inducible
gene 1 (RIG-1) and melanoma differentiation-associ-
ated gene 5 (MDAS) signaling contribute to antiviral
responses by activating type | interferons (IFNs).'*
Previous studies have revealed that MDA5 and
STAT-1-deficient mice had a defect in their immune
response to murine norovirus.' "

In the current study, we investigated the possibility
that gut microbiota, modulated by vitamin A during
norovirus infection, could have a potential role in the
treatment of, and preventive measures against, norovi-
rus. Our findings provide new perspectives on how
vitamin A exerts an antiviral effect against norovirus,

COMTACT GmangPyo Ko () ghossnuacks () School of Pubic Health, Secul National University, 1 Gwanak-1o, Gwanak ge, Seoul 151142, Korea
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Complete Genome Sequence of the
Plasmid-Bearing Lactobacillus fermentum
Strain SNUV175, a Probiotic for Women’s
Health Isolated from the Vagina of a
Healthy South Korean Woman
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ABSTRACT Lactobaciius fermentum SNUVT?S has been identified as a probiotic
straln that Inhibits pathogenic microorganisms related to women's health, We pres-
ent the complete genomic sequence of the strain L fermentum SNUVITS isolated
from the vaging of a South Korean woman. This genomic Information may provide
Insight into the functional activity of this strain,

he compasition of the vaginal microbiota is influenced by host genetics and plays

@ key role in host defense against bacterial vaginosis and pathogenic viral infec-
tlons, such as human paplllomavirus (HPV) and human immunodeficiency vires (HIV)
{1-3). Amaong the microorganisms present In the vagina, Lactobaciius spp. help main-
tain an acldic environment and preduce bacteriocing that inhibit potentially pathogenic
microorganisms (4

In this study, the strain Lactobacilius fermenium SNUNVTTS, Isolated from the vagina
of & healthy South Korean woman, showed functional properties in the treatment of
vaginal infection caused by lactobacilll deficlency. Here, we present the complete
genome sequence of this functional problotic strain.

In order to perform the complete genome sequencing of the strain L. fermentum
SNUV1T75, massive sequencing technology was implemented using the PacBio platform
(Pacific Blosdences, Menlo Park, CA, USA). A 20-kb library was constructed with purified
DMA on a single-molecule real-time (SMRT) cell and was sequenced using P6-CA
chamistry with a data collection time of 4 h. The sequendng run provided a total of
125,532 reads with quality scores =020, The number of bases was B05 055752 bp. De
novo assembly employed the default parameters of the Hierarchical Genome Assembly
Process approach version 3 (HGAP3) (5). The single droular chromosome was
2,176,678 bp in size, with an estimated G+C content of 51.5% and around 276
coverage., The three plasmids ranged between 29 and 33 kb in size: pSNU175-2
{33413 bp; GC contant, 40.09%), pSNU175-3 (33,071 bp; G4C content, 30.6%), and
PSMU175-3 (29,166 bp; G-C content, 43.8%),

The assembled genome sequences were annotated using the Prokka annotation
pipaline, version 1.11 (6, which pradicted tRNA, MNA, and mANA genes. Putative gene
products were then assigned to protein-coding genes (CDSs) based on their similarity
to sequences in the respecilve database. Curated virulence factors and antiblotic
resistance genes were estimated using IslandViewer3 (7) against the Virulence Factor
Database (VFDB) (8) and the Comprahensive Antiblotic Resistance Database (CARD) (9).
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Abstract

Toxicological evabkestion s crucial for understanding the effects of chemicals an living organiems in basic and applied blolagical science fislds. A
non-mammatian soil round woem, Casnaorhabdits eleganz, is a valuable model organism for toxscology stedies due to its convenience and lack
of ansmal ethics issues compared with mammalian animal systera. In this protocol, a8 detadled procedure of toxcalagical evaluation of chemicals
in €. sleganz s described. A chnical anticancer drug, etoposide, which targets human topolsomerase || and inhibits DMNA repication of human
cancer cells, was salacted as a model testing chemdcal. Age-synchronized C. efegans egge were exposed to either dmathyl sutfoxide (DMS0)
or etoposide, and then the growth of C. elegans was monitored every day for 4 days by the stereo microscope observation. The total number of
aggs kaid from . efegans treated with DMS0 or stoposide was afso countad by using the sterec mecroscope. Etopossde treatment significantly
affactad the growth and reproduction of C. elegans. By comparison of the total nember of aggs laid from worms with different treatmeant periods
of chemnicals, it can be decidad that the reproductive toxicity of chemicals on ©. slegans reproduction is reversible or imeversible. These
protocols may be helpful for both the development of various dregs and risk sssessment of environmental toxkcants.

Video Link

The video companent of this article can be found at hitps: s Jove.comividea'S6437!

Introduction

Toescological evabkestion is essential for the development of pharmaceuticals, nutracauticals, and cosmeaeceuticals, &8 well as the rigk assessmant
of various envingnmental toxing. The rodent model is one of the most popular i wvo expenmental aystens for this taxicology study; alternativety,
nan-mammalien crganisms such as C. elsgans are also widely used. Mon-mammalian toxicological evaluation modets are beneficial becauss

of not oy Enimllmhical fsues but also ther convenience and usefulness considering cost-effectivenssa, maintainability, speed, and
reproducibility

C. efegsns, 8 soil round worm, has been exploitad 88 @ maedel anemal in vanows basse snd applied biology and cheméstry research. itis a 1 mm
lang, transparent nematode. which is simply maintaéined n solid of liqusd Nematads Growth Media {NGM) fad with the bactanal strain Eschenchia
colf OF50. & eiegans has a short life eycle, and wild-type M2 C. afagans lays approemately 300 eggs. Therefore, it is sasily propagated to

be used a:raéu ental materials®**, . elegans has also been widely used in the loxicobogical studies of many drugs and environmental
pollutants™ =

Because many anticancer drugs target rapidly dividing cancer celis, they can also damage rapidly dividing normal cells such as bone marrow,
intestinal epithelium, and heir follicle cells. For axample, tepolsomerase inhibitory anbcancer drugs target the DNA repbeation proceas of cancer
cells; therafore, they also mhibit rﬂpidl,rnmdtq nosmal cells. Every living organism has topoisomeragas, and thess topolsomerase inhibitors
miost Bkely impact environmental aunr.yr.hemn"' "1 Thus, a drug toxicological evaluation platform wsing a model animal is valuable for both the
development of pharmaceuticals and environmenial risk assessment.

In this arficke, we describe the detailed protocols to test the toxicity of etoposide, which is a clinical anticancer agent that targets topoisomerase
1. as a model toxic chemical in C. elegans. For this purpose, we will describe the measurement method of body size and the tetal number of
eggs kaid in C. efegans treated with etoposide.

Protocol

MOTE: The entire expariment must be performed in a clean isolated laboratory maintained at 20 *C with low dust and with minimization of
contamination during weem and bacterial handling. For this purpose, experiments must be performed under the flame of an alcohol lmp or using
a clean bench.

Cogpyright @ 2017 Journal of Visualized Experiments October 2017 | 128 | 256437 | Page 1 of §
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ARTICLE INFO ABSTRACT
: We investigated the impact of 8 fermentod milk product on got and their in 3 different
Frermend wilk conditions of the colon with 5 sysemic viewpoinl, An in vitro semi anscrolic wim usnd 10
Gl micpobienn wisonn [he colon comipan menl-specific nf of f ik, followed by o mll ch oo
N arw callon emisketioet Inlng 165 (INA il muclesr INMI spectrowopy. The microtskome
s S ol e aetabodac feaiares wese sigaificanidy dilerent s e ok compartinenis sod aber fe:
memiod milk ;] ation anadysis ndicated that the abioratson of b yrase producing
heriok { VellTomnlli, f Lty i, and Copracecom) and some primary mclaboliies (butyrate,
wthanol, ksciate, and isobutyrsie) in the teatmen group had & strong assoclation with the fermemed ik
mileroorganisms. Our (indings suggested thst fermented milk restmes) significentdy affoctod microbisl popu
lathon im an i i cultivatkon sysiom a8 well s ihe colonde metabobome o difforent says 0 osch of ool
cuemgarinsenl.
1. Iniroduriion o show thai the ingestion of fermenied milk cearly modified the gui

el milk is A worldwide sand Is koown o
|‘l|l'l' health benefits rebited 1o the improvement of intestinal condi
tions, including ihe lioration of indl ¥ bowel disease and
prsvention of infsctous pathogeos (Conpa ot al, :m-:a Sanches et al.,
2017), Although the health-promating effects of fermented milk have
gencrally long been scknowledged, the probiotic bolism wnder-
Iying the madulstion of the gut aviromment Is e from belog ender
stood due to the complicated crosstalk among gut mierobioti.

With the oulstanding advancements in high-throughput DNA se-
quenwcing technology, womerous studics have recently demonstrated
that the microbial community and their bolic function in the

microbial community in buman subjects (McNulty ot al, 2001 Unno
et al, 20015 Velga et al, 2014). Although these studies clucidsed the
impact of fermented milk on the gut microbial community and in-
testinal meiabolism using a well designed metagenomic  approach,
some Issues have remained wresolved. The biggest bsue bs the Lk of
imformation about microbial changes in the procimal colon becase
mast microblome studics have involved just buman stool snalyses, al
though the live bctic acld bacieria o fermented milk are more likely to
colonize and function in upper colonic sies, which have relatively
lower ph conditions as compared 1o ather colonle shies.

The application of in oo simulstions of the humoen iniestine o

#Mummﬂdﬂpﬂimﬂm”

human intestine play a plvodal rale in modolating meoy aspects of hosi
physlology (Belizario & Napolitano, 201%; Cani & Everard, 2006; Canl
et al., 2016; Spanogiannopoulos, Bess, Carmody, & Turmbasugh, 2006).
There have been some reports that utilized next-generation sequencing

dble cobonic g, and colon v e separa
ﬂmlllubﬂwlln-th. poried that the add o fe d milk or
lactic ackd bacteria can modulate gut 1 bolism when sing

several in witre colon mimicking systems, including the TNO
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HIGHLIGHTS GRAPHICAL ABSTRACT

= AgNP-5i0; can be synthesized using a
high-wiedd, large-scale process,

= AgNP-5i0; maintained strong antiviral
characteristics in dilferent types of
waler,

= Muodified Hom was the best maoded for
murine norovinus disinfection using
AgNP-Si0;.

= AgNP-5i0; can be used withoul signifi-
cant risk to human health and the
CrVIraNment.

kbt i s il 4 B o o
ereruind = AGYFY AN SR

ARTICLE INFO ABSTRACT
Article history- Silver nanoparticles [AgNPs) have been reporied as an effective aliernaiive for controlling 2 broad-spectrum of
Reorived 21 July 2017 pathogenic viruses. We developed a micrometer-sized silica hybrid composite decorated with AgNPs (AgNP-
il e i e Sillz) 1o prevent the inherent aggregation of ANPs, and Facilitated their recovery from environmental media
A\amMIME‘JD«mIIRrMT'J after use. The production process. had a high-yield, and Babrication was cost-effective. We evaluated the antiviral
capabilities of Ag30-5i0,; particles against two model viruses, bacteriophage M52 and murine norovirus (MNV],
Editar: Solo-Cahriele im fourr different rypes of warer (deionized, tp, surfce, and ground ). MNV was more susoepribsle to Ag30-5i0,
partiches in all four types of water compared to M52 Farthermore, several water-redated factors, inchading tem-
Keywarts: perature and organic matter content, were shown to affect the antimicrobial capabilities of Ag30-5i0. particles.
Silver nanopa The modified Hom moded was the best-fit disinfedtion model for MNY disinfection in the different types of water.
Silliva i comygosite Additionally, this study demonstrated that the effects of a certain level of physical obstackes in water wene negli-
Water disinfection gitsle in regards to the use of Ag30-5i0; particles. Thus, effective use off AgNPs in water disinfection processes can be
Bucis naccvinie © 7018 Elsevier BV, All rights reserved,

1. Introduction
* Corres, img awthor at; Dey of Ervi Health Scences, Graduate P = - 2

School of Public Health, Scaul National University, 1 Gwanak-ro, Gwanak-gu. Seeul, The capalutiies of AT Ranogaetarles UANES) 0 ponlol Sy
Republic of Koee, pathogenic microorganisms have been examined {Lara et al, 2011;
E-mail address: ghos#smaackr (G, Ko). Marambio-Jones and Hoek, 2010; Zhang et al, 2016). As previows

g idaiorg i 0,300 G sctotem 20 712318
OHME-SIGETT0 2008 Elsevier BV Al rights reserved.
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Abstract

Influenza A viros (IFV-A) is one of the main cause of scasonal flu and can infect various of host species via the reassortment of
sepmented RNA genomes. Silver nanoparticles (AgNPs) have been known as excellent antiviral agent against IFV. However, the
usc of free AgNPs has several major drawbacks, including the inherent aggregation among AgNPs and unwanted cytotoxic or
genotoxic damages for human body via inhalation or ingestion. In this study, we assessed the efficacy of our novel ~30-nm-
diameter AgNP-decorated silica hybrid composite (Ag30-5i0;; ~ 400 nm in diameter) for IFV-A inactivation. Ag30-Si0,
particles can imhabit IFV-A cffectively in a clear dosc-dependent manner. However, when real-time RT-PCR. assay was used,
merely 0.5-log g reduction of [FV-A was observed at both 5 and 20 °C. Morcover, even after 1 h of exposure to Ag30-8i0,
particles, more than 80% of hemagglutinin (HA) damage and 20% of ncuraminidase (NA) activities had occumred, and the
infection of Madin-Darby Canine Kidney (MDCK) cells by IFV-A was reduced. The results suggested that the major antiviral
mechanism of Ag30-8i0y particles is the intcraction with viral components located at the membrane. Therelore, Ag30-Si0;
partiches can cause nonspecific damage 1o variows IFV-A components and be used as an effective method for inactivating IFV-A.

Keywords Silver nanoparticle - Silica hybrid composite - Influenza A vinus - Antiviral agent - Disinfection - Vinus inactivation

Introduction

Influenza viruses (IFVs) are single-stranded, negative-sense
ribonucleic acid (RNA) viruses, included within the family
Orthomyxeviridae (Melson and Holmes 2007), Historically,
IF¥s have caused scasonal epidemics or global pandemics
of flu, onc of the commoen infections human discases. The
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annual morbidity, mortality, and cconomic burden by flu
worldwide arc tremendous {Aighogun ct al. 2015). Globally,
IFVs have an annual attack rate of 5~10% in adults and
20-~-30% in children (WHO 2017), and annual cpidemics
cause approximately 3 -5 million cases of severe illncss and
290,000 650,000 deaths (WHO 2018). Morcover, influenza
A viruses (IFV-Az) have become genetically diverse via the
reassortment of segmented RNA genomes and thus can infoct
various host species, including humans and livesiock (Harder
and Vahlenkamp 2010; Neumann et al. 2009; Yamamoto et al.
2008). IFV-A transmissions could occur in individuals and
even between specics via vanous routes ncluding contact,
air, and [FV-contaminated fomites (Herfst et al. 2012;
Kandun et al. 2010; Swayne 2006; Zepeda and Salman
2007). Therefore, various novel materials have been devel-
oped to control IFV-As effectively (Aydin et al. 2013;
Hayashi et al. 2000,

With the remarkable advances i technology, the applying
of various metallic nanoparticles including silver nanoparti-
cles { AgNPs), copper oxide and zinc oxide in the disinfection
of pathogens has been highlighted (Alswat et al. 2017a, b:
Khan et al. 2018). Especially, AgNPs have been reporied as
stromy antiviral agents against various pathogenic virnses,
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