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Abstract

We focused on the anti-inflammatory properties of Zatilactobacillus curvatus, formerly
called Zactobacillus curvatus, isolated from kimchi. In a mouse model of dextran sulfate
sodium (DSS)-induced colitis, treatment with L. curvatus significantly decreased the colitis
by inhibiting the expression of a proinflammatory cytokine and receptor that disrupt
intestinal epithelial structural integrity. The disease activity index combined scores for
weight loss, stool consistency, and bleeding showed that disease activity was markedly
lower in the DSS+ probiotics group. Histological analyses showed that treatment with L.
curvatus strains protected the structural integrity of the intestinal epithelial layer and
mucin-secreting goblet cells from DSS-induced damage, with only slight infiltration of
immune cells. In serum and DSS-treated colon tissues, mRNA expression levels of IL-6, TNF
R1, iNOS, and COX2 of L. curvatus-treated group were significantly suppressed. These
results indicated that . curvatus ameliorates the colitis in intestine and reduces IBD
pathogenesis of host.
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1. IZH|0|QEIAQ} X¥xI5t

2Hlo] QE AV} SR WRAL A3 A 3 ;% gt 9 o}Ex| niRY 5 IF At "
Age] T4 WA & 9leH, B Yot 529 WY Vs I E4 O]X]'—*— At
stcky B E vh Stk Gupta S141 L rhamnosus GG AF7 A2 o1 = 3IX19
A ENS R A &AL clinical score)S SFAAIZTHY B8990, [ rhamnosus GG
9} T eS| IH(fructooligosaccharide)] THAE JAQ] HZ QO 2 SH ARE5I9S uf
A3} 241 BTl HAsHTH5).

%3t Lactobacillus w5 (Lactiplantibacillus plantarum, I. casei, L. acidophilus, L.
delbruecki)®; BT =B 2|0l 4B, infantis, B. breve, B. longum)7} T B3 mLHlo]
QEAE T H|Eo|H FFA B (ulcerative colitis) ¥ TEW(Crohn’s disease) TEAOIA|
Fofgt A3 tidedo] tha ke Ao Ueyth t49] Aol Zanlo| EAL= ] ¥
(chronic pouchitis)S H3PA7|1, FEA A AT SAS aakxoZ At 4= Q= Aoz

1= ATH6,71.

54 fARS 95 AR B IE dAIE Bl S5 WY BhEol ¥FE FoE24 gde
7Wdgtch= Zlo] W Al=T8-101, JAEFXI(L)-69F 22 Al E7IR1a}t TNF-R1¥} 22 Afo|E7}
Ql 8Al= Al Haated o] %9l A Hwkg 2o Fa3F 9 sh[11] IBDY] <l
BAol= Holsiar IEH12). §91, IBD= oé "}O]EJ_’}O] [L-6 ¥ TNF-e¥t ofzt 45 8
SAGNOS ¥ COX-2[13)2} #o] = SR, Latilactobacillus & Lactobacillus
ZoflA AEF HY+=1 type speciese L. sa](ez olth, HA| AwA Gl 7122 Latilactobacillus
207 WERH speciess L. curvatus, L. sakei, L. graminis, L. fuchuensis®|™(Fig. 1), 33
& Sl 65t (hexose)S Boto] ZAto =2 ik 58 H(pentose)> Phosphoketolase 7

Score Weight loss (%) Stool consistency Gross bleeding
[ | Control -
0 0 Normal Negative
T DS
el DSS+BYB3 1 15 Loose Negative
dav | acclimation | | |
v I I I 2 6-10 Loose Occult blood+
0 7 14 21
3 11-15 Diarrhea Occult blood++
] DSS treatment | Water treatment [ BYB3 treatment ]
4 »15 Diarrhea Gross bleeding
(A) (B)

Fig. 1. Animal experimental design (A) and disease activity index (DAI, B). Adapted from Wang et al. [14] with CC-BY.
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L curvatus 5= U5 B7FE o =52 A7 S2ivet A"l WEsk 28 A=o|oh
[14,15). Latilactobacillus curvatus WiKim38Z} BYB3 w5+ B5F XA EeElom &
o ZEHC|QYARA Q] Ago] 7|tjE= FAikdolth

WiKim38< A AlZolA A3/ AtelEZRR] 1L-109] A4S F-eskal FollA A4 HlAE
T UEE 7k gdS d3foke 202 defA Qi Wang et al.[14]2] 2 Ea1o] oJsH DSS
2 o] 9= FERYNAN Latilactobacillus curvatus BYB3S o« % IL-6 ¥
TNF-R1 53 AHESARDADE FootA XA AY A F50= JEA7|E A=
UrERh

2. YYS BTE Yt 5B
49 582 08T 934 AR AT SRR AFF R B2 HE] At 24
25]0] 5912 73 F AX|shet] A7BA0] e} chofat o] Ag

713e] FEAE SY9ds
k. g% 4t 42 2AE TNBS(Trinitrobenzene sulfonic acid), PG-PS(Peptidoglycan-
polysaccharide), Indomethacin, & DSS(Dextran sulfate sodium) 5°] AR&E|0] gkoH X+
o= DSSE 7P ol ARRtth DSS Fol& Qe 5REs 1%-10% F=E AM8oh=tl, 285
ofl 47¥ste] FojAlofl= 5%-10%2] DSSE AM8RIT DSSO #AHg0] 500 kDa %=2] DSS= o
G FHA7|A] 7] diRof| Folsfiok Sttt Fig. 12 Wang 511419 SATtollA ARESH A8 HAE
Uetd Ao g gAER JARIEF(DSS) 2 A 4 uke-A0f L. curvatus BYB3 ool tf
St 85 H71E 9ot FEAES Q9K Aotk Wang S11412 A% 5539 ¢ C57BL/6] URS-
X(Orient, Korea)E 20T, |& 50%, 12417t HUF7171 fAE= Addisha 5EARSAA
1597 ARG EE & ARSSIITE tiR+, DSS, DSS+BYB39| 37) 1E(n=2F 67)) 22 o],
oA YA AALR}F DSS7F 4% E ARE Ik, A 1421949 139 59t
2x10° CFU/mLY I. curvatus BYB3S 77 FoJsl9lon Disease activity index(DAI=
DAAHIZ ZA+AE Ap+EF 28 APE oto] B7lerrH16].

3. L curvatus?} HES A3t X

L. curvatus WiKim389] AW &9Z a3M= DSS(Dextran Sodium Sulfate) = A<
kA oA RAREQIL L. curvatus WiKim38-2 LPSe] 28] 5% 213} H|wste] BMDCO]
A AGS] =8 429 [1-102 =3k NF-7BQ} ERKE 7. curvatus WiKim389] 2Ja) EAls}
AT, JAA BAHL olgt ARV} L. curvarus WiKim38° 2J8) 8= BMDCY] 1L-10 A4t
of Q5= AL vt AW A9 23} L. curvatus WiKim38 7+ £ol2 DSS -#4t i<
OReA0] EEo] F7Istal A ARt AAE AOE HERHTHISL

Wang 52 AAolA £2|$t L. curvatus BYB3 #5+ Folof| M uke-A9] tii} Lo =4Js}
I o 229 1] 729} HF FES RARGt] 34 YRk w1k Adh YRty g o]
(7.31£0.3 ecm)7k 7P 493, W2 o2 F IEET JAHo|glon, tie A7 Eitt

3o

o N T

DSS+BYB3 L& &3t k-0 g2 at 20](5.8£0.4 cm)7} AET Zokgo] #EE L
DSS+BYB3 Z1F9] dPd2 DSS 152 thdEet ¥k Aolqlth. E3t BYB3Z A2id Hdacl
ad 1] digelde DSS 10l HIs) FEEo] woldor AastitkFig. 24). AT 4,
e Gd 9 E8o] tigt DAL S 4= DSS+BYB3 1gollAl A o] dAIsHA Robxlo
™ 22 2ol (Fig. 2B). DSS2 Fd vRp-LolMe dizatat vlasto] AEdart Hebge
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©

Control

D55

DS5+BYB3

W, L curvatus BYB3 FolaolA= AlFo] o 8ok Ak HEHItHData were not
shown). 9] tHAANEA DSS = BF T2 FASUA Aol FHH A== A
W 2doltH17,18]. AlF A4, 5 AL W o] S4, W &8, & 49+x o= DSS
= Y vReLolA Eo] FEEEH|19], o2’ AF-E7k= BYB3 w57t DSS = th e
= S-S vshll= Aol

L. curvatus BYB3 Folo]] w2 nhe-A tigzxz] o] efjela] Wl gRlst7] {Jsf Hematoxy-
lin-eosin stainiong®} Alcian blue staining AM&5Ho] Faldn|4 o g B9t g xFoA=
Aol A A% Fgo] WAER] G2 uh, DSSE HEH vk o 242 54 ALt A
I &4 5ol BEE. L curvatus BYB3 Fo] 159 AR 222 Auleh Au] 2 &40
TR cHFig. 2C). Alcian blueZ FAH BHAMZEANME L. curvarus BYB3 £0J7F U2
I 1ES A7 A9 A0 R dEsk= AoE WEERQI o9t 2 AME L curvatus
BYB37} Q] 74l 4] 153 A|R29] =5 F7HAA DSSe 23t &40 2REH S B35
The A2 ERIT 4= UQUtKFig. 2D). d52 &5 HIAIAQ B35 vhgolA et vl AF
-2 & 20| &4 4o 4 7] fiEo] S AEo] Qe ZEHP|QEA E= AF
FE2E2 AT AF 27 = Qi

4. [. curvatus BYB39| IL-6, TNF-R1, TNF-R2, TNF-a9] A H|

DSSE fid oAy Wl AFA ARIEZRRIY HIFAARI HEAS 7HAH E5|
TNF-¢9} [L-6°] 8 BAZ et AT APIEZRICEA [L-6= NF-«BE HAoZ
Slo] A= HAYUZ S ZAH3| TNF-o2F 22 Alo|E7IRI9] AL AGIH20]. DSS S= tha
A1} Q17F IBDOAQ] IL-69] F2/30] W5 %=d|[21,22], L. curvatus BYB3+= t49] TNF-R1%}+

(B)

e
[I-Y

ES

Disease Activity index(DAI)
o )

7 8 9 10 1 12 13 14

o 1 2 3 4 5 & 78 day
Length of colon(cm)} =8 CONtrol =#=DSS =8 DSS+BYB3

Dss DS5+BYB3 Control DsS DSS+BYB3

Fig. 2. Latilactobacillus curvatus BYB3 alleviates symptoms of DSS-induced colitis. (A) Images of the colons dissected from the control,
DSS, and DSS+BYB3 groups. (B) Disease activity indices (DAls). Hematoxylin-eosin staining (C) and alcian-blue staining (D) of the colon
sections from with DSS-induced colitis. Adapted from Wang et al. [14] with CC-BY.

32 | Trends Agric. Life Sci. Vol. 59

https://www.etals.org



UX|O|A 22|= Latilactobacillus curvatus HES 243} X2 s

https://www.etals.org

[L-69] DSS f= &S TAaA7| =t S48k deh 2ot thAAE 5o oJsf si= oS
7Fs/do] =tH23].

Wang 51412 2T up9A9] AL DSS §&& [L-6, TNF-R1, TNF-R2, TNF-a $:X|7}
Lol S71oH, AFSA AR|E7IRI] WAL /. curvatus BYB3 A0 HAsIct
B 393k DSS+BYB3 I1EolME DSS IEE T} [L-6 Udo] SojulsiA ZaPAT thxa 1
FEO A FAEIAL TNF-R19IA%E DSS 25500 Bl DSS+BYB3 IEolAe= felotA 7ot
£ AoZ Yepdth TNF-R2 2 TNF-¢ & 52 DSS 1&9] TNF-R1 & 2Hh W9k
o, DSS+BYB3 IEolAe tiRtolAx HEH ATt fARE 202 7hAsiolrt. tito] Hs)
INOS ¥ COX-2 mRNAQ] &2 DSS 1504 FoulstAl $71=312™, DSS+BYB3 &0l
£ iNOS ¥ COX-29] mRNA #do] dxoHA AAE I COX-2 mRNAZH INOS mRNA BF
DSS 2&9] 47} whelof v]s) DSS+BYB3 1golA WokAT, iINOS @] it F3i5kA] &
9FtHData were not shown). COX-2+= Thefst §afjQ1xlof 9J8f Srwn] B4 T2 AeEEd 9]
TS o= ATUSS wi7sk=t] Holska, thfet A=A} INOSY] HaS S7HAA
2 NOE IAHY G52 SHA7ITH24,25]. COX-29} iNOSY] G4+ Id o] ZAg thgeio]

o O

A= AAZcRE I8A = 159 AE vty AE0Z Wejssella <, Leuconostoc 4,
Pediococcus 4, D Lactobacillus & 59 S0 7] draof #ofsit}. L. curvatuse oF7}h
A A2 R Y F9 o] tisiide A7tE vE QRITE HAE BIRSH HaAFolA So] &
= gAktoltt SAlEo A= NSLAB(non starter lactic acid bacteria; H|AEME] SANHZE gF
B Z7|DA0] BofolA] 9l &4t o] FARHR) HR o 2214 A 0] Tofsh= fAktolt. Z
Z]9] gl SAACIA AR R Fofol= FARFLE AZE L Qlct

L. curvatus= 19039 Bacterium curvatus= Fz2 B How 1 o]F 196549
Lactobacillus curvatus= AEEE o 2ol Latilactobacillus 22 27 =3t

Fig. 3A0A] B+ v} o] Al TASHH O Z [, curvatus= Latilactobacillus sake®: F-74
Hog ARt E/0] k. MRS 3 #iACIM L curvatus JE FHA(FF 1-2 mm)2E
EEYol1 E5olo] HPA Lactobacillus & S JHFEHE 7L Qich. I P2

Latilactobacillus curvatus

Latilactobacillus sakel

Latilactobacillus
Latilactobaciflus graminis

Latilactobacillus fuchuensis

Holzapfelia

(A)

Fig. 3. Plylogenic structure of the genus Lactilactobacillus (A) and Scanning electron micrographs
of cells of Latilactobacillus curvatus BYB3 (B).
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2 o7t oF 12 pm= 7 FEE7 2] R WP o ® e, 118 4 B A2 AR
S HFig. 3B). L curvarse UE SARCIA £EH, FARSRY A%), AA%}
Sauerkraut®} Z-2 Ha& A4 AFoHE T3] Ee=7] wfizo] olE HFok= QY] EHoAE
=g

2 Jo SI1512 wiEHANA L curvatus Wikim38E £2]519.0H o] 757} DSSZ g
o] fH FERHA & A5l thet B F3p7t ke A Hrewith. Wang S{141%E F5A]
o /3R oA B2t L. curvatus BYB3oIA AUS A3t 9 AHT 7]50] 3= SRIsISith

ZE2X 07 WaAEQl AR oA E2H L. curvatuss AT 229] &4 fHlels 954
AEZRQI W 8419 S JAFOZH uleAS AL A7 BIPL Jom L
curvatus’t B/ ARPIEZRIY] IPHACE QIR A2 SUC=HA thgES /A= A Al
ARgttt.,
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