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Abstract: [Background] In recent years, the health benefits of Latilactobacillus curvatus have
received much attention and genome analysis combined with phenotypic test provides a new
approach for the development of probiotics. [Objective] To explore the genomic characteristics
and probiotic properties of L. curvatus HFS9 isolated from healthy human feces. [Methods] The
genome of L. curvatus HFS9 was characterized by pan-genome analysis and genomic annotation
was performed to identify the probiotic genes. The probiotic properties of L. curvatus HFS9 in
vitro were assessed based on survivability in low pH and 0.3% bile salt, self-aggregation
capacity, hydrophobicity and cell adhesion, susceptibility tests, radical scavenging activities,
and antibacterial experiments. The mouse model of colitis was established to evaluate the
anti-inflammatory effect of HFS9 in vivo. [Results] L. curvatus had an open pan-genome and a
conserved core genome. The genome of L. curvatus HFS9 was 1.97 Mb, with the GC content of
41.86% and 2 050 coding sequences. It carried Lactobacillus phage PLE3 genes and possessed
the probiotic genes related to cell adhesion, acid tolerance, bile salt tolerance, and antioxidation.
The survival rates of L. curvatus HFS9 in acid and bile salt environments were 62.42% and
92.92%, respectively. The self-aggregation capacity and hydrophobicity of L. curvatus HFS9
were 63.33% and 75.00%, respectively. L. curvatus HFS9 showed the adhesion rate of 12.97%
to human colon cancer cells (HT-29 cells), was sensitive to most of the antibiotics tested, had
inhibitory effects on six common human pathogens, and possessed the abilities to scavenge
1,1-diphenyl-2-picrylhydrazyl radical 2,2-diphenyl-1-(2,4,6-trinitrophenyl) hydrazyl (DPPH)
and hydroxyl radicals. In addition, L. curvatus HFS9 relieved the symptoms and ameliorated
colon shortening and histopathological changes in the mouse model of colitis. [Conclusion]
L. curvatus HFS9 contains probiotic genes and has probiotic properties in vitro and in vivo,
which can be further developed and utilized as a candidate probiotic strain.

Keywords: Latilactobacillus curvatus; pan-genome; core genome; probiotic genes; probiotics

2 A FLFFE (Latilactobacillus - curvatus) A SRR TEATEE L 2020 4 Zheng 2
SRR L EPRYE, T, MIREM TG B, MERERRECINAZ 6, T 2019 4
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Figure 1 Average nucleotide identity alignment of 26 Latilactobacillus curvatus strains.
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®1 26 KT H I AT EEEE—RIFIE

Table 1 General genome features of 26 Latilactobacillus curvatus strains

[E7S b3 FEEH GC & HAFg Rt lEE 35 Bae
Strain Source K GC content f3[X#{ Completeness Contamination Accession No.
Genome (%) Number (%) (%)
size (Mb) of CDS
HFS9 Human feces 1.97 41.86 2 050 99.46 0 JAMOHHO000000000
CRL705 Argentinian dry 1.84 41.90 1 890 98.91 0 AGBU00000000.1
fermented sausage
NRIC0822 Kabura-zushi 1.94 41.80 2016 97.46 0 JAFIMA000000000.1
JCM1096 NA 1.81 41.90 2922 90.29 0.27 BBBQ00000000.1
DSM20019  Milk 1.82 42.00 2023 99.46 0 AZDL00000000.1
FBA2 Radish and carrot  1.85 42.10 1941 99.46 0 CP016028.1

Pickled with rice

Bran and salt

WiKim52 Kimchi 1.99 42.00 2085 99.46 0 CP016602.1
WiKim38 Baechu-kimchi 1.94 41.90 2034 99.46 0 CP017124.1
RI-406 Meat 2.00 41.70 2061 99.46 0 MKDG00000000.1
RI-198 Meat 1.80 42.00 1862 98.91 0 MKGC00000000.1
RI-124 Meat 1.81 42.00 1850 99.46 0 MKDR00000000.1
RI-193 Meat 1.81 42.00 1 868 98.91 0 MKGD00000000.1
FLECO03 Beef carpaccio 1.90 41.70 1950 98.91 0 LT841333.1
MRS6 Fermented sausage 2.11 41.70 2114 99.46 0 CP022474.1

Salsiz
KG6 Salami 2.00 42.03 2 106 99.46 0.54 CP022475.1
NFH-Km12 Kabura-zushi 1.99 41.81 2091 99.46 0 AP018699.1
ZJUNITS Chinese pickle 1.95 42.08 2 069 99.46 0 CP029966.1
TMW1.1928 Raw fermented 2.18 41.70 2321 99.46 0 CP031003.1

sausage
IRG2 Adult feces 1.99 41.88 2109 99.46 0 CP025476.1
SRCM 103465 Food 2.04 41.80 2048 99.46 0 CP035110.1
S46 Nasopharynx 1.87 41.90 1915 99.46 0 SUMWO00000000.1
NBRC15884 Milk 1.81 42.00 1854 98.91 0 BJOQ00000000.1
CBA3617 Kimchi 1.92 42.00 2 042 99.46 0 CP042389.1
MGYG- Human gut 1.93 41.80 1 965 99.18 0 CABIVZ000000000.1
HGUT-00020
WDN19 Pickled cabbage 2.03 41.68 2188 99.46 0.54 AP024685.1

food product
FAM25164  Cheese 1.97 41.80 2 046 99.46 0 JAFIMA000000000.1
NA: RiRkiE

NA: Not reported.
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Figure 2 Comparative genomic analysis of 26 Latilactobacillus curvatus strains. A: Pan-genome and
core-genome curve. B: Pie chart of the number of genes belonging to the core, the soft core, the shell, or the

cloud. C: Venn diagram representing the core and unique gene families. D: Classification of protein functions
of core genome. E: Classification of protein functions of unique genome.
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Table 2  Probiotic genes of Latilactobacillus curvatus HFS9

Lt # LR (VA
Function Genes Gene products Locus
) srtA  Class A sortase Core genome

Adhesion  fpp4 Fur-regulated basic FbpA
daitD Methionine sulfoxide reductase-alanylation of LTA
ditA D-alanylation of LTA
1R il 3 recA  Recombinase RecA
Acid stress  sod4 Speroxide dismutase [Mn]
reld GTP diphosphokinase
groES  Co-chaperone GroES
atpC  ATP synthase F1 complex subunit epsilon
atpD  F-type H'-transporting ATPase subunit delta
atpG  ATP synthase F1 complex subunit gamma

Core genome
Core genome
Core genome
Core genome
Core genome
Core genome
Core genome
Core genome
Core genome

Core genome

atpH  ATP synthase CFO C subunit

atpF ATP synthase CFO B subunit

atpB ATP synthase CF1 beta subunit
atpE ATP synthase CF1 epsilon subunit

Core genome
Core genome
Core genome

Core genome

JiEba g7 gpmA  2,3-diphosphoglycerate-dependent phosphoglycerate mutase Core genome

it 5% dnaJ  Chaperone protein Dnal

Core genome

Bile acid glmU  Bifunctional UDP-N-acetylglucosamine diphosphorylase/glucosamine phosphate ~ Core genome

resistance .00 30S ribosomal protein S3
rpsE 308 ribosomal protein S5
rplD  50S ribosomal protein L4
rplE 50S ribosomal protein L5
rplF 508 ribosomal protein L6
Ak tpx Thiol-specific peroxidase

Oxidant ytpP  Thioredoxin

frnE Dithiol-disulfide isomerase involved in polyketide biosynthesis

trxB Thioredoxin reductase

trxA Belongs to the thioredoxin family

Core genome

Core genome

Core genome

Core genome

Core genome

Core genome
Core/Unique genome
Unique genome
Unique genome

Unique genome

At dps DNA protection during starvation and other stresses Core genome

Others

23 THI HAAE HFS9 EEEBAERE
FieE

REEFE R L BT 45 , AR L. curvatus
HFS9 #i BRI T T RAVARSINLE . Nk 3
/N, L. curvatus HFS9 74X pH (pH 3.0)3R55H 1y
RN 62.42%, 1E 0.3%IHEFRE AP AT R
N 92.92%, BIRFFERIfEIERE ) . B RAERE
K23 3 K 63.33%F1 75%, X HT-29 4 i

PIFER A5 12.97%. FFER L, VEAHTE AT
PURIMAR DPPH F HHAETEBRIE S 94.31%5,
MASHIZE S L. curvatus HESY [ DPPH H H 175
BRIG TN 92.34%, S5HUNIMERIE YEA Y - IR,
L. curvatus HFS9 155 B HHENEFRIG TN 54.41%,
SHA L. curvatus TRRAEPY,

AN, L. curvatus HFS9 7 MRS+5% ({&F1
STBOMET 4E - 5 AR 5L FICIs mBLEE ; XF A B
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#F 3 TS I ATE HFS9 B9 INGE & F i
Table 3  Probiotic properties of Latilactobacillus
curvatus HFS9 in vitro

AR 4h 35 A= 44 Prebiotic properties in vitro HFS9 (%)

% pH i 32 Low pH resistance 62.42+12.33
0.3% R £ 1fif 52 1 92.92+3.75
0.3% bile salt resistance

H R4 Auto-aggregation 63.33+5.77
ik P£ Hydrophobicity 63.33+5.77
Zhi[ft % Adhesion rate 12.97+1.63
DPPH [ i S35 BR 4 92.34+4.03
DPPH radical scavenging activity

FEH R R R 54.4149.27

Hydroxyl radical scavenging activity

FEVEMH) 8 FhiAE RAUR, O a R RN
255, CARD VEBRLE A /R LR 4 v A7
TE T ME T TR S 25 ) i it 25 261, (R AU G SRR
BH L. curvatus HFS9 X w7 b B U [ 3 K HH
L. curvatus HFS9 REFNH 6 Fii WA AR S5 e , i
X A 2% [ BH A TR R 22 QI R A — Y
MHER . H, X S, aureus BOINHIRCR S A
[(22.07+2.66) mm], HINHICERAL T BHME X BR
¥R LGG [(16.13+0.42) mm], HIK K S. dysenteriae
[(20.80+0.50) mm]. E. coli [(20.23+1.70) mm]Fl
S. suis [(19.73£1.76) mm], Xf S. typhimurium
[(16.03+1.62) mm]AJHMHIZRS S. suis AT,
XF L. monocytogenes [(12.53+1.70) mm A4 %%
B HRERERZE, BX L. monocytogenes
MANEIER S 6 MrEUR W&, B5 LGG
[(11.131.70) mm] R HIRCRAH Y
2.4 THISWHAATE HFS9 BRER R
AR N BRI R, W PEA
L. curvatus HFS9 BIRN L VEIF3E— 2P g0k
A TEE, SRR, L. curvatus HFS9 i 'H
7 d REMSYFCT AN, /NERIESIPESAE R
AR, SR X B AR AR TC 25 7 (18] 4A).

= LGG
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Figure 3 The antimicrobial effects of Latilactobacillus
curvatus HFS9 against six common human
pathogens. : Gram-stain-positive bacteria; Different

lowercase letters indicate significant differences.
The same below.

I DSS Ja/MEAE B2 T F¥%, DSS/HFS9 41/)
BUAKE FRE4S DSS A28, W& 5 KT
DSS/HFS9 ZH{AE = F DSS 41(P<0.05), HY
CTHIXMEZS; 5 CTHME, DSS 4/
DAI 1435 5 KB B FE, #IR L. curvatus
HFS9 6 d 5, 2M45M R /N DAL P47 i 2 F
i (P<0.05) (&l 4B).

ilp RS R EX (A 4C), £ DSS/HFS9
ZH, HFS9 a] LUK i DSS s R4S i 48 Stk
IR , 255K B DSS 155 245 4 T Y
SERFEAREY, WKl 4D F/R, DSS 411l DSS/HFS9
WA KES CT 4MH I B45% , H DSS/HFS9
85 B & KT DSS 41(P<0.01), ZHZfKH~~
PE4> 45 R B R (B 4E), DSS 4 3-4 4335 i e
T DSS/HFS9 @, 0-2 Zr#E4r i ik F
DSS/HFS9 #41(P<0.05); 4ilmdH Bl gk,
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A, -®CT -® DSS -& DSS/HFS9 B o, ®CT -®DSS -a DSS/HFS9
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20 S 6t
£ 18t Ch g
{5} @ 4}
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16t a
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SES @
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4 TEHHELATE HFS9 AREMR DSS FES/NREMRENR A 14d BAFEZ. B: 7d 19 DAI
Wor. C: 4TIk, D: S KE. E: HIURE > Fo 450 HE Qe @07 8. CT: IEE XA,
JiHl; DSS: DSS iEFM4imRA, HEEEEHLNM I ; DSS/HFS9: HFS9 T, B
MLV AP, ROEk . SiarHSUE A, A OMBEEE k. 2BKEHRIRE; Ragk.
BRAEZORYY s Ak BB, A5ZRA USRS Bar=50 pm. n=5

Figure 4 Administration of Latilactobacillus curvatus HFS9 alleviated the symptoms of DSS-induced
colitis. A: Weight change for 14 days. B: DAI scores for 7 days. C: Representative images of colons. D:
Quantification of the colon length. E: Histopathological score. F: Representative images of H&E stained
sections of ascending colons from indicated groups. Control: Normal control group, no pathology; DSS:
DSS-induced colitis group, moderate to severe histopathological damage; DSS/HFS9: DSS-induced colitis
mice dosed with Latilactobacillus curvatus HFS9 group, slight histopathological damage. Black arrows:

Proliferative connective tissue; Red & Yellow arrows: Scattered lymphocytic infiltration; Brown arrows:
Basophilic flocs; Blue arrow: Submucosa edema, loose connective tissue arrangement; Bar=50 pm. n=5.
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DSS &AL KB, Rl E I,
PERTRI AR W AR, RIEZ R KB T
JZ; T DSS/HFS9 41 %5 1 2H 21 o Y A 2 i
BRAEAR, AL RKE R, PR I B A R
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kup S S TS G . BB S | AL sk
AT B 5 G 32 S D REAH Y L curvatus
O R AR kup FE[R, 1M L. curvatus
HFS9 Tk AR e 66 DT b D 3 8 31 50 S8 4 1Y)
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K, AF L. curvatus HFS9 B i HhiE 1 45 254 55
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W R, arp KL DKG By T 4E 5 20 % 40 A 5T 14 vh
PR reld FEIR 5N [A ) Binids S A iR 52
PEHE ST A S i UK TEE T groES Fil dnad W
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LR 1 32 F 1 B BREALE 2 AR Y, fopa

) R 2 % A% o T B0TR PR Y 44 S bR S R G
76%% . L. curvatus HFS9 #%.00 K& [N 241 rh 77
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VLK srtd T fopA S5 REMAH OGP, 2 B2 TR ik
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B 15 E R aE S, RSN SR S R — 4
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9, HAKEDARERIMEKME, HX
b R A B A G M R AL TR K, S AR DG
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HFS9 HATE I8 E S B9 1, 3% 02 o A IR &
FEAH Y P RE T HE

HTNEETURE RGN BRI 1A
BRL, BLAACTT 22 IR I8 5 0 B b 78 5 R i/ 4R
PR N B B BUR AL R G L
H AR E , PRl S I AE Ak
W EE T HPY L. curvatus HFS9 #203E H 41
AU SEARAR K SE N ipx A1 yepP, 3 5 i
i AR e M o SR A il R B S 2 1, T o
2 e 2 TR A I - A B A 48k i g HC A B 1 3 e
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Y TR R s S M L I IR A EFE yipP | finE L trxB
Fl trxd SFPUEALA G 8 AL BRI . Horp, oxeB JE
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1, Z 5P Wk H,0, 5 i b W 3%
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&gom ) DPPH A3 Bl ERIE BRTETE, Btk Al A
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s B 0 SR R BT, M L. curvatus
TEERMAMEE R curvacin A, sakacin G Al
curvaticin DN317 &, REH I 2 i B0 18 1
JEE MCAN TR, AN B AL AN M 3G VA R T, BB
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