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Genomic Characterization of a Novel Leuconostoc
mesenteroides KFOM0089 Strain with High
Exopolysaccharide (EPS)-Production Ability

Hyeong-Rak Yoon, Chan-Il Bae, Yoon-Soo Gwak, Su-Jeong Eom,
Hui-Yeon Suh, So—Myeong Kim, and Mi-Ju Kim
Department of Food Science and Biotechnology, Kyung Hee University, Yongin 17104, Korea

Abstract

Exopolysaccharides (EPS) produced by lactic acid bacteria (LAB) are valuable
biomolecules widely utilized in food, microbiology, and bioprocessing, and their
structural and functional diversity underscores their high research potential. This study
aimed to identify LAB strains with strong EPS-producing ability and to elucidate the
genomic basis of EPS biosynthesis in a selected strain. Twenty-seven LAB isolates from
various sources were screened for EPS production under sucrose-supplemented
conditions. Several isolates exhibited mucoid colonies, among which Zeuconostoc
mesenteroides KFOM0089 showed the highest EPS vyield after lyophilization. Screening
under various carbohydrate conditions showed that KFOMO089 produces EPS exclusively
under sucrose-supplemented condition. Whole-genome sequencing (WGS) of KFOM0089
based on the Oxford Nanopore Technology platform was conducted. Subsequently,
functional genome annotation based on KEGG, COG, and CAZy databases identified
genes involved in sucrose metabolism and EPS formation. Together with the absence of
typical Wzx/Wzy-dependent or ABC transporter - dependent gene clusters, these findings
suggest that KFOMOO89 likely synthesizes dextran or levan type EPS through a
sucrose-dependent extracellular pathway. In addition, no antibiotic resistance or
virulence factor genes were detected. Our results provide combined phenotypic and
genomic insights into EPS production by L. mesenteroides KFOM0089 and highlight its
potential for development as a functional EPS-producing strain.
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Exopolysaccharides (EPS)= WAEC] A JH2 Hujsi= 1L
A4 HERE, off dgRt STFARIE 2% 5o WHEAe

et 3 GFRE 7|9C 2 Sk= homopolysaccharides (HoPS)
9} thoket gkt B3kHo® :ekE heteropolysaccharides
(HeP9)Z THEIHLynch er al, 2018). EPSE 1 1247154
ool wet A1E, nABEs) Hiole 3 5 TSR AR Eopof
A ZGA 8= e, o A 37t A 34, BS54
T 22 228 EAS AlST 24t opvet Rilsh-t 2,
He 24 5 Rt Al7sx Had b glo] A3 7|7} Ert
(Rana and Upadhyay, 2020).

FAkto] ABAksl= EPSE =2 FAA, 7164, AE A 7]
HEo 2 AR 7Rt BE BAE A QIeLiu e al, 2017). A%
0] fANE F2 v|=k FDACIA GRAS(generally recognized as
safe)2 R, AEHoR toRst IF AlEoA g o8y
o] &kt Doo et al, 2024). E3] Z2o= T4 H7HES 245}
st 29 2Pi(clean label) &0 tigt 4|2} =871 STk
weh, ZH da nEolA 719et A L2EHAEA] EPSTF
oL Z3Ptyn QItKSantos et al, 2025). Leuconostoc
mesenteroides= sucroseZ 7138 & HoPSQl dextrang AJAtst
= Q7] AN E 4T A glom, Wahg 9 AEA Ua
oA A= S71 gAA 7 5 F4 el F83% gL 57
o= ZAo2 HE v QIth(Naessens er al, 2005; Sarwat
al, 2008). Weissella % 5 9A st 124 EX4S A
EPSE A4tohd, Al 54 34, A5 AEAd 9 B5A 7
nZHo|QE 7|54 Fof 5 AlF 2 A7 ool FH2 &
7FsAdo] AXNE AL JTHMa et al, 2025). &0 I {AF
Z EPS= AU "E #3S ViAot Tl E Ve Hal
He 5 7158 AAEAY Y 9A AtHKang er al,
2023a; Pourjafar et al, 2023).

T, EYE faE § WollAE itk EPSY] AR o R,
EPS9] Ak 9 Aekeld B4, 2jal AR AR Z AlolE
HRIKLi er al, 2025). WA=29] EPS A2 dutdo=
Wzx/Wzy-dependent pathway, ABC transporter-dependent
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pathway, synthase-dependent pathway, extracellular
pathway®] ¥] 7H4] 8 Zg2& Ee=t), 7t Z=rit} EPS 5
S WA} 2% whalo] gt sl EPSY] 1289} E/0E Zjo]
£ YH=rKLiang er al, 2024). ©|2igh EPS A AE= 72 o5
b 8038 A L 904 SelaEe] o] ofs) 2gEtt
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olo] | EPS A4 HIBE Atolkl= A G714 AT
-85t AR A4 A (whole-genome sequencing, WGS)

| &) o]RolA| 1L Gli= Aol Zhao er al, 2023). WEHA

9= EPS A4t 755 SHSH o 52 EPS AR5 g
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AX], A5 5 oHFet AE HRAE AEERE AFS 2ot
et ZF Al 25 g& 0.85% saline 225 mLol wAs}eto] gajgt
T 104 34 st sl4H2 MRS SHIEIAI(MB Cell,
Seoul, Korea)oll =dstal 30T OlA 48A1ZF vlsatoict. vl
A2 Jey EAES 7IE 0= Adste] & A Acfuist H,
MRS HAEIA(MB Cell)ol 37ColA 24417 viate] EAdstst
At 3k vk XE HE 30%(v/v) SIS SRt
T —80TColA Kol F& Ao ARSI

£ #329 542 8l HiGene™ Genomic DNA Prep Kit
for Microorganisms (Biofact, Daejeon, Korea)S AM-5}o]
genomic DNA (gDNA)E FE51%th. DNA <L+
NanoReady Touch spectrophotometer (Life Real,
Hangzhou, China)g ©l-&dl EI5t%.2H, DNA &+ Qubit
4 fluorometer (Invitrogen, Carlsbad, CA, USA)?} Qubit
dsDNA HS Assay Kit (Invitrogen)S AR&-5to] ATt 16S
rRNA FHZHVI-V9)E S35t Aol the Zeto|HE &8sl
PCRE ¥5t9ltk: 27F, 5 -AGRGTTYGATYMTGGCTCAG-
3", 1492R, 5 -CGGYTACCTTGTTACGACTT-3". PCR &4
o 27] WA(95C, 38) 1 cycle, FA(95T, 302)-2F(55T, 2
ZH72C, 302)9] 35 cycles, & AH(72T, 58) 1 cycle
Zgstaet. 555 PCR AHE2 Bionics (Seoul, Korea)
glsto] AlFAsHIT

AFHow 7 IRAE ARoA SR Fojs 4

£ gHsIglon, Y AEolA Y Fol S5 2H A9
T AR HE AR fHE A9ole 4S5 45

Sto] Algo] Zaksiqitth.
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Genomic Characterization of EPS-Producing Leuconostoc mesenteroides

EPS A32|d

Ak EPS A4 o= MRS 2HdEiR|o] sucroseE 10%(w/v)
AA71eE B Aol A ARG He P4 o F=E Rlskoint FA8
gfo] T o= MRS AR 37 ToflA] T 2| Alchuet
sk, T WA wiFHY 600 nmollA SFE=(GENESYS™
140/150 Vis/UV-Vis Spectrophotometers, Thermo Fisher
Scientific, Waltham, MA, USA)7} 1.09] =232 1 crude
EPS F&0 ARttt

EPS $&2 Kang 5(2023b)9] WS 4+ Bigsta] 3ot
t}. SucroseE 5%w/v) 713t MRS AEiA] 1 Loj| Ml HEFH
< 2%(v/v) E5to] 37 CTollA 24417 viFatit. sigAS ¢
AE9(5,000 rpm, 102)5t TS ok, 80%
trichloroacetic acid (Sigma-Aldrich, St. Louis, MO, USA)S
FF T A%/ V7 A7FeRlt. ERHE 4 CoA 16417 &
oF Bt F 5 £71(5,000 rpm, 108)2& A4 sk, 4
ZHTS 3 95% cold ethanol& AFE 9] T v HuukE 4
7Vt 4 TollA 16417t &< EPSE A &, AHES ¢
AE9(5,000 rpm, 108)E 345t SnakeSkin™ dialysis
tubing (10 kDa MWCO; Thermo Fisher Scientific)oll ‘20 4
CollA 36A1t 4 & 527xst] EPSE 2l5ot3itt

EPS AJAkso] 943t #FLE sucrose, glucose, fructose,
maltose, lactose, galactose® Z¥ZF 10%(w/v) 247t MRS &t
ZufRjof] Esla HHG Mt P4 ARE ERlsto] 9] i
A EPS BAksZ B7IsHh

225 oDNAZRE Native Barcoding
Kit 24 (SQK-NBD114.24; Oxford Nanopore Technologies,
Oxford, UK)E AR&SIY librarys SH[5Hth &4]149 library
& R10.4.1 flow celle]l 293} MinlON Mk1B (Oxford
Nanopore Technologies)°llAl 2F 100x depth7} &R E w74
Al EAsH). ABAdE GA] A|EA HlolEl= Guppy Basecaller
v6.1.39] Super Accuracy BEZ A7t basecalling 3121,
Nanoplot v1.42.0& ARSI read &2 H7IsHH. o]
Nanofilt v2.8.0& ©]-&3 Q score » 159 read?+& AEs}o]
& BAo) AREsieith

Q| assembly L annotation
AAE YA AEA HolEl= Flye v2.9.6& AR5t de novo
assemblyE o3t} Assembly= A% contige QUAST

v5.3.0 ¥ BUSCO v6.0.08 AH&5t assembly 4= H7Fsh
5 Prokka v1.14.6E ©]&st] §A%t 53} 75 255 X%
513t EPS A4 A2E =314t run_dbCAN v5.2.1& &8
5lo] CAZyme (Carbohydrate-Active Enzymes)& annotation
stlom, v2.1.132  ©ol&3ted  COG
(Clusters of Orthologous Groups) 7|8t +44] annotation
5ttt S BlastKoala v3.12& o83 KEGG (Kyoto
Encyclopedia of Genes and Genomes) pathway % starch
and sucrose metabolisme X3t F9 ES1E A FEE
AESIA. AntiSMASH 8.0 ol-&sto] EPS A o= 544}
ZHAHE 25199, pygenomeviz v1.6.0& o83
Mibig HlolefHo|Ao] 5A1E -4kt EPS At R4 2814
B¢} "y EAsIict mrjeto g DIAMOND v2.1.11 7|4k
CARD (Comprehensive Antibiotic Resistance Database) @
VFDB (Virulence Factor Database) A54] ¥4 53l YA
WA FAAE 9 A T IARE Ejiste] #9] HEAde E
7¥st3ict.

eggNOG-mapper

HIW A 2

B #59} NCBI RefSeqollAl 8E3t 7. mesenteroides 2787

750 FHA dlolefol thell FastANI v1.345 ©|&3 ANI

(Average Nucleotide Identity)E AFESIYL ©] & & #59

=2 ANI g2 H9l 57 #5F5 A8t Roary v3.13.0 7|4t
SAA BAS $9519oH, o2 E3] core genedt

strain-specific geneZ TZ0F3T}.

NEic)

44 annotation® AlZtsl= RQ dplyr, tidyr, ggplot2,
data.table, colorspace T7]|%]2} GraphPad Prism v8.0.2&
ol-g&stlom, HFHA £4 Aol A Z3k= RY tidyverse,
pheatmap, ape T71A%} Jvenn ¥ =72 A3t

+F5 Ao 2 MRS SHAUIR|Q} sucroses 10%(w/v) A7t
HiR]of A1 9] HHAY & A4S Hlasto] EPS A4t
o2 = 12} A32Y5ItHFig. 1). 7L 23}, L. mesenteroides
KFOMO0098, KFOMO0106, KFOMO114,

=
78 5 Aol ARG 277w 52 Table 101 YeR. ©f

f
=
2
w
rok
2
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2 - IR - HRs - He - M3 - ZAY - 0=
Table 1. 27 Lactic acid bacterial strains used in this study
No. Species Strain Source No. Species Strain Source
1 Lactiplantibacillus paraplantarum KFOM0002  Cabbage kimchi 15 Leuconostoc mesenteroides KFOMO089 Green onion kimchi
2 Lactiplantibacillus paraplantarum KFOM0021  Salted cabbage 16 Leuconostoc mesenteroides KFOMO0094 Gat kimchi
3 Weissella cibaria KFOMO0034  Salted cabbage 17 Leuconostoc mesenteroides KFOM0096  Yeolmu kimchi
4 Weissella cibaria KFOM0038 Dried radish 18  Leuconostoc mesenteroides KFOMO0098 Green onion kimchi
5 Lactiplantibacillus plantarum ~ KFOMO0042 Dongchimi 19  Leuconostoc mesenteroides KFOMO0102 Kkakdugi
6 Lactiplantibacillus plantarum ~ KFOMO0046  Cabbage kimchi 20 Leuconostoc mesenteroides KFOMO0104 Kkakdugi
7 Lactiplantibacillus plantarum ~ KFOM0059 Green onion kimchi 21 Leuconostoc mesenteroides KFOM0106  Yeolmu kimchi
8 Leuconostoc mesenteroides ~ KFOM0067 Altari kimchi 22 Leuconostoc mesenteroides KFOM0114  Pumkin sikhye
9 Leuconostoc mesenteroides ~ KFOM0071 Green onion kimchi 23 Leuconostoc mesenteroides KFOM0115  Pumkin sikhye
10 Bacillus subtilis KFOMO0072 Green onion kimchi 24 Leuconostoc mesenteroides KFOMO0116 ~ Pumkin sikhye
11 Lactococcus lactis KFOMO0073 Baek kimchi 25 Weissella confusa KFOM0121  Cabbage kimchi
12 Leuconostoc lactis KFOMO0076 Oisobagi 26 Weissella cibaria KFOM0122  Cabbage kimchi
13 Leuconostoc mesenteroides ~ KFOMO0078 Oisobagi 27 Leuconostoc lactis KFOMO0123 Sikhye
14 Leuconostoc lactis KFOM0083 Radish

MRS +
Sucrose

Let_ paraplontarum 2| Let | parapiantarom 21

=

MRS

MRS +
Sucrose

L lactis 76
o

Fig. 1. Screening of exopolysaccharide (EPS) production by 27 lactic acid bacterial strains. Strains that formed mucoid colonies under
the sucrose condition were considered EPS producers and these EPS-producing strains are highlighted in red.
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Genomic Characterization of EPS-Producing Leuconostoc mesenteroides

KFOMO115  5%%  Weissella  cibaria ~ KFOMO0034,
KFOMO0038, KFOM0122 3%°] sucrose 74 AN Z2t
< FAol] g 4 852 EPS A #E HFsiglen, 1
Q] o= AWG o] gRlEA] dsith. e, 5Y o5
Yol M= EPS APAksQ] Xol7t IATo| [ mesenteroides
KFOMO0067, KFOMO0071, KFOMO0078, KFOMO0094,
KFOMO0096, KFOM0102, KFOM0104, KFOM0116 w5 8%
= ANG HehE FAoHA Lok, ol Atolld Y Foll &
Sk wFuith EPS AAtolRo] Zpol7t Qlgo] Hid Hh ot
(Yamanaka er a/, 2011). Dimopoulou $(2014)°] 9Jshd
EPS AJAF EAJo]| 20| & HOol= Oenococcus oeni 507 #39]
A4 vl 23}, EPSE AJAsks weollX= epsl-eps2 A7
S48} A glycoside hydrolase (dsrO, dsrV, levO)
glycosyltransferase (gtf it3, itd) AR} F2 &ol% Whd,
EPSE AAbolA] = deolide ofefdt f4AEo] AojEof
EPS AeMd Aol 53t &ol7t o] EaE itk of=gt
A ATE2 5Y & WMz EPS Biksol 45 Bf 44
Zo 9 S9AE 0 w2t 24 2EHd & a2 AAkeHH,
Ao A THE . mesenteroides @5 7t EPS A4 Aol &
Al A4 tfgel 7108 7hs/dol Akl AlEEh

> e 1o

AE 8% FFERH crude EPSE 3290 £ 9 5342
WA A% 47 AYSite 0. B4 ¥ el

KFOM0034 #F7F 248 g/l 7% £ S 2oy
KFOMO089 w504 2.47 g/L7} =&E]o] EPS XAl Zjo]7}

(A)

KFOMO0122-{______]1.08
KFOMO0115-
KFOM0114 -] 1.60
KFOMO0106-_______] 1389
KFOMO0098 -] .50

KFOMO0089- ]2.47
KFOMO0038-{_____]1.20
KFOMO0034 - ] 2.48
1 1 1
0 1 ) 3

Dialyzed (g/L)

{

%
z

§)
5
%y _@y
sLage >

BeekA] oottt W, SZA7RE ARY AY Zd
KFOMO0089 @57} 0.66 g/L& 7V =2 BPS AJAFFe Lehy
1 KFOMO0106 w5+ ¥ KFOM0034 w57} 242} 0.61 g/L, 0.59
g/LE FIE olgith. B4 dA= vl {2l RA9EE, AR ARA
EeslE 9 TlAS A A EPSY] <k E o7 A3 25
Tol A9t &A ff b7 g2o] Z3HE o] Qlof FA A% A 4
Wz EPS AR Hlatof of2jZo] Qltk(Yadav er al, 2024).
A% FA T ot Qe 2 = AlASHe] o5 EPS &
I S5 off =S4 dA=E, A% dolA sadxE
EPS &% Wl 550] 3.38% 714 ZAsgittal Eare Bf
UtKTian er al, 2025). WEtA £ AoA= 82 9 A=A
0 RO FF= ATt viARE Ak HnE s B4 £ 5
21xE AR BF 42 71$2E o 7t EPS 845 37t
Epilg

o]ojA] KFOM0089 = 65| Hsucrose, glucose, fructose,
maltose, lactose, galactose)2 10%(w/v) A7t MRS $HEA]
oA e EPS Biksg WslithFig. 3). L Ax, HAA
A2 sucrose 2ZNATE F/3=0], ST FF= sucrose 014
Q1 EPS A3 ARE 7= A o= wdEr o= gyt o= [
mesenteroides’t "§&73ok= EPS7} sucrose 718t glucan AES!
A1} GXsitRuas-Madiedo er al, 2002).

QXA assembly ZX H7}
KFOMO089 w2 542 EA4& &llsl] ol A4 444 &

(B)

KFOM0122-___]0-26
KFOM01154________]0.50
KFOMO0114- J0.56
KFOM0106- Jo.61
KFOM0098-______Jos3e
KFOMO0089 -] 0.66
KFOMO0038-{_Jo0=23
KFOMO0034-

] 0.59

T T T 1
00 0.2 04 06 0.3

Lyophilized (g/L)

Fig. 2. Crude EPS quantification of 8 EPS-producing strains after (A) dialysis and (B) lyophilization, expressed as the grams of yield
per volume of culture broth used. Yield values (g/L) are shown at the end of each bar.
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; G cmgd(%,

Culture medium MRS (Control)

MRS + Fructose

la Wil

A

n

KFOMO0089
incubated
agar plate

Che Ko,

MRS + Maltose MRS + Glucose

MRS + Galactose

P iz

S

Fig. 3. Screening of EPS production by L. mesenteroides KFOM0089 on MRS agar supplemented with different carbon sources (from
top left to right: control, sucrose, fructose, maltose, glucose, lactose and galactose). Plate forming mucoid colonies is highlighted in red.

g FFotoitt. A% R34 HolE= Flyeg ©]-85 assembly
51901, QUAST ¥ BUSCOE 53l assembly E2-& 71513
o} & assembly ZOJ&= 2,034,897 bp¥o™, 3709 contig® T
AEo] &2 AhAde LERATE N50 ZH 1,977,497 bpE, tii
£ FAA|7F shte] AL contig® assemblyH U2 HoiF
At Bat GC T 37.63%UL, A 718 N' 742 EX5}A|
Ut BUSCO +4 23, 351/367(95.6%)712] complete 41
A7t Sl4E A4 2 H(single-copy: 349, duplicate: 2), 270 22+
skl ARt 1449 Ae AR ERIEgH. o=
KFOMO0089 #5-9] &2 assembly £ AARict

SHH| annotation

Prokka annotation 2] 7|¥$ KFOM0089 w5+2] A% &
AA MBS YeRITKFig. 4). 1,998709] T 39 A L(CDS),
12709 rRNA 944}, 71709] tRNA 542, 1709 tmRNA7} &
A=|on, ETtAnts WAHEA Aokth

KFOM00899] &312 B a4S CAZy dlo|EH|o]A 7JHte
2 53 A7 g 7j9] 8. classes(GH, GT, PL, CE, CBM)
of &5l thFRl family7F ERI=|% 2™ (Table 2), £3] GH70%
GHO8 familyoll &sk= 827t 242t 2714 HEEQlH o] F
GH70 family+ sucroseZ4-E dextrang H|S3S st o-=2

78 | https://doi.org/10.35732/ctlabp.2026.12.1.73

F4E oAU 3849 7 (branching) +2& ¥/dok=
glucansucrase Al &47} 2 E0] Q= A= dHA Ut
(Meng et al, 2016). 3t GH68 family:= 4% L
mesenteroides #5581, NTM048)°A] levansucraseZ 7|5
St levan ¥/ B30k AR dHA Arkishida er al,
2016; Taylan er al, 2019). oA A= o= 7F GH68
A2} copy 4= Ao|7t EPS AJAkE ApolE S 4= Aol AAlE
v} 9J oW (Fernandez de Ullivarri er a/, 2025), °]= GH68%}
GH70 family 9-4#F2] £Aj7} & Lo]lA KFOM0O089 w57}
7P} =2 EPS AAkgs Hol 23E AYshs f44 8%1Y 7t
S HErdh

7154 ¥F BAE Yol COG HlolgHo]Ad 7|RIgt BRE 4
PotglchFig. 5A). KFOM00899] COG #E B4 A3,
carbohydrate transport and metabolism (G) Z}]|aZg]of 150
Y] FAATE 4519 o= & #t Rt & tiA RS
HRs1a 9lom, E3] sucrose ARl e 71221 AL 71gk
S Zk918-S ARSI} ESE cell wall/membrane/envelope
biogenesis (M) 7} at2|oli= 95749 4R E7= %=t o]
Zol= glycosyltransferase A8 &47F Zg= o] St} o]st
glycosyltransferase 7|8H9] @ A g 7|22 EPSC] A2
Hi&3} cell-surface assemblyol] ¥ Q42 defA o]



Genomic Characterization of EPS-Producing Leuconostoc mesenteroides

L. mesenteroides

KFOMO0089

()
5%* : KSLAj

M CARD

M rRNA

M tRNA

M cos

B tmRNA

Il GC Content
M GC Skew+
W GC Skew-

Fig. 4. Circular genome plot of L. mesenteroides KFOMO0089. From the outer to the inner ring represents the CDS (with the inner ring
representing the forward strand and the outer ring representing the reverse strand), RNA, GC content and GC skew.

(Soumya and Nampoothiri, 2021), & @57} EPS £yt of
Yeh Alze] 24 Igas AdE 7S Rt

KEGG do[E#lo]2 719t 715 w332 &3 KFOM0089 w2
A HEEQFE sietsie] o] EPS AJi/gol Hofol= R34
9 71548 &L siAstrat skylthFig. 5B). KO (KEGG
Orthology) =04 gRlE FAAES tiAl Alsdd, 4%
H A2 5 e AR #ESIglen, 55 ©itE At
(carbohydrate metabolism) & Z=0f| 126709] |47}
e ch. KFOM0089 #5F= sucrose 9] EHAYo]A= a4
S FAJokA] &7] W] starch and sucrose metabolism
A2E A5H0R EAolyrhFig. 5C). KFOM0089 #+F+
sucroseZ5E glucose?} fructoses SEsFAY, thfst o- &
B-glucan®] 3 &3fol] Frofok= Bk TAZE RIS o] &
EPS A #A=Zo| EFEE glucansucrase (EC 2.4.1.5)%F
levansucrase (EC 2.4.1.10)2] f%A7F 25 gRI=|gloH, o]
£ EH= sucroseE 71AE & 457} BAok= EPSY A
£9L dextran 3L levanO & &8 4= QI9ich E3t AR A

Hhol= glucose-6-phosphate, fructose-6-phosphate 59| %
4 At S| 378 dAlel th8ohs ofd B4 RAE 23t
o] Mo, sucrose FF TA FFo| 7IEAA &g I
(glycolysis) @ EH3l2 ¥ HE diAt 2R 92" 5 Y=
TZ7F AXEQILE #2712, sucrose 9 HYS 7|AR ARESH=
EPS 34 A=E SRIEA] ¢rol KFOM0089 w5+ sucrose 7]
Z Eo|A<Ql EPS A HEE 7= A= AlEHTh

AntiSMASH £-4& 53] KFOM0089 w5 4] W] EPS A%
4 T 4R SAHY 24 o5 571k 23}, HePS 2¢
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Table 2. Classification of carbohydrate-active enzymes
(CAZymes) identified in L. mesenteroides KFOMO0089 into 5
CAZy classes (GH, GT, CE, PL, CBM) and their corresponding
families and gene counts

CAZy classes Families  Number of genes

GT2 1
GT4 16
GT8 1
GT28 2
GT30 1
GT (Glycoside transferase) 2125 1
GT51 1
GT58 1
GT83 15
GT111

GT113

GHO
GH1
GH2
GH3
GH5
GH8
GH13
GH23
GH25
GH28
GH32
GH36
GH38
GH42
GH43
GHG65
GH68
GH70
GH73
GHs4
GHO1
GH92
GH130

P, 2NN

—_
()]

GH (Glycoside hydrolase)

CE4
CE9
CE12

CE (Carbohydrate esterase)

Ala A Ala A A A NN NN NN WA gD BB

CBM48

CBM (Carbohydrate-binding module)
CBM50

—_
o
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CAZyme ¥ KEGG annotation A} Fool9S of
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Fig. 5. Functional annotation of L. mesenteroides KFOM0089, summarizing the distribution of genes across major functional categories
based on (A) COG classification and (B) KEGG database. (C) KEGG pathway map of starch and sucrose metabolism from this strain.
(D) AntiSMASH prediction of the putative EPS biosynthetic gene cluster in KFOMO0089.
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Table 3. Gene list used for comparative synteny analysis between KFOMO0089 and EPS biosynthesis gene clusters deposited in the

MIBiG database

No. Accession Main product Size (nt) Source

Q" 83,556 Leuconostoc mesenteroides KFOMO0089

1 BGC0001894.2 Heteropolysaccharide (HePS) 30,297 Lactobacillus plantarum

2 BGC0000764.3 Exopolysaccharide 16,963 Lactococcus lactis

3 BGC0000765.3 Exopolysaccharide 22,198 Lactobacillus johnsonii

4 BGC0000803.3 Exopolysaccharide 19,797 Lactobacillus rhamnosus GG

5 BGC0000761.5 Exopolysaccharide 28,120 Methylobacillus sp. 12S

6 BGC0000762.3 Exopolysaccharide 20,766 Rhizobium leguminosarum

7 BGC0000729.3 Capsular polysaccharide 19,233 Klebsiella pneumoniae

8 BGC0000742.3 Capsular polysaccharide 2,815 Streptococcus agalactiae
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Fig. 6. (A) Heatmap showing the whole-genome average nucleotide identity (ANI) comparison of 279 L. mesenteroides strains, including
KFOMO0089. (B) Roary-based pangenome analysis of KFOMO0089 and its 5 closest strains based on ANI, revealing core and

strain-specific gene distribution.
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