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Analysis of Adhesion Characteristics and Carbohydrate Metabolism Pathways of Three Lacticaseibacillus paracasei

Strains from Different Sources Based on Genome Sequencing

XIAO Luyao, SHI Tingting, YANG Qian, LI Wei™
(College of Food Science and Technology, Nanjing Agricultural University, Nanjing 210095, China)

Abstract: The surface characteristics and adhesion properties of Lacticaseibacillus paracasei ZY-1, derived from Tibetan
kefir grains, and L. paracasei S-NAS and S-NB, isolated from Xinjiang traditional fermented milk, were evaluated in vitro,
and whole genome sequencing was performed to compare the difference among adhesion-related genes in the three strains.
The gastrointestinal tolerance and adhesion properties of L. paracasei S-NB to Caco-2 cells were superior to those of S-NAS
and ZY-1. Moreover, two exopolysaccharide (EPS) synthesis gene clusters were found in each strain, and the EPS cluster 1
of strain ZY-1 differed significantly from that of S-NAS5 and S-NB. Meanwhile, genes involved in lipoteichoic acid (LTA)
synthesis and related domains of protein adhesins were predicted. The secondary structure prediction of the products encoded
by the adhesion protein genes in S-NB showed that the secondary structure of 11 adhesion proteins was dominated by a-helix
and random coil. Additionally, the complete metabolic pathways of lactose, galactose, fructi-oligosaccharide, inulin and
human milk oligosaccharides were found in the three strains, which were all highly conserved.
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(8 fiE . L. paracasei CHAIE S HAT £ Mt BETh 3,
BFEPUMIRE o BE R LA BN 30 Bl A R 1 i A
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B FRELE o, FREUNaCI 2.2 g KC1507.0 mg.
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uh Chttps://www.ebi.ac.uk/Tools/msa/clustalo/) X} %k fff 2
HAH G R AT 2 )7 41 Xt SR ExPASy (https://web.

expasy.org/protparam/) . SOPMA (https:/npsa-prabi.ibcp.fi/)
FISMART (https://smart.embl.de/) [ 3 % 2k Bt 25 13 A — %
PR ZE R BEATE S AT
1.4 Hshbr

KHAMEGA 6.08 34T KRG AL IR 2, il
GraphPad Prism#K {4 3E4T & Jr e il 154 73 #r . DNAKE]
TR0 3[R 7% 1K1 43 )48 F Proksee Chttps://proksee.ca) Al
Chiplot Chttps://www.chiplot.online) /422l

2SR5

2.1 WERIBEWERRGK G 1

ZWMENEE, 3 HREKR IR E (B1A)
HAERZY-12 KPR, M2, B#KS-NASHIS-NB
FER G TR o, WSS H HRS-NB £ £
EIRERS . K3 HRE1I16S rDNAM P45 S ENCBI
Hn FEHEATBLASTIN R, 5 CRIF SIREAT RIVREE XS, JF
5514 BRARUE T AN R B & 1) FLIR 1 7 4140 R 48 K 8 kAL
B (E1B) o 3 BREMRIYSL. paracasei subsp. paracasei
JCM 8130"4b T [/ — 4332, H 74 AV A4100%,
e, 3 ¥R B € AL, paracasei.

L. paracasei subsp. paracasei JCM 8130" (AB289225)
Lacticaseibacillus casei DSM20011" (EF468100)
Lacticaseibacillus rhamnosus ATCC 74697 (AF429485)
96 97— Lactobacillus zeae ATCC 158207 (AF429522)
55 Lactiplantbacillus plantarum DSM 201747 (EF468099)
Lacticaseibacillus sakei ATCC 15521" (AF429523)

56 Lactobacillus kefiri ATCC 354117 (AF429514)
Lactobacillus brevis DSM 20054" (EF468097)
Lactobacillus buchneri JICM 11157 (AB289055)

{ Limosilactobacillus fermentum ATCC 149317 (AB017345)
100 Lactobacillus reuteri JCM 11127 (AB017358)
Lactobacillus helveticus ATCC 15009" (AF429509)

Lactobacillus delbrueckii subsp. delbrueckii DSM 20074" (EF468101)
100LL. delbrueckii subsp. lactis ATCC 123157 (AF429505)

ThRI~3.HKZY-1. S-NASHIS-NB,
P13 Bkal PRELEF RN ES (A) FIRGLEIH (B)
Fig.1  Colonial morphology (A) and phylogenetic tree (B) of three

L. paracasei strains
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Fig.2  Analysis of surface characteristics of three L. paracasei strains
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&k T3 Y A R 1) 3R T 7K M 5 R B M IR AN AR BB R Tk
PEo MbAh, 3 PREEXT BRSBTS N 521 DL S
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P<0.05) . [F—RIEMIEES-NAS5S-NB E i 52
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Fig.3  Analysis of simulated gastrointestinal fluid tolerance and
adhesion capacity of three L. paracasei strains
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Fig.4  Circle maps of the genomes and endogenous plasmids of three L. paracasei strains
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GCEH:946.38%, 153010 MCDS; TMS-NASHIZHBES;
BN ES-NASEA 1 kY AR ANT AP ok, Hok:
RIZHK/NA3 102 338 bp, GCH 8 M46.38%, 152956 A4
CDS; S-NBE:HZAEE 5S-NASIRARLL, (A EREL R
Fi, JLIERIZHR/INA3 103392 bp, GCErE446.38%, A4
2958 NNCDS. J:[RIA o0 #r4h FA 3 BRALBEAT B 7E L R 21
KNS ki ERAAE R . 3 PR R 4 KN
KT FE R T B SLEAT B (L. casei) ATCC 393" (F:A
1 K/NH2 952 961 bp) FIL. paracasei ICM 81307 (F:[H
ZHK/NN3 017 804 bp) .« FET3 BRI &R R AEE
AL0T TR ARAR U A2 O P P A BB AN TR U AR
ZEFE IEER AR DI RE AT RGN 5 73 A
232 EPSHEREERAERI /BT

FLIR T FIEPS A2 HAE A KA FE A 20 Wb 7K K
DFREEW, —HMEEA e LR L, 5
00 S At R T 200 B b A % 7 3 R T BB T 2
FLBR B I EPS T IE S8 R4 Z M AE Mg vE, B FEHiE L
Ph ST, BRAHEEE . OB RR SN, EPSHIThAE
RS P AN BRI, BEEFEA L. R AR
e kot Rk, EPSHIZEMI& BGOSR X 2 B i 2 A
SERI VLS E R E B R E . BPSHA A 53 SR AN
B B AR I TR 1 v DG Bl (1) R IR K P % UIAE O o
A BEPS B R R AL T YLt ARDNA BT RL |, H 7L R 1
MIEPS & ik R H N1 ~4 ML ZHER A&
PR LS AN DR SO RTOURE (R R AL B e .
BHBRIE, EERTEMR. EERTER.
HER R A MY o KSR R 2 B RS
e, AE3 PREIT IS U B N F2 ANEPS S i
g (K5 , ZY-1MEPSE IR KL (epsl) HAET
25 MR A B, TTS-NASHIS-NBY) R A13E 119 AN HEA
3 MRE PR EPS A L R2 (eps2) #RIRDE T 18 NEEHA
F B X3 MR MEPS & AR Wzx/Wzy il #%, A5 1 HE
B FEMG . BRI RGO A SR R . Wzx FIBI g . 5%
GG . eps] T ILtyREE H 518 € 3 sk 3= R 7 &
FUs, A TR E: WzbFIWze E 4 9] 5 B & 1R
T IR IR T PR R O B R IR R R, #
ZHEHERAE IR eps I 1A 53 K 22 o 0 2k B A% il 2k (R
W, WWelERGI; Wz KW E S o g, 7
TR 0B A AN Wzd BRI Treps T
T, WERAZHEARED, 52HENEEMEIZH
Ko 3 MR eps2 AL IR T 5 [FYEYE N 100%, M AEEPS
(4 b AR A B Th RS, EpsGRIWzz E N Z MR &S
HZRREGMEIZE . FLREEH MRy TYReTly
B W iE F R e AU AR TR, RIERAET)

. ABEIH AT NIE, EPSHIRLA IR AR A i, ]
RE A& I T 2 Wl 56 0 1 52 2 5 1) 5 30RO X ARl A A O
SRR T BN K3 BRETEPS & B PR 5 1)
SR, ANFESRIEFIL. paracaseiff ] EPS & A L H A %
S, JE T PR IE R BLI ZY- 1 R I EPS A i 42 v]
RETNE R, TMEKRZY-111% I Caco-2 68 Ik & KT
S-NAS5SFIS-NB (P<<0.01) , [KUtAEMEPSHIAYI & s
Xof B R B R A B B PR RE AR R MA . T [R]— SRR 1 S-NAS
5 S-NBR #RIFIEPS & BUEE R i B A s R, x5
BONFAT I I A8 70 5 B T A 32 1 1 B A — 350k

Web LyR WelE Glf Gif Wz EpsG. Wee Wed
epst ZY-1
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Wb LR el Wk Iell W G e e 2 A S
-NB —@H< <K e K e K ramaaa-a—
B R
2050000 2182000 2184000 2186000 2188000 2190000 2152000 2194000 2196000 2198000 2200000 B 2B
RS R E R
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Fig.5  EPS biosynthesis gene clusters of three L. paracasei strains
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Table1 LTA synthesis-related genes in three L. paracasei strains
Wk ER RILEA Kighp  fE CREHDNA)
7Y-1 Ital PRBEEER & R R 2094 937 885~939 978
7¥-1 lta2 JRBEER A A R 2056 1220392~1222 647
V-1 did DR (TR R T AEA 1520 886253~887773
7Y-1 diB D- - PR AN G RE B 1218 887 773~888 990
7Y-1 dic D- LRI M IEC 26 889 059~889 304
7¥-1 diD D-W R B-RBEERR A A R D 1272 889 301~890 572
SNAS Il JRBRER A A R 2094 941 135~943 228
SNAS 2 RRERERL A A 2256 1217832~1220087
SNAS  diid D-P AR IR BT HEA 1521 890 973~892 493
SNAS  diB D-N k- RER A M & ik B 1218 892 493~893 710
SNAS  diC D-TRR-F(HERER)E R TAC 26 893 779~894 024
SNAS  diD D-F AR TRBERER AN A R AD 1212 894 021~895 292
SNB lal fimRER A E R A 2004 941134~943227
SNB a2 JERERARFEED 2256 1217831~1220086
SNB did DR (TR R T AEA 1520 890972~892492
S-NB ditB D-i - TR & RE B 1218 892 492~893 709
SNB diiC D- - R IR EHEMTEC 26 893 778~894 023
SNB  diiD D-F AR IR RER N A B D 1272 894 020~895 291

234 HEERNERTIHr

FURE R MR o AEARFMRMIERE LR
M. REEH (SLP) B AKN 2 & H K
#, SLPAALE T 9 22 [RPHVEFI B PR R Hp, ol A e
T ME a0 uEE, A RRER N 2 b A, R
AR S0 JE 5 L AR R LA I NCEMY)
RIZEHA (slpA) AMUF T Caco-240 0, T H A%
R A8 R 2 0 A0 R o R R AR P A BB N . AR S
113 #RL. paracasei™ % TR 212 4405 3R 2 B A K58
R, GESLPIIReas ik (82> o Zhl. dUMush Rk oy
W i R AR R AR R B O TR AN e S e TR
HAEFMRIMET . fEEKRZY-19 R4 4~ &5 MucBP
(mucin-binding protein) ZEHEIRAIEER, MIEREKS-NAS
FIS-NBHAFEAES > MucBP&s # 3k (P 22 1 Bt . b4k,
FE3 PR A& T 20 R R 2 F 455 85 (collagen binding
protein domain, Cbp) S5JIBAAIEE L 45H H LA
N (fibronectin-binding protein A N-terminus, FbpA) .
B2 J65 B R 232 A P o TR AR 3 A 4 T ) 6 B S AR )
Jii . & F CopMFbp IR 7t K 2 4P E R Ak h, 2R
W T P i O T e /0 2 o, R T A A LA AT 1 91
(1132 /2 Cop B A Ml KT #0157 H7 45 & i v i
R LR AT TR 3872 1 241 B Fe AR 1) Cop AT #1 2 fizg 25
BT ST R A 45 &2 B4k, VBRI HENCFM
I Fbp A 2% 28 A8 1 4 11E 52 5% Caco-2 211 g (149 266 Bt 45 78 1%
ik, FopBW % NSEAMKE S BN 2 & A &
B R BT MR AR A5 0 B AR A R IR B A R (Lo
KIEIRD 5 A SR UR B AR T MucBP &5 #4) 3 Bir 78 &5 11 7

FIFELEZE SR, ZY-1BE AR EE 7 51 45 55 2 Bk vl AR DL 42
fik. M SLAP. CbpFIFbpA &5 k45 (1) 55 K 4 15 25 1
J7 50 R EPEIR 100% « IX AT REN FSCHZY-1 5 #k 1K
Caco-23 Bt 68 77 1B A RE . FLIRR WA 7E 1 = W 1 b 1) o A
ZZFFWF, MUBFEREKE S M6 . B
fHoL R, EZERAERRWTH, LR
FNREER (I 52 8 7 W A A I 3 4 3k LA R T 32 R A
FARGER A, Har, RESHEIMPAEE, REE
R T B T FL IR B 7E 5 Ak Sl TE B 5% b 1) 58 A A=
P, HFLRR 1A TE I 1) R B E R AL R R B X T
3 BEL. paracaseizk 1% B 25 38 K 10 2 6n A F) T 2 HAB
SE MR P R, el g i — 20 (Y SR B0 50 0F 2 R B S B
T2 EE N 2 B A T A5 R B 52 A R A R e M B
FHAS.

2 3BKL. paracaseil®)FE PV REM &

Table 2  Protein adhesins of three L. paracasei strains
(k3 ] HRE Plam SHEAH Pfam_ 45 H 0 fid
ZY-1  assembly 00291 PF03217.11 SLAP AFEEEERA
ZY-1  assembly 00894 PF03217.11 SLAP MEREEA
S-NA5 assembly 00282 PF03217.11 SLAP MEEREEA
S-NA5 assembly 00886 PF03217.11 SLAP MEKZEA
S-NB assembly 00283 PF03217.11 SLAP MHEZED
S-NB assembly 00887 PF03217.11 SLAP MEREEA
ZY-1  assembly 00447  PF06458.9 MucBP MucBP4E #415
ZY-1  assembly 02049  PF06458.9 MucBP MucBP4: 35,
ZY-1  assembly 02533  PF06458.9 MucBP MucBPZ: il
ZY-1 assembly 02731  PF06458.9 MucBP MucBPZ#35,
S-NA5 assembly 00430  PF06458.9 MucBP MucBP4 #35,
S-NA5 assembly 01989  PF06458.9 MucBP MucBP%: #)35,
S-NA5 assembly 02446  PF06458.9 MucBP MucBP4: 35,
S-NAS assembly 02655 PF06458.9 MucBP MucBPZ5 il
S-NAS5 assembly 02656  PF06458.9 MucBP MucBPZ#35,
S-NB assembly 00431 ~PF06458.9 MucBP MucBPZ: 3,
S-NB assembly 01991  PF06458.9 MucBP MucBP%E 435,
S-NB assembly 02448  PF06458.9 MucBP MucBP4: 35,
S-NB  assembly 02657 PF06458.9 MucBP MucBP4 #3,
S-NB  assembly 02658 PF06458.9 MucBP MucBPZ#35,
ZY-1  assembly 02624  PF05737.9 Collagen_bind R A4 A
S-NAS assembly 02542 PF05737.9  Collagen bind B SR A 45 A
S-NA5 assembly 02628 PF05737.9 Cbp [ E e
S-NB assembly 02544 PF05737.9 Cbp RREAL A
S-NB assembly 02630 PF05737.9 Cbp [ EHEE e
ZY-1  assembly 01656 PF05833.8 FbpA HERAAEEAA
ZY-1  assembly 01927  PF05833.8 FbpA FEEALEEOA
S-NA5 assembly 01595 PF05833.8 FbpA FERALELEAA
S-NAS assembly 01868 PF05833.8 FbpA FEEALSEEAA
S-NB assembly 01596 PF05833.8 FbpA FERALAEAA
S-NB assembly 01870  PF05833.8 FbpA FERALEEDA

HI T3 b PR (K0 88 1 2 486 PR 30 568 DR R < R e v
19 HUS -NB 14 4 Bt 2 171 2 DX G B 7 400 R AT B AL 1 S5 11
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ZH], S-NB_00283F1S-NB_026301Cifii & H B X,
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#3 L. paracasei S-NBHF 11 E PG iy 9y 1) — R P
Table 3  General properties of the products encoded by the adhesion

protein genes from L. paracasei S-NB

QAWM ERE AT

1o o Tl
HH G K i i /Da TERS Fk FHRBREN
S-NB_00283  SLAP 494 493 4960851 40.52 —0.120 6824

SNB 00SST SLAP 446 593 4978871
SNB 0041 MucBP 1376 465 14691075
SNBOIOT MucBP 170 654 189652
SNB 02448 MucBP 393 503 4158044
SNB 02657 MucBP 384 S0I 4234575 164l (BE)  —060 6651
SNB 02658 MucBP 438 618 4866903 2544 (BE) -0 6301
SNB 02544 Cbp 637 679 669%9.50 40.07 —0330  70.64
SNB 02630 Chp 1641 508 17801270 2301 (BiE)  —0538 7196
SNBOIS9 FbpA 567 921 6428719 3572 (RiE)  —0585 8432
SNBOISTO FbpA 282 930 3184446 3617 (AESNB) —0476 8748

2903 (BE)  —0.108 9993
1661 (RE)  —0412 7069
2581 (Faig)  —0282 8653
23543 (Rg) 0238 7641
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Fig. 6  Secondary structure and functional domain analysis of the
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products encoded by the adhesion protein genes from L. paracasei S-NB
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Analysis of carbohydrate uptake and metabolism in three

Fig. 7

L. paracasei strains
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Table4 Lactose and galactose uptake and metabolism in three
L. paracasei strains
?**I%/Dr‘i ﬁ i§%*’§'6ﬁﬁ@§]§% iﬁffﬁ@-é@iﬁi@@ Leloiri%@A .
(lacR-lacC) SERL (lacT-lacF) Ef (galK-galM) Ehi
ZY-1 777937~781 802 / 765918~771 841
S-NAS 781 797~785 662 / 769 778~775 701
S-NB 781 796~785 661 / 769 777~775 700
JRKipLPZ1 / 7769~12336 /
[ KipLPA3 / 671~5238 /
[ kipLPBI / 16 577~21 144 /
#5  3BKL. paracaseilf IR Foml K A5 b G it
Table 5  FOS and inulin metabolism gene clusters in three
L. paracasei strains
ah pepen A TRUEY  wEken
ZY-1 446 941~457 389 1376 188~694 1269~1288
S-NA5  438205~448 653 1376 188~694 1350~1369
S-NB 438 205~448 653 1376 188~694 1350~1369
#6 3 WKL paracaseilfignbihé) 1
Table 6  gnb operons in three L. paracasei strains
bk bnaG mand  gnbR  gnbE  gnbF  gnbG gnbB  gnbC gnbD gnbd  HEREENL
Y11 1 1 1 1 1 1 1 1 1 306481~317673
S-NAS 1 1 1 1 1 1 1 1 1 1 301518~312710
SNB 1 1 1 1 1 1 1 1 1 1 301518~312710
#7  3FKL. paracaseiifjalf-1#\ 1
Table 7  alf-1 operons in three L. paracasei strains
Btk a/R  alfB alfE alfF  alfG SEIN % E A
ZY-1 1 1 1 1 1 2854 606~2 859 506
S-NAS5 1 1 1 1 1 2810374~2815274
S-NB 1 1 1 1 1 2811428~2816328
%8 3 KL paracaseittjalf-2332)\ 1
Table 8  alf-2 operons in three L. paracasei strains
Wtk sugk asnd2 pepV alfR2 asdd  alfH  alfC JERFE
ZY-1 1 1 1 1 1 2976 499~2 984 990
S-NAS 1 1 1 1 1 2931998~2 940 489
SNB 1 1 1 1 1 2933052~2 941 543
3 & #®

AT 5TV K R 4 R S B BRL. paracasei
ZY-1, WHBZRY 58 L. paracasei S-NASFI
L. paracasei S-NBEE#, X3 #KL. paracaseif) 32 H R4
i 52 5 W 00V A e P DA B 66 B Caco- 2.4 Jfd 114 & 77 72 sk
ATV, FL A S-NB B AR I H 45 11 6 B Caco-2 41 i R
J1o HT A BRI 7B AR L4 73 PR R R4
R, A AEYE B2 A3 MR I EPS & B A
% LTAG A O KRR DL K B 1 R R B s b AT T,
RIFREAEE & B ER, WRZY-11epsI & 25 A
FRH B, £ TS-NASHIS-NB[fJeps 3 N4 &,
At 5 HEPSE UM B ME A HARBL R, 1M HEW & 45 46
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HAT, KT AR UM FUIR B8 76 A4 15 i 1 26 P S R L
Bl ANTE R, T R A SRR B e B . B
XF3 MRL. paracaseiff) % I AH G R R 12 884 o H
H A TERE B g REATL ] (0 A AT S A A i 226 (R BF A 3 4t
Fio T 2B BRI F0RE O BT ) S R B R O R DR K R AR
P, PEAG A [ 286 B I R (10 R 2 %o B R A A 9 86 B ASE 2
A N T8 5 R IR R, PR 2R S TR R R 2 K T e A ST
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