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Abstract: In order to investigate the mechanism of extracellular polysaccharide (EPS) synthesis in Lactobacillus plantarum,
a strain of Lactobacillus plantarum YZH81 with high EPS production was selected for the study of extracellular
polysaccharide synthesis gene cluster (¢ps). After whole-genome sequencing, alignment and analysis, it was determined that
the genome of YZH81 contained two c¢ps gene clusters, one of which (cps/) had yet to be identified in terms of structure
and function, while the other (¢ps2) was highly homologous to other reported Lactobacillus plantarum strains. The

conclusions in this study, the cps/ gene cluster resulted 52.28% reduction in EPS production, accelerated self-aggregation,
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reduced adhesion and 32.42% reduction in the ability to generated 1,1-diphenyl-2-trinitrophenylhydrazine (DPPH") in the

YZH81Acps1 strain compared to the wild-type YZHS81 strain. The results suggested that the ¢psi gene cluster of strain

YZHS81 was associated with EPS synthesis and established favorable conditions for further studies on the mechanism of

EPS biosynthesis in this strain.

Key words: Lactiplantibacillus plantarum; exopolysaccharides (EPS); capsular polysaccharide cluster (cps cluster);

adhesion; probiotics
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(slime polysaccharide, SPS) FlI ¥t 25 7E 41 il BE 1) 35 5
Z B (capsular polysaccharide, CPS) WZE, FEE M
kv, ZLERTH EPS J&—28L i Baetas insl, o
FHYEE vz, 8RR eI 3Rt gLl
FCT, G T i AT A BTl . XUBR AT 8. FEY)
FUBAF R —ZS IR MYy, e e, 7F
Tl £ R 25 2 45 EE AR A — i =, FEARZE
FLER TR EPS W5y, tEWFUAEFT R IR EPS J i
=, R E R £, HAe Rt R =A% EPS B
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A0EA EPS A BUAHSCIE R I R D RE B e e i R
ERIASFEORTA TSR] T IR IR UTAEsk, BEE
V122 2LIR B PR AR Y 43 PRI ZH )7 3 L 26 AR, EPS
B AHSCIE AR AN Wi SE . FLIREA EPS &
L PRI 52 ) R/ INIBL B A 15~20 kb, T 3 JE PRI EOAS
oF 30 A4, X eI E A 7 [ AH R 3 DL B mRNA
HIEREG 5 AHYZUABEATRSRIEN EPS & A%
Mo iRiE W 2L, HATSR B E Y FLAEFT R EPS
A L PRIFBE S IR Ay SIENBE Z2 W B R 3 (eps cluster), AN
[FI AR EL R W & 1~4 1 cps FEFFEIST, —A4
W) cps FEFRFELEA 0T RL4k PU-T g8 X sk, B
FERYATT L ZHEE | G R D DX, 2SR SRR 58
A EPS EEE BITINA . -G Mg . AR ZUAEFT
P WCFS1(LLFfRiFR WCFS1) /&5 —4~iEf 4= 3L Al
ZHIMF R ZLIR T, W2 B ATHRE & cps ZEEB SR Z 0
FEIZUAEAT PR, FLREEIZH AL 5 PSR [EY eps FEETE
(cps1A-1, cps2A-J, cps3A-J Tl cps4A-J), BA4~FL R 5%
FrBER/INGY 10 kb, G178 10 2247 T BT gt il ]
FalEGRY IR . A, AT — LEAE B FLAE AT TR Y
cps BEIR Z R ET, 411 ST-1II, IDM1, ZJ316 45, &1
RE 1~3 DAEN cps BEEEE . HRETSE oY)
FIAEAT RN cps FEEFE M) 2 REE 5 TR RIS A
TE—EAHSCHENS, RILEF XA R RIR Y cps TR 2T
T2 BREIANESE LS, ST 2P a4 TR 2RI
B E LAl

ARSI FEHTHATT R =i 5= EPS LR B i %t , i %t
AT —RAE P FLAE AT B YZH1 (R K YZHS81), H
EPS 7= % 380.00+47.16 mg/L, 530G SCHLHRIE 1Y
EPS j7 E = U FLER TR 7K SFAH 2410720, Xt YZHS1
AT FEE M T, ST ops FEFIFELE 4, LI
FeHH A — cps FLHFE (cps2) 5 HAE R AR E] IR

PEES P SN, AFAE— D XS 25 EPS &
JEAHDCIE R R B —, HED S YZH81 BRIk 55—
cps R (cpsl) o IH—F HXTEER BIR, epsl FEH
e TP AR 22 5L R A — LeAE ) FUAEAT BE BRI AR T AAAE,
M cps1 F55 PR 58 2 A ) FLAB AT DA o 35 3 A A 11—
A cps LA, A MDIRE R . H ik, A<
B e A RVEE L A F-BEXT YZHS81 BEER cpsi FEH
AT R, PNBRARAE SRR . BEEER R T . RS AR
PEF1 DPPH H HH B89 B fie ) 85 AN [R) 7 i H R i 5
BEHN cps] FEFEDIRE, HiE—2E0F5E YZHS81
Bk EPS HUFFPESEE il
1 MEFEE
1.1 RIS {ER

ASSZEG T FH BRI AR AR DL 1. ASiFgs i
P T A AR ZURE AT B 7E MRS 15 FRIE IR SR, W
LI B R ANEE R LR 10 png/mL, B3R
h 37 Co RIGFFEREEFH LB E3ast, dSmngsr
BRIEABRLUE S-S 250 71 10 pg/mL; MRS
ek P EE QA RAF; LB B3Rk wKE
Oxoid PR F]; 21853 WA L BHTAR(14 kD) |
VA . PBS(BRIRZZ 3R . 40T DNA $2HUR
Fl&r . e (Agarose H) | 4S Red #ZRYLHR(4S Red
Plus Nucleic Acid Stain) A= T A% TR 1) B0y
A BR2sFl; ExTag. DNA Marker., Bacteria Genomic
DNA Extraction Kit =AY T (KE) A RA A
AR 1,1- TR - =AM (1,1-diphenyl-2-
picryl-hydrazyl radical, DPPH-) i3 sefkd1bik
FIEMRA ] oK OEE  RKiFETT R AR R A
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Table 1 Bacterial strains and plasmids used in this study
BTk i pu E= B UN
TR
WCFS1 PRI A 378 3 25 [14]
YZHS1 X R B S i e 5325 ST LR
lox66-P 32-cat-lox71{{E N7E54_08415%
YZH81Acps! ~ N7E54_08485(N7E54_08415-08485: AT
lox66-P 32-cat-lox71), Ery"
KA
DH10B TERETE £ [22]
pNZ5319 i 10x66-P32-cat-lox71 J Bt [21]
PNZ5319Acps] @/F‘a‘N7E54_08I§]l g%gﬁgpms (2 KB

1 Ery L E R ik,
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Table 2 Sequence of primers
GiL7) 53" SHICHR

AGGACCGATAACGCGCTCGAGGTGAT 4

YZH81-Up-F TCATCAGCTTTTGGCAG F
GGCTTCTGTTTCTATCAGGCAATACAA

YZH81-Up-R CATTCAAAGCCACGTT AL
CAT-F GCCTGATAGAAACAGAAGCCACTGG — ASHFSY
CATR ATCTTCACGTTACTAAAGGGAAT K

GTAGA

CCCTTTAGTAACGTGAAGATAGATATA FN oy
TTTATACTCAGTTACCATTGTTTTTG

CCCCGTCAGCTTTAGAGATCTCACCTA N

YZH81-Down-F

YZHS81-Down-R

AAATAAGGCAGACTGAATCA

83 GCAGCAGTTGATAAAGCAATTAC [23]

85 GTTTTTTTCTAGTCCAAGCTCACA [23]

87 GCCGACTGTACTTTCGGATCCT [23]

90 GCTAAAGAAGAATTTGCTTCTGC [23]
N7E54 07200-F  CGTCTGGCAGCTACTATAGTGA AHISY
N7E54_07200-R GTGAAATGTCCGTGATCC AHISY
N7E54_11140-F GTGGGAAATGCTGGTGGTAA AHIFSY
N7E54_11140-R CTGAGTCACCATTCCAACCA AHIFTY
N7E54_01205-F ACAGTTACTAAGACCGCGAC AHFTY
N7E54_01205-R TTGAAGCAGTACCGACTTCG ABFTY
N7E54_06005-F TCTGATGGTAATGTGACGGC ABFTY
N7E54_06005-R AGTACCATCAGCACCTTCTG ABFTE
N7E54_11140-F GGAGACCATCATAAACGGTG ARBFTY
N7ES54_11140-R AGAATCAACCGTAACGCTCG ARBFFE
N7E54_11400-F CACAACGACGACTGATACTG ABFFE
N7E54_11400-R GCTATCAGCAGTCCAATC EN IS
N7E54 11445-F  ATCAAGACACGACCAGTGCAAC EN e
N7E54_11445-R ~ CACGTTACTCAGGTCACCATTC EN IS
N7E54_03885-F CAACACCACAAGTAACCGTG ARHFFE
N7E54_03885-R AGTCGCATCTCCAATGACAG AW
N7E54_00975-F GGAGTACTTGGTATCCAGGT EN e
N7E54_00975-R AGTTAGCAATACCGGCACTG EN e
N7E54_00570-F TGGCACGACATAGTAACG EN e
N7E54_00570-R CGGTGTAAATGGGTCTTG EN e
N7E54 05645-F  GTCAGGATGATGTCAAGCAACC BN
N7E54_05645-R GGTATCCGTCGTTAATCCCA BN
N7E54_10785-F CATCGGTCATCAATGGTCCT BN
N7E54 10795-R GTCTCAGCATCAGTCACATC EN T

rpoB-F CACCGTACCCGTAGAAGTTATGC [24]
rpoB-R GGAGACCTTCATCCAAGAACCA [24]

HE-90 RUHL KA . ZKTHL VKA g R ARk
HRRAF]; SHP-150 BUIAARIEFRAR RS 2 5050
WA BRNT; ZQTY-70T YRz i s#4 iM%
XA BRI F]; MCO-15AC %Y CO, B934 HA=
T XD-202 BUEIE A WA TR AKHTGE
A BRAF]; HH-2 B HE AETR KGR &I

SN EAT BRAA s SW-CI-ZF B AL+ TAE
G NEIR A R El5 AG 4309 U i R bk o
F 5410 {% . Personal PCR ¥ . CL-22M 4l i ik 14 4%

E.0HL 1E[E Eppendorf 23 Fl; Nano-300 i 435
JCEETE BTN BB ES A BRAF] .
1.2 XFHEE
1.2.1 FE[NZH DNA $2EC o7 FH 40 B 4 2 K] 2H 2 B
& HRE YZHS1 &3 [H4H DNA, BB IR 2R
{ JHULEA A5 . BURBUS B9 DNA FEARHEST 1% Z5AR
HREE I HEL K, ARG J5 ] 2H P BT i K SE ek
1.2.2 FERFHAWMFS 58T YZHS1 EEE GenBank
'S~ JAODTMO000000000. kK 2H i il e e 4R T
AW TR ) ey BRA 364 T, SR A Illumina )
A FE R BE2 0 SPAdes PF42: AR /44
#i%, R GapFiller Xt $F4215- 2| 1Y contig #F GAP; F]
JH PrInSeS-G #A7/F45F 1E, B IEBHZd R P Y B4
R /N B BRI G ARS8 ] Blastn(http://blast.
ncbi.nlm.nih.gov/) ¥ YZHS81 F K 4H By cps F: K 575
5 WCFS1(AL935263.2) . LP90(CP_015857) . ST-
I (NC _014554) F1 JDM1(CP001617.1) #47 X}t
1 TB Tools(v1.108) A T3ERILH HLR P07 .
1.2.3 cps FEPFERICERIOM I ASBFE S 5 |
WP T3 2. YZHS1 Acps1 114 7 35 T[] Y5 2 2H it
HEHEATRY, DL YZHS81 fy 3L R 4 DNA AR, F)
JH YZHS81-Up-F/R., YZHS81-Down-F/R I CAT-F/R
S¥yidit PCR 414 cps] FEPRFEAY F RIS g 3
X8k, Se)5 vo R 2 R pNZ5319 Xhol 1 BgIII Y]
525, MRS BORE pNZ5319Acps] ., IR T4k
B, B BRI AL YZHS B S i b, WL e
37 °C W¥8\ 2 h J5I&RA T8 10 pg/mL 5FFE 1 MRS
BigRdt 11, 37 °C i B B73E 24~36 h, PHPEFERER H R
7% PCR BGUEEZ 1.7 kb [FIEE P51, B3RS
cps] FEPIFENY YZH81 S8758k , finda i YZH81Acps 1 -
T B2 IAE cps] BEBRAEE R, K YZHS1
1 YZH81Acps1 J¥3 I 4% 2| Galaxy V-5 #4735 H
HI Y . ARYESTEAS S 255k A Hlumina M7 0 4G
Mlumina J#31 B, I8 Bowtie 2 ¥ YZHS81Acps1
JT 90 1A B A B8O I, P AZ T 1R o B ) 3] YZHS8 1
FLKZH . 2% Zhang 50 (971, 34 I 4 244
FE o (IGV )l FAZ A BR T 11 R/ N Fe x4 S A7 HE
FPFIEL, SR FE X JE R SR AN, SR B e i 581) 35 X1 ) e
J& 10% 9% 57, PRI sedfi A v] BE A Sl L T fig
Ko SRIE, WL LLUF 253 E — I 3 044
RPKM (5 75 A SEHUR: THR 2 R , B gk
RSB RSO R VA S B B 380 4 i A v R PRI 2
PEHLAEL: RPKM= (B G 2] B ] < 2 BOE 10°)/(FEAS
RS ) S AR S G B, BRI SA kb))
1.2.4 EPS =&llzE B2 TR 1987k
IS B Bl . 480 °C vKAR AR K 1Y YZHS1 AN
YZH81Acps1 FEFFRIZEARN BT MRS AR, HAF
TEPRE AR MRS K537 IL0E 1L, A0S 9 FP - LA
1% P R RE 3%, 37 C #E 55 3% 32 h, &.0
(10000xg, 4 °C, 15 min) ;W _E#E W . 11 _EEw S n
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A 80% SR LMBBLUWIE R 4% (w/v), 4 °C T
8 h, HidES.0>(10000%g, 4 °C, 15 min) KR ETTLTEN
BETT, B IS 3 ST ZBEAE 4 C T
EEYTId B, 8500 (10000%g, 4 °C, 20 min) HITHE .. ¥
ULVE FHIE AR 25 B F/KIS i, 76 4 °C T iEHT 48 h,
SRIGIRT, B354 EPS eSS . SRS M-k v
MzE EPS Mfi/KIL G & . Sl sk, LA
IZIHE B 5L (mg/mL) IR ARDR, IGEE (A 00w TEN
AR, £E57 M52, y=0.014x—0.021, R*>=0.99,
1.2.5 KK pHME =2 Yang 5P 5L
B 73 IS M sl . B —80 °C VKA LAY YZHS1
N YZH81Acps1 BFPRIZAHR BT MRS P4, 5
FEPKEL R A MRS Fi3E3Enhifl, Wb E R
PL 1% $efhim B R R, S s BN ZNE 5], B 1 mL
F AL ME ODggo pm 1B, YERWILEZF B E] S AH,
B 55 2 h I 5E —IK ODyy o TELFT MRS A4 E 57
FLY pH, H &2 24 h LI 450K, LA 8] S B AL AR,
ODy0 nm ZEFIT pH AR A= 1 i 2k

1.2.6 HEEERIIKN =% Gao 5P LA
FOE B SN . B —80 °C VKFH IR B Y YZHS1 FlI
YZHS81AcpsI AN RIZAHN BTN MRS b, BB
VEPRELE AR MRS 853236051k, 105 iFFF I LA
1% 3EFP i RS SR, 37 °C # &8 1535 12 h , B0k
£ K (4500%g, 15 min), {#i JH PBS(pH7.2) ¥k %
2 WRJET PBS A, A S 10° CFU/mL,
4 mL S5 BB A 5 mL 19 S0
IRAEHE TR HEHEENE BT 4 F1 16 h,
AEUHEL 0.5 mL B0 EE B, A E] 1.5 mL
iy PBS 1, JRA], M5E 600 nm R A G{E. DL PBS

BER (%) = (1 - %)x 100

F: Ay BEEEFTH FIEFERAE 600 nm | 2
i) ODggo nm 1B Ar EEELE S Y L IE W FE 600 nm
FIRER) ODggp oy THc
1.2.7 Caco-2 KA E Caco-2 4HfiE /K 1B
Uk, 8000=g B5.0> 5 min WWAEZHAE, JIA 5 mL 584285
FEWL, W s, PR ANEDIEE . A 1 mL 584x8%
FERREEIR, IR I R RN . HCE T 37 °C
¥igE, Fbm 2 d ERIE TR, WA, FRAT s
IM._I~ Caco-2 BIFE 55 3RIAE 80% Ji, RIS THERFEEEE

2] JHOKG [ 52 36 2 B8 Yang 25 P77 v o
YZHS81 Fll YZH81Acps1 HITE 2 (C 5 BRI 3L 22 5
WEE S 1x10° CFU/mL), T 12000xg B5.0> 1 min,
¥, AL TCE PBS 28 Pk (pH7.2) 718 3 1K, #&
JEEE T A5E4 DMEM K538 . Ardi s 3=
AL 2= )20, FHICE PBS 28 i (pH7.2) BTk
J&, BHN 1 mL &4 1x10° CFU/mL = 2H 3L IR & 1Y
DMEM 353524, T ALk 53548 g E 2 h; PBS
Ve ERBRAA B A, FEJS A 0.5% Triton X-100

AbFR 5 min, f5KY B0 B A A1 I 7%, A FL N TR
Ao FHARMDRL Rl s, 25 0an .
L s B TR A A4 i 2
i CFU/cell) “ CacoE
1.2.8 AR E MR E RIS ib)E 09 YZH81
YZH81Acps1 WK ST 5 5E 1 T ANV ) MRS 35 7% K&
H1,37 °C 5322 ODyyg pm WIGCEER 0.8~1, HRPFIR
F UL BHEEL YZHS1 Fll YZHS81Acps1 15 RNA,
ffF FHH7 A gDNA Y PrimeScript™ RT i 5] & & Al
cDNA. DL cDNA AR, KrilPRGRER I #eik. SR
J& . LA rpoB mRNA A 225 FEHPY, SR H 2724C A Xt
RE IS L LN 3R3A, H T RT-qPCR 514
N 2 B,
1.2.9 DPPH H HZEWEREEY: B 2 mL /9 DPPH
TCIK ZEEE W (400 pmol/L), HTA 2 mL ) B ¥ IR
%], ZEVRMEOGHERE 30 min, 8000xg B0 10 min, MIE
IS WAE 517 nm KOG REE(E . DPPH [ H BL i bR
R R

DPPH H H13E7E R R (%) = [1 - (A‘;ﬁ] X 100

F: A NEEIRTBTOK O AR L i ' B
A I G AR; A, SRR G K LA R
DPPH Z B4R W CREE
1.3 IR

TRLHSCHO H A 3 IR, SLE LS 3 IREE 191
M8, >R SPSS 22.0 A TS8R 51+ 5 4y
Bro el sK AE~ 0.05, iz FH &/ i 25 22 5 (Least
significant difference, LSD) ¥ b5, LA P<0.05 22
SAGI R E X o FEAERIFISR ] Prism 8.0 F )
75l
2 HBRESH
2.1 YZH81 &tk cps BEEFED

YZHS81 WRRZ A FE AT, 5 cps FERFEWF
KA HNIRA N WCFS1 ARUEAT LbXT, 25258 W 7s an
Kl 1. YZHS81 J: A 20 I B 5t N N7E54_08460 5
WCFS1 9 cpsiB FEEAEFHIE(36.94%) LLAN, LEXst
IS EFFE(E N7E54 12115 2 N7E5412070),
10 AFEH, HILF A AL Dige . K/ KHES 5
WCFS1 Btk cps4 FEEE i BEAEL, B FE =741 [A]
PEPEIR B, N 94.75%~99.62%, Hie i i 5t PR # J2
YZHS81 [—A50%M cps FERE .

SR, 5 H At A 4 FUAE AT B L XE % 285 2R B OoR
YZHS81 FER L i A — Lo S HES 14 FE PR (et}
14 4, & iR I N7E5408460), HThAE: B S54H
YIFAEFTEE cps FERFEMITIREIL AHTF, ansmbiidk
FLRLNG . WA G R . BHEL IR, KR LEXHY
FLE T RR BN 5 A AR SR AR P LA AT PR 2L R AH
IS 52 T4 3. NI, HEIHS YZHS1 55
—A~ cps FEFIFE
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WCFS1 ) 1943 RRF9 3973 S0, 1 3 B Ay
§ s RERNRE g‘i?ﬁ jﬂm 127 @3 j}ﬁ;@} it *fﬁffg@f% f :%m fffi{} i
3’ KRR 33347’ 38787383 3 |
s rrasi il £ 7314 s rg B xS
e é«f’e’e{’w’e’«r’ @ﬁﬁ &' ¢ é’?i@ «vé’? & «r{a’ :'5: !‘f‘;‘f; :{'{’g :
LP90 ) ) ~ P e T S
ORI | e AR & Auid grimmanng
BEaeey 48889 & ERki 2y ! E
JIDMI1 1P ) e & Attt e |
TT W | T 4y Ry |
TS Y & & FERT &
ST-M ) »- - [FTTTuTeY . 1, TR |
: A :f For R T ananng |

55 5 5 S ) 5
R & § & &858 : ———————— i L J:

F 1 YZHSI Wtk cps FHRFERTHEEXT LLIFR
Fig.1 Comparative illustration of ¢ps gene clusters of L. plantarum YZHS81

T HX AR FUAE AT 3 2 % JE I 4 accession number U1 F: YZHS1 (AL935263.2; N7E54_08410~08485), LP90 (CP_015857;
Lp90_RS04080~RS09095) , JDM1 ( NC 012984; JDMI1 JDMI RS05090~RS08755) and ST-III ( NC 014554; LPST LPST
RS04720~LPST_RS08645), S HMEFR IR YZH81 1 cps] FEPRFE, HEM A AEWIFUAEAT BT cps HEFE, BAHER R YZHS1 1

[RIVEMER cps2 FERFR

3 YZH81 HEikk cpsl FERFEINREHXT

Table 3  Functional alignment of ¢ps/ gene clusters of YZHS81 strain

YZH81

TIReH R

JDM1

LP90

N7E54_08415
N7ES54_08420
N7E54_08430
N7E54_08435
N7E54_08440
N7E54_08445
N7ES54_08450
N7E54 08455
N7ES54_08460
N7E54_08465
N7ES4_08470

N7E54 08475
N7E54_08480

N7E54_08485

glycosyltransferase
transposase
transposase
hypothetical protein
glycosyltransferase
capsular biosynthesis protein
glycosyltransferase
glycosyltransferase
glycosyltransferase family 4 protein
Wzy
polysaccharide biosynthesis protein
CpsD/CapB family tyrosine-protein kinase(Wze)
serine hydrolase

oligosaccharide flippase family protein (Wzx)

RS05095 [100]
RS05100 [100]
RS05105 [100]
RS05110 [100]
RSO05115 [100]

RS04085 [100]
RS04090 [100]
RS05230 [99.45]
RS05235 [99.75]
RS05240 [100]

RS05120 [100] RS05245 [100]
RS05125 [100] RS05250 [99.71]
RS05130 [100] RS05255 [99.35]

RS05135 [100]
RS05140 [100]
RS05145 [100]
RS05150 [100]
RS05155 [100]
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Table 4 Adhesion protein genes
i WCFS1 DIt YZHS81 HRAAE(%)
1 LP_RS04070 Internalin-J precursor N7E54 07200 85.26
2 LP_RS05225 mannose-specific adhesin, LPXTG-motif cell wall anchor N7E54_11140 30.87
3 LP_RS07025 MucBP domain protein N7E54_01205 98.51
4 LP_RS10640 Internalin-J precursor N7E54_06005 98.79
5 LP_RS12860 IgA FC receptor precursor N7E54_11140 98.53
6 LP RS13100 MucBP domain protein N7E54 11400 79.03
7 LP_RS13150 Internalin-J precursor N7E54_11445 95.90
8 LP RS00795 Collagen adhesin precursor N7ES54 03885 97.74
9 LP_RS07255 GlcNAc-binding protein A precursor N7ES54_00975 99.01
10 LP_RS07650 hypothetical protein N7E54 00570 99.30
11 LP_RS10955 Cna protein B-type domain protein N7ES54_05645 96.88
12 LP_RS12445 Collagen binding domain protein N7ES54_10785 91.59
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Fig.7 Expression of genes coding adhesion proteins
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