FOE R R e R

Journal of Chinese Institute of Food Science and Technology

Vol. 25 No. 2
Feb. 2025

8 T ZL BT & ProSci-92 £ EEF A ST KN S HEEW TR

x W, EmE, dEE, gEE, deE, A H°
(MEFRLRFRSHEL TRFR ARAHHREIBHTHREAZRET RLAHIDH SN I ERERE
MEFLLEMBARL LRESFRE /%4 010018)
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(Exopolysaccharides, EPS)J&H LAB H &t =
A B R T T KR A ARG T T A 64 7
JE N Z M (Capsular polysaccharides, CPS) Fl%
Z B (Slim polysaccharide, SPS)®,CPS % 7£ 4l
Moz, MELVER S r s, W0 SPS i 40 i R ik 2 i
Ab A By R Y, H T WE ST EPS 2445 SPS,
EPS BAY 2 £ A DA, £ 45 1 o S e g A1 i) 2
o TR ARG BT BT AL SR IR SO EPS A
AW 28] i 1 2L ol it vl S8 7 O BT M B
FERAPAEROCRIES e Ah JEPS 2 Gl A W38 B 58
B 7 e AT BT A W B A B kTR K R
AE A 35 4 o R S 2 A Sl 1 1 5 AT,

Bl % 2L 9 AT TR ProSci—92 41 2§ H v % i
DX PR B 2R 3L, 2 1 Bk ™ EPS M TE bk AW 5T F
H Mlumina Hiseq 4000 — AL /742 A 5 ik 17 &+
Ji% 7L BE AT T ProSci-92 My B0 7, & B2 A~
EPS & ARG SE N, JF 1 55 B 9 't % B PCR
(Quantitative real-time PCR, RT-qPCR) #% AKX}
AH G HE PR A 23k HEAT ARG, 3ok 2 25 3R Ry i — B AF
FEREIT B FLEE AT EPS $2 4L 7Rk, AT
57 B T B FLEAT I8 EPS & B 40 T HLH
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1 #MR5FE
1.1 RS
L1 Gk & B FLRAT I ProSci-92 70 B A
ks BALE X RRAE 2, s ROl K3
M2 B 1 il 9 U (LABCC) $ it
112 k7 MRS & 5 9= 2, 0X0ID 22 7 ;
TIANamp Bacteria DNA Kit il 5| & ,Promega 2
A ;RNAsimple Total RNA Kit if /] & , Invitrogen
7y F) ;M5 First Strand ¢DNA  Synthesis  Kit
(MF11-T) % 51057 &, Tnvitrogen 28 H
12 UF|/E5EF

Nano-Drop 2000 %! it f& 43 M OG BT, SE1H
Thermo Scientific 23 7 ; HVA-110 % &5 JE XK 5 #5 |
H 7% Hirayama 22 7] ;7900 7Y /55 i 2 R 8 52 0 26 5t
EH# PCR X ,Agilent Stratagene NEEIRY > AT N Ep-
pendorf Centrifuge 5242 R &3 & 7 & 0 AL, Ep-
pendorf 23 F] ;Digital Vortex—Genie 2 %1% 9k 3%
#% , KRACKELER Scientific /A 7] ;BPX-272 #I #g
PER RS FRA , R NS 2 A A PR A ]
1.3 A&
1.3.1 WG A5 PR EAE-80 CHY Rl -+ 1% L %
FFIE ProSci—92 #/ T MRS W 1 37 4,37 C'F
Big% 24 h, B R 2 A MRS 1k B ok,
132 DNA MU BER4RIE, B0 LR L,
A PBS W UE 2 M, RS MR, R
TIANamp Bacteria DNA Kit il &, #) F 44t
L] 45 82 i DNA
133 BENZHMFE (A GO 2 D6O6 BT 2 i
B DNA MR EE 385 0.6% Byt B A 5 I R Uk 245 7
afifF . A Nlumina Hiseq 4000 — AL 54 A %t
PR R AT A B D 2 Y
1.3.4  JEPIZHARE X AT BRI 51
1724 Kmer ZE0 P, KRB AEM contigs 41
L5 W reads 5 contig #E 1T HE X, X 41 2 45
AT JRIHR 20 28 Fi Ak, TE A scaffolds .
1.3.5 JEATER 454 RAST (Rapid Annota-
tion using Subsystem Technology) " GO (Gene
Ontology, http : //www.geneontology.org/) .COG (http:
/fwww.ncbinlm. nih.gov/COG/) LI K KEGG (http://
www.genome.jp/kegg/) 55 £ 5 2 5¢ LR T K L EE AT
FH ProSci—92 J 4 2 14 Tl K 1

1.3.6 AWE B %58 KM CGview (http:/
stothard.afns.ualberta.ca/cgview_server/) ' % 4 Fl
BLAST (http ; //www.ncbi.nlm.nih.gov ) ®"4K 4 5¢ Ji i
R AW B2 5T

1.3.7 & RNA $2IC K36 b5 19 &I T 1% 3L K AT
T ProSci-92 #5F MRS WA #7259, F 37 C
Rig% ,16.0,6,12,18,24 h B.OWEFH K, 2 %k
F &V 45, A H RNAsimple Total RNA Kit i
R GHEAT RNA S0, IF0f BT 5340 1% 3 R b
P8 IS FL K A RNA o 8,

1.3.8 ¢DNA . DNA %Bg & cDNA & A [
i Fl M5 First Strand ¢cDNA Synthesis Kit(MF11-
T) S i s ik ) G e AT, ik S IR Rk
LR

1.3.9 RT-qPCR 5113t AR50 9P 4
ST primer5. 024K 431t B R AW
IS EIA R, AN 1 TR

1.3.10 SEmbFete i PCR i & 1 %95l
Y1 ,16S rRNA fE AN S HER ) ##7il5, S
Livak 8521 2-45CT e o A B0t 1T B I 3R ik 1
IR, NARFRINER 2 FR

2 #ERERH
2.1 B FEIL A E ProSci-92 £ E A E R4
fiE

FF Ilumina Hiseq 4000 “F & &0 75 25 5
K H CGView A2 il R AL A (B 1) o ml T
1% FL /& AT ' ProSci—92 & H 41 4214 3 012 314 bp,
£ & 102 4% scaffold,Scaffold N50 .Scaffold N9O
K JE 40910 153 231 bp #1125 151 bp,G+C & &K
46.26% ., F:4ut 3] 2975 PHEEH KR 2 578 188
bp, 3 K B Y 85.59% ,tRNA ZE 4 H 4
52 1~ ,rRNA ZHEH R 3 1,
22 BITEIABTFE ProSci-92 & EF A COG
T

Al % FLBS AT 18 ProSci—92 &R 419 COG T
REVERELE LA 2 s, £1 2 288 AL BB
2 23 A5, G 20 (B K AL P 132 s AR
341 NE L 5 HE 14.90% ) 1) 2 B b ROk, Hk
S T 20N (BHPE A BEIR AR A A, 211 A4S 3
B, b 9.22%) (R 250 (— M 2 AE TN 2 (4], 209
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&1 RT-gPCR3|#
Table 1 Primers for RT-qPCR

A 45 (5°—37) TRRR KR & AR 145 (5°—37) TRRR
2 AR bp bp
wzb GGCGTTTGATAACCAGCGTA 150 glf3 GTCGATTCGAAAAATGATTGTTAA 148
GTGCTTAATAACAGCATGCCGA TCTATCAACCATCCTTTTAGCAGC
LytR TGACGATTGAGAAGTTGGCG 135 wze GCTGTCATAAAAGGATGGCAAC 139
CGCCTACCTGCATATTTAAAGC AAGGCCCTATATAGCCGAACAG
wzg ATGAACGCCGCTGATTTTG 163 glf4 GGGGTATTATCAACAGAGTAGACG 124
CGTCAATGGGAATCACGGTT CACCACTCAAGACATCTTCGAAC
epsC TGGGTTTAGTCAATCTTGGCAT 145 welA AGGTTTGTGGCAAGTCTCGGG 146
CGCTGAGGTAAATCCTGCAT CACCAGTCGGATGAATCACAA
epsD GTGATTTGAAGAGAACTGTTGAGG 137 welB GTGAATAAAGCCTATCTGGAACG 139
CTCATCGTTACTTTGATACCCGT GATTTTGACGTTTTTGAACCGT
glf1 AGGATGCTGCTGTTTACTGGA 97 16S rRNA  GGTCTGTAACTGACGCTGAGG
CCAAGGGTTTGACGTTCTTCT GCACTGAAGGGCGGAAAC
) TTCGGCTTTCAACATTTTCGT 148
ATAACCGGTCTCATTGTCCACA

%* 2 RT-qPCR K E & &

Table 2 Reaction system for RT-qPCR
L%l B AR L

B #E FOX A &K A (2x) 2x 5.0
31 4 F/(pmol/L) 10 0.2

51 4 R/(pumol/L) 10 0.2
cDNA 1.0

7K 3.6

Bt 10.0
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Fig.1 Genome scan map of L. paracasei ProSci—-92
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Fig.2 COG function results of L. paracasei ProSci-92
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Fig.3 GO function results of L. paracasei ProSci—92
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TERE R TR A T TN T PR A W Tl R B B Tl AR
4t (Phosphoenolpyruvate —dependent sugar phos-
photransferase system ) {F i £ 4 2 5 [H] ; 78 41 Jfl 2
e, AEAE 415> (Integral component of mem-
brane) RN E 2 I, H R k40 5T (Cyto-
plasm) . i i (Plasma membrane) ; 7£ 7 T Y1 R 1,
A 326 NFIEF GRS ATP 245 (ATP binding)
GO S GRS EE R 1 10.96% , 75 SME 7K fifk Bl 1
P4 (Hydrolase activity) .DNA % 45 (DNA binding)
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2.4 Bl FE&I B+ HE ProSci-92 EE A KEGG
ST

Al T 1 FLES AT 78 ProSci-92 % P 4H 19 KEGG
R RELE RANE 4 B, R 1 496 >4k
o TE—Z 20 BT RS (Metabolism ) (FREE (5
BT (Environmental information processing){F
BRI Z I, SENBCR I 50 1 220 41 286
A, KEGG B4 LR 1) 81.55%41 19.12% ., 7E
YR, i R B 4 JR) MR A BT 3 (Global
and overview maps). 7KL G P11 (Carbohy-
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Fig4 KEGG pathway classification of L. paracasei ProSci—92

2.5 BEIFEZLEFE ProSci-92 eps EE #%
WG A B, BT B LS AT B ProSci-92 #A
BN TEHREN eps FENE KR 16 581 bp, Hi 19

ANFEE N, B S ATRAE R 1 L AT

ProSci—92 1 eps & K th B B E & 46, A 15
A5 EPS YA B SCISE R, AR eps FEA 1
TIRE T ¥ eps HERIE R 4 Ry 45t 2 Wi EE G
S B R 2 o ol R 42 o) 22 M 4 D XA
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Fig.5 eps gene cluster of L. paracasei ProSci-92

i NCBI Blast HLX} eps & K 5% 2 fig 4 2
PRI [l 25 S an 2 3 i .

LytR B85 eps FEHIE L L2455, Jash
EPS (4% et B2, TR EPS 1A i, %L A
58] B FLE AT NRIC 1917(ID: GAN39834.1)R4
BRI R 119 ] 981 7R 35 100%

glf1~glf4 FWERE LR g FL IR FHORh 2R A A
PE T S B TT I 22k e B[R] 71 B N L
i BINE B AA B N E 2 ot 7R EPS G AR
AR R AR HEAE ] Horh glf1 TN glf4 S5 B
TR RN, 5 & T B FL B AT Lpp223
(ID:EPC31572.1) Bk 19 [a] 98 M %5 38 1009% i
99.75% ,glf2 I glf3 HMASHEIL L RS MG SL A, 5 |l T
it FLISAT B Lpp37 (ID : CCK23134. 1) 15 #k 1 [7] Y5
P I8 99.69% 41 100% .,

epsC epsD R 2t [ 2 2 £ 11 OB 2R 1A | e g

il EPS #E4< , 43 51 5 &1 T & FLES AT I Lpp223 (1D
EPC31572.1), &+ /& ZL B A7 % DSM 20258 (1D :
KRNO08542.1)12f1 [] I 14 15 £ 100%F1 98.71% ., F
WFoE & B, FEiil EPS #4056 K BE I8 42 0 S 5% 75
fifg B TE 1, X FR R 56 R EPS A it A2 A
P I Suy SR A E A RN

T3 AR R B e PRI EE DN, W IR H I R AR
ity B R | B o7 7 1 BR R AF D e SR IA | IST \1S2 (1S3
SR ER LN, BRI DA § BB B
R, T RES 5 DNA WAL 3P wab g i
PR H I R AR 7 il L IR, 5 @ T K FL AT R JCM
8130 (ID : KRM63852.1) 21 5 #k () [7] I 1 & ik
99.53% ., wze Yt L3R U EL R 5 R LS
FFHE Lpp227 (ID:EPC94151.1 ) B 4 B [ 5 1 A %)
91.61% , %5 1E EPS & it i 2l ih 5
FITHIE R, G TR D4 A 5T RS 1 PN S A B 3

%3 EBITFEIABTE ProSci-92 eps & F #1h &t

Table 3 Function of eps gene cluster from L. paracasei ProSci-92

AR o AR AR AR5 AR YE /%
wzb B AR R BRI 45 B &) F A& SLESAF 1 JCM 8130 KRM63852.1 99.53
LytR HEATREF & T8 sLBAT B NRIC 1917 GAN39834.1 100.00
wzg 2.4 B3V 2.5 &) T B SLBE AT ATCC 334 LT604076.1 98.73
epsD B R0 T Gt &) F 84 SLESAT 4 DSM 20258 KRN08542.1 98.71
epsC B ZUBR R G OB %) T8 SLEAT I Lpp 223 EPC31572.1 100.00
glf4 R M AR &) F 84 SLESAT I Lpp 223 EPC31572.1 99.75
glf3 b X2 & F B SLEAT H Lpp 37 CCK23134.1 100.00
gl WA B #) F 8 SLEEAT H Lpp 37 CCK23134.1 99.69
wsze 12 G %) F B SLEAAT A Lpp 227 EPC94151.1 91.61
glfl REHEIL A0 &) T 85 LB AT Lpp 223 EPC31572.1 100.00
WelB F 5B B8R 44 A5 B F B SLATH 12A EKP97590.1 76.70
WelA W AR - 1B B M S % 4 A B &) F 85 LB AT Lpp 221 EPC78478.1 98.47
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HNERIP, wzg Gt HE e T A B SE I T I R
FEAT T ATCC 334 (1D : ABJ70810.1 )5 #k [ P P
ik 98.73% ., WelA i fith i % b5 — 1 - R I 1 IR e #%
it , 55 )T ¥ FL B AT B Lpp221 (ID. EPC78478.1) 5
T PR 0[] TR 35 5] 98.47% , WelB 4 it 21 S W W
TR 5 Wl , 5 T 1 LA B 12A (1D . EKP97590.1 ) 1
BRI [FEIRPEAL R 76.70%

2.6 RT-qPCR ##7

2.6.1 RNA #2HUZ5HE  RT-qPCR & —Fh# Y
LR R AR Jr ik BT S L FF B ProSci-92
RNA Ji Kz 25 5 an 3¢ 4 & 6 iR, i 41 #F i RNA
FONTIE M, C R R A RBEZESA4T, C DNA 5

Marker Oh 6h

Bl F B 2L B AT & ProSci-92 2 RNA 2l &R
Table 4 Total RNA extraction results

of L. paracasei ProSci-92

Ji B R E]

A 18] /h (ngfpuL) ODagons0 ODagom0
0 608.894 2.061 2.158
6 707.373 2.038 2.392
12 542.105 2.062 2.260
18 510.268 2.034 1.993
24 697.562 2.015 2.201

ylltb 5 ODQ(,O/zg()B 19 . ODz(,Q/zg()B 20 5 Ei‘ﬁ:% g 2400 ng/
pLo

12h 18h 24h

& 6

B FEZLE AT & ProSci-92 RNA HASHE SR B ik & R

Fig.6 Results of RNA electrophoresis of L. paracasei ProSci-92

2.6.2 RT-qPCR Zr#r&s R A5 xf @l 1 i 7L
P& FT T ProSci—92 eps KPR % 1y 24> B K 78 A
] B 400 (6,12,18,24 h) () 3k & UE 1500 5 |, 45 %
wE 7 fis ., eps FHFE T 5 EPS A BUAH G 3 H
FETE MR RT IR 6 h B335 1k B i K 15 9% 12 h B
FOREWA RFRRER T 45538 18 h i 4
S B Wl R RN 38 EPS (4 B5S 55 157 28 11 2 N awze
(18 AF X 2 38 i B 1m0 T AR B R 24 h i A
S RB YR T RS, SR AT
HEAET ], L SRR R T TR LR SR T
fi% L /& FF 18 ProSci-92 7 6,12,18,24 h i) EPS /=
I 45 R (B 8) — B, N 3R ik i i KB EPS
PR, 24 h B EPS PR TR R AR
R REA

3 itig

I T 1 LK AT DA — R BT I RS B
BV Z W70 45 AR DI ReRe, Bl & X5 @ T 1% 2L
FF R 2 LR AT ST, e B0 K 22 500 ik 3 R 21 K
/NFE 2.81~3.35 Mb Z ], Bk GC F 2 h (46.33+
0.13)%, & A 2 777 A58 A B g i X 5k, 6 35 T B
HRA A ACHEEZ D7, AWFTE LU A% B
o DX R HE 2R FL b 4 B AR 20 = 7 EPS 1 &I T g 5L
BEFFIE ProSci-92 RWFFE X %, @k — AR )F , Jf
XPHEE R T A 4 R A YT B2 50, K
HRRIE N 4 4K 3.01 Mb,GC &N 46.26% , 11,
2 975 MEARGSIX, 5 E W A K E
i LB AT PR R AL ME B — 3K

eps K #%E RV EPS M E BN K, A
WF o8 e e ok DNA b & Bl T 583 1 eps £ [H
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Fig.7 Relative expression of some genes

in L. paracasei ProSci-92 eps gene cluster

W, HENFEKE N 16 581 bp, 19 RN H
B, R E R SEIE R LytR Wi S5 RS Tl 5L X glf 1~
glfd 5 H R I epsC epsD S BG83 H &
P wze SFLH M, X 4L 5L X 2 % 1) B 7E EPS AR W&
i B R AR AR, Minic AP 5E K BT
epsC .epsD Fl epsE B FERIHEAT IR, W8 FVEE Bk
W (Streptococcus thermophilus, S. thermophilus)
EPS 197 4 32 B 52 ) 5 1 55 B2 38 T RBR cp-
sA ALY FLATE (Lactobacillus plantarum,
L. plantarum)JM113 EPS #94: i JF T 80 £ = &
N BLAL BRI R B A ] 2R EPS 7, Wu
SEVORIESE e LY eps JE PR AR TR kG 5] S L S
il 55 DR, TR KE JE 155 i EPS 5 BB K MITHIRE 5 8 7
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(Key Laboratory of Dairy Biotechnology and Engineering (IMAU), Ministry of Education, Key Laboratory of Dairy
Products Processing, Ministry of Agriculture and Rural Affairs, Inner Mongolia Key Laboratory of Dairy Biotechnology
and Engineering, College of Food Science and Engineering, Inner Mongolia Agricultural University, Hohhot 010018)

Abstract Exopolysaccharide produced by lactic acid bacteria (LAB) is the product of microorganism adapting to the
environment, which has many beneficial effects such as inhibiting the growth of pathogenic bacteria, antioxidation, low-
ering blood sugar, and improving the taste, texture and flavor of fermented dairy products. In this study, Lacticas-
eibacillus paracasei (L. paracasei) ProSci-92, which was isolated from sour yak milk in Shangri-La Tibetan area, was
used as the research object, and the whole genome of the strain was sequenced by Illumina Hiseq 4000 second—genera-
tion sequencing technology. The genome of L. paracasei ProSci—92 was 3 012 314 bp, encoding 2 975 genes. The results
of gene annotation showed that L. paracasei ProSci—92 RAST a complete eps gene cluster. The length was 16 581 bp,
including 19 genes related to extracellular exopolysaccharide (EPS) biosynthesis, such as wzb, LytR, wzg, epsC, epsD,
glfl, glf2, glf3, wze, glf4, WelA and WelB. In addition, the results of real-time quantitative PCR (RT-qPCR) showed
that almost all genes in eps gene cluster could be expressed, and the expression reached the maximum at 6 h. The
smooth progress of this study provided help for the structural analysis of L. paracasei ProSci-92 EPS, and provided a
theoretical basis for the industrial application of the strain.

Keywords extracellular polysaccharide; Lactobacillus paracasei; eps gene cluster; real —time fluorescence quantitative

PCR (RT-qPCR)



