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[ G550 ] ELICHEER TS WUSP067 ZE[RIZH T A7 7E 2 AN 76 19 21 4 5 R FAH G £ K% ( cellobiose locus, CL) , ¥ Fo 43 5l 4 45 K
CL1 #1 CL2, Ef T s M 5 W R 5 0 B— Wi A W5 1T B 1 3L, RT-qPCR 451 Wom, SU N 10 g« L™ 4 %4 1 1Y)
DMEM 5360 LE , ZE RN 10 g« L7 472 05 DMEM 35356, CLL " (%) BglPl, Rl BglA, FERRIXHTC % 2 5

wp wp

CL2 W celA, Fll celB, FERFE kM B3 IH (P<0.000 1) 435 _F i 49 51 33 % B8 B S AL 48 M, %8 CL2 IEA

W5E, RT-PCR 45 R TR IZ L R 2 MR T L. WSS B— 450 17 A1 cel, JEDR BRI AR AR i & o3RI,
HFHERRAN celd,, FEDIBRAR (AcelA,, ) BRTE THB DMEM+10 g- L™ B 5 /0 T A KAGBLTC W] .22 53, {H7E DMEM+10 g-L™'£F
YE ZHESAE T TR PR AR LALT 2 WA ME— BRI K I Aceld,, 30 H B S A AR KB, A2 K 12 h B Do /3R TF 0.5, LAY
I B IR AT | LUS T A R AcelA,, MRITE ), B BRILEE 7 4ty 3% 10° CFU, BFAERRICFEAL/INER 3 H A2 5E T, T
AcelA RIGRELL/INRAE T A HELLE 14 d JEAAE AN 20% (P<0.05) . [ S5 ]I IR T IREEER T WUSP067 RELLZF4E — W N
Ml — A I, CL2 SR EF A MR AR DG SE DRI, FEr celA i DSOS ASUARE 39 322 TR0 ) P Ak 8 Vi L3 52 R T 1 3 0, 78
B CCAE R T B0 1 Rt vh R AR
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The effect of cellobiose-utilization gene cluster on the growth
and virulence of Streptococcus pasteurianus

LI Xinchun', WANG Shuoyue', WU Zongfu'*"

(1.College of Veterinary Medicine/Key Laboratory of Animal Bacteriology , Ministry of Agriculture and Rural Affairs/
WOAH Reference Lab for Swine Streptococcosis, Nanjing Agricultural University, Nanjing 210095, China;
2.Guangdong Provincial Key Laboratory of Research on the Technology of Pig-breeding
and Pig-disease Prevention,Guangzhou 511400, China)

Abstract ;[ Objectives ] This study aimed to clarify the effect of a cellobiose-utilization gene cluster on the growth and virulence of
Streptococcus pasteurianus. | Methods ] A similarity search was performed based on the cellobiose-utilization gene cluster of
S. pneumoniae to analyze the homologous gene cluster in S. pasteurianus WUSP067. RT-qPCR, deletion mutant construction, RT-PCR,
growth curve determination under different conditions, and mice infection experiments were performed to evaluate the effect of the
cellobiose-utilization gene cluster on the growth and virulence of S. pasteurianus. [ Results ] Two potential cellobiose-utilization gene
clusters (CL) were found in the WUSP067 ,named CL1 and CL2,respectively. Both of them included the phosphotransferase system and
and BglA, genes in CL1 in DMEM
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B-glucosidase. RT-qPCR results showed no significant difference in the expression of BglPI

and celB,  genes in CL2 were significantly up-regulated (P<0.000 1)

medium with 10 g-L™" cellobiose. In contrast ,the expression of celA,, o
in DMEM medium with 10 g- L™ cellobiose, with 49-fold and 33-fold, respectively, suggesting that they were involved in utilizing
cellobiose. CL2 was chosed for further study,and RT-PCR results showed that it comprised two operons. A deletion mutant strain of the
gene celA,  encoding B-glucosidase was generated. Growth curves analysis showed no significant difference in the growth of wild-type
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strain and AcelA,, in THB medium or DMEM medium supplemented with 10 g-L™" glucose. However, in the presence of 10 g- L™
cellobiose as the sole carbon source,compared with the wild-type strain,the growth of AcelA,, was severely impaired. Its Dy, value of
12 h growth was lower than 0.5(P<0.000 1). The virulence of the wild-type strain and AcelA,, was compared using a weaned mouse
infection model. Mice infected with the wild-type strain with the dose of 3x10® CFU per mouse died in three days,while the survival
rate of mice infected with the same dose of Aceld,, was 20% on the 14th day post-infection (P<0.05). [ Conclusions]S. pasteurianus
was able to grow in the cellobiose as a single carbon source,and CL2 was related to cellobiose utilization,among which celA,, gene not
only helped to promote the utilization of cellobiose but also contributed to S. pasteurianus virulence.

Keywords : Streptococcus pasteurianus ; cellobiose ; growth ; virulence

EL ERBEER A ( Streptococcus pasteurianus ) 78— Fh 2% (HYEER B, 9 & T ERKE AR 11 /2, J5 38 i
sodA ( Gt 8 SE AL B AL ) HE D R 55 2% B RPRE A 43S — AT B R B S R BE R T L A AR
FERGF KOG B A R SRR A 2R s, RS R AE A AR AR B R m AR T
R IR N R I, AT 5 B0 A L B G e B S8 O IR DR I R AR T 1 P SR e 45
KEAR L BFET, AR T AE 5 N e R IR A G AR R MR S A R | SO 1 i
R EIEHEER NGB R, BT T IZ R 1/ BUBCAR AL | H o SR e B g # 1  U 5 edh i
BRI P 2 B 3 e B A 114 st b AR T T D90 L 4%, HLZE S IR Ml XA HH R AP e 22 5 H, 6 1 L IR
PR A4 T R AT S s W I EOR AL B TR A R R RIS L TG BK R B0
P EA BB B

EFYE TR — R UL BRI AR, 2 AR R, DL B 1,4 WEI BRI AR TR
LS H R R E T S AL R A S LM e YR A 7= AR 28 2 00 54 L sh P A
LT RIS Y B R SRR 2R RIS . TE R TR X SR 25 5 AT 4E
BADCIE R A 23R ) i R R SR i R b B v, 21 2 R TR A R BRIR, LA B TR R TR TR T A
PAEIE S GE , It 98 5 B 0 DRURIAR M T 7 SR il A% rh m] LUK 1 4 — B A2 i B AT THE g 18 b i 5 4 34
PEMTRE TR Sy R BEBR A rh B AT A R A OCHE ) BglA3 (4t - # BT ) T BOZ TR X
ANEUBORME TR R RT L 2 2 R FH A A0 R R B0 1 R D R P AR G L IR
RO 214 WA T AT i R DL ARG

ARG LA 5 575 1R T ik PRI 2 rp 21 4 R A B R S 22, 2 I A L L2 TR B Bk TR WUSP067 5 (X 21
Hh 2T R TR R S8 5 SO RE B PCRBRISBR A EE AN 6] 25 0 T AR Rt Ze i DU /D B3 il
S PP HO B ERABEBR B A 1 B i s2 ) VR T i B B BR TR BUR ML SO e B s fe it 5 7%
1 #RlE5AE
1.1 EHREEFZEH

FR L FCEEBR T WUSPOG67 H A IR AR A, 43 185 1 BB I 46 (0 U 43 7 4 i 3810 B8 PG B 1
THB( Todd-Hewitt Broth) J&iA&R; F2 5ol THB [EAEE =5 A T 37 CHEFRAE (5% CO,) SR (180 romin™")
TR T LI BN 2R 100 g mL™ APV EE R (spectinomycin, Spe ) 5 Il 5 20 T %4 19 ) T 6
B DMEM ( Dulbecco’s modified Eagle medium ) 1557 % 75 ZH A 10 g L™ A% 1 45 B¥ ( glucose, Glu) 1§
10 g- L' 274 — 4 ( cellobiose, Cel ) ,

1.2 FERFMXKE Y

THB 3537508 [ 75 By AW 24wl 5 458 2 106 A Jb s B AE YRR RS 7] DMEM 35 3R 380 A 5
[E Thermo Fisher Scientific 23 7] ;2x Rapid Tag Master Mix,2Xx Phanta Flash Master Mix, Tag Pro Universal
SYBR qPCR Master Mix . %0 # 5% i 5 & ( HiScript I QRT SuperMix ) | i IR 7] & ( FastPure Gel DNA
Extraction Mini Kit) I H 55 5 MERE A BB A BR 2 /) SPF 2% ICR A7 5 (18 H %) Wy A 1 s A= 9 R
AR,

1.3 £YERESH

ZRSCHR[ 191 FI T NCBI ¥ 3t 7 tBLASTn J5 12 , LA 48 85 BR B (NZ_AKBWO01000001.1) 2 if, 43-#r
LU R L B CN52_RS0111090—CN52_RS0111095 F1 CN52_RS0100970—CN52_RS0101000 145
ANFE R G SRR Y515 WUSP067 FTRITR I , PEAIARE D 1 i AR i 70% , B RR [F Ik it 30% , H
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X4 A Chiplot 34
1.4 RT-PCR fEEE i’s‘%

FIHI Oligo A1t 519), R AED R A R ARG, 51 E B R 1, 514 1-1-F/R [ 1-2-
F/R.1-3-F/R., 1-4-F/R 23 9 F T 58 ESMO5 _RS06225—ESMO05 _RS06230. ESMO5 _ RS06235—ESMOS _
RS06250 ,E8M05_RS06250—E8MO05_RS06255 & & AE [F]— e sk A I 514 1-5-F/R 1-6-F/R [ 1-7-F/R | 1-
8-F/R 43 B0 T 5E ESMO5_RS011050—ESMO05_RS06265 . ESMO5_RS06265—ESMO05_RS06270 2 75 7% [F]
—ANEESEAR I, FREL WUSP067 BRI V& T THB W AR SR 5,37 °C 5% CO, &M N IEFRE Dy 4 0.6,
FRIBUAN T A RNA | R 580 8 U 5% 500 ng RNA 8 cDNA . FH F 3RS WG I 2 7 55 A2 i ¢DNA, L)
FEHCAY RNA A BAPEXTRE . RT-PCR WA R :2x Rapid Tag Master Mix 12.5 ulL, 10 wmol - L' | FUiF51 %)
% 1.0 pL,ddH,0 9.5 pL B 1.0 wL, KW 21495 °C 3 min;95 °C 155,50 C 155,72 C 30 5,30 M
372 C 5 min, VSR GH 10 g- L7 BEARHEERCIEA T LUK , 38 5 BE S BUR SORERY 3= RN

=1 595
Table 1 Primers sequences
G/ S el Mk
Primers name Primer pairs sequences(5'—3") Purpose
ColAAsp  CGCAAGCAATGATTACTTTT/ Y1 celd L AB Amplification of the upstream
e TTCAAATATATCCTCCTCACAACATAACCTCCTCGATTAA of celA
ColA Gy ACAGATTAAAAAAATTATAATCGGTTTAGAACTTTTATGA/ 1 celd TUiFH CD Amplification of the downstream
¢ TTGATGATGACATACCACC of celA
CelA-F/R TATTTCAGGGGTTCCTATTA/TTCCGTAATGAATTTGACACA {5 AB-spe-CD Fusion of homologous arms AB-spe-CD
CelA-X/Y  CACCAAGATAAGCAATGCGAT/TCTTTGTCCGTTTTGCCGAAA K celA F:IA Detection of celA
CelA-M/N  AAAATCGTATTAAGACCGTCA/CCAAAGTAACATTCCCGTCA YE5E AcelA Tdentification of Aceld
Spe-F/R GTGAGGAGGATATATTTGAA/TTATAATTTTTTTAATCTGT Y44 spe B A BL Amplification of spe gene fragment
BglP-qp-F/R  TGGAGCTTCTACTGCGATTTC/GCCGATACTGCCATTCCTAAA 50 BglP,, 315 Detection the expression of BglP,,

BglA-qp-F/R  GGAAATGGCTCAAACAGAGAATG/AGCGTAACCAAAGGCTCTATATC Haill BglA,, %35 Detection the expression of BglA,,
CelB-qp-F/R  CACTACCACCTGAACCAACATAG/GGCCTGCCATCTTCAATATCA K celB,, #3% Detection the expression of celB,,
CelA-qp-F/R  GATAGCTTCGGTGAGCGTTTA/AAGTTGAGGCTGATGGTATGG Kl celd,,, %35 Detection the expression of celd,,
K2 K ESMOS_RS06225-E8M05-RS06230
Detection of genes E8MO05_RS06225-E8M05-RS06230

K KR ESMO5_RS06230-ESMO5-RS06235
Detection of genes ESM05_RS06230-E8M05-RS06235

KM K ESM05_RS06235-ESM05-RS06250
Detection of genes ESM05_RS06235-E8M05-RS06250

K KR ESMOS5_RS06250-ESMO5-RS06255
Detection of genes ESM05_RS06250-E8M05-RS06255
KN ESMO05_RS06255-E8MO05-RS11050
Detection of genes ESM05_RS06255-E8M05-RS11050
H M PRl ESMO5_RS11050-E8M05-RS06265
Detection of genes ESMO05_RS11050-E8M05-RS06265
KK ESM05_RS06265-ESM05-RS06270
Detection of genes E8MO05_RS06265-E8M05-RS06270

K KL R ESMO0S5_RS06270-ESM05-RS06275
Detection of genes ESM05_RS06270-ESM05-RS06275

1-1-F/R CACTTTAATAATATGACGGAA/ATTCTGGCTATATGATTCGG
1-2-F/R CATCCCGAGTTGATTTCCGTA/TGCCGTTTATACTTGCACCA
1-3-F/R GGAATACTTGCCATACCAG/TTATCTTTGGTGACCGCATT
1-4-F/R ATCATCCGAAATACCTAGCTT/ACCGATTGTGCAAATCCCA
1-5-F/R ATTTCAATGTCTTCGCCTT/AGATTTAAGCCAAAATACCAAG
1-6-F/R CCAAATCTTAGCGTGGAAA/AATTGCTGCTTCATTAACCA
1-7-F/R AATGAAGCAGCAATTATTCCA/ATATGTATCATTTACCGCTCT

1-8-F/R CAACGCTTAGACCTTTACCG/TAAGACCGTCAGTCAAATAGCC

1.5 RT-qPCR #LF 4 —HEEREFHEXEERIEKFE

1.5.1 5|¥i&it  FIFH MGG Integrated DNA Technologies 151K B FCAEER TH WUSP067 £F 4k — Wi LR %
) RT-qPCR 514, s st B RHEY AR ARG B 5 IR B ILE 1,

1.5.2 #H&EIE  PKECWUSP067 PR P& AN T THB MRS R I 37 °C 180 remin ' FHiFRE Dy [H N
0.6;4 °C .5 000 r-min™" B0 5 min, 35 _FVETR, PBS {5 ¥E 1 k. 43I 10 - L7 Glu #1110 g-L™" Cel Y
DMEM £ 55T 2 Do, fH4 0.6,37 °C (180 remin™' 1557 2 h, HEHRANTE A RNA, TS ie stiat) & B e
SN cDNA 5 T3 cDNA B 10 175, T-20 °C {47, B AbHL 3 M rd i |

1.5.3 RT-qPCR DIFiBEJG 09 cDNA it , (3R 1 iy 5193847 RT-qPCR, RWAKF ;2 x Taq Pro
Universal SYBR qPCR Master Mix 10.0 wL,10 wmol-L™" I FU#f5|#14% 0.4 wL,ddH,0 8.2 pL, #&#k 1.0 ulL,
BT 8 ddH, 0, NS R gyrA, RT-qPCR W 4595 °C 30 5595 °C 10 5,60 C 30 5,40 P
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95 °C 15 5,60 °C 60 5,95 °C 15 s, RH 27 Iy ik sy Hrd& AT 238K F
1.6 ERKHE AcelA,, HIHE

EL FQEEBR P 26 bR A 5 BESCR[ 10, 5 1 st B RHE WA BR A R & B, 5 1R B LR 1, Tk
AR R 23 A IR Bk, L WUSPO67 J: K4 M Bid, LL5 14 CelA-A/B 43 4" 48 135 e o
BRI EERE celA-AB ., LLG ¥ CelA-C/D 43 541G 1 2 BE KA R I celA-CD, LA Spe-F/R 51 H9 4
spe A B, LU b TNUFIRITEE AB . CD Fl spe MFEAR, UL CelA-F/R R5|¥i#EfTRI-E PCR, KW 5544:95 C
5 min;95 C 155,50 °C 30 5,72 °C 3 min,30 MEH;72 C 10 min, 2 PCR 132|4 3 @l A =9, i
10 g+ L™" BiUIEARBE I H vk 20 25, VIR I FH DNA R B RSG5 [T celA-AB-spe-CD R Bz, HRHL WUSP067
FLEEVE T 37 °C 180 remin” ' $EIRHRT IR EUN B A K XTEON , LA 1100 (B ) 54425 5 mL THB AR 573
H1ZE Dy, (4 0.02~0.07( £ 40 min) , B 100 L W, MA 5 wL {5 5K (IVLTGWWGV,250 pmol - L7,
JA 1.0 g G B celA-AB-spe-CD, F 37 C FHVERFFE 2 h JGURAR TS “EAR (7% 100 pg-mL ™" spe () THB
BRI EL) o K H BB TR TS, 514 CelA-X/Y FI CelA-M/N 4351 %55 F IR BRI AR AcelA, VLSS E 28
SR BRPE B B AR, 518 CelA-A/D §™ 88 F B 26 A= W28 w1 R I 43 B I 45
1.7 WUSP067 0 AcelA,, BI#k 4 1K i 2 B9 E
1.7.1 7£ THB &G THAEK L PRI [CEEERT WUSP0O67 FBkAAR Aceld, PRERTE T 37 °C 180

remin”' FEEFR BNECER T, DL 1100 (KRR LE ) #4542 %8 10 mL THB WARIE 7R (50 mL #EHEH) . B 1 h
WL Do (8, BEATERE 3 NMEYEER il 2l wEik A i 2
1.7.2 ZEHRM10 g-L'Glu 5 10 g-L™" Cel B DMEM 5% &4 THAEKIEZL  PLE WUSP067 Fili 2 bk
AcelA,,, LT 37 °C (180 remin” FERTHEIR ZXEUE R, 5 000 romin™ B0 5 min, FFHEIREE, PBS iF
e 1R, SRR DMEM &5 LA 1:100 (AR ) #5452 5 mL DMEM+10 g+ L™ Glu 8 10 g+ L™ Cel (£F4E —
W) WA SR 51 (10 mL EP 45) ,37 °C (180 remin™ #&RH1 3557, B 2 h M D (6., Bk 3 4
Y EE gl A AR A R R
1.8 /NMNREHIRKE

KA 18 Hil¥ ICR 9% SPF A1 B, 76/ s Al R SEgm gl ol [ V7 ATIE S SYXK (75 ) 2021-0086 ] I /&
FEARE, BARIRA 10 H/NR, IERERRT SR B R PRI WUSPO67 BFAE bR 5 BBk Aceld,, 1A
TEHERD T THB AR 3530 ;37 °C (180 remin ' B537 2 D (5294 0.8,4 °C .5 000 r+min™ 5.0 5 min, 5
W, PBS VEVE 1, 200 pL PBS A EREFS/MNR 1 H R 3 x10° CFU, 10 h J5BEEAL 58/
B, R HRL, B0 R R 2k THB ARG R 3L 37 °C 5% CO, £ FHFE 10 h, PRHCA TS | R is 3%
EXHUERI, 22 PCR %N HRYTER . 5 %5E BT WUSP067 BF A bR 5 BBk Aceld,, e+ THB WA
i%?‘%%,?ﬂ °C . 180 remin ' I FHE Dﬁooﬁé’l‘]ﬂf] 0.6, 9 mL %?&,4 °C .5 000 rmin ' B> 5 min, F{ PBS HE
1K 3 mL PBS S5 R IS 4 i 07 =00, B /NGRS 200 L, OEE 1R & 3% 10° CFU, DL
5t PBS dVEMBAPEXT IR, Wi )5 A R A e S/ NS T O, JEUER 14 d, & HIAATG Hh R
1.9 HiELKEESR

RT-qPCR FIAE K M 2l o it FHARBC X ¢ 650 o3 B H 22 5 W 25k 5 /N BRURE 039 4540 T log-rank
o I A BT R 25 S W

2 ZBREHS

2.1 BR#KESMAERE S ZIER AEEKL ERSEE T

WA 1 TR U 9 5 BR 1 TIGRA P A 2F 24 WA S A JE AR 20 S 2% 700 TR 1 [ i Bk v
WUSPO67 HFULfr 75 2 VT B9 21 2 — AR 5 A 26 DA%, R0 2 A2k R 0 il e 44 CL1 A CL2, |
E8MO05_RS02040—ESMO05_RS02055 Fll ESM05_RS06225—E8MO05_RS06270, CL1 Fl CL2 &} 40 7 S i g i
HFL I 2 58 ( phosphotransferase systems , PTS) H (i 11 &2 59081 -4 A T B LR, Wil 1-A,CL1
0 4 AIEDR SRR LicT, (AL FARIT) BelPl,, (44 PTS TEIIC) BelP2,, (4l PTS hAGIA) |
BglA, (4ifith 6 -WElR-B - AW H ) . CL2 4355 10 DI Hif 5 4B R HGE 5 20 48 01 FH AR
X0 NP 1-B R, CL2 A4 celR,, (AT s F VTR T ) (celd,,, (4T 6-BRR B~ A7) , LA
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celB,, \celC,, .celD,, (535114 PTS i [0 C 7l 0B L A) , Hidx 5 RN DIBERTN, TEM 2 BERK R

Bl ITC R S PR 3RS A AR £ 2 W 6 - Wi IR — B — 7 7 W Y T DU 97 SORE £ 2 OB K i O SRk 40 TR
;FIJ }EH[20,24]
A.CL1 N N
TIGR4 —{  LicT ) BglP )| BglA-2 >_
28% 32% 48%
WUSP067 — _ LicT. A>-| BglPI, M Batr2,, )| BglA —
b‘Q L4 b?) L4 °>Q L4 66) L4
%QG’Q %Qq’Q %6\9 %QQ'Q
5 6 o 3
S S S S
& & & &
B. CL2 A A N
TIGR4 = s >@:>>| celR
57% 26% 15% 47% 66% 65% 85%
| N N
WUSP067 celB, celR m
) M N
“ S 5 5 S & QS
& & & & & ¢ FF @
N N o NN N N S N
S S S S S &S S
S <& S < E S 5
$6/ N @@/ §5/$6/ @@/ &‘V $6/§6/ @Qﬁ)/
& & Fe & & & 3

B 1 BR#EHKE WUSP067 S5HhiX $5PkH TIGR4 4T 4 — ¥ 7 FtEXE A S ERBEFE L X
Fig.1 Amino acid identity of cellobiose-utilization proteins between Streptococcus pasteurianus
WUSPO067 and S. pneumoniae TIGR4
FASE B 87 o m H R . The numbers in the shadow part indicate identitiy.
22 AHUETEXERHEKESHE ZENABACERRENZ N
ME 2 B] 5 LA N 10 g-Lfl Glu #J DMEM 60 [ DMEM+10 g-L" Glus I
iR X HEZL FE AR N 10 gL' Cel 1Y) DMEM 50F [ DMEM+10 gL Cel

skoskeokok

iR, celB,, Fl celA,, B BEDR 23k i 435 B Eg g 40 T ’l‘
33 151 49 5 (P<0.000 1), Tfi Bglpl,, 1 BglA,, 7 ® % 0
BEE B, WAEREY Cl2 AR F 2 o
B AR 1T o S 1 1, WS CL2 T TR A g 1y—ﬁ 1]
W9t 0 Bglpl,,  BglA,, celB,, celd,,
2.3 BERERETHE_EFRAEREK CL2 414 LA Gene

FFH51% 1-1-F/R 1-2-F/R .1-3-F/R .1-4-F/R 2 SFdETRERT B RHEBKE A4 HEFRI BHEX
P88 K B 4R 90 451,494 1 280 FT 350 bp K ERERIE I
H_&( & 3-A.B) ,{ﬁ*iﬁﬁ% ¥ 1-6-F/R Fl 1-7-F/R Fig.2 Effect of cellobiose on the gene expression
P88 K AN 501 FT 439 bp P B ’ i 5 P in the cellobiose-utilization gene cluster in

S. pasteurianus

5199 1-5F/R F 1-8-F/R ASREY ™38 AR 0L 14 457 e P00 1

(F3-C), x&W CL2 th 2 R F UL, /Y
ESMO05_RS06225—E8M05_RS06255 Fl ESM05_RS11050—ESM05_RS06270.,
2.4 ERKRHK AcelA,, FIEFETE

RIE SRR I IEAEE AcelA,, (K1 4=A) o IS CelA-M/N, LB AR Aceld,, AR6AR, &
B R/NA 1262 bp F B, M LA AE SRR , 4484 1 /N 1928 bp B IS4 CelA-X/Y, BABI S
Bk AcelA,, JRERRINE , ANRED™ 1Y AN BE, 0 LAEF A= Ak O ASEAR I, mT LY 384 R/ 747 bp B 17 BE( 1] 4~
B) . RS R Aceld,, MM
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2000

1000
750
500

250
100

3 RT-PCR HiE CL2 EE KL
Fig. 3 RT-PCR verification of gene cluster organization of CL2
A. CL2 FEHFELEH (SR EMLFIR RT-PCR T 5190 HE 1 7 91 A AR PR G RHEARR BT Z R A FE R O 1 M RAT)
B.C. RT-PCR $1E CL2 ZEPIREL5HY (M. DNA BRifdh s+ BHPEREIE - BIPERTIR . 1-1.1-2.1-3.1-4.1-5.1-6.1-7 Fl 1-8 $55144%F) ,
A. The gene cluster organization of CL2(The black line indicates the sequence amplified by primer pairs in RT-PCR, the adjacent
black slash indicates an operon) ;B,C. RT-PCR verification of CL2( M. DNA marker;+. Positive control ; —. Negative control. 1-1,1-2,
1-3,1-4,1-5,1-6,1-7 and 1-8 mean primer pairs).

A F R B
Y e N
e e bp bp
5 T X, X T ; 2000 1928
o ' 1262
1900 i
Screening 500
identification 250
5’ 3 100
AB Spe
M N

4 ERZKHK Aceld,, PCR ¥7E
Fig.4 PCR identification of AcelA,,
A B FCHEBR G M 2510 15 B, Aceld,, 19 PCR %558 (15144 CelA-M/N KR Aceld,, ;2. 5149 CelA-M/N A
BB AR 3. 510 CelA-X/Y BEARH Aceld,, ;4. 5191 CelA-X/Y  BIHUNEF L)

A. A deletion mutant method for S. pasteurianus; B. Identification of Aceld,, (1. Primer: CelA-M/N, template: Aceld

wp

2. Primer:CelA-M/N, template ; wild strain;3. Primer:CelA-X/Y ,template : AcelA, ;4. Primer:CelA-X/Y ,template : wild strain).

2.5 celA,, Y BERH#EKE WUSP067 & KAIRT

W 5-A FiR, 7€ 10 mL THB WA 5 35 56 % WUSPO67 M5 A2 ik R 26 B AcelA,, 7 37 °C (180

remin” FEIR PGSR B 2 h WIE Do 8, 25 R R IER celd, Xf WUSPO67 7£ THB A KA #

QNP 5-B A1 5-C 7 7R AT AT R 0 ME— BRI SR AGAE T, SRR R D0 55 M A Mk — 2 7R 27 4
TR — RV S5 T B A AR RE S A A TN AcelA,, W B B B A K BBE , E C 12 h B D 1T
0.5, PAEZREN], CUIREERRTE WUSPO6T RELLZF4E — M ME— Bk IRZE IS, celd,, FERI 2 5 4T 2 — W0 A

I R 12235 DR S L B R T o 2 24 A A IR S M
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=T THB 0.57  DMEM+10g-L" Glu 151 DMEM+10g-L" Cel
201 wcp== 0.4f ,"“ e AR 1
g 15T 03 /,4’ 1.0
S jof 02r ol L
05} ny v .
03 6 9 12 15 "% 3 6 9 12 15 99 3 6 9 121518 21 24

t/h t/h t/h
—o— WUSP067; --+- Aceld,,

5 WUSP067 1 AcelA,, FEAREIEFEFH TR EK L
Fig.5 Growth curve of WUSP067 and AcelA,, under different media conditions
A.THB Bi 353 B. LA A B A U — B3 I DMEM 553738 C. ISR 2 B R v — GV 1Y DMEM K535 3E
A. THB medium;B. DMEM medium supplemented with 10 g-L™" glucose as a sole carbon source;C. DMEM medium supplemented

with 10 g-L™" cellobiose as a sole carbon source.

2.6 celA, SEKHEKE WUSP067 5 18I0

LLICR WA BN IR BY E AT WUSP067 B 7 1k 100

HERRIR AcelA,, HITE SIS, S5 RANE 6 PR, B3z 7 '
. 80 [ —— WUSP067;
oA 3%10° CFU, W73 fa B A R i /N BL 3 H N2k .- - -v- Aceld,;
BET:, B Aceld,, BURE/NBIET I AE IS 14 d JRfF 2 60T 5 — PBS
W 20% , SRPEMMILE S B (P<0.05), BaiHEE &5 T |
W], celA, JEIR 5 A B R AEBR T WUSPO67 B0 1, it 2% ] Rttty =
PRI PR R 0805 i ; ) :1 é zlg 110 112 1]4
3 -I«TJ-.I«/I’_\. WA HRl/d - Time post-infection
6 NRFEEmME
FIRif ’ TERERR A & ’ SUAT i 48 % B T 11 S B R AT Fig. 6 The survival curve of mice

HAA £ 2 ORI R R R A RE ) AR S ER

T AN 27 4 A R R CL2, HOR WH S BUm AR OCHRIE . 4 U0 EL [REERK I WUSP067 H CL2 578 53
BEERTA CL2 455 1178 55 R A7E 90% V) I, IR R R 56% ~90% . i, 4 U B [ BE B P 42 3k R 417
LA WUSP067 ( GenBank ID: NZ_CP039457.1) Fll WUSP074 ( GenBank ID; NZ_CP116958.1) 2 #R i,
WUSPO74 WA 27 4k —BEFI T BE % CL1L 1 CL2, H CL1 5 WUSP067 1Y CL1 7 35 R F 4 LR [/l 5 v 15y
100% , 3 CL2 5 WUSP067 ) CL2 78 55 % 90% , Z IR [FIEE A 56% ~100%

FENT R BEER G P | £F 4k — W52 FOR B SR 75 R 80 2 A4S, #8005 i i PTS i il I 2 &9 Fn 6-
WA - B 1 20 W5 1 Bl JEE DX T 00 5 4 4 R U0 R RR AL RNz | e 3 LK B R L IS 0 2 4 K fie
UL AR 02 e TR X R 2 B — R R P AL T R, SR 4k BT
FEBHEE | MG 21k T AOTE B T A2 1 2 3 DR 0 3822 5 55— D S 5 2 SR BT T celR 1A
5, celR B £F 4 —WHIHOE J5 245 A AR 41 4 R AR\ 710 )3 2h 7 DX, A1 1A DG L PR A 335, 3 IE 4%
J5 SABAFAE T8 SEBEBR T NG AT 1 b, ISR MERR T P celR A N e SN 7 1245 & 10 41 4 — iR
T 3hF X IR i 3 R g 2k 720 AR 3 i R R M 4 & R L G B BR T WUSPO67 Y i 77
1 2 DB TER LT 4 R L AR CLL A CL2, B 42 07 =000 0 5 56 1 FPoRns 2 sl AR5
HZ I, CLL v BglP1,, \BglA, J& PSRRI 21 4 — 4, 1T CL2 Y celB,, il celA,, i K BRIV £T 4 — Mk,
Fiba LN A BT ICEEEK T WUSPO67 FIFHEF4E 0%, 3R W1 CL2 524 W FAHOC, 4
YR FH -5 40 B A B0 M AR DG il 98 e B A T P B 2K celB JE X (4R 1T C) Ji5 78 i 18 22 5 A Jn i st
Al REEER A, B BelA3 (4ifith BT ) T 20Z B /N B B PR ™) IR AR B P, celA (40
T it 11 B ) 278 MR DK G A8 M il P AR EEF 4 AT e B e 58 4 307 Z R v o, & A — 3 ok 0 o 5
TIFEHHE T PofA R HIAIOCT H B M Fs ) ARG S5 R R, celd,, (Il 6T IR - B — i 2 BT
it ) SRR, T DB R T TR 2T 4 W A O — B UL 15 35 2% A T R I W) AR A BB, 36 celA, TEET 4 —
0 R Y o i 4 i A D B 5 /N B O P30 T B celA, 2 T [REEBR T WUSPO67 1935 11 R,
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FURT, T 0 0 B CRBE BRI AR AR 7 i AR AU T CL2 JE TR celA,, TR A R 2R H , B
HIZ AL 5 B EREEER TR WUSPOG67 £ 4 — W (1 R FI AL BORG HEAR G | J5 SR X celd,, S5 (1 6 -2 - B
HIFPRE AT B TS VESEA 00 5 , HE— 2L WA LR, b IQHEBR T AT A2 AE T 9 3 00 I celA,, BE A
S5 BB R FHZF 2 — R AL 2 [RBEER TR 7E il v i S AR 32, 35 BhiZ R 7E Rl vh o 5, DA T 34 5 L B0
PR FRRSRAMGE . HLAh, T CL2 (4% 5 20 Bz 3 PR v A L PR (9 T RE AL (B A5 1 — 28 IO 4R 9T

g5 b ARG 25 S BB A R B [CBE BRI WUSPO67 BELLZT 4 — Wi A ME— B IR AR 1, CL2 4T 2 — 4 A
FHAHOGEEIRI b celA,, e RO E32 TR FHET 24 0k, o AR N 0 i 35 50 | R WO HE [0 TR BBk
I EOw R T R
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