REDKRRE 2020 £ 11 B, 27(11): 1360-1370
Journal of Fishery Sciences of China

DOI: 10.3724/SP.J.1118.2020.20089

cel-ElIB ZEAFEETIEELIERFRE. BERSTHEXEERE

HIRIZ R

21,2 S 2,3 s — 2 el sl g oap2 1

AR, TERT, WA, FH, LR, BB, A

LA TR, BT QLTI R M 510225;

2 PR AT B K TR, Al AR R ) eI B R T e s, AR M 510300;

3. LAY OK P SR, L 201306

WE: DIEm TR AT 4 B R L W R B (cel-PTS) Y EIIB & P XTR BE bk 25 J7 5 ma g BR, (H % 55 2 bk
TR AR B s, (E BRI AN TE T, A A T % A AR | 558035 ) ARG R R kM= 7EmT
Wierge s, R E AR, W T IR R B cel-ENIB FEHBR AR, ARBFIEE I MYk, AT
MRIZIE e bk . T FLBEER RS . 3950k S BN cel-EIIB §R AR SR BE th f, 45 5L WK, cel-EIIB fijt
KIg, FHISHEHRT I BARM, TR I NREMEES . qPCR Kl &I, cel-ELIB #RTIEL cel-PTS R4
cel-ElIA. WAHMFTH 2 RE(TCS)Y DItR A CiaH VA7 J13EH sodA. cpsD F cpsG FEk . 555k o 2 BUAH
M FIA; A, TCS RS RefC. DItS 1 CsrR LI K5 H13EH espA F pavA FE58 73 = AE MR Rk K2, H
T35 R A MR A R AH B3 B . BRSE BN, ENB & (A 0T A i 45 bR J M S DR e 1K 1 6 0 4 559 75 A ik

HUE S

K TCFLEERREE; 4 - B AL, cel-BIIB; #H Lk, DIEfM

HESES: S941 MERAREED: A

JCFL4%E BR 1 (Streptococcus agalactiae) 2 HeVE
g2 ICPH PSR, Hora FET, AR I FL
) K ta, EE A A g R, #
Jf S E B A HE S IR A2, RIS ER A A
A ki) FE MR R a2, sHgit, RE
BRI AR 162 07 t, R fn
g 130, ek, AR Rk ER H 45 E,
ToFLEE BRI AR HL R 2 L, YL 1R, Bt
L, P AR IR AR E RS HL ., hT
B\ A0 TP B BR T 22 T 2 T vk 2D =
T b AR E T, 0 R 1S B R, SRS T
FLEEER B EOR HLH © 2 BT Y £B 5 00

1% 12 i #% Tif§ 2 4% (phosphotransferase system,

5 B H5: 2020-03-31; f&iT HEA: 2020-06-26.

TEHS: 1005-8737—(2020)11-1360—11

PTS) Bk 41 T Y pih 28 R 30, Hl 1K 40 i AR
I %, RO P A KT R A I, R 2
P 25 AT AR W i ke ik, =509
W RHIE | JE Y PN S KT R T e R AT
fif, PTS AL —MEe A H AN BL. 85
HIREH HPr FIMEE L —H A M ENs 418, Hop,
Ells >4 EIIA . EIIB Al EIIC ¥4 A Y 22 45 H 3 25 11,
SHEACHBA L —V, AN AR TER
[ PTS: QA% 20 B 3G 22 1 2% B R 16 (Listeria
monocytogenes)INA 30 ZFh PTS®L JoalL bt sk &
WHANELEGH 14 Fh PTSP, CA SLEIESL
PTS Z5{F 5 MMM 40 8 7, nscia
¥ W8 (Bacillus anthracis) () 8 % #-PTS (glu-PTS)

E&WH: FHEARPHARESTH (31502210); ) AREHFITE LW H (2019KZDXMO043).
EE RN HARA981-), B, Hit, MR G, NEEMAEER & PIEH AR5, E-mail: youlusu@zhku.edu.cn
WS M, 202, NFKREDIIGITS. E-mail: linli@zhku.edu.cn



55114

IR AR cel-EUB H FA S AF A ICFLEE R A R 75 | 55 REARTE I AH DG HE D] i) B X 1361

Wit 5E W T AtxA 1B, Sk 40 % 5
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JRFHFE 10~16 h, ZHEANE DNA $2H0L57] & i
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3.6 c)Ilg )M T E DK T
12 HHRHE

Z IR Xu ZP2 005, WiE 1R, SR R
AT AR TCFLEEIR A 59 B R cel-ELIB HE IR ikt
Perk, VIFEHUTCFLEERK A TFI0901 L F 41 DNA W
B, 73 cel-ENIB FEPH 1T it [ 5 e Sk
1¥)(F 1) Ust-F/R Fl Dst-F/R 454 HAH R FEBL,
AR PCR ¥ LT Bl & 31 5 BukiiE 4%,
MAPAT RN car 51W(FE 1) cat-R/F JFTHL
pSETSs #A5 cat 3, H cat IREF cel-EIIB 3[H,
[F] i S5 50U RE IR B H A Bk pSET4s &4k
570 4 ikl pSET4s-Ust-cat-Dst, HE47TI 5 51k
FH HL G Y 5 5 Bk H N TFI0901 183z 2541 i v,
28 CF, 7EIMAABE RN BHI K33k h &80k
K DR RR 4, Pt A m R it A
XPH UL S 2R ORI A R, 3RA8 R bR A cel-EIIB
TFJ0901, H cel-EIIB FEHFES 154 ENIB-F/R
(# DFFAT PCR P H4HIM T 55 UE, 4 22 A% AR A
FAB BRI B AL R Tk
13 LIAFEHKBXNWMIEFTHHONE

¥ THN0901 . A cel-EIIB THN0901 . TFJ0901 .
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Tab.1 Primersused for the construction of purpose strains®?

514 primer

IE 514 (5'-3") forward primer

SR 51 4)(5'-3") reverse primer

CGCGGATCCATTTGATCCCCTTTACTTAT
CCCAAGCTTAAGGCAGAAACATCACAG
TGCACTGCAGTAATTCGATGGGTTCCGAG

Ust-F/R CCGGAATTCATTGTGGGCGTTGGTGGTA

Dst-F/R TGCACTGCAGTATGTCAAAGTTTGATAGTCAGAAA
cat-F/R CGGATCCCACCGAACTAGAGCTTGATGA

EIIB-F/R CGCCATATGATGATAAAAATTGGTTTATTCTGTGC

ATTTGCGGCCGCTCAAGCCTCTTTTCTTG

T BHI Wik d, 7828 °C . 200 r/min $& 7%
Kig% 10 ho ¥ Lk 4 BRBAE 4 °C, 5000 r/min 5.0
5 min, H PBS VE¥k 3 RIFEH B TIR, &R
254 5%10° cfu/mL . 5%10° cfu/mL. 5x10* cfu/mL .
5x10° cfu/mL, I B BISAITE 08 3 1
JEMBE Dt BEHL N 4 £, B4 150 B R4S 4
AR EERSEE /NN 1 /S PBS WFRE/NAH, BN/
BB 3 PAT, BEIEESH&R 20 uL/ e, HKH
K, EEEMEE 14 K, {0~ BE D10 L Rk fIZET
RN R A G LD,
1.4 RNA HJZELFN cDNA BI& R

A 35 A A 8 % 1) 4% TC FLAE BR A TR R e TR
1: 100 R F 30 mL B i) BHL RS 323,

28 °C, 200 r/min #R3% ;5% 10 h ChEAE KB4
i), Z 8 Thermo /37 TRIzol™ reagent $2 I TG
FLEEEK A A RNA, i | NanoDrop 4366 11
AEHURIE, TERCE ST, e—E /A 1000 ng/uL,
JFH5 RNA ZEAT SR BE IS R UK, Al RNA Y 5
., M TaKaRa AH] cDNA & k5 &t 17
cDNA A, —80 CIRAEEH .
15 %HEEE PCR

M4 Gene Bank [ JLFL&EEK R 1) TCS R4 .
PTS R K IHFFFHIEE, (i Primer 3.0
BB R RS (F 2), R TB Green™
Premix Ex Taq™ (Tli RNaseH Plus) X7 &, 7552
if ¢ € A% LightCycler 480 #EAT2¢ & &=

*2 KHAEEPCRIMER
Tab.2 Theinformation of primersfor gPCR

e[ 4 B E514)(5-3) S5 1)(5-3) IR
gene forward primer reverse primer gene classification'**)
16s rRNA TTATGACCTGGGCTACAC CCTACAATCCGAACTGAGA a
cel-EIIA AGCACTCTTTATTCATTCTCAG TATGTAATTCCTGGCGTAAATC b
cel-EIIB GATAGAGGCACATATTGAAGC TTACACCATCCAACATACCA b
cel-EIIC GCTTAGTAGTTGGTGCTATC TTGCTATTGCCTGTGGTA b
manA AGAAGATGGTGAGATTGGTA ACTGGGACAGAGTTAATGAT b
manM ATTCTTGGTGGTAGTCTCC AATAATAGCAGCAGCAACAG b
gluA AAGTAGAAGCATTGGATGTTGT GTAACTGTACCTGAAACTGGAA b
gluB ACTTGGTGGTCGTGATAACATT AGGTCCGTAAATAGCTTGAACA b
gluC CGGTTGTTCAATCAGGTATC TGCGTGTAGTTCATTGGA b
ascA ACATTAACAGAGCCAGTAGT AGCAACAGAAGTATGAATAGC b
ascB CGTCAATTAGGCGTTAGC TGTCATCCATAAGGTTATCAAG b
ascC TGAAGCCATTGTAGCAGTA TGAGCGAGAACGAAGTAA b
rgfC CACAAGCGATAGACAATCATAT AGAAGCCTCAATAGCGTTA c
rgfd GCATTTAGCAGAAGGATTGA AGGACAACTCTATGTGACC c
ciaH TACTGCTGCCTACCTAGA GTTAATTCACTAATGCCACCTA c
ciaR CGACTTAGGTGCTGATGA AACAAAGGTTGAGTTAGTAGAC c
sak188 GTGTAGCGAGACCTTGAT CTTATCCAATGCCTTGAGAC c

(¥4 to be continued)
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(3% 2 Tab. 2 continued)

HEIH 455 E314(5-3) S 314 (5-3") ERIEE S
gene forward primer reverse primer gene classification!®"!
sakl89 GCGTTACTATGTTGTGGAG ACCTGGTTCTTATGTTGGA c
ditS CCTATCAACGGACGCTAT TGCCTATCGCTTACTTCAA c
dItR GGCTTAACACAGATTCACAT CCCAAACCTTAGAAATCAACT c
csrR GTGGAGCAGATGATTATATTGT CGCTGAACGATTATGAGTATT c
csrS GACAGTTGCTTGGATACG GGACGAACAATACGCTTAG c
cfb TAGCTTAGTTATCCCAAATCCC TAAAGACTTCATTGCGTGCC d
ponA GCTCCTGATGAAAACTTTGTCGG AGAGCCCTTCTGGCATTGTC d
cspA TGCACGTAACCAGTATCGCA GCACCGAGTTTAACGGCATC d
sodA TCAACTGCCAATCAAGATACTCC GCTTTGATGTAGTTAGGACGAACA d
Sip AATTCAGTACATACCGTGCGGGAGA GTTATTTGCTGCCATATTTTGTG d
cpsD GTAGGTCGTAATGGTAGGAT TTCTAGGATCATCGTCTAACTT d
cpsG TAGAGATTTGATTGGGTCAGA AGTTACCACTGTCATAGGAAT d
hylB GAATAACTACTTCACTGACGCTG AACGCGCCCCATATCTACTA d
bca AATACTATGGGGATGTTTCTCAG TAACTTCTTCAATCTTATCCCTC d
fbsB AGTTGCGCAAACTTCTGTCC TTTCCGCAGTTGTTACACCG d
Srr-1 TCATTCCCAGTTTTATCGCTTGC TCGGAGTTACAGACTTCCAAAAT d
bibA CAAGCTCATCAACTTGACTCTTA TAGGCACATGGCTCAAAATGACG d
pavA TACGGAAAATACAATCACCTACC GCTTATGTTGTTTATCATGTGCGCG d
cylE ATTCTCCTCCTGGCAAAGCC TGACGCTTGGTAGTTGCTGT d
bac TTGGACAAGCAGTATTTACATCA ACTCTTTCGTCGTTACTTCCTTG d

TH:aly 16S rRNA JE[H; b 24 PTS REMEER; ¢ 9 TCS REMFER ; d g JI L.
Note: a indicates 16S rRNA genes; b indicates PTS system related genes; ¢ indicates TCS system related genes; d indicates virulence genes.

PCR., JZ I EAKZ (10 uL)A: TB Green Premix Ex

Taq (Tli RNaseH Plus) (2x) 5 uL, PCR forward
primer 0.2 uL, PCR reserve primer 0.2 uL, cDNA

B 1 pL, ddH,0 4.6 pLo R DR BEE 3 DAY
A
1.6 HIESH

R 274 sk S R Rk, A
SPSS 19.0 #AFHEAT AR Iy 22004, H* s i
FMKT, * KR P<0.05, ** R P<0.01.

2 HRESW

21 I EBKEFIEHFK cel-ElIB EEEREKHF

TR R 1a s EOR ISR A bR, &
PCR # AN Y, 2558 BREAHWKRA S cel-EIIB
FE(JE 1b); JH UstF 1 DstR (7514 PCR #&: £l
e PR, BARR cel-EIIB 3& Y car F& K B BUAC
(1 10) 45 SRAESE, TCFLAEER B TFI0901 () cel-EIIB

Fe R B2 ¥k A cel-ELIB TFI0901 B3
22 FTHHEKE cel-ElIB EEELTENHD
BENENER

LB bt SRy S A5 i) AN ) e B A
f) TFJ0901. A cel-EIIB TFJ0901., THN0901 F
A cel-EIIB THN0901 & I {3 5 B 5 fa, 25 R R,
BE L AE T i A 4 rh A SR TUFLEE BRI S5 1Y 1~
6d, ZJGHaTHE., Acel-EIIB TFI0901 75 A )ik
&R BT BE D £ 50 T 5 8 5 AR X A A B
TFJ0901, —# 4 LDso 4351k 5.1x10° cfu/
3.8x107 cfu/f8, #WATCFLAEERTH 59 Rk cel-EIIB
HE PRI 2R J5 X0 B D £ 1) B 38 R (B 22)0 AR
BB, Acel-EIIB THN0901 X BE o 36T
I T B4 bk THN0901, LDso 289K 3.8x107
cfu/EF1 2.0x10% cfw/B ([ 2b), {HEF S5 A &
. BMMEKRE, TILEEERA I BERLE cel-EIIB 3
PRIk J5 B 1R 5 o
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Bi&4PCR
fusion PCR

a

Ust cat

Dst

PpSET4s-Ust-cat-Dst

Ust cat
IR ELH
homologous recombination
—— S4AG0027  cel-EIIA cel-EIIC
— SAG0027  cel-EIIA | cat cel-EIIC —
K1

Dst
X 500 bp

5000 bp
3000 bp

_ 250 bp

TeZL 46 ER 1 TFI0901 1Y cel-EIIB 3 F it 2 #f 4 2

R VR T 20 7 VA @ O LS BR TR TFI0901 (1) cel-EIIB SEF B kR B Bl (a); HIG14%) EIIB-F #1 EIIB-RPCR 331F cel-EIIB 3£ A
Wer B (b: ¥kiE M, DL2000 DNA maker; ¥ki& 1, TFI0901; 3Ki 2, Acel-EIIB TFJ0O90 )15 [# %} Ust-F and Dst-R
(c: VkiB M, DL5000 DNA maker; ¥Ki& 1, TFJ0901; Vki& 2, BHMEXTHE; Jki& 3, Acel-EIIB TFJ0901).

Fig. 1

Construction of cel-EIIB gene deletion in a Streptococcus agalactiae strain TFJ0901

Schematic representation of in-frame allelic-exchange mutagenesis of the cel-EIIB gene in S. agalactiae strain TFJ0901 (a);
knockout of the cel-EIIB gene was confirmed by PCR using the primers EIIB-F and EIIB-R (b: lane M, DL2000 DNA marker;
lane 1, TFJ0901; lane 2, A cel-EIIB TFJ0901), and the primers Ust-F and Dst-R (c: lane M, DL5000 DNA marker;

lane 1, TFJ0901; lane 2, negative control; lane 3, A cel-EIIB TFJ0901).
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AN TRY R A 4 T R X B £ R B

a. TCFLEEBREA TFI0901 S M cel-EIIB FEF K bk; b, TFLEEER A THN0901 S H: cel-EIIB P B A k.
Fig. 2 Cumulative mortality of Danio rerio challenged with different doses of Streptococcus agaalactiae strains
a. S. agaalactiae TFJ0901 and A cel-EIIB TFJ0901; b. S. agaalactiae THN0901 and A cel-EIIB THN0901.

23 cel-ElIBEEBREMTASKERS. B
B PTS RSB B RiXA MY

cel-EIIB J& Rt 2R B AR X T 45 1 19 27 A4 bk,
manA., glud., gluB., gluC, ascB. ascC Hl ascA %
R 354 i 2 E(P<0.05), WiXd manM KN Fik
R AN 355 cel-ENIB LML cel-EIIA AR
S ZE A 76 A cel-EIIB THN0901 1, cel-EIIA
F BN W 3 E R 8 (P<0.01), i 7E A cel-EIIB
TFJ0901 H | ZR I M4 251 118 (P<0.01) (& 3).

B/
7

2.4 cel-EllBERBAMEAKEKE RS, BE
¥k TCS R ERERIZA M

cel-EIIB JE K S AR AR X T 4% A9 BF A 1K,
RgfA. sak188 I sak189 H:HHik¥ B3E T I (P<
0.05), TMiXl CiaR F1 CsrS FERF B A BE;
RgfC. DItS. CsrR 7E A cel-EIIB THN0901 H 33k
KAZRW, [A1E A cel-EIIB TFI0901 H 35K BN
FM L (P<0.05); DItR 1 CiaH FEH 2 3AH KLY
Fik1E: DIR 7E A cel-EIIB THN0901 Hr L3y

~z, B/
RS
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o
=
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0.01

X215 B1g(x) relative expression quantity

0.001 [

1 LA

cel-EIIA cel-EIIB cel-EIIC manA

AL
manM

I A cel-EIIB TFJ0901
THN0901
HER A cel-EIIB THN0901

EX gk
]

A A AN
glud gluB gluC ascB ascC ascA

K 4R gene name

B3 JCFLEERR B0 25 M55 BERTE cel-ELIB 3[R K H J5 WL 5% 7% i R 58 (PTS) 2l mRNA AHXT 2K F
ol ek o3 S| FR BY A bk LI R R MR 22 B AR AE 1) 22 57 B 38 (P<<0.05) B) 25 S5 4 {8 35 (P<0.01).
Fig. 3 Relative mRNA expression level of phosphotransferase system (PTS) genes in virulent and
attenuated strains of Streptococcus agalactiae before or after cel-EIIB gene deletion
Asterisk symbol (“*” or “**”) indicate significant difference (P<0.05) or extremely
significant difference (P<0.01) between wild-type strains and their gene-deleted strains, respectively.

3 VE T H(P<0.05), Ti7E Acel-EIIB TFJ0901 H
LW M W E M M (P<0.05), CiaH TE A cel-EIIB
THNO0901 H 3R 3K W& P I (P<0.05), TMi7E
A cel-EIIB TFJ0901 84 5. 2 1 T #(P<0.05)
(E 4),
25 cel-ElIBEFEGREAMTASKERSE. B
HEHEERIENZM

cel-EIIB & Rl R AR A N T 45 1 19 37 A4 Bk,
bea , srr-1, cppA Fl psad R KK B3 i (P<
0.05), spb1 ., fbsB Fl cylE &P 53 B 3 T #(P<
0.05), X} cfb. pond Fl bac FKFFIKFMIA
2 hlyB ., bibA 1t A cel-EIIB THN0901 H 35 K57
SR, {H7E A cel-EIIB TFI0901 rh 3630 K E M T
JE(P<0.01); 1M sip 7E Acel-EIIB TFJ0901 ik
JomEEE R, HIE Acel-EIIB THN0901 4%
BEM I, sodd. cpsD Fll cpsG FEH 2 BAH %
FIAER: sodd 1E A cel-EIIB THN0901 Hr 35 51

i e EE EIE(P<0.01), TTE A cel-EIIB TFI0901
r R B A B2 PE R I (P<0.05), cpsD Fll cpsG 1E
A cel-EIIB THN0901 1 3% 8 o0 B & 25 M M
(P<0.01), Ti7EAcel-EIIB TFJ0901 H13& I Mk &
2 FIHP<0.01); AN, cspA 1 pavA IEFRTE A
cel-EIIB TFJ0901 3 b @ 351 | (P<0.01),
M1E A cel-EIIB THN0901 Hh 3354 Z R0 (& 5).
3 iTig

T FLAERR A 0] LLE i £ Rk A R B e fa,
RETETE MR G, I 28 B i g B, AR A
A, FEEAAIGEIRAEIR; 75 BRFMT, ¥
25 by 2 DG ToFLBE BR 1A, 2 A i I B T
R P BEER R BRI cel-EIIB LAk
JG, EVIRE e I REAR, ToRE i WoR, HXF
B e 0 1) B ) R0 ES, B R — 2D A T i B A
Brede 55 B bR AR R Y BE St R RN | A
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z 0.001F ’ |
[ 4
) 2
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1E-4 L4 A V] pa f v % A A #
RgfC  Rgf4 CiaH  CiaR  sakl88 sakl89  DIitS DItR CsrR CsrS
FK PR gene name

K4 JoFLEERRE SR TE MBS TERR cel-EIIB £ N AT 5 HEAUH M 5 55 F R GE(TCS)ZE N mRNA X ik K-

ot ek 23 G TR B AR AR -5 LR DR R R bR 2 [R) A7 AE 1Y) 25 57 1 35 (P<0.05) 3 25 57 W ik 35 (P<0.01).

Fig. 4 Relative mRNA expression level of two-component signal transduction systems (TCS) genes in virulent and

attenuated strains of Streptococcus agalactiae before or after cel-EIIB gene deletion
Asterisk symbol (“*” or “**”) indicate significant difference (P<0.05) or extremely
significant difference (P<0.01) between wild-type strains and their gene-deleted strains, respectively.
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Fig. 5 Relative mRNA expression level of virulence genes in virulent and attenuated strains of
Streptococcus agalactiae before or after cel-EIIB gene deletion
Asterisk symbol (“*” or “**”) indicate significant difference (P<0.05) or extremely significant difference
(P<0.01) between wild-type strains and their gene-deleted strains, respectively.
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Analysis of expression patternsof virulence-related genesregulated by
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Abstract: Streptococcus agalactiae is an important pathogen associated with humans, animals, and fishes. Re-
cently, it has spread globally, resulting in great economic losses in tilapia industries. The phosphotransferase sys-
tem (PTS) is regarded as the “nervous system” of bacteria. The effect of the EIIB protein of cellobiose-PTS
(cel-PTS) on S. agalactiae virulent strain virulence is limited, but it could potentially effect that of the attenuated
strain; however, the specific mechanism is still unclear. Therefore, it is necessary to clarify the expression patterns
of virulence-related genes regulated by the EIIB protein. In the previous study, the cel-EIIB gene deletion of the S.
agalactiae virulent strain was constructed by homologous recombination technology. In this study, the cel-EIIB
gene deletion of the S. agalactiae attenuated strain was obtained using a similar method. Zebrafish were infected
with a S. agalactiae virulent strain, attenuated strain, and their cel-EIIB gene deleted strains, respectively. The
results showed that S. agalactiae attenuated strain virulence was significantly stronger after cel-EIIB gene deletion,
whereas S. agalactiae virulent strain virulence was only slightly reduced. It was confirmed by PCR detection that
the deletion of cel-EIIB could cause cel-ElIA of the cel-PTS system, DI/¢tR and CiaH of the two-component signal
transduction system (TCS), and sodA4, cpsD, and cpsG of virulence genes showed opposite expression patterns in
virulent and attenuated strains. In addition, the expression of RgfC, DItS, and CsrR of TCS and cspA4 and pavA4 of
virulence genes were not affected in the mutant of the virulent strain, but up-regulated significantly in the mutant
of the attenuated strain. It is speculated that the increased virulence of the S. agalactiae attenuated strain was re-
lated to the up-regulation of the expression of these virulence-related genes. To summarize, the EIIB protein may
negatively regulate the virulence of attenuated strains by regulating the expression of the above virulence-related
genes.
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