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FIAEBTZ FEBKE AessA AessB. AessC Ry BR & kB4 E B E#F
51

DT, B &, DEE, Bxg, TIE, F #, 3kX
T RAE RN B2EBE ) ARG 48 & & BRI AT 3 S8 28 RO AR AR FH 2580 S8 Wi R T 2Bl I 52
5k, JUA T 510640

W VIIEIb R GAFAE T TOFEEER B (Streptococcus agalactiae) WP, HAH BB AXTIRYIE AN K E ELEE, H
W FH AR EOR B 2R TR, AR T SR R O R AR 4 1 MR 1 R A A PR 2/ pSET4s- AessA . pSET4s-AessB. pSET4s-
AessC, ZRRHEM )G, FIFHPCREARN LRI T HE 2820k -ToFLAEBR B AessA . AessB. AessC. it kA K th 4 7
B, AessA. AessB. AessCREPRFRITEEF MR (WT) AR IFEANE, HfAessA | AessBRIFRIRFEA K B IA BEHER
(P<0.01), XfESATG A4 MWAE M AT B, SWTHAHIL, AessA. AessB. AessCiiBRPRESATOMY ik i 4 i 2 T 4
(P<0.01), ZER TR, AessA. AessB. AessCREBEMRIIBWTIERE /1 B FR(K (P<0.01), BF5THEI, essA. essB. essCHIC
FLEEER A VI B R G E R 1, LB PRIR 1S B T 40 B (T ESAT6 mRNARIAK T FRE, 50 T THHEEE )

KR VAEfh; TREERRE; VIIAMBARGIREN; MPRERAE; AY2are e abr ;
hE 4SS $943.116.42 XHERFRERD: A FrgflE ( FERS ) #R12%8 (OSID) :

Construction and characterization research of essA, essB and essC-deleted

mutants in Streptococcus agalactiae from tilapia

MA Yanping, HAO Le, FENG Guoqing, LIANG Zhiling, MA Jiangyao, KE Hao, LIU Zhenxing
Institute of Animal Health, Guangdong Academy of Agricultural Sciences/Key Laboratory of Livestock Disease Prevention of Guang-

dong Province/Scientific Observation and Experiment Station of Veterinary Drugs and Diagnostic Techniques of Guangdong Province,
Ministry of Agriculture and Rural Affairs, Guangzhou 510640, China

Abstract: The membrane proteins are critical to substrate protein secretion in VII secretion system existing in Streptococcus
agalactiae. In this study, we constructed the membrane proteins knockout vectors with chloramphenicol tag including pSET4s-
AessA, pSET4s-AessB and pSET4s-AessC, and after the homologous recombination, we screened the mutant S. agalactiae AessA,
AessB and AessC via PCR assays. Based on the growth curve analysis, S. agalactiae AessA, AessB and AessC strains showed signi-
ficantly slower growth process than the wild type strain (WT). AessA and AessB strains had significant difference in early stage of
growth compared with WT strain (P<0.01). According to the secretion product analysis of ESAT6 protein, S. agalactiae AessA,
AessB and AessC strains showed significantly lower ESAT6 product than WT (P<0.01). According to challenge test analysis, the
deletion of essA, essB or essC gene significantly reduced virulence of S. agalactiae AessA, AessB and AessC compared with WT

(P<0.01). The results suggest that essA, essB and essC proteins are important component membrane proteins of VII secretion
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system in S. agalactiae, and these genes deletions cause ESAT6 mRNA expression and virulence decline.

Keywords: Oreochromis sp.; Streptococcus agalactiae; Membrane proteins of VII secretion system; Knockout strains construc-

tion; Biological characteristic analysis

ToFLBEER TR (Streptococcus agalactiae) J&T B &
HEBKEA (GBS), 15 FUHI Iz, BRI AL THFL
Y. AT MRS, Xk TR
fa R B T A R U, hERE Y R
(Oreochromis sp.) FRFEKCIE , & BEBK A = AT
HuIX, HRRARRIET R Em AT, B IR Mg
W, HHUERM G A, & 25340
ok

ARG R I, TR )RS RE G155
o 2 QPR AN P AR — MR B W R S, RD
VII #1432 58 (Type 7 secretion system, T78S)!*%,
VII B0 ZR e th Z2 Rl o A, 5300 S 38 0 D
PUJEEE 6 (Early secretory antigenic target 6, ESAT6)
ARG UEW A A 10 (Culture filtrate protein 10,
CFP10) Miff e R PEIEANE o VII B IS R G A,
AU E MG 5% . AESEAH T A E W20 M A R
B . AT BHARL S . R A T S
RS A YA RE, SR PR DA OCE T, 4y
I VII BN R G S R S B UG, B2
T ESAT6 45 YA, A {134 B A% 1 5 )
K, BOI R E. HATAIE, REVPRRELE
EFE (Mycobacterium tuberculosis) VII B 4315 5
5t, ESAT-6 BLAAY B 25 B 0 B 18 2 2k
SrUHAD ESX-1 7R A RE ST, H R
R EORTES . ¥ O AERE (Staphylococcus
aureus) 2k ESAT6 1 CFP-10 Zmf 3L, &4
WOMAERE T TR, S2m T sy,

TCFBEERMIFT W, ESAT6 # 11 LA — 5%
I L FEMER P, VIT B0 R G s JE R 4%
At A R € RERY R B, DREFH ESAT6/
CFP10 M H#E JE Az, IF-5 4w 35 1A
FORHLHIAFE E RS BT VIT AL 53
RGWWIEA BT 1 e LR K R B ) 8 4T L
i, BT R W ALK R A A . BSTE RN Y
AR, SN SHRPTICIL AR R AR EE 25
FVE FHHE s SR (OGP R, I g ARAR 42
TeFLEEEk AR A AT RErE . BRSO O B ER T
L ARKR LI T 5 VI BY/ESAT-6 43 R 45 [l
PRPERS R R LN, 11 AR R A R JE R A

B, (esaABCDEF . essABC. esxAB)"**"', srFH:4)
277K essA | essB. essC FENgnis it A, (H2H
DIRERFFEIA A WL SCRR AR A -

EHWBARTINY 2] 7P IR0 oL EE R N
essA. essB. essC &K KN, HEWE B0 R
essA . essB HERI Rt 1, essC HEH gt AL 5
7 BLRIY) FtsL-Spo 111 E 2544, A7t sl &k
T essA. essB. essC H [, ¥ e, XJGE
FEBR TR A AR G2 LR 2R 5 51 R 82.57% . 85.29%
91.60%, & R AF e M P 7E ML Al
b, AREFFE DL R a5 oL A ER R BUR AR GDZX1
RWFGERT G, A B R EUAR pSET4S #4 Ak
KB A5 KR AessA. AessB. AessC, FFXTH AW
SEREEAT M, DAAR 7R TCFLEE KA essA . essB.
essC Xf ESAT6 £ mRNA Fik /K X HERECR
Pz, DB A ICFLEEER R VII 2500 2R G Gt
SR D Re o S R

1 MREIE

11 EHxERKEAE

By A BT R BE PR R B ) A Bk GDZX1 (Wild
type, Serotypela), HJ ZRAKMAF=BishY) TA:
WS A0 F W & 5 B A E . IRBON A 28
Hi pSET4S Fl pSET5S fH H A [E 57 34 B AE ST T
Daisuke Takamatsu #4284 . 56 H Y EAME A
TRAB AR R, (KRN 10g, SIRHITE
ENBIBER SR 2 A, RPN 5 R, o R o B
R, BRI A oL B e . AL
SR 13 2 (12 ANTFEALRN 1 XS IR o PRI
FH>5.0mg L™, BRAUK, REPRKETRE:. X5HT
TR 2 K
1.2 S¥&it5ER

iz ] Oligo 7.0 il Primer 6.0 #Xf4i1514, ik
GRS 1, RACER AR A R
HA
1.3 EEmBRAEAHENEE
1.3.1 essA A B SURTARMKeG A

DABEER) TCFLEEER B GDZX1 FE M2 DNA 4
M, essAup-FBamHI/essAup-R G|¥)X}H 14 essA
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F1 AEASY

Table 1 Primers in this study

5|94 FK Primer name

51¥1¥%1] Primer sequence 5'-3'

EHFCRA 514 Primers for recombinant plasmid construction

essAup-FBamHI
essAup-R
essAdown-F
essAdown-REcoRI
essBup-FBamHI
essBup-R
essBdown-F
essBdown-REcoRI
essCup-FSall
essCup-R
essCdown-F
essCdown-REcoRI
Cat(essA)-F
Cat(essB)-F
Cat(essC)-F

Cat-R

5'-GCGGATCCGCCGTAGGCACAGTAGCGACT-3' BamHI
5'-GAGTGAGACTTTAGATTGACGG-3'
5'-ACGTTGAGCCTCGGAACCCATCGAATTAGAATACACATATTAACATTACT-3'
5'-GCGAATTCGATAGAGCGTGCGCTTCTGTCTG-3' EcoRI
5'-GCGGATCCGGACCAGATTTTTGGCAGTTATC-3' BamHI
5'-CAGCCTGAATAGTTTCTGCATGAT-3'
5'-GACGTTGAGCCTCGGAACCCATCGAATTATAAAGTTGATTATAATCAAGTGA-3'
5'-GCGAATTCAGAAGATGTACTTGTTGTAGTAC-3' EcoRI
5'-GCGTCGACAAACGGCAAGTCGCCAATACCAG-3" Sall
5'-TGCTGACTCCAATCATCACTAG-3'
5'-GACGTTGAGCCTCGGAACCCATCGAATTACAGGAAATGGCTGATACTTATCAC-3'
5'-GCGAATTCTTAACTTTTCATCAGTTACAAT-3' EcoRI
5'-ATGAAAACCGTCAATCTAAAGTCTCACTCCACCGAACTAGAGCTTGATG-3'
5'-TATCATGCAGAAACTATTCAGGCTGCACCGAACTAGAGCTTGATGAAAA-3'
5'-CCTCCTCTAGTGATGATTGGAGTCAGCACACCGAACTAGAGCTTGATGAA-3'

5'-TAATTCGATGGGTTCCGAGGCTC-3'

FE PRk S AR AR IR 2 0T FH 5 142 Primers for gene deletion mutant strains screening

essASIE-F
essABIE-R
essBRIE-F
essBRIE-R
essCRIE-F
essCRIIE-R
essA-F
essA-R
essB-F
essB-R
essC-F

essC-R

5'-GCCGTAGGCACAGTAGCGACTG-3'

5'-ACATTCAAGGCTAATCGTAA-3'

5'-TGGAAACAGATTCGTTTGTA-3'

5'-TACCTACTTTTAGTTTTAG-3'

5'-CGTCCTCGTGGTATCTATATC-3'

5'-CAATATCATCCTGACCACGTAAG-3'

5'-ATGAAGTTGAAACGATTTTTAG-3'

5'-TTAATATGTGTATTCATCCT-3'

5'-TGGAAACAGATTCGTTTGTA-3'

5'-TACCTACTTTTAGTTTTAGA-3'

5'-TCGTGGTATCTATATCATTGCAAC-3'

5'-GATAAACAATATCATCCTGACCAC-3'

Real-time PCRIJT 5[4 Primers for real-time PCR

ESAT6-F

ESAT6-R

16S-rRNA-F

16S-rRNA-R

5'-ATACTGCTGGTTCTCAACAA-3'

5'-GTCAATAACTGCTTGCTCTT-3'

5'-CGACGATACATAGCCGACC-3'
5'-CCGTCACTTGGTAGATTTTCC-3'

TE: NRILOAREIE IR

Note: The underlined are restriction endonuclease sites.
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-4 BHEATOFLIEEERTA AessA. AessB. AessC w5 AR ARG g e HRE: 4#r 79

FEH EVFERJEE, essAdown-F/essAdown-REcoRI 5|
YIXTY HE essA FEH T UERIEE, NN 98 C
A5 YE 5 ming 98 °C 10s, 58 °C 10s, 72 C 15,
35 MG ; 72 °C ZE{H 5 min, LA pSETS5S Jfki Ak
M, Cat (essA)-F/Cat-R 5| s 55 R R IME
(Cat), WP M. 98 °C FZAEE 5 min; 98 °C
10s, 56 °C 10s, 72 °C 30's, 35 PMEH; 72 C 4t
{# 5 min,

PCR W) &S RENEEERS R UK, K438 Y Fr Bt
VI atifl, SRR (8 uL) IRA, #HATH 1 el G
PCR Y88, MW FEF H: 98 C HiZAEYE 5 min; 98
C15s, 62 °C15s, 72 °C 90s, 16 MEH; 72 C
GEH 5 min, RIS LIS 1 8IS S 1Y PCR P24 ks
2, LA essAup-FBamHI/essAdown-REcoRI M1E .,
gy, AT 2 el G PCR UM, RVFET N
98 °C FiZEE 5 min; 98 C 155, 62 °C 155, 72 °C
90's, 35 MMEH; 72 °C ZEMfi 5 min, PCR =¥i1T
BrBEWHEERE UK 73BT -

A& R BeYI e 4lifk,, BamHI F1 EcoRI
MUY, 5 R SUBDI S rZe PE AL 84 pSET4s %
B, mEEYEAE KA DH5o B2 A 40,
SRIG BRI S A AR (25 pgml ™) ALt
WMAEER (50 pgmL™") 1Y LB A4 |, 37 C f#]'&
Wit e, PRECRTiRE, FIH essAup-FBamHI/es-
sAdown-REcoRI 5|¥J%f 17 PCR %%, MV FEF
798 °C WA 5 min; 98 °C 155, 60 °C 155, 72 C
90s, 35 MEH; 72 °C 4§ 5 min, PCR =1t
SR HEE I F UK 3 AT, S S 0 BE P Bk 16 b
BHEYIBH A R EIT
132 essB A B Sk & B ARG M

DL B TCFLBE BR B GDZX1 R4 DNA
K, essBup-FBamHI/essBup-R 5[ ¥)%] 4 14 essB F
A _E iR R, essBdown-F/essBdown-REcoRI 5|4
XY 1 essB FEH R IERIURE, RBARF R 98 C
A 5 ming 98 °C 10s, 58 °C 10s, 72 C 15,
35 MEFR; 72 CIEM 5 min, #% 1.3.1 Cat ¥ 14 FE
J¥, Cat (essB)-F/Cat-R P 34 Cat FTiLHE, %
1.3.1 il PCR )y, #4756 1 %8HlA& PCR Y3,
V) essBup-FBamHI/essBdown-REcoRI M IE . [ 5]
Y, 9EATE 2 %8RS PCR 9784, PCR =¥ ikA T3

BB LYK M o IR 1.3.1 ARk E A
TR, M T EA TR

133 essC AR EAFHHERGME

DISRBUY CFLBEBR B GDZX1 FE[H 4] DNA
P, essCup-FSall/essCup-R 5| #)%] 4 1 essC F[A
FIERIEE | essCdown-F/essCdown-REcoRI 5| ¥%}
P4 essC B NIRRT A 98 C e
P£ 5 min; 98 °C 10s, 56 °C 10s, 72 C 30s, 354"
PEFR; 72 CCIE(H 5min, % 13.1 Cat 4 HFYT, Cat (essC)-
F/Cat-R P 1 Cat F3EHE, PCR F=¥I 4 Bilg it e
YK, B R Bl aife, SRR (8 uL) iR
&, PHTHR 1 8RS PCR P71, W AREF N 98 °C
S 5 min; 98 °C 15, 48 C 155, 72 C 90's,
16 MR 72 °C #Eff 5min, SRIGLIEE 1 48RlA PCR
PR AR, LA essCup-FSall/essCdown-REcoRI &
iE. RIBIY, AT 2 feRs PCRY S, RN
RN 98 °C HZE 1 5 min; 98 °C 1555, 60 °C 15,
72 °C 90s, 35 MME¥R; 72 °C 4EfH 5 min, PCR /=
YA T BN BE I LUK BT o 4% 1.3.1 FEA 2K
PP R, MY AR,
14 EFEBRERTHRAOBE

% M8 Takamatsu 25122 197746, #l4 GDZX1 tk
HL AL RS2 S 0 . 43 5L 5 pL pSET4S-AessA |
pSET4S-AessB. pSET4S-AessC FHE TR 73BN A
) 100 pL GDZX1 HELIRZ A0, BMiRs)
JERIREYIMA 0.2 cm FHEEARY, VK 10 min,
£ 2.25kV-em™, 200 Q. 25 pF BHEESECT T,
A ANA 1 mL SOC }5374E, 30 °C, 160 rpm Hk
5l 3~4 h; FlJEKF 300 pL BEWIA A T THB Spc*
Cm™ Pz, 7E 30 C B FRM N RS 48 ho PRIBUNA
75% Cm' THB H:553E |-, 30 °C ¥53% 6~7h, #% 37 C
Kidt 24 ho SRS E Cm YU Spc Btk
() THB $5 725, dkeliigs. HPp7E Cm " BirkRs
FRIEREAE K . (BT Spc PR SR EABEA KA
BEIBH MR V5, dRSRFR e AL AR, PCR %
¥, WARIAFIE-80 C vKFE .
1.5 EFEEREL TR AessA.AessB.AessC ST
1.5.1 AKe&EH5H

R HFh —80 C VR AT 1% JC FL 8k 2K 1 7 A= Ak
(WT)., AessA. AessB. AessC #kZE THB [ FERE,
30 °C 557 24 h, PRHUATR VS 2 5 mL THB WK E:
FEHE, 30 C JRHE 24 h, MESHERCEE (ODgy) s
TR ODggo M 1.80, SRJG LIAFLLL
1 : 100 3% 100 mL THB WAKREFEIE, 30 C &
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P&, B 2 hBGRE 2 mL, W% ODgyy, SPSS Hi A4
TEI2E 0.
1.52 A R# k3 ESAT6 & & Rk B0 HF A

1) ESAT6 FE[H qPCR ¥l 5 v iy 7. A
Primer 6.0 {4, &1 ESAT6 qPCR &:il51%), 5l
PIF A UL 3R 1, S0 2 A A Y ESAT6-
pMDI18T ZhAAR A, W R, 10 f586
Wil 7 ABREE . AR . 1071, 1072, 1077,
107, 1077, 107° MR Bk AR, FIH Vazyme
AceQ qPCR SYBR Green Master Mix {7 &, Bl
20 pL qPCR i %, Hirfr 2 X AceQ qPCR SYBR
Green Master Mix 10 pL, _EJ#E514 (10 pmol-L™")
1pL, F#E51% (10 pmol-L™") 1 pL, AR 2 uL,
ddH,0 6 uL. # 95 °C 5 min; 95 °C 10s, 55 C
10s, 72 °C 20's, 40 MEAMHTT QPCR K5 95 C
15s, 60 °C 60s, 95 C 15s PRI ZRAE .

2) AessA. AessB. AessC mil5R %} ESAT6 i H
mRNA FRiIkAKEFZ 0 534 &3 Fh oLk ia
WT #£. AessA B . AessB #f. AessC # % THB
REEFRIE, 30 C 5558 24 he PRUABEYEE 5 mL
THB K557, 30 C R¥% 24 h, JH%& ODg(p=1.80
J&, #% 1 : 100 BRI 100 mL THB WA 5L, 30 °C
Pe¥e, 9T 4. 8. 12 f124 h BUFE 5 mL, FIH
OMEGA RNA 2 sl &, $2BANH RNA,
BeSEAL cDNA, k10 £5, LITCFLAEERTE 16St-
RNA KN B EER ), #7295 °C 5min; 95 °C 10s,
55 C 10s, 72 C 20 s KRR, 40 MEARHLT
qPCR JZJ¥; 95 °C 155, 60 °C 60s, 95 °C 15s PEfT
YERIZRAOREE . DL WT BROMXTIR, 27247 Jrikit
FRIBR R ESAT6 mRNA MXF £k &, JFFH
SPSS # AT GE oM
1.5.3 FHhikk

H—80 C URAFHITCFLEE IR WT BR . AessA .
AessB. AessC bk, RIZLAEFT THB EAR: 373,
30 °C ¥id% 24 h, PRHUATETS, b THB WikRE S+
£, 30 C¥igE 24 h i, IEFEERVRE, HU 100 pL iRkAi
F£ THB P-4l I, 30 C 555 24 h, 115k, 4 BREHE
IR B R 5%x10°, 5%x107, 5x10° CFU-mL™" 3 /M)
i, 0.1 mL-FEE~" MG 04 20 B, XF
MZHIZE 20 B2, S5 PBS IR . 100w fhil e
F 40 cmx30 cmx40 cm /KTGERE, ELERR, Kk
AERFLE 27~30 C, BRMESETAFHIT L%, SET
B ARt R g, EORT R LA o B IR TR . R

GraphPad Prism B2 A AF R M2k, IfFbAT i
Mg o

2 45

2.1 EBREERNEE

DLEF AR BB RR GDZX1 L[N 4] DNA A #iH,
KHZ 1 510F5, K15 essA KA LI 435 bp [A]
W FS], TUif 502 bp [FRE 751 ; 3k445 essB 3
AL 508 bp [RIJEE 741, TiF 508 bp [AlIEE T
H); 345 essC I UiF 632 bp [RIEEFH, T iif
571 bp A 51, L) pSETSS Rk WAk, K
L 1GIWFY], FIGEERKILHNE 1056 bp B
essAup Bt . cat (essA). essAdown R B, &G
PCR, #kf% 1993 bp EA F Bt (Kl 1-a); essBup
F Bt . cat (essB). essBdown F B, ZRl& PCR, 3k
%2072 bp RALA F B2 (K 1-b); essCup F B, cat
(essC) . essCdown FrBt, Zfl#& PCR, 3Rf% 2259 bp
IRE R B (K 1-¢).

DAoL, ¥ H W Be SRV S R pSET4S
JEki %%, #4146 E. coli DH5a bk, 37 °C B5Jfid
W, YRR AR, HE4T PCR &, JHINTF IS
UE, FRIGIEIRBREUA, 7lar 44~ pSET4S-AessA
JGikL . pSET4S-AessB Bk, pSET4S-AessC Bk,
2.2 BHBRERK AessA.AessB.AessC BTt 5 EE

¥ 2.1 /4319 pSET4S-AessA JFiki . pSET4S-
AessB Jiki . pSET4S-AessC JFrkr H A0 A 87 4= 7T
FLEERR TR AL LAz A, 30 C #55% 48 h, fii)i
PSR AE R RR R AE R A, PSR B
PitERY BT AR 2 cm® THB WARE: 3534, 30 °C
Rigt 6 h, $5% 37 C 4kEi853% 12 h, DIbfL s
FE, X o BRI 2 0 E A R Bt
Fi, $REAIRE L4 DNA, 20 HIFIH essA B3E5]
Y. essBEAEGIY) . essC WUEG | HETT PCR %
T, ERWE 2, FIH essA BAE519), WT Ry 14
2479 bp WH B F B, MLEL essA MiFRIKRY 1S
#1311 bp WHEM A B, FFET0UN, XEEREM
Bt AT P B 0E, essA FEFRIHA T cat FHA T,
UE WY R By, R B R im % TCFLBEE BRI AessA
(18] 2-a); FIH essB HUES ¥, WT #3712 740 bp
B H BB, TBEMR) essB REERARD 45 1702 bp Y
Hroh B, fEa i, xHurik B R Bo iy i
IE, essB FEHIHA T cat FEHFH, Uk @R AL
i, wibrbEar 2 HICFLEEEKTE AessB (& 2-b); Fl
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M. DNA Marker 2000; 1. essA [R5 Rl & PCR 455 2. essB [A)J5 B Rl & PCR 45

3. essC [ fl& PCR 4554,

1. Overlap extension PCR result of essA homologous arms; 2. Overlap extension PCR result
of essB homologous arms; 3. Overlap extension PCR result of essC homologous arms.

K1 essA. essB. essCla]J5/E g4 PCREE

Fig. 1 Overlap extension PCR results of essA, essB, essC homologous arms

1. WT ¥k (essA I&AE-F/R); 2. AessA Pk (essA BGHF-F/R); 3. WT £k (essB IilE-F/R); 4. AessB

(essB I&AE-F/R); 8. WT #k (essC I&E-F/R); 9. AessC #k (essC K ilE-F/R) .

1. Wild type strain (essA test-F/R); 2. AessA strain (essA test-F/R); 3. AessB strain (essB test-F/R); 4. Wild type
strain (essB test-F/R); 8. Wild type strain (essC test-F/R); 9. AessC strain (essC test-F/R).

K2 EilSkkAessA. AessB. AessC DNAKF-PCREE E 45 5
Fig.2 PCR identification results of AessA, AessB, AessC knockout strains at DNA level

H essC B uE5 91, WT HRY 35 1263 bp M HB A
B, Mi%BERL essC RBRARY 1G] 2077 bp WY H I F
B, fFA WU, XHETER H 8 R B ATy 5k,
essC JEPRIHA T cat FEHITFH], UEBHEFR ST, @
B bkein 4 N ICFLEERR I AessC (8] 2-¢).

TEMCERRD B, X155 o AT LR X E R
HATIER R bk, 48 HUR A RNA, JF 588 3¢
cDNA, F|Jf] RT-PCR £AR1E RNA /K- L5k HE A
BhJC AR MR AessA. AessB. AessCo. F|J essA-
FlessA-R WX AessA milbE LT T mRNA 7K
BSIF, FIH essB-F/essB-R 54X % AessB Gl F Ak

4T mRNA AKFBGE, FIH essC-F/essC-R 5 4%}
T AessC iR A MRPEFT mRNA KFEIE, 45501
RY G H S, UEBISR AR 2 (14 3).
2.3 ERKHZEDH

38 720 2 AN R BF[E] BT O Dy, FLEE AessA |
AessB, AessC 5 WT tRIAERKHEEZR, 4580
Bl 4, 5 WT BRAEKBFH L, AessA. AessB.
AessC RUFRIR AT AR RO A B R8s, WT BRAEZR
8 /NI ODgyo 11 5] 1.282, 7EEE 18 /N ODgg i5 %)
1.878; 1fif AessA. AessB TEZ 8 /INBF ODgoo 1N
0.2, 7E5S 18 /NI} ODggo A 35 % 1.4, K HORI
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1. WT £k (essA-F/R); 2. AessA ¥k (essA-F/R); 3. WT #£ (essB-F/R); 4. AessB ¥ (essB-F/R);

5. WT ¥k (essC-F/R); 6. AessC Fk (essC-F/R).

1. Wild type strain (essA-F/R); 2. AessA strain (essA-F/R); 3. Wild type strain (essB-F/R); 4. AessB
strain (essB-F/R); 5. Wild type strain (essC-F/R); 6. AessC strain (essC-F/R).
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Fig. 3 PCR identification of AessA, AessB and AessC knockout strains at RNA level
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Fig. 5 qPCR detection method of ESAT6 gene

Note: a. Amplification efficiency analysis result; b. Melt curve analysis result; c. Amplification product detection result based on agarose gel.
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Note: a. Anatomical symptom result of infected dead tilapia; b. Gram staining result of isolated strain after infection;
c. PCR identification of isolated strain after infection.
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