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& T Y. ruckeri SC09 invF 3k B By TR 8 & RZ Mk, RERMI &R EIRE HE S50 £ L4
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icity island) 1) T8 =X & A7 75 T 20 TR 19 e €0 44 Bl o
Ri Lo Inv J2T3SSH 4 i f= 22 2 11 (INV) A JE [
%, f&invA. invB. invC. invE. invF. invG,
invl, invJ 2RI, H A invFRE K (invasion
protein F)J&invIiE R h s — DR, 8 T 5%
SRS T AraCR RS "2 invFEERZE VDT IR
HTISSHIAZ O IRHESE N, R RIAMEHRS S T
WIS 1 ERYAR™ . LinfF R £ & G
HRJR 7% 8 2 11 By A% A T3SS S V0 1T IR B 19 7 7
B (SPINA S T3SSHA T Z R FIAE U, H
& [CHB IR AR A B T3SSHN YD ] X 1 Y9 SPI1-T3S SR
TRG KB WA E 33, ] B 4 i 4 1G IR
R BRI invFE R AR 32 B P L 2 T3SS YA O I 452
B PR S5V 5E R W R VD 1T IR T3S S i
B SPIL, W 1R 2 HE 1R 1006%; H
B, & RHRR AR W BUR LS RS D, T
HT3SSHIinvFIIBF S M AL T8 H . ik, ARSCE:
PR T invFHE DR B R AR B A8 1 5 3, R T ) 9
HFEHE flA PCRIT LSS A B B HAR ni o b
TR R R IR invFIR AR, IR AR S
BRI AR ) 2R R R R AT T R RS, BAEN
i — WG invF R PR TE & TQHE 2K 2% 1 B0 o 7 v
PIAE FH 2908 A, JF 6 QO HB 2R 2% R el 2 52 1
(T 2 e T SR

I B A YR A BR A H] 5 ER IS K AR B
FEMR(Y. ruckeri SCOORE)HH DU 1| A4 b 27 £ 3 BT 5%
DA S E R AE ; DH So ApirfsZ 25 40 i
W H R AR AR AL ) A BR A F

EZ KA 2xPrimSTAT Max Premix. i
HE BE e [0 i ik 57 & MTDNA Markerd g F
TaKaRa/y vl ; JREE F M . B LE 2 HUY W 05
OXOIDZs vl 3 L-BUhifiib. 2, 6 - 2 B R
(DAP)IFSIGMAA H ; SR E . FUR.DNA/NE
PEHGRF &0 T4 TAY) TR A R
F]; 2xTaq Master Mix, Goldview, ZHp&3E K 4142
BOARI & . BRAE W F RARA AR AL ) H
PR/ A 5 T,-DNAGE 22 B I T 72 [# Thermo/A &) ;
PCR™ W alifb i fl &0 T 7 i\ A E ARG
BN FD s 4 BA AR fb i i % A W T e N A= ) R
BABRAF .
1.2 XWHE

7] ik it F 45 GenBank H - [ HE /K 2% 1
(&5 JRWX00000000)invFH:H FE5, #it
invFI b . R UERNIRE 09519 invF-MF1/MR1( 1
e, A)FinvF-MF2/MR2(FiiE, C), M
invF I TR E &I invF-TF/TRFH T Bk 2 46
W, R A Ok 5 | 9 pLP-UF/UR FH T 44 £ 5 41

1 MRS Tk BIRK (1),
e TS s & KR R AR 6932 &K B 1 DNAR IR
L1 SEIeMH PR TC BRAE BOR R I PR AT 1 5 TR HB R 2R
BB pLPI2FIRIGHFFE p21630 T HRILKEF TFLBREAR SR 5L, 28 °ClHIR L7 .
x1 KMREASIORFT
Tab.1 All the primers involved in this study
519 SIFFHI(5-3") 724 bop
primer sequence product size
invE-MF1 CTACGACGATCTGGCAGAAG 463
invF-MR1 CGAGCAGTACCCACAGCTCAGTAGCGTTGGAAGATACTCTTCA
invF-MF2 TGAAGAGTATCTTCCAACGCTACTGAGCTGTGGGTACTGCTCG 432
invF-MR2 ACCAGACTAATGCGGTACGA
invF-TF GTACTCACCTTCATCAGTCGG 1002/1623
invF-TR CGAGTGCTGATTAGCTGGTTC
pLP-UF CGACACAGTTGTAACTGGTCC 1327
pLP-UR CAGGAACACTTAACGGCTGAC

W invF-MFUMRIY 3 LRIV A invF-MF2/MR2Y 3 FUFRIVERCs invF-TF/TRA T B ARSI, BRIV 1002 bp, HFAEHR 1623

bp; pLP-UF/UR T-#%) % 5 20 & A4

Notes: primer invF-MF1/MR1 amplify the upstream homologous arm A; primer invF-MF2/MR2 amplify downstream homologous arm C; PCRs using
primer invF-TF/TR to test deletion mutants (1002 bp) and wild type (1623 bp); primer pLP-UF/UR use to test recombination plasmid
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2405, PR TS AN TLBIR ARG 77 0L, 28°C
FER IR 24 h, WA R ERA)E, U mL
B F5 P TR IR AR 41 A DN AR G 57 6 4 Bt
[K 4 DNA,

Ak & PCRHM & F R4 43 9 L invF-MF1/
invF-MR1F1invF-MF2/invF-MR2 R 5%y, DI& %
HEJR % I DNA K AR 1T PCRY™ 3 . PCRy™H48
TN B e s K R e T At 7] 5 6 PCR ™
Yok Ay gk, 3R invE L AR 3 R 5 R
(A. CHE). BA. CHE#HMEMILL : RS
YE N, LhinvF-MF1/invF-MR2 N 5%y, #E4T
Al PCRY MG, =W &I NEMEE R, A e [l
RFN G T4 fb RIS ACRE & H B, DIACH BEA
MR, invF-MF1/invF-MR2 554, FTaqlf 4T
PCRY™ ¥4, WIKJE, HRE MR & X PCR™ )
HEATalifk, RS HF T ACH B .

pLP12-invF % HAAM 1. AR LT
FIHT, DNAZE B ¥ ACH Bt 5 A AR TR pLP12
HEAE, RS ADH S0 Apir/EZ AN, i
b5 B4 B AT T Cm-LB MR (555 %, chloram-
phenicol, Cm=20 pg/mL), %3 Z 1 Wi 1Y P
%, PHCEAAEETS, LIpLP-UF/pLP-URN G,
HEAT TS PCRYGAIE , 3R A5 PHAE SC B AR pLP12-invF-
DH Sa A piro B % & 1E 1 19 5 fE pLP12-invF-DH
Sa dpir KKFFRE, TR ek 4 B 4 E
R pLP12-invF, —20 °CI-AE% .

KMAFRABI3RZENHE BRI
B P216345FF0.3% DAP-LB-H (& Ik P —
2, diaminopimelic acid , DAP), 37 °Cid7® 555+
J5 Pk B V5 1 R0 3 0.3% DAP-LBW 1R 1 73 3
IRG R 95 2 0Dg=0.5; F B E T IK 124110 min
Ji, Bl mLE#, 7000 r/min, 4 °C %5.0>5 min,
FE EWEW, AT mL 15 %K@ H k3w, it
FH0.6 mLAH [ 95 v B T A

pLP12-invF-p216369#05E  FIHIdLE%E Ak
HpLP12-invFHL L fb A L iR il £ 1 B2163 /R Z 25 41
Mo B pLP12-invFHIP2163 82 25 40 i 43 5 vk it
10 minJ5 , HX2 pL pLP12-invF, fIIA100 uL K
FETR 21638z A4, RS, Tk L4ksik
B 10 min, [FEPE E A2 mmA B K T
A5 BT A AR A H B B T R AT L A Al (R A AR AR
fF: 1.8kV/iem, 200 Q, 25 uF), HL4% 58 5 s
A1 mL 37 °CHiA I DAP-LB}; 35k, 37 °CHE
TR FE L hy R R E 100 pLY 2 IR fE &
20 pg/mL CmADAP-LBF-#x I, 37 °Cid & &5
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. GPAEREIIME, RGHEREK, 4
APpLP12-invF-p2163,

N R ERAM BB T ¥ pLP12-invF-
B2163 5 4 [CHE /R 2% b B A= ko Bl ad I 5 9% 05
A U100 pLEWIR G, B0 3 LW, WEERR
ZLBYEE KRG MAL0 uL B LB &, I8
B AIDAP-LBY-#r, # F30°C B5988 h, A1 mL
LBUEMR , HX100 pLik A T8 Cm-LB - . PkHL
M E BB RR, LLinvF-MF1/invF-MR2 4 5|
YIEAT P VE PCRYEAE o 1 BH M T K A 44 W pLP12-
invF-SC09,

ek R EMRAM BB E ¥ pLP12-invF-
SCOMHEFN T LBIR /A 55 77 He 4k ¥ K5 752 h, BL100 pL
PR A T3 47 0.02% L-FT R A B LB Al , 37 °C
MRS, PRBCEM B R R, PR
WEF G BOLF 4 DNA, Ll invF-TF/invF-TRH
Sl EATPCREE , W PCR= Y% & g7 JF
AV E AR BRA T T o % IE B 1 IR %8
AR R FLBRA+30 % Hh, I8 F-20 °C
UKAEH

HAREELSWE  PREPLP12-invF-SC09
54 [CHR /R 2% B SCO9 LB V& 42 A T LBIR /A 5 5%
AL, 37 °CHELHE I% 2 0Dgp=0.6; X 5 728k F HF
AERRIEAT R L R, FFRAE B T LA LA TR
RIE 5 4 ODgoo=0.6% A% ¥k FIl BF A bk 422 Fl T
LBFH I, 28 °CHidi24h, M HLEHIEES,

pLP12-invF-SCO09 4 b 4% it K & Pk i
pLP12-invF-SC09 5 & [ HB /K 7k 7 SCO9-H I V& 4%
BETFRhians . b BEmbRE . BE
BRI R . % 0. TERE . BIANE . LILEE.
HEEmE . WIBESF ALY, 37 °Cidi, W
AR e R

pLP12-invF-SC094 K # & 49 x  ¥37°C
i EH IR E0Dg=0.8 MIpLP12-invF-SC09Y
A ICHR /R ZR A SCO9TRIME , 43 ll#% 1+ 10004 T
LB AR FR 3, FFBR4 hBUE 29150 uLim A
96fLAR T, MIHODgoofH, EEWK, FFeatilH A
Khgk,

2 4R

21 EEFREIREE

DL G HB R 2% TR B A= 8 (SC09) 3 [H 4 DN A
WM, LhinvF-MF1/MRI1FinvF-MF2/MR24 3]
Yy, PR T invE FUFIRERE AR B R
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TECH B, 79 K/NY 400 bpZe £ (El 1-a).
PIA. CH B MR, invF-MF1/invF-MR2H 5|
Y, AR RS PCRY A5 ) i BE K/ 2
800 bpll ACHI £ 45747 (] 1-b), K45 T F [H A 5[]
TR,
2.2 B # ARpLP12-invF-DH 50 ) pirfi#3&
5%%

ACRIA 7= ) 2 B IR B U5 Jie v ok e [T U
5\ RTHEMpLP12iE:, )5k A KT % DH

So A pir/&Z A, ZCm-LBIEHF R F7F5E
Cmyt MR R o LLIZ B AR WA, pLP-UF/pLP-
URAN G iHFFTPCREE , B E 291300 bpiy
PCRy™“ ¥ (&l 1-c), FWpLP12-invF S i Py 55 1k
AKX P DH Sa A pirt . % 52 164 A4 BH H: 78 bk
fir 4 A pLP12-invF-DH 5a ) pir.,

# pLP12-invFH 5L A K FT I B2163 )5 ,
PO A 5 45 B BT Con Y BHPE B RE o 40 31 LA
CmFH Mk B AR R BT AL TR MR M BAR , invF-MF 1/invF-
MR2A 5| A TPCREE E, L5 R, B A HRAL

M 1 2 M 1
bp bp

2000
1000
750

B 1 MEEKRE/RFARinvFEE TR Bk R vk A HE X Bk E
a WM ETFWEREE AL C, WKIE L EUFEFVEEA, VOB TR B, MARAEY 120005 b. @G PCRE i R mi bk H 1 v BLAC,
VKB 1LRVEE AC, MARHEY) 2000; c. pLP12-invFFURLH4) 8 % i€ 45 1, VK3 1~6.LLpLP-UF/URA 5| #) #E 4T pLP12-invF [IPCRAZ I, 1.
3NPFEME, MARHEY)F20005 d. BL5| ¥ invF-MF1/invF-MR23EAT [ PCRIG N 28 A I 45 S, W08 1~7 48 N B A, ki 8. 195 A= Y (uf R,
MARAED) B12000; €. LA 51 ¥ invF-TF/invF-TRIFAT B PCREL 2L S AF KT 45 5, WOE 1. 280 R AR PR, VKB 3BT HEXT I, bkoE 4. 57 A 7%,
M. A7 AEY) 52000

Fig. 1 Electrophoretic profile of construction of invF gene deleted Y. ruckeri

a. upstream and downstream homologous arms, line 1. upstream homologous arm A, line 2. downstream homologous arm C, M. marker 2000; b gene
knock-out target fragment synthetized by fusion PCR, line 1. homologous arm AC, M. marker 2000; c. result of recombination plasmid pLP12-invF
construction by PCR amplification, line 1-6. PCR’s using primers pLP-UF/UR to test pLP12-invF, the results of line 1 and 3 were
positive, M: marker 2000; d. PCR’s using primers invF-MF1/invF-MR2 to test insertional mutants and wild type, line 1-7. insertion mutants, line
8. wild type; M. marker 2000; e. PCRs using primers invF-TF/invF-TR to test deletion mutants and wild type, line 1, 2. deletion mutants, line 3. negative
control, line 4. wild type, M. marker 2000
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B, RO 55 R AR A A L 100% A, 5
TS5 R —B(E2), AR S8 3@ R,

23 HEFBEERSUE

L QA S N I 3 D o= 0
o2 g @Un , Ot 5 ROEE I 5 X B A

AT IEE . B A R (1 3-2) 1 58 28 1R (161 3-b)#R
ARSI REDE , $ 2 QP o8 48 bk B
HERRAELB M 128 °C HiFR24 h, “HEERKR
W, BRI GES . REDOLHE . RRMER,
AOCEMBEDEIL AR, (AR AR (& 4-a) K il
{18 T V5 R T 28 28 R (151 4-b)

2.4 pLP12-invF-SC09 4 L4514

G R 5 I AR bR AR B D A 2R AR T S
WA Bl b, KB A . EILRE . H
BEs AR BEBTRAARE . BHE ., B B
B LR BRAL S I B s 1 s R R Tt A
A 2 2 % A 1 38 B (R 2)

2.5 pLP12-invF-SC09 4 <B4k
5 718 TR TN A R R A B A R AR R, R

B dotection_seduence  micsnsiascc R :; -

T e e e e e e oo e o e |-,

| e S RIS .. |
LTS D el === i e B
B e e e T .\ "
L Bl s e e e e e e N
B cpecassanence NG ::: >
i ] e s e USRS )|
PR Reosiiintgl e e e
R St s e T |
B e e Ll s s kN -
s e . L1
BB E7] detection seauence | i sy

B 2 PlinvF-TF/invF-TR73 5| ¥ 89 PCR/*= 4 B i - £5 SR bE %
Sk BUERVEE A EA TWEREEC, B 5, AeFR B
Fig. 2 Comparison of PCR products of the invF-TF/invF-TR sequence with expected sequence

Solid line. the upstream homologous arm A; dotted line. the downstream homologous arm C; blue. primers; red. detection sequence
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Fig. 3 Gram stain of wild type Y. ruckeri (a) and deletion mutants (b) (1000x)

(@

(b)

4 ERBRHAFHFERQSRERERO)ELBFR EEKHWEE
Fig. 4 Colonies of wild type Y. ruckeri (a) and deletion mutants (b) grown at LB plate
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3 iR

) S 5 DR e 2 A 2 F ik R i 1 I A K
F B, BHEBRMN LA £ R, H P CRISPR-
Cas9je—F 4 7 19 56 4 i B T Bt , HA HI/ET
B RS . EH SRR AT, AT RE
JEAZ 40 i e = AR [WUR A i B R R G, HA
T AT [ AL A SR s R, BRI T
BAREREAEY Lz M, FEREAHEAR
SR EE PR AR . RedFlEE 4 R 45
il =R O o NI O R e ok i A
] $ A AP U5 Red 41 BT 75 Z G 3N FE 1T, RIS X
o 3% TR PR B Rl 2R B — 2 R BRI . AL A R
oA 3 A ) VR 2 P I R AR R R P B v

3 A RER T, T R R SR AN R]
P bR B i 5L, EL AR 5T ] S IR
B, G T AR 3 P 5 2 A 1Y S

pLP12 [ A8 TR o] A 40 B 1k B B T 12 A7
) RecBCD F 4t X} 4N it A ) DNA#E 1T [ 5
41, T SE I H bR AL S R e, RS
B[] P8 DXAE W LA A, A5 280 T Dy £
o KIGFHEB2163 HA & s Mk B 2 5 &
G, HmAHBERE, HiEHEE) . LuofE!R
RV, RBRFEN60% Ao ALK L Al A
PCRU; B invFIE P b L T Wi ) Y vl 7 - 5
AB|H A B R pLP12, 48 T [F I8 & 4 5k
pLP12-invF; JHid LG AR pLP12-invF 5L 5 A
KIGAT B P21633k 45 52 K TR Pk p2163-pLP12-invF;
S A T R 5 AR A T bR TCOHB R AR R AT A B
7, fEHEH SO T & [CHE R 2R & invFifi A
B kk, FW A R BRI pLP12A K AT #ip2163 1]
PIMA] R A 5 D HIS 7R AR T 1Y) 25 PR R
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Fz2 invFEERARKELLEESR
Tab.2 The results of biochemical identification of

invF gene deletion

EEWH SRR TR LSEERE TS

identified items deletion mutants wild type

[TEOR (SR - -
arabinose

B2 A - -
rhamnse

A - -
hydrogen sulfide

B - -
melibiose

5 R + +
ornithine decarboxylase

W + +
glucose

R R IR + +
lysine decarboxylase

JULRE - -
inositol

LA " +
galactose

o + +
mannitol

HERE - -
sucrose

e RN R, <R I R

Notes: “+” indicates a positive reaction, “—” indicates a negative reaction

1.0 1 —8—Bf4:k wild type
0.9 [ —a—{h25825 Fk deletion mutants

&3
OD/600nm
S
i

0 4 8 12 16
IS [8]/h
time
B 5 SMARTHSFERMEKIL
Fig. 5 Grow rate curve of the deletion mutants and

wild type Y. ruckeri

240 T R DAL R SRR 1) 9 328 T vk R B 2 OE
S 1) B O S e AR o T ) Y 0 8 3 R R
BT R AEAR G, S I O R 32 R A
sacBEER A S E A, DA A B B m) 0 2 19 H 1Y o
Zeng=F A IR B B Tk, HAE R Pt
PR B 46 183 K 5 3R TR (Streptococcus iniae) ) cpsJ3k
PR, OE ) O e 45 3 1 RSk Acps . i SC AP
I B 1) i 16 55 DX i sac BAE IR, i 14 H By ke 2
bp2 6L H B Afi & FC B 55 T B2 WS 198k . S2#k
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MSHPR . & T BR 400 1Y) IF 1) 7 2 25 5% BA PPk R I
AT B T 28 AR R AR Ry BE B AE AR T R R A
M F FH sacBE P #EA T 52 1) i 6 B, 76 55— U (] D4
HEH MY, sacBRHZ KA ARG, T35
5 — W) U B A ) BSOR BRI . v 3 TR B 4
sacBFRHH T I i vk, i Fomedk AWK
(20 7 e, AR LBl B AR S 5 A T vme ke
ik, AR R EA R ERIET, KK
B R E A SR R AR SRR E TAE . Luofg!™
FIF AR R IR S0 7k, 18 it vmedk R it
7 52 18] 0 16, B T M) T 4N I B 1 3 TR 5% AR
PR o AR FE R G QR IR 2R B invF 36 R iR fk B
e TIE. RuifEE A, B AER
CmiE [7 J5 1% W4 pLP12-invF B0k 434 i A 350 40
WiE, AT HRREARBEEL KT WA DR
i, EPUAEREPER ST, HA 40w A
A A AR BRI A R AR A AT LU
o TESE 40 R R 1) 0 8 56 Rlvme, B4 A28
A5 1) 5 BE LB AR 3 73 J5 TR A T A L 0.02%-F 47
BRI LB M, (EAFEE W EA R & A
vBER B EAARE TS, T IR EH RS vmedE R E
BB B ARAETE o WK AL A NG AR W o i
— 2 I PCRANFF B I 5 B0 0E , D i e 15 2 T &
FG B R 5% B 118 invF 36 R G IR (o 2k 28 78k

AN S 56 TR TR 9 T A5 R A AR R 1 4% SR ) 4
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Construction and identification of invF gene deleted Yersinia ruckeri and
its biological characteristics

MIN Jie', WANG Kaiyu'”, LIUTao', HE Yang', HUWei', LUO Mengdi'

(1. College of Veterinary Medicine, Sichuan Agricultural University, Chengdu 611130, China;
2. Key Laboratory of Animal Disease and Human Health of Sichuan Province,
Sichuan Agricultural University, Chengdu 611130, China)

Abstract: Yersinia ruckeri is a conditional pathogenic bacterium which has widespread pathogenicity. The most
important virulence regulatory system of Y. ruckeri is its type III secretion system (T3SS), while invF gene is an
important regulatory factor of the T3SS. In this study, we constructed an unmarked deletion mutant with invF gene
missing of a Y. ruckeri SC09, a highly virulent strain isolated from Ictalurus punctatus, and studied its biological
characteristics. In order to investigate the effects of invF and T3SS on the pathogenicity of Y. ruckeri, construction
of homologous arm AC, upstream fragment A and downstream fragment C of invF gene, was combined in overlap
extension PCR. Then the homologous arm AC was ligated with the pLP12 suicide vector to generate the plasmid
pLP12-invF. The plasmid was transformed into E. coli DH5a A pir cells and it was amplified. The pLP12-invF was
extracted and transformed into E. coli 2163 by electroporation, designated pLP12-invF-p2163. Then the pLP12-
invF was transferred into Y. ruckeri SC09 strain through conjugation. Using the chloramphenicol for screening of
insertional mutants and the vm¢ gene with L-arabinose for counter selection of deletion mutants. The deletion
mutants were confirmed by PCR and subsequent sequencing. Then we observed morphology of bacteria and
colonies, identified biochemical characterization and measured growth curve of the deletion mutants and wild
type.In this study, the Y. ruckeri SC09 strain invF gene has been successfully knockouted. The morphology of
bacteria and colonies, biochemical characteristics of deletion mutants and wild type were similar, but the colony
size of deletion mutants was smaller than wild type and the growth of deletion mutants was slower than that of
wild type. The method of pLP12 suicide vector, a highly efficient conjugation system form E. coli 2163 and
screening by the antibiotic coupled with counter selecting by vm¢ gene, can be a simple and efficient gene editing
operation to deal with Y. ruckeri, in the absence of a significant effect on its basic biological characteristics. In
conclusion, this research obtained the unmarked mutant genes with the missing invF successfully, which laid a

foundation for the studies of the pathogenicity of Y. Ruckeri in the future.

Key words: Yersinia ruckeri; T3SS; invF gene; unmarked deletion; biological characteristic
Corresponding author: WANG Kaiyu. E-mail: kywangsicau@126.com

Funding projects: Innovative Experiment Project of Sichuan Agricultural Uniersity (1510626059)

http://www.scxuebao.cn



