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Abstract:  Haemophilus parasuis (HPS) is the pathogen that causing porcine Glasser’ s disease, causing great eco-
nomic losses to the large scale pig industry in the world and China. There are many serotypes of HPS, serotype 7 is a sero-
type with increasing proportion of isolation in recent years, and also a serotype with more and more serious harm. The crp is
one of the most important systemic regulatory factors and plays a crucial role in adapting to environmental changes during
bacterial infection. In order to screen HPS serotype 7 crp gene deletion attenvated strain, the crp gene deletion strain of HPS
serotype 7 clinical isolate HPS7 was constructed by natural transformation method. Growth characteristics, biofilm forma-

tion, drug resistance and virulence of HPS7 and crp deletion strain were studied. The results showed that the growth speed

was significantly reduced, autoagglutination speed was

Y7 B #:2023-03-11
ESTE . F5 & A0 % R0 F (2021YFDI301205 ) 5 3 1 45 BH 4 showed down, the ability of biofilm formation was
TE3ETR H (212102110378 ) 5 VT R 44 4 M B 22 B8 | 5 0137 obviously weakened, resistance to most antibiotics was re-
T H (20227C43) duced, and the virulence to guinea pig was decreased after
EE R AR50 (1974-)  Zo, 1ALid K N T RIS 52, 22N crp was deleted in HPS7. The results showed that crp gene
FRYIRIERHE AT . (E-mail)445177674@ gq.com had significant influence on growth, drug resistance and
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virulence of HPS7. The results of this study provide a reference for the screening of HPS serotype 7 attenuated strains.
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virulence

5EFEH PN ( Glasser s disease ) 1Y RIS W IfiL
FEG (HPS) Sl PR - £ 3548 R et B fie ™ o 1) 200 o 1
TR — o AR LS E LI GE R 2R
PEEFHE R IR O R IR R AIE, 45 42 Bk
Kb E SRR i R s EI G vE
ARG M BAT 15, b i g 189 s 5 80 i
10 B9 M0 12 B i 13 B i 14 B0y
SRR VE RS, MYE 2 Y Iy 4 R iniE 15 A
S AEREE, ME 3 M M 6 Y i 7 Y m i 8
AL 9 R LT 11 RPN R IERERY T LI
T 7 BRI AR R R MR T2 95995 5] v 43 25 L 13 ok
T 7 P L TR A T R ™ a3 AR

erp FEH 4w 5 cAMP 22 1K 2 11 (cAMP receptor
protein,CRP) , 21 675 bp &% 17 R, 4 fih 225 2 Jk
MR, e KA 7 ARG Fz—"" ) CRP
JalFiE 490 ZA LR FRIK  TEM R IR b RS
e PR A0 3 1 P AR A T T A 2 OC E Y
YEH], CRP Al LI i KIG A RAE 2SRRI 251 R Y
& NPERE , CRP 85 HE 1 Z MR Rk 5 25w
TIHFHIFIRE K, BT op RSG5 1 UIME,
W AP RF AR R AR

crp HEPRTE RIS W 1A B P Y B e 1 D
Jiang ZEU TS BBF ST R R erp FEN S 51005 5
B HPS BYA A AEWIEIE 1 ST 52 4 I3 15 1
PEm AR A, #E— e R, erp BERIBRR JS

R1 ATHEMERE crp BREKIISIHY

Haemophilus parasuis serotype 7; crp gene deletion strain; growth characteristics; drug resistance;

HPS 5 ) B AR, o T I 7 BUE IR R B2y L
ol ey, i H AT IE B BT R L 7 R
PR A IE 5 g S ) 2 i AL AT T AL T 7 R erp R K
B XTBRIRBRAYAE R Pk 3 AT WI R BEIE,
PE—2BHESE erp FEPHTE HPS 1) D LS 580
LA HPS B bRy HERH2 U

1Rk

1.1 Bk

RHAE 8 I BT ML 7 LI PR 23 B Bk HPST i A
SE Ay B N E R R AT, A R MR KL
pK18mobsacB | il 4 W& IfiL AT 18- K 1 FF 1 28 #2 48 14
pSHK3-Kan A4l K 2E 1R DS R | 4% Il E Rl B0 4%
(N
1.2 S|¥RTSE R

Z7% GenBank 1B (1 R 54 W8 10T 71 103 7 Y
vHPS7 #R4HE 4 (CP049089) J3 51, B it & 4 i 1)
i f2 USS J¥ 4 (DNA U557 4) 514
crpulF/crpuR (erpdF/erpdR , T3 18 crp | F iR R
B erpF/erpR T4 3G erp JEDH, 25451 ilg U 457 553 01
USS ¥ crpuuF/crpddR I F25E erp AR S5 Bk
95*5'5, 22 JiRL pSHK3-Kan ¥ %) %1t KanF/KanR
ATV RAREZRIEN (Kan) . FIH K SE B 18
A erp FERBRAYT I I 1, 51 Lt
FHEYRHEA IR A6 1

Table 1 Primers for construction and identification of crp deletion strains

EIE7E2 S SIFHI(5'—3") JBER/IN (bp) /1 R ik
crpuF CGGAATTCACCGCTTGTTTGAGGCTTTGATTGAACGGA 714 VY4 erp LR B
erpuR TTTTTATCTTGTGCAATGAGAAACCTCTATAAATCATTT

crpdF ATCAGAATTGGTTAATTGCATATTAAAAATGCAAAGTGC 714 V1 erp FlER B
erpdR CGGGATCCACAAGCGGTCTAGCGAGGGGAATACACACC

KanF CATTGCACAAGATAAAAA 909 4% Kan

KanR CAATTAACCAATTCTGAT

crpF ATGCAAGATGTTTCAATC 675 Y erp

epR TTATCTTGTCCCATACAC

crpuul TTGAGGCTTTGATTGAACGGA 2 103 (FHEAMER) / 2 337(Btk) PCR %5 erp B4R b
erpddR CTAGCGAGGGGAATACACACC

FHAF T RIZ 3 BIE R Bam H 1 (Eco R 1 W7 A5 F0 USS FE51)
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1.3 REzh

PR IR BRI 46245250 s Y 3R E 1, 6 ~ 8 il
TR H200~250 g,
1.4 crp EEF I ERSESS

i/ MEGA 6 30, 43 B Bl W8 AT & crp JE
PR 91) 5[] — ol g v A TR B erp 255 XL 91) 22 TH]
AOTRIJRPE o 72 TSA[ JBEEE R R B2 B 1y 7 2k, &%
5% G A5, 0. 01% 1) NAD (5 1) ] -8 95
AR S0 B 41 B M DR AE ) RIS I I AT AT I DR B RN
PRAERR , FEBGE R AL, 51 erpF/erpR 3738 crp
I
1.5 corp BAABRMMESERE

W EIEvE M AT B L35 7 B Ak HPS7 &2 95, $k
BT T 5 ml TSBORE R RGN ZREFR AL, &
5% IR A- L35 ,0. 01% %) NAD) 1,37 CH53% 12 h,
B A R W E AR, SRR A, 3 B 51
crpul/crpuR 1 erpdF/crpdR 3734 crp FEH b R A
Bt 519 KanF/KanR M pSHK3 J5i 7 o 47 14 909
bp KR K I[N, FIH PCR ¢ B, 59
crpuF/erpdR ¥43X 3 A B ik PCR 5 & 48 1 % 4%
fE—ie, B M E & A B UKD, i Bam H 1 Al
Eco R1 W YI UKD F Bt, i £ 8 [ A ¥ 5k
pK18mobsacB , BHYE Jit ki iy 44 i pKUKD, 5 7% SCHik
(17 ] B 0 B AR 5% 1k, Kt 45 ICEE 41 T b
pKUKD, %2 A, (A, PEELHPST7 FATEVE T 5 ml TSB
H1,37 CHEFRE OD o fH 4 0.8, HL 20 pl A
20 pl 8 mmol/L cAMP ( FARFFR) ,IR2AT, ) 10
min, fIlA 2 pg B4k pKUKD, R 2], W 10 min
JEIMAE] TSA BARR:FR3E L AR5 ,37 CHE
5 h, ] TSB WEIRFEMA, 5 F 3% Kan 1 TSA |,37
CHEF24~48 h, FRHUEAL T S BOGE R4, 51
crpuuF/crpddR crpF/crpR  KanF/KanR ¥ 3% UKD J¥
5 erp FEDIRN Kan , B IKAG TN B 49 F B0 KN AT
TOAIE E T I EE erp BRAAR , IR IRE
1.6 crp TREFREGER LR

HPS7 }H: erp BJEHE Acrp 7E TSB 1 37 C K%
FEid %, FH TSB #5 HPST, Acrp 1) 0D, 18 5
0.8, F1 : 1 0001 R LLBiPKs HPST | Acrp £Fh &
B, 72 B E R IR % 5 37 °C L 180
r/mind%FE . BERE 2 h BUFE 100 pl, iInAF] 900 wl
FEW 10 £ B, BURE 22 48 h, iRE PRIV OD o [ELFN
P B 3 A3 B RSB, B 100 wl 7EF MR B IR

A& 3AEE ET 37 CH3E 36 h, ST HE &S,
BOEAME , 2280 erp BRIKE Acrp BIAERK HRZ
1.7 crp SRCHREY B ERHF KT

HPS7 S H: erp BRIGHE Acerp 7E 2 ml TSB HHE5 7
I, ME 0Dy, , I TSB JH735 0D fH N 0.8,37 C
HEEgE AMIFEOR3h 6h9h 12h 24 h 36 h,
48 h F1 60 h B, DA% 7 W T 3K B 200 wl, i 2
0D6000
1.8 EMRERIR X BE ik oe

B HPST J H: crp i 2 1R Acrp i%?%ﬁrﬁ, 0D,
HIHEEH 0.8, 96 FLIFLAR P AEFLH A 90 wl #5
FEW,IMA 10 wl B ,37 CIEHE 60 h, W EH W, 1
200 wl JGH PBS (MR ZE M) Uk 3 X, 100 pl H i
B 15 min, XTS5, A 100 wl 1%%5 55544 10
min, JHUE T, RFE 2 TS A 100 pl 1 33%
TRV e, B BRASCI 5 0D (. 3 MHE,
BOF-BIH . FARFERN R R 28 R R
1.9 mAEZRMMERE

KH Kirby-Bauer 48 47 #% (K-B %) #1740
ARPERE BT A 5210 HPST KL erp SR #R
Acrp, K H PBS 85 036 BRI W B 20 0%
PR TSA I, B 24 FPIG IR L% G 2580 (L35
LA WEK | Sk AR ME R PUAR oK R BBy
MERR GIKRE BARREE KRER LM
WENG AR R SRR RIER UHE HEHEER A
B R ERE KRRV E BRI R AR A
OTHE A ER AR PaOBER) KM
RSN TR A R AR, 37 C B FE 36 h, T
O IR EAR
1.10 BFRRELRE

VERUA T A 250 ¢ Z8 A O TSR 45 1,
BEHLHE 9 20 (HPST  Acrp BERESS 4 4,25 HAXTR 1
4l) B4l 5 H, K HPST Ml Acrp 380 5] TSA [ 14
FRFRdE b s 3 PR AR B K Ve IR E R
FT,0D 0 HIRE Jg 2.0, 10 1555 B AL 4 ST 1 06 2
BANTEEERE T 5 RKE, B KBRS 1 ml, X
R e S A= R K, RIS S 10 A5 A0 B, EA TG TR
T, AR R BB T 500, E LR ILER 14 d, FE
T RBUDE 2% 41 213K A WL, $2 A 31 TSA 1597 3%,
JHEIIE i I FH 2 5 i 1 2 i % s 4k Ok A R
HABRA TR A
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2 R 55
2.1 crp EEF 5 ER %L X

AT P AR i R 43 5 ik AR ik v P B 38 4 (
1), DU BT, 76 AN () 15 0 100 AT TR 10097 28 R0 A o
PRZ 0] erp 5 R 8 BE TR UR, [A) R4 9 7E 95% LA |

PCR 3" Rl 5% g I0AT 12 2% 103 B0 R 72 B bk R orp SEDRI7E RIS W8 AT 3 R OR S ISR A

1S ABRUERRA crp LN, 45251 crp HERTE R4 18

1 2345678 9101112M131415161718192021222324

2000 bp

1 000 bp
750 bp
500 bp
250 bp
100 bp

675 bp

=
=

M:DL2000 marker;1~15.HPS [fil{i 1~ 15 BIARHERR ; 16 ~22 . HPS Il PRAMES#R LI 2 B 4 7 5 A0 6 %1 7 %Y 9 74 13 74,23, BPEXS ;24 25

FIX

E1 EIEENTE cp BEEY 1

N

Fig.1 Amplification of crp gene of Haemophilus parasuis (HPS)

2.2 crp SRARMRIIAE S04

e 2 Fros, 51 cpuuF/erpddR 2
UKD, e Bk Fr Be 12 337 bp, 6 ARk A BE K2 103
bpo TG crpF/erpR %58 crp FEIH B AS KR BE
PHEE] 675 bp 19 crp FEPR F BL, SEAKRBED 1 2,

M12345672891011121314

2000 bp
1 000 bp
750 bp
500 bp

250 bp
100 bp

12345673891011121314M

B

519 KanF/ KanR %5E Kan JEH |, SRR 5]
909 bp H) Kan JEH  EABRAGEY 14 3], FHED 1Y
F B e 45 R 1009% [F] 35, B HPST (1)
crp HEPIBRI AR H LI

1234567 891011121314M

2337bp
2103 bp

909 bp
675 bp

C

M:DL2000 marker; A : UKD (erp b7 A B +han FEH +erp T BY) ;Biep 3L ;C. Kan FEH, A W1 55 X182 4. HPS7;3 . PKUKD;5~
14 e bk B, 1. 28 TR ;2 4. HPS7;3 . PKUKD;5 ~ 14 itk bk C B, 1. PKUKD;2~ 12 B9tk ;13 HPST; 14,25 FAXT R,

2 corp BRRRERE

Fig.2 Identification of crp deletion strain

2.3 crp TRAREBRAIAE KT

FE 37 °C X HPST Fl A crp T bR 14 A P
HEATIN €, 25 R 2 PR R A K AR PR B 22
5. H¥EAR HPST ke, Acrp 1Y B 7% BH 540
AN AR ] 2218 (18 3 BT 4) R erp S
S OR b o | A U O a o s i RS2

M)
2.4 crp BRRHI B B EEEERE

5 HPS7 ML, Acrp B B B EEEEGE 1 1%
fI%, HPS7 BELERMR, Acrp BEERNE,60 h J5, HPST
1 OD oo (EF AKX TF Acrp (B 5) 3R, erp FEH 1 5
JeXt HPST (1) B B BEEE A 200,
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B3 RIEEMAFREMDE 7 8 E 4k (HPST) f ap BRK
(Derp) FIBEERS
Fig.3 Clony morphology of Haemophilus parasuis serotype 7

strain and crp deletion strain ( Acrp)
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E4 BIRMEMATEMDE 7 8 F 4 (HPS7) # op B KK
(Acrp) FIERK B2
Fig.4 Growth curves of Haemophilus parasuis serotype 7 strain

(HPS7) and crp deletion strain ( Acrp)
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Es5 BI¥EEmMAFEMDE 7 B EK (HPS7) # ap BREK
(Aerp) KB BEERRE
Fig.5 Autoagglutination result of Haemophilus parasuis sero-

type 7 strain (HPS7) and crp deletion strain ( Acrp)

2.5 crp BRRHREIEVIBR T A BE

HLHE HPST 1 Aerp 18 58 05 T0 A B B
AR RE ST AT E T, ERFT L Aerp 424
JEIE 1 B B b HPST 55 (I8 6) , Wil Ja , DI A& 1Y

0D Bt HPST MK (K 7) , S5 R KW crp FENAE
HPS7 Wit B T 40 0 T8 BUAE IR BE T, erp
B 5 A YIETE WA K
2.6 crp BB A Z P

HPS7 K crp Sl 2 Bk Acrp XA 7] 25 1 19
22 57 L3R 2, erp FEHBR ST, XA [ 245 49 119 B
TR 2 S A O W O R 43 24 4 Sk L gk Sk
A IE  Z R VIR K E R TSR F R R
G IRREGR LAEL MfR BER MBIE
RMHE +HRX ARVE BHEDE LR
BB E R P AR RPUERAL, SUSRERS i (P<
0.05) ; X/ DE 2Pk & 2 HAE L E
W N R E Y aERPERn,
JEYERRAK (P<0.05) , e BH crp & R X 24 49 174 f Jek
PERZ AR
2.7 crp SRR IT IR ER B B

FIH HPS7 F1 Acrp BAAR X IK BREOR 155 He
B HPST Al Acrp TRERYEE 122 57, IK BRUBR LR 56 &
WAET G L6 3, 45 R /R, HPS7 [ 1 ml 1.0x
10" FI R AR &0, 1 ml 1.OX10ZFI A A 2 Hk
LG 2 h e BRI B R RE IR, AR A L
BB BB ML R B, G40 BEHEFREAIR, 1 ml 1.0x
105 4] 5 Rk, B 9 h J5 L T 46T, It
FET-1 2,1 ml 1.0x10% 5540 5 R L, /YL 6 h
A T AT, TS 3 K Acp B 1 ml 1.0x
10" 1.0x 10 FEHE AR LK, 1 ml 1.0x10° 5540
2 HEW, RKEASET:, 1 ml 1.0x10“ &4 5 Hi
KL AETZ 1 R Acrp 21 & HE R B 8.4 F HPS7
40 HRZA R AT AR (1B 7) o B AR AE T
JOC B S ELJF IO it O S i, 08 0 S i, B
BIEAK FHEREB N, BEAR—(E 8), I .
A JBL B USRS B TR A B A A UL 4
B, S AMERRAER orp B BRIS 537, ML
L A S ) S R R AR — SO AN A IR AT o
SR AR BUW A TR . A K BUR FELD) A
71N, SRR HH BN [ 2 52 1 40 P /K R A 2 | P40
Ji, bR L 200 P R 4 R T AN ) R R 1
I, it e B 348 JRE 9k 2L 240 55 v P e 4 32 3 (T
9), PRI EZERFIAMRHE HPST XK A EU% , 7
T BUW ) #E MR P Reed-Munch 35 31 5
HPS7 ) LD, }3.162x 10" CFU, Acrp i) LDy, KT
1.0x10" CFU, Acrp W81 LT HPST,
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B 6 FIEEMATEME 7 BE K (HPS7) F1 crp BREHR ( Acrp ) MBS B 8¢
Fig.6 Biofilm formation capacity of Haemophilus parasuis serotype 7 strain and crp deletion strain ( Acrp)
F2 BISEREMATEIE 7 BB (HPST7) cop SREMR( Acrp) BHEIRIEE R
Table 2 Drug sensitivity test results of Haemophilus parasuis serotype 7 strain and crp deletion strain ( Acrp)
PP AR (mm) TR R B4R (mm)
£/ <E2i) Yimizh
HPS7 Acrp HPS7 Acrp
Sk FamErk 26.53+0.25a 32.50+0.26b AR 25.43+0.47a 29.93+0.57h
LAl nE 23.76+0.73a 30.60+0.53b PUFRER 20.27+0.57a 34.30+0.26b
EZR NP 26.56+0.40a 31.23+0.70b +&EE 26.33+0.15a 28.23+0.55b
BAER 16.27+0.21a 22.03+1.09b =% RUp 14.33+0.25a 20.30+0.44b
i 2 g bk 30.23+0.51a 34.03+0.21b R A 34.13+0.31b 21.17+0.42a
HREG 32.27+0.61a 36.13+0.35b AN 18.20+0.56h 15.57+0.25a
Bk R A 18.17+0.35b 14.43+0.57a Bk R 25.23+0.40a 30.13+0.35b
AR H 36.23+0.42b 20.27+0.35a LRI R 15.53+0.31a 20.27+0.15b
RRER 16.20+0.46a 25.17+0.45h Rl 24.43+0.57b 18.17£0.38a
kA0 5 38.23+0.40a 41.96+0.15b BoT A 2% 20.47+0.15a 28.13+0.47h
VLS 13.17£0.31a 20.17+0.51b AR 22.23+0.21b 18.23+0.55a
B R 12.47+0.38a 19.1720.31b BOAB/R 11.47+0.38a 18.27£0.35b
[F) 47 B Hhe 5 AN [ /N R 3 7R AN [ A 3R] 26 57 1 3 (P<0. 05)
x3 BIEREMATEIE 7 BE K (HPST) ccrp SREE( Acrp) BRBUB IR IG5 R
Table 3 Pathogenicity test rsults of Haemophilus parasuis serotype 7 strain and crp deletion strain ( Acrp) in guinea pig
ik e IR KR sErH SRR %) FEL-H(%)
HPS7 1.0x10" 5 0 0 0 0
HPS7 1.0x10"2 5 2 0 40 0
HPS7 1.0x10" 5 5 1 100 20
HPS7 1.0x10" 5 5 3 100 60
Acrp 1.0x10" 5 0 0 0 0
Acrp 1.0x10" 5 0 0 0 0
Acrp 1.0x10" 5 2 0 40 0
Nerp 1.0x10" 5 5 1 100 20
HE BRIk 0 5 0 0 0 0
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H B

7 BREMIIEELTELE 7 2 EH&K(HPS7) BRKETER
Fig.7 Incidence and death of guinea pig after vaccinate ( HPS7)

KR

IR T IR

B8 #EMEIEENFAEMNE 7 2EK(HPS7) FRFEETHKRBEIESR
Fig.8 Anatomy of diseased and dead guinea pigs after vaccinate ( HPS7)

3 17 i

FIH W IFF A 5 | RS O A o S 2 e 7 ol ™
AR B P R e R IR 2 — , R T R I AT
PAIME B AR 22 A0 B 2Z (8] = 28 SCOR4P 07, B[Rl —1fiL
TR R BRI 75 ) 22 AR K, bl i 7 AU
IR TCRE I RERR , (R I AR R FATTAS W7 b DA s PR St
RURHREL RIET B rh 4 S B LG 7 B4 HPS, 73 55
EEY ) B 091 A B R A A T A B ™ Y I Y
R A DB 7 B, FERT IS HPST ik
i IR A B, 55 0 B, T AE i KT s SR i, 4l
AET DEIK R A RIET -, 3E 7 BB A 1,
PRI 38 ) T AR LR BRI A R I 7 L5 B
7

975 BRI pogict il
B9 EMEEENFENE7 2 E&K(HPS?) EF A THRRFEV R

Fig.9 Pathological sections of diseased and dead and control guinea pigs after vaccinate ( HPS7)

erp FEPUE RGEAAE N 22— X PR I8 [ F B
TR REREZEM, BRI E M 7 8 ep
FERIERR J5 A RS I 8 TR AN T, AR W ROE 1%
BT W S 055 , [ R B 18, 3R erp BRI E HPS
AR K AR PR E AR, X 5 Jiang %7 6T ep
SRACXT TG 5 FU IS4 W8 I AT TR bR o R 0 AR R AR 1
AR LS BT A R AR R e ) il — 2, RSEE
MATFER erp FEPR B X AS [R) B0 A 22 BT 52 e A —
B, orp BRI X R ER - Be Az R B PE AR, iUk
P, A —2 T op 25 HPS BURTER %
F A KB E T R AS R A R AR A3 7, AR5
S 7 RIS RTCEE S Y {H A s R0 R R )
JERYLBT IR 7 B SR AR MR R I B ), SR EE 1
e, EREA G RKR ST, ZIRIET K
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B S5 AT IR W AT 11 5 | P A P A
RLA I A R AR BEAE b, R erp KNS H T
HPS7 YR J1 Y, 8 iR 45 5 Jiang 251 *12021
AR AR E AL, H A 22 5%, Jiang 55 LY 5 A
HPS ARIERR S H: orp SR RSP 10 H Balb/C /)
B, SEASER NG 5 BUARERREERI/INE 2 d PN 4 B5E
T, 1M erp SRAARAEFN /N OS] 9 43557730 , /)
SERTY LR TASHESE o HPST 4 cerp B KT 1A B
B B — 2 W3 T BRI AT 1 179 3 70 1)
T, BORHLEE 0 B 2%, erp VAT B ML+ 43
A KRN B SRR 22 5, R IR I 35 2
AR erp FERIER J5 , 25 R AT RE A BT AR TR,
THRIT erp FEPAXFAS [R) ML 375 70 F0UAS [v) 3546k 25 0 1 5%
M) , e X6 5 22 (14 I 35 PR RN g kb A Tl — 20 5

4 4

AT AL T RIS W T B I3 7 AL IR 3 2
FR HPST7 14 erp BRKE , crp FERIBIIC JT | TR AR AR
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