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Abstract: Riemerella anatipestifer is a pathogen that mainly infects ducks, gooses, turkeys and other birds, causing
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septicemia and serositis. At present, the function of R. anatipestifer genes are studied by gene deletion and complementation.
However, the shuttle plasmid pLMF03 used at present is inefficient for conjugation. Moreover, less restriction enzyme site can
be used for cloning. It is not able to use for all the genes complementation. To solve this disadvantage, the conjugative transfer
site, R. anatipestifer replication initiation gene, high expression promoter and a number of enzyme cutting sites were cloned
into the plasmid pPM5, to generate the new shuttle plasmid pFY02. The shuttle plasmid pFY02 was stable in R. anatipestifer
and had a high conjugative transfer efficiency. The R. anatipestifer tonB2 mutant strain could be complemented by shuttle
plasmid pFY02 expressing tonB2, indicating that the shuttle plasmid can be used to the complementation of R. anatipestifer.
Taken together, the new shuttle plasmid pFY02 constructed in this study replenishes the genetic tool for complementation.

Keywords: Riemerella anatipestifer, complementation gene, shuttle plasmid
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Cornelis ##Z 2. Fki pEX18GM i v [ ¢
b K2 S B B T Bk pLMFO3 A5
%47 ; TEKE E. coli DH5a., E. coli S17.1. RA
ATCC. RA CH-1, RA ATCC AtonB2 A 5L 2
{47 ; DNA glifblloin & . Foki /gl & .
i L4 DAN $EHGAN & B At KRR A1k
BHEA R PCR G . FRIIVEN VI A
New England Biolabs (NEB) /7] ; DNA 34217
&4 H Thermo 2~ Fl; ¢ 5 PCR 55 &1 H
M RUAMEREAE RN A IR | B R . B
M. REAKBKERGERL (TSB) WA
OXOID Al ; HUIEHIE A b5t R RHE A BR2A
Hl 5 AT RS 1 W O 5 R AE A BRA R &
TR, RARE R . AVE T A R TR
HM/Au; CaCl,. NaCl. MgSO, ¥k [ [ 254
B2l R A R A |, srdratio
1.2 S|t 5&K

Z: M GenBank A R AL 5 oriT J3 51
(GenBank Accession No. AAC27024.1) . 25 B 2R [C
FFef 42 i 45 3L ] pRAO726 ori J¥51] (GenBank
Accession No. KU997673.1)° | 531k 87 High
EXP J¥%1(GenBank Accession No. CP003787.1) i
g %2 HLBR PG AT B tonB2 3 [K ¥ 41 (GenBank
Accession No. RAOC_1209) 54 14547 oriT
P1/P2 .pRA0726 ori P1/P2 .High EXP P1/P2 #il tonB2
P1/P2, Hirp7E High EXP P2 Hfin ABEYI{ 4 Sac Tl
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FCHF A 8P DU EE recA (GenBank Accession No.
RAOC_RS04870) FHEtRBukL pFY02 Hibg DL [ cfx
(GenBank Accession No. KU997671.1) HIZ¢GE &
PCR 5|¥J recA P1/P2 F cfx P1/P2 (% 1), 5%
H HE RS R B 5 B
1.3 EEMRERERLS K

G55 BB AL oni T 1 I & DL R
PEX18GM ik, oriT P1/P2 Jy5|#ukfT PCR
PO AT 20 NG OB RO A A R G R
pRA0726 ori [JFF5IE AR, pLMFO3 A%,
PRA0726 ori P1/P2 Jy 5| ¥4 PCR & 34153 ; &
Fik a8+ High EXP )7 510& Lk RA CH-1 Btk
LR ZH MR, High EXP P1/P2 Jy5| #1417 PCR
PIRE]; W9 BLERCAT I tonB2 LK (1Y) 741 &
Pl RA ATCC B tRIE R4l it , tonB2 P1/P2 Hy
S T PCR P 35135 . ¥ 1T R 98 CHiAR
4 30s; 98 ‘CAEM: 10s, 55 ‘CiRk 30's, 72 ‘CHEff
x s (oriT. pRA0726 ori, High EXP il tonB2 JL[H
Y IEAHIET ] x 4390124 30 s, 1 min, 15 s F130 s),

30 MEHR; 72 CHE(H 7 min; 22°CIRAF. %4 PCR
PSR, F 1% AR e A A 7 HL PR
B SR B S, F R AR A AR,
AR F] DNA glifk [rIBGa] S E Ui B 1T PCR
PPl —20 CI-AF
1.4 TFHWRHK pFY02 MME S ZE

W 2B AR IR B AV A ori T P 91 AN 03t S5t
H7 pPM5 4T Sph T i1 Hind T XY , F§ DNA 4
A IR G s e Be gl ) . B DNA i
Faln S B AR BE pPM5 5L [H B oriT,
W EBE P WAL E. coli DH5a B2 5410,
JA7 100 pg/mL Z R PEARE LB [R5 SR BB 7R
AT, 37 CHEFR 24 h, B KB % , ] PCR
(77458 PR se ke (4822 oriT FBt, 24 800 bp).
Fi LB WMk 2 560 KBS FR BHE se e i bk, R
/N G AR IUTURL , A TR AR AR KR A
BRA VY, WP JCiRIe, B ok 44 0
pPM5::oriT,

FHBRHIE N VI8 Sph 1 A1 Pst T XG4 5k

*1 519F5
Table 1 Primer sequence
Primer name Primer sequence (5'-3') Resiriitztion

oriT P1 CCCAAGCTTCGCCTGATGCGGTATTTTCTCC Hind Il
oriT P2 ACATGCATGCCTAGAGTCGATCTTCGCCAGC Sph I
pRAO0726 ori P1 ACATGCATGCCTATTTAGGCATTAGCCCTC Sph I
pRAO0726 ori P2 AAAACTGCAGCCAATGCATTGGAACAGATCTCGTATAGAGCTCG Pst I
High EXP P1 ACGCGTCGACGTCGGCCATATTTCAAAAATTTAACTTAAACC Sal I
High EXP P2 12§:$1T¢$T)A'\riiAA$$$gGCAGGCCTGCTAGCCCGCGGAATTTTAAA Xba [
tonB2 P1 AAGGCCTTATGTCAGATGAAAATTTAGG Stu I
tonB2 P2 GCTCTAGAGCTTAATACTCAAAATTCATTGCCAC Xba [
recA P1 TGAAACTAGGTGATGGTACG
recA P2 GTAGGTGGTTATCCTAAG
cfx P1 AGAGTGACAACAATGCAAGC
cfx P2 CGATTCATCAACATTGCAGC

The single underlined sequences indicate restriction enzyme site.
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pPM5::oriT FIHE sie BLER [CAT B 52 il e f JE 1K)
pRA0726 ori F Bt, I ik i ks pPM5::oriT
F1 pRAO726 ori HE[H v Beikidk, 54k PCR %5
(%5 pRA0726 ori FrBL, #2000 bp). JEAM
TCIRIG , Wi H R A 44 pFY 0L,

FABR P I Sal T A1 Xba T 4 5k
PFYOL1 F #3518 87 High EXP F B, A Bk Ty
Pl BURE pFYOL H1 High EXP B[R H-Beigds, #%
1k % PCR %€ (Y%5E High EXP H B, %4 250 bp).
JORLI P IR G, KB BORL A 44 S pFY 02,
1.5 FHRRK pFY02 EMEERKTEFH
¥ DLE R )

F TSB 53724114 RA ATCC pFY02 ZXf %k
K, HeRRanpE 34 DNA $2BGAF &1t H
PR DNA, 1 DNA ¥ B 5 258 7K
R 2 nglul 5. G s LR FOAF B B DL
recA M4 FURL pFY02 | 2A% DL R cfx 47
9t it PCR X DNA it it {0 #r , ofx JE[E#5
DURCEE 1 recA JE[RI 48 DU HE (B RV 28 4 TR
PFYO2 ¥4 UL KL, HAKIRIE )T 1:5% Lee 519,
FE AT 3EL, BOFIME.

1.6 T RHKL pFY02 §1L3EK KRF2 B A

T e R A ) ZEAR UKL pFY 02 H4 4k = E. coli
S17.1 Bz S 4iMerh, AN 100 pg/mL 2R 74
PRI LB AR R SL R SR A, 37 CHEFE 24 h,
Y B KA BTE Y , F PCR A7 vk % % H BHM: v
B (Y 2E oriT 5 pRA0726 ori i H B, 9 2 800 bp).

AT IR (HE AT -8 BRI
F (ZREE) 55BNk, KR pFYo2
SO HLER [CAF I P, BOKE E. coli S17.1 pFY02
FIMS 22 BLER G AT 18 RA ATCC11845 4351 LB #il
TSB i ZXPHUE K, 7000 r/min Z.0 10 min,
Z4 B3, A 10 mmol/L (G HE MgSO, 435l i 1k
FEEEA, SR 1 OD (2 2x10° CFU) gy
HER[CAFE A 5 OD (2 2x10% CFU) KIHHF
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LR G PFITE, FHFLEN 0.22 pm A9 K TR 38 5
PEURIR G AT, BRI T AR B, 30 CRE
#%10-12 h J5 B JE S, A 10 mL V& B >4 10 mmol/L
) MgSO, Uk FUERE FRTE, B 100 uL WEET
JA 50 pg/mL RAREEZE A 1 pg/mL SkAPE T I
M b, 37 CHiFE 24 h, B KHAARETE, H
PCR WY % E PRI (YE5E oriT 55 pRA0726
ori B BL, 29 2 800 bp). 5% A BHEAY T
TEIMSFARfE 10 18, I PCR A 7456 2 SRR s
S

FH B R B 25 5 5 78 5 v R A T Y 5 AR Bk
PLMFO3 FU 4 E Y 2542 JBURE pFY 02 43 513 A S
925 HLBR [CAF B RA ATCC11845, HEAT45 G560,
VR 2L S 6 445 - Bt A e R v f P ) R A TR RS
BB AT R BRRE— B, X LR s SR
J K SR R TRV BT 43 VB - I T R A
THEE T D 28 42 TR 1 45 G B R0 (THE A
3 BEEHER T K R IS g BLBR [CH I BU4s &
SRS G 722 BLER [CAT I 2K o SE3 EAT 3 Ik
HE, BCFHIHE.
1.7 TFHRERKL pFY02 EREE B KATE R4
E F gE h By

FHBR I PE P VIS Stu T A1 Xba T g 1) 5
PFY02 FltonB2 J Bt , ¥ HE AP B 1.4 119 77 144 tonB2
BB R 50 Bk pFY02 |, F PCR WY 7k
YoE PIPE SO (M58 tonB2 FBE, £ 850 bp). i
LB 1A 8% 32 3L 8% 57 BH M o [ B Ak 3 FH o ks
N G SR BUTORE pFY02::tonB2., &S &1
7 g E4H ok pFY02::tonB2 5t A RA ATCC
AtonB2 AR, B K BB 5, B PCR 5
P AN R (2 tonB2 A BE, £ 850 bp).

3 A A A i 2 ) 20 M 8 SRR BURL pFY 02
M IERMRE ST o 7E 3 M 20 mL TSB iy &0
R A R B F: ) RA ATCC pFY02. RA
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ATCC AtonB2 pFY02 }2 RA ATCC AtonB2
PFYO02::tonB2 B #k , I il 47 i ODgoo 2 0.1,37 °C
FEIREESE, B 2 h P —IK ODeoo fEL, AR A
[F] TR AR Y ODeoo fH il ¥, SCH AT 3 WAL, HX
XA
1.8 FHRERHKL pFY02 B4 EFE R IE B4 N
Fl Western blotting #% Jy 72 & I 27 42 JiT ki
pFY02 [I%hIE[ARIERE ST . H TSB 433k 5%
RAATCC pFY02., RAATCC AtonB2 pFY02 1 RA
ATCC AtonB2 pFY02::tonB2 % ODgoo & 1, 434
B 1 mL F3RFEW, 12 000 r/min &.0> 2 min, %
B EWE 43 A 100 uL I A EFER iR
FES 2 WK 10 min J5 43 B 10 pL dEf7
SDS-PAGE. Hiik5¢H) PAGE & id#eE . HH
B WEYUE . BAFWELANFN TonB2 &
FREERIE,

2 BREMM

21 KM E-BREREERMHEFRKRN
PFY02 BYHIEE

AR 54 8 (4 ZE AR ORI 72 TR pPM5 (1) 3
fili EHATHOE R, A T IREHA SRR, K
1T EAG RS0, oni T FP 4 se b Bt ok b o
B sk 14 N U0 Sph T F0 Hind T XX ori T - BEA
ki pPM5, I DNA % #4550 G i 4 A Bofn
Hiy kB, & k%4 %2 E. coli DH50 J#&3Z
SA0ME HINA 100 ug/mL &S FEAKAY LB [E {4
B EEIE RN, A KIARE Y, H PCR 1Y
T PR S RE (M8 oriT J Bz, 24 800 bp),
SEOLULIEL 1o RIUPH M v B R AR R A TR, R
R AR B R BR 2wl e, WP e, s
R R R, K HoAw 44 o pPM5:ori T,

H T IR Hh TGS g5 B BR ECRF A 10 A2 T A
LA, N T (L RE % 76 G 2 B BR FCAF B v 20
A 54 1 528 HEL R ECAT 787 42 1l 2 46 L IR pRAO726
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ori sEfERML TR, FRAIPEN DIEEH Sph T A1
Pst 1, ikl o F PCR %5 BHE s R,
Y5 pRAO726 ori B, #2000 bp, 255 WWHE 2,
FRi iy o, B BRI, WHA 4R
pFYO01,

T AR R R B A SRR TORL I AR R
Ay FRIK R, FATTEAEFORL pFY 01 b sef—Briify
ZA- N YIRS 1Y = R385 31741 High EXP.

bp M 1 2 3

5000
3000
2000

1 000
700

500
250

1 ®H % PCR £ E. coli DH5a pPM5::0riT

Fig. 1 Identification of the E. coli DH5a pPM5::oriT
strains by PCR. M: DM5000 DNA marker; 1: oriT gene
(about 800 bp) was amplified from the plasmid
pEX18GM; 2-3: oriT gene was amplified from the
individual bacterial colonies of E. coli DH5a
pPM5::oriT.

bp

5000
3000
2000

1 000
700

500

2 E.coli DH5a pFY01 BYE % PCR £ EE

Fig. 2 Identification of the E. coli DH5a pFYO01 strains
by PCR. M: DM5000 DNA marker; 1: pRA0726 ori gene
(about 2 000 bp) was amplified from the plasmid
pLMFO03; 2-3: pRA0726 ori gene was amplified from the
individual bacterial colonies of E. coli DH5a pFYO01.
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B DB Sal T #11 Xba 1, #a )5 ikl b
FH PCR % sifE P 25 & A High EXP B, 24
250 bp, Z5 5L 3. M BH M 7 A Hh il 4 oA 2]
JPYE, BN G H 4 pFY02, ZFR
Hi pFY02 #4 g #on B R WA 4,
2.2 FRERHL pFY02 AMEERRKFEH
¥ N E

il Lee 20Ny 05 1, il 9k E B PCR K
W ZERR BORL pFY02 7ERS 2 BB FCAT T 14 Bk 75 D
B, ST 3IWES, BUFHIME, 45 ILKE 5.
S5 IR ofx SR 5 DLECEE | recA PRI 45 DK
() ELAE 2 26, B 2EM TR pFY 02 995 DLECH 26,
2.3 TR pFY02 EAHEBYXRIESHEE
EERERRHERRERE

PR TR pFY02 %4k % E. coli S17.1 7,
FH PCR By k% B vl E. coli S17.1 pFY02
(X%5E oriT 5 pRA0726 ori A Bt, %) 2 800 bp);
AR (HEACTR) -5 HEER AT 1 (52 AR 1)
SR AN, KR pFY02 5 A BLER G

bp

5000
3000
2000

1 000
700

500

250
150

3 E.coli DH50 pFY02 BYE % PCR £ E &

Fig. 3 Identification of the E. coli DH5a pFYO02 strains
by PCR. M: DM5000 DNA marker; 1: High EXP gene
(about 250 bp) was amplified from the genome of RA
CH-1; 2-3: High EXP gene was amplified from the
individual bacterial colonies of E. coli DH5a pFY02.
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FrEa, A1 PCR Ay i %€ FRYE vefE RA ATCC
PFY02 (%€ oriT 5 pRA0726 ori & 7 EX, ) 2 800 bp);
W% 5 S BAPE B RA ATCC pFY02 1% 10 1%, I PCR
P ¥ M R RS E PR (YR A2 oriT 5 pRA0726
ori B BE, #2800 bp), Z5HRIIK 6. AILIAEH
JE AL RE RS A7 7E T RSP BLER ICHF R . 247 3 IR
ALK, BOFYE, T8 W R R
PLMFO03 5 ZE 1R JBURL pFY 02 455 56 F5 4K H 1 T8 V&
B 929 120 ASF1 2 500 4N 7A). THE %
W ZER TR pLMFO3 5 2812 [l kL pFY 02 145 5 %%
Bk 5 6x107° #1 1.25x107 ([& 7B), HP%E
UKL pFY02 (45 G 5% 7% R 0 18 28 12 B kE
PLMFO3 &, S G5 aceitmsy 21 5.

24 FRIRM pFY02 ATATEERKHHR
£ E R KRB E %)

AHIE ST LRGP BLER [CAT TR tonB2 J [A i 2k
MRS B6FE 2548 Bk pFY 02 fit Jik A [k NGE 7 . 515
E R ICAF B B9 tonB2 KL H T B 3 5 6ROk
PFYO02 i, Mg E 4] Foki pFY02::tonB2, i i) &%
& W R ¥ kL pFYO02::tonB2 § A RA ATCC
AtonB2 PR, B IR, PCR B )5 ik
Y (% tonB2 B, #9850 bp), 45 ULKA 8,
R [B] #h A% RA ATCC AtonB2 pFY02::tonB2 )7
.

16 3N 20 mL TSB A4 .04 43 il
Aat 5 5 97 ) RAATCC pFY02 .RA ATCC AtonB2
pFYO02 il RA ATCC AtonB2 pFY02::tonB2, 4%
Tl %It ODggo A 0.1, 37 CHEEEFR, 468 2 h Il
—1IK ODegop, R4k A [A] B 1% ) ODegoo fH il K]
SLE AT 3 IRE L, BOFHME, A5 ANE 9 Bk,
iR BN, 5 RAATCC B AEMRAH L, tonB2 JE[A
BRI AR I A2 40, AR tonB2 JE A [l kA=
KRB B AP T ik, UL 2R ok pFY 02 B
A (]I 2 HLBR ECAT B R A T
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AmpR

6 339 bp

cfxA

Sal 1 Xba |

High Exp

ColE1 ori

AmpR

cfxA

"\','J{’l ha
Xho |

4 FHRRHK pFY02 MMEIETERE

Hind Il

oriT

Stu

Hind Tl Sph 1
ﬁ
oriT

|

Sph | Pst 1

pRA0726 ori

Sph 1

pRAQO726 ori

Pst |
Sal |

" High Exp
Sac Il

Nhe |

Bssh 1l

Fig. 4 Schematic of the establishment process about shuttle plasmid pFY02.

25 FHRRHL pFY02 [E*MRGHE B 2 4T & HY
X GEFR E FE

R T RSN A ZERR R pFY 02 A 3 R B A

e B IRAF R ARGk B 07, T Western

blotting Y 7 ¥ 4 46 il RA ATCC pFY02 ,RAATCC

AtonB2 pFYO02 Fi1 RA ATCC AtonB2 pFY02::tonB2

) TonB2 ZE 17K, TonB2 & [14 42 kDa, 4%

A
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JULE 10, RA ATCC pFY02 il RA ATCC AtonB2
pFY02::tonB2 H TonB2 & [ 7KF-HH{L, 1 tonB2
LR BRI RR B TonB2 21, Ui A A SR iUk:
PFY 02 ) 35 K BEAE 7 1G22 LR ECAT 1 P RS e ek

3 Wik
B XTI ECFF B TS HOTRA . ST Bt
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REARGENZ AT, s g 5 N B D RE A 1) ]
TS D RE A b 22 22 i . SR H RTRE A
TG P2 LR FRAT 2 (K] [ b g SR i A7 R, LI
DINLA B, e F R BCRART , BN HLER G
FF R DX D RERIE ST A0

2 500 000 %%
! -
2 000 000 -
2
£ 1500000+ e
3 - e,
= ' !
2 1000 000 - ﬁ ;
S S
500 000 -
o 1 i
recA cfx

B 5 WHEEE PCR M recA EREFA cfx EEH#%
N4

Fig. 5 Identification of the copy number of recA and cfx
by real-time qPCR. The error bars represent the standard
deviations of three independent experiments (n=3).

bp M 1 2 3 4

5000
3000
2000

1 000
700

500

6 E. coli S17.1 pFY02. RA ATCC pFY02 1 RA
ATCC pFYO02 £ 10 X E % PCR X E[E

Fig. 6 Identification of the E. coli S17.1 pFY02, RA
ATCC pFYO02 and identification after 10 generations of the
RA ATCC pFYO02 strains by PCR. M: DM5000 DNA
marker; 1: oriT and pRAQ726 ori gene (about 2 800 bp) was
amplified from the plasmid pFY02; 2: oriT and pRAQ0726
ori gene was amplified from the individual bacterial
colonies of E. coli S17.1 pFY02; 3: oriT and pRA0726 ori
gene was amplified from the individual bacterial colonies of
RA ATCC pFYO02; 4: oriT and pRA0726 ori gene was
amplified from the individual bacterial colonies after 10
generations of RAATCC pFYO02.

=1

[=]

f=]

(=}

(%)
1

kk K

ne

o <

> o

(=] (=]

(==} [=

—
T T

pLMF03

pFY02

B 7 FRRF pFY EEEBYUEIRS (A: FEEBRKENEE: B: £88BYR

Fig. 7 The shuttle plasmid pFYO02 increased efficiency of conjugal transfer. (A) Growth of the bacterial colony after
conjugative transfer. a: growth of the bacterial colony after ueing common shuttle plasmid pLMFO03 to conjugative
transfer; b: growth of the bacterial colony after ueing efficient shuttle plasmid pFYO02 to conjugative transfer. (B)

Conjugative transfer efficiency).

1 G i FRBR PR I AR, K Bk, TG 1%
i 1 R B B R S ARG FUER AT R, R
s L LRI R O A, i R A v - g2 LR
FAT B 45 5 5 B8 9 5 100 2 A Sk S A 2 L8R
TR o ASBIETER I 2P AR JTORE pFY 02 S 78 J5T
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KL pPM5 (LAl B TEGERY . O T R A S
ERROR, AT EASAL T oriT J3 41 5 b 31 It o
oy b Tl L RE % AE 0 i BEER FCRE B P RS E
FAAE, AT g B BR FCAT 781 A2 B2 46 B (X pRAO726
ori v R IL BRSO T R R B A SRR
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bp

5000
3 000
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Fig. 8 Identification of the RA ATCC AtonB2

pFY02::tonB2 strains by PCR. M: DM5000 DNA marker; 1:

tonB2 gene (about 850 bp) was amplified from the genome
of RA ATCC11845; 2-3: tonB2 gene was amplified from
the individual bacterial colonies of RA ATCC AtonB2
pFYO02::tonB2.
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Fig. 9 Growth curves for RA ATCC pFY02, RA ATCC
AtonB2 pFY02 and RA ATCC AtonB2 pFY02::tonB2
strains in TSB.
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Fig. 10 The whole-cell extracts from RA ATCC pFY02,
RA ATCC AtonB2 pFY02 and RA ATCC AtonB2
pFYO02::tonB2 strains were subjected to Western blotting
using an antibody against TonB2.
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