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Abstract: [Objective] Riemerella anatipestifer (RA) is a Gram-negative pathogen that can
cause duck serositis. The type IX secretion system (T9SS) of this bacterium is involved in
sliding and pathogenic processes. The previous study showed that the expression of B739 0093
in R. anatipestifer CH-1 was significantly up-regulated under the iron-limited condition. The
sequence analysis showed that the protein encoded by B739 0093 contained a conserved
C-terminal domain of the proteins secreted by T9SS, while its function remained unknown.
This study aims to identify whether the protein encoded by B739 0093 is secreted by T9SS and
the role of this protein in the pathogenesis of this bacterium. [Methods] qPCR was conducted
to determine whether the transcription of B739 0093 was regulated by iron and the ferric
uptake regulator (Fur). The recombinant truncated B739 0093 protein was expressed in
Escherichia coli, and the polyclonal antibody was prepared. Western blotting was employed to
detect whether the protein was secreted by T9SS. Furthermore, we deleted B739 0093 from RA
CH-1 and identified the role of B739 0093 in the pathogenicity of R. anatipestifer by virulence
and colonization tests in ducklings. [Results] The expression of B739 0093 was significantly
up-regulated in the iron-restricted medium, which was mediated by Fur. Western blotting
results showed that the protein encoded by B739 0093 was localized in the secretion of the
parent strain RA CH-1, while it was localized in the bacterial lysate and not detected in the
secretion of the T9SS-deleted strain. Compared with the parent strain RA CH-1, RA
CH-1AB739 0093 demonstrated attenuated pathogenicity and reduced colonization ability in
various tissues and organs of ducklings. [Conclusion] The protein encoded by B739 0093 is
secreted by T9SS and involved in the pathogenicity of R. anatipestifer, and its expression is
regulated by iron and Fur.
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Al; ECL fb# &G &0 A Bio-Rad A Hl;
TR BRI CAEYEAA A /[
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2 SRt RERK

A R EE P51k 3 NCBI £048 7%
51975 N R IE R A A BRA Rl A AL, L
# 1, RA CH-1 Cfx, SacB, 16S rRNA FL:[H
RecA PN 5 151 W15 B L2 2% SCHR[18] .
1.3 LI zh4)
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1.4 KEEE PCR
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Table 1 Primer sequences

TSB+80 pumol/L Z i AR A KL Zz+10 wmol/L
IRk 2, 37 °C. 180 r/min K555 3 h X}
B (ODgoo 4 1.0-1.5); K+ RA CH-1Afur Al
RA CH-1Afur pLMFO03::fur F 37 °CIEIRFEIR
180 r/min & ¥ 5 3% = X 50 ] (ODgoo 29 N
1.0-1.5). M4EZ% SCHR[18]#2 B RNA | i #%
SEIFH TP E HE .
1.5 RIEFWMWE. FERERLGHL

L RA CH-1 JERA it , fHA5Y
B739_0093; P1/P2 (& 1)¥ 1% B739_0093 % 1
B, 4ifklnlle DNA J5, #ad 3G (Nde T
Kpn I). &ML, Krdde b BoakE 2 3R6 0
#i pET32a H115 2 81 21 Jit ki pET32a::B739_0093r,
P 4H Bk AFRIRTA E. coli Rosetta 383K
E. coli Rosetta pET32a::B739 0093 15 3% £ %] %(
HH(ODgoo 2174 0.6-0.8), F- /il A 0.5 mmol/L IPTG
P2 2 h, WEERK . WS SCER19]0 5
PEAratifk .

ZiKE Rosetta pET32a::B739 1871t Ai#4
@qFESER LA EEL RS Rosetta
pET32a::B739 0093 —3X .,

Primer name Primer sequence (5'—3’)

Restriction enzyme
site (underline)

B739 0093 upP1
B739 0093 upP2
B739 0093 downP1
B739 0093 downP2
B739 0093 P1

CCGCTCGAGCGGGCATTACGGTGCAGACTGTCC XhoI
GTGGACATAGTACCGCCGCTAATTTCCCCATC
GATGGGGAAATTAGCGGCGGTACTATGTCCAC
GACTAGTCGGAGCGGCATTTATTGCGGGG Spel
AACTGCAGAACCAATGCATTGGCTTTATCTATTTCACAATTAGTAAGCAA Pst1

CTGCAGAACCAATGCATTGGCTTTATCTAT

B739_0093 P2
B739_0093; P1
B739_0093; P2

GCTTG
B739_1871; Pl
B739_1871; P2
B739 0093 qRTP1
B739 0093 qRTP2

CAGACGGTAGATGTTTCAGG
CCTAGAAACTCTGCTACATTGG

GCTICTAGAGCTTATTGTTTTATGATTTTTTTGG Xbal
GGAATTCCATATGCAAAATGTGACATTCCTGA NdeI
GGGGTACCCCTTAGTGGTGGTGGTGGTGGTGATAAAGCGTTACATCATC Kpnl

GGAATTCCATATGATGAAAAAAATTAAATTACTATTG Nde I
CCGCTCGAGTTAGTGGTGGTGGTGGTGGTGAGCAATATCTGATTTACTTG Xhol
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RA CH-1AB739 0093 pLMF03::B739 0093,
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PRI PR 19 26 R il 2 I 52 36 22 Sk [21 0k
P14 . 0 SR ERAE TSB & TSB+100 pmol/L
O W AR IR IE IR S5 12 h 1) ODgoo 1,
LW E K g, LRFEL 3K,

1.9 ZE H R ENZE(Western blotting)4& Il

%t H B739 0093 1 B739 1871 4wfith 2
I3 97E RA CH-1 I RA CH-1ATOSS Ff 4 & 7 15
O, K EREALE 20 mL TSB+80 umol/L 2, —
Jiie —ARRIE TR PR IR AT HOW . 45 HL 120 pL
WA B DA EI R, I 1x8E A buffer H &,

Tl K K 10 min Hl R4 THE AR, FA
F14) TR Y0 e R SRR [22 18 B3 2 11, 0 2 1
F 60 uL 1xFH [ buffer Hifil Bi /W & AL,
P52 B SCHR[23 1351 T Western blotting .
1.10 RA CH-1AB739 0093 gY5 /1144 F0
RS RN EE 8 LN E

TR PR 428 0 TE Ay B A ARG 44 P 1) 5 3 55 3
ZMSCHR[24] 7 o THA T 7d WIESERY
W 48 h B s H AU B i
1.11 RA CH-1AB739 0093 [ ;&3 & 216

I3 28 TR S 56 2 Bk [25 1 T U 3R &2
STEW R FERLEOIE, 1 mL PBS JH%
ODgoo M 1.0, HEFFME A HL 100 uL 438 2 41,
A3 MBS AR PBS 5 H PBS Fi BE 11 30%41E K
TSI, 37 °CHEEMFE 1 ho B 50 uL
HESFBE IR T TSA M b, SiEwEotit
BAEWE R, LIER 3K,
1.12 KIEHIEALE

K 1344 GraphPad Prism 8 H A4 t 46 36 % 52
BRI TR 20T, IRELRFRN 3 RER
FI AR AR R 2, A P RN IR
Giila k.

2 EREG5M

2.1 B739_0093 %3k % $5 5 F 0 Fur JFi%

HAEE S P 45 5 R W], B739_0093 £
R B R e s BRUO ., AR g it — 2
PG it PCR 774 % T B739_0093 K] &
B ZE TR, DR ZAE SR E
F Fur fi5. @0 1A iR, 5 TSB ¥4k
A, 7 PRER S 5 3 (TSB+80 umol/L £ —fi%
TARORIE 2R, B739 0093 FE[H AL
Pl 5 AR PR R 2 S5 P BN A
B739_0093 J:PHFL sk ta MM, FEESRE T
SN, TRMAESE K. K 1B PR, S5EA
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B RA CH-1Afir
I RA CH-1Afirr pLMFO3::firr

1 B739 O0NBEREHKBTFFEFMH. KB TFTRZFHR fur REKRBEERKF

Figure 1

The relative transcription level of B739 0093 gene under iron-rich condition, iron-limited condition and

fur mutant strain. A: The relative transcription levels of B739 0093 gene in RA CH-1 in TSB, TSB+80 umol/L
EDDHA, TSB+80 pumol/L EDDHA+1 pmol/L Fe(NOj;);, TSB+80 umol/L EDDHA+10 pmol/L Fe(NOs)s,
respectively. B: The relative transcript levels of the B739 0093 gene in RA CH-1, RA CH-1 Afur and RA
CH-1 Afur pLMFO03::fur, respectively. ***: P<0.001; ****: P<0.000 1; ns represents not significant.

PRI H , B739 0093 &K 7E fur 2 #k H B & 1
PH,AE RN i SOOI Z R AR
DL &5 R B739 0093 Kk [ 1 4% 5t 52 ks 1
s, HFH BT EA Fur 5.
2.2 Rosetta pET32a::B739 0093 & HHY
FSRIE. SFURZEERART &
T R LAY B739 0093 B ENL, AT
FMET B739_0093 A HE1RIAW E. coli
Rosetta pET32a::B739 0093, il &4 & H Y
FRTEOL . SR 2A FR, S8 H A
L, FLAFRIABELE 34 kDa (8 HIE FRIKL
i, FREAMIARNIER B, Xt
AR AP TAifk, 45 RAK 2B iR, S5FBET
RIREE S50 /MHAF, RUIEZH B739_0093
W EA . F%E AR/ NG, i
# Pt B739_0093 # 8 H Z FREBLIA
2.3 B739_0093 & FE R KK K Bl MBI FTE
FE5I M, B739 0093 H:[K 4 i — 4~
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pOBS::B739 0093 up-down M E M., F—#
W bR TR T EWE G % B A T S 1] 3, XoF
K B s BEETT PCR %% . W 3B fizn , PCR
P44 i B739_0093 up-down J Bz, 1MAREDY 1
Cfx #i1 SacB #:[X, ] RA CH-1AB739 0093 &
R BRI ML B ) o

W AR Rk pLMF03::B739 0093
#: A RA CH-1AB739 0093 1, 240k i v o) K
) FEREEATT PCR % . WKl 3C fiuR, PCR
fEfg P 14 ) B739 0093 i1 16S rRNA F:[H H- Bk,
F ] BRI A AL o
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A kDa M 1 2 3 4 5 6 B kDa M 1
116
66

34 kDa
34 kDa

B 2 B739_0093r Ry FRIAFAAL

Figure 2 The expression of recombinant B739 0093 in Escherichia coli Rosetta and the purification. A: The
expression of recombinant B739 0093t protein. Lane M: Protein marker; Lane 1: Cell lysate of Rosetta pET32a;
Lane 2: Cell lysate of Rosetta pET32a::B739 0093t; Lane 3: Soluble cell lysate of Rosetta pET32a; Lane 4:
Soluble cell lysate of Rosetta pET32a::B739 0093t; Lane 5: Insoluble cell lysate of Rosetta pET32a; Lane 6:
Insoluble cell lysate of Rosetta pET32a::B739 0093r; B: The purification of recombinant B739 0093t
protein. Lane M: Protein marker; Lane 1: Recombinant B739 0093t purified protein.

A pp M 1 2 3 4 5 6 Cbp M 1 2 3 4

I 2000

1uv

100
B bp M 1 2 3 4 5 6 7 8

B3 PCR ¥E B739 0093 £ &l 5 #k K [o] 4k %R A% FE 5k B

Figure 3 The identification of B739 0093 gene deletion strain and the complementation strain. A: The
construction of RA CH-1 pOBS::B739_0093 up-down was identified by PCR. Lane M: DNA marker; Lane 1,
3, 5: Cfx, SacB, 16S rRNA gene fragments were amplified from RA CH-1 pOBS::B739 0093 up-down; Lane 2, 4,
6: Cfx, SacB, 16S rRNA gene positive control. B: The construction of RA CH-1AB739_0093 was identified by
PCR. Lane 1, 3, 5, 7: B739_0093 up-down, Cfx, SacB, 16S rRNA gene fragments were amplified from RA CH-1A
B739 0093; Lane 2, 4, 6, 8: B739 0093 up-down, Cfx, SacB, 16S rRNA gene fragments were amplified from RA
CH-1 pOBS::B739 0093 up-down. C: The construction of RA CH-1AB739_0093 pLMF03::B739_0093 was
identified by PCR. Lane 1, 3: B739 0093, 16S rRNA gene fragments were amplified from RA CH-1A B739 0093
pLMF03::B739 0093; Lane 2, 4: B739 0093, 16S rRNA gene positive control.

http://journals.im.ac.cn/actamicrocn
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2.4 B739_0093 ZHH TISS 4

JERGE B739_0093 2 27 HH TISS il &
G, A5 358 1L Western blotting %85 1
B739 0093 43517 RA CH-1 #ll RA CH-1AT9SS
HENL, FME3EE RecA ENBAMENIE, FIE
JHITSE HLER FCAT I TOSS 4 11 B739 1871 1
S BAPEXT M A& 4 R £E A KR RA CH-1
WIAE AT, B739 1871 AREWAGINZE], RecA
A ARG S, B739_0093 AT L) e 249460 5],
DN R AR AT S 530 B Y 25 T (UK B 1) 7R
FAME RA CH-1 B4 EE 1, B739_1871 FiI
B739_0093 ¥ya] LAkl E], i RecA ABEGEKLI
F(Ki& 2); 7E TISS fkk RA CH-1ATOSS (1
REH, B739 1871 ANREHIAINE], RecA Al
B739_0093 ¥A] LIgAG 2], #EME T9SS ek
J&, B739_0093 ANREH WS, FrLATE R AR
(VK& 3). 7E T9SS #i Pk RA CH-1ATOSS (1) 43
A, B739 1871, RecA. B739 0093 ¥ Ak
ARSI 2] (KB 4). BZHAY B739 1871, RecA,
B739_0093 & [ 24 AT Lhgi A il 3 Gk E 5). 25 b
firik, B739_0093 & [1H TISS RGL51M .

kDa M 1
100—! H_—
Anti-B739 1871 70—
55— S——

Anti-RecA
25—

35—
Anti-B739_0093

25—

35— ‘ '

2.5 B739_0093 & F kK% RA CH-1 7£$%
PREISZHTRIE K&

JYEE B739_0093 JE S5k E T 1A
FH, AR T AR . B739_0093 4kt
(CH-1AB739_0093) #1 [A] %b #k (RA CH-1AB739_
00937 38 B 2k B il P 25 1R A A KA B
Bl 5 Fin, SoEARAME, B739 0093 [ it
AR AE A R 7 R PR 85 R B A K 8y
TCREM
2.6 B739_0093 EF S 5057 KA HEHY
HEHEEHE

T9SS Z 5 1 143, ABF5EE—2
ME T B739_0093 J& S5 T g B BK A
B VER .. FSERIE R EARR A B739 0093
FE G bR 3 H AR, A4l 10 H, FF5%
THINEER 7d BER., WE 6A R, S5EA
PRAH LG, B739_0093 il 2k %o Afk L 114 BBt 5 ik
55, {EMIKh B739 0093 LA 5K & 2 sr A bRk
S, R iE—HHFSE B739 0093 A i 4k bk )
IS I A 5 T AR IS A G, AR
ME T HEARY B739_0093 4 b1k 25 41

2 3 4 5

.e

4 B739 0093 ZEH 7 RA CH-1 #1 RA CH-1AT9SS B9 7E fi

Figure 4 The localization of B739 0093 protein in RA CH-1 and RA CH-1AT9SS. Lane M: Protein marker;
Lane 1, 2: The whole cell lysate and secretory protein of RA CH-1; Lane 3, 4: The whole cell lysate and
secretory protein of RA CH-1AT9SS, Lane 5: Recombinant B739 18717 protein, recombinant RecA protein
and recombinant B739 0093t protein (marked by the arrows respectively).
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Figure 5 The growth curves of RA CH-1, RA
CH-1AB739 0093 and RA CH-1AB739_0093° in
different conditions. The strain was cultured in 20 mL
TSB or TSB+100 umol/L EDDHA medium at 37 °C
from ODgg of 0.1, and the ODgq value was measured
every 2 h, and the growth of 12 h was recorded. ns
represents no significant difference.
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Figure 6 Survival rate and colonization of ducklings infected with RA CH-1 and RA CH-1AB739 0093. A:
Survival of ducklings infected with 10° CFU of RA CH-1, RA CH-1 AB739 0093, and RA CH-1
AB739_0093°, respectively. B: The bacterial load of RA CH-1 (solid circular symbol), RA CH-1
AB739 0093 (hollow square symbol), and RA CH-1 AB739 0093° (hollow triangle symbol) in different
tissues of ducklings at 48 h after infection. *: P<0.05; **: P<0.01; ***: P<(.001.
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Figure 7 Survival rate of RA CH-1, RA
CH-1AB739 0093, and RA CH-1AB739 0093° in
30% non-inactivated duck serum. ns represents no
significant difference.
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