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Abstract: [Objective] The heme of host is an important iron source for pathogenic bacteria.
However, excessive heme can cause damage to bacteria. Bacteria can reduce the heme toxicity
through regulation, efflux, and chelation. Riemerella anatipestifer is a Gram-negative
bacterium that infects ducks and other birds. The available studies have demonstrated that
R. anatipestifer encodes a heme transport system to obtain heme from host hemoglobin.
However, we are not clear whether this bacterium encodes heme detoxification protein or not.
In this study, we analyzed the roles of B739 RS00825 encoding nitric oxide synthase in heme
detoxification, oxidative stress resistance, and host colonization. [Methods] We constructed the
B739 RS00825-deleted strain and studied its roles in heme detoxification, oxidative stress
resistance, and host colonization through establishing the growth curve and determining the
survival rate under H,O, stress, the lethality to ducklings, and the colonization ability in
ducklings. [Results] Compared with that of R. anatipestifer CH-1, the growth of
CH-1AB739 RS00825 in the medium supplemented with excessive heme was not affected.
However, compared with CH-1Afur, CH-1AfurAB739 RS00825 showed significantly inhibited
growth in the medium containing excess heme and weakened resistance to H,O,. The
transcription of B739 RS00825 was significantly upregulated under oxidative stress and in
CH-1Afur. Compared with CH-1, CH-1AB739 RS00825 did not show attenuated lethality or
colonization in ducklings. [Conclusion] Gene B739 RS00825 was involved in the heme
detoxification and oxidative stress resistance of R. anatipestifer and it was regulated by ferric
uptake regulator (Fur). However, the gene was not involved in the lethality or colonization of
R. anatipestifer in ducklings.
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alifb mUE AT — IR AR AL, RS Sk T
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F BORUT i R B, R HGdE R PCR 97 G
B739 RS00825 up-down. i1t HIREEAL I 7 20k
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F1 39F5
Table 1 Primer sequences
Primer Primer sequences (5'—3") Restriction enzyme

site (underline)

B739 RS00825 up P1

B739 RS00825 up P2

B739 RS00825 down P1
B739 RS00825 down P2
B739 RS00825 fusion up P1
B739 RS00825 fusion up P2

B739 RS00825 fusion down P1

B739 _RS00825 fusion down P2
furup P1

fur down P2

fur identify P1

fur identify P2
qB739_RS00825 qRTP1

CTAGCTAGCTAGTGTACAATACGCCAGTCCAGAACTTGTAG Nhel
GGGGTACCCCGGCTAAACCCAAGTGTAGATAACG Kpn 1
ACGCGTCGACGAAACCGCTATCAACAACTATTCTG Sal 1
ACATGCATGCATGTATGAGGTAGGCGGTATATTTTGG Sph 1
TTTAGCATTAGGACTAGGGCTTATCCAGAA
TAGTTGTTGATAGCGGTTTCGGCTAAACCCAAG

TGTAGATAACG
CGTTATCTACACTTGGGTTTAGCCGAAACCGCTATCAACAAC
TATTCTG

GTAAAGGCTTCGGGTGTACCTACCTTTTTA
CACTGATTGCAGACGGAGTAATAACAC
CTGGAAAAAATCTTTTTTCTTTGTTTACC
GCCTGAACGCTATACTATATTAG

TATGACCGTAGAAATAAAGCG

AATGAACCACTACACCACCT

qB739 RS00825 qRTP2
cfx P1

cfx P2

SacB P1

SacB P2

TTATAGAGCCAAATCCCACGA
CGGGGTACCTGACCCCGAAGCAGGGTTATGC
GCTCTAGAGCAAAGCAAGTGCAGTTTAAGATTTTACTG
GCTCTAGACAATGAACATCAAAAAGTTTGC
ACGCGTCGACTTATTTGTTAACTGTTAATTGTCC

down P2 M\ #E RA CH-1Afur::spc ¥4 F B fur
up-spe-fur down, ¥ DNA K Bt fur up-spc-fur
down it A IRFEALIY ) X% A RA CH-1AB739_
RS00825 UiAn T2t 45 2 (spectinomycin, Spc)
(80 pug/mL)¥ L~ HR AT, FHEIYIN fur up
P1/fur down P2 Fl fur identify P1/P2 #1755 ,
W %8 IEWR IR MR AT 44 RA CH-1AfurAB739_
RS00825
1.5 MeTHHFXRMERE

% RA CH-1 fil RA CH-1AB739_RS00825
I ¥k 43 5 7 GCB (gonorrhoeae-culture broth)
[1.5% proteose peptone (Oxoid 2~ Fl). 0.4%
K,HPO, (Sigma 2y F]). 0.1% KH,PO, (Sigma 2>
Fl). 0.5% NaCl (Sigma 2y #]). 40% glucose
(Sigma A H]), 1% L-glutamine (Sigma /A H]).
0.002% thiamine pyrophosphate (Sigma 3 H]).

<l actamicro@im.ac.cn, & 010-64807516

0.5% Fe(NO3); (Sigma A F])] & GCB+35 umol/L
I 2128 R A SR 3 i AR RS B0, IR HE 3 RA
CH-1AfurAB739 RS00825 #1 RA CH-1Afur 7E
GCB+10 pumol/L MLET KRR SR I 1A K 1%
o HAALIRINT : W REMRE R TP, fF
K PR TR R R 2 4 mL GCB WA S; 57
Ferp IR IR H L K AT 2 20 mL GCB
oY, GCB MM L F B 73, IR ODeoo (H M 0.1,
PR BT 37 CCREIREE 7, 1 2 h Ml i — K ODeoo
B, LI TR 3 R LIRS i As b , B ODeoo
EAP AR, il A A K2

1.6 H,O, BRI

H,0, BUSM: S 80 5 1: 2 BOSCBR 1218617

BALRINT . W o5 T AR T 85 5%
Wo PR ERES, FHHEMZE 4 mL GCB
B SR AL p A O 3R K H S RN T GCB
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WARKE TR, IR ODeoo (H R 0.1, W 24
K #o . WEERIE, FH PBS EA . UEkIT
P S ODg6=0.5, 1 5 mmol/L H,0, 4 ¥ 30 min
G, MR, FRAGBRAIME X IR, 5K
WEE 3K,
1.7 RAEZE= PCR

W EARTE GCB Ri SRR 7% 05 K0,
WA A TZNE R RNA SRR & R AR
AR (LA PR A R 132 UE RNA, e 3¢
R (B i ME R AE R AT PR A RIS 1 pg
RNA JZ#:50 cDNA Kb, 996E R PCR ;Te
JH Fik cDNA fE B4R, 28 SYBR Green 1 %
PN AR (R iR A R ISE/A EJ)
Y SOWAR R FNSOW AR 7R T, A3 245 FE ol B bRk
) CAE, 2 27315 B739_RS00825
R A AR T ik K-, Zmfi% 16S rRNA ) 5E R 1
KNS EEH T,
1.8 HERSIKARNEFEBE HNE

TR R A A PN ) 2 B S 5 2 B SC R i 1 7
FE S BRI RA  BERAREE IR XUk
K, s IR, PBS BEIRITFA
#5258 ODgoo flH 2.5 OD/mL, 11551 5x10° CFU/mL
(1% 72 BL [CHF TR ODsoo 1B TR 75 EOM VL R M
1 OD=2x10° CFU). ¥ 3 H ¥4 BEHL M 2 21,
FRATS L BEEBLA TS 107 CFU. 4RSI
24 h )5, TRAHREHLRER 6 HARRS, SRAEMW . T
. BRI SR L, K50 . TR RS
TR AT T R AR EE Z N 2 B T 2R 1 I (G 2 L
AT RXTIX 2 Rl A= R HAA RIRUIE) EAR R
G, T AR T S A BB
1.9 SLIEHEEIE

JIF A S 95 B R 137 GraphPad Prism 8
PTG MY, alad T K56 S o g it
2R, *LE P<0.05, *{FE P<0.01, ***
fRFE P<0.001, ****ft3E P<0.000 1,

2 EREGHM

2.1 RA CH-1AB739 RS00825 #1 RA
CH-1AfurAB739 RS00825 )&

B739 RS00825 H:RTERG I B [CAT I BE K 2
TRl R — AR B R, SR T G i
F1 5 K AT 3 — 28 A0 A5 e i [R] 5 A A1
(24.33%). AWFFCIZIEH S E A TIRE, A
ST SCAENS R HLICHF I CH-1 AR P A T
Bk, SB—W EHREALA B739 _RS00825 up-cfi-
SacB-B739 RS00825 down Fi BAE J s DNA,
RA CH-1 1ENSZAKT , 785 L4870 T HitEr-Fak
ik, S5 ANE 1A B, il PCR BEY 3G H
B739 _RS00825 up-cfx .cfx-SacB .SaB-B739_RS00825
down J B, U5 — R (R B AL HA B EH
IR BRI B739 _RS00825 up-down 1EH
JIE¥ DNA, RA CH-1AB739 RS00825::cfx-SacB
KRR, TES 12.5%REREAY V-4 b 3617
ST o 25 SR AN 1B frR, 18k PCR GEY 1
i B739 RS00825 up-down B, i AREY 1 H
cfx-SacB F B .iX # W] RA CH-1AB739_RS00825
TCIR B SR AR A B )

¥ fur up-SpcR-fur down Fr Bt il B R4k
977 %5 A TH bk RA CH-1AB739 RS00825, 71E
EEeRinU eSSk iﬁ’ﬁ*ﬁbﬁjhiéﬂlﬂm 45
RWE 1C s, i PCR BEREY 1A fur
up-SpcR-fur down Ji BX M ANREREY 38t fur BEDHL
%1568 RA CH-1AfurAB739 RS00825 FFERLY) .
2.2 B739 RS00825 EERSE5TiHMUIE
HiE

i S I 21 2 1A e, AR SE o
& WHRTE GCB WA RE 7 H B GCB WA I 77
VN 0021 2 A KPR AR ) TR R X I 21 2R 1Y)
I BERAE 2A i, SR, RA
CH-1AB739_RS00825 £ GCB K% 35 pmol/L IfiL

http://journals.im.ac.cn/actamicrocn
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21K GCB i i K& B 22 5.
it 2% B [CAT BT I 21 3R 1Y% 38 32 Fur 85 AR,
TERRES T F & 41 F, Fur B A IH 2T K iz
FR MR HEBIWH R, ARHFRE—4
% T RA CH-1Afir 5 RA CH-1AfirAB739
RS00825 7£ GCB & 10 umol/L IM41.2% GCB k4
FREP AR AR TR 2R 4500 2B
fii7R , 5 RA CH-1Afur #H L ,RA CH-1AfurAB739
RS00825 7€ GCB 52 FEXTEUE K AE K12 .
AW — B T RA CH-1Afur 5 RA
CH-1AfurAB739 RS00825 %I £T 2 HHARILRE ),
gERANE 2B B, 24A 10 pmol/L Il £1 % J5 X
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21 % Ji RA CH-1AfurAB739 RS00825 )/ K 1
WAZ B TR, HEIREY], B739 RS00825
K25 T M 2r R s e -
2.3 B739 RS00825 EEZ 573 H,0, %
Xof 2 AT 38 AR AT I TS I A 4 S Il 21 2K B
PERIHLE Z—"), ] B739 RS00825 KNS5
TMLL R B IBUE R, AW EE— 2 HE
B739_RS00825 5.2 5 T X HOp HRHTAEH]
h T B UEAR UL, AW R TS B AR AR
H,0, HIAEIG 5, 45Nl 3A fios, 5oEA

<2300 bp
<1900 bp

Cbp M 1 2 3 4

3700 bp

2 600 bp
2000

1500

1 000
750
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250
100

E 1 PCRXE B739 RS00825 % [E &5 1k 85 R BB ik B

Figure 1 The gel electrophoresis pattern of B739 RS00825 gene mutant strain by PCR. A: The PCR
identification of the strain RA CH-1AB739 RS00825::cfx-SacB. Lane M: DNA Marker; Lane 1: The PCR
fragments B739 RS00825 up-cfx; Lane 2: Positive control; Lane 3: Negative control; Lane 4: The PCR
fragments cfx-SacB; Lane 5: Positive control; Lane 6: Negative control; 7: The PCR fragments
SaB-B739 RS00825 down; Lane 8: Positive control; Lane 9: Negative control. B: The PCR identification of
the strain RA CH-1AB739 RS00825. Lane 1: The PCR fragments B739 RS00825 up-down from RA
CH-1AB739 RS00825; Lane 2: The PCR fragments B739 RS00825 up-down from RA CH-1; Lane 3: The
PCR fragments cfx-SacB from RA CH-1AB739 RS00825; Lane 4: Positive control. C: The PCR identification
of the strain RA CH-1AfurAB739 RS00825 strain. Lane 1: The PCR fragments fur up-SpcR-fur down from
RA CH-1AfurAB739 RS00825; Lane 2: The PCR fragments fur up-SpcR-fur down from RA CH-1; Lane 3:
The PCR fragments fur from RA CH-1AfurAB739 RS00825; Lane 4: Positive control.
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RA CH-14B739 RS00825+35 pmol/L heme RA CH-1 Afur4B739 RS00825+10 pmol/L heme

B2 AEEHE GCB. GCB 2 MARKMKIEFRER LKL

Figure 2 The growth curves of different strains in GCB and GCB supplemented by heme. A: Growth curves
of RA CH-1 and RA CH-1 AB739 _RS00825 in GCB and GCB supplemented with 35 pmol/L heme. B: Growth
curves of RA CH-1 Afur and RA CH-1 AfurAB739 RS00825 in GCB and GCB supplemented with 10 umol/L
heme. Data are shown as the mean of three replicates, with the error bars representing+standard error. Statistical
significance was determined by Student’s #-test (ns: No significant difference; ****: P <0.000 1).

A 100 B 100
80 80 - skekok
2 60 L 60r
B g
= =
> >
e 40 S 401
j=] =
wn wn
20 20t
0 0 i
B RA CH-1 RA CH-1 Afur
B RA CH-1 4B739 RS00825 B RA CH-1 AfurdB739 RS00825

3 TRIEHE H,0, LBREHFEER

Figure 3 The survival rate of different strains after H,O, treatment. A: Survival rate of RA CH-1 and RA
CH-1AB739 RS00825 after 5 mmol/L H,O, treatment. B: Survival rate of RA CH-1Afur and RA CH-1
AfurAB739 RS00825 after 5 mmol/L H,0, treatment. Data are shown as the mean of three replicates, with

the error bars representing+standard error. Statistical significance was determined by Student’s #-test (ns: No
significant difference; ***: P <0.001).

FEMIEL, RA CH-1AB739 RS00825 X%t H,0, W4k B739 RS00825 LN 25 T I 21 % 5 MK P&
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RA CH-1Afur 1, RA CH-1AfurAB739_RS00825 2.4 B739 RS00825 HE # FKEME

16 HoOp HIAAIE R BT, 25 R 3R, T o) e R SRk AR R A, R A T O B
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[ 5% Fur (IR .
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TESEMSIA RN EIEBE NN E

T T 23 BRI M SR AR S TR AR

B739_RS00825 KR 255 1 X S8 A0 IS 0 Y
T, AR —HIRR T EE B739_RS00825
SR 518 EEORAEC, RAE SA R, 5%
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FCRE I IFAR NS o ik — 205K B739_RS00825
FE PRI 5 T2 5 2 X TR R R AR TS 1) 22 BE A 52
M, A WFgE HE — 2 E T SR A MR AT RA
CH-1AB739 RS00825 14 45 HE 25 14 28 181 i
i SB WroR, SOEAMAMLE, RA

A 15¢

Relative mRNA level

0.0

CH-1AB739_RS00825 TE4EH5 44 N 1) 2 5 1% W
I

3 WwE5E&®

U R ZEAMEEAE RSB FHREMmLA R,
KR 412 2 5 3 1 4 & A S RS H i
N R ¥ SN R (I 2 BRI i A T
1N AR (P TR NS ON LS 3/ )
DLA A B B A A K T T A s 71, — s
ATLLA B A RIMELLER, 55— S0 W 75 2 Sh
SRR AR UM AL ZR, (HA B A P Y i 2L
RO A TR I AR A R . R, R s
APl R R, H I 2@t S
B HEER D SOk — ST, —&
bR A R (nitric oxide synthase, NOS)H. 4 #it
I 2T 38 75 M 00 A FH A 46 B 6078 2 IR AT P Bl
U FERS R AT R, B739_RS00825 3£
PRy — SR G AL, HHAE M AR
R T RE AR H

B 25

ks ok ok

20+

Relative mRNA level

C\}V\ \ MM
(o34
b

*P

E 4 B739 RS00825 EEEARRZH T HHETEFRKTE

Figure 4 The relative transcriptional level of B739 RS00825 gene under different conditions. A: The
relative transcriptional level of B739 RS00825 gene in RA CH-1 after treating with 20 mmol/L H,O,. B: The
relative transcriptional levels of B739 RS00825 gene in RA CH-1 and RA CH-1 Afur. Data are shown as the
mean of three replicates, with the error bars representingtstandard error. Statistical significance was
determined by Student’s #-test (ns: No significant difference; ****: P <0.000 1).
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Figure 5 Survival rate and colonization of ducklings infected with RA CH-1 and RA CH-1AB739 _RS00825.
A: Survival of ducklings infected with 10° CFU of RA CH-1 and RA CH-1 AB739 RS00825, respectively. B:
The bacterial load of RA CH-1 (solid symbol) and RA CH-1 AB739 _RS00825 (hollow symbol) in different
tissues of ducklings at 24 hours after infection. Statistical significance was determined by Student’s z-test (ns:

No significant difference).
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