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Fur regulates iron homeostasis and oxidative stress response in
Vibrio parahaemolyticus

MA Furong, ZHU Xiaoya, LI Wenxiu, XU Zhengzhong, CHEN Xiang, JIAO Xin’an,
ZHENG Chengkun®

Jiangsu Key Laboratory of Zoonosis, College of Bioscience and Biotechnology, Yangzhou University, Yangzhou,

Jiangsu, China

Abstract: [Objective] To investigate the effects of ferric uptake regulator (Fur) on iron
homeostasis, oxidative stress response, and virulence in Vibrio parahaemolyticus. [Methods]
BLASTp and multiple sequence alignment analyses were employed to analyze the conservation of
Fur proteins in several Gram-negative bacteria. A fur gene deletion mutant (Afur) and a
complementation strain (CAfur) were constructed. The growth of the wild-type (WT), Afur, and
CAfur was compared under normal (iron-replete), iron-excess, iron-restricted, and oxidative stress
conditions. Inductively coupled plasma mass spectrometry was employed to measure intracellular
metal content in each strain. A zebrafish survival assay and a competition infection assay were
performed to assess the impact of Fur on the virulence of V. parahaemolyticus. RNA sequencing
was conducted to identify the genes regulated by Fur. [Results] The Fur proteins were highly
conserved among several Gram-negative bacteria. The deletion of fur attenuated the growth of
V. parahaemolyticus under normal (iron-replete) and iron-excess conditions, and reduced its
sensitivity to iron restriction. The intracellular iron content in Afur was significantly lower than that
in the WT and CAfur strains. Fur regulated the oxidative stress response in V. parahaemolyticus.
Fur played no significant role in the virulence of V. parahaemolyticus in the zebrafish model. The
expression of multiple genes related to iron uptake, iron storage, and type III secretion system 1
(T3SS1) was significantly upregulated, whereas genes encoding iron-containing proteins and type
VI secretion system 2 (T6SS2) components were significantly downregulated in Afur.
[Conclusion] Fur regulates iron homeostasis and oxidative stress response in V. parahaemolyticus,
but does not affect its virulence in zebrafish.

Keywords: Vibrio parahaemolyticus; Fur; iron homeostasis; oxidative stress response; virulence;
regulation

BV 9K & (Vibrio parahaemolyticus) e=—7Fh 1% Al REVERE MIMUIMAE , BA B 5T KU
WL CBAMERE, A T W RO R I T e TR v A L ) £ R i?ﬂlﬁ?
Bty SEaok, MIREBENEZRMIRKES W2 —, 23R E IR Ui XA R
FTEEIZEP, RIAMIE S —FEIREEDR AR R REY AEEE, FELA 50 000 A
B, ARFEZE S EHMOLRE TG TR BYSEES AN, B TR A AR Z Rk
T BN SR, PSR A A, AR FRE AR B
AR A FERE I Y B K B S Rl i I R 0 7 O N R AR IR
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II1 751 43 3k 28 4t (type 111 secretion system, T3SS).
VIHL 3 b 22 B (type VI secretion system, T6SS) Al
B BfE 2 A TR B BT B U Il &R (thermostable
direct hemolysin, TDH)#1 TDH AH &% Ifil 2 (TDH-
related hemolysin, TRH) E. A ¥ ML 16 4 . 40 i+
PE. D IETEERUZEEVE , 0 B 2 RIS I
B 19 28 1P, T3SST AT M 9N
MEE 1 S etk b, A4 TILT A i IR
RIS Bk o 1% R G RENRE R0 22 1 VopQ
SEEATE B, gl EEE, T3SS2 7
T2 SRORNEURS L, FEAE TR
rEitRrh, HALW R e | 20 M RE VRN B
P, T6SST L F45 1 Sy falk I, FEEAFAE
TR B, SREEHRRR ) 384 o>
T6SS2 i T4 2 Sy« Afhk b, F77E T Il AR FIER
By ek, SEMEANE S B VELG A A
SRR IR BB R, MAMTUTA
VpadF! e H B o i i A5 3 R .

B seh HRER, BILPAEY
Wit R T R, AR 2R 4 R R 4R
By, BRTEEURY . AR B A AL A A
IO P R A 2 SR A LS AR, IREE Rk Ay A
Pyl R B, RERAE i . A EUKIR IR R
Tk 2 5 5 HAL YRR e 2 A
LB e EARN, R FLER R SRR G
HE G, BB R kg, M FR i 4 &
SRR B0 5 — i, ek B
CIBGRURAR U A i o¥a o5 RN k2 W 95 e =K 7
B =BT I, 0B 20 R 4 I N
o, HAERE SIS K

TE 22 IO T, BRAR A 3 2l R
J#75 [H 7 (ferric uptake regulator, Fur)J# 5%, Fur
AU, MM EmARK . 1R
AR S R . FEROIED TR,
Fur i1 H #2455 clpV W))5 s T H i T6SS 1
e, XA EoR = e E R R SR
BT, Fur SR RETEE IR, (EX Y
FRTE B e 7 B HRUBE TR Hh A B0 1 O AR b 7

FEAERLIRE T, Fur AOGE T AR IR Gk
AERPRARAS, bl i W R ) D T SR sk Y
U 240 PR O EOR E . FERIEIRER T, Fur P85
TIEEN R IL | EREIE B K AEYEIE B, R
HAHT RIS BORTER, FEREAEIREE T, Fur 52
WA RO . SEREIE Sl BERE R R 1
8RR, Fur 8 a4 1) 422 4 R B B R
g¢ . SRR OCHE I R S R 1, 4ERREAR
AT HER BB  BORMES . SR, A 3R
i P Fur 8 F A9 RE A B

AHE GG HE T RIS NG fior B PR B R B
PN DA IR Y v SR TP o A B a1 = U D AN
& S5 B TR i3 (inductively coupled plasma mass
spectrometry, ICP-MS) /34T . BE 5 £ 77 1 0
38 4 SB35 (RNA sequencing,
RNA-seq) % J5 1%, #8%9¢ 1 Fur 2 4RI 9K
AR S | AR SN IR ) R sE e, LA
I T 5 0 5V P AR AR AR A ML

1 AR5

1.1 BEE. FRARIEFREH

AHIFFE T FH R AR RSO D3R 1 R IS B
B & Bk (WT) RIMD 22106337, 5 A ik 2 #5
Afur K BN E CAfur {8 18 28 1 R K 9 30 i
(tryptic soy agar, TSA) 5% & &K H i K & A 7
(tryptic soy broth, TSB) (¥4 BD A F)j™ i) H5 5%
i S G 2,2/ - BRI E (2,2 -dipyridyl, Sigma-
Aldrich 7 F)) il £ 2k B K5 75 5L . K FF iE
DHS5a Apir F1 S17-1 Apir ffi ] LB B3R [4: T4
Y TR (L) BeAn A BRA R F 37 °CHE 9%,
) 55 52 B TP A IR R 5 8 R (50 pg/mL) sl S5
% (25 ug/mL).
1.2 £ EEESH

i o 52 B 5 AR Y BORAE B i (NCBD I
SRR NG . SR S Z A A 1Y Fur
EHRFA ., 8 BLASTp T B34 & v i 9%
Fur £ 115 35 86 [F] Y5 2 11 9 2 56 1R 7 31— 301k
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18 FHl Swiss-Model® 3 i g1 175 1M 9K & Fur 25 £ ()
= HE 5, fdiFH Clustal Omega HEAT £ 41 [t
XF, FAdFH ESPript 3203 2 3 x5 5
1.3 fur EE B R EIAMRIDE
ARWFFEFT AT 02 20 FIFH sacB FE A
TR SR AN R JR A AR A fuar FEPRBRG
Pk Afuro VARV IMITE RIMD 2210633 K 9
Me, IS5 1% L1/L2 F1 R1/R2 4351414 fur KA

&1 AW AT BB AR BRAL

() R UFRIJEE . PCR JOWAAZR : 2xPrimeSTAR
Max [F H BEA P H AR (AL a0 A R A 7] 25 pL,
5191 2 (10 pmol/L) 4% 2 uL, HBikx 1 pL,
H,0 20 L, PCR i Z%f4: 98 °C 5 min; 98 °C
10s, 55°C 15, 68 °C 45 s, It 30 PMEFF;
68 °C 1 min; 16 °C{Af7. Ml HEE PCR H AN
bR U R R A s — M DNA R B B
DNA A Bt B 2 Foki pDM4APYJEF7 3] I
M, M E A A R pDM4- Afur.

Table 1 Bacterial strains and plasmids used in this study
Strain or plasmid Relevant characteristics Source or reference
Strains
V. parahaemolyticus
RIMD 2210633 Clinical isolate from a diarrhea patient in Japan (1996), serotype 03:K6, Carb®  [29]
Afur fur deletion mutant of RIMD 2210633, Carb® This study
CAfur Complementation strain of Afir, Carb®, Cm® This study
E. coli
DH5a Apir Cloning host for recombinant vector Laboratory collection
S17-1 Apir Conjugal donor for recombinant vector Laboratory collection
Plasmids
pDM4 Suicide vector containing a sacB counterselectable marker, Cm® [30]
pDM4-Afur Knockout vector for firr deletion, Cm® This study
pMMB207 Wide-host-range low-copy-number vector, Cm® [31]
pMMB207-fur pMMB207 containing firr and a ribosome-binding site, Cm" This study
Carb®: Carbenicillin resistant; Cm®: Chloramphenicol resistant.
R2 AHRETAMNSI
Table 2  Primers used in this study
Primer names Primer sequences (5 —3’) Amplicon size/bp
L1 TCCCCCGGGTTGAAGTGGGCGCTGTAG 758
L2 GGTCTAAAAGCCAGATGCGCACAAACC
R1 GCGCATCTGGCTTTTAGACCCGCATCCTT 734
R2 GCTCTAGACGTTACCGCCTCTTCTTCT
inl TGGTCGTGGTGATGTTGAG 185
in2 CCAGACTGCCAGCACATC
outl CGGTTGGCCTACGTGATA 821/441
out2 GCAGTCCATGCCCTCTCT
Cl CGGAATTCTAAGGAGGTAGGATAATAATGTCAGATAATAATCAGGCGC 450
C2 CGGGATCCTTATTTTGCAGGTTTGTGCG

The underlined sequences are restriction sites.
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pDM4-Afur Ak 2 RIGAT T S17-1 Apir 52540
farb, g A RS £ RIMD 2210633 W 7
IINR N 75 25 R M85 5= S0 ) TSA “Fii |
1Y o R 8 QL £ 3 RN | DY 7]
TSB B e Kb 1595 12 h, W BRI L4m T
SN 15% FERERY TSA A Lo PRECEERE AR L
FIPARETS, i PCR AN fur JE R B BRI L

DL RIMD 2210633 B A, il 59
ClC2 P14 fur FEH R AZHEARZE A7 5 . PCR L
MK Z : 2xPrimeSTAR Max 25 uL, 5|4 C1 #il
C2 (10 pmol/L)4% 2 puL, #4k 1 uL, H,O 20 pL.
PCR JZ W &4: 98 °C 5 min; 98 °C 10's, 55 °C
155, 68°C30s, 3£ 30 195 ; 68 °C 1 min;
16 °CIR- 17 . % PCR ¥ 5 15 F KB kL
pMMB207 kAT UG YI 1% 42, a4 ook
pPMMB207-fur. ¥ pMMB207-fir 4k 2 K I T
B S17-1 Apir 1, PSS HBEE A .
TEVS IS TSA - H b i & [0 %k CAfur,
Jfid it PCR FEATERIE
1.4 HKphZNE

PRI INE WT. Afir 1 CAfur 53 5150 2%
FEFP T 100 pmol/L 2,2'-dipyridyl i) TSA “F-Hx
I, F37°CHFR 12 he PRBURRETVE, HFTIRIN
100 pmol/L 2,2'-dipyridyl T AbFE ) TSB 1% 77 %k
(3 mL)H, T 30°C. 220 r/min ¥ 3% 12 h, W
1 mL 353249, 6 000 r/min Z5.0> 5 min YA,
FH PBS H 2 JF PRGN E W E & 1x10° CFU/mL,
1REFh T

BERhFIAE IR 1:100 B EL B G4 E LT
TSB 574k (1) NSRS TSB 1533
s Q) ISR MR BE FeSO,4 (0, 1. 2 mmol/L)
1) TSB 55735 (3) WA A M 2,2 -dipyridyl
AL PO, 75, 100 pmol/L)AY TSB }E 34t ; (4)
TN [ Hy0, (75, 100 pmol/L) Y TSB 1%
L, (5) £ 100 pmol/L 2,2'-dipyridyl ikt B J5
LIRS [6 4 ¥ H,0, (75, 100 pmol/L) ¥ TSB
Kigedt, Tk T4k, FeSO, PRI M
Bt , HAETRIN FeSO, 1y 15 35 3k v [l h i hn #7452

2 &l [trisodium citrate dihydrate (TCD), 1 g/L]PAJ
DBRITUTERY KBRS T 96 FLANAES 3R
M (4EFL 200 pL, wE 3 fLER), F 37°C.
120 r/min $%55% 9 h, #:F& 1 h {fiH CMax Plus i
FRAX[ A% 3 AL (1) A BRZA EI I E ODsos
B, ERER@IIARDIR.

1=AODsos/At (1)
FH: AODsos AHSE 2 ABF ] 251 ODsos 251,
At %3 R A RS TE] TE] B (1 h) o e KA 43 2R (ttma)
H45 B 18] B B P i i R . 52560 7 &
3R,
1.5 &BEENE

FREUE & TSB My K, £ 66% fid iR H )
LB KFBE R MR R 2%, it ICP-MS
I Bk B, AR TSB 3535 54107 (30 g MR I
F 1L EEFROBEIGH TSB Ki3L il kg
JE o H B 1.4 79 0y 7 i ) A RIS N WT
Afur F1 CAfur BIFFI . PP % R 1:100 1Y
b4z 2 TSB #5584, T 37 °C. 220 t/min
B9% 6 h, HL 40 mL 555#%), 10 000 r/min 5.0
10 min YEEE PR, #2HESCHR[3S] P B 7 3 Ab FEAFE
di, JFAE L ICP-MS e M N 4 & . SER
SR 4R,

1.6 WS &ERETw

REta(3-4 Hi, AB W H)IWH k2
R BRAE . ARG T sh S5 3R
M K22 S S AR e PR B s b, dm'
k1 202307019,

FETG M TE . 4208 1.4 35 55 2 45 B 1L
NP WT I Afur BRI K 30 455E 5 £ AL
IR 34, HH 1% B2 AR IR <1 HH i PR 4k
(MS-222, Sigma-Aldrich 23 &) FEEE i, 40 )38
I B EVEST 10 )L WT . Afir Fh 7 5% PBS., &%
YRR 12 h AR 1k, ELEMEL 7d, idREE
A fEE T O

TGRS . PR 1.4 TR DA
MR WT 1 Afur IR, FFHERE 1:1 L
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BRR A . K 6 4B ] MS-222 iR, il
RS S uLIREG W . Y5 24 h, ¥
BE I fa RS AR BE, BUBTEZHZY, A 1 mL
PBS, 414U i AL 50 0K T A0 26 B2 Bl T A
100 pmol/L 2,2"-dipyridyl B f i iR £k A i e £k
JIE £ 75 M B B B 7 2L (thiosulfate citrate bile salts
sucrose agar culture medium, TCBS, BD A A]) I,
T 37 CHEFERK NPT . LIPS0 S
RS TP 90-100 MFRTE VS, ISR V% PCR B
SE Afur 5 WT G, PCR VAR Z . 2xRapid
Tag Master Mix (¥ 5% v MEBE 2E W) RHE B0y A FR
N H]) 10 uL, 514 outl F1 out2 (10 pmol/L) 4%
1 pL, #i42 1 pL, H,O 7 pL. PCR J W 5514 .
95 °C 3 min; 95 °C 15s, 55°C 155s, 72 °C
1 min, 3£ 30 MEH; 72 °C 1 min; 16 °CIR-4E .
5 4 5 %1 (competitive index, CI)it % 123 2 (2)
Ji7R
CI=(FEih T Afur 5 WT B HAE)/ (R AT
Afur 5 WT [ HUAE) ()

1.7 RNA i2H

FE IR 1.4 15 19 J7 gl 2w iy s WT Al
Afur WP F W o B PP W 2 1R 1:100 7Y LG B
ez E TSB #i4R%5h, F 37 °C. 220 t/min
B 3% & ODeoo 29°5 0.6-1.0. B 1 mL 55549,
12 000 r/min &5 0> 2 min Y& 45 B 4K, Bl S T
Eastep Super £\ RNA $& U7 & (i 1% 22 4%
AW A PR R SR B L RNA, 33T 1%
TSR I FEL UK RNA (95836, I 4
T AEEEE T Nano-200 (B0 BB 254 PR
A))E RNA WREE . scsamor 05 3 ik, LASRAS
3 3 ST B RNA B
1.8 RNA N

RNA FEF AR A8 IE, 5B LTHEAF
PEATHE S0 6 . rRNA 225 . SCF R # A
lumina ¥ i L THE A R BI e, 255733k
FH PRI O 8 A o S AR AR A% =2 BB IEJS P (H
(Pag)<0.05, 25 7 RIAFEH B R AL AL 2 DAVID
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s % (https://davidbioinformatics. nih. gov/) #F 17
FL R AR A 18 (gene ontology, GO) & 570 M. F5 5%
HAEPRC R 2B R AEYE B O GSA £
g, B35k CRA034515,
1.9 BUEGIT RS

SEE R K ] GraphPad Prism 10.6.1 441
Fro3Hr e A 2l S (R A R fman
¢ 155 ODsys ) Fl ICP-MS 45 fifi 1 LM 2 7 2
81, JIFi i Bonferroni WA 5 2 H LK .
BE L 17 1 0 5 H008 R T log-rank A9 5347
Ta A e g i 06 E B ORUR TE X ¢ K g E AT A
Mo BRBED 047 15 3800 4, SEge 2 SR L
Y 4525 (mean=SD) RN . * 3R/ P<0.05;
**RKIR P<0.01; ns /R LREESR . #hFEME
£ 1% £ ScienceDB % #& J& (https://www. scidb.
cn/s/n6fuqu), CSTR %5 A 31253.11.sciencedb.
j00231.00059,

2 BRE5M

21 Fur EEEBTE=ZRAMEFS
EART

BLASTp 45R on, @I MINE Fur Y5
FENLINGE . BIGINEE . SRR | 0 k9B Al
S E P[RR AR 9 S SR 91— B 43l Ry
92.67%. 95.89%. 89.93%. 95.97% il 91.95%.
WA, ZEASKBFFE . BT AR
% A1 P B R b ] U R T R R Y A — Bk
M 80.14%. 79.73% Fl 57.94%. Z 75 Eb X}
RN, SREEANTE 1Y Fur &K F1EA Z2MESE AL
FERME (B 1), Swiss-Model T, - Fllv i 5K B
Fur SO 5 o BRE. 6 0 BITEA 14 n
BRBE( 1)
2.2 fur BEEERKLIRAOEAMREFDE

WARFTRIG MR Fur & (006, LIRS
MR RIMD 2210633 B kk N EARRRAGEE T fur
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al a2 nl
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PAGLKVTLPRINK I LIAVT [eJe)=3a(eXo] HE S AE)MAY KIMLENBAGEIIGLATVYRV L)
DL R QASRZAT @RAE VIAO QP DIC QI TEFNAD LYSMKIAT D L{e3NE T [eR i GRve 42874 AN
PIAGLKVTLPRIK I LiAAYT.[eJeh=gp/[eX¢ RN S A E|DEf Y KIS LINRNGE|MEiGLAT VYRV L]
IMAGLKVTLPRIMK I LEYLORRRsNI=IH\Y S AEDEA Y KINLINNWIGEIGLAT VYRV L
KrNeIR QAN AT LGSAE VIAQ E P DN Hi{ VERSHD LYSARIAT D Me3HE T [eRiV-GRTA S AVAAN
KLY Q'49N-3AViGeA0 MIAD S A EQ REIMEFSAD VRGUAIME Aleds)D Ve iy GRS § 374 T
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Vibrio cholerae_Fur QFpPIAGVINR HizF |G G|V F E Lo} H HD HIYCD[6GIAV I E FEIDI\Y I E[6|R OJME T -S04\ \Y
Vibrio vulnificus_Fur QFPISA G VINR HiZF 3G G|V F E L0} H HD H)RYCD[®GIV I E FED|slil I EJ3R OJNE I EV:V:-NeN\Y
Vibrio anguillarum_Fur QFpPIAGVINR Hi2(F G GV F E Lkle):|H HD HIRYC DM GV I EFEDIHY I E[6|R QI E T E\ixfeheN\Y
Vibrio harveyi Fur QFISIA GRVINR H3{F G G|V F E L6} H HD H)RYCD[6GIV I EFEIDBIY I E[6|R QINE I N 9N\
Vibrio splendidus_Fur QFpPINA G VINR Hiz(F |G G|V F E Lo} H HD HIRYC D[ GiV I E FEIDIIA I EJ3R OIME I E\e):0aN\Y
Escherichia coli_Fur QF BISIA G VINR HIYF 3G Gl§s] V F E LjieJod:{H H D H)MiC D[] G}V I E FEID|B] I EFAR OIIE I L:V:N:¢:(e]in
Salmonella Typhimurium_Fur [e33D D}.Ne] T\ T)38: (N} E [ele] K S\AWBAT O Q H):9:808:1 1, T (o L p] C[e KRS A3 S 3] D|SpAA)Ye] RIS AA K H G|T
Pseudomonas aeruginosa_Fur [o§g)F: AVNe T\ V):8: (N3 Defe|H A\SBAA D S GIz8:800: 1M Vo] Vo] T[]\ B ohoiMis] A|F: p K jzYe] K )B4 V|R E R G[F|
po
Vibrio parahaemolyticus Fur —l-
130 140

Vibrio parahaemolyticus_ Fur TEAT NEISIHY[?4G K C|S .[DGGICKENPDAHKPAK .

Vibrio cholerae Fur QT NEISHYIRYGK C/GSDGS|CKDNPNAHKPKK .

Vibrio vulnificus Fur QT NiISHYIMYGK C|G .|[DG|S|CK|GNPDAHKRKN .

Vibrio anguillarum Fur QT NEISIHAYIRYGKCA . DGSICKIQNPNIAHKSKR.

Vibrio harveyi Fur TIAT Njz{SIAYIRIGK C|S . DG|S|ICKDNPDAHKPVK .

Vibrio splendidus Fur QM T N:ISHAYIRYGK S|T .|[TGD|ICK/GNPDAHKAKK .

Escherichia coli Fur RMT NiISHAYIRYGHCA . [EGD|ICREDEHAHEGK. .

Salmonella Typhimurium_Fur RIJT N:(SAYIRAGHCIA . [EGDICREDEHAHDDATK

Pseudomonas aeruginosa_Fur EpRV DEINIAVIRYV R KIKK|. .|.[. .| o wlu s]e s e

E1 FUREBMZFFILERS
Figure 1 Multiple sequence alignment of the Fur homologues. The GenBank accession numbers are as follows:
Vibrio parahaemolyticus Fur, WP_005489847.1; Vibrio cholerae Fur, WP_001282826.1; Vibrio vulnificus Fur,
ADV87235.1; Vibrio anguillarum Fur, WP_010318689.1; Vibrio harveyi Fur, AIV04866.1; Vibrio splendidus Fur,
WP _004734226.1; Escherichia coli Fur, NP_415209.1; Salmonella Typhimurium Fur, NP 459678.1; and
Pseudomonas aeruginosa Fur, NP_253452.1. The predicted secondary structures of V. parahaemolyticus Fur are

shown at the top.

SEDBR R Afur, FEHE— BRI T Afur (11 #b
Bk CAfuro F4 % B D) 4 B A 8 i3 PCR #4756
e W 2 fros, R WS inl/in2
PEAT PCR P71, WT HI CAfur BEY 1 HY 185 bp
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2.3 fur BFE K5 EA ML EE E
BEFRETE)FHTHEK
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A L1 L2 R1 R2
L
outl inl in2 out2
B inl/in2 outl/out2
bp M 1 2 3 4 5 6
821 bp
441 bp
185 bp
E2 FURERFEFRKEIKFIEIHKHIIPCREE

Figure 2 PCR identification of fur deletion mutant and complemented strains. A: Positions of the primers used

for the construction and identification of Afur; B: PCR amplification of genomic DNA from the WT strain (lanes

1 and 4), Afur (lanes 2 and 5), and CAfur (lanes 3 and 6) using the primer pairs inl/in2 and outl/out2,

respectively. Lane M: DL2000 DNA marker.

%3

EAMITE & EHRETSA (A)FATSB (B)iEFE A KIFR

Figure 3 Growth of Vibrio parahaemolyticus strains on TSA (A) and in TSB (B). Data in (B) are presented as

mean+SD from three independent experiments.
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Figure 4 Growth of Vibrio parahaemolyticus strains under iron-replete and iron-restricted conditions. A: 1 g/L
TCD+H,0; B: 1 g/LL TCD+1 mmol/L FeSOy4; C: 1 g/L TCD+2 mmol/L FeSO,; D: Absolute ethanol (the solvent
of 2,2'-dipyridyl); E: 75 pmol/L 2,2'-dipyridyl; F: 100 pmol/L 2,2’-dipyridyl. TCD was supplemented to the
medium to alleviate iron precipitation. Data are presented as mean+SD from three independent experiments.
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Figure 5 Analysis of intracellular metal content in Vibrio parahaemolyticus strains. A: Iron content; B: Zinc

content. *: P<0.05; **: P<0.01; ns: No significant difference. Data are presented as meantSD from four

independent experiments.
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Figure 6 Growth of Vibrio parahaemolyticus strains under oxidative stress conditions. A: TSB+75 pmol/L H,0;;
B: TSB+100 umol/L H,0,; C: 2,2'-dipyridyl (100 pmol/L)-pretreated TSB+75 umol/L H,0,; D: 2,2'-dipyridyl
(100 pmol/L)-pretreated TSB+100 pumol/L H,0O,. Data are presented as mean+SD from three independent

experiments.
A B
100 A 1.2 .
- WT ’ :
L - 1.0 e
80 Afur < o
< "1 “PBS  Zost .
S 60r s ©
> >
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5 40+ ® o g
« g 04r
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2ar 02f
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El7 FEHRMAfrERD BERRNE LS
Figure 7 Virulence comparison of the WT and Afur strains in a zebrafish model. A: Survival of zebrafish
infected with the WT and Afur strains; B: Competition between Afur and the WT strain in the colonization of the

zebrafish intestine. ns: no significant difference.
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Figure 8 RNA sequencing analysis of the differentially expressed genes (DEGs) in Afur. A: A volcano plot of
the DEGs in Afur compared to the WT strain (Up, down, and ns represent the upregulated genes, downregulated
genes, and non-differentially expressed genes, respectively); B: Gene ontology (GO) term enrichment analysis of
the DEGs (GO terms with an P,4<0.05 were considered significantly enriched. BP, CC, and MF represent the

biological process, cellular component, and molecular function, respectively).
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