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Influences of mfpA mutation on the motility and biofilm
formation of Vibrio parahaemolyticus

ZHU Huangchenzhi, HAN Zhouyu", SUN Yu', MO Qiufen', CHEN Gang', YANG Menghua’,
XU Guangzhi"”

1 College of Food and Health, Zhejiang A&F University, Hangzhou, Zhejiang, China
2 College of Animal Science and Technology, College of Veterinary Medicine, Zhejiang A&F University, Hangzhou,
Zhejiang, China

Abstract: The vpal443—-vpal445 gene cluster (mfpABC) encoding the membrane fusion protein
(MFP) is hypothesized to be involved in the biofilm formation of Vibrio parahaemolyticus (Vp).
The gene mfpA (vpal445) encodes a Ca*"-binding extracellular protein containing a repeats-in-
toxin (RTX) domain, while its function is still under exploration. [Objective] To study the
influences of mfp4 mutation on the biofilm formation and motility of Vp.[Methods] The single
mutants of three genes in the mfpABC gene cluster were constructed, and the Vp motility was
compared between the three mutants and the wild type. Furthermore, the influences of mfpA
mutation on bacterial motility and biofilm formation were analyzed in detail, and the expression of
related genes was analyzed by RT-qPCR. Moreover, the cytotoxicity of AmfpA to HeLa cells was
investigated. [Results] The mutation of mfpA significantly reduced the swimming and swarming
motility of Vp. Crystal violet staining and scanning electron microscopy results showed that the
mutation of mfpA enhanced the biofilm formation and increased the content of extracellular
polysaccharides and proteins. RT-qPCR confirmed that the expression levels of flagellar genes
were downregulated, while those of extracellular polysaccharide synthesis-related genes were
upregulated in AmfpA. The cytotoxicity of AmfpA significantly decreased compared with that of
wild type.[Conclusion] The mutation of mfpA can affect the expression of genes associated with
flagella and extracellular polysaccharides to reduce the motility, enhance the biofilm formation, and
attenuate the cytotoxicity of Vp.

Keywords: mfpA; swimming motility; swarming motility; biofilm formation; cytotoxicity
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UL, 3% 3 32 3) (swimming) FI i & 32 3h
(swarming) /&4 R AKFEHE Bz 2y 2 Fh 23R
T 2R 5955 T A A 0 1k N B0 1 2 A
K WFgE R, A R G <38 3 fe 2 i
() 4 32 20 L BRI L R A A AN R
N Ak 22 sl L 51 RO (AT D B
Z: 5 4 Yok Y 1l sk OR ) L AE [ R 3% 1H 1Y iz
S K RS 1 A R I R < a2
Bl R T i TR AV E IR A T 40 o

B INEINE mfipABC (vpal443—vpal445)
FH R 37 1 0 20 6% B @l B 1 (membrane fusion
protein, MFP), ZH & — > #2974, Ho |
mfpA (vpal445)9mtis—Fh & RTX (repeats in toxin)
T R AL Ca> S5 A IRANE T, T mfpB
(vpal444)Fl mfpC (vpal443)/y 54t ABC Hiz
EEOMBER G SN, AR EASRS,
A7 52K MfpA R g 2 s, Bk E
BB RN, mfpC F378 ] i 2 BEAR RIS I P 5K
B A A g SR e 1Y, (L mfp A BT RE M R
W78 . Moreira ZE' SR KB, TS TR
W (Sinorhizobium meliloti) W) mfpABC %& K %
expEl. expD1 Fll expD2 g fith 21 hl,— #2901,
H:p expEl it RTX &5 #95 Ca® 454 7r W 1
1, expEl 7254 FEUETE hAEHYIR B A4
ZHEG I, AP EIY L

=1 AR A E AR BTRL

Sk 4 T A A B LS mfp ABC I RE,
AIFFEME T mfpA. mfpB Fl mfpC 2k 58 7%
PR, TSR R EN, K3
mfpA 5 W R I SN R SR A sl ) O i
R, FESLSERE b —2PHRTE T mfpA 5200 RIS I
PRI DI S RN AE P ST i BE T B BLA -

1 AR5

1.1 Bk BIRAEFR &G

AHIE 5T B 0 R R AR LR 1, KRBT
TR R I Ve SN T R 0 i 55 3R T LB 3 SR
FEFE A 2% NaCl i LB 15 37 3L (LBS) 8 i 0>
= W N 7 K5 ## KL (brain-heart infusion broth,
BHI) . B A i 228 JIT A P 19 2% ol it 2 3R 40k
[ N . %E B FK (streptomycin, Sm) 20 pg/mL;
+ I % & (kanamycin, Km) 20 ng/mL; % &
(chloramphenicol, Cm) 20 pg/mL.
1.2 mfpA FHIZELLST

ffi i BLAST T.H.7E NCBI & 11 Ji 4 4is 2
(https://blast.ncbi.nlm.nih.gov/Blast.cgi)X} mfpA £
H IR e A A TR R AN R E 4, RS
K SR (Vibrio alginolyticus)i F0254_04995
VI K B A W AR AR 98 B (Sinorhizobium meliloti) 1Y)
ExpEl (SM11_pD0707) % % 4~ 11 i ¥ 51 H

Table 1 Bacterial strains and plasmids used in the study
BRR AR FHOAFIE AR
Strain and plasmid Relevant characteristics Source

Vibrio parahaemolyticus RIMD 22106335™

Streptomycin resistance

Laboratory collection

AmfpA mfpA deletion of WT; streptomycin resistance This study

CAmfpA AmfpA complementary strain; streptomycin resistance; This study
chloramphenicol resistance

AmfpC mfpC deletion of WT; streptomycin resistance This study

AmfpB mfpB deletion of WT; streptomycin resistance This study

Escherichia coli DH5a Apir
E. coli HB101-pRK2013

E. coli pDS132

E. coli pBAD24

No resistance

Kanamycin resistance
Chloramphenicol resistance

Chloramphenicol resistance

Laboratory collection
Laboratory collection
Laboratory collection

Laboratory collection

http://journals.im.ac.cn/actamicrocn
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ClustalX #4727 5 Hext, P ESPrit 3.0 7E 4k
B Ak (http://espript. ibep. fr/ESPript/cgi-bin/ESPript.
cg) A TTER
1.3 EFERTHRFMANMEIRAIDE

DLW i PR R RBP4 R (WT) B AR
V. parahaemolyticus RIMD 2210633%™
DNA WA, Kmﬁﬁaﬁﬁﬁiﬁﬁ?ﬁﬁ
JE 4 500-1 000 bp Y A B,

A
1k, 2%
il ot Over-lap PCR

PEZ R B (R 2)0 KPR R BETO 4% TR
5k pDS132 %wijt%ﬁrﬁ DH5a Apir,
e B FORL pRK2013 (935 B F i
B0z Al 3] R 9 I G T B A R e LR
F1Sm) LBS “FARIFIESS, 7E 10% KEHE LBS A
2%, VU mpr-up-F Fl mfpC-down-R 5|12 5E
KTl sa N AmfpA. AmfpB Fll AmfpC .

u%ﬁﬂﬂﬁﬁ, 275 5L BRI O 1 K

“ORES
ﬁHXﬂT}T (Cm

ZR_AR

R2  RTHRFNFMERRS D
Table 2 Information of primers for mutation and complement
FIE/EA S 19751 NCBIZEHY &
Primer name  Primer sequence (5'—3') NCBIID Note
mfpC-up-F ATGTGATGGGTTAAAAAGGATCGATGCCGTTACCTAAACCG VP _RS22070  Upstream mutant primers
AAAG (vpald43) of mfpC, the fragment
mfpC-up-R CAGTGGCTTACGACTGGCTGCTGATTGCTC length was 776 bp
mfpC-down-F  CAGCCAGTCGTAAGCCACTGACAGAAAGCA Downstream mutant
mfpC-down-R  TCGCATGCGGTACCTCTAGAAGCAGAGGTAAATAAGGCAA primers of mfpC, the
CTAA fragment length was 995 bp
mfpB-up-F ATGTGATGGGTTAAAAAGGATCGAGTGAAAAATAGGACGC VP _RS22075 Upstream mutant primers
AAGCCACA (vpal4d4d4) of mfpB, the fragment
mfpB-up-R ~ CCATCAAACGAAACCTGCAAGCGTGCATAG length was 972 bp
mfpB-down-F  TTGCAGGTTTCGTTTGATGGGTGAGGACAG Downstream mutant
mfpB-down-R  TCGCATGCGGTACCTCTAGAAGAGCCACCACATCTTGAGC primers of mfpB, the
AG fragment length was 946 bp
mfpA-up-F ATGTGATGGGTTAAAAAGGATCGAAAGCCTGAAATCCTAA VP _RS22080  Upstream mutant primers
TGCTC (vpald4s) of mfpA, the fragment
mfpA-up-R GTCGCCGAGATTTGCGCCTGCATCGCCTAG length was 890 bp
mfpA-down-F  CAGGCGCAAATCTCGGCGACAATAAACTGA Downstream mutant
mfpA-down-R  TCGCATGCGGTACCTCTAGAAGGTGTCGCTAACTCTGCAC primers of m/pA, the
TA fragment length was 993 bp
mfpAHB-1 GGCTAGCAGGAGGAATTCACCATGGCTGCATGTAATTAAA Back primers of mfpA, the
AGAAAAC fragment length was 779 bp
mfpAHB-2 CTCATCCGCCAAAACAGCCAAGCTTTAACAAATAAATCGG
CAC
mfpA-IF ATGAGCACAAGTGACAATGACA Identification primer of
mfpA-IR TTCTGCACGATTACTTCCAC V’"VJZZ Alél; f;;gme“t length
pDS132-F CTTCTAGAGGTACCGCATGCGA PCR primers of mutant
pDS132-R CGATCCTTTTTAACCCATCACAT plasmid
pBAD24-F AAGCTTGGCTGTTTTGGCGGATGAG PCR primers of
pBAD24-R GGTACCATGGTGAATTCCTCCTGCT compensated plasmid
R TR A R B

Seamlessly clone fragments are underlined.

>4 actamicro@im.ac.cn, 7 010-64807516
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HMERE Pbad24::mfpA Tk, it = SE A
B2 AmfpA . FIXFT(Cm Fl Sm) LBS A4 i
e, F5%) mfpA-IF Al mfpA-IR ¥E4F PCR KiiiE
BRSNS 24 CAmfpA
1.4 EBEEIMNE

X mfpABC 5 [H 5 A8 bk 1712 8l ik ) 91 45
ME . 28 Zhang S5 5 2 kA 7i8 shbE &
HIEFTIE B M. VRIS BhTE & 0.5% BRI
BHI 5524 FiAT, BEEEEh7E A 1.0% Bilg
) BHI 55373 1 ibAT . 3 A28 48 bk Fn i A R 7
LBS WA FE3E 37 °C. 150 t/min B335 0%, 1%
TR LBS #iE 2 ODgoo (HM 0.5, TR I %
SRR B BHI P4, CE T 30 °CHE5% 6 h il
8 h Ji 43 50 I T i A Bl RN R 4R A8 3h B B TR
H*E

Xt mfpA FE K G AE KR AMEVRUES 712 BB
M E . ¥ WT. AmfpA Fl CAmfpA 35 5514 7%
Y LBS FiBE 2 ODgoo fHH 0.5, FHK 128 5
FEZEARN G BHI P-4, H4F-Hfe 30 °CF K 5%
6 h 1 8 h 43 1INt B 75 Y B A o
1.5 A KphZaNE

B8 IR E WT. AmfpA K CAmfpA T#
PREGH5 LBS WSR3, #iBEE ODeoo fH R
0.1, T 37°C. 150 r/min Jeiz155%. 4EbE 1 h JUE
1 K ODgoo {8, EZEME 12 h, £l KihZk.
1.6 ZEmEFEUNERLEMIWIE

% 18 Fan 55 Zhang SV T5 kR A7 45
A RN E IR . WT. AmfpA Fl CAmfpA
FIFET 37°C. 150 r/min 535 12 h, ¥53af ke
& ODgoo fH M 0.1, LA 96 LA, 7E 30 °C |
80 r/min NEHE 8 ho FEIEFEY, MEE K
I TE VR AR R A 3 Yk, T 50 °CHLAS
8 30 min, JH 0.1% U4 2844 (3, 15 min,
RIGHEBETFARNLIEE 3 K, ARTERE,
WA GERA LT RS R R T 33% LR,
FHEFFRACGI  ODs70.

1.7 e EN S YIS

S 18 Wang 25520 07 i idb AT A= W B ) 41 46
HL B W28 . WT. AmfpA 1 CAmfpA T ¥k T
37°C. 150 /min $55% 12 h, HIEHEYHRER
ODgoo T} 0.1, JIA 24 fLAR (24 FLABUR TS &
ATCH € R), 7F30°C. 80 r/min FIHH 8 h,
FH 2.5% IR E i, FEREERY B, K
WH 50%. 70%. 80%. 90% LA,
YK 15 min, T 100% ZEEERAEK 2 K,
B K 30 mine I S5 R T A9 TE FromE 4
(Hitachi)Zb 3, FHHT B (2R H AR A= Wi fie
1.8 MINEEFINE

Ja AN B i E 2 IR Zhu S )7 kAT
WT. AmfpA Fl CAmfpA HERES: 0005, Kt
TGRSR ODgoo (H M 0.1, B 2 mL BN A
EAICHIE A (4=14 mm)iF) 24 FLAH, £ 30 °C
THE 24 h B AR . SR R 7S S SR U
SNEEA Y. FH 0.1 mol/L PBS (pH 7.0)7 ¥t 2 1%,
M 1 mL 29 0.01 mol/L G4k 4 v i i &,
BT UK FAREARAE, 20 kHz [A] W7 #E 75 5 min,
4°C, 5000 r/min &[> 5 min, WE FIHR.

2 Wy - R 1 N SE M A 2 B B . B 2 mL
LFEREELE T, MA 1 mL Y 5% KR
A5 mL WHBERIEA), 50 °C/KH 15 min Ji i
BTk, HEEFRGNE ODago, 15 5X5 1 1
V=2 g

X s W E AR & . U1 mL
VWS S mL B H s i IR, FHEERAY
WMI%E ODsos, THHAMAIMER &

1.9 mfpA FEMEYH RIEFKFE
I IE

i i RT-qPCR Kl AmfpA K 5748 %) Rl
I ST TR A4 30 4 B R = A DG 5 R 2 SRk P 1Y
Y, WT. AmfpA Fl CAmfpA kT 37 °C .
150 r/min }%3% 12 h, B 1 mL B TRIzol ¥
FEHLEL RNA (Vazyme 23 1)) # ] HiScript I1 Q
RT SuperMix for qPCR (+gDNA wiper) i | &

http://journals.im.ac.cn/actamicrocn
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(Vazyme 2 6))#E1T cDNA & . RIEE 3 5]
Yy, VA gyrB ARNZSEEM, {#iH ChamQ Universal
SYBR qPCR Master Mix il &(Vazyme 23 H]), £
StepOnePlus Real-Time PCR System (ThermoFisher
Scientific 23 7))t #E 4T RT-gPCR 9 H (1% &
mRNA 7K,
1.10 “AfasSiiiie

HeLa Z1M7E & 47 10% Ja 4 IfL7% i) DMEM
BRI, F 37 °C. 5% CO, Bi g P B 3% .
41 i 7 P I %2 $2 8 Chimalapati 224 Marie
SR IR, AN 2, K% HeLa 4420
T 96 fLH, HEFRIS R E 80%-90% B 1,
SRIE R AN I A TR A 1% SR 4 1M1 9 JC
21 DMEM ', il s )RG5 . 1] PBS YL
B IR HeLa 40, 4% UYL & 45 (multiplicity
of infection, MOI) 10 FI AL, 420 b
BT 37°C. 5% CO, B5F-A 435I E 2 h i

%3 RT-qPCR3|%)

Table 3 Information of primers used in RT-qPCR
GIL/E2 BlL/2l)
Primers name Primers sequence (5'—3")
gyrB-RT-F TGACAGCCGTTGTTTCGGTA
gyrB-RT-R AGTCTGCAAGTTTGCCTGGT
vp0790-RT-F ACATCAACGGTCAAACAGA
vp0790-RT-R AATGACACTTCGCCTTCTA
vpal403-RT-F CAAAGGACTAATTCGTTC
vpal403-RT-R AACAATGAACATTTGCTC
vp1473-RT-F TGATGATGACGCAAATGT
vpl1473-RT-R GCGGTGGAATGTTACTCT
vp1406-RT-F CAAAGTGGTGCGACAGAC
vp1406-RT-R GGCGATAAACCCATTCTT
vp1468-RT-F GGACAGATGCTCAGGCTAT
vpl468-RT-R CAGGCTTTCGCTAACTCG
vp2259-RT-F AAATCGGTGCTGATAACG
vp2259-RT-R AGGCCAAGTTCACCAGAC
vp2224-RT-F ACGCGGATAAAGAAGTGC
vp2224-RT-R CGAATCATCGGAAGGTTG

>4 actamicro@im.ac.cn, 7 010-64807516

4 h, J&YLf5, H LDH (lactate dehydrogenase)Zi]
R P A 0 ) o L TR Sl R i B B R
i, &5, HEFRMUGEE ODsg, Wl
LDH i, S 6 4k, BUHCPHME.,
111 BEEDHh

AL R/ 0ER 3k, BRI EE
2R IR, BSHRR PAE, *: P<0.05; **.
P<0.01; ***, P<0.001; ****. P<0.000 1, ffi
A GraphPad Prism 9 # 17 5 [K % J7 22 43 T (one-
way ANOVA), 781 WT. AmfpA F1 CAmfpA TH
PRZ A1 25 57 o

2 BRSS9

2.1 mfpA R &R EE M4 I =R TF
BRI EIEE S

453 Bt mfpABC X gl ¥ 11 9N R 1z Bl
M2, MIE T mipABC SL[H BAZE A5 Kk, 43 ]
LA mfpC-up-F/mfpC-down-R, mfpB-up-F/mfpB-
down-R Fll mfpA-IF/mfpA-IR N5 ¥ 2), i
PCR % e 74k, & 1 fron, BpAAURI 2R A8
R 88 R BER RN S BS A —, %W
AmfpC . AmfpB Fl AmfpA ZAFMRAS E T

AmfpA . AmfpB Fl AmfpC 275 fk %} iz gl 1
R E 2 s, SR RIAHLL, AmfpA 5
SRR PR i s B AR B i Bl e 7 38 W 3 T
1M AmfpC 1 AmfpB WIJCH] 2 254k, KRB mfpA
B PH 58 AR b SE S T RIS I TR 938 B
DN I A iF 5% 0 L 58 mfp A RO DI REJETF T 5 4k
2.2 MifpA |EBFFI7H

MfpA B FIIL T 196 MR SEMRIRIL, Hr
1,85 24> GGXGXDXUX & F4)(Hh U J21E
T K & 5T RTX)N, B 37 20
ATH) B-T B 45K . K MfpA B 57 B
(Vibrio alginolyticus)) F0254_04995 VLK #& h
TEMYR A1) ExpEl BiEE I Ca® 4 A H ik
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B
A M1 2 3

3493 bp

1 888 bp

668 bp
457 bp

E1 AmfpA. AmfpBFIAmfpCREPCREE

Figure 1 Identification of AmfpA—-AmfpC. A: AmfpC; B: AmfpB; C: AmfpA. Lane M: DNA marker; Lane 1:
WT; Lanes 2, 3: Mutant strains.

A B C ns D ns
sk sk sk
95 - ns 30 sk
0T | TS o2 bt |
£ E 2074~ -
i P
Q 5]
2 10l £
; £ vl
A 4l
e, e
ropraryralii g
NN NN <Q
»“{\Qv‘“% e e < e

E2 AmfpA. AmfpBFAmfpCREMRBNMERENLLE . A: TRIFZE3I T B: BHEZSI MG C: TRIF
B EE; D: BFEIEIEE ER.
Figure 2 Comparison of the motility ability of mutant strains. A: Swimming plate; B: Swarming plate; C:

Motility zone diameter measured on swimming patterns; D: Motility zone diameter measured on swarming
patterns. ns: No significance; ***: P<0.001; ****: P<0.000 1.

TTZEILXT . WA 3 iR, MpA EISHAM 23 mfpA FRITHRF A 24K 15 5 &
2AMEER Ca SRR HAZ D RERTN i

GGXGXDXUX #I P, XPEFIR P54 W4T mipA SR B, AR
PEAEI A Ca™ IR 45 A X3, HT mfpA MR, (5 149 mfpA-IF/mfpA-IR,

http://journals.im.ac.cn/actamicrocn
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Bl p2 p3 p4
vpal445 5

TT
! 19 0 49
vpald4s Sw i msmsws s TBonpTvIc. . DA[ANNNIRDF Y G[ERE SIF Vi i
F0254 04995 IS . . . . ..o ... .. ARDNpT[YIG. .. ... .. DA[EVNNQF|AD Fi)G[elsdsbAF I [elF Glebin)S|F Vel
ExpEl ATLEGGAYDDALF GERF[ID|F IIRAHGGDDF VNG[EN GD D I|IF GID[}o}opAL F[elG N[ehN§n) T/v F[e]

*

30
[€GD D Lj3mn

BS 86 87 B8 B9 B10
vpa]445 - > > > > > > —
__________ 50 60 70 80 90 ______100
vpal44s :FGD vI|1[gc AgNERE TEgA EREV LR A G ERE] v B ol T ENE L e L g N k@NEEVEER T
F0254_04995 1felGlEniviviz(ec pfepir il nietea sl 1 Lira G SN vl Glele T el alWe 1, 1 e D N KEAN[Ee viE R T
(BT 1% o 3o\ B G NoB .Y c o o 0 IS o v DB MG B GEln . 1. ol Al il c Bl o
s s sk ok ok ok ok s 3k sk e ok e ok ok ok s s o e ok ke ok ok ok st ok ok ok s ok sk
p11 p12 B13 nl p14 p15 n2
vpaldds - > > 000 — — 000
_ 120 130 140 150
vpaldds 'TvagsEo vVEVEE S SRR T D K FEgHEE A KV VR SPufISDTV. . . .HEFGRY?
F0254_04995 | Ljv Algs D NivEvIEle S|N GINKIRSUT D K FlefelHlelE A K|V V{spaka T SHEPdISDSV. . . 4D F GlePA
ExpEl | 1D clEalEs DA e olc S TEAAD . . . EEclEnD viT LY VEAOBYS K G T NG LD VEYA P E[opd
%%
BlG B17 8IS al M3 BIY
vpal445 — T — —_—TT QQ0QQQQ0QQQ Q=P
160 170 180 190
vpal44s TFSYD . [AAYANF T oA D LEVIKE TGV T & TREIN T Y[Ga D LV .
F0254 04995 SFSYD .ANV[EYANF T Dlela D LENvKI T|[viT E TREYN|T Y|ClAa D Ligv{T|.
ExpEl ASRITONGEYVIYI D Llgu ¢ DELTIVINAID A E[¥doa HP|E N Y TIVIE

&3 MfpAFFZELLRT

Figure 3 MifpA multiple sequence alignment. *: GGXGXDXUX: Repetitive sequences.

i PCR %8 #MEE R (R 2). W& 4A R,
R R B KN A B A ALK, R
CAmfpA FE Y]

WE 4B s, RAS R AmfpA FAME B
CAmfpA WA E SE 4R WT AH TG 2
25, R mfpA FE R B 578X BRI DR
ARIFTCREM

mfpA LR (1) 5875 bl 2 FEAIR T R iz sl FLRE
B BhRE S . WE 5 FiR, AmfpA [WIFiFiZ 3l
BRI HRES M WT IR T 96.8%
1 86.1%, 1 CAmfpA W 4351 5] F+ T 43.5% Al
33.3%, HIHAT%0 AmfpA BITRIAE S FREEEIZ 5l
AE 1 VG, 1 CAmfpA HITF iz S A 4E
18 B RE 71 R 5 R A B A ALK, H gk
PR IR S RN R A, IR R, mpA %R
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A5 BRI B BE 1 RIS SR BT mpA S R R AR
e
2.4 mfpA SREIIEINE PR AL e

R FHZ S S YA TR SE mfp A FE R A5 510
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Figure 6 Comparison of biofilm formation ability among WT, AmfpA, and CAmfpA. A: Crystal violet staining;
B: ODs;y measures the ability of biofilm formation; C: Scanning electron microscopy observation of biofilm

formation. ns: No significance; **: P<0.01; ***: P<0.001.
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