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Effect and mechanisms of sodium butyrate on the virulence of
Vibrio parahaemolyticus
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ABSTRACT: Objective To explore the effect and mechanisms of sodium butyrate on the virulence of Vibrio
parahaemolyticus. Methods The effect of sodium butyrate on the virulence of Vibrio parahaemolyticus was
evaluated by measuring its biofilm formation ability and host cell adhesion ability; Fourier transform infrared
spectroscopy (FT-IR) and Raman spectroscopy were used to detect the changes in extracellular components, and the
changes in virulence genes expression were detected by reverse transcription-polymerase chain reaction (RT-qPCR).
Results Sodium butyrate at sub-inhibitory concentrations (SICs) had minimal effect on the growth of Vibrio
parahaemolyticus, but had significant inhibitory effects on bacterial biofilm formation; the adhesion rates of Vibrio
parahaemolyticus to Caco-2 cells were decreased by 28%, 41% and 61% respectively with sodium butyrate treatment
under different concentrations. The results of FT-IR and Raman spectroscopy suggested that sodium butyrate could
affect the fatty acid, protein, hydrophobicity of Vibrio parahaemolyticus, and reduce the peak area of nucleic acid,
carbohydrate, and protein; RT-qPCR analysis revealed that 0.500 mg/mL sodium butyrate significantly
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down-regulated transcriptional expression of genes associated with virulence (P<0.01). Conclusion

Sodium

butyrate has the ability to inhibit virulence of Vibrio parahaemolyticus and has potential to be used in the prevention

and control of food-borne diseases caused by Vibrio parahaemolyticus.
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PR 5 B A2 1 R R ISR T AL % T3SS
BN, BRAN R A EE 5 b R A A DA AR,
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1.1 #R5RF

Bl % I ¥E 9K B (Vibrio  parahaemolyticus) ATCC
17802( 3 [ 452 2 TR MR AR o), N o I 5 i o it 4t i
(Caco-2 4iiifs, HRHBE HIBAIMLIZE); 2585 (GHE > 90%) |
TRREN(BERE = 98%) [ BT T 50 () A IRA Fl 1, R H
45K 5. ¥ (trypticase soy broth, TSB)., JHEZE 1M K S5
(trypticase soy agar, TSA)(H S AL WA BRAH]); A IREE
K (Dulbecco's modified eagle medium, DMEM) & #iE; 77
I | JE 8 2 B VY 2R (ethylenediaminetetraacetic acid,
EDTA) 4 LT (0.25% I, Gibeo b5t 52 7 it A BRZA Al );
RNA HzUIEEGAM £ . Evo M-MLV RT i{#£&. SYBR
Green Premix Pro Taq HS qPCR 5l & (W1 me LR i A= W1 A
FRZSED); BRlEHE . SR Eh 9% v 2% vt (phosphate buffer
saline, PBS)( A4 TAY TREA FRAF]); #iFIi# Triton
X-100(_E- 1 2 se bR A AL B A B2 WD)

1.2 UE5%%

ZXMP-A1150 TE IR TE IR FRAH | 1S09001 73 R (i
WA A R W]ALAR); Infinite F200 PRO 22
X (Hi L Tecan Infinite 22 H]); UV-5100B 403606
(I ICHT AR T AT BR A w]); BSO A=) 22 AR (M 2 %%
H AR F]); Thermo R B0 . ND-ONE FU A% R 2 A
GEER KRB A BRA H]); MyCycler 320} 94 5E f# PCR
A& HE ZE AT BR2 7); Spetrum two i HUM-ZL A3 (14
BURBN A FR A ]); LDZX-30KBS 5 T K B % (¥ H
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B TSA }iFR3t LRI TG4, Zid 37 Cil i isa%, #k
W5 T 3% NaCl 19 TSB H#F, 37 °C, 160 t/min 3% 5%
FEEXFHIY ., 5000 g, 4 °CE.L> 5 min, 3 B3, A HEL K
R 3 RIFEE, WEERF ODso am=0.5(¥ &£ N
108 CFU/mL Z47).
132 sz i

Caco-2 4iI7E E 20%IM7% 1) DMEM 435 38 h 55 5%
(1% =Ht), H & ARG IR AL IR 7 550 0 37 °C 5%
CO,. M4 H 85% 447, PBS Uk 3 ¥k, B BNk
1 min, MIALREFERA LHLL, Caco-2 4IAELL 1:2 B9 HL A
FHTHERN
1.3.3 &)t IR A K fe £ ) IRF A% 69 0 2

i 1.3.1 iRl # B, AJCE 3% NaCl (Y TSB
THIERMA, BWIHE] ODgo nm=0.5, fEHWHEE 1000 1
(10° CFU/mL). A T ¥FAh T BRANX PR T 40 b 2 4 i s, i
A 100 pL PR T BRENR I EIFLA R, FE4MRA), 78 37 °C
THFE 24h )5, (M FHEEARCIE 600 nm AbHYEERE . S
FEBEXT RV IR B ] e/ DA AR K 3 AN
W EEAE A ABIF ST 5 0T BR AT ) 88 1 1 3 PR %) S S50 vk R
(sub-inhibitory concentrations, SICs), FTF)J5£E3250 54T

Sk Y KPR EIE L, A TR R
M PSR AE P T R e, 288 1.3.1 TEMLEtRSG, JH%E
TR F ODgoo am=0.5, FFHEFNTE 96 FLELETHEM, 1S4
R BL R FE A T R SH(0. 0.125., 0.250., 0.500 mg/mL)K557
W, 30 °CFREFRFAR 72 he WOEREIRM, FH6 FHICH PBS
GRIRTAFL 2 1K, BERTRIFAA, T 30 min, 200 pL
S5 RV I0.1%) AR, SR T Y46 20 min, WoE
45 SRS, PBS W PE 3 WK, T8 30 min. 33%M99K 4RV
BOMATFALAR S, BUE TREAREIK E 20 min . 5,
P BR SN B ALARTE ODs70 am HIMROGRE o A= B ] 31
B 1R (%)=[CF B ODs7g qm-t3E ODs7g nm)/ X 18
ODs7 1m]*100,
1.3.4 T ERANAT S ia b IR E 5 Caco-2 4afit bt /7 4935

Z 18 MIAO 5Pk, 2545 T MR Bt ml i i 9K
HEHF Caco-2 MAYEENT . Caco-2 4ELN 1.3.2 fiiA K5+
SERUR, BEEEEAL, & 20%I05% ) DMEM J#4& % 1x10° 4
Yiffl/mL, FEFPE] 48 LA, FNFLAE 500 pL METR .
37°C. 5% CO, 3555 24 h Z2J5, PBS R UEANM 2 Y. 4

1.3.1 FrR 45 M, {88 FH PBS % e B 2 YR (5000 g, 5 min,

4°C), JH# LI F] ODgoo nm=0.5. K EHEE M 0.125.0.250.,
0.500 mg/mL 1T FR4M 7 1k Ab 3 R i M 9, 37 °C,
160 r/min K555 EXFHPHA, LIRS T RRENIE R A9 AE Nt

4 °C), BJ5 FATCILE 1 DMEM 405 35 i 0 1 B i 25 i 1
% 10° CFU/mL. 4 500 uL FITEBANAZ] 48 fLA, 18
FLARICETE 37 °C, 5% CO, ¥iFAf 555 1 h, JHBBMERW
R LI PBS W5k 3 K. FfiJR [ 48 FLAR AR
LA 0.1%) Triton-100, {EFLAURE 4 CoKAE 2L
20 min, 5, FTAWATEHNFLH WA, Bl R
R PBS #F1T R 51 10 55 B8, WA 1E %4 3% NaCl i) TSA
Bi R SR, 37 cCRI BT TG AT BRI M Rk
N, BASERATHE s B (%0)=(T MRANAL B IS B AT
Caco-2 I I T 75 A B/ BE4H A I Caco-2 21 I BT V%
)% 100%.
1.3.5 2ot 2osh 038 041 T 8R40 4L AT /5 8105 fo b IR
B

Fe IR 1301 HR A AR, i PBS W BERR 2 1k
(5000 g, 5 min, 4 °C), JHEEWF] ODgoo um=0.5. 5%
PADMAVATHI %705 3%, JERFEE S, R A E B 20
A% (Fourier transform infrared spectrometry, FT-IR)X
TR Ak F A R L A B A A A I (o
HHE S 0.125.0.250.,0.500 mg/mL (1 T BRENIR IR AE 37 °C,
160 r/min Z& 14~ 4b BRI AR IR 2 XS 8oh e, Wa AT
i b B (O RE S R e IR 5355, KSR ARAE 5000 g
4 °C, 8.0 5 min, JF{fi F] PBS BEfTHE: 3 K, FRRESOJE
HLE]-80 COKFAIEA TR TR, ¥ UREE I 5 B8 R T HL TR Bk
Ko Hea, FEORT BB ARE S 5 358/ S b s A T
TLALAR (KBr)Br A e TR A £ T 44 100: 1 (9 5 Lk A7 7
IYIRAY, R 2 WS AN A, IF A B IR A
Wil £ A B O S A L R, IR 4000~400 em!
PRGN L 4 em ' IILEAMSERE PRI T HHE, KBr k)
KAGEERS%.
13.6 3% g5 T B G 3 f b IR AR5
T

FRBE 13,1 SR s RO, 8T PBS W VERAK 2 1R
(5000 g, 5 min, 4 °C), MW E] ODg y=0.5. &%
MAQUELIN Pk, JERVEE S, RATHL 6%k
Xof T TR A Ak B S ot A I P A3 AR AR T ol TR
BRI H 0.125.0.250.,0.500 mg/mL i T RRENIE R TE 37 °C,
160 r/min Z&04F FABERIA AN . 855505, HIR AL
5000 g, 5 min, 4 °CAAF R &0, IR AR,
WE S KRR B TR R b, e A sh XY #YE L,
E il LLAMEAL BB Y BRI T . AE B A
Wy BE, il B 532 nm OB R ESIRES b, B ATA
#514 (charge-coupled device, CCD)4:F1FRIM 7R H T4 7
SESHMES, I 2700~200 cm! (B A I IR AR T
i
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(5000 g, 5 min, 4 °C), T F] ODgoo nm=0.5. 1 I
BN 0.125, 0.250, 0.500 mg/mL 1T FR4M % AL BRI

MRS, 76 37 °C, 160 r/min S50 T 1578 Zxbgrb i,
FEILRNA, L ODag0 nn/ODago e i it RNA IR BEFIALE

L RNA ik B2 8 3 — 2, I Evo M-MLV RT i &4t
RNA %5 i cDNA, Bl 5 47918, #)Fh: 95 °C, 30 s,
1 MIER, 95 °C, 5 s, 55°C, 30 s, 40 MEFR, 95 °C, 15 s I
60 °C, 30 s, H T i 5 B 5 Wi [ )V (reverse transcription-
polymerase chain reaction, RT-qPCR)J 5| H) /75 L3 1, 44
R 27 R

# 1 RIqPCR 5FHHEXHGIMER

Table 1 Information of primers related to virulence for RT-qPCR

H bR 5 24 B SIYIFE51(5°-37)
F: CAAACTCACTCAGACTCCA
PuvA R: CGAACCGATTCAACACG
F: CCACAAGTTTGCTTCGGTTAG
vorQ R: GGTTCTCCTCGGTAGCCTGA
F: CGCAACTCGTCGCCTAT
tole R: TGTCTTGTTCGCTTAGTGTACCA
F: ACAATGACGCCTCTGCTAAT
R R: ACTCACCAATCTGACGGAACT
F: TTGCTGAAGGCTCTGATG
vpA0450

R: CTGCACTGGCTTATGGTC

13.8 %itotr
SCEFEDIAT 3 IRES . R LI AR (i 25 2%

7, f#F SPSS 19.0 /4 hb sz g6 B, 45 %A t Atk

F150H7. "P<0.05 225 W& TP<0.01 N 22 Hpl

2 HRE5HR

2.1 T ERA ISR I S B A PR A B RS2 i
TRRE RIS AR AR PRSI  E 1 s fEiE
B 3 AT T RREART RIVES I I B P A R A S il
YEFI(P>0.05), RIAHFZEH 0.125, 0.250 Fi1 0.500 mg/mL iy
T BRI RIS ISR R A BB (SICs) . B—J7hi, TR
FNAEASSE MR 2 P A AR B ) 25 T AT R b S (IR AE RS R T
R, DIXTIRZH NS, 0,125, 0.250, 0.500 mg/mL T FR4A%}
AR BN 31%., 50%. 61%. FILATI, 75T/
HHIY SICs AMHNT, RIS I SR A A MR Al T B R T T
FRENRHTAE IR ), TS Rl S I A B ) A KR S
2.2 THERWNIT IS I E R M Caco-2 ZHARAYF2 N
Wil 2 frzR, 0125, 0.250, 0.500 mg/mL T FRAMAL 32
TS 0P IR, ) oA ST ) 80 BT 23 k2 BRI, 43301
Fe PR FEAR T 28% . 41%F01 61%. S0 B 1 e Al ik
22— WM 1 S A0HE, AHHFSEIESE SICs 1Y T R ek v]

DAV Al 5 i P SR X Caco-2 M B FH o b 5 oAt
U TR IS5 250, i UPADHYAYA %5
ERART A BB AR G o] AR 1T R
Xk A b B A A BT

=gk
70 - A f

k%

MHIH/%
T R TN
S & & & 3

—_
(=]
T

0.125 0.250 0.500
T RN R B/ (mg/mL)

TE: "P<0.01 FR SRR, 2FHEE, TR,
1 T FREPIX R 8 L ST A= A AR W B A S
Fig.l1 Effects of sodium butyrate on the planktonic growth and
biofilm biomass of V. parahaemolyticus
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Fig.2 Effects of sodium butyrate on the adhesion ability of Caco-2
cells to V. parahaemolyticus

2.3 LIINKIBERSR

i 3 FT-TR 0 A5 49 2 T 36 1 2 1 45 R RN AL 2 2 B
(BEREHED . W 3 Frs, FT-IR Y61 s X B8 20 B ik
TR TR A Ak B R O 2 IR AE AR 25 5, P TE
3700~3200. 3050~2850. 1700~1600 cm " 25 X dal A5 %5 K 114
W, sy R EREMREKE . AP RRIRR . AR
22 KA T 58 (1700~1600 cm ). [L%¢ FT-IR SGik & B,
TE 3700~3200 cm " X3 P LSS 3 45 T8 O W RCHT, T FLIX A
U R PN T TR A T 4 R R 2 AR Al ek, 4R T -OH JE A,
R A AN R E T KGIER, XA T RREAL B2 7E
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3050~2850 cm™' A IR, XA XSGR T B R
B I CH; Al CH, BREHEIN C-H fhdadiksh; S5x) AL,
FE 1700~1600 cm™" XI5 P AT LALEE 5] b B2 i i B A1,
AR [ TR Z AR IER R CO-N hifd5 AR 3 .
ZE b, T ERAAAL B A R L S B A G R B B R s K
P R TR

NITHYANAND 2B HIF 58 F 0, FA 2R AT LAk /b
B Z IG5 I, F0E SRR 0 4IRS . AE AR
F 5 Hp B B S UL 2% 31 40 7 7K A8 (3700~3200 cm ™)
FEFF(1500~1700 cm A1 ZHH(1200~900 cm ™)X 5k i 16
Ak, KA VER A st A | ZhEH A )
B ER o
— IR
---0.125 mg/mL

--=-0.250 mg/mL
---0.500 mg/mL

AAXTIREE

4000 3500 3000 2500 2000 1500 1000 500
K/ (em™)

Pl 3 X BT R A A B F) R T MBI A £ A1 3 5
Fig.3 FT-IR spectrogram of V. parahaemolyticus control group and
sodium butyrate treated groups

2.4 RBRIBLERSH
PR — R IR SO EOR, BOA RO A
Yo, AMANAE IR AL A R, BRI A BokA

350 - A

B YA A A A AR 5 2 1T AR R A G AR AE
WS RN ECIEEINE SICs (T BRANAL BRET S 1Y &)
Vs PR (A AL BB A . B 4A e B ZH I af IR
TS G HE . 844, 1038 F1 1643 cm ™! &bt = Bk 7]
RERMIR . KL AR R . 844 e ' b XN T DNA
A7 2 5 3 A 2 1 T DNA FRZE 10T I8, 9] DNA [%
fift; 75 1038 cm™' AbAYSRAF MR KL S Y C-C Fiff;
1327 em™' ZEA47 AL SR BE R /IN, FoR C-H BT AT, BRI
(P ftle TD)X 2 A o 5 R Bk, 6 1227 em ' Ak, kI 111
VR THEE B C-NFLARFI N-H 25, 55— 4% i i
21T R 1643 em™ 4b, SR FATASE, XHBENE 1322
BUEROR A LR C=0 Fr P, N 4B FoR, xR
AL, TRRENALBS SR . KA AR 1 A oG
) % o 3 B R AT, 844 1 1643 cm ™' Ab IR IE T RSN
W R THE MR, 75 844 cm ' AbBE T BRAN M B T1 g it
HUKFEAIG 24% . 36%H01 53%. MBI, 1643 cm ' ik, BT
PR v S5 T IR AR IR PR AIK . T R BN A VR B b g, i 2k
I (i P AR R, FEEF 0.5 mg/mL A9 T ERANAL 32 ) &I
VIR SRR AE 1643 cm " (W4 F i J3E 13 b ok A 2 FAAG 63% o
AL AT UL, SICs B9 T BRAN AL B AERE i mll v i 5 Bl A9 A= 1k
B B AR KA AR

25 TERMMBIALMHINEHEXEHEERIEHN
A

TERANALFRRT T, VA I 9 AR o 3 ) S R Rk
Nk 2 PR, 3R 2 ARG SRS N7 5 (toxR) . EEE
AH &3 [H (tol C) Al 2 [K -+ 3 [H (vopQ,  vpAO450) i AH X}
SRR, AR 2 ATAL T RRENAL RS AT AR R AR R
R R P AT F R DG 7 ) SRR R A 7 SR /K K- 0.500 mg/mL
T HRAM AL T AT FEME T vopQ . vpA0450, toxR il tolC 3t
KR5S KR 50%. 66% . 86%F1 61%.

X B

1643 350 B 0.125 mg/mL
300 -+ 0.500 mg/mL
250 + 250
% 200 - {‘% 200 -
g 150 + ’g‘( 150
100 L 100
50 - 50 - y \ -
e\ S \ N
0t | L L L 1 1 0 4 L i
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Bl 4 T RRANAL BT (AR (BRI ML IR 4 2 S 1 ]
Fig.4 Raman spectroscopy of V. parahaemolyticus before (A) and after (B) treated with sodium butyrate
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) % 1P SRR AT LA GBS — 2R A0 B R, A G T
PUH BV I X (thermostable direct hemolysin, TDH) ., it #4 H
$EH S 1L (TDH-related hemolysin, TRH)F1 T3SS f;é; PN
A5 3 3 AGH I 35 M I i LR B ) TR, 2R
8T TR AT RIS I AP ﬁ%m\mmfm%w¢%@
P E WA S, T vpAO4SO0 3 i TR JILEh 3B 11 40 - e
I S 22 1] A4 BBk 2 S e U A0 M A Az 21 ToxR BIpIR] 1
JUABE ARSI, WFREFLINE Y top 3L H (F AT
#%E)H1 ompU il ompT HE [ (FEAMEE )P, HAh, ToxR
ATEZERYE tdh2 3R, FEPRN S MR ™
4. TDH 2 —FEAHE, HAZFEY ke, W
1. MR MRS . AR IR, 0.500 mg/mL | /2
T AT R ML toxR 1% SRk K.

%2 RT-qPCR 5FNHEXHNEEMERFTIE
Table 2 Effects of sodium butyrate on virulence-associated gene
transcriptional expression in V. parahaemolyticus

AT ik

H LA
0.125 mg/mL T /244 0.500 mg/mL T FR4M
puvA 1 1
vopQ —1.41£0.50%* ~2.00£0.82%*
tolC ~1.40+0.79 —2.60:£0.86**
toxR —2.62+0.86%* —6.95+1.13%*
VpA0450 —2.08+0.28** —2.98+0.84**
FE: TP<0.01 FRR SR IRALM L, 2SR EE.
3 &% ®
TR N RA — 5 (i B i SR A IROE
AE 1 o ZLAMGTE AL S O61E R W] SICs f9 T RREMAL BEAER

M 1 L R 1 A A B R K S VR . T RRENEE
R AT R M MDA X Caco-2 ANMIAOZE R RE T3, JE TR EE )
FHCIE I G s 3ik . 2 b, T RRENAT T8 0 1 il ml i
MR 7 B S Bt e P TS 2, (B L EE T T
LAl A R 2RI 75 B HAT R ek K LS B oy F3CR e T
HZHIBFF
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