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Abstract: As the first metabolic enzyme in the histidine metabolic pathway, histidine aminonia-lyase
(HutH) controls the metabolism of histidine in bacteria. HutH is highly conserved in most bacteria and
participates in the balance of bacterial energy metabolism. [Objective] To investigate the effects of
HutH on the biological characteristics and pathogenicity of Vibrio parahaemolyticus. [Methods] The
hutH gene-deleted mutant AhutH and the complementary strain CAhutH were constructed by
homologous recombination. The effects of HutH on the growth characteristics, histidine utilization
ability, histidine metabolism related gene expression level, motility, biofilm, environmental tolerance,
cytotoxicity and mouse toxicity of V. parahaemolyticus were researched. [Results] Compared with wild
strains, the deletion of hutH gene did not affect the growth characteristics, acid and alkali tolerance, salt
tolerance and swarming ability of V. parahaemolyticus. But the growth of AhutH was significantly
inhibited in M9-limited medium with histidine as the only carbon source. In addition, we confirmed that
the deletion of AhutH significantly decreased the transcription level of histidine metabolism related genes
in hut operon and increased the expression level of the VP0889 gene. The deletion of AutH resulted in
the decrease in biofilm formation ability, swimming ability, toxicity to HeLa cells and mortality to
institution of cancer research female mice. [Conclusion] This study shows that the deletion of AutH
affects the ability of V. parahaemolyticus to metabolize histidine, and it is the first time to confirm that
HutH plays an important role in the biofilm formation, motility and toxicity toward mice of V.
parahaemolyticus, which provides ideas for bacterial prevention and control by regulating histidine

metabolism.
Keywords: Vibrio parahaemolyticus; histidine aminonia-lyase; biofilm; motility; pathogenicity
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KRR LN AR AL TR A B IR 1Y HutC BLA% M
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R EOR T, T H S B R A A 6 3
(L4 hurH) B e sk F St 2 T (B 1 &
). HutH 1ERE—MHARRWEE, =5k
fif 2 A TR A R PIRR W B2, T A il — R 51
HE =Y, HETET HutH I BE 76 35
DK 810 4 B2 | i 4 PR 126 1T, HutH 7E 40
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a4 hutH FEPRIBRR PR, TR9Y HutH X &I 15K
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REVE A 5 35 7 PR A QIR £ i A i

1 #H57%

1.1 #$
1.1.1  BEFkRFA R

Rl 1 SN BRI R 40 254k« SH112 (GenBank
No.: JACYGZ000000000.1) A< iz 5 fir FH 85 4=
I MR (wild-type, WT). KIZFF# CCl184pir.
R6K Ji 3 ¥ pYAK1 H A AL . 4 B it ki
pRK2013 . J 15 3 Jfi ki pMMB207 Ll &% HeLa 4
i 34 Ry A S 5 R A o
112 FEMFERIRXF

P IEZ] DNA P $ B0t & sk
ANPEER &0 H R A AR () A R A ]
Jie 1m0 8 i 7] 6 0 B8 K6t R L 3. (Thermo
Fisher Scientific)f7 BR/Aw]; PR N VI FI T4
Y RERGE I B K% TaKaRa 22w ; DL2000 Plus
DNA Marker W4 FH m 50 it MERE A DB AT BR A
Al 5 CytoTox96 iS4 4 i B 14 150 & 1 A
Promega /A Al ; DMEM 2l ffd 5% 7 L AR 4 1L 775
B A Gibeo /A5 A FRAHCHEA W F 3£
¥ Corning A+l BiACHLER Eh AT IR 1 JIH R e
BB 55 752 B (TCBS) A ) AR A LU E P
Al ZEAREL I A B A RAEYEASA
FRAF
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LB AR F2 3 . 1% NaCl, 1% B % .
0.5%E R LB . MLB A8 37 3 . 3% NaCl,
1%RE A . 0.5%MEHEEY) . HIB KR 5
J. 25 g/L 02 HR(HI broth), & A4 ] &
FEXT I ARAR R SR 5L A 1.5%3 8k o Wk 3h
(swimming)*F-Hz : 3% NaCl, 1%/ & 5. 0.5%
PELEFEECY | 0.3%Bi I8 #0 - BE4E 12 8l (swarming)
SEHR: HIB 25 g/L. 2% NaCl, 1.5%3518 85 .
1.1.3  {ABEFNAH E 155 & 14

HeLa 435 5% 55114 37 °C, 5% CO,, 10%
FBS () DMEM, ¥ . @& % . K HMRARA
[Fi] G0 5 I S O TR AR B2 R T MLB WA BE 7 3k
WAL o IR H B B AL R TR S0 53 B i A
F| MLB W i3 77 b, RRdi g X EUE KM,
2] ODg0=0.20£0.02, T A[FIRE .

1.2 hutH EEREKRFAE R RADE

FH Primer Premier 5.0 241531 hutH B[R Gk
RN FMR AT S I (FR 1), 519 i
TAY) TRRB RS A A A

B R B AME I S B AL E O R
T SO s, DI bR DNA W
B, LS4 hutH-A/B F hutH-C/D 43 5438 hutH
B TR AB A BEF CD F B, D
AB F B Al CD BN, hutH-A/D R514)
FIH@EA PCR HARY 1453 hutH-AD F B f#

A BamH 1 /Pst 1 %} pYAK1 JFURL Ml hutH-AD
B BT Y], FIH PCR 7™y i) £
(LSO 77 ) o R T4 322 2 1l 3% 12 4 1oL 170 7™
Yy, HALE CCl18Apir B2 SdMEY, B4R
T REE R PUNE(L0 pg/mL) -4, H Bk 4 o
K4 N : pYAKI-hutH,

BHLATE CCl18Apir (pYAKI1-hutH) ., 21k
I WT. HiBhE HB101 (pRK2013)#% 88 1:1:1 kb
BlRA, HCELE 0.22 um JEME, FEAEFA 18 h,
FH PBS PEMGUEAR , i A T A& R P10 pg/mL)
) TCBS “F-#x, ¥ TCBS V-t b 1A RIS TES
A 20%KEHE ) LB A 4 R 2 10 AL,
FIAGIY) hutH-E/F ik . 808 hutH HH B
R HE M. FRFIH hutH-E/F 5191%5E BN
B RR 4K 2276 20% FEME LB SEARAL 1, I
sacB-E/F $EAE HAABUR pYAK T B 4E R k5
MR, B e B A L hueH S ¥k 44 AhutH

DL B AR R Bk DNA N B AR, &
pMMB-hutH-F/R ¥ 34 3£ 15 hutH R B, Xt
pMMB207 JECRL AT hutH F B I AEGYT, 4
JaEAL A CC18pir JEAZZSARML, K 3RAF A FH
PE [ %D TR 44 0 pMMB207-hutH . 57 My
BRI R AT RS R, RIS
hutH-E/F 1 pMMB-hutH-F/R 17 PCR %5,
W T BE 20 AhutH [BIAME AT 25 0 CAhutH

R1 SIYIRREFT

Table 1  Primers used in this study

Primers Primer pairs sequences (5'—3") Restriction enzymes
hutH-A CGGATCCGGCTCTGTAGCAAGCCCGAACC BamH 1
hutH-B CTCTTTCATCCTTACTTGAGCTTCTTC

hutH-C GTAAGGATGAAAGAGTCTATAGAAGCAAACT

hutH-D CCCCGGGGGGTTGTAATCACCAGCCAC Sma |
hutH-E AGGTTTCGTTCCTGCTTA

hutH-F GTATTCTTTGCCTGCCTC

pMMB-hutH-F CGCGGATCCATGTTAAATTTAACGCTAAA BamH |
pPMMB-hutH-R AAACTGCAGTTAATGTACGCTTGGCAGAA Pst |
sacB-F ACGGCACTGTCGCAAACTAT

sacB-R TTCCGTCACCGTCAAAGAT

Restriction enzyme sites are bolded.
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1.3 EKH%NE

BFREFE R ODgp=0.20+0.02 (1Y) WT . AhutH .
CAhutH 535 BE 1:100 (V/V) b3 b T 5
MLB # &R F: 5L, 37 °C., 180 r/min 15 5%,
IKE l1h WEX 200 ML {ﬁﬁi{mﬁf ODﬁoo{E, ;E:U”'J
%E 14 h.
1.4 HREFAEHNE

% % 3 Hk [15-16) , K B W K E
ODy09=0.20+0.02 1) 4% B # BV 0 ) 4% R 1:20
(VIVy B3R T MO B BR B 5% L (6.8 g/L
Na,HPO,, 3 g/L KH,PO4, 0.5 g/L NaCl, 1 g/L
NH,C1), ZHHA 5 mmol/L MgSO,, 2 g/L NaCl
WML EIE A INE K, Wl 4 mg/ml L-4]
GARNE R E— IR o CE T 96 FLANMIES IR
WEHERE, BIORHERRE 6 MHEE, THEM
Jei AN [R] BsHTR] S MR ODgoo 01H, G122 K.
1.5 LR ESE PCR (qQRT-PCR)#EM4H
KRR HE X E R RKFE

qRT-PCR A& At 3 DR {52 of 1) 97 it 5
PR 2H 2 PR AR AH SC L IR (R 52 e A% R R 4 7%
% ODgi=0.20+0.02, FEH RNA Jf- 5 %55 4 cDNA,
51903 2. A Applied Biosystems 7500 #£17
RT-PCR [V, &N ZSE N : 95 °C FiAEtE

%2 RT-PCR3|¥]
Table 2 Primers of RT-PCR used in this study

Primers

Sequences (5'—3")

VP0889-RT-F CGCTAGGTAAGACAGAGGCG
VP0889-RT-R TTCCATGGCTGTGGCTTAGG
hutH-RT-F TGAGGCGAACGGTTTCATCA
hutH-RT-R ~ TACTCAAGTCGTCGATCGCG
hutU-RT-F GCAGATGTGGGTTGTCAGGA
hutU-RT-R ~ CTTTCCGTTGGGCAGCTCTA
hutG-RT-F GGCGATGTCCCAACACAAAC
hutG-RT-R ~ CCTGCGGCTAGAGGTGTAAG
hutl-RT-F GAGCGGCAAGAAGGGTAGTT
hutI-RT-R CGCGTTGCCTCGTTTAGATG
gap-RT-F TTTGAAGAGCGTCCGTTGGTG
gap-RT-R TTAAGCCAACACAACGTTACG

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

2 min; PCR W FrBt: 95°C 15s; 56°C 40,
40 MG 27 IR R B S KO
1.6 INEMZiRE
1.6.1 MiEhitIE

W 2ok 7 B FR 0 45 TR R RV 43 ) 4 BRC 1020
VIV) HHERF&A 1%, 3%, 5%. 7%. 9%.
11% NaCl i LB &K =58, AR E
3AEE, B 1 h I 0D BUHE , L4 E
1.6.2 pH =X

W 2ok TR 7 Y A TR R TR R 43 R B 1:20
(VIv) EefldEFRF pH4, 5.6, 7. 8. 9 ) MLB
WIARSE T, BRI E 3 ANEE, &iF
1 h Wi ODgoo BUE, Biite
1.7 SR EE HiNE

P25 AR R G SR R RAE IR 1:10 (V) Ik
AR T35 8 A HI Broth, 30 °C ## & 1555 48 h,
A 0k BB 1 A XA 8 e T 0 e e BEURE G SCHR Por
WIS M ODggo, 35T HITR , PBS
HUE 3 M, HAATHG AL f Y44 15 min,
FRdinEE, F PBSIEVE 3, ARTHG,
A 95% L BEs il 25 i 55, M EE ODsyo, WIAEW)
PR AR A2 BUBE J1 2 0 100%ODs70/ODgoo -
1.8 EFNEENNME
1.8.1 JkBIREHNMZE

27 SCHR 18], 4 1 75 7 45 TR AR B 43 1)
WEHL 2 pL, R TFIKS AR, il e
W, FRIRCE T 37 °C fHRIEFRAE, IFE R
F& 4-5 h JEWERLE R, 45 ki B HAR
RIS
1.8.2 BEEHENNE

227 SCHR[18], #5315 3% & TR 71 TR 20 9l
WCHC 2 pL, FEFE R TR AR, FERRSE 4
W, R AR S P AUICE T 30 °C fHIl IR
A, IEBERE 18 h WAL, E & Eikiash
HZ, iR,
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1.9 s MHiKE

4 HeLa 4HHUAH T 96 FLANMIMR T, & T 40AR
BESRAA NG IR, ) PBS WYL 2 #E, A
50 pL/fL LBy 4L DMEM fFH . ¥ & # £
ODg¢=0.20+0.02 1Y) WT . AhutH . CAhutH WEHKSY
HIFHJCH 2L DMEM 506 3 i, 8R40k ¥ 2
2x10° CFU/mL, FITCMZL DMEM R B, 4%
& MOI (multiplicity of infection)=100:1 JJTA 50 pL
R HeLa 400, B MAmAEL 6 1L,
B 96 FLANMIE: FEAR 1 000 r/min £5.0> 5 min, f#44
AT/, B5E 1.5h )5, HE CytoTox96 izt
FE AR FA I AR I b LR I S (LDH) 1)
Prim SN[ EXT HeLa 4HMURE BOAH EFERE o
1.10 DREBURMIRIE

24 H 34 A HERE ICR /NI B _E A E
FESLI S IARRA ], FEPL R 4 4, B4 6
Ho ZE3CHR19], K 5371 WT . AhutH
CAhutH TR MLB AR 57 308 5 2 R it —
2, FFHARERKEER 3 WHFER/NE . H
T RS AR ER T B2/ BUBE S, 4% 8- 5x107 CFU/H
(200 WL )W AN ] P AR B s 5 /N BR, Frbzs (v
BRI . Fre BRI F I s/ BRI R
RIWEGIETAEN, #LINEL 36 h, FitkdE,
il /N AR 2
1.11 EYERES WL

NCBI (national center for biotechnology
information)43#7 HutH FJPRSFE5ME, T30
fETEFE. R BLAST (basic local alignment
search tool) 43 H AutH F IR 7E &I 7 i 3 g P G 42
FOE O M OE fB B . KEGG  (Kyoto
encyclopedia of genes and genomes)ki: 2 3 Hr il
s i N TR v 2H s R A FE . RAST  (rapid
annotation using subsystem technology)Z3#12H 2
iR A 28 G A8 R I P A R 40 A
1.12 gt

¥4 FH GraphPad Prism 8 3k {47 5 [H]

E T 5 M (one-way ANOVA), FF- 14 $+pr i
Z(X+SD)FER,

2 BREM

21 hutH £YEEZE0H

FIH pMMB-hutH-F/R 4 38 W A bk 3 [N 21
DNA, #4827 5 A NCBI 8 2
R BLAST #4747 W )v 51 text . A H
neighbor-joining J ik ikfboe R0, 25 4%k
WY, RV TR IR R 4 bk SH112 1Y hutH #%
TR HITE 131 bk RV I 9 1 2 2 ke o s JEE
5P, AR 95% A E (BE R ER) .
22 hutH EEREKEK AhuwtH K [B#) R
CAhutH B1%E

R AR AhutH Y€ 25 RN 1 Fos, I
hutH-E/F 51953 514 5 45 bk L 4 DNA,
SH112 7E 2 700 bp A4 34 th 447 (k& 1), 1
AhutH FE 1 200 bp A3 34 457 (JKiE 2),
CAhutH £ 1 200 bp ZbY™ 34 i 547 (UkiA 3). i
— 2 F M pMMB-hutH-E/F 51 ¥4 14 & B bk 5
KIZH DNA,SH112 7E 1 500 bp &Zb4™ 5 H 4545 (Uk
W 4), T AhutH 7E 1 500 bp ZbR4 38 i AH W 4%
W (UKIB 5), CAhutH 1E 1 500 bp Ab3 18 Hy A Y 4%
W (UK 6), B AhutH A CAhutH FIFI RN

bp M 1 2 3 4 5 6 bp
2775

2 000 — 1 536

1 500 — 1239

1 000 —

7350 — Bt

1 ZBEPCREELER

Figure 1 PCR identification of WT, AhutH and
CAhutH. M: DL2000; lanes 1-3: primers of
hutH-E/F; lanes 4—6: primers of pMMB-hutH-F/R;
template of lanes 1-3 is WT, AhutH and CAhutH
respectively; template of lanes 4-6 is WT, AhutH
and CAhutH, respectively.
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23 Ak

gERNE 2 Fion, WT. AhutH, CAhutH
£ MLB WA 2 2 IF E M B A K 22 5, U
W] hueH 5 DR SR I 2 52 i ) 95 0 I v ) A
K (P>0.05).

0.8 -
- WT

| = AhutH
—4— CAhutH

0.0

012345678 91011121314
t/h

2 WT. AhutH F0 CAhutH 5 4 B £
Figure 2 The growth curves of WT, AhutH and
CAhutH in MLB broth.

2.4 HutH 5B SRS

miE 3 iR, TEUERAYRET 24 h, AhutH 7E
HAPRYE IME—BRIER MO B3k, 5 WT
M CAhutH AHE, A 0 2 32 B4 (P<0.01),
PEIR hueH FE DR S0 A w1 i oI ke 2k A

031 0wy

—== AhutH
0.2 b = CAhutH

—+— Control

OD(-UH

0.1

A A A—d—h

1 1 1 1 1 1 1 1 1 1 1 1

4 8 12 16 20 24 28 32 36 40 44 48
t/h

3 WT. AhutH #1 CAhutH TEASER1E A ME—
iR B M9 1B E R E KR

Figure 3 The growth curves of WT, AhutH and
CAhutH when cultivated in M9 medium, which
L-histidine as the sole source of nitrogen.

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

AR AR R AAE ST ; 24 h J5, AhutH
PR FF IR B A K, B 78 B I 9K o 2 2R
PRI 5 1T AT REAEAE — 2 BE S AUEEAL . A A
K # 48 h i}, AhutH HE KRR A W )8 £
B AN R 9 KO- (P<0.01), 368 hueH A 5k
2R e 48 2 5 v B s ot T A 4 R B R
2.5 qRT-PCR &l 3 # & ¥k 22 KUER X 5148
KEFEFERKE

qRT-PCR 455 B 7R hutH SERGR 5, Rl

MHREE hut #ENF WA hutU hutG | hudd
()8 SR AT T 2 A, (BRI VP088Y (St
118 R 20 2 T 2 T ) e S /KO i 2 2 (161 4),
e hutH FE R B 52 m T At 21 2R AR 4
it 114 2 38 7K
2.6 INEMZIAIE

M ARG L5 R 5 Fras, AhutH 5 WT
FHEE S A [R) b e B Ay it 32 15 50 3 T X 531 o
F HLA TRAR 19 538 A K AR MR B X B R 1%-5%,
3%Eh U B Al AR KRR, T B 2 R vk 1
e, RO,

PR BRI 32 AR B 45 ik 6 R, AhutH 5
WT AHIEL, TEAREM pHAEZME T, FH3A W

(V%]
1

mmWT
= AhutH
2+ = CAhutH

Relative expression level

hutl  VP0889

0
hutH  hutU  hutG

B4 ZERARELNGHEXEEERKE
Figure 4 The transcription levels of histidine
metabolism-related genes in WT, AhutH, and
CAhutH. **: P<0.01.
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1.8 - 1% NaCl LB broth 1.8 - 3% NaCl LB broth 1.8 - 5% NaCl LB broth
151 =wWr 15 | *WT 15F *WT
12| Ahul 12 | ™ Al s ] e AhutH .
0.9 > 09 - 7
% '_= % % 0.9 %
0.6 ey 0.6 0.6 p— 4
0.3 —’/"'/, 0.3 —fH. 03 *‘:t.r.l’
0.0 1 1 1 1 1 1 1 1 1 1 1 1 1 ] 0'0 L 1 1 1 1 1 1 1 1 1 1 1 1 ] 0-0 1 1 1 1 1 1 1 1 1 1 1 1 1 1
01234567 89101112131415 01234567 89101112131415 01234567809101112131415
t/h t/h t/h
18 - 7% NaCl LB broth L8 - 9% NaCl LB broth 18 - 11% NaCl LB broth
gL =wI 1= | =WT sl ewr
: = AhutH ' = AhutH ’ = AhutH
12 1.2 1.2 |+
S 09+ S 09 F S 09
) Q Q
0.6 + ’)—j 06 0.6
0.3 e S 4 03 R 0.3}
=¥ W e |
00 _!”)l_?_i [T TR TR TN HNNNY N NNY N S | 00 [ o—% I M T N T R N SN (AN H R | O.OW PR I |
0123456789101112131415 01234567 89101112131415 01234567 89101112131415
t/h t/h t/h

B5 BEKREAFABIEKE LBIEFEFHEKIFR

Figure 5 Growth curves of WT and AhutH cultivated in LB broth with different concentrations of NaCl.
Logarithmic strains were diluted into fresh MLB medium, and cultivated at 37 °C without shaking for 13 h.
The values of ODgg of medium with planktonic strains were measured every hour.
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Figure 6 Growth curves of WT and AhutH cultivated MLB broth with different pH. Logarithmic strains

were diluted into fresh MLB medium, and cultivated at 37 °C without shaking for 13 h. The values of ODgg

of medium with planktonic strains were measured every hour.
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Figure 7 Relative biofilm formation ability of
three strains. Logarithmic strains were diluted into
fresh MLB medium and cultivated at 37 °C without
shaking for 48 h. Relative biofilm formation were
calculated with the formula: 100XODs70/ODgoo. **:
P<0.01.
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Figure 8 The ability of swimming of three strains were assayed. Each strain was spotted on swimming plats.
After cultivated 4 h at 37 °C without shaking, the images were taken and the diameter of every colony were

recorded. **: P<0.01.
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Figure 9 The ability of swarming of three strains were assayed. Each strain was spotted on swarming plats.
After cultivated 18 h at 30 °C without shaking, the images were taken and the diameter of every colony were

recorded. Ns: not significant; P>0.05.
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Figure 10 HeLa cells infected with each strain
at MOI (100:1) for 1.5 h. The level of LDH
release were measured with the CytoTox 96
Non-Radioactive Cytotoxicity Assay. **: P<0.01.

Figure 11
WT, AhutH, and CAhutH with an appointed dose.
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