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OpaR AphA T OpaR ; Tag DNA +dNTPs  Fermentas ; PCR
’ ( T3SS) QIAGEN ; LightCycler® 480
’ (laf) ° SYBR Green Master Roche ; Micro BCA
(CPS) o, Protein Assay Kit ~ Thermo : DNAHree™ Kit
CPS Amibion M ( Difco Marine DM) HI
; AphA ! (2.5% Bacto heart infusion) BD Bioscience,
1.2
! o VP o
c-di-GMP 20 nL 15mL HI
o c-di-GMP (50 mL ) 37°C 200 r/min
GGDEF  EAL - GGDEF (12 -14 h) 1:50
GTP c-di-GMP; 15 mL HI 37°C 200 r/min
EAL c-di-GMP 0D, 1.4, 1: 1000
GMP * . VP 50 c-di-GMP 15 mL HI 37°C
( GGDEF. EAL ) 200 r/min 0D, 0.15
SerC” SerG " GGDEF  EAL .
o ScrC scrABC SerA S 1.3
ScrB ScrC SerC 1.2 1:50 3mL
EAL c-di-GMP M () 30C 4 d 1.5 pL
CPS laf PR SerG HI (2.5% Bacto heart infusion + 1. 5%
ScrABC ) 3 37°C
" . Ser VP 48 h o
QS 1.4
o 1.2 1:50 2 mL
( M ( 3 ) 30C 100 rpm
) AphA VP 48 ho
HPLC-MS/MS 3 3 mL
aphA c-di-GMP 0.1% 30 min
RT-PCR. LacZ EMSA 3
AphA scrABC  scrG .
c-di-GMP VP o 1.5 cdi-GMP
10 mL 1.2
1 ( : © =40:40:20) e-di-
GMP. ( HPLC-MS/MS)
1.1 '4 mL c-di-GMP
1.1.1 1 vp RIMD2210633  ( pmoL Micro BCA Protein Assay Kit
WT) aphA ( AaphA) . scrA: mL mg
pHRP309  serG:: pHRP309( pHRP309 o c-di-GMP pmol/
B- scrA mg
serG ) 1.6 RNA PCR( qRT-PCR)
1.2
1.1.2 : TRIzol Reagent Invitrogen TRIzol Reagent RNA ° Amibion
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DNAAree™ Kit RNA DNA 1) pHRP309 B-
N6 cDNA. ( ) .
Roche LightCycler system qRT-PCR o WT  AaphA 1.2
168 rRNA WT  AaphA
s B- AphA
1.7 LacZ t P <0.01
PCR scrA  serG ( o
1.
Table 1. Oligonucleotide primers used in this study
target primer (5°—3" sense/anti-sense)
RT-PCR
scrA GCCGTTGTAGCTGGTGTTG /TGAGCCTGTTGTACCAATGTTC
scrG CTCATCTCTGTTGCCAGTAAGG/CCGAACTCGTCCATGTAGAAG
LacZ fusion
serA GCGCGTCGACCATCAAGCCATTTTATGAAAC/GCGCGAATTCGTCGGCTGCGATTAGTCTG
scrG GCGCGTCGACTAGCACGCTTGTGTTGGAC/GCGCCGAATTCCAGGGAAATGAAGTAATCATGC
EMSA
serA GAGCGTATATCCAAGTGGTTTG/GTCGGCTGCGATTAGTCTG
scrG TAGCACGCTTGTGTTGGAC/CAGGGAAATGAAGTAATCATGC
1.8 (EMSA) (A) Colony morphology
PCR scrA serG (
1) T4 (T4 PNK)
DNA 5 v Ni-NTA
His-AphA A His-AphA
DNA 10 pL AaphA C-AaphA
16 20 min 4% (B) Crystal violet staining
~60C
2
2.1 AphA VP
aphA VP
T WA 1. AphA VP
W Aap Figure 1. AphA  promotes biofilm formation of  Vibrio
° 1A parahaemolyticus. Colony morphology ( A) on the agar plates was
AaphA WT aphA assayed to measure the biofilm exopolysaccharide ( EPS) production.
AaphA ( C—aphA) C_aPhA Crystal violet staining ( B) was applied to analyze the biofilms
AphA adhering to the abiotic surface.
( EPS) ;1B 2.2 AphA c-di-GMP
t AaphA AphA vp c—
WT aphA VP di-GMP b
o AphA VP AphA c-di-GMP
o HPL-MC/MS WT AaphA c—di-
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GMP 2 : AaphA 2.3 AphA scrABC  scrG
c-di-GMP WT AphA  scrABC  serG qRT-PCR
(P<0.01) AphA VP c- 3-A) :scrd serG - AaphA
di-GMP o WT
4.8 - P<0.01 (P<0.01) AphA scrABC serG
-l- o LacZ AphA
z 364 l scrABC  scrG 3-B)
& :% scrA serG B-
% ED R AaphA ( miller units)
o WT (P <0.01)
£ 124
=~ AphA scrABC  serG o
5 2.4 His-AphA scrABC  scrG
L EMSA His-AphA
Stains
scrABC  serG 4
2. cdi-GMP His-AphA 60. 0 pmol

Figure 2. Concentrations of ¢-di-GMP in different strains. The

intracellular ¢-di-GMP concentrations were expressed as pmol/mg

4
of bacterial protein. AphA scrABC
serG o
(A) qRT-PCR
P<0.01
48 - &0m P<0.001
f=)
(=} f=]
2 36 1 2 454
£ s
g 5
o 24 4 g: 30
z 2
E 12 4 QT? 15 4
0 J 04
AaphA AaphA
scrA(+67+++4249) scrG(+55--+4218)
(B) LacZ fusion
P<0.01
30 000 £<0.01 30 000
22 500 A 22 500 A
B 15 000 B 15000
= 7500 = 7 500 4
0 - 0 4
AaphA AaphA
scrA(-405++++40) scrG(-406++++39)

3. AphA scrABC  scrG
Figure 3. AphA activates the transciption of scrABC and scrG. ( A) qRT-PCR. On the basis of the standard curves of 16S rRNA gene
expression the relative mRNA levels of target genes were compared between AaphA and WT. ( B) LacZ fusion. The target promoter—proximal
DNA region was cloned into the lacZ transcriptional fusion vector pHRP309 and then transformed into the WT and AaphA strains to determine
the promoter activity ( Miller units) by using the B-Galactosidase Enzyme Assay System. The negative or positive numbers indicated the

nucleotide site upstream or downstream of translation start ( +1) .



: AphA c-di-GMP ! (2014) 54(5) 529

___4

1 2 3 4 5 6 17

————
1 2 3 4 5 6 7

scrA(-515+-++40) scrG(-661++++39)

0 19.5 203 | 39.0 | 402 | 50.0 | 60.0 |pmolHis-AphA

2 3 4 5 6 7 Lane
sessss s BN DNA-His-AphA complex
I e —— Firee target DA
4. His-AphA EMSA

Figure 4. EMSA assay of binding of His-AphA to the target promoter-proximal DNA region. The positive and minus numbers in the brackets
indicated the nucleotide sites upstream and downstream of the translation start ( + 1)  respectively. Shown below was the schematic

representation of the EMSA design.
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AphA is an activator of c-di-GMP synthesis and biofilm
formation in Vibrio parahaemolyticus

Qian Huang b2 Yiquan Zhang > Xjaoxu Hu?’ Li Wang > Ruifu Yang g Qingping
Zhong *  Dongsheng Zhou *>*  Xiaomin Li '~

'School of Animal Science and Technology Southwest University Chongging 400715 China
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Medical Sciences Beijing 100071 China

*School of Food Science South China Agricultural University Guangzhou 510642 Guangdong Province China

Abstract Objective To study the regulation mechanism of biofilm formation c-di-GMP synthesisby AphA in Vibrio
parahaemolyticus by using phenotypic and molecular biochemical experiments.  Methods Colony morphology and
crystal violet staining assays were used to analyze the phenotypic changes between the aphA null mutant ( AaphA) and the
wide—type ( WT) parent strain. The intracellular levels of ¢-di-GMP in the AaphA and WT strains were determined by a
chromatography—coupled tandem mass spectrometry ( HPLC-MS/MS) method. Total RNAs were extracted from AaphA and
WT. Quantitative RT-PCR was applied to calculate the transcriptional variation of scrABC and scrG between AaphA and
WT. The promoter—proximal regions of scrABC and scrG were cloned into the pHRP309 vector containing a promoterless
lacZ gene respectively. Then each of the two recombinant LacZ reporter plasmids was transformed into AaphA and WT
respectively to measure the promoter activity ( the B-Galactosidase activity) of the target genes in AaphA and WT by using
the B-Galactosidase Enzyme Assay System. The over-expressed His-AphA was purified under native conditions with nickel
loaded HiTrap Chelating Sepharose columns ( Amersham) . Then the electrophoretic mobility shift assay ( EMSA) was
applied to analyze the DNA-binding activity of His-AphA to scrABC and scrG promoter regions in vitro. Results The
phenotypic experiments disclosed that AphA was an activator of ¢-di-GMP synthesis and biofilm formation in Vibrio
parahaemolyticus. The quantitative RT-PCR and LacZ fusion results showed that the transcription of scrABC and scrG was
under negative control of AphA. However the purified His-AphA could not bind to the upstream DNA regions of scrABC
and scrG  as determined by EMSA. Conclusion The fact that AphA represses the transcription of scrABC and scrG will
at least partially account for the positive regulation of ¢-di-GMP synthesis and biofilm formation by AphA in Vibrio
parahaemolyticus.
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Supported by the National Natural Science Foundation of China (31170127)
" Corresponding author. Xiaomin Li Tel: + 862368250635 E-mail: lixiaomin662 @ sina. com; Dongsheng Zhou Tel: + 861066948594
E-mail: dongshengzhoul977@ gmail. com

Received: 13 September 2013/ Revised: 24 December 2013





