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Regulation of MvaT on phenazine synthesis in Pseudomonas
aeruginosa
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University, Shanghai 200240, China

Abstract: [Background] MvaT protein belonging to the H-NS transcription factor family is involved in
many important metabolic processes of Pseudomonas aeruginosa, such as phenazine synthesis pathway.
However, up to now its regulation mode is still unclear. [Objective] The goal of this work was to
determine if MvaT could directly regulate the two phenazine-1-carboxylic acid synthesis gene clusters
(phzA1G1 and phzA2G2) and three transforming genes (phzH, phzS and phzM) of phenazine compounds,
by detecting the binding capability of MvaT to the promoter regions of these genes. [Methods]
Pseudomonas aeruginosa SJTD-1 was used as target and the mvaT-knockout strain SJTD-1(4mvaT) was
constructed by homologous recombination. The yield of phenazine compounds of the two strains in
different media was detected. Further the recombinant MvaT protein was obtained by the heterologous
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expression and affinity purification. The electrophoretic mobility shift assay (EMSA) was performed to
determine if the recombinant MvaT protein could bind to the promoter regions of the five phenazine
synthetic gene clusters/genes. [Results] The yield of phenazine compounds of strain SJTD-1(4mvaT) was
significantly higher than that of the wild type SJTD-1 strain. The recombinant MvaT protein could be
expressed and purified efficiently. In vitro EMSA results indicated that the recombinant MvaT protein
could directly bind to the promoter regions of phenazine synthetic gene clusters/genes. The binding sites of
MvaT to the promoter of phzA1G1 and phzA2G2 gene clusters were within the upstream 200 bp region,
and that to the promoter of phzM, phzS and phzH genes were within its upstream 100 bp region.
[Conclusion] MvaT protein can directly bind the upstream promoter regions of the five phenazine
synthetic gene clusters/genes and regulate the synthesis of phenazine compounds.

Keywords: Pseudomonas aeruginosa, MvaT, Phenazine, Transcriptional regulation, Phenazine synthesis
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Table 1 Strains and plasmids used in this study

BRI SR BL AT AR P 3/
Strains/Plamids Description of genotypes and resistances Sources/References
IRk Strains
Escherichia coli F'/lendAl hsdR17 (rK'mK") gInV44 thi"1 recAl gyrA (NalR) relAl 4 (laclZYA-argF) U169 Invitrogen
DH5a deoR (@80lac4 (lacZ)M15)
E.coli BL21(DE3) &5 IRz RmE Ik Novagen
Protein allogeneic expression strain
P. aeruginosa P £ TRUGE IR ok AR A A B R TR [13]
SITD-1 Strain with the alkane-degradation capability isolated from oil-contaminated soil, wild type
P. aeruginosa mvaT FRER AR [16]
SITD-1(4mvaT) mvaT mutant of P. aeruginosa SJTD-1
Bk Plasmids
PET28a KRIGFFREZEEIE, oriT, RARERBUIIE Novagen
E. coli expression plasmid, Km'
pET28a-mvaT MvaT FERZR1A, oriT, FHREE Zhitk This study
Plasmid pET28a inserted with mvaT gene at Nde I/Hind 111 sites, Km'
%2 KXHA3IMTIE
Table 2 Primers used in this work
Gk B s 51y 5 ik
Primers name Primers sequence (5'—3’) Description
mvaT-orf-F 099999CATAT Gtccctgatcaacgaatatcge Y1 mvaT gmfdR A B
mvaT-orf-R 999999GGATCCctggtttagecgageagggt Amplification of mvaT gene fragment

phzA1G1-U200-F
phzA1G1-U450-F
phzA1G1-U200/450-FAM-R
phzA2G2-U200-F
phzA2G2-U450-F
phzA2G2-U200/450-FAM-R
phzS-U237-F

phzS-U100-F
phzS-U100/237-FAM-R
phzH-U200-F

phzH-U100-F
phzH-U100/200-FAM-R
phzM-U200-F
phzM-U100-F
phzM-U100/200-FAM-R

ccaaaagaaacccgggctg
tagcaatcccgcteect
FAM-gcgccgectccgagaggg
cctgtcaaatctggttacaa
cgcaagcgtccggecattca
FAM-ggtgcgaatctccgecagtt
cgacaccgctgcgecgge
cggcgttatccgeegetge
FAM-gggtgcttcctttictcgagtgttc
cacgttttttcctgtictatcattg
gcgaagcattcgtacgec
FAM-agggaaactcctataattgatgttt
caggcagttggaaagttcca
ggtgttctgcggtatttctc
FAM-cttttattctctctcgttacacatttcc

P14 phzA1G1 #:4\+ [-1iF 450 bp 1
200 bp A Bt

Amplification of 450 bp and 200 bp
promoter region of phzA1G1 operon
P44 phzA2G2 #:4)+ L i 450 bp Fil
200 bp H Bt

Amplification of 450 bp and 200 bp
promoter region of phzA2G2 operon
Y3 phzS LA 37 237 bp £ 100 bp
Ji Bt

Amplification of 237 bp and 100 bp
promoter region of phzS gene

P44 phzH FE A _EJi¥ 200 bp F1 100 bp
B

Amplification of 200 bp and 100 bp
promoter region of phzH gene

P38 phzM FEA 37 200 bp £ 100 bp
Jr Bt

Amplification of 200 bp and 100 bp
promoter region of phzM gene

T TRILAR R RGO 7S], FAM FoR FAM 2OEE BRI
Note: The underline represented the sequences of the restriction sites, and FAM represented the flureoscence group of FAM.
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112 FZERAFFLEE

A EMBEEERY, Oxoid AWl Fr A JLHLL
AR, B ER AR RA R (FiE); T
T RE R FR 4N (SDS) . N MEIERE . BiIERY . 2
e PO 2, B2 (EDTA) . N,N,N/,N'- Y HI 3t 2, — Jiz
(TEMED) . JREFZAWIRA, £ TAEY TRE
()M ABRA T ; rTaq #, TaKaRa 2+ ;
PCR ) 2 Ak 1o 5] 65 F0 4 17 5 PR 20 42 B it )
&, RWRAEMHEARGRA A RiEEN Y,
Thermo Fisher A w]; FEFMZH A Ni-TA,
Bio-Rad A #] .

IR A B 0P, BB PCR 1Y, Eppendorf 23
Al BRSO S EUE AR AR T KA,
USRS A BR S H] 3 Nanodrop R4 BT,
Nanodrop Technologies 23wl ; 25 I LKA S BERS AL
%1%, Bio-Rad A ).
1.1.3 EFEMEFREH

LB ARG HE(g/L): HE 10.0, EEREHRHEL
$7 5.0, NaCl 8.0 (pH 7.0-7.2), LB [EIfAREF %, 1
LB ARSI 1.5%—2%BiIEk; . KB Ki3:
F@L): EAM 200, Hih 15 mL, K;HPO,
0.392, Jo/k MgSO, 0.732 (pH 7.5)., PB 53kt
(g/L): MM 20.0, MgCl, 1.4, K;SO4 10.0 (pH
7.0-7.2), PPM }:3idE(g/L): AR 20.0, %k
18.0, NaCl 1.0, KNO; 5.0 (pH 7.0-7.2), ifis
FRIEF 100 kPa K 20 min J5 % . A KgtT
ARV 2o Al P A %) TRT AR B 37 °C L 200 r/min g
UiiigR .
12 A
121 MELEMEEHNE

WAL W & e E T 125 %5 SCHRLT]. Bk
WBRAT . Sk R S W bk SITD-1
SITD-1(4mvaT)7E LB [ FRIELE, BRECR
VRN F LB B SRk 1597 2 ODgoo M 0.5, Wik
MM, JCREKPE 3 G EEMM., LB ODeoo M
0.05 {743 A 500 mL i) PPM, PB, KB, LB 577kt

SR, TEARIN LG 2 mL; IASEH AR
f5, IRi%HIES), #E 30-60 min, 8 000 r/min &5.0»
5 min J5WECHHAH, A 0.2 mol/LEhik2 mL, Jk
DIRATIRA, FFE 30 min, BU)ZERRAHIIE ODsy
{8, W5 (mg/L)=0Dsyx17.072, HL 3 WAy 5L
B FIETTHAL

1.2.2 MvaT EERFRFRIZEKSIEE
FIAG14 mvaT-orf-F/IR PCR 43 mvaT 3K 4

X B, A Nde | F1 Hind 111 igYlE# S,
HAGH A FIFERGUI AL B 1 ik 40k pET28a ., 1k
2F7E5E N E. coli DH50 8452 25 HP AARAS B 7e b .
SRIUTCRE A5 4L E. coli BL21(DE3)4ififL, 3545 MvaT
HEARIREE .

123 BRRBEFTESFMAgL

A SRR SR Al )y 2 B OSCHk[18] .
1 MvaT 25 [R5 W bk 2R 2] 500 mL LB & {£
Fi R H 92 2 ODeoo 4 0.6, LA 1:1 000 Lk £
A 1 mg/mL IPTG i%5:453% 3-5 h, 8 000 r/min
B0 10 min JFREE IR, BRI, 4 °C.
12 000 r/min &5.> 30 min J5I4E B . A8 %
MZHraifb3f5# 40 MvaT &1, SDS-PAGE Hi
PRI 2L A T2 MvaT 314, BCA LI EEH
e B
1.2.4 BRZPE#HSLIE (Electrophoretic mobility shift
assay, EMSA)

PCR #1474 FAM #1ic i phzA1G1, phzA2G2.,
phzH. phzS #1 phzM JLH LliER s FIX A B, 519
W3 2; 2ifk PCR ZIFIE MR EE . 20 uL 456 %
A Z: dsDNA H (0.3 umol/L) 1 uL, MvaT &
1 1-5uL, 10xBinding buffer 2 uL, Z<&¥ H,0 %k
& 20 pbo 8%IEARYER A IENGEERE 50 mL: 30%
PIEERE 13.3 mL, 10xTBE5mL, H,O31.4mL,
10% AP 350 pL, TEMED 33 uL. #4ifb & 5H
Fr DNA FBAE 0454 30 min )5, @it 8% EAE
P SR VN s T P 5 s R A T ARSI L R B AR R 4
e,
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2 SZR54H
21 mvaT ERREAVTEZRSHERENRE
SJTD-1 MM IEELEF=E

Ko T T A B Rk SITD-1 1 mvaT i [H B 58 25
Pk SITD-1(dmvaT)7E 4 FiA[FREFRIE R R 5% 24 h Fl
72 h MR G, SR 1)EoR, 5%
A BB R OMH L, mvaT BRI OB BR R B
SITD-1(amvaT) My R Kb S W " R WA B
FRRTE, ANREEEFRIEPWRERTEEAR, ik
3-8 1% ; £ PB Hi 7 S iz AR Wy R 1L & 0
T A[IA 9 mg/L, THEFAE K SITD-1 78 4 Rt
H RIS Y IR T 3 mo/L. ZEER5E
AHIE—2, WSERFHE PAOL 1) mvaT HifR
R BRI L5 O 4 P T 2 B A TR 1) 2 A5 LA 1
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.
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Figure 1 Phanazine compounds yield of two strains cultured in PPM (A), PB (B), KB (C), and LB (D) media
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SITD-1MvalT = ~eesesessssas MSLIN
Pseudomonas aeruginosa PAOI MvaT =~ ««eeeveennies HSLI
Pseudomonas fluorescens MvaT =~ ceeeevvaennnd MSLI
Pseudomonas syringae MvaT —~— ceeeenennnann MSLINE
Pseudomonas putida MvaT — c.oeoioiiii MSRLAE
Klebsiella pneumoniae H-NS ... MSETLGVINN
Escherichia coli H-NS MSELTKEDEYGIISRTHMMN

SITD-1 MvaT

Pseudomonas aeruginosa PAOI MvaT
Pseudomonas fluorescens MvaT
Pseudomonas syringae MvaT
Pseudomonas putida MvaT

Klebsiella preumoniae H-NS
Escherichia coli H-NS

B c
M 1 2 U L

V.KAPRG.AVKIIGTK

TEERIKELQERL. .¥ GCCKLKMRLE!
I TEERIKELCERL. .K  DCDKLKHBLE!
TEEAI
TEEAT
LLEGCEAACLAEL. .

TLRACARELPLEVLE! HKETVVVIBRS!
SLRVEA

IGKSTRT .AKAFAG . KRAKVEQYR]
IGKSTRT .AKARAG . KRA:

VNEAPRGGAVKPAGTERASH
. «CAVASTCMARKTSRKES

JHKTLK
BHTG] Hi
KQYENPHNGEVIETE HKTLK
KQYRNEENGEVIETE . . GENHKTLKEWKAKWGS . T TLLG
EVYRNEHSGEVVETK . . GENCRILEAWKNEYGA . LaN. .
ICPRELMDAAVNIKVREHS RPARYAYIDEAGECETWIEGGRIFAF CEDSGKTLECFLI...
2

LRTLMG . TYCKSLRCVISLLCPDAK
LRTLMG . TYCKSERCVISLLCPDAK
RTLMG.EYSKSLRCIIALLDPESK'
LRTLMG . EYCKSLRCIIALLOPDAK'
LRSLLN.EYGYGERCVVLILEE. ..
AEAANRERLEKESQYREMMIADG.
JAEREARERAERERKRCELLCLIAGEGE:

LGARL . . KNESQDCKLCTRLE
LCARL . . KNLSCCDKLCTRLE
[KNESALK E:

IDFECLLEMCEKLNVVIERRR
e
IGF .ER! TLLG
KWGF . EAVESWATLLG
KWGG.C GWATLLG

RRHPSINLKRUVKRN . . TELVVDVRGMRLMKR . . ... cvnuunns

W El E

B2 MvaT EAMRERFIILSEHAFNEEREHEAALE

Figure 2 The amino acid sequence alignment, the recombinant plasmids analysis and the protein purification of MvaT

protein

e A RIESEJE MvaT & F BRI F I X450, B: pET28a-mvaT FUkiiF) %K, M. Marker; 1. pET28a-mvaT fiki; 2:
FEYI 5 Y pET28a-mvaT Jfiky. C: F4l MvaT &[0 SDS-PAGE HLJkIEE, U: BAE s L BB, W: PZei; EL R

E2: HARE VLR

Notes: A: The mutiple sequences alignment of MvaT proteins from different organisms. B: The restriction enzyme analysis of plasmid
pET28a-mvaT, M: Marker; 1: Plasmid pET28a-mvaT; 2: Enzyme-treated plasmid pET28a-mvaT. C: SDS-PAGE analysis of the recombinant
MvaT protein, U: Supernant solution of sonication; L: Solution after loading on the column; W: Solution after wash buffer; E1 and E2:

Solution after elution.

23 MvaT EHAIERIMEREEEWMESK
EHE 8y iR F XI5

S E MvaT 85 U2 EAEER M R A R 2
I, RSN T MvaT EE405 2 A
E-1-FR R & U R 7% (phzA1G1 i1 phzA2G2)F1 3 4>
WyIE-1-FR PR AL BE K (phzH . phzS Fi1 phzM)fY 1%
Ja BT XA A, P A SIMEE s BELTF 5256 ok Ao il
I 1 5 ANA DNA F B s &0
231 MvaT EHA 5 phzA1G1 #0 phzA2G2 EH
BEHMBRHTRES

SrRILL 5 A FAM ARiCi) phzA1GL #l
phzA2G2 JE:[H %% | 1i##4 450 bp HBtAil 200 bp A E:
Y BFr DNA FEBr, LS8 MvaT &1m
A ENL. BERCBHA LIRS B R, MvaT &
A7 A W I BRI 454, HOZ B L4 bl A

WeERE T NGE s 25 1 DNA FBOW R A A4 I
1% 145 1 (Bovine serum albumin, BSA)AYXT BRI TG
RHET 25 H L& 3) . X #HH MvaT & 15 phzA1G1
Hl phzA2G2 FEPIFERY il DX A AE R S 4 6
RRTR B DNA FBES MvaT 25 25 & i
—SREEA AN, DUWTIZ MvaT 195 DNA Y454 X
WA TR iy 200 bp AN, MvaT & #]
RE ELE2YE T phzA1GL Fl phzA2G2 JERI R 5%
2.3.2 MvaT EBAEKIMFRMELEE phzH. phzS
0 phzM £ E Ry LR F X

P 5 A FAM FRiCH phzH . phzS #1 phzM [
1 200 bp JBtF1 100 bp B oA Bk DNA FB, Kl
HE5 MvaT EARZEEN. 4587 ExR, MvaT &
AT 5 phzH . phzS #1phzM 9 _Fii i BOR A4 ks
A, PR AT, R R WO (B 4)
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El 3 MvaT EAS phzA1G1 #1 phzA2G2 £ F % _Eiff B B 4S89 EMSA Eli

Figure 3 The EMSA results of MvaT protein binding with the upstream regions of phzA1Gland phzA2G2 clusters

4. A-D i HAR DNA HBHKKCH phzALG1-450 bp, phzA1G1-200 bp . phzA2G2-450 bp . phzA2G2-200 bp; DNA # A&k 3 pmol;
- ZFXE; N: BSA BIPEXSIE; MvaT 5 FI/DNA BE/REARYCH : 50/1, 100/1, 20071

Notes: Target DNA fragments of A-D were phzA1G1-450 bp, phzA1G1-200 bp, phzA2G2-450 bp and phzA2G2-200 bp, respectively; The
input of all the DNA fragments were 3 pmol; —: The blank control; N: The negative control added with BSA protein; The molar ratio of
MvaT/DNA was 50/1, 100/1, and 200/1, respectively.

E 4 MvaT ERS5 phzH. phzS #1 phzM £ E L B4 &8 EMSA Bl

Figure 4 The EMSA results of MvaT protein with the upstream fragments of phzH, phzS and phzM genes

. A-F 19 H¥5 DNA J Bk g phzH-200 bp, phzS-200 bp., phzM-200 bp. phzH-100 bp. phzS-100 bp. phzM-100 bp; DNA # A
W 3pmol; —: ASEXIEE; N: BSA BAMEXTHE; MvaT 2 /DNA BE/R LMK R : 50/1, 100/1, 200/1.

Notes: Target DNA fragments of A-F were phzH-200 bp, phzS-200 bp, phzM-200 bp, phzH-100 bp, phzS-100 bp and phzM-100 bp,

respectively; The input of all the DNA fragments were 3 pmol; —: The blank control, N: The negative control added with BSA; The molar
ratio of MvaT/DNA was 50/1, 100/1, and 200/1, respectively.
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R MvaT %[5 phzA1G1 il phzA2G2 KA FIiFIX
WHZEE AR, MvaT #195 phzH. phzS #
phzM [#45& X307 FH: F 3 100 bp LAY, MvaT &
FIL AT AR B T i 3 PRI 5% .
3 WiE4i

W R S AL G W AR Syl BRI BT I A 1 B
JHL TR Y —Fh B B, A RS2 BRI
BV £ 45 (Quorum sensing, QS)A GacA/GacS X 4H
43R4 2 5t (Two-component regulatory systems,
TCSs)EZ N RGIE ;. MR G YRR E
SO PR Z R R, WA G . AR s
Bl A B A AEY) AOCSE R In DA R, JF
A BRI AL, SR AR FREEE R AE 1P,
] g A PR TR P W R - 1R R 5 IR IR 7% phzALG1
i HA QS BTl las-box, AliEE S PgsR Fil
RhIR 255 1E ¥ PCA -G Ml 17E phzA2G2
FWEIAAE SRR T QseR Y& IX I, T
PH 7~ QscR AT A 3R S PR las il rhl (28305 6 Mg
(1 4 IR 2 S P AR P GacAIGacS XU 4y
JAE R G nE i TS fL/ RNARsmY Fl RsmZ, SZER
Wgg e A AR R 5t 22 fHi&, it HCN, PYO
S ERAL A P R P, TR SR N T 6°
W) 2400 o o e i 2 1 220 WS R, 4
RIS PAOL HAFLEMY 2 AT H-NS FK k%
FHETEM MvaT F1 MvaU Al RSt IRE £ &
Ao PARERR mvaT s mvaU JE 8, SR 2 7 5
7 2-3 fdim, X EARMRMEE R~ [HanR
LB mvaT Al mval JEP, U)K GG I 1) £ e 147
Zya M, BB MvaT 8 A 7E Y R YA i 7
R B E LA . W, BN AE 5 B+ PQS
[2-Heptyl-3-hydroxy-4(1H)-quinolone] A] {i& ik £ it
PR A i, HE R DAL e 2 ) T L DT 5 i TR R S
A, Al 7 MvaT # RsmA SiES2BLAE ik
PA-IL HEHE Z AL lecA oS, dF
AR BN MvaT 7T 5 W5 iU Y E S
Bl XU A B S, THED PQS X wy gk

A B R AR AR AT B3 A A mvaT K %
&, I MvaT S5Wrga iEE A Bilfa sh g &
T S 2l Wy R A B DR SRR SR B . LI,
MvaT & Al B R S &, [RI
AT DAY 3 R 50 oy W8 5 ol ) 2 R P AR
Ji—Ji T, T AR R Som R -1- R R A ] S B
FA L AR, A AR PR f vl v BHA
A (R A 3 1 PR 2820 S ok R R ok 4 T 4
PRI 1R ™ o T 4 150 200 JEL A A% 3 003 I E U 1
sha, sy e O myaT DR R g
Pk SITD-1(AmvaT) iy My & Ak & = ik 3 i, 241 i
FEIG I R, PR B TR SR A, S o
08 Al A0S R R AL Wk B T
MR NY3 XSl R ReR, WE
RIEMSE, W TWEREGY 5 NADH I
GSH S iy A= R A 1 B A B S FN/sl 2 0k A i
B, RS A RSO R, TR R A B
B, fEHEF BRI AR N, SRA T
TR R G WA B 5T HLT], IF 3T IR
R B TR AR, AT B TS Y 5
FHiEFE

HAT, 7R g &8 T 28 H-NS FKik
M2 MvaT FIREM, TEMSERPIEEA7E MvaT
Ml MvaU 2 MEF, 2OBRBMRETAE 31, TH
M AT 44, BRI R AEAE 5 4,
R B AW PRI T —> MvaT KIEE .
A MvaT I E LR T — T ik 47%%, 4%
SR T MvaT ERUE DI 2 BB A i sl b AR
BER . BFIE R0, MvaT & [ ] 45t 45 20 v i
BHIE . RYBIE LA 51 06 85 )
AR . TR AR Y1000 H, G ERaA
mvaT J A AT i 5 R o A A 3R 5 iis
ShRETT, MvaT o] RSN IV B B E WS
001 FEAR SR B B P mvaT JE N R4 S
{550+ N-Z Wt 222 1% P9 1R (N-acyl-homoserine
lactones, AHL)FI PA-IL BEEEZ &t EFHEL it
Ab, MvaT mllEdJEdE QS ARG m N i)

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1670 TEY I8

Microbiol. China

TR LN, 1A A I B A A iy
JiTE 2p24 H, MvaT &5 H R E H MvaV HAH
YERT, SEmLEIBIE B S PiA R 2,4- — S e A A
= M (2,4-Diacetylphloroglucinol, 2,4-DAPG)AJ4:4)
A R FEO R RIS e B 4 15 T 1)
mvaT FEPRIGAR PR W RIS g, B
FHOC A IEE BRI (R 5 Syl 349 e ot D%
HxHTZ5 T mgEe e, B2
FEARA IR MvaT & JA0E1E T Wik
G A Rl i e RS, A SO IR
T RARSNSZIRIESE MvaT 2 IR MR A R S SE ]
R ST IXAFESSSAE L BB MvaT &4 wy
AL G I BURA E A I SR E R

AL WG T A A S R BRI TR
SJTD-1 " MvaT 2 [ A iRH T b 59 6 il
R R . KNSR EE IR E/R, MvaT EH Y
5 NG YA I (phzALGL . phzA2G2 |
phzM . phzS Fl phzH) i) iz sl T X ¥4 Fe k45
&, Uil MvaT HERA AT REE#HES S TiX 5 M
R SRRPE R R . RS FRATIS AR Xt MvaT 5
DNA 454 AR s FHRFE A TR AR ST A
SCEERAUATHEDE MvaT JE#Em A 1A 73 F L]
9T, RIS SRSV AT 0 A T
HL A5 3B IR, S A B B T B A 1 SITD-1
MRERL, A BT AR b Ts e . Sm
WAV G ) HE TS T R L Y- 5, SRR
15 G R S A A A
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