#thEgEHR FEB 20, 2011, 38(2): 275-280

Microbiology China © 2011 by Institute of Microbiology, CAS

tongbao@im.ac.cn

BREARETE MI18 reld ETHIERH
Xt I IR-1-#2 88 & R BY A 1E

T4% kWA ITEER BT Ry EIH HER
(R ASE R E R R RSB [ 200240)

8 E: HERE MIS & —MRAERE & s R-1-RBR(PCA)F ik 5 4L 8 & M AP LA & 69D ARIF
S BEME . RelA AL AR89 ZE 5F ppGpp feF @@ B T RUUK T AL 69 SRR L. vA MI8 B
PRA AR DNA A AR, PCR ¥ 38 3k 45 reld KA, i3 R R EF A BRIEA R FTEHR R ETHEK
R, WEBLE MI8 8 reld REH# MISRAG. & PPM 3&r ik & #H 4T PCA X B o4r, A0
REBAM MISRAG 49 PCA 2R EH 5, AAFAER TR 1.5-24%. reld AR R KX LA E B
VAR phzA'-'lacZ #F Rk oM 46 R, ¥t —F i8] T RelA &f PCA A 44 A3 A B & ik B A7 47
HAER
KEIE: il IR, ppGpp & B RelA, BREICH MI1S, »%k-1-ARBK

Construction of Pseudomonas sp. M18 relA mutant and its
regulation on phenazine-1-carboxylic acid biosynthesis

WANG Jin-Ying ZHANG Ming-Yue WANG Guo-Hao WEI Xue LI Ya-Qian
HUANG Xian-Qing' XU Yu-Quan®
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Abstract: The rhizosphere bacterium Pseudomonas sp. M18 can simultaneously produce two antibiotics:
phenazine-1- carboxylic acid (PCA) and pyoluteorin. ppGpp, which is synthesized by RelA, can medi-
ate bacterial stringent response to nutritional starvation. The re/4 gene was PCR amplified from the
M18 strain chromosomal DNA template. The rel4 mutant of M18 strain (M18RAG) was constructed
through inserted inactivation of gentamicin resistance cassette and homologous recombination. PCA
production was assayed in PPM media. It was showed that the rel4 mutation resulted in a significant
enhancement of PCA production. PCA production of M18RAG was about 1.5 to 2 times as much as that
of the wild-type strain. The negative regulation of RelA on PCA biosynthesis and its gene expression
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was further confirmed by the trans complementation test of rel4 gene and the expression analysis of

phzA'-'lacZ translational fusion.

Keywords: Bacterial stringent response, ppGpp synthase RelA, Pseudomonas sp. M18, Phenazine-1-

carboxylic acid

AR AR B v, 1A R R AR A5
ARk, Bl TR Z N A R ALE, X
SR AT S o I RS kA T A TR L LA
JBCER B A B AE T R SR A RENE 43 2 DO
% 5 1¥ (ppGpp) Fl 1 85 12 % 17 (pppGpp), GEF% M (p)
ppGpp, A 1 FEE N 2 ppGpp- (p)ppGpp
R RelA 25 1 SpoT 4 H 1157 ; RelA i H £
158 (p)ppGpp & 1L, SpoT 2 1M HA (p)ppGpp 7K fift
g RN UG P DRE IR . Y ] B PR B ik = 2 S R A
BERYIIRE, S8 RNA 2856 IR A 75
I, 5l RelA AW G LA ARk, TS ppGpp
BB, ppGpp REME T 12 41 T A A K AR S 3 R 1Y
ik, [REHE SRR A I I KA B TR
IR =5 ppGpp HEINSL, BEIIER . WL . Wk
TR B2 125 B TR YU 2 538 ppGpp 7K1 2081 7
o BRAIAR SR, FERBFFES ppGpp &t
454G RNA REMRIME rRNA Bt JEmms A
K R XTI R WA A e O BRILZ A, K
S B W TE 1 B AR R LB K 2 i R 5 T A,
n ppGpp 2 54k F A WA I GARB AT 43 Tl
il 45

TEABRER TR vh, O T s g A 5 R A vh
TEH 2B A B Y RelA BEH . H A, reld FEA
i FIAJE AT A RS E ] Sigma [H 5 RpoS HYH: %,
I B} 334 50 B BEAR TR R Ge i kU8 ST R SR I
XA HES SR M EUE R FR AR RS
LI R R 3k 1 R 4 B L AR A HILT, S8R L AH G
fiRif .

P EPL B BT M1 8 2 DA - JEAR s 43 15 45 21 114 B (] Fsf
ATy - 1- ¥R 2 (Phenazine-1-carboxylic acid, PCA)
FTHE 5 44 1§ (Pyoluterion, PIt)FiFHi4: K A — BRI
FRE T PR I B 2 A B M8 Pt
A B A B Ay IR E LR R IE Tz A B
GRS IV S Bl A 0 N R R 3
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ISR — i Az SN AL, A T A A N8R 7R
M18 B PLE R A b i 2 7 iR A R IR AWE
5o NI, AREEHEAIE TP E K M18 &
reld FEIXHUAE R PCA & L IR AIL ] A 52 2 1A,
relA 2875k M18RAG [ PCA j= i i 4 =, 290
BPAERUAY 1.5-2 /%, MIVHL, reld Xt PCA W& Wk
N ZRA W BA O

1 ME5TG %

1.1 #

1.1.1 BEMARRL: A AR AR . Bk A
KPR 1.

1.1.2 EFEMEREHE: RLBHABNREREG
5 LB. KMB Hl PPM. LB 153734 SCHR[ 138
KMB 35k BF&EAK 20 ¢ Hil 15 mL,
MgSO, 0.732 g, K,HPO, 0.514 g, pH 7.5; PPM ;5%
B BASEANR 22 g, WA 20 g, KNOs 5 g,
pH 7.5; FHN A5G S 55 TFHINIEAE 15 g KIGAT I
(E. coli)}EF7 A Az 2 it (mg/L): POREE R (Gm)
10, PUPRZR (Tet) 10, fRFMIE M18 B 37 A hhis:
2 i (mg/L): Gm40., HWE R (Sp) 100, MU R
(Tet) 120, IEFRMEEE: KHFFH 37 °C; RAME
M35 37 °C, KIEE;FE 28 °C. 200 r/min 5438 T ¥&
Uik

1.1.3 FERFIFLE: DNA Tag B4 A
TaKaRa A Fl; PR E DNA R4 H#iE H Toyobo /A Fl
) KOD A, £ FBR M VIEE . T4 DNA # 4%
fitt . DNA 7T &=brEY I A MBI A wl; Bk
PR & b R 28 e 20 F] s DNA i RS
F & H Axygen 2~ wal . & H 42875 & .

X-Gal, IPTG. ¥4 ZEMWH ¥ Sangon A H], ZHE
& T RO BB L (S G1328B), 43 HrAE ol A
C18 {fif# (4.6 mm i.d. x 150 mm, 5 um) W [ %24

e 2w,
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Table 1 Strains and plasmids
Materials Genotype and/or relevant characteristics Source

E. coli

DHS5a supE44 AlacU169(D80 lacZAM15) hsdR17 recAl endAl gyrA96 thi-1 rel41l This lab

SM10 thi-1 thr leu tond lacY supE recA::RP4-2-Tc::Mu Km' This lab
Pseudomonas sp. M18

Wild-type Rhizosphere isolate, PIt" PCA" Sp" This lab

MI18RAG rel4::Gm", Sp" Gm" This study
Plasmids

pEX18Tc Gene replacement vector with MCS from pUC18, oriT" sacB", Tc' This lab

pUCGm Source of Gm' cassette, Gm" This lab

pEXTc-relA pEX18Tc with EcoR I-Hind 111 insert of 2.25kb, including the rel4 gene sequence, Tc" This study

pEXTcRAG reld::Gm' in pEX18TcrelA, Tc' Gm" This study

pME6032 pVS1-pl5A E. coli-Pseudomonas shuttle vector, lacl’-Ptac expression vector, Tc" This lab

pORA PME6032 with EcoR I insert of 2.25 kb, including gene reld sequence, Tc" This study

xS i O

pMELpiz ez ST B L FCRamolined fame fiom 34410 228 e 262

Note: Plt: Pyoluteorin; PCA: Phenazine-1-carboxyl acid; r: Antibiotics-resistant; Km: Kanamycin; Tc: Tetracycline; Gm: Gentamicin; Sp:

Spectinomycin.

1.2 3|4%0 PCR
WAE P aeruginosa PAO1 W) reld FE[H ¥ 31T

514, PCR " B A MO B M18 R ALY reld FEH
Bt 51% 1: 5'-ACCGGAATTCATGGTACAGGTGAG
AG-3', 7 FRIZR AR IE N EcoR TEEVIN A5 514 2:
5'-TAATAAGCTTTGGCCGATGCCGATGGC-3',
N R BBEIE Ky Hind T BV 45 . PCR KWK R
(50 puL): 10 £ E DNA R A RS i 5 uL, dNTPs
(2.5 mmol/L) 4 uL, 519 1 M54 2 4 1 pL, #itk
DNA 0.5 pL, fS{#EHF (5 U/ul) 0.25 puL, HE#EK
38.25 L, PCR [ W 25fF: 95 °C 5 min; 94 °C 45 s,
60 °C 45 s, 72 °C 3 min, 30 ME#; 72 °C 10 min,
1.3 55BE reld EE KB RNF

FORAMEE . DNA F Bl . i) B 5y 5534
Z BIRAF (@)U, M F A Ir 2
k[9], DNA )7 Z4E I ifF s iR A= W AR A BR A 7
AR FEABHE AR A BRA A
14 HEEEHD

SR F AR IE B2 58 ik P A T AN B 45 B 5 F5
WEZRAS . (AR 2

1.5 HKMENER PCA=ENE

ODgoo THRIME . PCA HIIREU I H HPLC M 5E
JE S ROCER[9]. A SR R 2 IR, BIR
FH R TR 3 A PATRE, B 12 h B IR,
€ PCA 7= & 5 20 i A= K %8 B (ODgoo)
1.6 B-FZFPEEHEFMEANE

B->F= L WH T i 0 1 I vk S IRk [10],
T A b Bk R TR T R TN (AR
250 mL, P& 50 mL #53:4L). 28 °C. 200 r/min #%
RARG 9% 10—-12 h J5, S48 3] Kb (R
500 mL, M7 100 mL 5383, M L ODgoo=
0.05), HAME R 3 A FATHE, BERR 3 h BC— kA
H B-2EFUEFE BRI E I ODeoo 18 o H VRS2 56 7 H
g2WLl k.

2 i

2.1 reld EFE XL MI1SRAG HIHE

T ST reld FEPAE M8 T FE TP RO IIRE, FoAT]
KU RPUME A BAR ARG . DGEZRAS . AR E
H LR EE reld FER P L R4S MR M18RAG
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DUSF AR U A M18 (Y (A /K DNA Jiif,
HEFT PCR Y"1, FRAFEE N 2.25 kb ZE A A B, T
JF45 5 NCBI 1Y BLAST #2% He Xt 20 #r, & P M18
i reld FLH P S F P aeruginosa PAO1 W reld J¥%)
IR RIS 99%, PCR A BtZ: EcoR 11 Hind TITXL
g Y1 J5, 4 A # K pEX18Tc, 3K 15 & 4 Jit Hi
pEXTc-relA. F Bgl 11 Hififft]) pEXTc-relA "1 reld
S, W Bgl 11 B[R REE BamH 1 FEGY] FOkL
pUCGm 1K 0.85 kb /) Gm Btk B, W&
Wi % 5, IRASHEAT reld::Gm" A 575 UK iy H 4 5 ks
pEXTcRAG(# 1), FiZ kb 2 E. coli SM10,
DUHAE AR T, BP 2R MO8 MR RS2 K, 28 [AH
VENEBEA A% . ok pEXTCRAG % A M18 %S,
ANBETEG AR SN A £ W, BRI reld::Gm'
SRAFFE N 5 Z PR M18 Y ek - 11 reld 24 % Az ]
R4, A& Gm Ml Tet P4 2 AT Mt £ UL i
Ve o 7E Tet AR A4 K MIE Gm FAR A K A A
NTLRE, RANE & KAWL H B HEH T, RIS
BB M18 (1) reld FEH 2845 ¥k M1SRAG. Hili 2
ZE ARSI 4] DNA E AAk, 47 PCR 0T 55
E(E 2).

EcoR 1 Hind 11T

reld 2.25 kb
MIS
0.85 kb } \1.15kb

BamH 1 BamH 1

Bgl I _'::>_ Bgl1I MISRAG
Gm' 0.85 kb

1 reld EEFEN Gm" il R B 812 B
Fig. 1 Physical map of the rel4 gene with inserted Gm
gene cassette

2.2 relA R PCA &K RMAREEKBFE
PCA (W H&-1-FR R ) A2 B F I TR bk M18 43 WA i B
AT PR ETE SRR . ARSI T reld 5
P ZEAENT PCA A WA I RE R, KBS H: PPM
Rige 4k, 28 °C. 200 r/min $EIRYR 5595, A% 12 h
HU— kR, HPLC N5 PCA W& . 45 R WIR, reld F
HRARRRIK) PCA Frhbte MI18 BFAERIBFRAY 1.5-2
¥, R reld FEFXT PCA A BCEA FORAEMER, i
reld FEPH GEAE N K A 7 A B B B2 M (1] 3) o

r
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2 EERTH MISRAG #J PCR Kk

Fig. 2 PCR confirmation of the rel4 mutant M18RAG

7E: 1: DNA 43T Marker; 2: $F4E BITRRE M18 v reld FER P14
FBE 30 2745 Hk MISRAG 1 reld::Gm' [U4H# H B

Note: 1: DNA marker; 2: The reld gene; 3: The reld gene with
inserted Gm" gene cassette.
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3 REFEE M18 1 MISRAG H#K7E PPM 155 &
B PCA £¥)& AR K B 7 h S i 4%

Fig. 3 PCA production and cell growth (ODg) of the
wild-type M18 strain and the rel4 mutant strain M18RAG
in PPM broth

E: o BEAETE M18 76 PPM K537 6 (1 PCA £ & AL o0 i
HME MI8 7E PPM HiFR B M AE K3 r 24, -
MI18RAG W HKTE PPM 5355 i1y PCA AW & B o MI18RAG
BERRLE PPM 15 37 3 P 40 i A 4 A 30 F 2 il 2.

Note: -: PCA production of the wild-type M18 strain in PPM
broth; o-: Cell growth (ODsg) of the wild-type M18 strain in PPM
broth; w: PCA production of the re/4 mutant strain M18RAG in
PPM broth; =: Cell growth (ODgg) of the rel4 mutant strain
M18RAG in PPM broth.

J T = UESE reld FEFXT PCA A B B
WEER, AR E red 3 KW W EE E
coli-Pseudomonas ZEREAR pME6032 ) tac JA 3+

T, MR T reld BEH it KA A K pORA,
¥ pORA 575 ki pME6032 43 51 5 A M18 Btk I
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H reld RN R H Ik MISRAG, K& PPM 1
FR3E, 28 °C. 200 r/min $R7H5 5%, HEFF 72 h Ja R
PCA =it S5RMNE 4 FiR, reld HH AL Bk
MI18RAG 7EH Aid ik ik pORA J&, PCA kK
RS B R KF . [FIAE, #5447 pORA 1) M18 B
AT MR PCA 7= i He 4 2 oo o I8 1 ok fk 3
TR X S R — DI SE T reld FEIXT PCA EW)
G R SRR

100
S 80
)
(=1
S 60 f
Q
g -
2 40 | ?¢y
3 - : ]
& L | / %/
0
Q3 > Q3L >
<N1J§§K€b \g%f‘“f) G qggPSﬂ‘£)
N\\% W N\\%YJX N\\

4 % pMEG6032 5 pORA BYEF4EE! M18 FIRTHE
M18RAG 7£ PPM 155 E A B 72 h [FHI PCA =€
Fig. 4 PCA production of the wild-type M18 strain or the
relA mutant M18RAG strain, which harbored the reld over
expression plasmid pORA or the empty vector pME6032 as
the control, after 72 h of growth in PPM broth

2.3 reld ERFE XA FZRE A phs HEFRBIFRIE

ELA A 25 R I, M8 B kK h I phz ZE K
W45 B L E 0 AR g i X2 A 58 2 AR B R R Y
51, RelA 1R A BEid 1 X 12 DX IS [ X 1) 4 ok 5%
WP phz FER TR IR R, KA phz FEHR K
5 lacZ A5 HE I #HIERLG BUR. pMELphzI'-'lacZ
Ml pMELphz2"-'lacZ, 53 A\ M18WT 1 M18RAG
Bk, E B AR Y -2 L RS
P, R 5. 45 R EIR, pMELphzl'-'lacZ
MI8RAG 1y B-FFLAE 1T EE MR A & [k M18 BiA:
R R E (B SA); A st i,
PMELphz2'-lacZ £ M18RAG W) -2 FLBE 4 B G
PER BN M18 BFAE IR AR i 1.5 F5 LA 1 (& 5B),
X5 PCA K= m s R—3, UL reld FEH 220
PR phz2 FEH IR RIS PCA & 1.

180 | A P o
2 150 t 1 {5
(=1
5 120 | g
£ 148
S 9% S
2 13 2
g 60 — @
2 /g/ _§
2 30 | a—B=—nm 492 =
2 '—' |9 [}
= @]
6] 0
1 1 1
[es Ry
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1 1 1 1 1 1 1 1 1 0
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S 600 | g
17} o
8 2 =
S 400 o
k| S
Q 11
& 200 F
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t(h)
5 7E PPM 1Z5E & reld 3 PCA £MEBERKIE
R=A

Fig. 5 Influence of rel4 on PCA biosynthetic gene expres-
sion in PPM

& phzl'-"lacZ M phz2'-"lacZ T PFh G 72 BF A U B R M18(-e-, )
RISk MISRAG (av, <)1) Bk FURE H RIS PRI 5
DFRIR - FLBE A T, 20 FKR ODegoo (.

Note: B-Galactosidase activities, resulting from the phzl'-'lacZ and
phz2'-'lacZ translational fusion on pMELphzl"-'lacZ and
pPMELphz2'-'lacZ were determined in the wild-type M18 strain (-e-,
o) and the rel4 mutant M18RAG strain (-, -o)in PPM broth.
Solid symbols denote B-Galactosidase activities; open symbols
denote ODg.

3 ik

ppGpp A5 14 I 385 7 2 A4 A i A7 E 1 7
FEOUVR L B L, T R O L A IR R A e A R
A EERPACH AR R A R L, A
SIS ppGpp A B 5 55 (] reld XoF Wy -1-FR R
(PCAYEY A BB L IE R IR (5 o Yetafg |- reld
FHEMRTEFE PCA BETHE, reld FEHRAL
MI8RAG 1y PCA = im 2 B AERIBERRAY 1.5-2 £,
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W] reld XF PCA & BUAMEIER . [RIEE, reld )
KE AN LA lacZ Rl G H 38 53 Al 46 St — 20Uk sk
T reld X PCA A=) i S PR 38 g4 /R o
SRIM, reld FEPRINT PCA A6 B T 9 245 1)
s S, B R BR T RelA 2 HHA ppGpp &L
fit§ 1% 141, SpoT 2 1t v] BB 57 ppGpp A il 176 14,
K reld PAZSARPR AL 25 B B 43 ppGpp!' ),
L, QRN 5T ppGpp B HL R 1A
KA WERBACH LS, E—2 TAER T
B reld spoT MW ERAZAK, B ppGpp Ve 2844k , i@ 5
FEAN AT ppGpp Ot Hi Ak A& B HE Rk
{14 5 e >k 1) W] ppGipp 13 149 107 0 B, 7 Al B 7T X
A AR R AL

5% ppGpp A1 B I s o X P i B e A R
B LT LK ppGpp A B A U 32 3 i) 14
P, KA BT IRATIRA T A 55 D R AR i 43
T MBI B 5 W4, TR A AR g TR
FEMEYUE RS TREEREAREEE X,

2 % X M
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