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PUAE R & KR RIAE AR TR i 2 DY 3R Ik A e o Jn iR
s [7-8] .

WHHRW] 2, 4-DAPG [ & 5 — Bl R &1 HI 20
OFE Y o S AT WIS LUK A0 4 AR
hy T 36 45 bR B RK 2P24 BEAT TnS B e 1584 £E K
2 3000 Hk 5 AL A4 v i 16 3] 29 AL 14 5 5 W
IR A, o 2 A RASAR T ToS IR T retSe.

1+ P H1, RetS ( regulator of
exopolysaccharide and type III secretion) i B¢ ¥ % 1F
% 5 &Pk Y (acute infection) AH 5% (1 3% R, 5] 21 111
oWk R 48 (type 111 secretion system, TTSS) fz — &
B PER 7 1m0 5 g P B G (chronic infection) AH
5 () DR, 401 2 A0 S A e R G DR o R D B R T
AN R AW ST RetS 11 £ B 42, KB GacS/
GacA/RsmZ {5 5 4% i B 42 AT — DAL KB
SRAZIN 1 rerS Gl < JIr 1S 1K) TTSS 44100 1) R A 49 i
o 8 A A TR T LA T o 0 Rk A K
KR, RetS 55 GacS R 10 i P % 0 X (HisKA/
H* ATPase) 5 5 4 45 & 1A ", {1 RetS 5 GacA 2.
76 4% HAE ™ o RetS &5 GacS 45 45 J i 5 1)
GacS ¥ F 8% 1 14, [A) B 3k B % 52 ) © 8% #2161
GacS [{ R e T, i 2L 2w e .

AR SCAE T AR TR AL Al B AAEE A% 2 AR RE A
T RetS X} 2, 4-DAPG AR 141 €6 3% & 1 M 7 11
F S JEXEIETT B8 B W AL 2EAT THIE KRR W
e LKW, P. fluorenscens 2P24 71 RetS 1§ 5 2,
4-DAPG JARHEL D 3R 1 77 5 iy I Fh 52 Wi 44 3t
T Gac/Rsm {5 5 & ik 4%

aeruginosa

1 BRI

L1 EFERAFAMNEE

KL 20 DNA i 503K 7 &0 F0 iRz 4 B 7 5008
H Promega /v ) o Ex-Taq DNA 5 & i« B2 1 4% 12
DD LA B T4 DNA J% 32 i 0 H TaKaRa 2 7 .
1) b =T S AR A PR DT AT A w) A e HoAl
A Dy [ EE gy b Al
1.2 HHE RRMEFEHE

A2 BT P A TR RR RUTORL S TR 1 e B RR
(55 9% 4 F 2 ISk B Huzd: &40 F R B 2 )
AR R H R (Ap) 50 pg/mL, K& F (Km)
50 wg/mL, R K% 2 (Gm) 5 pg/ml, 57 445 31|

W3 -D—= FLBE 17 (X-Gal) 40 wg/mL.
1.3 DNA R{EFFF| 54

DNA #:4E 2 BScik (131 ki 7 #5463 P
Sfluorescens WK I J7i% S I SCk (16 1. DNA JE41
WsE A5t = e S AW A WU A A 5E . 1
1% /3 51 43§t th 7F 26 BLAST 48 % 5] % 58 B (htip: //
blast. ddbj. nig. ac. jp/top-e. html) .
1.4 retS RRKRRTHEKBIWE

PR 2P24 1) retS A R 2R R AR TR AR I T XUAZ
) 95 4 1) 5 E AT B ik R 4 AR 51
retS2334 /retS-3336 Fl retS-5106/retS6380 (£ 1) il
Ik PCR [ 5 V543 £ rerS 1T W BL AW 3% 41, 8 45 21
1 Bl U )5 v B 2 200k pBLR o, 3615 3 R Bk
pBLR-AretS, K 1% 4 44 HL o5 5 N\ B BE 2P24 R
[ Y5 A8 4t J B 3R AT rerS A 2R S AR T BE AretS. A
FH AN 4060 B 25 B % AretS BE4T PCR, HL UK 56 1iF Bk
R (EIARLE ) o b TR S8 AZ B A AretS, R H 51
M) retSC2568 1 retSC-5682 (£ 1) , LL 2P24 JLK 4
HEAR PCR 9™ 386 15 31 56 2 1) rerS JIf 50 B 3] 5 42 # 4k
pBBRIMCS-5 1 3 3| H %h # /& pBBRGm—retS. H. b
WARFEALZRAZAR AretS J5 13 2 TLANR PR AretSCo
L5 deRFETAE

VW Ak 2P24 K AT AR MR AE LB Bs 37 5L P iR
R4, 30°C 15 9748 hja MR B
1.6 MEZE2.4DAPGHIE=ME LI BEH
B By SE 1

O E A 2,4-DAPG, BBk 2P24 Je AT AR 1A
FET 30°CH% 5530 hm, 110 % =4 & R % 4L & pH
2.0, R J5 SR 418 T8 A6 U, 26 B4 Jie i 78k
Ji FYE T0.5 mLF EE. 2,4-DAPG Kl Jy % 2
WSk 07 1. ARSI ER 3 K.

sz B=F- FUHE ¥ B v% Mk I, 7 2K B bk 2P24
MICAT AW R R AES mLy 4k LB B J 2 p, 30°C,
135 r/minfE 530 h, 4% 5 4% 1: 1000 (V: V) [f) Lk 451 2
T #]40 mL LB 55 F% i h 48 2L 55 97,9 )5 JF 4G BUFE
ZJEEERE3 hEURE, BB 4w AR KOk B e W Bt
FUBHE i 5 0 7 v L Scik 18 1.

2 HiRR B

2.1 P. fluorescens 2P24 B ¥k retS TFIER K E
SEEG A H IR ST, BT TS B e 5 B AL A
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Table 1

F1 ARBFFAEK RN

Bacterial strains, plasmids, and oligonucleotides used in this study

Strains or plasmids

Characteristics

Reference or Source

Strains

P. fluorescens
2pP24

AgacA

AgacS

AretS
AgacSAretS
AgacAAretS

Escherichia coli DHSa

Plasmids

pBLR
pBLRAretS
pBBRIMCS-5
pBBRGm-—retS
p970Km-rsmZp
p970Km-rsmXp
p970Gm-+smYp
p970Gm-+smEp
p970Km-rsmAp
Oligonucleotides
retSdeletion primers
retS2334
retS3336
retS-5106
retS-6380

retS complementation primers

retSC2568
retSC-5682

Wild-type, Ap’

Derivative of 2P24, gacA inHrame deletion, Ap'
Derivative of 2P24, gacS inHrame deletion, Ap'
Derivative of 2P24, retS inHrame deletion, Ap'
Derivative of 2P24, gacS and retS inHrame deletion, Ap"
Derivative of 2P24, gacA and retS in-Hrame deletion, Ap'

F-recAl endAl hsdR17 deoR thid supE44 gyrA96 relAl A (lacZYA-argF) UI69A~

(@80dlacz AMI5)

Suicide plasmid for Pseudomonas spp. » used for homologous recombination, Km"
Suicide plasmid containing deleted retS on pBLR, Km'

Broad-host—rang cloning vector, Gm'

pBBRIMCS-5 carrying intact retS, Gm'

pRGI970Km containing a 0. 4 kb fragment of the promoter region of rsmZ, Km'
pRGI70Km containing a 0. 26 kb fragment of the promoter region of rsmX, Km'
pRG970Gm containing a 0. 33 kb fragment of the promoter region of rsmY, Gm'
pRG970Gm containing a 0. 36 kb fragment of the promoter region of rsmE, Gm'
pRG970Km containing a 0. 4 kb fragment of the promoter region of rsmA, Km'

Sequence (5°-3)

ATGAATTCCCAAGTGTCGGTGTCGTAT
ATGGATCCTGAGCGAGTGTAGGCATAGC
ATGGATCCACCGAGCGATTTCCGCAT
ATGAGCTCGCTTTCAGGCGAACTTATCCG

TTAAAGCTTCGACTGGGAAGGTTGTTTC
ATGGATCCGCAGCCAGGAAGAAATGG

(4]

(3]
This study
This study

This study

[13]

This study
This study
[14]

This study
(5]

This lab
This lab
This lab
This lab

Restriction site

EcoR 1
BamH 1
BamH |
Sac |

Hind 111
BamH |

AR T3 1AL K2 3000 #5848 4k th i 1k 49 2] 2 #k
2L R R W] N ) R A AR G AR 2y M R W] 2

PR REAZ T (4 N AR R AR AE rerS B (B 1)

Hypothetical protein

retS Hypothctical protcin

Bk 2P24 FHAfEDN 1Y) reeS (2778 bp, b5 A Y BRI
) rerS HAT LR — SOk (Bl R 21 D)

%@%
1 8500

800bp
1

Fig. 1

pBLR-AretS

pBBRGm-retS

I A S S
1 P. fluorescens 2P24 H retS 451 7x = &

Schematic diagram of the retS in P. fluorescens 2P24. The single-headed arrows represent the location and orientation

of the genes in P. fluorescens 2P24 chromosome. Locations of the TnS-ransposon insertion are indicated as solid triangle. The

construction of plasmids pBLR-AretS and pBBRGm—retS is described in Materials and Methods. The bars designate the

fragments cloned into the vector pBLR to give pBLR-AretS, and into pBBRIMCS-5 to give pBBRGm-retS. The fragment

inserted in pPBBRGm-retS was used to complement the retS mutation in AretS. A =region deleted in strain AretS.
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2.2 RetS fAAIERMLOLBREME R 2,4DAPG
B & B

5 BF AR T 2P24 AHEL, B2K rerS ) W] R $R AT (5
ENRESS'S PN KW P AR SR EPNTITR SR ST
retS 1 H b JJi K. pBBRGm—retS 5§ A\ 3] AretS J5, & 4
e B ] 5 E B 2R A K (1] 2-A) 53X 3R B RetS
UIRTESEANE SRS go

W BEITHRIE 2,4 DAPG G S A B =&
BCIE B, BT LA RetS AT g X 2, 4-DAPG 1 A7 i #% 1
Mo FIH HPLC X} %5 4 18 2P24 . AretS Fll AretSC
PrAE#E 2,4 DAPG (/= BT T & EA . 4R E
B 26 retS J5 52, 4-DAPG [ 77 5 55 B 2R 14 2P24 1
5TV T H KN B R 2, 4-DAPG () 77 B ) 2 17 A1

Strains

2 RetS S1iAEE #k 2P24 R4 & % (A) 71 2,4-DAPG
(B) H1& X

Fig.2  Production of red pigment (A) and 2, 4-DAPG (B) was
negatively regulated by RetS. Red pigment production of P. fluorescens
2P24, its retS deletion mutant (AretS) and the complemented strain
(AretSC) on LB plate (A). P. fluorescens 2P24 and variants were
assayed for the level of 2,4-DAPG production by HPLC. The 2,4-DAPG
quantification was performed in triplicate, and the mean values +SD are

indicated (B) .

THPAE TR 2P24 (B 2-B) , X A B2 i1 T 2 45 UL retS
AL 2,4-DAPG 5 Jli I K] 1) 3 38 52 31 o 24410 )
Mg R T R R —HEW, FATHE rerS T 4D FTRE
B EF A 2P24 thIRRT I 2,4 DAPG 7 & 4
SRR WILPUAEZ ™ 5 H) RE ) AT B AR R 224, iy
55 AretSC 1 2,4-DAPG 77 S HEAH 2 (18 2-B) o

XG5 R AR W] AE TR Bk 2P24 F RetS X PiE = 2,
4-DAPG MIZL 0 25 1) & B A A5 9 2 i 40 o 4 1 2
2,4-DAPG ML A0 38 E 3 i S i 45 B 5 o
2.3 RetS 3§ 2,4-DAPG RO & RSB K 1 IAEK
T GacS/GacA WA T R4

1F B Bk 2P24 F, GacS/GacA XA T R 48 1E 1
2,4-DAPG ()77 1, gacA Btk RN 2, 4-DAPG
7 b AR 2P24 MLL R B T ORZ50 5 B
1E P. aeruginosa " RetS JEiliid 5 GacS H % G AF M
£ F LD A1 4 RetS T AL 5 GacS )/
GacA XU 1 R G B AR 7% 2,4-DAPG [ & .

A HPLC 4 3 Xt ¥k AretS. AgacS.
AgacSAretS.AgacA . AgacAAretS T =L 1) 2,4-DAPG
AT 7. S5 IRARW], Rk K R AR AgacSAretS,
AgacAAretS 1] 2,4-DAPG ;= & 43 5| 5 AgacS. AgacA
(1) 2,4-DAPG 77 B B AKH 2, 17 AR W) WL AR T AretS (1)
2,4-DAPG 7= i (J& 3-A) o T B X 5 85 77 050 th 3%
BH R Bk AgacSAretS. AgacAAretS #B 3 2% T X 95 &
Rhizoctonia solani WIFEHIAFH, M5 AgacS.AgacA 1]
TR (BRI H) o X g LI RetS X 2,
4-DAPG & I I KM T GacS/GacA XUP 1~ i 4%

CATZL (R [ & 5 2, 4-DAPG & 8, fT LA
RetS X 21 €8 32 & A 9 I 2 4 1 % th 2 8 T
GacS/GacA XU F RS- 645 B L, 7F retS
BRI AL A8 IK gacS B gacA J5 s i retS K
JI 51 40 60 3% 4 i T I I 20 Ok (] 3-B) .
i 06 T %0, RetS X A H020 5 & R 10 I 45 4K T
GacS/GacA MK T &5
2.4 RetS /s RNA fiIZ EQHE RO

GacS/GacA XK 142 R g0 T 1 J 3 IR B
PRt i/ RNA BL RO 72 3 ) RsmA A RsmE 3
A7 Bikk 2P24 L O R 3 A/ RNA (RsmX.
RsmY fl RsmZ) . A5 F ¥ 3 4~/ RNA [1) 5% 5
Al & W Bk (p970Km-rsmXps p970Gm-rsmYp-
p970Km-rsmZp) 43 7 7 N\ B 2E 1 2P24 Fil AretS 1,
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3 RetS xf 2,4-DAPG RABR~EMHZIKB T GacS/GacA WHFIIZR LK

Fig.3  Effect of RetS on production of 2,4-DAPG (A) and red pigment (B) was dependent on GacS/GacA two-component regulatory

system. The level of 2,4-DAPG production in strain 2P24, AretS, AgacS, AgacSAretS, AgacA, AgacAAretS was detected by HPLC using

the method described by Shanahan et al. (1992) . All experiments were performed in triplicate, and the error bars indicate the standard

deviations (A) .

PLKY I RetS X /v RNA #% 5% (1 5wy 45 3 & 1,
AretS F1 rsmXrsmZ B SR KW B m T 2P24 B R
A, 3X Pt B RetS 1 i 35 /) RNA & [H rsmX Fl rsmZ
(8 55 (& 4-ALC) sretS 2R 5 rsmY B G SBH —
SE T2 S I s (HARAAZ rsmX crsmZ S RE W 2 (5
4-B) o HEULHEN, 75 RetS 45 2,4-DAPG & B it
FErfr 3 R/ RNAJr S 4 169 A H Bl AR HI ML mT A
HA B -

Hur2P24 vh 24 R ILA 2 Fp il % & 11 RsmA
A RsmE, ‘& A1 X} 2, 4-DAPG & p e A 4 i % 1%
FE o 0 5 L 3 5 4 (p970Km-rsmAp.
p970Gm-smEp) ‘3 N 2| ¥ 4= 1% 2P24 Fl AretS o1,
i 5E RetS X I 425 5 11 2 05 Ak DR 36 S IR 5 i o 45 21
BT, K retS X rsmE e 5 B AR B AT 5% m (18] 4-
E) 1 rsmA (¥ 5w A 7 m (K 4-D) o

2.5 RetS xf/» RNA # F 8 G iFEKRB T GacS/
GacA WHEFHE %

¥/ RNA JE KR 3 7 1 4 & FORL 20 ) 2 N T
¥k AretS. AgacS. AgacSAretS. AgacA . AgacAAretS 1,
A 3 AW AN B AR IR B —=F LB S MRk A e e
MR K R A5 R LW, 2 [6 I 62K retS Al gacS
J& o TR FE /N RNA () 5 55 2 0K 320 18 IS T~ PRt ik k%
retS [P SRAZAR AretS, M 5 gacS HLHk 2K 5348 Fr it B% 11
HRILA 5 (I 5-A.C) . T LL, RetS % /N RNA
L DR () U 45 M T B AR R GaeS.o [R] 3 RetS X /)
RNA JE R (1 4% 4t T~ 37 42 A1 GacA (& 5B.D) o
DL b 25 B30I RetS Xf /v RNA 6 5% 1) i 45 4K gt T
GacS/GacA XU ¥ % R4 -

X Le gk ] RetS JE 1 id Gac/Rsm % R 4
% 2,4-DAPG & HUI
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—h— Arets —@®—2P24 - -A- - Arets - - -2P24
(&) 180000 2 (B 30000 2 (© 100000 32
£ 160000 T 2 90000 A
£ _ 140000 P~ B 25000 U2 0000 ~
= 2 120000 O & 22 20000 0 & £Z 70000 0 ¢
3= 8 g% 2 2'E 60000 S
Z = 100000 -1Q £58 -1 23 1S
S5 = 82 15000 = S5 50000 =
.5 80000 2E 258 2t 28 2
8= i £ £ 10000 T Z= 40000 =
g2 )32 53 32 22 30000 35
= 40000 Y s o 2 20000 Q
Q20000 4 G 3000 4 Q -4
3 e iy e I 10000
0 1 1 1 -5 0 1 L 1 1 -5 0 > -5
9 12 15 18 21 24 9 12 15 18 21 24 9 12 15 18 21 24
Time after inculation/h Time after inculation/h Time after inculation/h

D) 1200 2 (E)

k= =

E 1000 1 3

22 a0 0% B3 3

28 13 8% NES)

o 5 600 E Ty =

= 2% Z= 2%

g5 400 48 3= 38

= C =7 =

& 200 4 S -4

[-=N [-=1

O 1 1 1 1 _5 O 1 1 1 1 _S
12 145 17 195 22 245 12 145 17 195 22 245

Time after inculation/h

Time after inculation/h

4 RetS X} 7/8 RNA RsmX/RsmZ/RsmY K 12 E 5 RsmA /RsmE % F 7k 5 22 1

Fig.4 Transcriptional regulation of the small RNA genes and regulatory protin genes by RetS. B-Galactosidase activities of the plasmid p970Km-

rsmXp (A), p970Gm-smYp (B), p970Km-+rsmZp (C), p970Km-rsmAp (D), p970Gm-smEp (E) in P. fluorescens strains were measured at

various time points after inoculation. Strains were grown in liquid LB medium at 30°C. Growth curve was indicated by dotted lines. All experiments

were performed in triplicate, and the error bars indicate the standard deviations.

3 itk

T I3 A% 2 90 2R W 07 36 2, 4-DAPG 2
B AR P. fluorenscens 2P24 B i L) i 5 1) T 2
7 A O BT A B T TR
2P24 (B L. SCHRIRIE 2, 4-DAPG )5 Y
MR G0 AL SRR B e 13 Rk A R 2, 4-
DAPG HJ R % Mo & 1 5 N P. fluorenscens Q2-87 [
2,4-DAPG & Jl BE BRI A I & AT AT B[R] I 3R 45 7 A
2,4-DAPG Rt ZIfE )y ™ .

AW FE T AT v T OB PR 2P24 Y rerS. R
FIEER 73 M 2B iz 5E DR 5 3L & 9 O i B R P B A
DR EL AT A 0Bk . BB 2P24 1 RetS %4 2,
4-DAPG {6 s A S0 42 48 T o B3 o 7 2
Wi Gac/Rsm i ARBEAT 1o 475 Gk 2K reeS (1) [F) I
FHL R gacS B gacA J5, retS Bk Fr 5l iL 2,4-DAPG
PR TE R/ RINA e S 8 0 45 2 B DI i 30 e o AR 4
1F P. aeruginosa *P RetS it 5 GacS H 45 & GAF
2T Ui A DAL R 0 A ORI S8, O O AT
P& 8L, ATHEM T RetS X 2,4-DAPG 4 B2t A 1%
phIACBD FiE i 1) vl fe il 72 (&1 6) : 1558 RetS 5

GacS T A, M B Bk s & B IR AL, IX AT GacA i
ToVE B 2 BERR AL T, T & 25 T 0 il /s RNA 5%
FAE MBS AE ] o I B AT /N RNA &5 5 (1 1) 42
HHE RsmA F1 RsmE W &b 7 B dR& Tl Y
PhIACBD % s ) mRNA b (K088 A &5 & 47 5 45 4 s
BHL 5 HL B8 1%, AT 52 B RetS Xt phIACBD 23 18 401 16l
YEHE ;248 2k retS Ji > GaeS W] LL A 1 i 2 16 O 3045
GAE I 45 GacA, GacA JE I #/ RNA K&/~ 24F, X
FE/N RNA gt o] LLos 4 PR Hb 5 45 288 11 45 5 5 AT
B 77 5 TN mRNA [ 4060, phlACBD #5 LUK &
15,2,4-DAPG =8 Ty FLT P BCRS Bl g (R
i) KAt R R AR T LA B HEW

retS G K JG RsmA B sk kAT PTG o, X 5 retS
R JE 2,4-DAPG & R TH i B R AR . — AT
RE I RRE AL rsmA (R IE B BA THeE T & & A
PR, AN 2 DAHRT /N RNA R OA & 1) 38 i B DL AN fig
A A GUER BT R .

RetS 7 4% /v RNA ) 8 5%, X — 45 R AE H Atk
MR TS . R RATM L R
AR B RetS XF 3 Bl RNA U 4 10 F2 5% F A A 1A
RetS Xf rsmZ Fl rsmX 18 2 05 2 58 T % rsmY 1] 1
P X UL 3 Bl RNA 76 RetS 45 H14E F A
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e oSS T TEEEEE L e TR ;
160000 - e T e 160000 4 e T e
| PRI TR, R 3 10000 eI : i
140000 4 _.zz:°* . 140000 47 .. -
L e 3 -
z 120000 { —* Arets 0 £ 0000 ] —*arets 0
= AgacS 2 S 2 —h—AgacA _
5§ - 100000  _a AgacSarets a8 g £ 100000 s AgacAATetS {4 3
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Fig. 5 The effect of RetS on transcription of rsmX and rsmZ was dependent on GacS/GacA two-component regulatory system. (A) /(B) p970Km-

rsmXp , (C) /(D) p970Km-rsmZp. Growth was indicated by dotted lines. All experiments were performed in triplicate, and the error bars indicate

the standard deviations.
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Effect of retS gene on biosynthesis of 2, 4-diacetyl-
phloroglucinol in Pseudomonas fluorescens 2P24

Jiucheng Liu, Wei Zhang, Xiaogang Wu, Liqun Zhang
Department of Plant Pathology, China Agricultural University; Key Laboratory of Plant Pathology, Ministry of Agriculture;
Beijing 100193, China

Abstract: Regulator of exopolysaccharide and type Il secretion (RetS) is a hybrid sensor kinase/response regulator
protein located on bacterial membrane, and essential for expression of numerous genes. In Pseudomonas aeruginosa, RetS
modulates the phosphorylation state of another kinase GacS via a direct interaction. [Objective] The goal of this study is
to study the effect of retS on the antibiotic 2,4-diacetylphloroglucinol (2,4-DAPG) production in P. fluorescens 2P24.

[Methods] Production of 2,4-DAPG in strain 2P24 and its mutants was quantified by HPLC. To determine the effect of
RetS on the Gac/Rsm pathway, the promoters of the small RNA genes rsmX/rsmY/rsmZ and regulatory genes rsmA/rsmE
in the Rsm pathway were fused with a promoterless lacZ, and the promoter activities were measured in 2P24 and the retS—
deficient mutants. [Results] Genetic inactivation of the retS in strain 2P24 increased the production of an uncharacterized
red pigment and the antibiotic 2, 4-DAPG. RetS negatively regulated the transcription of the small RNAs RsmX and
RsmZ. In the retS and gacS double mutant or the retS and gacA double mutant, all the phenotypic changes caused by the
retS deletion were reversed to the level of gacS or gacA single gene mutant. [Coneclusion] In P. fluorescens 2P24, RetS
negatively regulates the production of antibiotic 2,4-DAPG through the Gac/Rsm pathway.

Keywords: Pseudomonas, 2,4-diacetyphloroglucinol, RetS, Gac/Rsm
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