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W) :gscR K& DA fig 40 13X 2 AN Ik DR 1) R A, B2
QscR HAMRBEE B S EMIME T45a" " /A
LRI TR 2V A B2 AR B & 28 (quorum-sensing,
QS) Fyi £ 5 L VF 22 BR 5 DR 26 4 I 2 A Bk
A7 W] S 5% ) 5 0 355 A0 A BB R B B R UK RE DA
BB IR o ST A % i DR 2T
P2 o A AR 2 R i XA A % TR B BUR AL
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A0 T 42 ) A Wy W 5 8 A DR A 45 ) A 0L i A AL SR
I, AR LRI . BT, A SR H PR
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N JIH SRS R T rsmA FE DR R K S8 AR Bk
PARG. [ F ] & 4 @ 1) pMEZ1 . pMEZ2 3% [F]
pME6015 7353 5 N\ 4 3¢ {E #1878 A2 ¥k PA-RG Al
Y4 Bk PAOL, R4 Rl & B—F- JL Bk 17 Mg & 4, 15t 7]
RsmA oJ Wy Wz Kk DR % 1) 2 38 I 4% S 45 77 2o
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Table 1 ~ Strains and plasmids

Strains and plasmids Characteristics Source
Strains
E. coli

®80lacZAM15 A (lacZYA-argF)

DHS5 alph:e 14

apne U169 hsdR17 recAlendAl thi-d

SM10 F—thi™ 1 thr™ 1 leuB6 recA tonA21 16
lacY1 supE44 (Mu,,) N~ Kan"

P. aeruginosa

PAOL Wild type, Spe" 6
rsmA gene deleted and inserted Thi

PARG with aacCl cassette in PAOI, Is

R R study
Spe” Gen
Plasmids

pEX18Tc Suicide plasmid, Tet" 16
2. 0kb up-and-down stream region Thi

pEXR of the rsmA gene in pEXI18Tc, ls

X study
Tet
Uce Resource of gentamycin resistance 6

P " cassette (aacCI) , Gen"

PEXRG 2. 0kb rsmA fragment inserted witRh This
aacCl cassette in pEX18Tc, Gen study
Low copy vector inPseudomonas

pME6010 o 18
sp.» Tet
pVSIpI5A  E.  coli-pseudomonas

pME6015 shuttle vector for translational lacZ 12
fusions and promoter probing, Tet"

Cloning vector for overexpression

pME6032 under  thelPTG-nducible  tac 18
promoter, Tet"

PMEIOR 4'180 bprsmA gene flr{agmem cloned  This
into pME6010, Tet study
pME6032  carrying 300 bprsmA Thi

pME32R gene fragment under P,.. promoter, 8

N study
Tet
pME6015 carrying 750bp
upstream  ofphzl fragment and

pMEZ]1 19

translational fusion phzl = lacZ,
Tet"

pMEG6015 carrying 895bp upstream
pMEZ2 of phz2 fragment and translational 19
fusion phz2"~lacZ, Tet"

LB 15 % SL (MO ) 2 i Scik (141 36475 GA BE 9 3L 11
Fie il 2 B R R C 7 384T DL 2 4. 06 g/L, K,
HPO, 0. 139 ¢/L, H il 20mL/L, MgCl, 1. 90g/L, Na,
SO,14. 2g/L, 74 R 4% 0. 1g/L, pH7. 5 AH R [#] 14 %
FREAFTIAIN 12.0 - 15.0 g B ™ o M A [
B IR T2 B coli 15 37 3 vp o AR 3 10V N & 43 i A
(pg/mL) Jy: 80 % & 5 % (Amp) 100 #h #% DY 3 5
(Tet) 25 JK K55 2 (Gen) 20 ; 4 43 % 5 0 11 1% 5% Jik
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R nyUE £ KM R (ug/mL) 4 oH: W 2% % (Spe)
100.Tet 125.Gen 40. & B 4 BAK BS 57 B, K g T
VIR 25 B PR T 22 £ 37°C V180 r/min 45 fF T
W5 IR AR gk RO Bk B i AE 30%C
160 r/minZk £ F AT
L1.3 EFZRF: 2 MRS PEN UK. T4 DNA &
P2 DNA 73 FHEIRCH & 4 Fermentas (MBI) 24
w7 JE I S TR AR TR (R A7 BR A A
rTag DNA & 4 W+ ANTP iy T- TaKaRa 5 74 T ¢
(Ki#) 15 B 2 7 ; Phusion Tag DNA 2R & Wl H 55
[ Finenzymes A ®] . AW 5T PCR Fril K& (1) 5149
(s 2 frm) f A TAY TR CRg) AR A\ R
P ¢ < 30 B AR ) BB B W) S el Bk DR
DNA $2HU PCR =¥ 2li 1t 5 [21 e . DNA i [1] g 55 38
PRI A A T AY TR (R HRA A S5IR4-
A3 -B-D-F FL R (Xgal) FI O 2 K B-D-
FFLBEF (ONPG) W A A TR (i) B RA
Al R H AR e AR AR o] B 0k J A 4k
%2 39

Table 2 the primers designed and used in this study
:222:[ Sequence (57537 and restriction enzyme site (in italics)
P4F AGGGTAGTGGTGGTCGCCGGTTTCC
PAR GGAATTGGTACCCGACGAGTCAGAATCAGCATTC

(Kpnl)
P2F CAATTAGGTACCAGAAAGAGAAAGATCAAGAGCC
(Kpnl)
P2R CTTCTACAAGGAGATCGAGCTGTCC
P3F CAATTAGAATTCCAGGGCGTCGACGGCAAC (EcoRI)
P3R GTAATTTCTAGATCGAGCTGTCCGGCGGCA (Xbal)
GdF GCAGCAACGATGTTACGCAG
G4R TGTTAGGTGGCGGTACTTGG
G-LF GTCACAACGCCGCGGCCAATTC
G-LR CAGGCTTATGTCAATTCGAGCTC
rsmA ¥ CTGCACACGGCGTTCGAGCTC (Sacl)
rsmA-R GTA ATTGAGCTCGGCCACCTCTCCGCAACAC (Sacl)

OE-+smA-F CAATTACCATGGATCCGCCGCCATTTCTTTTTTG (Ncol)
OE-+smA-dR GTAATTCTCGAGCATGATACCCATCTTTAC (Xhol)
1.2 rsmA EEHETHRBERRESHEZE
e rsmA B R SE AR B AR 4 S AR PR R B
PAOL BE K417 51 ¥ v = 514 (W3R 2) 5 4 5l
P4F/PAR FI P2F/P2R W 51 4, LA A 2% {5 5 i
R AL 4] DNA 4 BEAREE 4T PCR, 23 59 97 19 rsmA JE
K B R 2 A B rsmA-U il rsmA-D . PCR K

phusion /& & . DNA & W, S N2 P K 5 1 2 80
A 98%C 20 s, 1 Mfi¥h; 98°C 6 s.65C 20 s.72C

30 5,33 MR ;72°C FFAEAHT mine PCR =¥ 1%
I B H KRS I < Ak R (RN, A2 i g R TR T
FEBA R 55 A B 2 &) HEAT W 7 I 48 0E

I TR DS 41 DNA 2 5 J50RE /) 5 il 2 < B o 1
W DD D DNA R BOlie IR A 38 422 R 52 2 4 i o)
F RV AL S5 20 3R 3 2 I SCik (141 5 G 7 4 4
W EREAT o rsmA-U F rsmA-D W 7 B T3 K 7
4357 1062 bp 11071 bp, PCR 45 W40 5 7 %
EM G B A PCR F BUR & e 4 Kpnl i D). 46
o ER PR A S B, R 8 B PCR
MR . S5 PCR 514k A P3F #1 P3R, A H
phusion Taq I} 347 PCR [ iB K& BE K 69°C , & 1
FRIE {1 7] 40 so 2.0 kb ) PCR 7= #) % EcoRI-
Xbal XUHEY) G » 56 e T ki pEX18Te 1", j7 73 i
¥k pEXR.

1.3 rsmA EERERETH PARG B91E

H Kpnl Wi ) ve B 84K pUCGm, 3843 290. 8 kb
ﬁrkﬁ%%. )—LIEX (gentamycm resistance cassette,
aacC1) """ o %)y B2 S S T4 T pEXR
BAR B Kpnl A7 5000, PEAS 5URE R pEXRG .

F Ak 4k vk (CaCly) ¥t pEXRG % AN E. coli
SM10, J5 vk W.3cik 14 1.

LLE. coli SM10/pEXRG Jy it 44 T » 4 44 M5 #A g
PAOT B AR Oy 52 A 1T JEAT [ AH 2T 2 9 P 12 5
o FEDBAT A B MR 2 8T S mLE A
NAUERI LB B R b, )b OB 9. 3 il BT mL
PRV 0 7 BE S L mL3T 6 (1) G Pt LB 1% 5% 5 4y
MPEE 2 -3 W WARRAIERIET150 L LHt LB
Bt e, ¥ 2 6 P0 LB S Berh iy — v BB
TALIE M (FLAR 0 0.22 um. &K ) |, 37°C K 37
24 hLL o I HCBE 7K 5 7250 pLOG bt LB 1 77 %
t, 48 10020230 Ly A T Tetl25 Fl GendO [f]
WAL LB VB, 37°C B 5% 24 — 48 he PRI v B Jf 4%
il 7> Gend0 FI Tet125 [ A& LB 55 5% Ak v, 45 1 A2
2 B2 W0 B A R O IR A T 10% BE R
Spel00 F1 GendO (1) LB V45, ¥ P 43 . 16 7% [5] 1N 43
SR T BT Tet1 25 F L HT Gend0 (X} HR) f#] LB 3
B Eo B Tet PR BBUE T Gen P B AE K (1 AH B 5
B BT A A1 5 I TR PAOT ) rsmA K PTG 2R 5% A%
PA-RG.

1.4 FRERLTHE PCR EE
PP & Pk O 3% 10 B Ok AR Bk PARG T F
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Gend0 (1) LB £ 323k, & 0 700 55 7% 1) 41 w1 75 507 %
B2t R 9% 4h Ja SR FH 40 B 5 DR 4R 7 o A 1K T vk
PEHCHE (A 20 DNA . DUEY A= 21 1 bk PAOL 1y 56 (Rl 4
DNA EX I @ sk i 51 xk (W3 2) 3E47 PCR
BF: GAF/GAR H Tk % bu IR K % % 5 B &
(aacCl) J& 15 A7 46 SRR I 3L R 41 s PAF (P2R) /
G-LF (GLR) JI T KL 56 Bt Ik K 4% 25 5 N 5 2 45 2 A
3N BT 1) rsmA FE R g 347
1.5 ERENHEMITRESEHEEREL
PL PAOL FE[R 41 DNA B4, F) FH 514 rsmA -
F/rsmA-R 347 PCR 373 25480 kb1 B2 rsmA A
(K15 B o Sacl B4 PCR A BE, Jm i i 1 g 7l i, e
W TR % VLR pMEGOL0 A1 R A7 5 rp ™, i 3 i
i fir 4 4 pMEIOR. /351 # pME6010 f1 pMEIOR i
i L T A R A KR PARG J5, BT H AN -
kg rsmA 3 R AK B AR, FIH 514 OE+smA-
1F/OE+smA-dR #47 PCR 3k 5 27300 bp H A 4 H
JB B IX R rsmA FER B o & Neol A1 Xhol XU
VIJe» S T AT pMEGO32 ) tac i 2y A1 LA AL
2" BT IR pME32R . 43 % pME6032 Al
pME32R % AL HF A= Bk PAOL AR A kK PARG J5. i
70k 08 0 M1 i, ) B 7R L R I o AR E R
1.0 mmol /LI IPTG i & tac B T )8 80 5T %
%
1.6 EFfS RIEHIK phzl =lacZ 1 phz2 “~lacZ
BMES®K
AT ST rsmA B BRSPS AN (7] Wy W A 3 DA
1% phzl A1 phz2 [R5 J7 2 4 S K T phal \ pha2
Y lacZ 1BV RlG X8 B4k pMEZL fl pMEZ2. %
ISR AR HE (¥ I A S5 B 2 3l i PCR 5 v 8 56 ¥
R R I R ) i ) B 1 X BB R R R AR LA
Z LA R IR g A5 XY 1 ok SR 5 E i I D) O
S BTG A B 7 T B R T AN SR R G i X ) B-
PFUMEIF R HacZ) FEH W B, 2 5 =LA
T i 58 DA 155 B ME G A A T A8 il B FL
R T 5 DR 110 2 T A R 3 R 1 Bl 4
pMEZ1 F1 pMEZ2 ) H 4 #) @ 3 2 2 W, 3k
(19 1. i@ i s %% 1k J7 ¥ 48 pMEZL. pMEZ2 Al
pME6015 737 7 N B 4 ¥k PAOL 2 Rtk PARG,
WKk 2 B Ay %4 4 PAOL/pMEZ1. PA-RG/pMEZ1 .
PAO1/pMEZ2. PA-RG/pMEZ2. PAO1/pME6015 A
PA-RG/pME6015 , HUG A FLAK 7 vk 2 DL AH G 2k ] 3

AN TG - 5838k PAOL K AH S A7 AR bk op & 5
A7AE AR Y 52N T 00K SR ik 2 A28 vk 30 AT R 4t £2 A0
it V) % 52 o
1.7 H£KMZ%eNE

27 AR Bk PAOT R 5848 Bk PARG %5 43 Jj) [A]
BRI T GA BrgR b, SRR 12 hIEURE, W32 0D,
3 REE B EME
1.8 ZFERERMNE

S T B 3% I o I U7 v 2 L SR (200 R AT .
FLIREACD BT - HUAS [ R T I ] B 1) 40 1 R T ViR
4 mL, I AN2. 4 mL= S H ke Pz % 42 3 =5 min. W
IR 2 A HUAH2 mLIf ) 3L A n A4 mL{10. 2 mol /L
(f Eh 12, #2395 W) 3 = 5 min, B L 22 /K AR (B 41 €1)
VEAS [ 2 B 1) s B O » E520 nm £ 48 R SR 1 2 6%
JEF I 5 FE 3 BEAE (0D, ) » 31435 b e il 28 A iy
FEFRF(17.072) o 5L . 4Rk B35 1 A ok
4 F 2% & Cayman A 7] o
1.9 BABEMmFMENNE

W75 1.6 JT 3RAH B B AR 43 0 FH 3 Tet 125 11
LB B J7 H 1k 15 7% AR B AR IR B (ODg) 1R 811G S
I3 MI250 pWLZc A7 55 R W M T AT 25 mL GA 5
FRIEM100 mL= FBeI b (1: 100 i ) ,30°C £ IR
B8, 6 O B A Bk PAOT . BE12 hIUFE DI & il &
Bl U 7 S 2 LRy v S Sk 4] 3047

2 4R

2.1 rsmA SRERRTHRBMEMEE

T i 126 58 A% B i 3 B2, 4 2 (R 5 i e PAOT
(10 B A #ffe T K B B0 DU R 3% SCHT IR K 8 3.5 10 XUAT #
BAR B rsmA JE DR 2 R AR bR A B IR R D &
CaacCT) (¥4 N6 X5 DU BR 22 B0 AH $T K 53 %5
PRI 3G L 7 DU 30 25 P e b AN AR KT A8 PR OR %5 32 P AR
FAEKKEE YN & PARG KAEK. AT
H— L IAE aacCl FEK &5 T € B4 N rsmA
DRI i 2K DX s o, 3R ATT R H K B TaKaRa 24 w] /) rTaq
DNA % & dEAT PCR % F (B 1 fi7R) o PCR B F
KW 2R AT 5 — 2, LA GAF/GAR K514, 43
o) DA A R BT O AR R ik DXL 4L DNA Oy B A 1F 47
PCR.o By IR W ok 12 Wt oK 285 SR S 7 » DA K B B A4
DNA S B, 35 A I BH Pk 4% 7 4% 5 i DA 98 A8 K
o BF A T B bR PA-SG f9 DNA Sy 4 ™ 34 th B
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PUPR K % 28 HE DAL A9 BH P 4% 4 (545bp) , H 5 Fi0Y1 45
R8O R FUR K RIER G (aacCl) HIHiEA
F)RABRMSE R A b 5 20, AN 514 P-
1F/G-LF f1 P2R/GAR #E4T AL ) PCR {E#E— 2
Bk, A BE Rk PCR BEX 518 — 4K B PR K
FERIEDIA A, 53— 4K A PAOL {5 X 41 DNA
i EANYEE AL iR pEXRG Fo MUK S5 R R,

LASRAE KR PA-RG 3L K 41 DNA 4 B35 47 5 1l
K/NAAFF (1.0 kb) /1) BH PR 4% > 10 LA 7K B8 A= Ak
PAO1 HyEE K41 DNA O B 1) PCR 1R H BLAH
) BRI 2% Ay » 2 W) B0 DR K B 3% B DR 4 110 o i o
AN BT rsmA K& PRI Gk 2% 1 X A0 o pl O IR S gk
T/ & 3K 13 rsmA B 2% 58 A2 BE, JF fir 4 b PA-
RG.

IysC rsmA PA0%06
A —— ._,,'_'" _—
Po1F | P-1R p-2F | P2k
P-3F 4 P-3R
! 4
! it
4 3
4 |
. v
rsmA / y rsmA
lysC aacCl PA0906
B
| |
| G-LF G-LR
G-LF G-LR
C
G-1F/G-1R P-1F/G-LF G-LR/R-2R

M 1 2 3 4

6 7 8 9 10

Bl rsmA BERRAREMNHES PCRETE

Fig. 1 Generation of rsmA deletion mutant. (A) Diagram of the rsmA locus and adjacent ORFs in genome of PAO1 strain. The

one open arrow presents the rsmA gene; the filled arrows denote the upstream gene of lysC and the downstream ORF of PA0906.
The binding sites of six primers, i. e. , P4F to P3F and P4R to P3R, are also shown. (B) Diagram of the deleted rsmA locus,
indicating the most portions of the rsmA gene replaced with a gentamycin cassette. The gray arrow represents the aacCI cassette
flanked with residual region of the rsmA. The binding primers used in identification of mutation were also indicated. (C) PCR
verification of the rsmA deletion mutant. PCR products with different primers (shown at the top of lanes) or with the genomic
DNA of the mutant PA-RG were shown in lane 2, Lane 6 and lane 9. PCRs were carried out with PAO1 at template shown in lane

1, lane 5 and lane 8, with ddH, O shown in lane 3, lane 7 and lane 10 as negative control, or with on mutant PA-SG shown in

lane 4 as positive control.

2.2 romA BERRRAREMERERKMFRERD L (0Dg) o ARYE LR B A A M2, Wil 2-A fr

A

AT R SR AR PARG 5 B 2k PAOL [/
KARDL, B e AT B el T CA WK KGR IE T, Ik
B 75, BF12 hEURE 43 BT 600 nm g KT 0 5 BT Ak 1 W

s RALKK PARG L HF £k PAOL 7 GA B JR &
AR L Z2 T30 WA 5 A5 A [) (1 55 % I 18] 3 55 2% A
T RATKR M AR LA B AR A A
TLAMR (0 A B AR PR S B R RR AN . 3K
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& R 5 RsmA AR Oy B YR Y DN (9 B € AT P
R RV R KR UL GA B 35 3 b R % B 2 A T
BRUF s H L ) TR 7 2 JHR T 3% 1) £ ol e 0 b R R
B e K 22 JCILAE AR R s 301 ) ok ) B 2R AR Y
2 f5 A B B 2B JToR) o T FL R B (¥ 2 Ik B 3% R0k
L RATKR TR T B UL SN rmsA B DR 4 S 2]
T HAME .

35

[ A
| —m— PA-RG(pME10R)
r—e—PAOI

-—&— PA-RG

3.0

25

Cell density/(OD, )

-0.5
0 12 24 36 48 60
t/h
25 - B
—O— PAOI
— PA-RG(pMEI10R)
20 —— PA-RG
-

Pyocyanin production/(pg/mL)

I 60
t/h

2 ARBAMEHENK PAOL RETEKREE GA
BREFHERKMEMEREENENE

Fig. 2 Growth curves (A) and Pyocyanin production (B) of the
wild type strain PAO1 (circle) and its derivatives, the deletion
mutant PA-RG (triangle) , the PA-RG mutant bearing pME6010
(diamond) , and the PA-RG harboring pME10R (square) , grown in
GA medium, respectively. Symbols: solid, growth curves; open,
pyocyanin production. All experiments were carried out in triplicate,

and each value is presented as the average + standard deviation.

2.3 rsmA EERNERIEDH
KT HE— N rsmA R EANAG T Wy A HAT

e BATE R T rsmA B N 1 R IA
Bk pME32R o JFog Al 1 vt B 46 05 75 23 50 e Ak A
RARR PARG FEFEHk PAOL. GA B 77 5 I s
TR RWME 3 Pros, BB ERMREKR P FALE
IBEAIFAER AL DY Tmmol /L [ IPTG % 1
DUT B ) DR R B R I R A A B PG, B
IR, I RIE rsmA S [N AT DA 3 3007 2% I R N 1
o IR HE— 5 R WS £ 4 2 (B B RsmA ()
il X 2o M T 2% S5 Wy R AT A B AT DR A
R3 RERMIRELRE
Table3

Overexpression of the rsmA gene

in PAO1 and its derivatives

Strains Pyocyanin®

PAO1 10.58 +1.5
PA-RG 21.48 £2.0
PAO1 (pME6032) 10.65 1.5
PA-RG (pME6032) 22.45 2.0
PAOL (pME32R) 0.09 0. 02
PA-RG (pME32R) 0.49 +0.20

“Pyocyanin production after inoculation in GA medium with IPTG
induction for 48h. Each value is expressed as mean =+ SD of three

independent experiments.

2.4 rsmA EERREARTHARMEREEFERIEDN
AL

N T WESFE rsmA FE X phal AU pha2 [ 52 HL
il 73 WK T phzl \phz2 5 =lacZ (¥ § VRl & K ik
Bk pMEZL R pMEZ2 (41 3 fiT/s) « SR JEH el
H pME6015 43 ) I HL % 40 2 '3 N BT 242 Bk PAOT K
H AR PARG, S8 J5 LL PAOL 2 Xf J 43 il 432 b
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Fig. 3 Constructs of the translational fusions pMEZ1 and pMEZ2
derived from pME6015. Symbols: E, B, S, Sa, P, and H stand for
EcoRI, BamHI, Smal, Sall, Pstl and Hindlll, respectively.
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Fig. 4 beta-Galactosidase activities of the translational fusion phzl
‘< lacZ (A) and phz2 "= lacZ (B) in the wild type strain PAOI
(diamond) and its derivatives, the deletion mutant PA-RG (circle) ,
the wild type strain bearing pME6015 ( triangle) , the mutant
harboring pME6015 ( square) in GA medium. Symbols: solid,
pMEZL; open, pMEZ2. All experiments were carried out in
triplicate, and each value is presented as the average =+ standard

deviation.
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Differential expression of two phenazine-producing loci
mediated by deficiency of the global regulator RsmA in
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Abstract: In many Pseudomonas, RsmA mediates the production of a set of secondary metabolites or virulence factors.
[Objective] Our aim is to evaluate the function and regulation of the rsmA gene on two phenazine-producing operons in
Pseudomonas aeruginosa PAO1. [Methods] We first cloned the upstream and downstream fragments of the rsmA gene
from the chromosomal DNA. With the insertion of gentamycin resistance cassette (aacCl) , the deletion mutant PA-RG
was created and verified with PCR. To complement and overexpress the rsmA gene, pME1OR and pME32R were also
constructed. By constructing the translational fusion plasmids phzl "~lacZ pMEZl and phz2 ~lacZ pMEZ2, we introduced
them into the wild type strain PAO1 and the mutant PA-RG, respectively. Activities of beta—galactosidase were determined
with Miller method. [Results] In glycerol-alanine medium, overexpression of the rsmA gene results in dramatical decrease
of pyocyanin production in PA-RG and PAOI strain. In addition, beta-galactosidase activity of phzl “~lacZ in the mutant
PA-RG was much higher than that in the wild type strain. However, beta—galactosidase activity of phz2 "~lacZ in the wild
type strain was 2fold more than that in the mutant PA-RG. [Conclusion] The regulation mediated by RsmA on two
phenazine loci is specific and differential.
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