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Construction of Pseudomonas aeruginosa M18 rsmY mutant
and its different regulation on PCA and PIt biosynthesis
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Abstract: [Objective] Small RNAs (sRNAs) regulate various genes expression, which in-
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volved in primary and secondary metabolism, quorum sensing system and a variety of toxins
factors in various Pseudomonas spp.. Through studying the different role of RsmY on
regulation of the two antibiotics phenazine-1-carboxylic acid (PCA) and Pyoluteorin (PIt) in
the plant rhizosphere growth-promoting Pseudomonas aeruginosa M18, the results were to
shed light on the pathways involved in secondary metabolism and provided some theoretical
basis for building high-yield engineering strains. [Methods] The rsmY inactivated mutant
M18RY was constructed by homologous recombination, and gene over-expression experiment
and lacZ gene fusion report analysis were carried out to investigate the regulatory mechanisms
involved in RsmY. [Results] PCA and PIt production were respectively assayed in wild type
M18 and mutant M18RY strains. Compared with that in wild type M18, PCA production in
rsmY mutant had a 5-fold increase, but PIt production in M18RY had an 8-fold decrease. The
results could be confirmed identified by Gene rsmY over-expression experiment. Moreover,
lacZ gene fusion report analysis further clarified that RsmY strongly up-regulated PCA
biosynthesis via phzA2-G2 gene cluster. [Conclusion] Small RNA RsmY distinctively

2012, Vol.39, No.8

regulates the PCA and PIt biosynthesis.

Keywords: Pseudomonas aeruginosa M18, rsmY, Phenazine-1-carboxylic acid, Pyoluteorin
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T BB T AR 2 v Rl A D gD
s Uk W, 4 v JH 45 B GacA, g iR il
sRNAs Zi 5L A )5 37 B IR <7 P51, fe ik
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(RsmX. RsmY . RsmZ)M#Es%, Bevas Ry
Wy, fedE R A, ] TR 3 0 R
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A B SRR I R R M18 REAE R A i
PSR 2 B fe AR 28, oy R 28 1) W 18 -1- 92 TR
(PCA)FIEREIK F i B4k B R (PIOT, 2 A JE P
JFIE 2R, ARk IR R M18 1, RsmY Hi 124
AMZATFIRZELL, J& T-81% sSRNAs Zikag— B, A
HOAFSE T#E M18 B #EH RsmY X} PCA #il Plt
PIRNT AR 2R G R X PR AR, 4 2R R B,
RsmY 4% PCA & 1L, IEREE Plt & .

1R

1.1 ##

1.1.1 BEMFARAL AR TR . b &
HORPE IR 1,

112 EFEMBERERSEH: LB HEFHHE@Q/L):
MG R A PR 10, BEREEEELY) 5,
NaCl 10, pH 7.0; KMB #3535 (g/L): &1 20,
i 15 mL, MgSO, 0.732, K,HPO, 0.514, pH 7.0;
B AR SR THINBUE 12 9. (R AEE M18 1
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Table 1 Strains and plasmids

Materials Genotype and relevant characteristics Source
E. coli
SM10 thi-1 thr leu tonA lacY supE recA::RP4-2-Tc::Mu Km' Lab provide
DH5a SUpE44 AlacU169(®80 lacZAM15) hsdR17 recAl endAl gyrA96 thi-1 relAl Lab provide
Pseudomonas sp. M18
M18 Rhizosphere isolate, PIt" PCA* Sp" Lab provide
M18 RY ArsmY::Gm', PIt PCA**Sp" Gm' This study
Plasmids
pME6000 Broad-host-range cloning vector, Tc' Lab provide
pUCGm Source of Gm' cassette, Gm" Lab provide
pEX18Tc Gene replacement vector with MCS from pUC18, oriT* sacB*, Tc' Lab provide
pexTovive  EXIETe o 09 b ECoR LAk | e et and 10050y
PEXTc-Y1-Gm'-Y2  ArsmY::Gm'in pEXTc-Y1-Y2, Tc'Gm' This study
pME6000rsmY pPMEG6000 with Hind I11-EcoR | insert of 241 bp, including the whole rsmY gene, Tcr  This study
DMP1L SSI:/}Ebgoflrgg_P;?nt from =340 to +351 of phzA1-G1 transcription start site cloned into Lab provide
oMP2L IS)KAZEbgOpigogrLéFt from —344 to +228 of phzA2-G2 transcription start site cloned into Lab provide
DMEAZ 720 bp fragment from —353 to +367 bp of pltL transcription start site cloned into Lab provide

pME 6015 Tc'

Note: " Antibiotics-resistant; Gm: Gentamicin; Sp: Spectinomycin. Tc: Tetracycline.

KMB #5775kt 28 °C #5157, Hik &= & (mg/L):
KRB 2 (Gm) 40, H:WL%E E (Sp) 100, PYIRE
(Tc) 120; KIAFFH LB K383k 37 °C T 3%,
AR MR (mg/L): KKEZR(Gm) 10, PUIFER
(Tc) 10,

1.1.3 FERFIFNLEE: PCR ¥ 18 | b . A%
PR E DNA A AR BRI N UIEG . T4 DNA
ML S DNA s FEbric), WA MBI 2>
F); LA Taqg DNA AN H TakaRa 2 Fl;
DNA IR & 1 Axygen 2], Bokidifide
KM TaKaRa i34 miniBEST Plasmid Purifica-
tion Kit Ver 2.0, £:PH 40 fli 4212057 & . X-Gal . IPTG .
PiAERW A LA T A TEARAR, 2R
HPLC (745 G1328B), 4r#itt >l AH C18 ikt
(4.6 mmi. d.x150 mm, 5 pm),

1.2 3|¥%0 PCR /L2

IRYEAA SR PR B bR M18 3L R 4 551 %%
o1 %, U8 rsmY LU BT 51 W )
P1: 5-ATATGAGCTCCGAGGTGGATGATGCC-3’
(FRIZ MR EIERE EcoR | (ARSI 5, FIA);
P2: 5-CGATGGATCCACGGTTTGAAGATTACG
C-3' (BamH 1), ¥4 rsmY i A BT H 5 1 4% :
P3: 5-ATACGGATCCACGGATGTCAGGATAGA
GG-3' (BamH 1); P4: 5'-CTATAAGCTTCGGGAC
CCACTCCATTT-3' (Hind 1), #&E rsmY i3k
JiT #i (pPMEB000rsmY) It 5% 19 51 91 %f 1 CY1:
5'-GATAAAGCTTCGGCGAGCGGAACTAT-3'
(Hind T); CY2: 5-TTACGAGCTCGGTTTTCCT

CGGGC-3' (EcoR 1),
PCR WAKZ (50 pL): 2% GC It LA Taq
DNA R4 M 25 ul, dNTPs (2.5 mmol) 4 uL,
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519 P18 P3 (10 umol/L) 1.5 uL, 514 P2 8%
P4 (10 umol/L) 1.5 pL, %tk DNA 1 pL (1 g/L),
LA Taqg DNA E4&H 05 uL (2.5 U), HZEK
16.5 pL; PCR JZ i 214 94 °C 5 min; 94 °C 40 s,
55 °C—65 °C 30 s, 72 °C 1-3 min, 3k 32 MEEE;
72 °C 10 min,
1.3 rsmY EFE LT ETEREHRM
pEXTc-Y1-Gm'-Y2 8949iE

DNA F Bzl Bokifbded . Bl . B§is s
Z: IR (&) UL B E AT #RAE, DNA WP Z4E4E
REERIBHZ e A BR 2wl 5E
1.4 rsmY EERT

SR A T [ AR B 25 B e R - T R A AL
[ 5 2 5 P P e A
1.5 PCA5PItF=ElE

PCA 5 PIt iy J5 2:34 2 BOCHR[7,10].
PR 12 h Be—keE, BRI R ik 3 47
7FE, ME PCA . PIt 7= & J 40 i A K % B
(ODeggo) o JHi~7 848 525G 2—-3 UK,
1.6 B-FFIEHEFMERINE

B->F LAY il 135 P 198 0 e BB 225 SR T

BT AR 3 ANEE, s
K 2-3 1K,

2 Gt

2.1 MIBRY KLTHRRIHIE

TS M18 FE K, /INRNA RsmY Xi4iE
RO B IEEEE, FoATFE S AR B bk bR R
KEFZPUrE A BL(Gm) B 5E7F rsmY FEK 1 )77
SR M18RY , MR EEANE 1A FR,
DUBEFAE A M18 BRRAYIER 4L AR, IR PL1/P2
F1 P3/P4 BEXT 5140059 35 rsmY £ I FiiFER
/N335 836 bp (FY1)F1 1 005 bp (FY2)B A A
B¢, /3 3I15%H EcoR 1 /BamH 1 . BamH I /Hind 1
HEATIEY), 545 EcoR T /Hind T F 7] o fl B
HARZAR pEX18Tc %z, 155] pEXTe-Y1-Y2 &
21 ok AL BamH T B§#D] pUCGm ok, [RIficR
/WA 825 bp MUK K& R itk b B, i A%
PEXTc-Y1-Y2 Fikify BamH I v 4, ##15 Gm' &
A rsmY JEH RS EE 41 ok pEXTe-Y1-Gm'-Y?2,
AL Z E. coli SM10, ¥ HAE M LA, M18 B
A= RUBARRAE RS2 AR, R4 T B A B IR 2 & e e o1

B 1 Gm"#utth &R rsmy ZFE R EEL(A)FIR TR M18RY B PCR X£7E(B)
Fig. 1 Physical map for the replacement of rsmY by Gm' resistant cassette (A) and confirmation of
the rsmY mutant M18RY by PCR (B)

4 M18: BPA: I Rk PCR H B M18RY: R7A5Kk PCR A EL.

Note: M18: PCR fragment of M18; M18RY: PCR amplifying fragment of M18RY genome.
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56 JFORL pEXTC-Y1-Gm™-Y2 5 A M18 Htk)E, A
RETE QL o ik S |/ E W, H#EN N R B
Y1-Gm'-Y2 WS 5515 35 M18 i iA (¥ rsmY Jt
IR W s [ P 9 A TR 2 . A Gm AT Te
rAE R BRI TIR I, 78 Te Pk EANE
KIMAE Gm A b A= K A AR R s B I 2 D &
RS, BIR rsmY LR 28450k M18RY , $2H)
IR LRI ZH DNA 1Rtk DABFAE Y
LRI ZH DNA FE AR, FIH] PL A P4 514
17 PCR FHMFFEGIE(E 1B), 278 HkAY PCR 1
B b B AE AL M18 bk rY 1S B 780 bp.
2.2 RsmY XA ZEPCAFIPIt EMERE X
AR
2.2.1 RsmY fif#E PCA & ¥ M18 I M18RY
FET KMB #5353, 28 °C. 200 r/min #7534
F% B0 12 h BUFE, 34T ODggo Ml PCA FZ I AE o
MK 2A FTLLE L, rsmY 3 PR B 9828 % ik I A
KABNIIHIER; K 2B R, 5%
BRI L, PCA F=&7E M18RY Z4F Btk - A B
W b, 7E 36 hji7, M18RY RAFE#kH PCA Y
FEE KT 70 mo/L, 1M M18 T BRI R AN
15mg/ll Aify, BIELINIGHR 5 1. XFRU:
RsmY Xf PCA H)& AFTE B & B T e, 78
rsmY JE K A5k M18RY 1, PCA )& B K
ek,

F T 8% RsmY X PCA & L A
H, ¥ rsmY J A A8 258 B0k pMEBOOOrsmY 77
A e 2= B AT M18 FIZSAZ B kK M18RY 1, Jf
HPAZs Bk pMES000 1E R XT B, 35l I 4547
1 Feak B A O R BOR Y M18 5 M18RY [
PRI PCA 771, [l 3A 7R ZE SRR RsmY 1Y
BT LA PCA A . 7F rsmY 2848k I 5=
IRHFAE R E]JEY rsmY 3L, PCA = FEIREMK T
HF A= B K
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Fig. 2 Cell density (A), PCA (B) and PIt (C) production
of wild-type M18 and rsmY mutant M18RY strains
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222 RsmY IEif#ZE PIt &m: A TS rsmy %
X Pt A¥& W2, FEHEE M18 5
M18RY HHkHIE PIt AU EE . & 2B i
45K, RsmY XF Plt (44 BUA (e #EE R,
rsmY RIS S Plt PR B ERAL, AN
M18 M A B ik o BT AG I B e BE 1Y) /8. (R,
i ad F R rsmY FERE— AR T X — A%, 7E
A eIk BB M18RY Hikk Y, Pl ki B
(&l 3B),
2.3 RsmY IEiF# phzA2-G2 ERE#E, Hiffs
plt EF LRI FRIE

HALEAS A M18 BIYL A A 5 A4y
% MR & B PCA fiy phzA1BICIDI1EIF1G1 il
phzA2B2C2D2E2F2G2 WA R # M Hix HiA
phz JEHEE lacz 25 5 1 B Al A ok
pMP1L Fil pMP2LIIS) 5155 A M18 Fil M18RY F
PR, AT BB R PRI E . B 4A 11
45389, phzl-acZ & ks pMPLL 7887 A= 7Y
M18 FIZEAE R M18BRY HAY B-F- LA 11 1 1t 3=
KEAZEARZ; i phz2'-lacZ Bl 4 Bkl pMP2L 11
TG VETE M18BRY S8 AR A H I 3 /55 T-7E M18 Tk
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~ 50 M18 RYPME6 000
b 7
g 40 /
g
_é’ 30 L
2
<00 s
= MI18 RY+
- PMEG6 000-rsm ¥
0 N\

eIk, AR M18 1 2 % (& 4B).
bR gE R R rsmY KN 3 B oo
phzA2-G2 LRI IA RN PCA G, XS
phzA1-G1 JE [HI & 5A BH B i JE 1 /E A .

F H RO T kK plt 3 K
(pItLABCDEFG) lacZ 45 3EH 1 pltL-lacZ #H
PRRLA Bk pMEAZIOV ) 51l A BT A R T AR A
M18RY S8Rk, MIAE B-2FFUAH H B P ani&l
AC By, SHpAAIM18 HH L, rsmY FEH Ay R AR 5
E pltL-"lacz Fih &I FRE, {4 M18
R 16 Zi47 . 53R, RsmY X Plt 5 1
SR R AT W2 M RS AR
3 Wie

AT IE TR ER R L R R M18 i pefE
FERE A rsmY FER A ZRASEE, MIIXT rsmY &K 7R
R R SR T8 114 4 ¢ A1 SR B P ) D BB AR T 402 F
FERERTT . R A o8 s 3L rsmY X A= Bl
LR SR M18 P 2 A I EH, IR
TS I B VR AR 8 TR s s AR D B A
FPUAE R TR MR T — AR LA
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Fig. 3

Influence of the rsmY overexpression on PCA and PIt production

T A rsmY i ik Bkl pMEG000rsmY =4 Bk pME6000 AYHEF A= I ik M18 FlZ& 2L #k M18RY, 7E KMB 5375 Hh & 1% 48 h

J5 PCA(A)FHI PIt(B) 4~ k.

Note: PCA (A) & PIt (B) production in wild-type M18 and rsmY mutant M18RY strains harboring the rsmY overexpression plasmid
PMEG6000rsmY or the empty vector pMEG600O as the control, after 48 h of growth in KMB broth.
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Fig. 4 Effect of rsmY on PCA and PIt biosynthetic gene
expression
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Note: The phzl*-"TacZ, phz2-'lacZ and pltL"-"lacZ translational
fusion on pMP1L, pMP2L and pMEAZ, were determined in the
wild-type M18 strain and the rsmY mutant M18RY.
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