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BREMRE H78 £ B/IEEER Crc 3 PIt £¥1& M & H
HEERIARYFIE

XNEE FE HEH #5F
(RSB R R AR AR B e R R B S50 B 200240)

# = [ 84155 Pseudomonas protegens H78 ¥ 451845 & & Crc I k% %1 4 (Pyoluteorin,
PIty A& M AN A ik agifdz. [k ) BERFREAS & LR cre AE, F4% H78Acrc
RE G HT8 A MRAE KMB 324 ¥ L BN Z Plt = &; KA lacZ |_E2HTHFR Cre 2t plt &
AR R X eAYE. (4R ] R EHk HT8Acre 49 Plt =& 23 T ; Crc £BAKKT . FKF A
G KT ERE plt SRAR £ E. [44] £ AAEEF Cre st Plt &R AR F A& R I
A EREAEA .

XK§EiE: BEIE HT8, Crc, ETL%RA % Plt, A4, PIt&RIBHIT

Regulation of pyoluteorin (PIt) biosynthesis and gene expression by
global control protein Crc in Pseudomonas protegens H78
LIU Yu-Jie WANG Zheng ZHANG Xue-Hong HUANG Xian-Qing”

(College of Life Sciences and Biotechnology, Shanghai Jiao Tong University, State Key Laboratory of
Microbial Metabolism, Shanghai 200240, China)

Abstract: [Objective] The aim of this study was to study the influence of Crc (Cataboliterepression
control protein) on pyoluteorin (PIt) biosynthesis and gene expression in Pseudomonas protegens H78.
[Methods] The crc gene in the H78 chromosome was knocked out by homologous recombination. PIt
production of H78 strain and its mutant grown in KMB was measured by HPLC. The regulation of Crc
on plt operon expression was assessed by the lacZ reporter analysis. [Results] PIt production was
significantly reduced in H78Acrc. Crc positively regulated the expression of plt biosynthetic operon at
the overall level, the transcriptional level and the post-transcriptional level. [Conclusion] The global
regulator Crc positively regulates PIt production and its operon expression.

Keywords: Pseudomonas protegens H78, Crc, Pyoluteorin (PIt), Biosynthesis, PIt biosynthetic
operon
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Pseudomonas protegens H78 JEANSLEG 25 ISR
MR BRI — R AE BT, Bk Z R B AP
T PE R R GG Y, Hoh 5 AR
(Pyoluteorin, PIt), Plt J&— 3 i 4 il (Polyketide
synthase, PKS)F1dFE 4% kA Ek & i (Nonribosomal
peptide synthetase, NRPS)ZeA I ilHiA %, B
OGN | AR FIECTR , JCH XA B0 TR LA
FRATRIFEIMEITER . Pt SRR, F5
H1 pItLABCDEFG 15 pltRM PR/~ S [ s AR\ -4
Bo A pitR Gt — M SRITEF, 757 pltL-G #
YT K Plt & UGS, BFFE M Pl A%z
| Gac/Rsm {5 545 0k . BN REGE . RNA 53
FAHBERE R 5 Ze i, ki, 25 Pt
B AR R LIS A REE— P S0,

Crc %5 [ (Catabolite repression control protein)™
AFE RN, Rt REER,
TERRACIH B I8 25 i A Pl 2 s Ve ) a4

KWFFRFEI Cre Z SR HMIE P2 SEIR . BEE. Bk
IKACE R T AL A Y 0 o A R, IF4r
R R I T B B A KO Cre B IS 1t
F1SRNA (CrcZ., CreY)Rikm Ak, WA
26 SRNA L5 JLA CA Z5gil, vTLLS Cre &4
4, BEMIFEAS Cre PS5 mRNA 454178, cre
EETEHE RNA BIRBIA P& — 1 En
AANAANAA L5t (CA 45th3K), IH7E RNA 43
A HEq 2 FI/E7ERT Cre A RE S CA Sitlilgs &1
AW R PALE P. protegens H78 H Cre &35 8 1%
PIt A= 4145 EAT B R IE R A

1 Met5hE

1.1 ##l

1.1.1 ERRFARRRL: WFT R A T Rk TR
i%l@

112 54 Bh5eh S I B e E YR,
ABRA AR TER, SIS 1.

*1 B RAE5

Table 1  Strains, plasmids and primers used in this study

Strains, plasmids and primers Characteristics (Primer sequence (5'—3)) Source
Strains
Pseudomonas protegens
H78 Wild type, Sp' This lab
H78Acrc In frame deletion of crc This study
Escherichia coli
DH5a SuUpE44 AlacU169 (280 lacZAM15) hsdR17 recAl endAl gyrA96 thi-1 relAl This lab
S17 res” pro mod” integrated copy of RP4, mob* This lab
Plasmids
pK18mobSacB Broad-host-range gene replacement vector; sacB, Km' This lab
pK18-crc pK18mobsacB with EcoR I - Hind III insert of 459 bp and 451 bp segments flanking crc, Km"  This study
pltLp-lacz ?S[élt(l;pl )Iallr(izp lt;aEnfssg:;lzp’t;?Cr:al fusion containing a 455 bp fragment upstream of the pltL This study
o A pltLlacZ translational fusion containing a 516 bp fragment covering —454 b .
Bl s bp relative to the pltL TSS (+1) in pgll\/l e ’ i TS S
A pltLo-lacZ operator fusion containing a 72 bp fragment covering from +1 to ATG and .
plele thepfirst 9 codoﬂs of pltL in pME9533, '?'c’ P ’ RUEEE
Primers
cre-Al ACATGATTACGAATTCCCTTGGCTTCCTTGCGGTTGA (EcoR 1) This study
crc-A2 AGCCAACTGAGCAAACCACGC This study
cre-B1 GCGTGGTTTGCTCAGTTGGCTGGACTATGACTGGACGCTGACC This study
crc-B2 GGCCAGTGCCAAGCTTATGAACAACTGCCGCTGCCTAC (Hind III) This study
pltLp-F CAAAAGCTTCGAATTCTAGCGCCTTCATTCCTAAATCC (EcoR 1) This study
pltLp-R GCTCACAATTCTGCAGCGTCTACAATCCTCAATAAGAA (Pst I) This study
pltL w-F CAAAAGCTTCGAATTCTAGCGCCTTCATTCCTAAATCC (EcoR 1) This study
pltL &-R CGAAGCTGGCTGCAGAACTTCCTCTCCGTCCATAGAC (Pst 1) This study
pltLo-F GAGAGGTACCCGGGTTTTCCCAACCCACGAT (Kpn 1) This study
pltLo-R GAGACTGCAGCTTTTCTTTAACTTCCTCTCCGTCC (Pst 1) This study
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X E L B ME H78 h e miRfE 1 Cre X Plt A= W14 M HL 3L R 9655 1 R 2 2417

113 EFREEAF. MEZHZERIEFABREH:
LB 5537 3E(g/L): BRE A 10.0, BEEHERW) 5.0,
NaCl 10.0, pH 7.5; KMB 3535 4E(g/L) : i 15 mL,
M 20.000, K,HPO,-3H,0 0.514, MgSO, 0.732,
pH 7.5; [REAIEFREEBRMAIREE 12 /L. PiAER
R (mg/L): ST RIAFFE, TUFRE(Tc) 15,
FHREE 2R (Km) 50, iRz '~ %% % (Amp) 100; X}
TR, PUPRER (Te) 30, RHAFEER (Km) 50, i
M2 N 55 % (Amp) 100, KRIGF TR 410N
37 °C. 200 r/min 4R 3557 ; MR SR 400N
28 °C. 180 r/min #E %1555,
1.1.4 FEXFIFLEE: KOD-Plus-Neo DNA &
REREGE, REY () EYRHA RAF
Solution | DNA ¥4 . JFURHEHUAR €. DNA
FrBaifbin & . o &, EAY TRCK
H)H B/ ; EasyTaqg Mix DNA E4 M. DNA
Marker, EasyPure Genomic DNA 3k fifk i 7]
&, b e EWHARA A ; DNA BRI
N VI, New England Biolabs (NEB)Z\ #] ; ONPG .
IPTG il X-Gal, A T AEY) TR (BB A RA
Flo HPLC AN PIt 7= (i AT AR i L AH Cog
{6354 (4.6 mmx150 mm, 5 um), ZHAERHE (
=) ABRA ]
1.2 DNA #1EX PCR K k2

H AL DNA A )5 12 BEOCHR[10]

SER A 4lifl | BobifhE . DNA R Bralifh &K [l
Witk i )y 23 2 R S Ui . B, g S
I A 2 K A2 BRI T 5, (HARIE T s
MR R AT

KOD-Plus-Neo DNA @Eff B AR T B
[%, PCR S WAAZ (50 uL): 10xKOD-Plus-Neo buffer
5ul, 2.5 mmol/L dNTPs 5 uL, 25 mmol/L Mg®* 3 L,
1.0 U/uL KOD-Plus-Neo DNA i EE AT 1 uL,
10 umol/L 51#14% 1.5 uL, DNA #i#z 0.5 uL, ddH,O
325 uL. PCR J)Wi4&f4: 94 °C 5 min; 98°C 10,
55-65°C 305, 68 °C0.5-3min, 30 MiE#; 68°C
7.5 min, EasyTaq Mix DNA &4 H TH#i7% PCR 16

IE, PCR RWAKZ (20 pL): 2xEasyTaq Mix 10 pL,
ddH,O 8 uL, 10 pmol/L 5144 1 ul, DNA it K
7. PCR F2Ji &4 95 °C 5min; 94°C30's, 55-65 °C
30s, 72°C0.5-3min, 30 ME¥F; 72 °C 10 min,
1.3 PIt=E£NE

PIt il 2 Jr 2 BEOCHRL]
1.4 B-FHBEEEFMENE

KA Miller )5 IE AT B-2 LB RS ) 2 0,

ARG BT SEER AT R IR L b, B
SRR ERRE 3 BT EE
2 R4
2.1 H78Acrc RITHRAIMIE B 36 iE

K FH IR E 4 JOIR R A H78 SRR |
R cre JEM SRR R ERE WA 1A BTN,
LA crc-Al/crc-A2 #1 cre-Bl/crc-B2 “h5 |4y, H78 %t
RIZH A, R A KOD RABHAZRY 1 cre LT
R ERIIE B {4 EcoR T /Hind TIDWE) {25
A& pK18mobsacB k11t , 5% In-Fusion HD Cloning
Kit H R mok. pKi8-cre, it BAA | WAk
K% PCR ik s A8 bk, PRIBHMECrE T, 1T
PCR %l &l 1B 2y P RiR T A% PCR ™4 FL vk 8 o
X PCR J= Wit — 20y 53 Fr, &3 cre 1 55 2 )
mibE, cre REBRE M4 A H78Acrc,
2.2 Crcxf Plt £41& B BI S

H78 74 R BEbk & H78Acre 2785 #K7E KMB 1%
FALh AT kK BE, 7E 28 °C. 180 r/min %1555,
AT s ) 55, 3 3 BB 0 5 41 i % 5 (O Digoo) AT PIE 7
Hto AMIAE R e PIt ARSI E 2 s, A
Bl 2A ThTLUE i, cre SERI R X PR AR K0 B 2
N, 0-24 h EWEEKILF—3G 24 h )5,
H78Acrc Lt H78 A KW ZE g . Kl 2B /R, H78
K H78Acrc (1) Plt & 357E 24 h k35 & A, H78
B Pt P29 18 mg/L, i H78Acrc fY PIt 7=
A 11 mg/l. BVAINF, cre JERIEEREL Plt
P N . Cre MRS JRIEER, nIREAE
Z 591 HIER¥E PIt A1 6 io
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A m cre (750 bp)

EcoR 1

A (459 bp)

EcoR 1

pK18mobSacB

B (451 bp)
Hind 111
2000

1000
750

| B

X

l

Hind 1
H78 genome
—— cre (780 bp)

H78Acrc genome

1 H78Acrc FRETHRME [E L (A)FN PCR FE¥ B 5K 36 IE & (B)
Figure 1 Construction map (A) and PCR confirmation (B) of H78Acrc mutant

2.3 Crc 3f Plt & ERERIZHFIE

Crc X} plt & B FRIX A . pME6522-pltLp

B TAEC ) 5’'RACE #i5E T pltL m9%% 5t K& pME6015-pltL 53k f] In-Fusion HD Cloning
EAANLS (+1), R lacZ R 5 Hr b — 058 Cre Kit dFf7# 8, RS Tk pME9533-pltLo SR fiff
XF PIt A BCHE R 3 1A% 1 e EE pltLp-lacz, D). W& Jrikibfrme e, WERELEME 3 T
pltLo-lacZ Fl pltL'-'lacZ =™ lacZ fili &4 45 Bk IRo SMFAESE 3 A lacZ fli-A 4 45 ok 4 Fy t
O ERG SRR B SR K U SR RS 8.

A 15 -
—e—1178 wt
—o—H78Acrc

12+

Cell density (O,,.)

B a5
—o— 78 wt
s —o—H78Acrc
o 20t
e S e S

| i
H
1
z

| 1 1

|
0 1224 36 48 60

1(h)

24 36 48 60 72
t{h)

72

2 FFHEHR H78 5TTHE H78Acre £ KMB 5= E PR E ODgoo (A)F PIt 7= ZE(B)
Figure 2 Assay of cell growth (ODgq) (A) and PIt production (B) of H78 and the mutant H78Acrc in KMB broth
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—441

~voH

| 144
PME6522 24

PME9533 —H#~

454

+1 _a_7?2>ﬁ§L pltLp-lacZ

Sl Hm

IEJ—!r E{:Z>+ pltLo-lacZ

62

PME601S — —#~

pltL'-'lacZ

I lacZ

3 pltL-lacZ R &R & b i E i
Figure 3 Construction map of pltL-lacZ reporter plasmids

2.3.1 Crc EEEKKFEL plt SERERFRIZRIE
1= A plitL-1acZ @A ik (-454 bp £]+62 bp,
Rl pltR—pltL Z A Ay 4 EBAE Gt XL J ATG T i
1 6 MEIT), FTHI5E Cre 78K EXT plt
A LKL ek 1IR3 . HT8 Fil HT8Acre 43| 7E KMB
B Berh 17 R, 28 °C. 180 r/min 3% 153%,
12, 16. 20. 24 h B 43 5 BUREI 2 4 %% 4 (O Deoo)
A B-2PF LB B . LIS R 4 R, 5
H78 AHLL, Z875kk H78Acrc HfY pltL-acZ ik &
ERME, KB Cre EAERMATE X plt A=416
I R 2k B IE AR

23.2 Crc EHFKEREREKEI plt G F
HEERIEREIE: HE pltLp-lacz %% SRl 4 ok:
(-454 bp F+1 bp, EPM pltL 5 sk i 5 54
|1 454 bp X 38)F1 pltLo-lacZ %4 55 = filvd ik (+1 bp
F+71 bp, HPA pltL A% skt i i e B3 71 bp
X)), 3 FF5E. Cre Feik stk RO I 7K

Xt oplt A RGER TR, KBRS % 2.3.1.
2 30T 178wt

[ H78Acre
400+

[3-Galactosidase activity (miller uni
=
[==]
T

12 16 20 24

t(h)
4 Crc EERKF L3 pit &REREFRIZH T
Figure 4 Regulation of Crc on the expression of plt
biosynthetic operon at the overall level

Il 5A Fo, 5 H78 ALK, 28781k H78Acre i) B-
PFURTIERIA L T 1%, R Cre HEATER K
R IEEE plt AL RS, [FRE, AN 5B T
7N, crc A5 S5 pltLo-lacZ #ik & R, M Crc
XF plt A B R IR A AR 53 e AT E VR
A_ 3500
[ H78 wt

[ H78Acrc
2 800

2100

1 400

700 +

-Galactosidase activity (miller unit

0

6 20
t (h)

2500

[ H78 wt
[ H78Acre

2000 ~

1500

1000 -

500

-Galactosidase activity (miller unit)

12 16 20 24
t(h)

B 5 CrcEHRRERREKERN plt &RERFIZIFE
Figure 5 Regulation of Crc on the expression of plt
biosynthetic operon at the transcriptional level and the
post-transcriptional level

Note: A: pltLp-lacZ; B: pltLo-lacZ.
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AWFFERIELE T Cre X Plt Y& M EAT I
TR, TERMOKT | B stk LA R s Ja 7K
PIERYE plt &R FRIA . Cre j2—Fl RNA 45
HEA, BEBIHAEE mRNA RIGEL T ATG KT
I E BOAZ R FE 41 (CA A6 3R) , BHAS- BRI 1R 52
BRI AL, AT BB AR R kB2 e,
Crc FEfE /K Iy Rk, Hlande B R
iU Pseudomonas putida ", Crc 1if] alkS %k
235, 1T alkS TE e e R s A 25 SR is A
T, Rtk Cre [AIEAERS 3K E ke R fi e,
g TR, Cre FEfGSR . Hest)a MORAOKE EIIE
PP plt SRR R, SR Cre X plt & 7R
BSOS R AR ) BAR B
JAYERLE], YA Rt — A oE M . Ao A it —
A PIt S L AL 5 26 B S, [
TR REDR AR T AR R A i

& % X &
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