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Identification and characterization of a lipopeptide produced by a
biocontrol Pseudomonas chlororaphis strain HT66
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Abstract: [Objective] Lipopeptides (LPs) are important biosurfactants produced by microorganisms
and have significant influences on bacterial biological functions and broad-spectrum antagonistic
abilities towards many botanic and human pathogens. LPs produced by Pseudomonas chlororaphis
are not reported as yet. [Methods] This study predicted the composition and sequence of the amino
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acids within the LP produced by P. chlororaphis HT66. The LP biosynthetic genes deletion strain
HT66Aclp was constructed, and subsequently the LP produced by strain HT66 was analyzed by the
UPLC/QTOF-MS according to the lost metabolite in the mutant. At last, the roles of the LP on
bacterial growth, phenazine-1-carboxamide (PCN) production, biofilm formation and swarming
motility were studied. [Results] The amino acid sequence of the LP produced by strain HT66 was
predicted to be L-Leu—D-Glu—D-allo-Thr—D-Val-L-Leu—D-Ser—L-Leu—D-Ser—L-Ile and the LP was
verified to be viscosin via comparing the mass spectra data of the metabolites in the wild type and the
mutant. Deficiency of LP was found to have no distinct effect on bacterial growth of strain HT66,
however, the reduction in PCN production, biofilm formation and swarming motility were observed
in the mutant. [Conclusion] The LP produced by strain HT66 is viscosin and it regulates several
biological functions including metabolism, biofilm formation and motility. This study reported the
structure and function of an LP produced by P. chlororaphis, which may be helpful in learning its
synthesis and regulation mechanism and lay a foundation for its development and application.
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Table 1 Strains and plasmids used in this study

Strains/Plasmids Genotype and relevant characteristics Reference

P. chlororaphis

HT66 Wild type, Amp', Sp" This lab

HT66Aclp CLP biosynthetic gene cluster deleted in HT66 This study
E. coli This lab

DH5a supE44 AlacU169(D80 lacZAM15) hsdR17 recAl endAl gyrA496 thi-1 reld1 This lab

S17 res pro mod" integrated copy of RP4, mob" This lab
Plasmids

pK18mobsacB  Broad-host-range gene replacement vector; sacB, Kan" Schifer [

pK18-clp pK18mobsacB carrying EcoR I-BamH I insert of 528 bp and 573 bp segments flanking clp; SacB, Kan'  This study

Amp" Sp" Kan" .

Note: Amp": Ampicillin resistance; Sp': Spectinomycin resistance; Kan': Kanamycin resistance.

112 EFEREKREKES: LB (g/L) BioEdit 7.2.5
10 5 10 pH7.0 1.2 BERRENEBWMELS N
l4g KB (g/L) HT66
20.000 18915 0.514
0.732 pH7.5 250 mL
60 mL 3 1x10° Pa
20 min (mg/L) [7]
(Kan) 50 (Amp) 100 1.3 FERAE EEFEREKIE
37 °C 180 r/min 28 °C HT66
180 r/min clp
113 EZERF RALEE: clp-F1  5-CGGAATTCAGCATCTTCGCCGCAAA
PrimeSTAR DNA CAG-3' (EcoR I) clp-Rl 5-CCGGGATGAATGG
DNA Ligation Kit Ver.2.1 ( ) GTAGTCG-3' clp
2xTag Master Mix clp-F2  5-ACTACCCATTCATCCCGGCGGGCTAT
DNA Genomic DNA  GGATGGGTTCG-3' clp-R2 5-CGGATCCTGGA
Kit Plasmid MiniPrep Kit GATCGCCGCGTCTTC-3' (BamH 1) PCR
Quick Gel Extraction Kit [71 DNA
PCR Purification Kit
IPTG X-gal ( )
(UPLC/QTOF-MS) Waters ACQUITYTM [12] HT66
UPLC & Q-TOF MS Premier clp-F1  clp-R1 clp-F2  clp-R2
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clp-F1  clp-R2
pK18mobsacB
DHS5a
PCR pK18-clp
S17
Kan Amp HT66
10% LB LB Kan
LB LB
clp-F1  clp-R2
HT66
HT66Aclp
1.4 BERKF=1IRY & 5 4
- (2:1 )
[13]
UPLC/QTOF-MS
Waters CORTECS 1.6 pm (2.1 mmx100 mm)
45 °C 1 uL 0.4 mL/min
254 nm 210 nm
0 min 95% 5% 1.5 min 80%
20% 3.5 min 60% 40%
40% 60% 7 min 15% 85%
100% 11.5-13 min 95%

5 min

8—11 min

5%

50-2 000

1.5 £KHZHILFIF PCN 28N E
KB

ODgoo 0.02 1.1.2
ODso
(HPLC) PCN HPLC
WondaSil-WR  C-18 5 um
(4.6 mmx250 mm) PCN HPLC
[14]
1.6 YRR
24 48 h
ODso
[15]
1.7 BEzshah
[16]
2 ZRELH
2.1 BERKEEHIRYTRM
HT66
9 9
NCBI 4
«C 2
39
HT66
( D
1
HT66

L-Leu—D-Glu-D-allo-Thr-D-Val—

#2 RATRESHHAER

Table 2 CLPs used in cluster analysis

Gene cluster No. of modules

Strains CLP
P. protegens Pf-5 Orfamide A™
P. fluorescens SS101 Massetolide A"
P. fluorescens BBc6R8 Viscosin*>”!
Pseudomonas sp. MIS38 Arthrofactin®'"

ofaABC 10
massABC 9
viscABC 9
arfABC 11
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visc_02 D-Glu
mass_02 D-Glu
ofa 02 D-Glu
clp 02

— arf 02 D-Asp
Larf 11 L-Asp

mass_06 D-Ser

mass_08 D-Ser

visc_06 D-Ser

visc_08 D-Ser

arf 06 D-Ser

arf 08 D-Ser

clp 06

clp 08

I: ofa_09 D-Ser
ofa_06 D-Ser

clp 09
visc_09 L-lle
mass_09 L-lle
ofa 04 L-alle

mass_04 L-Ile
arf_09 L-Ile
arf_10 L-Ile
visc 04 D-Val
clp 04
ofa 10 L-Val

clp 03
B arf 03 D-allo-Thr
visc_03 D-allo-Thr
mass_03 D-allo-Thr

L ofa_03 D-allo-Thr
ofa_01 L-Leu

mass_05 L-Leu
4|i|:rf705 L-Leu
visc 01 L-Leu
arf_04 L-Leu
ofa 08 L-Leu
ofa 07 L-Leu
mass 01 L-Leu
visc 01 L-Leu
visc 07 L-Leu
mass_07 L-Leu
clp 07

arf 01 D-Leu
arf 07 L-Leu
ofa 05 L-Leu
L clp 05
clp_01
0.1

1 AERRRPRERERNBRES R
Figure 1 Cluster analysis of amino acid modules of CLPs
clp HT66 .
Note: clp: The CLP synthetized by strain HT66; The scale shows the genetic distance.

L-Leu-D-Ser—L-Leu—D-Ser-L-Ile HT66Aclp clp-F1 clp-R2
Viscosin 3.59] 1kb clp
2.2 BEBABRIRZZITHE HT66Aclp HIHE 33 kb
HT66 PCR
HT66 2
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bp M L1 L2 L3

2.3 BERBRIZEE

HT66 HT66Aclp KB
24 h
UPLC/QTOF-MS 3
254 nm
HT66 HT66Aclp
( 3 Al A2
2 E#k HT66Aclp BY PCR %iE Bl 210 nm
Figure 2 Confirmation of strain HT66Aclp by PCR
clp-F1  clp-R2 L1 HT66Aclp 7.7 min ( 3
L2 HT66 L3 ddH,0 B 1) HT66AClp (
M Marker.
Note: Amplification using primers clp-F1 and clp-R2: L1: Genome 3 B2
of strain HT66Ac/p as the template; L2: Genome of strain HT66 as (BPI) 77 min
the template; L3: ddH,O as the template; M: Marker. :
Al A2
2.0 ' 3.7
i} 3.68 20
jun)
<10 429 <10 431
0.0 2.14 i o . i
~0.00 2.00 400 6.00 800 10.00 12.00 ~0.00 2.00 4.00 6.00 800 10.00 12.00
Bl ¢ (min) B2 ¢ (min)
o 1.0p 065 157 11.97
- 2 | I 431
<0.0 0.0 (LN A
-0.00 2.00 4.00 6.00 8.00 10.00 12.00 -0.00 2.00 4.00 6.00 8.00 10.00 12.00
¢ (min) ¢ (min)
cr g 2 £
< 3 <
> >
@(.5100 @(é 100 2.85
o o
:_;.é 28 P :_;.é 1.84 3 745 3 826870 1
o 183 | 845 1038 o
—EE 0 et M tn ,J; \ ..Um N | —EE
= -0.00 2.00 4.0 600 8.0 10. 00 12.00 = —0.00 2.00 4.00 6.00 800 10.00 12.00
o ¢ (min) & ¢ (min)
D E O<_OH
é H O j/ \/ 0 '__l/
> 100 1126.713 7 X PN : H : NH)
e 1127.717 5 SN NN H"\—N. ¢©
g |
2 128.721 6 ‘ [
“E ‘ ‘ e : : P N
3 800 1000 1200 1 400 1 600 j\ A/
= miz HNO}»L r‘{O \
“oH
3 BEBKAY UPLC/QTOF-MS 363
Figure 3 Confirming of CLP by UPLC/QTOF-MS
Al A2 HT66  HT66Aclp 254 nm UPLC Bl B2 HT66 HT66Aclp
210 nm UPLC Cl C2 HT66  HT66Aclp (BPI) D HT66
E Viscosin

Note: A1, A2: UPLC analysis of LP crude extracts of strain HT66 and HT66Ac/p under 254 nm, respectively; B1, B2: UPLC analysis of LP
crude extracts of strain HT66 and HT66Ac/p under 210 nm, respectively; C1, C2: Base peak ion (BPI) chromatograms of LP crude extracts
of strain HT66 and HT66Aclp, respectively; D: Mass spectrogram of the LP produced by strain HT66; E: Structure formula of viscosin.
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O o nres 6000 1o
55 | —e—HT66Ackp soo Y HT66ACk — -
SR 5 300 + §
0 20 4?(11) 60 80 0 z3(?1 ) 28

4 BEBK3IE#K HT66 4 1<(A)F1 PCN & A(B)BI S/
Figure 4 Effects of CLP on the growth (A) and PCN production (B) of strain HT66
*  P<0.05 ** P<0.01.
Note: *: P<0.05; **: P<0.01. The same below.

( 3 CI HT66Aclp  HT66
( 3 2 49.3%
HT66  HT66Aclp
( 3 D) 6
(M+H])  1126.713 7
(IM+H]") HT66
1 126.70 (100%) 1 127.70 (64.0%)
1 128.71 (19.0%) Viscosin
B 3 ) HT66 e —rr——
Viscosin 1.0 -
2.4 BRRAXTE#K HT66 £ I sERI R sl
HT66 HT66Aclp .
( 4A) PCN  ( 4B) g 06f
HT66 04}
PCN 48 h 021
22.7% 0.0 Blank | HT66 ' HT66Aclp |
HT66
HT66
HT66ACl 5 5 FERAXTERK HT66 i%ﬁ%ﬁzﬁiaﬁ%urﬂ . .
igure 5 Effect of CLP on the biofilm formation of strain

HT66
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E 6 BERAXTEHE HT66 BfE1E 2145210

Figure 6 Effect of CLP on the swarming motility of strain
HT66

Note: A: HT66; B: HT66Aclp.

3 Mg
Viscosin HT66
HT66Aclp
UPLC/QTOF-MS

Viscosin

Kochi 1951

[18]

Viscosin

P. viscosa

1 1971
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291 Viscosin

Hiramoto
FA(B-OH)-L-Leu-D-Glu-D-allo-Thr-D-
Val-L-Leu—D-Ser—L-Leu-D-Ser—L-Ile?*>”!
Cs4HosNoO6 1 126.38

26.5 mN/m (Critical micell
concentration) 0.15 g/LP*! P. fluorescens
BBc6R8  P. fluorescens SBW25*  A7B>1 p.

libanensis M9-3124

HT66

PCN

HT66
PCN
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P. putida PCL1445 267 Putisolvin*”!
Pseudomonas sp. MIS38 Arthrofactin!'”!
P. protegens Pf-5 Orfamide!”!

P. fluorescens

SS101 Massetolide AP?% P, fluorescens
SBW25 Viscosin'™
PAOLI
7] HT66
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protegens Pf-5 Orfamide™™  P. putida
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P. fluorescens SS101 Massetolide A P.
Sfluorescens SBW25 Viscosin®™  Pseudomonas
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HT66
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