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Function analysis of LC_Clp transcription factor in
Lysobacter capsici X2-3

LI Zhiyuan”, HAN Shengnan’, WANG Jin, ZHAO Dan, HAN Chao, LIU Aixin"
College of Plant Protection, Shandong Agricultural University, Tai’an 271018, Shandong, China

Abstract: Lysobacter capsici X2-3, a plant growth promoting rhizobacteria (PGPR) strain isolated
from the wheat rhizosphere, shows strong antimicrobial activity against many plant pathogenic fungi
and oomycetes. However, little is known about the antibiotics produced by X2-3 as well as their
regulation mechanism. [Objective] Our study aimed to clarify the regulation effect of LC Clp
transcription factor on the antibiotic production of L. capsici X2-3 and to provide reference for deep
understanding of its biocontrol mechanism. [Methods] We selected a LC c/p mutant M356 from the
mutant bank that was generated by the random insertion of the EZ-Tn5 transposon and certified by
plasmid rescue. Additionally, we analyzed the differences of LC c/p gene in antimicrobial activity,
secretion of extracellular enzymes, and regulation of gene expression among X2-3, mutant M356 and
the complementary strain MCS28. [Results] Antimicrobial activity of mutant M356 against pathogenic
fungi and oomycetes was completely lost as compared with that of X2-3 and the antibiotics produced by
M356 was undetected by HPLC method. Extracellular enzymes such as protease, cellulose and chitinase
that was secreted by mutant M356 decreased significantly. Expression of genes relating transcriptional
regulators, secondary metabolism and extracellular enzymes were lowered dramatically in M356 as
compared with that of wild-type strain X2-3. However, all the items tested in complementary strain
MCS28 were similar with those of wild-type strain X2-3. [Conclusion] As a global regulator, LC_Clp
regulates the synthesis of antibiotics, the production of extracellular enzymes and the expression of
multiple genes in L. capsici X2-3.

Keywords: Lysobacter capsici; Clp transcription factor; antimicrobial activity; antibiotic production;
extracellular enzymes
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HXSH ARz sh e . LA RE ) K BUR MR
ARIE g2 0 FE PR AP OHLL ', clp
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Table 1  Strains and plasmids used in this study

Strain and plasmid Relevant characteristics Resource
Lysobacter capsici X2-3 Nutrient broth; 28 °C This lab
Escherichia coli DH5a Luria broth; 37 °C Vazyme
Escherichia coli Transfor Max EC100D pir+ Luria broth; 37 °C Epicentre
Fusarium pseudograminearum (Fps) Potato dextrose agar; 25 °C This lab
Fusarium graminearum Potato dextrose agar; 25 °C This lab
Rhizoctonia solani Potato dextrose agar; 25 °C This lab
Rhizotonia cerealis Potato dextrose agar; 25 °C This lab
Fusarium oxysporum Potato dextrose agar; 25 °C This lab
Phytophthora nicotianae Potato dextrose agar; 25 °C This lab
pEASY-Blunt Simple Cloning Vector Kanamycin or Ampicillin, 50 pg/mL TransGen
pBBRIMCS-5 Gentamycin, 50 pg/mL Vazyme

http://journals.im.ac.cn/actamicrocn
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Table 2 Primers used in this study

Primers Primer sequences (5'—3") Use Length/bp  Genes

clp-F CGGAATTCTGTAGGAAGATTCCAGTCGGA PCR 840 LC clp gene

clp-R CCCAAGCTTTTAGCGGGTCCCGTAGAGGA

R6kF1 GGGTAGCCAGCAGCATCCT PCR 1 044 EZ-Tn5

KanR TAACATCATTGGCAAGGCTACC

16S rRNA-F GCTCGTGTCGTGAGATGTT qPCR 16S rRNA gene

16S rRNA-R TGTAGCCCAGGTCATAAGG

RT-4356F GCTGATGAATCTGCCCGAAGG qPCR 111 GntR

RT-4356R TAAGCGTCGCCACGGTAGAAG

RT-4649F CCGACCTGGAATCCAAGAT qPCR 75 MerR

RT-4649R CCGACCTGGAATCCAAGAT

RT-4969F CGCACGCATGAAGATATTGCC qPCR 93 TfoX family
RT-4969R GTAAAGCAGGTTCAAGGTCGG

RT-1572F GTTCACCCATCACCACATCCT qPCR 80 Peptide synthase waps1
RT-1572R GCGAGTGATACAGGTTGAACAATT

RT-1573F AATTGAAGACATCCTGCCGCTGAC qPCR 80 Peptide synthase waps2
RT-1573R TGTCCTGCACCTTGTCGTCGTA

RT-0895F GCTACCGCCTGGAATACATCG qPCR 85 NRPS/PKS gene
RT-0895R TGGTCGGCTTCGTCTTCATAC

RT-0893F GCACCTACTTCAGCGACTTCA qPCR 80 FAD-dependent
RT-0893R CTGCTTCTTCTCCGCCCAATA oxidoreductase
RT-5068F GCCAATCTTTCCTTCGACTCC qPCR 89 threonine dehydratase
RT-5068R AGTTCCTCTGTTGCGTCTGAA

RT-0231F AAGCCAAGACGAATCACCACT qPCR 92 Chitinase A
RT-0231R GATGGCGTCGTTGGAGTTGTA

RT-3538F CGTCATCATCGAAGGCAACTG qPCR 88 Cellulase

RT-3538R GAAACTCAGCACCAGGTTGTC

RT-4408F CGGTTTCATCGTCGCCTACAA qPCR 108 Extracellular protease
RT-4408R TGCTTGATGCTCAGGTCCTTC

51¥%F R6KF1/KanR #17 PCR Joilk, DAEFA:TH
PR X2-3 FEK 41 DNA X iR

V5 0 UIE TE B 1Y) 28 AR 1A P JBTORE R ROk 4 e
EZ-Tn5 78 288 A B4 A S o SRS AR (R I
K41 DNA, H#E EZ-Tn5 #6080 BI2 ki £ vifps
A B, 1E$E EcoR TR 975K gDNA #E17
WU . WEDI =9 T4 el A 8, K™
Y A\ E. coli Transfor Max EC100D pir+/&5%
AN, 75 & R EE K (50 mg/mL) LA SR |
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BLAST 4347, #i5E TnS P A B9 R K46 A K
V1 o
1.5 EBidSEWEMERPRTIREE
DLBHUA B X2-3 JEN 4] DNA i,
clp-Flclp-R 51334 LC_clp FEH ¢ #7541,
3% 4% pEASY-Blunt-Simple, % PCR ¥:iiF455
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2 5Ok pEASY-clp; H] Hind IIIF1 EcoR T\
YR K -clp- )R, 3% B R K Bk
pBBRI1-MCS5, ZFHI 50 E3R45 5okl pBBR1-clp.
4 J5kL pBBR1-clp HLAE A M356 JE&AZ 41,
5 R FF (500 pg/mL)K NA SERR ik . M
TR I i R O %) 5 R A rh 4 BUSORE 4R 7 T
YIS UE, [RIEHFIHS 19 clp-Flelp-R XD 1§ P
B AR S 1 98B R HEA TR 9% PCR BniiE, R1G A
HRABA
1.6 BFAE#. REHKMEIEKIAIEF
1430 E

SR FH X IR Y 0 58 A8 4% R B A Ak e
B YE . BRI X2-3 AR M356 F
MCS28 7£ NA ¥R B35, 438 10 R Aok B
% ODgoo M 1.0, 47 5IH 2 uL i T PDA
M, 28 °C HrEREFE 2 d; K7 I I T 1 T 1
PR TP e, 28 °C 4kEiiEFE 5 d, WMEIF
O SRS TR AR T D TR P A R AR . DA B
HAEKNEM AR RERIMERE S, AR EL
3.
1.7 IMEYRAEBUR E N E

7 SCHR[12]00 77 I8 B X2-3 TS B R Y
WA Y. PEEL X2-3 Fl M356 FUBAR X,
A3 RN Z 50 mL NB #5574, 28 °C. 220 r/min
PR 535 24 WAE T U ; 4% 0.5% e i
Tl 900 53 0 e e B AL J5 V2 A0 1710 TBS K 5%
5 LOWRA, RIEEPEN; RREEFREREERES, K
A 28 °C Bl E 357 4 d; B3I R IG TR ELYT K
INEO B T RS, T LR L TR -H VK 4R
(80:15:5)i 4%, HIK 12-14 h; &3 3 IR
W, FHUEACE uE L BR R IR Bk, UEWZE 38 °C
WORWAR G, TR OB RUKF IR 1:1 f9RF
FLiF AT 2, H R KATC 6 A IFZHUR , 38 °C
VOl VA A A5 B S kR P, B 0 BE  5 Y)
ity

FHER P H s A, O R ) = S0
T (RP-HPLC) X I B W L A 543 = (i R 5
#lE 20 pL PERIZEZETE A Eclipse XDB-Cig
(4.6 mmx250 mm) 5 pm A EIEHEPEATIRRE , WR
BlIFH A —FCFR(TFAK IR (MR FE 0.005 mol/L),
W EhHH B SN 2B (% 0.005 mol/L TFA), N
25°C, Wi~ 1 mL/min, &K N 318 nm.
R L2 3.

WCAE 45 TRARZE R EES 1] 19.6-24.0 min AL
IR, AT R AR e, K K s ok 4
W, FEXTHRAE AT 0, 10, 50 A1 100 555 B o
SRIGAE 12 FLAR P 1 mL BlfkL i PDA 1 535k
1500 pL A% BRI B, TRST, TRIEFRILEE
5, B A R AR KN Fps $2R0 T gt
28 °C 1577 2 do LATGHR K [RIREAL FRAEXT HE . R
FIFICSR Fps B E AR K/IME i i v vt
Fps IR IEPE
1.8 BFaE#. RTHKFELNE KA AEINEE
M E

SRR E A TR R P B I . AR AE R A
JUT Bl A:fe 1. Fis ey X2-3. M356 Fl
MCS28 &5 EARHE ZE ODgoo N 1.0, 43| HL
2.5 pL TRV R 85 35 P Al g, 28 °C
BRI 3 d, WEIFIC R4S WK LS I e
1, LA B R AR KN DA A A R T o
RIEE 3 K.

%3 HPLC MiNiEF
Table 3 The testing procedures of HPLC

t/min Mobile phase A/% Mobile phase B/%
0 95 5

5 75 25

25 20 80

26 0 100

28 0 100

29 95 5

30 95 5

http://journals.im.ac.cn/actamicrocn
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1.9 R}EZE= PCR

Trizol H: 42 B R X2-3 Fil M356 A RNA,
%% PrimeScript'™ RT Regent Kit (Perfect Real
Time) (TaKaRa)UiBH 2 %% 5% & i ¢cDNA HF
Real-time PCR 43#7 . 5l 3 K 615 GntR . MerR
Fl TfoX family 5554 e84 A+ sl ol 5 85 1 3%
[R(LC4356. LC4969 Fl LC-4649). 5=
AEMFER(LCI573 . LCI572, LC0O893 . LCO8YS
1 LC5068)F1 M S AH CHE R (LC0231 . LC3538
I LC4408), DL 16S rRNA NS KL, &K H
PTG E B LER 2, 9O6ER PCR I SYBR
Premix Ex Tag II (Tli RNase H Plus) RR820A
(TaKaRa)#E 174317 o SO Wi A& Z o~ 2xSYBR Green
pro Tag/10 L, Primer F/R 4% 0.4 L, cDNA/2 uL,
RNase-free H,O % 2 EARFUR 20 uL. 5 R
3
1.10 HEFITSHHF

R I6 K08 F Excel A1 SPSS # 4 #1401
ST BRI SR I B A [F) B3R R 3E
i Duncan [ 2 {5 BRI AE P<0.05 Zb{FAE T
FER, ]AEREL 3K,

2 BERXR504

2.1 RTRBYTHEIZFALEIE
2.1.1  HRANRITREY % A3 IE

HEW BZ-TnS %% 8 1 A BRI
X2-3 JRZ A, IR 5 000 2 HAF
AR PRI HE R eRE, DL Fps HAE/RIA,
AR E] 5 ARXT Fps #0TETEPE 56 424 2% 1Y 5748
HR(E 1A),

Iy BB E MR X2-3 1588 Bk Y L N 4
DNA, #5514 R6kF1/KanR i#£17 PCR 471,
IS UF EZ-TnS MR T, & BAE A IR h 1B
P12 5 R P A B — U 1 044 bp K/MEY
55 (B 1B), TAE X2-3 HRAEY BEH I K /N
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(A)

®)

1 044 bp

1 RTRGHER PCR HIE

Figure 1 Mutant selection and certification using
PCR method. A: antimicrobial activity of wide-type
X2-3 and mutant M356 against F. pseudograminearum.
a: wide-type X2-3; b: F. pseudograminearum; c:
mutant M356. B: PCR certification of mutants. 1:
X2-3; 2—4: mutants.

27, DL R AR B LN 20 DNA TP hid A T
EZ-Tn5 %51
2.1.2 REERBANEE S

FFH BORAR KA, Xt 5 BRRASFRH TnS
PR AANL S SIS IR i AT o, R B
F) 2 AN FEAE KR (9543 71 M356 Al M1528)H TnS
(3 ABLE BT X2-3 433 (K 20 (GenBank % 57
5 : LBMI00000000.1)1 454 LC3106 15 A
F. BLAST /3 #r & B, 1%3ER 4K 840 bp, %
ity Clp HesH 1, WO A% 3k K gt 2 (1 5 20
fiE B 09 P~ BFA AT C3 (ID: CPO13140.1)H17™%
BEAFFE OHI1L (ID: MG851700.1) Clp 243
TR I AR LR 220 98.92% , 45 My Bh REIS J0 #r &
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B, ZWEAR 2 NEEMLEEL, B Clp
B FUEST(9 HTH/DNA 454 50 cNMP 254 5,
(& S1). ABFFTHERE M356 JFTE—H43Hr
2.1.3 EFMRTREYTH RN IE

K pBBRI-clp HibRAEIR M356 J2%
ZRMME, 4 PCR Wi, & H Gk
MCS28 Hi 3 5| J/IN435 2 2 841 bp 1 840 bp
R4, 43S R AR M356 ¥ EZ-TnS-clp
M HE AN pBBRI1-clp 1 clp FER B K/
—&, M7EEF AR X2-3  HAEY 15 5] 840 bp
ERBZHN, ERAME M356 Ly 5] 5
EZ-TnS-clp K/N—3H) 2 841 bp oAy i 2k71
(# 2). R EAMABRIER, 4 MCS28,
2.2 RTAEANEEMEINEY RN E
22,1 REFRMEFMENE

FIFHAEAR T IRE 43 B T HF AR PR X2-3 | R ARk
M356 FIEANFEFE MCS28 Xf RS 4RME . RA

B2 EfPEH MCS28 B% PCR Wik

Figure 2 PCR products of complementary strain
MCS28. M: 2K plus marker; 1-2: wild-type; 3—4:
mutant M356 X2-3; 5: complementary strain
MCS28.

YIGR  SIARLRZTE . AR L BROR A iR
T TR AR B2 B A TR R BRI L, A5 R A
] 3. FEAR A M356 Xof i J5t 0 1 B9 TR 79 4100 TR 1
PESE 44, T MCS28 (I T 1% M S Ak &2 51
T B RROKE, KW LC clp FER 282518 X2-3
&2 T X i L A R BT P O P T

B3 BEHMAREREERINEEENE

Figure 3 Antimicrobial activity of strains against different pathogens. a: wild-type X2-3; b: mutant M356; c:

complementary strain MCS28.
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222 RELEKMEWRS T 5T 19.61-24.00 min 1 PE LR, B6 BB

J TR M356 RGN R A
HHYUEY) PG B 5, R B A5 %
FEB ot TR Y TR i o A8 4k, 25 R ER T,
5 X2-3 Mitk, M356 ZEHUY)H I8 G £ 67 1)
6] 4 19.61-24.00 min 2 [A] () IR L& (1] 4A).

“hy IR 2 B 1) 5 MO 2 75 A T B

A) X2-3
&
or IS
{
25+ i
I
R
<E: 50 " \ G ng &
NeS
-15F N &
Ly o
R 3
-100F  —F 8
0 20 25 30
t/min
(B)

4 [RmEiRHEEIES T RINEE R

12 FLARASEIN T A R RSB Fps (0 BTG
P, B X2-3 Haz eI I 1 R A5 TR A ]
B EE, T M356 HIIZA Nt TE R
15 I B R (B 4B), X SEEE R R ]
clp FENHY R fd X2-3 R LU YI TR 7™ A Ak
J7, DRI TR Rt 2 1 X DL v 400 T 6

M356

_50 L

mAU

—-100 [

Figure 4 Antimicrobial activitys and analysis of RP-HPLC. A: results of liquid chromatography; B: results
of antibacterial activity of eluent fractions. Dilution factor: a: 0; b: 10; c: 50; d: 100.
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2.2.3 FHKBINEEFEERENIE

Xof GEAR VAR A= bR () B AP A I R B, 5
X2-3 M, SRR M356 7585 11 il A £ 4 % il
SISl 7 A 1 7K fie L B S s/ N (1B SAL 5B,
LT RE R4, 248k M356 JLT- R
7 A E WK A (B 5C), U LC_clp FEN B R
AR M356 7228 A AN 2T 4k K Y AE 1 W 06
55, 7L T BREERRE S JLF e e e, AR
PR MCS28 J7 AL 8 1 . 2R 4E R B AUL T ST
() BE ) FEACIR S 50 BF A R KO- o ik BB 85 LR,
LC_clp FER R ZEAS A M B 12 9 JoT 1 77 A
T ELXT X2-3 f i A1 il = A A IR 1 VR
2.3 WHZE=Z PCR &AH

P it PCRIL AT T R AR (AR 5 B AR kv
BRI . URAE AR AR L PR K i 4/l
R ek fE i, 5 RAM, 2K M356 1,
5 F GntR . MerR FI 1525 1 TfoX (XM

B 5 JEKRIEIEEEMSE

Figure 5 Extracellular enzyme activity of each
strains. A: protease; B: cellulase; C: chitinase. a:
wild-type X2-3; b: mutant M356; c¢: complementary
strain MCS28.

HH LC4356. LC4969 FI LC-4649)1 3L [H 3R 1K
R, AR A S L R % i A A
PRI R E TR AR, THESHiRE
VI G ARG LR (ER . LC0895) LA
ik(El 6B), X —45 R it —HFRW, LC _clp FH
B A TR W R R A, T M356
58 422 2 R D TR I S BTGk

mX2-3 aM356
a

a

LC4969 LC4649

Gene

1.2 mX2-3 @M356
a a
1.0+
0.8
0.6
04+
02+

Relative expression level

0
LCI573 LCI1572 LC0893 LC0895 LC5068
Gene

,\
a

1.2 @ X2-3 aM356
a a

°
5
o 1.0}
S
? 08¢
[0
2061
5
o 04r
2
= 02°F
[P
[
LC0231 LC3538 LC4408
Gene

Bl 6 KAEE PCRSH

Figure 6 Fluorescence quantitative PCR analysis.
A: transcriptional regulator gene; B: secondary
metabolism; C: extracellular enzymes. Different
lowercase letters indicate significant difference
between treatments, respectively (P<0.05).
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3 & #

AT T LC_clp BE IR 5878 1A 5 B 1 bk
TEFEPUIGME . B OB S 0 LA K 48 S PR 3k Oy
M 225, KMSEERM X2-3 MLk, M356 1)
GG RBTR  R AR RE ) e A e, i
SN A RE D) W FRAR TE M356 H, Gifidd
SRR L WA A R R AP B AR DG BE R iy 3%
AR B E T AR AR X2-3, RHSHIEFEY
JEA AL LC0895 LT Ak, F£M
LC_Clp &— &)/ T, 7EHME
X2-3 HHA Z R EY)FTIRE

WS RBL, PAREETT R OHLL n] g3 Wb —F
KIA BB ST E Y i HSAF! ) 29 i
Xof 22 R BT A TR H AT B IR A HE PLTE 1  HSAF
RERS 5 | R 4t HLRE & ) o 1 3o B FR B BT 22
TEARREGM . Tk A L b A4, i
Tl L AR KUY, HSAF BB ISR EHS 10
Wi [Alternaria alternata (Fries) Keissler]Z2 R4t ifd
R4S, i AN e S R i A i =17
TEXT S A= i S AU B (Colletotrichum fructicola)y
W5, HSAF AT LU TR 2238 o3 a . b ik A
FALAR, EFAERT AR, R
3 M A F A LR (1 e R S A AR f R
TP 5 o 24 5 A KU FRATRT T X2-3 a3t
LM B, 7E X2-3 FRAFAE 6 4~ PKS/NRPS
BRI, X SEIE RRER-5 B B A R e,
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X D B ELAT B S A SRS 1 . PO E it PCR
MEdEBL, ARk M356 Tt EEYIFR A K
BN LC0895 JLFAKIL, #E—HUtH LC clp
BE IR0 LT W 5 0 A AR E T, B %
P Y 5 Y B S i 15 i — 2B T

clp JEHZwi% CRP KR Clp # s+, 7
TR R 2R Rl B . HE L. enzymogenes
C3 ™, clp FEDR A 5722 i T bk 1) 3 9 B A B-1,
3-7 RMERE G M SE Ak, JLT BB A TS
PE AR, WS, JFH R E T XA
W I8 B (Pythium  ultimum) W) 35 P06 MU, 76
L. enzymogenes OH11 H, Clp AJ JH# 3 FhA: B
HF-(HSAF . WAP-8294A2 FI4N LT )Y
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