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Role of CbrB in the biocontrol strain Pseudomonas protegens
Pf-5

RAO Guangyaol, WAN Chengz, SHI Hongqiuz, DONG Xiaolin'", ZHA Daimingz*
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(Co-construction by Ministry and Province), College of Agriculture, Yangtze University, Jingzhou 434025,
Hubei, China

2 School of Pharmacy and Life Sciences, Jiujiang University, Jiujiang 332005, Jiangxi, China

Abstract: [Objective] To explore the effects of CbrB from the carbon catabolite repression
system on the biocontrol performance of Pseudomonas protegens Pf-5. [Methods] The mutant
Pf5274 with the markerless deletion of the coding region of cbrB was constructed by a
double-crossover recombination event based on pJQ200SK. Moreover, the complementary
strain of cbrB and the control strains were constructed by the plasmid complementation method
based on pPBBR1Am. Lastly, the effects of CbrB on the growth, biofilm formation, motility,
antifungal activity, and pyoluteorin synthesis of Pf-5 were analyzed by the measurement of
ODygo, crystal violet staining, agar plate culture, plate confrontation method, and pltL'-'lacZ
fusion report strains, respectively. [Results] CbrB greatly slowed the growth of Pf-5 in the
natural medium LB, but greatly sped up the growth of P{-5 in the basic medium M9-glucose. In
addition, CbrB significantly promoted the motility but inhibited the biofilm formation,
antifungal activity, and pyoluteorin synthesis of Pf-5. [Conclusion] CbrB plays a role in
regulating the growth, biofilm formation, motility, antifungal activity, and pyoluteorin
synthesis of P. protegens Pf-5, thus regulating the biocontrol performance of this strain. This
study provides a theoretical basis for the biocontrol capabilities of strains by genetic
engineering and lays a foundation for probing into the biosynthesis of pyoluteorin.

Keywords: Pseudomonas protegens; CbrB; biocontrol; pyoluteorin; motility; biofilm formation
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PRELAT B E RS, sesh Pl R HA P
JETEYE, ATAERAME S N = B M 3L R A0
MDA-MB-231 &4 4 =", Fkk Pf-s Hh i
BT Pt A A 328 1) 3 PR 742 Pl A R B B i 1) e
¥ ptRM-ptLABCDEFGPl pltZ-pItITKNOP!'!
PR, Hir LysR G R 1 PIR TEH% %K
- b A BRI T pltLABCDEFG!'Y, TetR %
W R 5 T Pz W O 9 B S HAE R
pItIIKNOP!"™! | Plt A= ¥ & Wik % 4 Ry Ji ¥ R 45
GacS/A-RsmXYZ-RsmE, RNA fHH&E A Hfqg 5
AR LAY PR 2 1 (Lon, RpoS A1 RpoN)F I 17,
bR T Bk 2 SRR MRS R A A B TR
R MK T, fx o AR & R S
CbrA/B-CrcY/Z-Cre 1] i85 5B B PR BT
A YAcl7/ e 0T A

H AT S B CorB TRE A 5T T2 4E HH 7R
R AACI AR DG IR B A kAL . CorB fc
T 1985 H-7E 25 M SC EC T (Erwinia chrysanthemi)
3937 th &L, cbr BRI GmALSHY CbrA & —1
B I, RS2 A BT S W ER A5 15 AL AR L 1Y) 74
I F CbrBM' . 2001 4F 7E i 4% R B 1 (P
aeruginosa) " & B CbrA/B W 4H 43 F G il 1 1A
AT, cbrA i cbrB DK 5 A5 A e i 114
GATR | 20 24 R R I 2 R S5 A R BT e/ R
DR, TG 5 i . AR . DY R AT A
BRAE A BRIEN S 2009 4F7E 4R SR A5 S A Hh 2 B
T8 sRNA CreZ, [FIEf #5578 T Cre FRHIRES
CbrA/B RGEVIMG, frsr QI RHLE i R
GER T 40 B 5 Ly AR R P, 2011 4
TEH SR BA B TP & BE CbrA il ChrB 13 [ 98 15
i NESES AN PN SN Ok a7/} I8 A1) O
AP A 25 1ER 2011 AETEHR S48 2
P& RsmY #l RsmZ BE 2 GacS/A 5 545
g Ry O IR ITE, U ChrA/B fF 55T
A % P A S B [, 2012 ARAESE LB A
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(AR AR P AR R R R AR SR 2022 AFE7EAH
SR TP R CbrA/B F 402 W78 bk
lasR™ H B S, BiAmtiThRER LG LA CorB
il I AL E 1asR 3 R A K, 2022 48
TER SR PR B b & B GGDEF/EAL 45+ 3
1 RmcA 5 CbrB HAMEAEH, CorB 25
RmcA X AE W IETE B AT T AU 5030 28 50 3 R 1)
ik, R T XA R G50 T SRS
& SR M 25 (AR, BET, CbrB X
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1.1 R
111 EHRA BRI

AHIEGE A A TR AR AN SO 43R 1 B
112 EFER|KF

PrimeSTAR® HS (Premix) . PRl 1 P4 A0
T4 DNA Ligase ¥JlJ H TaKaRa v H]; 2xEs Taq
MasterMix (Dye) . Gel Extraction Kit Hl
PurePlasmid Mini Kit 2704 H b a0 A= YRk
A RA T AN EHERM(Amp). FRRKK
% (Gm) . WIRPIA I8 R (Am) . #R RIR%:
F(Km), X-Gal, FREAW. EEAM. BRI
Y. Bie R SERI B A TAY TR ()R A

1 KW BT A E AR BRL

B W] oAt 3808 3 pr 4
1.1.3 EHHE

LB }iffd(g/L): HEMMK 10.00, EEEREE
Y1 5.00, NaCl 10.00; [E {4} 373 55 gk
15.00 g/L. M9-7i%j B35 35 5 (g/L): Na,HPO,
7.10, KH,PO, 2.72, NaCl 0.58, NH,CI 1.07,
MgS0, 0.19, CaCl, 0.01, #jZjF# 20.00, iz sk
i 3(g/L): BREE K 10.00, NaCl5.00, Bl
¥5 3.00/5.00. PDA 575 5(g/L): B85 100.00,
HIZEIBE 20.00, BiiEK 15.00, 38 5 [E{AR; IR
(g/L): FERHEEUY 4.00, #ZBE 4.00, R
i 5.00, AR 15.00, BRI FRILP I
Amp.Gm,Am Km Fl X-Gal ¥ 553514 100,
50, 50, 30 F1200 pg/mL.

Table 1  Strains and plasmids used in this study
Strains and plasmids Relevant characteristics Sources
Escherichia coli
Top10 mcrA A(mrr-hsdRMS-merBC) ®@80lacZAM15AlacX74 recAl araD139A(ara-leu) Invitrogen
7697galU galK rpsL (Str*) endA1 nupG, used for cloning
ET12567(pUZ8002) dam-13T::Tn9 dem-6 hsdM cmi® kan® used for biparental mating [31]
Pseudomonas
protegens
Pf-5 Rhizosphere isolate, Amp" [32]
P£5274 AcbrB derivative of Pf-5, Amp® This study
Pf-5 pBBR1Am Pf-5 harboring pPBBR1Am plasmid, Amp" and Am" This study
Pf5274 pBBR1Am Pf5274 harboring pPBBR1Am plasmid, Amp" and Am" This study
Pf-5 pAm-cbrB Pf-5 harboring pAm-cbrB plasmid, Amp" and Am" This study
Pf5274 pAm-cbrB  Pf5274 harboring pAm-cbrB plasmid, Amp’ and Am" This study

Pythium ultimum

ACCC 37386 Soil isolate Agricultural culture
collection of China
Plasmids

pJQ200SK Suicide vector with sacB counter-selectable marker used for homologous [33]
recombination, Gm"

PJQAcbrB pJQ200SK carrying a 2 067 bp Xba I/Spe I insert with a deletion in the coding region This study
of cbrB; Gm"

pBBRIMCS-5 Broad-host-range vector; Gm" [34]

pBBR001 pBBRIMCS-5 with a translational 'lacZ fusion, Gm" [35]

pBBR-pltL'-lacZ ~ pBBROO01 with a translational pltL'-'lacZ fusion; Gm" This study

pBBR1Am Nco I/Bgl II-digested apramycin resistance cassette subcloned in pPBBR1IMCS-5 This study
digested with the same endonucleases, Am'

pAm-cbrB pBBR1Am carrying a 1 504 bp Xba I/Hind I1I insert with the coding region of cbrB, Am" This study

http://journals.im.ac.cn/actamicrocn
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1.1.4 5|4

AT P A5 1 ank 2 Fros, HA i
RIDCR— A pe B R A PR A Wl 58 B, Je 22 Bk
W H A SR AR W R A A R wl iR 4y
NI
1.2 chbrB A3 X TLIRERARTEE L PI5274
RIHE

J THRSE CbrB X Wtk Pf-5 A= W Bii i g
FIH R, KT pJQ200SK H) ¥k In] J&
FAEP R chrB 4 i X JG IR ik 2 28 45 1
Pk Pf5274, HAWEEGEME 1A s, LLE
AT R PE-S LR 4] DNA Sh#EiHR, FIA 2
%t 51 ¥ cbrBU-U-Xba 1/cbrBU-L-Xho I 5
cbrBD-U-Xho I/cbrBD-L-Spe I 4351414 cbrB
BBERERY . R DNA F B, SRIEHx 2 A4
MBI DNA FBERIE 522 pJQ200SK Y
Xba I-Spe I {5, 153 FH AR pJQAcbrB., ¥
pJQAcbrB 44k 2 KT ET12567(pUZ8002)
W, B BCEAZRSEHE pIJQAcbrB KA i
ET12567(pUZ8002) % & ¥ #% 2 [ij 460 fE 5 Jfd 14
Pf-5 H; 5 1 IRIAIIEE AT S Amp Al Gm 1
LB ARG FR 5L E T, 514 cbrBF/cbrBR ik
REMRIP 38 ) 2 5 OBV, o pJQ200SK

*®2 AWMREAAES
Table 2 Primers used in this study

ARETEMBER MR TR0, 76 Gm EHEE I TiE
A 1 YR [R5 EE 2 S i SR B S
A AT 5 2 IRIAIEE A A Amp Fl
FEMER LB A7 Likfr, M5y
cbrBF/cbrBR fifi A4 4 Hi /N 45 1 BT 7%
SO REARE R S N A 2 W TR R A T B
FERZHH Y pJQ200SK 741, MM f# Bk SacB
FEMEEOC AN TR B M BT 500 B 1 &5
el Gm 1Y LB [ K g2 5L rp i s 55 LU g
ik pJQ200SK MV ER, Jo Gm HitkEI B RN K
cbrB il 2 AR T Pk P15274.
1.3 cbrB B4 ERRIEE

J T AT cbrB A S AR AR HEA T AN B
# F5 14 cbrBF-Hind II/cbrBR-Xba I #4417
SE4E cbrB FRL B IEHER DNA B, gifbfan
DNA F Bt Hind 11 A1 Xba I #£47 XU EF, 2R )5
e pBBR1Am f Hind III-Xba 1 i 555
cbrB 1 F 35Tk pAm-cbrB, $f HHEAL 2 K IH T
ET12567(pUZ8002) 1, i i X3 A% 2% 35 K%
pAm-cbrB 7355444 Z P-5 I Pf5274 455 &
ZH K Pf-5 pAm-cbrB il Pf5274 pAm-cbrB, i
U = < U Ry 7l [ N = S DO G < 7 S o8 B
pBBR1Am #l Pf5274 pBBR1Am,

Name Sequences (5'—3')

Usage

cbrBU-U-Xba I
cbrBU-L-Xho 1
cbrBD-U-Xho 1

cctctagATCTCGCGTATCGTCCAGT
gtactcgaGATTTCGCCATTGTTGTTG
gtactcGAGCTGGCACGCAAACT

cbrBD-L-Spel gactagTGGGGGTGATATTGAGCAG
cbrBF TACATCGCCAAGCCGTTC

cbrBR TGACCTTTCGATCCAACCAG
cbrBF-Hind III ctcaagctt ATGCCGCATATTCTGAT
cbrBR-Xba I ctctctagaCCTGTTACGTGCGATG
pltL-PF-Xbal ccttctagaGCCAAGTAGTCTTCCTGTTTC
pltL’-PR-Xho I catctcgaGCCCGATCAAATCTTCCATG

Upstream homologous arm of cbrB

Downstream homologous arm of cbrB

Verification of cbrB deletion

Coding region of cbrB

Promoter and partial coding region of pltL

ZINEG FRE R DR AP AR A0 IR ] P P9 U e LD 07

Lowercase letters represent protecting bases and restriction enzyme cleavage sites.

<l actamicro@im.ac.cn, & 010-64807516
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1.4 pltL'-'lacZ BAAREFHRAME

T KGN CorB X fE 5 LR e B R AR ) A i
R pltL-G KiBRYs2m, {514 pltL-PF-Xba
I/pltL'-PR-Xho 14 34405 pltL Ji 2 FHi 23 i
BelEHERY DNA F B, AU DNA F Bovd
% #| pBBRO0O1 [ Xba I-Xho I i s 75 %
pBBR-pltL'-lacZ , #& J5 ¥ H 5% 16 % K # 14
ET12567(pUZ8002) ' , 3 & XU 3% A% 24 52 ¥
pBBR-pltL'-'lacZ % A F| Pf-5 J HATA .
1.5 A Kz

¥ PE-5 KA AE R R Ze b 5% 2 d, PREUR
B 75 BHEF R RN T Amp 58 Am (%) 10 mL LB
B, 28 °C, 120 r/min ¥R¥% 555 B K
ODgoo M 1.0 2475 B2 mL B, 5000 r/min &
O 5 min R . TR0 LB R AR 55 50k
2 IR BRTE, BEJS TR
ODgoo M 1.0;5 BEFh—F¥F 1:1 000 Fr) b 5 42 2]
A 100 mL BTEE LB K53l M- 45 b s 57
Fef 500 mL #EFEHRHT, 28 °C. 120 r/min &%
B, BAh 6 h INPEL 1 mL BB .OJF B ES
LK, DLAEFREZ EX IR, R
ODqoo fH, Bl EEFE 12 h BUkE, Z£flA ik,
B SR PR R S IS P AE
1.6 PR YIRR AL AL AUAG T

A= IS ARG TN 2 BE Gu 20 R4
T B, (R4 R Y T TR B e A TP
RAE IR TE B RE 7 . PE-5 e HA A Rk I 32 25
% 1.5, 10 pL WY 5 R m 8
10 mL LB Bi e 5Lyl rh, 28 °CRIFE R 3% 2 d,
RN R R LT 0.9% A AR R KT UE 3 TR
FBRAE MG RE AL ; B & 7R RE T 0 A= I AR I
T, A1 11 mL 1%%5 g S5 TG4 4 20 min;
P 0.9%00 A= BRER K IEUE 3 3l , Ph 2 R B4
SEEMERE N EARETEMA 5 mL
ToK RS HE A 6 W 25 b 58 5 DL

TESS S Mg 595 nm b ARG I R AR IRAS
LEE
1.7 BEHREEIEREN

EEERIRINS IR Liu Z5P00 0r gt s
M, R BN A A D P A 1 i Bl
Pf-5 N HATA MR RS % 1.5 77, B2 uL M
9 PR T B AN TS R Bl v B (0.3%
0.5%) iz sh B R LR L N, 28 °CA 1 T 1%
F%2d, MEEBX EHEFFRETHREE
1.8 FARXJUFE T

1993 i R 1B FH 2R 8 ACCC 37386, {ff
FHAF- MG IR TE A CorB X B ik PE-5 470 2L 5 176 M
g, 2 BRAT S CT Jr VS M E ,
W LM S FE HEFI7E PDA K35 3E [, 28 °CHEF: 2 d
FENEALE A, B ATALAR I IE AR S mm &
W B DR B 5 A 38 5 [ ARES S 3 p 8 7
MLHREEFE 24 hy, SRJEHE 1 L B IS P10
FhFREBEDE 5 cm b, 28 °CHE 1537 48 h, &
TG T8 B IR AR S
1.9 B-FIABEEHEEIHNZE

AT RN ChrB 2 R0 pltL-G FIR L, %
pltL'-'lacZ fil &z i TR Fr 218 19 B-F LB 11 1
(35 1R A Miller 3ECMHEFFINRE o K45 4005 7
PRAE 1:1 000 (4 LU 53 5IHERD 223 50 mL i fif
LB AR #2561 250 mL #EIE M, 7E 28 °C.
120 r/min 5508 FE55%, RERE 4 h BUFE 500 pL &
W20 25 B . BURE 500 pL 2% 5 min &0 B-2f
FUBETFEETG 77, 42 PE-5 1 cbrB ke 58 48 Bk
(RS 2k, I BRI AR EIOW R ds e
M 1, HHEHIUE CorB A2, ARIEAR)
fdi FH Miller U 1155 B-F UM IS ) -

Miller U =

OD,,( —1.75x ODs35, (1)

ODg g0 X Ff b AARFR (ML) x J5Z Wi ] (min)
1.10 Seitoth

AW PRI AT T 3 Lk,

1000
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{ifi Fl IBM SPSS Statistics 26 Gt i1 45 54 |
Origin 2022 34T IR HIE s TERAD LR,
2P0AET 3 RELENPATHA, ITAEdRR
O Y H £ B8 #E 22 (meantSD) £ 7~ 5 K4 R
A Student’s t-test % b AEAS [A] A0 R[] () 25 5+ 5
FE

2 EREQM

2.1 chrB 4miBX IRERERT EIK P5274
R

i T BFSE CorB By ERE, R AT pJQ200SK
() IR [RR L ZHIEA T cbrB 4t X JCIR Bk
RASGEME P15274, HAERFEAIE 1A Fis. Fl
FH514) cbrBF/cbrBR #17 cbrB 5 58 A8 B bk i)
PCR %5, LA PE-5 FERYIUARTIE, Bk RAT T
Bk Pf5274 Al 14 658 bp 554, P25 B[ 14 HY

cbrB mut

1 543 bp &4, 5K 1B FiRgs AT, Fomb
R G ARG )
2.2 CbrB i@k PI-5 FIEK

3 3 A6 I B 1Y ODgoo fELZ B ChrB X+ B £
Pf-5 A B IN , PE-5 S AT A TR AR G A K T 2
Wi 2 iR

16 LB 53R 3 rh , cbrB Bk R A8 Bk Pf5274
f) ODgoo THF i 4 3.090, %5874 R #k PE-5 &L
FE FTFT 12.7% (B 2A), M HAMSLIG 25 ]
M1, TE PE-5 H1 P£5274 rhid ik cbrB 2 3wtk
1Y) ODsoo fH 53 51l i 25 P FEAIX 13.2% 11 9.2%, Pf-5
1 P5274 A 23 ik pBBR1AmM A2 T4
CbrB %R A= K AU Z I, PE5274 %58 PE-5 11 ODgoo
W& EFET 12.9% (K 2B), X LbgE L FH,
CbrB 7E RARFE T3 LB 40 F B 0k i
Pk PE-5 A K.

P£5274

(Amp', Gm®, SacB")

El 1 cbrB BB X LR A RT HIKBIERIZ(A) K PCR IEIE(B)

Figure 1

Schematic diagram depicting the construction (A) and PCR confirmation (B) of a markerless

deletion mutant of the coding region of cbrB. M: DNA marker; 1: Pf-5; 2: Pf5274.
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£ MO iSRS, Pr5274 1) ODgoo
B E R 1.514,% Pf-5 BETE TR T 33.1% (K
2C)o N H AN IR 25 AT 1, 78 PE-5 Hhk 35 chrB
2 E R ODgoo H B EHTE FF 11.7%, MTE
Pf5274 it ik cbrBALRETT /- A K, B PE-5
pBBR1Am [ ODgoo fEATS FFE T 20.8%, Pf-5 Fil
Pf5274 WAL 2 B iR pBBRIAM A& T4k
CbrB X B kR A= K AU R0, PE5274 45 PF-5 1) ODggo
HBEETFHET 29.2% (K 2D), jxLbgs gk,
CbrB 7 3ERb S 32 5 M- 2B 45140 F Sk 1E

A

e pEs
—e— Pf5274
3t » g
,\,". /7_,‘1«‘_‘7\
- ’/’ ~a
e
Q 2r /
S /
1+ /
0 1 1 1 L 1 Il
6 18 30 42 54 66
t/h
¢ 3
[ —s—Pf5
Pf5274
2t /Rz“\‘\:
2 / - "
8 - -+

2 cbrB MRS RIE X E K Pf-5 £ KRR
FAREL(C. DY AR AT L

W PR PES YRR .

IEAh, CbrB 78X B0 K R e Ik o Ak
PE-5 A K AR A S ARTR] , T HLA R R i A R
LML, KW CorB X} Pf-5 A K R 7E A
AR A B e
2.3 CbrB fiFTE K PI-5 BYEHIREH B

B S S L R, A TR B 2
EYEER, R Zdnms e M ED, A&
YIRRTE B ARG I 25 S AP 3 BIf/R . cbrB Bk %8
ERIP PE5274 [1) ODsos [HN 0.674, #C5TA= BRI AA

B

4 -
¢ Pf-5 pBBR1Am
*— Pf5274 pPBBR1Am
Pf-5 pAm-cbrB
3t Pf5274 pAm-cbrB
* 1
g ) %
Q4T 3
o
1k
O 1 1 L 1 1 Il
6 18 30 42 54 66
t/h
b 2
E Pf-5 pBBR1Am
Pf5274 pBBR1Am
Pf-5 pAm-cbrB
Pf5274 pAm-cbrB
z 1L
S o,
0 1 1 1 1 1 1
6 18 30 42 54 66

Pf-5 K HATAETTE LB BRI (A . B)FI MO-#5 25 b

Figure 2 Effects of cbrB knockout or overexpression on the growth of strain Pf-5. Growth status of Pf-5 and
its derivatives in LB broth (A, B) and M9-glucose broth (C, D).
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Figure 4 Effects of cbrB knockout or overexpression on the motility of strain Pf-5. A: The motility of Pf-5 and
its derivative strains in semisolid media. B: The diameter of the motility halo of P{f-5 and its derivative strains in
semisolid media. **: 0.001<P<0.01; *: 0.01<P<0.05; **: 0.001<P<0.01.
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Figure 5 Effects of cbrB knockout or overexpression on the antifungal activity of strain Pf-5. A: Plate
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inhibition zone between Pf-5 and its derivative strains with Pythium ultimum ACCC 37386 after plate
confrontation. **: 0.001<P<0.01; *: 0.01<P<0.05; ™*: 0.001<P<0.01.
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