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Establishment of sacB-mediated Genetic Manipulation System of
Pseudomonas chlororaphis YL-1
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(Institute of Plant Protection, Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China)

Abstract: Strain YL-1 was isolated from soybean root tips and identified as Pseudomonas chlororaphis. This strain
showed broad-spectrum antibacterial and antifungal activities against plant phytopathogens that are economically
important in agriculture. In order to explore the function of its biocontrol-associated genes, an efficient genetic
manipulation system was established in this study. The Bacillus subtilis sacB gene, whose product encodes
levansucrase that is toxic to Gram-negative bacteria in the presence of sucrose, was considered as a counter-
selection marker in the system. We selected a well-characterized pvdS as a representative example to generate an
in-frame deletion mutant, because the product of pvdS encodes a sigma factor that is known to control pyoverdine
biosynthesis at transcription level. A sacB-containing suicide-vector, pEX18 was used, in which both the upstream
and downstream homolog fragment of pvdS was cloned, creating a recombinant plasmid, pEX18-pvdS. The
recombinant plasmid was transformed into wild type strain YL-1 via an optimized bacterial conjugal approach. Via
a double-crossover homologous recombinant approach, an in-frame deletion mutant of pvdS, named as ApvdS was
generated and validated. Compared to the wild type, this mutant exhibited equal swimming motility and growth
capacity, but a significant decrease in swarming motility and pyoverdine production.The function of pyoverdine
production in the ApvdS could be rescued by introducing a plasmid-borne pvdS into this mutant. Together, our
studies established an effective system for both in-frame gene deletion and complementation in YL-1, which
facilitates to uncover the biocontrol mechanisms of YL-1 in the future.
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MR Pseudomonas spp AL HARF A0 2, MEEZ, BN Z WA PIGHEDIE . (L3
EKIER, BRI B AE 4056 (Plant growth—promoting rhizobacteria, PGPR) 26N, 44 BB YL-1
SEARSLG 5 K TR 4 B ARSI — BR AR R, % AT I 45 SR W, BT 2 A B 05 Al B (e
A B SR8 B Burkholderia glumae fREVER BRSC IR Erwinia amylovora RS N LT 1R Pectobacterium
carotovora %) KRR BB (LA K4 Rhizoctonia solani %5 5858 4HI/E P,

FEYE S B AT TR YL 1 RS0 [ 40 R TR IR PR T o A LA OB BRI, R 2 58 e
PIBEAR YL-1 SRR BEAT A5 2% 20 B, TR0 1 B bR YL 1 K5 DRI 4 v w] 6 A7 53 0B 3 2 40 ot 45 o P ik
Kz, Wi SR PiE Y5 (Phenazine) & A RIEK % phzABCDEFG LA J 2 AN 48 A o< &
Kl (phzl-phzR) , ML B 2 (Pyrrolnitrin) & 8 AH K B2 K% prnABCD, AR (HCN) & piE
K%, 2 B8k % Pyoverdine (PVD) flI Achromobactin (ACR) & LK%, S5/ W Fit sF 54
W A DR AT 34 A I R O I DR R TR 5 B R N T 9 0 9B 7 SR A IR IR YL-1 B 2E B WL a6 R0 A
7N AT R, DRI I R SR v ) A PR AR R RO SR 3A JRE PRT F)  BR ER AR, 4
IRHER T fE

B P Y EC A 2 BB SR AR S mE A 3 M H SR I 3i AN SRR R B )R A T B SR PR SR AR AR R A
TehRic JE R R R RARAE R o AT PRI SRR RIS TIN—APUER LR, et R A m, R X
P R B SR AN F LR 5 A8 385 il i) 8 T . TERRAC I B 2 SR AR A R T 1 A 2 A 2 30 4 1
AR AT AT e, Horp T B AR PR IC R TR RS e, OIS 1 Sk REARICSE N, W1 sacB ccdB+ pheS
Bl KBRS T sacB N ISR IR E ARG R DR R AR, APt HBUR I YL -1 2B A6
SRR BRI G pl A2L tAR ol AR B A, SR AR AR .

1 #RlEA=E
1.1 e
L11 BEREARFBOR ARG BT H BRI TR LR 1,

R1 BEHRSRK
Table 1 Strains and plasmids used in this study

BFEBLFRL Strains or plasmids FF{iE Characteristics SR Source

LREHB NI Pseudomonas chlororaphis

YL-1 Wild-type strain, Amp® S S ARAF
ApvdS pvdS in-frame deletion mutant of strain YL-1, Amp® AHTFERAT
KWkt Escherichia coli
DHS5a F, ¢80dlacZAM15, A (lacZYA-argF) U169, deoR, recAl, endAl, SEH=EfrAf
hsdR17 (ri,my")s phod, supE44, X, thi-1, gyrA96
S17-1Apir res pro mod" intergrated copy of RP4, mob” S ARAT
EC100D pir* F merA A(mrr-hsdRMS-merBC) ¢80dlacZAM15 AlacX74 recAl SEG FE ARAT
endAl araD139 A(ara, lew)7697 galU galK A- rpsL (Str™) nupG
pir' (DHFR)
JICRL Plasmids
pUCP26 Broad-host-range vector; Tc" 5 [ %5 7 7Y LU M 37K 24 E 6]
pEX18 Suicide plasmid Gm" P I ALK 2 T 7]
pEX18-pvdS pEX18GM with two flanking fragments of pvdS AWFIRAT

112 FERA . BExrEfoirsis DNA Marker. RHEIMENVIEG. Tag DNA B 4. T4 DNA %0
M IER 4] DNA SO & b2 BUAFI S A R4 TR () FHRAH; PCR PYRIMGR 7 &
W4 B Axygen A); JARIRFI N E P20 Hral. LB B5RE: BRARANE 10.0 go BEEH 5.0 go NaCl10.0 g,
ZEIHIK 1000 mL; REMHE RS FEIE: LB B5FR5E 500 10% 50 SSA Bi7#3k: KH,P0,3.0 gv Ko,HPO,6.0 g4
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MgSO47H,0 0.1 g« (NH4)2SO04 1.0 g+ FEIIMR 4.0 g Z5187K 1000 mL, F NaOH 75 pH 7.0; SOC #5774k
JHEER R 20.0 g, T FRERY 5.0 g, NaCl0.5 g, 2.5 mmol/L KCI, 10 mmol/L MgCl,, 20 mmol/L %k, 7513
/K 1000 mL; JKENAE SRR BB AR 10.0 g, NaCl5.0g, BaHE 3.0 g, 780K 1000 mL; #EEEIZZ)
RER IS FRIE: R IR 10.0 g, NaCl5.0 g, EflahE 7.0 g, Z1H/K 1000 mL. PiERHE (ugml) : &
FEHZE (Amp) 100, JEKEZE (Gm) 50, PUFE (Tet) 25, ¥ 7% : KIHF & Escherichia coli 37 C,
SREMB PR Pseudomonas chlororaphis 28 °C o
1.2 343%1+#1 PCR R KL

DLEREHER S YL-1 th pvdS JERDGIRIS AT %, W pvdS SERIE R A . MR Pseudomonas
chlororaphis YL-1 A=K 41 % (GenBank &% '5: GCA_000512485.1) , f] BioXM v2.6 & F #1151
Wiz 5 WIAE pvdS FE DKW 5 e 0 R0 S"um Y8 Kpn 1. Hind T A1 Xba T GV & (£ 2) , FJF PCR
PP e . BEVIRIIE R . 514 pvdS-F1. pvdS-R1. pvdS-F2 Rl pvdS-R2 i B4 T4 TRA WA
GRSy

PR SRR M TR YL-1 S i BeM ) 5 mL LB AR FRIEH, 28 C. 200 o/min ARG 7%, KHIK
FIEEAR AN B LN 4 DNA. H R3ER pvdS Wisii 741 () PCR RN AKZ Hy: 10X Trans Tag-T Buffer (Mg®")
2.5uL, dANTP 2 uL, 5|#) pvdS-F1 Hl pvdS-R1 (8514 pvdS-F2 Hl pvdS-R2) % 0.5 pL, Trans Tag—T DNA
polymerase 0.3 pL, #H DNA 0.3 uL, ddH,0 #ME S 25 pL. H IHEER pvdS i 74186 PCR FEF: 95 °C
AR 5 min; 94 CAEME 30's, 55~70 ‘CiB-k 30s, 72 CZEMH 30s, 30 MiEHF; 72 CHEM 10 min; 16 C
PR PCR iR AN 2 A PCR P=4) 43 A HEAT AL

Fz2 RWFTAMSIY
Table 2 Primers used in this study

514 Primer J¥%1 Sequence (53" H 1t} Bt Purpose fragment
pvdS-F1 GGGGTACCACTGCTGTGGCGGGATGTTC (Kpn 1) 184 351 bp pvdS F Bk
pvdS-R1 CCCAAGCTTCCGCGATTTTGACCAGGATC (Hind 11I)
pvdS-F2 CCCAAGCTTCACCTACGCCCGCCACTGAT (Hind T1I) Y14 330 bp pvdS Ji Bt
pvdS-R2 GCTCTAGAGGATGGCGTGAGGAGTGGAT (Xba I)

1.3 B8ER pvdS FimF589E L

H HIZER pvdS T30 18 A BER FH Kpn 1R Hind TH Y], R34 7 BER ] Hind TR Xba T AU,
F AR AR pEX18 K] Kpn T H1 Xba T XUEEY), 4%, MRS pvdS Bk A BE TS0 pEX18-pvdS™,
BALAL KIAAT 1R DHS o 5 HEAT W (A BETRE , ZEAHAY. () Gm 50+ X-gal 100 pg/mL 1) LB ~F-# Pkt 1 7 5
%o K519 pvdS-F1/pvdS-R2 #E{TH 7% PCR Kk
1.4 FHRRNESINIE. SHUMARLE SR

Fobifide . REEYIRYE S 2% SCRR[81HEA T, ALK pEX18-pvdS WAL AL KIBATIE S17-1pir J5HE T
W A BEG G, ZEAH Y. Gm 50+ X-gal 100 pg/mL [ LB “Fh - #kik i (L 2 i 9%, BT 5149 pvdS-F1/pvdS-R2
HHTH T PCR 6AE. NGRS SCR[9134T, SHEHEUR B YL-1 RUKIFF B pEX18-S17-1
P AT, pEX18-S17-1 B SEIIN 4 "CUKAR, IR YL-1 W 30~35 CoKEALEE, bl J5 ks pEX18-S17-1
WS R AR YL-1 B H 200 uL % 1« 1 ELBIE S, 28 CHE LB PRI A HA R . oy B4R
BIANRE B =], FrL AU 4510 pvdS JER v Be S 2 AR B — SR MR i YL-1 9L 4k pvdS JE
RAFJEES ., EAFRA Gm Hilk, ZAEHE Amp Hirt, # LiRE S E AT L RKER, WAESH
Gm 50+Amp 100 pg/mL [ LB “FH [ 28 CHigE 2d, PBILESHE T CASSHIL) .
1.5 EE&TFHITEEFSN

FHK B A 25 FR AT AR B 7% T 10 %R+ Amp 100 pg/mL ) LB “FAR EXIZk, 28 CHiF: 2d A K
Y, R AREAK pEXI8 LITHIENRICIEN sacB, I BERE K IR ) 0 18 AT MR BUE, K
PR T R R BUAE - B AR B TRT AR o PR S B SR B 7, 43 K Gm 50+ Amp 100 pg/mL F1 Amp 100 pg/mL
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1) LB AR, FLJ&EFE Gm 50+Amp 100 pg/mL ) LB PR EAAKIMAE Amp 100 pg/mL (¥ LB PR FAK
AR Y ve B 2R I LR A RS e, BVERAG SRETHEUR IR YL—1 1 pvdS FERI S A5 KR, 44k ApvdS. HIK#F
2 GBI ¥ T 5 mL LB WA 7, 28 CREFRidA; 70 “CHMIRIE.

RS TR SRR S B R AR KR L 4 DNA E BB, W95 H B IE R pvdS 5149
pvdS-F1/pvdS-R2 34T PCR 414, H 1%Z5Ta b e ek 4384 v BL ) oKD
1.6 kshEEhFNBEEEEEhaE HE

BAE A ROGIR[10], KR A 250U A R B PR YL-1 RISEARRE ApvdS SRV 53 5l AR TR B fg
NRBHEIZ SRR MRTFRIE L, 30 CRIFE 24 ho 405 2 H8HE B8 sh e85 IR 3L 10 2 T LARE b s Ay [
] JAFAE, BRI — R R,

1.7 HEKH%ENE

ERAE LS ISR 117 YRR AR U TR PR YL -1 RISSARRK ApvdS FRLIF V& FER 3 20 mL LB AR 70k,
28 ‘C. 150 r/min ¥ HFEE ODgoo A 1.0, 2 1:100 FIELEIFEFI 2] 100 mL LB AR 736, 28 C.
150 r/min PR35 K575, G 6 h UFE, W& ODg, 3 KK, HCOFIIMHE.

1.8 BEHESENE

SRR ApvdS T2 A AN 45 2 OSSR 1 71 . JTORE pUCP26 2 KT B8 — 18 o 1 2 AR 2 A
WA 2B RIS pvdS-F1/ pvdS-R2 HE4T H (FE pvdS 1) PCR §714, #4452 itk pUCP26,
I T7VEA) 1.3, M H 13N pvdS B EALTOR pUCP26-pvdS, stk #54b KA # EC100D pir',
Mk . RUEETIAE] 1.4, SROCER12]0 7775, K 50 uL RAZKE ApvdS B2 A MM 2 pL H4
Jihi pUCP26-pvdS BY pUCP26 Jtki, JEAEHEN 0.2 CM B RTHA BB b . AL 2.5 kV, K
AR AR A, Wiy 2 s i, AL N 5 mL () SOC WiiAR; 783+, 28 “C. 200 r/min & 7 4 h.
HALPEHIEL 100 pL ¥R AT T35 25 ng/mL VISR EPMER) LB T4k, 28 ‘CH:FE 24 h, 3k#3 ApvdS HANFEFER
2 Tk o R A ApvdS—pUCP26,

SREHERP B YL-1 P pvdS JERE o IR, RGN s o BRECEF ALY B AR YL- 1. ApvdS FE7ZHk
ApvdS HANERE . 2 ORI T E AR ApvdS—pUCP26 ¥ FRLE 75 73 HIFE 5 mL [RREEk R IE B SSA MAAR: F- 58
1, 28 'C. 180 r/min FEIKTHEFE 48 h, WHRMEERFRMWBUE, FIRH 66T (UVmini-1240,
SHIMADZU) #3ll OD40s/ODggo 18"

2 HERSHN

2.1 pvdS EE B FFI R 1E
DUEF A= RUBFE YL-1 () DNA B . PiXt 514 pvdS-F1/pvdS-R1 Fl pvdS-F2/pvdS-R2 4334T PCR,
IR1T pvdS FEKI W B 43 00k 351 10330 bp BN 454 (B 1), [ PCR P~ T, R a Eexy 5 8 A=
TURER YL-1 B RYETE R 100%.
a M 1 2 3 4 5 6 7 8 b M 1 2 3 4 5 6 7 8

bp bp
2000 2000

1000
750
500

1000
750
500

250
100

250
100

a: ¥4 351 bp pvdS [ Bt To amplify a 351 bp fragment of pvdS; b: 744 330 bp pvdS [ Bt To amplify a 330 bp fragment of pvdS
B 1 BWER pvdS FinFF5 (a F1b) K PCR ¥ 14

Fig.1 PCR amplification of two end sequences (a and b) of pvdS gene from YL-1

2.2 pvdS BERRER B E
FTHRIE ) 10 ANMFEAL T2 PCR B uF Y A BAPE v fE, 439 BER/IN A 700 bp 247, BF A RUTR bR YL-1
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pvdS FER Ay 1200 bp 247 (B 2) o sh$EE 4150k, F Kpnl A1 Xbal SEATXUEFD], $RA5 0k 417 Fl—4% 700 bp
KA, RWEA R R (B 3) o BTYUTRL pEX18-pvdS HAL &5 R, kit 6 M7
B BAPE R, B H BRI 700 bp A4, SEAUTORL PCR 184001 K/h—80, RIFFALKTh (B 4) .

M + — 1 2 3 4 5 6 7 8 9 10

M: DNA marker; +: YL-1; —: E.coli DH5a; 1~10: pEX18-DH5a
2 ERN pEX18-pvdS ¥ L X &E DHS« R E % PCR

bp
2000

1000
750
500
250
100

Fig.2 Colony PCR after transforming E. coli DH5a with recombinant plasmid pEX18-pvdS

M 1 2 M bp
15000
7000
5000
2500
e

1000

250

M: DNA marker; 1~2: pEXI18-pvdS
3 FHERK pEX18-prdS B EIL

Fig.3 Restriction map of recombinant plasmid pEX18-pvdS

pp M+ — 1 2 3 4 5 6
2000

1000
750
500

100
M: DNA marker; +: pEX18-pvdS; —: E.coliS17-1; 1~6: pEX18-S17-1
4 EHRFN pEX18prdS FALKIFHTE S17-1 FE% PCR
Fig. 4 Colony PCR after transforming E. coli S17-1 with recombinant plasmid pEX18-pvdS

2.3 RITKK ApvdS BIFRISFNIEIE

DA 7 J 20 J5ORL R K WA 18T pEX18-S17-1 A IARTRT, BY AR B MR YL -1 RS2 AR B AT [ AH DB i e 5
.

PRSI T 3L L A, 51 pvdS-F1/pvdS-R2 347 PCR 3184, Bk 5 MES 1 LB AR
BIPE YL-1 2> 500 bp ZeA4i B (8 5D, PN AT IR, 25538 pvdS JERI 588 1) .
2.4 RITHRIKEhAEE D FNBEEIT BN AE

TKBNRE IR I 5 SRR, 28 CHEFE 30 h, HFAEAUBERE YL-1 FISEARHKE ApvdS I E e TE BRI R,
PR I LT T ZE 0] (B 6a) o RSN AE I AT INGE R, 28 CHEF% 48 h, TEAZRE ApvdS H
RETE AR E A BRI (K 6b) , RIMYHLAE ) B2 TR, VLSRR M AEE 2 A ) I 2 R I%.
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M + — 1 2 3 4 5

bp
2000

1000
750
500
250
100

M: DNA Marker; +: YL-1; —: E.coliS17-1; 1~5: ApvdS
El5 MIZiEE%E PCR

Fig.5 Colony PCR after double crossover

a: Vk3Ifig ) Swimming; b: #EEEIZFIHE S Swarming
6 EFHEBIERR YL-1 FARTEHE K ApvdS iEENHE S 16

Fig. 6 Cell motility assays of wild type strain YL-1 and the mutant ApvdS

2.5 RTHREYEKC
PP AT RR YL-1 FISRASRK ApvdS (£ LB B IR A A IEAR —5, 0~24 h IR, 48 h JnA K&
TRUE, pvdS BRI RAS F IR A K BAT W (B 7).

—a—YL-1

WK Cell density (ODggo)

0 6 18 24 30 36 42 48 54 60 66 72
}i:J7I ) Culture time (h)

B 7 FFAEREFEM YL-1 FARTEK ApvdS £tk

Fig. 7 Cell growth of wild type strain YL-1 and the mutant ApvdsS in LB medium

2.6 RTHEHENDE

R AERIRIAR YL-1 AHLG, S8A8RK ApvdS ARSI fa e IR 4 6, 1597 48 h Jo, BFAR BB YL-1
[f) OD4os/ODgoo {H 4 2.41, SEA5KE ApvdS I¥] OD (IR FF%, & 0.53. HANERREWK R RAL, WS FRG
RS, R 48 ha, HLAMEFRE ODaos/ODgoo 1A 2.10, SEFAERITEIR YL-1 I W22 5. 0 I
¥k ApvdS—pUCP26 WK I7 5 A T4k, 1597 48 h ) OD4os/ODggo 4 0.48, 55845k ApvdS Tl i 7
5(EI8. & 3) o DAL RV pvdS LR 026 R 5% M T B K YL-1 WERRER 15 1k
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1 2 3 4

1: BPA R A Wild type strain YL-1;  2: 58Pk Mutant strain ApvdS; 3: HAMNEFE Complementary strain; 4: Xf B % Mutant strain carrying empty
plasmid as control ApvdS-pUCP26
8 IAEMEFESNFERRERNRTHRIESRESDER

Fig. 8 Pyoverdine secreted by wild type and mutants in selective cultures

£33 FHAAENK. KT, EHERNBEKRIKIETRE ODws/ODe EiR

Table 3 Measurement of pyoverdine secreted by wild type and mutants in selective cultures

L7 K572} E]) Culture time
Strains 12h 24h 48h
WA Wild type strain YL-1 1.52+0.14 a 235+023a 2.41+020a
58745 Fk Mutant strain ApvdS 0.410.21b 0.4740.15b 0.5320.21 b
HAMN#FE Complementary strain 1.4940.09 a 2.03+0.17a 2.10+0.18 a
X HEE#K Control strain ApvdS-pUCP26 0.37%0.13 b 0.4240.12b 0.48%0.17 b

3 itie

— NI SRR ZR IS, AN E A TR RE A R 3 NS ARG B R — AN BN FR . A R X
AR PISRASHC . SRS 55, Je R i 40 w4 i 2 0] ) LR A 3 30 DNA M\ —/N 1R 2 5 — A4
MR AR, XA R N A A Rk s Y . HORTZE B A . JOU A . AR N L TR
P PEAE B E T g o, FIH W EC AR 2ok T DNA R, EEGHBIIRES, AR E RS2 A
R A AR AT AE AN FIELE R IR, AR AR S K AT A SM10 FAR SR L 1E PAOT
WG, 37 CHratgs, kiR KT S17-1 A9 P303 R4 )5 28 CHHEFE, 46
I 95 A5 O S B A P B A K AT R A G 28 CHLRESR, BREE U THGE KT B B S /N A R
30 ClrEM AL TR . (& TA RIS WA 2RO, BRI S, HararEH B
PRI A DL P 26 A8 st A 45 A R TE ,  SIEI6 = FH S B Y 26 A8 IE D7 V2t AN R SE IR BB MO R YL 1 [ aei A%
oAk, DA ST P SR B R M o AR T e GRS 1, 43 AT TR BE PR B, K # i pEX18-S17-1
BORICON 4 CUKH, SHEMBUAIE YL—1 B 30~35 C/AKBALTE, BEGIRA 28 CIHEFE, Wahiki
i, I RRY], MRS G0 R G RS R ZR P A RS2 AR R ) PIAR BRI RS AL PRI R 55 250 &
KL, BRI 515,

SEEMBURIE R YL-1 TPt EmE ek 25 (Pyoverdine) £ i3k N % L pvdS FEIH v] DL RE Bk 25 10 5%,
R an SR pvdS FERIEIRIR, PR ERBREEANRE S G2k 5 - BF9T 4 BRI, MGk R R85 72 pvdS
FER ARG B R R IR ) W TR, WA B AR R AR A I ak ta, R EANG REME R, 5
HEM 25 R —35, Bl SRR M P YL-1 (IR Bk 3R & A G E N pyvdF pvdL, Wy AH CSE N phzE
phzF “EYHAT T R FA ST REI0AE (7 3CRER) , R R RN sacB AT ISR EHE I B et AL AT
REAE . =

AW SE R, Ee B B Y1 pvdS N 5 REEIZ B AE Ao, SRARMRIBESEIE I fE /)
WE T, FRIEI SRR TR NI, B RS g Rk 2088 F2 & IR 4 40
VETE RV, RIS EARIE B N — Pl 2 4 AT 4 S 9 AR A AR 2 AL o HEAR 12 3 7 40 11 e Bl 2178 241
LUK JEERIEIE R A 25257 T R 3% T s E U MRS s I 2 2 RN,
Gao Z5HE A AE W A BEAA KN (quorumsensing, QS) fiE Jy (3 I el T 40 5 I #EAEIZE); Guo 2520
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HUBEE BT 5 4 (c-dinGMP) MPRAURSUILIE (AT “LUH” ) IRHEEEIH IEERI . SE6T 1
W YL o pradS 3[R T S B BRI RS B0 RE J0 HSHE A AW B R 4 T B
RN
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