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Effects of wbnH2 on biological characteristics and
pathogenicity of Erwinia beijingensis

CHANG Xiaoning"?, LIU Yu', GU Tongtong', GUO Jinying’, SONG Zhongjuan',
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1 Beijing Engineering Research Center for Edible Mushroom, Institute of Plant Protection, Beijing Academy of
Agriculture and Forestry Sciences, Beijing 100097, China
2 School of Landscape and Ecological Engineering, Hebei University of Engineering, Handan 056038, Hebei, China

Abstract: [Background] Bacterial soft rot caused by Erwinia beijingensis results in serious economic
losses to enterprises. The biological function of the glycosyltransferase gene wbnH?2 in E. beijingensis
remains unclear. [Objective] To explore the effect of wbnH2 gene on the pathogenicity of E.
beijingensis. [Methods] Homologous recombination was employed to construct the E. beijingensis
LMG 27579" wbnH2-deleted mutant A-wbnH2. The biological characteristics such as pathogenicity,
growth rate, motility, biofilm formation, and adhesion of A-wbnH2 were studied. Further, we used the
broad-host-range plasmid pBBR1MCS?2 to construct the complementation strain C-wbrnH2 for excluding
the polarity effect-caused phenotypic change of the mutant. [Results] Compared with that of the wild
type, the growth rate of A-wbnH?2 had no significant change. However, the deletion of wbnH?2 resulted in
significant decreases in polysaccharide secretion, biofilm formation, adhesion and pathogenicity.
[Conclusion] The glycosyltransferase gene wbnH2 affects the polysaccharide secretion, biofilm
formation, adhesion, and pathogenicity of E. beijingensis, playing a role in the pathogenic process. This
study provides a theoretical basis for the prevention and control of bacterial soft rot.

Keywords: Pleurotus eryngii; homologous recombination; bacterial soft rot; Erwinia
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2 T 1 4K 9% (bacterial soft-rot disease)’'"!, &
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T & B P i 1§ (Pseudomonas
syringae)”'V F /K F% ¥ MM B (Xanthomonas
oryzae) VI IR Y R B AN 22 W R
BT o IR B 4 W 1 LA 22 WA B T
RN i 3 B 285 B I 5 e g i T A S O T B e
J11B1 B HE RS i (glycosyltransferase, GT)J&
AEYMRZ G P i B AT, GT L — b
FEpA ERBR R B — 2K b, OB
FEBHF MU E T 2R ey, mrgs R, b
BRI R i A Z2 Mo S v 2 S EUR AR DG . A
Jili R 4% BR B8 (Streptococcus pneumoniae) " 11 1E
4 il 5 B il T T T 8 4% 1K R AR 0 B ) O K
ST L RS SMUS833 2L TE
i B [# (Streptococcus mutans) £ W) & B X 55
J1 T AP0 FyvCpsA B I 55 B2 il 5 465 IR Bk
J1 & (Fusarium verticillioides)) =1 . W&
BN B 7 2 S BT b T WK S PG B A A —
AN LR RE WS N whbnH2, K/INR 1029 bp,
J& T hE L B GTB AU K K (glycosyl
transferase GTB-type superfamily), i J5 & = ¢
1 Ead k5 5 i (log, (FC)=2.58, Q
value<0.01), M7 i%3E B 5 b 50 BR ST R B A 2
W I BAEECR . AL wonH2 B[ Ry b
FEXT G2, 38 2ok [ 5 2 ) A R TR O A
5B A BRI AR ST LU R, $RSY whnH2 LA TEL
SCOCIRTE PR AP AT, B 7E W H AL 5t BR
SCPR TR Y S S SOR B IR, Ay o000 - 240 R 4
JEE 90 R 17 38 B LAl

WL

1.1 E#RFRR

b 5t Bk 3 K B (E. beijingensis) LMG
27579". HABRL pREL12, KIGFH(E. coli)
WM3064 . KIGF#i(E. coliy DH5a. J 5 %k
KR pBBRIMCS-2 31 0 AR 5L 28 BT AR A7

baumannii)*" |

1.2 EERFIFNEE

FIEHR . AFER, LR REDHA
HIRAE; Z8HEFE M, JtatiRylEYRHY
BBRAFE] s M, A TR TR () A B
ol Bl b, FEER R RBIE AL Bk,
Je ot B Ve R A IR SR A Rl AR SR R 4
DNA $2HUGA & . BOIRAEBE R mNoatR £ . o
BN, RARAEMRHE A s RA R
ok s RGN &, hE A YRR AL ) AR
ANaly CEE, BT TR () A PR A F] S
%, bt BRI AT A A

AR A, SRR
BAWRAR; 2RERG M, KeRRE
AR B A R A A WA . R 20,
Eppendorf 24wl 5 AW L th . A IGF4H . o
FCHAKIRVKAE, Thermo Fisher Scientific 23 7l ;
ZIUIREBEAR L, B4 Bk BRI A BE (R A FR
vl BARHL, RIE(PEYVARA T 235N
BRARG . PCR BIFEIAMYL, ASRAEMES ™ (E
AR FL
1.3 ExHE

LB MILLER R7#55%35, BD 4F]; TSB
JEEE R R G R 973, Oxoid A+ .

LB WA %3, 2 ¢ LB B3 F 100 mL 22
Bk LB ARG SR 2 g LB, 2 g B
BRIV T 100 mL K8 T /K9 ; TSB Ki#idt:3 ¢
TSB ¥y T 100 mL 255 F/K b s At g v Ky %
S BB E G LS, Wi, A 200 g 4%
BIA 300 mL 850K, ¥, 4 224,
PEACKLUE, K, BUR LG, UL, b
T T B A B VT R s 30% A B % T A B 5%
B&: 30 mL AFEIEETT S, 70 mL ZE K
30%AT B gk T AR SR L. 2 g BiUlE#, 30 mL
AU EHER, 70 mL BTk 0.4%3 IRk
LB 535 4::2 g LB ¥5,0.4 g BUIEMEIA T 100 mL
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FB TR A5 0.4%Iut i A A G0 4 7 4% % 0
0.4 g Bilg ks, 30 mL A IgETT M, 70 mL %
BTK; A R IR /%%, 1x10° Pa K
i 30 min, 5.
1.4 S|IHIRITS &R
ARSI K| W A T A TR () B
AT BR A FI A, FF ST i b R R
Al PR Ss , B K IR B R 1 R
1.5 wbnH2 EEELKREIEE
1.5.1 wbnH2 EFE ETFRIEE F Bt
DAFRER I BROC IR FE [ 41 DNA S
Me, FIH AL 519% 34 H 3L E wbnH2 (1)
W RIS BL, A2 5% 3 i R IR
B, PCR WA Z (50 pL): 5xGC Buffer 10 uL,
dNTPs Mix (2.5 mmol/L) 4 pL, 1E 05 4%
(10 mmol/L) 2.5 uL, JZ[a 5% (10 mmol/L)

®1 ALEFTRASIYY

2.5uL, A AVERE DNA (60 ng/uL) 1 uL, DMSO
(10 U/pL) 1.5 uL, Phusion fifi(2 U/pL) 0.5 uL,
ddH,O 28 uLPCR J b 5 14: 98 °C 5 min; 98 °C
30s, 55°C 30s, 72 °C 1 min; 35 MEFR, 72 °C
10 min; 12 °C £R-AF o 10%I I BHEE I HL Tk 50 I
it 1 Bt M B 5E e mT O ) B T 3R AR 1Y
wbnH2 BRI F R Ui [R5V A Bealiqb |,
[ 77 ) B F—20 °C VKA ARAE -
1.5.2 pRE112-wbnH2-WM3064 B 3% KN
M

i Kpn 1 Fl Sac 1%} pRE112 [ A% 50k AU
Y. BB G 0 B S whnH2 B || Rl
TR R BEoR R JCAE v P i B E A T4 42 (10 pL)
pRE112 (20 ng/uL) 0.5 pL, wbnH2 | i [a) 5 5
(60 ng/uL) 3 uL, wbnH2 T iji# [ J5 ¥ (60 ng/uL)
1.5 uL, Mix i 5 uL. BHERE=HYTF 50 °C 4%

Table 1  Primers used in this experiment

GIEEA S ElkZE 2l K

Primer Primer sequence (5'—3’) Product

name length (bp)

Al/F GTGTAAGTGAACTGCATGAATTCCCGGGAGAGCTCATGAAACCAACAAAAATAAAGGTA 1158
ACTTTAACAAA

Al/R TCCAGAATAACATCCGTGTTATCACTAATTCAGTGCCTGAATATCAGCTCTCTCCCTCAAC
CATGTTGTG

A2/F CACAACATGGTTGAGGGAGAGAGCTGATATTCAGGCACTGAATTAGTGATAACACGGAT 1121
GTTATTCTGGA

A2/R GATAGGGCCCGATCCCAAGCTTCTTCTAGAGGTACCACATTAAAGAACTGTGGTAATTCA
TCAAGTGATGTT

BI1/F ATGAAACAAATTATTGCGGCACAAA 1029

BI/R CTACCGAAGAAATATTTCCTGATAC

B2/F ACGCAAAATATTTTAATGTAAGGC 3409

B2/R GCCGAATTATAGCTTCTACT

CI1/F CTAGAACTAGTGGATCCCCCGGGCTGCAGGAATTCTATCCTATTCATGCTCTGGGTATTAT 279
ATTGAGTTGTT

CI/R TGTCTCAGCGCAGTGTAATATCTTCATTTTCATCATTTAATTATCATCGCTATGTAAAATTTT
TTTTAATC

C2/F GATTAAAAAAAATTTTACATAGCGATGATAATTAAATGATGAAAATGAAGATATTACACTG 1029
CGCTGAGACA

C2/R GGAACAAAAGCTGGGTACCGGGCCCCCCCTCGAGCTACCGAAGAAATATTTCCTGATAC
AATTTATTCGT
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5 min. ¥ pRE112-wbnH2 [ %5k 8 A 51k 2
B IR G R K AT WM3064 1, Kk AL )E
JRZ EMMTEA T &H S0 ng/mL AEHE M
50 pg/mL 4 JE BF — IR (2,6-diaminopimelic
acid, DAP)MHLHE AR |, 37 °C ¥iF%, PCR
56 UF 0 6 PHAME se B 1, 1 — 25 38 1 0 6 E
1.5.3 HEIESHB SRR

W A R SCEG TR B AR R B AR (DL R AR
WT)F &4 pRE112-wbnH2 5 K 1K) K AF B
WM3064 433l F LB KiFWAE&A 50 pg/mL
Cm. 50 ug/mL DAP [ LB B30 i 351412
WHAEAL 5 h, BU1 mL WT filA 500 uL
pRE112-wbnH2-WM3064, 12 000 r/min #.0>
1 min, A 1 mL LB 838U 2 Ik, .05
KRG ERE T 0.45 um JEME |, 28 °C #'&
BRI . UG, 1 mL LB R np
PE, 28 °C &4k 90 min, HL 100 pL RAi&AH
50 pg/mL Cm ) LB ¥4 |, 28 °C #5355 48 h,
PRI EiR BRI BRI TE Y ORISR S, IR
i 120, 160 240 & 320 g/L REREAR , 28 °C
Brfrad, KIWREE T 30%7 645 11
M BRIZ, 28 °C K FRid i . Phik 5B A= BB
SHFM R, B TWIL LB K 3R 28 °C,
180 r/min #5FE %, HRILE Cm FAr, BEH
LB VAR FBEA K H Cm P AE K B bR AT
ARG UE I A AL 4] DNA $2BGR 5 &
$EHU DNA, M B1/B2 514 PCR ¥ ib% 4 F,
W Bk L B Y B R A 44 0 A-wbnH2
1.6 wbnH2 EEEI4MKRIDE

s, A CL 1YY 1E whnH2 3
WIEsh 7R B, R C2 51y 1 whnH2 3t
KR Bt, PCR J A& (50 pL): Phusion
(2 U/uL) 0.5 uL., GC Buffer 10 uL, dNTPs Mix
(2.5 mmol/L) 4 pL, ddH,O 28 pL, FiHx DNA
(30 ng/pL) 1 pL, 1E. JM5I#(10 mmol/L)5

2.5 uL, DMSO (10 U/uL) 1.5 pL. PCR J2Jii 4%
. 98°C305s; 98°C 10s, 55°C30s, 72°C
1 min, 35 MG, ; 72 °C 10 min; 12 °C {#£4%,
PCR % iF . #| fl Xho I/EcoR 1 Xf Jfi ki
pBBRIMCS-2 #17 Y . ¥R+ hES
wbnH2 3R BN pBBRIMCS-2 JFikr k17 JC4%
HHE, EIEAZRAOUL): Mix B 5 uL, BT
F B 31 ng/uL 1 pL, wbnH2 3R A B 37 ng/ul
1 uL, pBBRIMCS-2 J§iki 44 ng/uL 3 pL. #E# )5
AV T KT (E. coli) DH5a, 37 °C 5354t
o PCR BGAEIM)T, ik HME s+, M50
WEIER AR S A-wbnH2 BEATHG %, PCR
B UE G e AR A 7, S R IR LR R
44 C-wbnH2 .,
1.7 E£KZNE

AR IE P R B 30% 75 B 7% VT B R 3
LB #5557 5 LU BB A5 A1 1A b 35 R SC IR 1Y) 22 4
AL, PRI I AN TR B FR Be vl e 2 AR bR
AR EE . BLARSERAE Dy PRIE st BROC IR
BF A RUBE R WT FIZEAE R A-wbnH2 BERE I B TH
%, SrONEERE] LB KRR FR Y, 28 °C.
180 r/min 3577347, #5 BE 1:100 (R HO) DT
10 mL LB iR FR L, 64k 5 h, FikE ODgoo
J9 1.0, ZrHVEER 100 mL A LB 1955 K
30%A B IR SRR, B 6hilE, &2 h B
— W, FEHURE 10 ¥, 1 A AR G 5 ODgoo 1,
GeitgdE, IFAmI AR ML, BRI
AR R RR RS AR R I AR K R 22 . A
WIGE 3 M EYFEE
1.8 HmINE

J T EBAE WT. A-wbnH2. C-wbnH2 i%
3 BREARIBOR SIESL, A RIAELT 2 NS0
Bk .
1.8.1 B AREEMIIIE
BB WT. A-wbnH2. C-wbnH2 BATH
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%2 3 mL LB W {AKEFHH, 28 °C. 180 r/min
Begead 9, #2208 1:100 HeB -6k 5 he ik
BRI Z ODgoo H 1.0, B 60 pL #EFh T35
FIALE AT B s - |, 28 °C B & 1555 24 h, LR
BT B A B 2% A O BAPE XS IR 6 FH R JEARHLAA
W, ML E S MYrEL .
1.8.2 FLAEMINIE

PREL WT. A-wbnH2. C-wbnH2 A&,
3R R LB AR EE IR 5, 28 °C. 180 r/min
Bigead %, #HE 1:100 L4 #0 T 100 mL TSB
Bge ke, 154k 5 h, A EHKFBE ODso N
1.0, AF8EgE AR ANY 2 em, BAE
ACMIE R 1 mL, REEEEN 16 °C, BN
80%, TEEHWEREHehifiRi s, T2h EHER
JERMLIE A RE, R Imaged 0
AN FRERATE R, FAHLREE S N EY
HEAE
1.9 ZEEENE

2 B8 T 0 S PO R BTk R VR Bk I 2 T
MR Z A e g1 . ks 1.7, W
FRWKE 2 ODeoo N 1.0, ¥ WT Fl A-wbnH2
BN BRI T 100 mL 30%75 fif g v 35 75 3k
1, 28 °C. 180 r/min 3%3% 21 h, 6 000 r/min =
O 10 min, FFEULIE, BIEMA 4 F5RE OB,
4°C &R, BUH 6 000 r/min Z5.0> 30 min,
s+ b3, DIEMCREKER, 6 000 r/min &0
10 min, FUCIE, BMH AR . FIHZEH
B R 0 5 22 WG 8, R A i L R 1YY L 31y
1:2:5, IRAWEEHE 30 min, AR ICT
490 nm AL E IR ERE . S B Wang &P 7 vk
TE 30%A i 4 71 45 752 3 A 9FAh 2 HdRI £
W AR ) o BARIRAE DY . HIJCTE o 2wk UA
W, e B AR, 28 °C FHERISE 24 h,
i R JE PR E % . U S E 3 M
-

1.10 “40ER A RE M E

Z: B8 Zhang %5 POV 5 1% I E R 1 Bl X T A
() 4= P IETE B RE T AT o B Rk 3% Jr =X
1.7, B HERRTE 30% A Bl g5 1 5 R 3 h g1k, &
e WT il A-wbnH2 BB E 2 ODgoo N 0.02,
3 200 L FERAEF T 96 fLtRkH, DAKRIE
BRI 30% 785 fif 2 1 W 1A 85 75 B4 b 28 o B
28 °C W E 5% 2 do W AR, FHICH PBS %
R P, HARKT 30 min, A 200 pL 45§
Seyufayl, Yed 30 mine JHICE K MhkER BE (9
P, HEBRONIE. K 96 FLAHE T 37 °C
B FRAE Y, WRHET . A 200 pL 33% KRS R
W, 37 °C HTE 30 min, RN 570 nm
AW . BRI E S M EYSEE
.11 EFIMENE

M4 Raterman 250K )y vk IR 18 oo gk ot
R PRI B AT o PRk 3R O ] 1.7, 7R
B WT  A-wbnH2 Fl C-wbnH2 B K FE & ODeoo
1.0, 438 3 pL BEIRIERN T 0.4% LB Btk
SEARF 0.4% A B 5T SR HEF- A, 28 °C i Frid
W FIFHZRCAHNATIE, ] Image] FMN &
iz s B A, R E S M EYEER .
1.12  FHMIgESIME

G Kutschera 252 5 ik R 1 ek
5 VAR G B RE 1T I0 5 o B AR S AR O 2]
1.7, %k WT Fl A-wbnH2 WK 2 ODgoo
0.2, 010 pL R VAP B SE AT B AL 1) 2 em
Al b 28 °C FE KSR 24 he 1 mL &
P 0.85% NaCl My R, DABR AR BHHT 4t i,
7t 5 mL JCI 0.85% NaCl ¥ 7 PRI Z1 e s% 30 s
DARECEL B 20 B0, 6 R BT AE LB [EHARF
M b AN TR B R IR S AN EYE
HE
1.13 HESH

PR T 3 ¥k, M DPS V7.05
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A VEAT R 2 Ve T, B 3 A 3 (E hn o 25
Fone EFBEMSHIH P<0.05. P<0.01 F1
P<0.001 £5 .

2 EREAW

2.1 wbnH2 EF KRB+ KAV LERE
K A T V5[] 26 4 7 A8 28 whn H2 A L2 2%
SRR AN 1A Fis, B C2 519555 A-wbnH?2

A

bp M WT A-wbnH2 bp

10 000
8 000
5000

2 000
1600

1 000 1029

700

bp M WT  C-wbnH2 bp

1029

4T PCR Bilk , LAF A= R B kR WT JE[F 41 DNA
YEMBRPEXTHR, WT &34 i 1029 bp (wbnH2
KA R B, 2878k A-wbnH2 KA1 H 4
i o M FBAE B2 5190 PR AT I E , KEZ
R 1B fin, WT Al 4734 H 3 409 bp K/MEY
F B, AR A-wbnH2 14 H 2 380 bp K/NAY
H B, R wonH2 SR ER, 587450k A-wbnH?2
PR

bp M WT  A-wbnH2  bp

10 000
8000

5000
3409

2000 2380

1 600
1 000
700

bp M

10 000
8 000

5000

WT  C-wbnH2 bp

3409

2 000
1 600

1 000
700

1 RTHRREHFKEELER A NISIPRIERAREE R B: BIES |5 R AL FRIGUE S,
C: WS UE FIAMELS R D KUES X FIAME IR IEZE 5. M: 1 kb plus DNA Ladder Marker;
WT. HFAERIERIE 4 DNA; A-wbnH2: 5878 FRFEN 2] DNA; C-wbnH2: [FI#MEFE[R 2] DNA

Figure 1 Construction results of mutant and complementary strains. A: Internal primers were used to verify
the mutant results; B: Verify the verification results of primer pair mutant; C: Internal primers were used to
verify the results of complementary strains; D: Verify the verification results of primer pairs. M:1 kb plus
DNA Ladder Marker; WT: Genomic DNA of wild-type strain; A-wbnH2: Genomic DNA of mutant; C-wbnH?2:
complement genomic DNA of the strain.
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[A]F MR B UESE 4 & 1C fras, A €2 5
Pyt AN C-wbnH2 HEAT PCR B:F, PR
BITRbk WT 73 H 1 029 bp ¥, [aI4Mk
C-wbnH2 4 3 AR 2544 . (HH B2 514 X0 %t
AN PR B E, KEgs R 1D Fis, %
A BRI HE Y 3 409 bp W, [ATEMAK C-wbnH2 3
38 A R 45, 26 B [BI Mk C-whnH2 ¥ 8 ST
2.2 HKphZENE

R T AT whnH2 FE R R BR 5 2 15 2 5 E iR
A RARBEAT R, 43 4E LB KR gRIE M 30%
A B 2 5% 7 5 v H A b e IR S FG TR A R
Pk WT Fl A-wbnH2 BAERAT O AR 2 &
SR mE 2 PR, fEAFEEIRIEET, 2 PRIk
AKBESI TCHI R 22 55 (TR 30% AV gk 1 55 5%
Forp 2 BREARIAE K BE K F7E LB 533k
A KEE S . PR SRR, whnH2 R
3R AN 5 1) T TR S R 7 A K R
23 HBmAME

KT EAE WT . A-wbnH2 K. C-wbnH2 %4
5 (A BORRE T, X 3 AR B 43 0 R B AR R 1
TG R SRR I UE bR BUR M, 5 A 3
JiR o B 3A g s AR Rh A, AT DL S E AL

A

CK WT

A-wbnH2 C-wbnH?2

Lesion area (%)

—o— WTLB
—m— WT Pleurotus eryngii juice
—a— A-wbnH2 LB

—— A-wbnH2 Pleurotus eryngii juice

1.8
1.6
1.4 W
212
3 1.0
g 08
0.6
0.4
0.2
0.0 1 1 1 1 1 1 1 1 1
0 8 10 12 14 16 18 20 22 24

t(h)

2 FEEFES WT T A-wbnH2 E RS KR
LME  WTLB: BPERIERLE LB AR B IR 2L
PR AR IS WT gt . B A R AR e
30% A B VT WA R R oy A Ko 4
A-wbnH2 LB: ZR7EMRAE LB WMUARE I3 i AR 1
M2e; A-wbnH2 AL FASRRTE 30%75 L4
THBAR S SR i AR A 26

Figure 2 Growth curves of WT and A-wbnH2
strains in different media. WT LB: Growth curve of
wild-type strain in LB liquid medium; WT
Pleurotus eryngii juice: Growth curve of wild-type
strain in 30% Pleurotus eryngii juice liquid medium;
A-wbnH2 LB: Growth curve of mutant in LB liquid
medium; A-wbnH?2 Pleurotus eryngii juice: Growth

curve of mutant in 30% Pleurotus eryngii juice
liquid medium.
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3 HRAOMESER A BEOREEEME; B: TSRMOREREEME; C: AL T AR
Figure 3 Pathogenicity test result. A: Inoculation diagram of isolated pathogenic bacteria; B: Inoculation
diagram of pathogen in fruiting body; C: Lesion area map.
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Figure 4 The results of the determination of polysaccharide content. A: The content of polysaccharide was
determined by phenol sulfuric acid method; B: The content of polysaccharide was determined by plate

scribing method. ***: P<0.001.
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Figure 5 Biofilm formation ability assay results.
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Figure 6 Motility assay results. A: Determination of the mobility area of each strain on LB agarose medium;
B: Mobility plate map of each strain on LB agarose medium; C: Determination of the mobility area of each
strain on 30% Pleurotus eryngii juice medium; D: Plate diagram of the mobility of each strain on 30%
Pleurotus eryngii juice medium. ***: P<0.001.
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Figure 7 Adhesion determination results. WT:
Colony adhesion of wild-type strains; A-wbnH2:
Colony adhesion of mutant. ***: P<0.001.
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