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R EFH B I 2 TR, 8R4 E AN 2] E F 4 bacillomycin D 497 £ /£ 24, 48
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Biofilm formation and antagonistic ability of Bacillus
amyloliquefaciens JK-JS8 under Zn stress

TANG Yuwei, YU Meng, YE Jianren"

Co-Innovation Center for Sustainable Forestry in Southern China, College of Forestry, Nanjing Forestry University,
Nanjing 210037, Jiangsu, China

Abstract: [Background] Zinc (Zn) is an important trace element for the structure and regulatory
system of bacterial cells. In the environment, bacteria exposed to high levels of Zn ions can be affected
on their functions. [Objective] To study the effect of Zn on Bacillus amyloliquefaciens JK-JS8 biofilms
and its antagonistic ability against Sphaeropsis sapinea, and to explore the possible mechanism between
them, so as to provide theoretical basis for the application of biocontrol bacteria in different
environmental conditions. [Methods] The formation of B. amyloliquefaciens JK-JS8 biofilms under
different concentrations of Zn ions was observed, and the effect of non-lethal concentration of Zn on the
antagonistic ability of B. amyloliquefaciens JK-JS8 against S. sapinea was explored by the plate
confrontation method. Quantitative reverse transcription-polymerase chain reaction (RT-qPCR) was
used to detect the expression of biofilm-related genes and the generation of antibacterial products after
the treatment of ZnCl,. [Results] The concentration of Zn ions at 300 umol/L had no effect on the
growth of B. amyloliquefaciens JK-JS8§, but significantly inhibited the formation of its biofilms and the
antagonism against pathogenic organisms. Under Zn stress, the expression levels of biofilm-related
genes such as tasAd, spo0A and bamD were markedly down-regulated compared with the conditions in
control group. The production of bacillomycin D decreased by 39.1%, 58.8% and 61.0% at 24 h, 48 h
and 72 h, respectively, which was determined by the liquid chromatography. [Conclusion] High
concentration of Zn ions in the environment can affect the formation of B. amyloliquefaciens JK-JS8

biofilms and reduce its ability to antagonize the pathogenic organisms.

Keywords: Zn; Bacillus amyloliquefaciens; biofilm; antagonism

fi JE K 2E AT B (Bacillus  amyloliquefaciens)
Je— Pl B AR B OB £ A2 T L B IR R
RE ) AR T 77 AR 0 T ) o, 36 5 22 45 A
TR RE 5 4 R0E 5 T RE A 2R ZE AT R Y A
Wy IS o H BB 7 A 0 20 R R A R
Wy Joi 3R A A FL AT R B BE 0 B BOIR S5 44, 1t
5 A= B TR L T AR I BE 8 A Bl 1% 45 44 o8 Bl
THYR R, SR ARCR e 7R K,
AT BEL 14 At 55 S5 0 11 52 3 20, i 2 e
CAE AN ZF JE AT I FE RE I I AR AR 2
—, HIE iz 2 2R R B, akE R &

SRUBY TR AR B IR BOIRIE SR A L TR R I R T A
fiE ST,

WFFTUER, 25 FRAT B 104 A 00 I RE 0 WO A 1=
e v 1) T 43 R SR BB A 1 A R IR EE R, (A2Y
PR PP 00 2 e U R S e L 2 R R AR )
REE AL U™ Zn VA A= PR 6 5 1A i 43 ) T
R, YEFPE AW AR, SRR A KA
AU EYR LG Zn X ZE AR A R AR A T AR
A, BRI A PR G ZE I iy Rk, faii
TEITV B i LR IR
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S b 4 i A 30 0 — BR X R A RS S A B
PHIVE AL BT B AR, 28 R mERE IR IS Re e AR B
B, ara s g, Hrr A E
BN B W) 5 M T 1 25 2 bacillomycin D, T — 2
PO ER 0 0 (AT 1 8 2 A R TS 1 3 S TEAN ]
20 B P S AR B T B0 2 i ) 2
FERT R A= P RRTE 152 B Y Zn (52 5,
FEAE AR B R RE T DL R RS BURE I R A% F
A N1

WG IRSE Zn W30 R ER 25 AAT
P JK-JS8 AW sE ), i — D4R A W
e Ja JK-IS8 E 4 i M BT RE J1 0284k
AR Sy 77 UE oy 25 FLAT 1R A6 AS [ PR35 v 7 g FH 4
S K

1 MRE %

1.1 HilEHk

fRVEN) S AFT 1 (Bacillus amyloliquefaciens)
JK-JS8 . KA AR I R AAAZ BRSE A (Sphaeropsis
sapinea) J7 ¥ HH FE MO R 27 BRI P 5L 56 %
TRAF -
1.2 EHFRE

1% £ 32 HY K R T M 1% 2% 3 (yeast extract
sucrose peptone medium, YSP £;3E3). & ik
10 g, MEBERY 5 g, BEME20 g, EETKIL,
P95 pH 7.05 [EMAREFREL D) INBilE 20 go M
FRHELIE A TRRR JK-IS8 M A S A WY 1

Th 4 A 5 W 3l 15 9% 2 (potato dextrose
agar medium, PDA }i3%E). D482 200 g, 7
HBE20g, B 18¢g, KB T/KIL,
1.3 EZRFIAR

ZnCly, 555, EZERL =R A R A
Al EEMPR . BERERY, Oxoid AFl; Bifghr,
BioFroxx /A ) ; RNA #2 B 57 & 1 SYBR Green
qPCR 1850 &, 1R S B AR M A BR A ] . pH

i, MR -SRI 2 AR (A R A E s )
SR, B BIRBRIRM A IR E]; HIR AL
BFRAE, i —1ESO A BRA F]; 2étE i PCR
1, ABIZSHA]; EsURAH L, Waters A F] .
1.4 Zn 3f JK-JS8 K HIF M
1.4.1 JK-JS8 #hFiRAIH &

F IR YSP VAR E i L bk JK-JS8, H
P SRR JK-JS8 HLE 75 T 20 mL ¥ A& YSP
B, 78 30 °C. 200 r/min BFE K PR
B SR 12 h RIS T
1.4.2 Zn %t JK-JS8 £ K ER N

%% Huang SR S256 054, 439K 100
200, 300, 400 F11 500 wmol/L ¥k ZnCl, ¥
HIA 20 mL B4 YSP £ 35 3 LI ZnCl,
) YSP KiR3t Jxf B, # B8 1% 0 EeFh s A
TR FiRRE SRS, BT 30 °C. 200 r/min
FER RS, MR 2 hE ODeo, AL
ML 3K,
1.4.3  Zn 3 JK-JS8 4 #IFE T B 89520

DALAE KB S e 25 R Oy BR A, o
100, 200, 300 pmol/L ¥ ¥ ) ZnCl, il A 20 mL
FITRAR YSP H5:3536 9, LI ZnCl, i YSP B
FRHJ T HRL, Fe IR 1% (IRFRAME0 4Rl Fr
P2 iR, T 30 °C. 200 r/min
PR IR 7 555 24 he

G 12 fLA LR SRR B ALANA 3 mL $5
IR 24 h W, & T 30 °CfHIRIEFRAE h g
B % 24 ho 2 B E A5 I SO0 Jr 155 AR TH] ZnCl,
WS T AR A K AT . ELRERAE .
S ) A M SR AR, MR TR O Y TR
J& , AR B A Y RRAE A 35 AR Y, B 3 mL G
TR Wi iR 2% 1w £h %5 W (phosphate-buffered saline,
PBS)i& vk 3 WG A 2 mL A JG/K B ESE HEA T o
Uk, 15 min JFR AR, (405 A AT
P, I 1 mL 458k 52 0L e o iR g 6
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5 min J5 W% 22 A% B L R o R A M3 55 AR Y
W, FH 2 mL AR E0h 33% 0 VK R 1
TR G e HE W 25 SR YL WA T 1 i
DIFG R 100 1519 33% 0 VKB R VA TR AE S 28 %)
B, FEPE K 570 nm 40 R S WOE R, A
M FRE R 3 IR,
1.5 Zn BB T JK-JS8 BUINE RN E

FI ARG IR X ZnCl A B 1 JK-JS8
AT RO A, HARHEAE . AT AR
(A& 6 mm)7EE G LI AR ARG iR J7 P-4
NGATHL, BHEPHEA PDA A I K EH
2R 6 mm F[RE JCRIEAT A T I i i
AN (B B AR 4 2.5 em Ab), B TK-TS8 A= K
SR U SR A5 R, 23R 300 pmol/L
ZnClL AR HE 24 h )5 VA K R 28 ZnCly A0 B B9 TR R MR
&} 1x10" CFU/mL ) 5 uL JK-JS8 Jii T I 48
o PIRZ ZnCl, ZbBLFEHON AT IR, & F
28 °C fH I B5 240 h RS AR B 57 10 d, L0
503 W, TR . AR R =0
PR 75 B A B R VR BLAR )/ O BE B VK B4R 1A F
H#)*100%.,
1.6 Zn BT JK-JS8 B MR HE 5 H E
B SR IK A4S

e 4 300 umol/L ZnCl, 4b# 12 h 1 24 h 1)
YR, LUMHIE R SR ZE ZnCly, Ab BRI 41T A
*FHE2H , $288 AG RNAex Pro Reagent i B 454
AN B A RNA BF RNA ¥ T 50 pl (I AERRER —
Z.TiE(diethyl pyrocarbonate, DEPC)4b ¥ )5 A8 4L
K, BRJE FR 50 & Evo M-MLV RT Kit 3K
4 ¢cDNA, f#if] SYBR" Green Premix Pro Tag HS
gqPCR Kit, LA cDNA Afiti, KH qPCR kil f:
Py PR DG 35 DR 6 AN [ B 1) 5 ik LA 168
rRNA LN ST BB 1, R
F 2784 (Livak)iE Wt A 80, THAS R 5
FRIN[E] JK-JS8 H A= W IRAH G KL IR (1 5 s /K- o

*®1 KWMRFFASIY

Table 1 Primers used in this study

Primer Sequences (5'—3") Bases No.
q-16S-F GCATGTGGTTTAATTCGA 18
q-16S-R CTGGCAACTAAGATCAAG 18
g-epsA-F TTCGCTGCTTGTCGTG 16
gq-epsA-R TGATTTCGCCCGTTTA 16
q-spo0A-F  CCGAACAGTGAAGAAAT 17
g-spo0A-R  GGCAGCATCACAAAAGTCC 19
q-tasA-F GCACTCGGTTTAGCATTA 18
g-tasA-R CTTCCGCAGATTCATTTC 18
g-bamD-F CCGCCGTGACTCACCTCT 18
g-bamD-R ~ GCCGCTCCCTTTTCCTCC 18

1.7 Zn BT JK-JS8 H bacillomycin D /=
==X opl|

W4 300 pmol/L ZnCl, 4B 24, 48 172 h
MBS, LIARRIES A SR 2 ZnCl, Kb B 20 1
xR, SRR ) ZnCl, Ab 3
A5 JK-JS8 HLH Ak bacillomycin D )5 & k47
WAE o 56 ¥ VR T 18 1 J7 122 4k4% bacillomycin D
FHAh L SRJE F C18 il 28 70 S AH €8 335 A 144 7 46
AT, FESRURSIAAEL R 0.22 pm TFLIERK
WUEIE PR, WETH A 0.1% SR LERINZ
fi5; WishHl B: & 0.1% =ML TK,
LR 1 mL/min, #WEN 210 nm. A
W RY bacillomycin D FrifEiE SRR &, (9]
VA G A A5 3] 0 TR 5 ok B P R T R 4k

2 HERE500

2.1 Zn X} JK-JS8 £ K EMF L

WE 1 PR, Bk JK-JS8 7E ZnCl, ¥ AN
T 300 pmol/L 1Y YSP ¥ e b iy AE Kl % 5
FEAN T ZnCl, 1Y) YSP 55 57 e rp iy A= 4 SRR T
400 umol/L ZnCl, % JK-JS8 Fty A= K A7 2 fum
i, 1 500 pmol/L ZnCl, W% & M JK-JS8
AR g5HRI, 24 YSP KEFRILHAY ZnCl,
WFEANE F 300 umol/L B, BF & T HIAFEANS
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ik TK-JS8 A s 24 YSP 8537 3R Y ZnCl,
WP T 300 umol/L B, 8 FRENS i & 7
JK-JS8 A=K .
2.2 Zn % JK-JS8 & YIS fZ pk OS2 Mm 25 R
H T ZnCl, ¥ B 2 15 2 5 S M g5 i sk b
VERAEBOEIRE R ZnCl, 10 JK-JS8 M BE IR 4
o 24 YSP KiFRIEH Y ZnCly ¥R EE AL F—A-XT
JK-JS8 A= K ICH il F A 38 T (<300 pmol/L),
ZnClL XA B A= P IBE B 2 an 1l 2 B . 5
X BEZAH L, ZnCly B4 7E RE A 76 AN 572 1) TR 455
H RO B TK-IS8 A=W I8 i, It
HB# ZnCl, W RIS, AR S R B g AR

2.5 - —— Control

—=— 100 pmol/L
—— 200 pmol/L
2.0 F —— 300 pmol/L
—— 400 pmol/L
1.5 b —— 500 pmol/L

ODgy,

1.0 -

05F

00 | | 1 | |
t(h)

1 FELIRE ZnClL, 14 T8 B. amyloliquefaciens
JK-JS8 EKiE%E

Figure 1 The growth rate of B. amyloliquefaciens
JK-JS8 at different concentrations of ZnCl,.

ZnCl, concentration

A
Control 100 pmol/LL
ysp @
B 0.6
[
0.4
&
Q
0.2
| |
0 100 200 300

ZnCl, concentration (umol/L)

2 A[REIKRE ZnCl, 5F B. amyloliquefaciens JK-JS8 4 49 J& 72 5% B9 2 i
25 i R Y A N 5 A R

AEYIRIELS; B:

200 pmol/LL 300 pmol/L

A: AFMRE ZnClL 40T

Figure 2 Biofilm formation of B. amyloliquefaciens JK-JS8 at different concentrations of ZnCl,. A: The
morphology of biofilms at different concentrations of ZnCl,; B: The total amount of biofilm was determined by

crystal violet staining.
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2.3 Zn 3 JK-JS8 FEIAAEHE R E A
Z#ER

JK-JS8 %3 300 pumol/L ZnCl, 4b 345 4 &
RE T B B 55 . WAL 3 7R, ZnCly Zb 35 B b
JK-JS8 X FAHG RS B 17 A Al 2R ek > T
29.2%, FH ZnCl, b5 bk JK-JS8 7E-F-AR
R B SR A A A L TR e T
P22 AR DL BL2E 57, ZnClL A0 B 5 A R ik
JK-JS8 X I 22 A il V6 AT BH S sk 55, 1 224

Control

SR
2.4 Zn BT JK-JS8 £ AR HE X EEHY
HRIKF

ZnCl, 2 #E TK-JS8 A= W BETE il AH o 3
epsA . tasA . spo0A Fl bamD 3%k 5458 1L
Kl 4, ZnCL AR SS , epsd IR IKTCHH B AR
Ak, T tasA Fl spo0A FifiZ5 b FRA 6] fA) 358 in HAH
Sf ik i R E N (P<0.05), 7EALFE 24 h BHAH
BT XA 0 R UE T 40 A5 3.1 45

300 pmol/L ZnCl,

& 3 ZnClL&IER(E JK-JS8 FEHAE HHIELER
LR PR B A R AL

a: FEPURR JK-JS8; b: MMASARIETE, Hiskig1a

Figure 3 Comparison of the antagonistic capacity of JK-JS8 after the treatment of ZnCl,. a: Antagonist strain
JK-JS8; b: Pathogen of pine shoot blight, the arrow points to the inoculation site.

A B
2 - epsA 2 spo4
- CK = CK
- ZnCl, ZnCl,

Relative expression level
Relative expression level

t (h) ¢ (h)

% 4 ZnCI2 XAEIZFHETE JK-JS8 £ ¥MEFREXERARIEZENE M A
tasA FIRNMIX kiR, D: bamD FEPIAHNTFE L E . ZnClL A FEAY

i3 B: spo0A4 FERARXTFRKE; C:

@)
v

2 tasA

ZnCl,

Relative expression level
Relative expression level

1 (h) t (h)
epsA FEPIAIX ik

LN 300 pmol/L. A[R/NE FHERIR 2255 83, P<0.05

Figure 4 Effect of ZnCl, treatments on the related gene of biofilm formation expressions during different
cultivation time. A: Relative expression level of eps4; B: Relative expression level of spo0A4; C: Relative
expression level of fas4; D: Relative expression level of bamD. ZnCl, was added to the medium at a final
concentration of 300 umol/L. The different lowercase letters mean significant difference, P<0.05.
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HF spo04 &S50 TR SR
bacillomycin D fJ-5 A%, [ bacillomycin D t /&
AR JK-JS8 FZE A s ™ A3 ik X
bacillomycin D G W OCHEILN bamD Fik w1y
Kl & B, bamD [RIFEAE ZnCl, b FRfS £ F
R SR
2.5 Zn BT JK-JS8 Y bacillomycin D
FFE

HJ T HRIE Zn WA Xt JK-JS8 4 B W) i i
(RS, 30 o YRR € 1 o 12 B Pk T 0 R A
bacillomycin D A" & 17 % 5404 .

ZnCl, A FEX} bacillomycin D 7= 8 (19 52 i 40
Bl 5 B, SXTHRAAML, ZnClL Ab3E 24 48,
72 h J5 bacillomycin D [ 7= &40 5 F B T
39.1%. 58.8%F1 61.0%. FWH TRk JK-IS8
H IR 132 BT, spo0A BEIRZFIRKF- TR,
M2 3] spo0A FEF PR ER bacillomycin
D A WiAH LK bamD )31k i ) bacillomycin
D 7 i AR BE Z BEAR

200

s mm CK
—
ED chlz a
E 150 -
R= a
Q
g
g 100
§ b
o b T
% s0p & —
"O b
E -
-

0

24 48 72

t (h)
5 ZnCl, 3B XF bacillomycin D =2 RIS
ZnCly Ab AR E N 300 pmol/L., A[F/NE 7
BERINZEF B E, P<0.05
Figure 5 Effect of ZnCl, treatments on the yield of
bacillomycin D. ZnCl, was added to the medium at a
final concentration of 300 umol/L. The different

lowercase letters mean significant difference,
P<0.05.

3 wE&#

Ok Z TS R RN, LA W A= )
NP A WA = se= 7 N (874 (£ /) f2 =% N S I
FEVE S0, I AR Bl B A B Gt B TR R
T, FEVCIS AR B0 S« 50 A ) 4
05 T 5 BAE AR A AR P

XA AR kUL, IR Y
TE P RE A A —, RMESEE
FREMS L TR UTRE AL RAZ IR . M T K&
KA T3, IO — 2 Tl X A Ak
YAl ol s G fin it NE B 4 B2 =
HFrLEPWELSERE, SEYAEEY A
AR, — e X, Hi g K ik
EPERE M L B F] T 0.198 mg/LPY, T
AT PR 0 HERR B, X TR Y S e
BR,

H i 9% K 2 B T 40 T A= W I X 3R
Hh R 4 I W BT 0200, L R A A B ]
B B A A A AN R LR T AR T 2 — sl
TR rh ey, AR BOE Bz 2, 28
R LEAFL ) AR s 1) 5 BE R el 2, T A A Bt
o5 DT A B 0B 35 TS0 N R 3 il
AT Bz 20 H, BT EERe ), T
PR RIE 15 — 2L 8 IR 29 T ) Jox 25 VT AH G
TR A B A3 B RE I rT BB 232 B
I, S ETE b X A ST EEE fnG
Pep, R B 20 TR B AR S AT

FHMFTE R IR, Zn RE4% BH KT 5L 5 it 1 2 b
FEAFERE, MmN 88 spoOF MRk,
A1 B AR R R T U SR A R R T K
5% R bacillomycin D A EF % A0 4306
%, bacillomycin D i 55 5% A+ Btr 454,
ek ia 5 H FeuABC B9%% %, HGm4npm
BRE TR E G KinB-spo0A-Sinl-SinR <5 1Y
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A= WIS SRR A P spo0A i kAR
f= bacillomycin D {775t , {H spo0A4 BIHRK X 2x
il bacillomycin D B4z, FHH spo0A A]fiE
2 57T bacillomycin D & A A9 JE £

AMWFTUESE ZnCL, BENSINT B. amyloliquefaciens
JK-JS8 WA i o AR DI X3 2K v] REA —
T35 A W B BT A O, B A f i A
PR S IE B s PRl LR A EAER, &
AW AR B3 P2 4 ZnClL YR BE7E 300 pmol/L
KU, Xtk AR T IoRem , A A PR
H Rl ZnCl, ¥ FE R 288/ o F 300 pmol/L
WL ZnCl, Ak BRAR JE M) 2F AT R JK-JS8 )=,
HA WY B sZ 20 B S A, 5] B HS Bpa ARG A
9575 T B BE 7 B S 55 . Huang 28R 855t
FB, YAEES T EEAE 200 pmol/L B REMSAE A
W B. amyloliquefaciens FZB42 K1 1E M T
P LA BT B, 18 B A (] A 25 604 T X 4
BT 2 PEAN ], TR BRI b 52 52 ) ) AR R
NGIE

WAL ZoCly AbFRFT IS A ) BEE B AH G
A FRIEE, KW tasd FHF spo0d R Y
RKRRAET BEFET R, WHRIRIE, asd FH
IR A FR 1R 2 AT TR A ) B 1 2 R O
Z—, FF H R A 2 FE P00 I B R Y,
PR JK-JS8 F5 L RE T IR 55 Pl e 5 iZ R GA
HREIA ¢, FIRE PRV, spo0A Kk
RRAEFRH bacillomycin D ()77 5 2 & FEAR,
ABEIEH, Zn PR S E R TK-IS8 I EY)IK
TRz BN, spo04 FERZFRIKR T,
Z 3 spo04 VAR AE K bacillomycin D [
PRI, [RIFE AT RERE LA bR JK-JS8 HEYIRE )
AR U553

ZE LR, B Zn VR ST, BRRR
JK-JS8 A=W TE 2 32 B WA ], 5 5O
T Y w AR, FEBUE B Y R 7 855 o

BT X 2 g AR N TR P, A
LG AN IR AR BAR B B T RER R
JE T AEOS AR st e . M G . e b
PR AP iR XS — W27, A
frt— LIS o
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