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Isolation and identification of endophytic bacterial strains
from Ginkgo biloba and their antimicrobial activities

FAN Xiao-Jing' HUANG Wei' QIU Si-Xin®> HU Fang-Ping'"

(1. College of Plant Protection, Fujian Agriculture and Forestry University, Fuzhou, Fujian 350002, China)
(2. Crop Research Institute, Fujian Academy of Agricultural Sciences, Fuzhou, Fujian 350013, China)

Abstract: [Objective] To isolate and identify biocontrol bacterial strains from Ginkgo biloba
and evaluate their inhibition to Phytophthora capsici in vitro and control efficacy against fruit
phytophthora blight of pepper. [Methods] The method of dual culture on agar plate was used
for screening the antagonistic endophytic bacteria against P. capsici, and the inhibition effect
of the volatile substances from a better control effect strain on P capsici was tested by
two-sealed-base-plates method. Control efficacy against pepper phytophthora blight was
evaluated by spraying bacterial cultures on capsicum fruits. The identification of bacterial
strains was based on morphological, physiological, biochemical characteristics and phyloge-
netic analysis of 16S rDNA and gyrd4 gene sequences. [Results] Nine endophytic bacterial
strains were isolated from healthy stems and leaves of Ginkgo biloba. Among them strain W5
was selected for further study, which had antagonistic action against P. capsici, Pyricularia
grisea, Rhizoctonia solani, Fusarium oxysporum, Peronophythora litchii, Geotrichum can-
didum on agar plates, especially to P. capsici, P. grisea and P. litchi, the inhibitory rates were
prominent with 88.9%, 86.3% and 90.2%, respectively. The volatile substances produced by
strain W5 could significantly inhibit the mycelia growth of P. capsici. The control results of
fruit phytophthora blight of pepper by strain W5 showed that it could get better protective ef-
ficacy when the spore suspension of the pathogen was inoculated 24 h after spraying inocula-
tion with strain W5. And spraying strain W5 could also prolong the fresh period of pepper
fruits to 2—3 d than the control. The strain W5 was identified as Bacillus amyloliquefaciens.
[Conclusion] An antagonistic B. amyloliquefaciens strain W5 was obtained, and it had poten-
tial for the biological control of fruit phytophthora blight of pepper and other pathogenic fun-
gal diseases.

Keywords: Ginkgo biloba, Endophytic bacteria, Antimicrobial activity, Volatile substances, Iden-

tification
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(AR e AT HAMREE . AT R IIERAY
PRI A B R AR R R B B0, IR E
WA BN 2R BAT HUE PETE MR N A ET AR,
FE AN SR A N A LR R BF SR 8 2, AR AT
MIFFEARXT R D o 2R VR AT thar B i 16
PR AE AN, A B — R TR
(Fusarium oxysporum) . %% 2 B4 T (Alternaria
kikuchiana) . YGLRFEIR H (Penicillium digitatum)
FISEIRE B9 B (Penicillium  expansum) £ E K
FER G EEA B EMEIE R A7, 2K
FRAEUPER 43 B9 H AR L2 D9 AR A0 BR 1 &
PRS2 B RAM AR AL BN . AR SEH % RS
AR AT 20 20 rp e 1 0 2 HE T B IS 8 T
A BRI AR FH 0 N A 40 ASBIFTE VR Y 257
v o3 B N AR AT, R AR A X 22 A i
HA HATEPUEHERY bR W5 IZ ™ A4 Y45
W) % BRABUE B (Phytophthora capsici) A ¢
SRFEIUAE, A I T WO BRABUR 8 s LA
BAFRI B IR ROR, A B T R A ) AR Y
HEWANE 38

1 RS

1.1 R

A (Ginkgo biloba)FE A 43 J| R 4 T 4
A4 T T TS AR AR b DA A A RO 2R A
XA

PR o 1250 it A o 5 K SR (Capsicum
annuum L.),

BB B i (Phytophthora capsici) . FEJEIR H
(Pyricularia grisea) . 7K Fg U A B (Rhizoctonia
solani) . BN W (Fusarium oxysporum) .
75 K 7R PE 55 1 (Peronophythora litchi) . 7 B IR JE&
W (Geotrichum candidum)¥s) fi AR 5256 = 43 55 55
SERAT

PIAE ST 7 25 ok A TSA 85557 3 (B 28 11 R
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15g, KGM:5g NaCl5g, Bifi§ 16 g, pH 7.3, Jil
KZE 1 L), MEHFRA LB 85 H ik
10 g, BERHEEUY 5 g, NaCl 10 g, Ifg 16 g,
pH 7.0, K% 1 L); R EF 5] PDA 1535
FE(HEE 200 g, WA 20 g, BifE 18 g, A
pH, JIZKZE 1 L),
1.2 REZEZ. MAEAEN BHEL

PR RS . K e g, SRS REAL
PREUEFR T 5 g, T0%iP5AETRIE 1 min, FEH] 5%k
AR EmIE T 5-10 min (M F 5 min, 25
10 min), JCHIZKIPPE 3 K, Kkig R Ay 41 2LEp
WCE LB AL |, B Ab 3 E A 3R, 155748 h,
WUEEA TCRE TR 7=, SR IR I T 75 7 vk 15 g
AL BRI . T EREA
TCHEBFET, I 10 mL JCRE/KBFEE A1, #E
15 min J&, #8050 pL ¥R, ARAbEEE 31K,
30 °C MG E 48-72 h, HARERE WILHTE
B BUESEPECR R ETE, M Eaifl
JE A, AR E
1.3 PRERNER MR R KATFIL

SR HIRTIRE A=A 2, WU Pl 0 B85 T R X AL
PER TS HUEN . TEEAZH 9 em 1 PDA P4l
Hed ATEALI Y 8 mm ELIETE 228, [FIAERE
o 2.5 om AR A — 5 SR 24-48 h 195 B bR
W 77, 24 °C BREEEFR, BORZM I B PRI AL 2
X AR IS HURCR 43 B R TAR S, )
R FHXTIRF AR, E— 20 1 SE TR 0 AL 6
Pt IR R RSB EH . 7 d 5k
N 410 B P AR (o) DX R A B 9% 1A% (mim),
FEHEAEI R, IR RA S TR RS
HEAE R V5 LA — b TR 7% B4R )/ %o B A B TAT 7
HA]*100%
14 FEREEMNEFRNESEEZLBEER

f£ PDA P R: 7R3 I RIS A i 4
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PU B AR AR B I BT, 24 °C AR 2
MEE G, EIMREEAZPIR 2, St B
BERG TA 22 KRB, TR B A B R S 0 R Bk 0 Ab
g0 R
1.5 EmAEEAMYRMNBENESEEK
B 52 Ml

SR A R SCRR[ 151064 T . BT
PR FEPURERETE LB K53 30 °C K59% 48 h,
B 100 pL HWBIAAE T LB FiR b, 37 °C K5
24 h 7E PDA A5 373 i Y f2 R ALt (1) B
PERIN I . RHFESPURAEEIRILEE, K LB Ki3:
MLEFNFE PDA 5FRILE, A 1 BKE P L5 42
WbEEEL, 24 °C BREEFE 7 do XFRE IR _Lab oy
BB R AR S 1 LB A, ISR E A
P SR FRBUIE B9 TR P 1 o
1.6 FEIYHE B AR RS S RE R EIRG A

T FH BT O BBUR, 700K R i 35,
BTSRRI S ABRABER, U4
AhEE: 5 1 GRS AR N 10° i1 F/mL
F1%) FRBLIZE B3 T U sl 96 T2 TR, A SR T A
WREE, Zat 24 h ZJ5, WisEE5E 48 h AT
W5 B (ODeni=2), 24 °C-26 °C RIBIEFR; 2 2
2 Ak 3L ] sf W 57 2 MU B T Ui s T
PR T W5 TR EER] B, [RIAELUR
AR I, 24 °C—26 °C (R85 3%; 45 3 414b
PRYEHISE AR WS B, 24 h 25 W55 HeFhsf
PJE 5 05 TR UE Bl B TR R (MR R ),
24 °C—26 °C 14555, 4 4 2H 4D PRI 25 WA
TPEIAT B BRSO I N AR A TR TB2 R (A
TIGFE LS, ODg0i=2), 24 h ZJ5 WAL R BRI
PE B 95 T i B AT B VR VR (VR B ) L), 24 °C—
26 °C PR 7% A ES 3K, 5 3 K
W LR LIFIC T o AT 7K A B Pl J5 5
it S B sk

1.7 HEmAERERBEE

VIR 2EFRAT TRARE R AR BS168 (B. subtilis)
R BB AR . SR B IRE I ki TR E

I F 4 DNA 192 BSCHk 1910
ViR

16S rDNA J¥41(F) PCR ¥ BEFFHIM 2 . R
FHANTEE 519 27F F1 1492RPY594T 16S tDNA
i) PCR P44, PCR R AAFN: 94 °C 5 min;
94 °C 1 min, 53 °C 1 min, 72 °C 2 min, 3£ 30 ME
¥R; 72 °C 10 min, SV SERUG, BrRAHEERS H Uk
K, Omega 23 RlEEME DGR &2l Ak Bl PCR
P, B D4R pMD18-T 200k, ik %
E. coli IM109 B2 54, FkHCIGIE T4 1Y B
T, B A TRABRAFIIT

gyrd FERFEFIRY PCR § BSFIFFIME , AR
P SCHR[2 1 HRGE 15 T gyrd FE R T 51 ) PCR
Pyt [ &5 94 °C 5 min; 94 °C 1 min, 55 °C
1 min, 72 °C 1 min, 3£ 30 ME#H; 72 °C 10 min.
P10 v AT [ L

DNA JPFII e i i A TR AR il
FHRAFHTT, WFFEA 16S DNA Fl gyrd
LR P I GenBank H %) BLAST #f4:i#£47[]
JEYES T, SR MEGA 4.0 #F3EF7 551 X Al
254111, Neighbour-Joining (Bootstrap 1 000)7%
WERGER B

2 SRE5AM

2.1 HENRERINAEHEGIE

RS A P 43 B T 1 1 O AR Ko BB B T i
T R RO FETAN R (R 1), 3230 A4 Jit 1A
W& H AN 10.0 mm—38.0 mm, B 55 N
2.5 mm-9.0 mm, HHPIFEHE W5 FHMESCR 5
U, WA 968 9.0 mm, FEREIXL 88.9%, M
— N BERE WS B Y R B R S e
71, BRI 2,
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F1 HERERBREE R RIS ER

Table 1 Inhibition activity of tested strains to P. capsici

PRAEEREIRTE P, capsici

S?:?Es WY R HA TEH T8 %
Diameters of mycelia spreading (mm) Inhibition zone (mm) Inhibition rate (%)

Wl 18.0 5.0 20.0
w2 18.0 8.0 20.0
w3 18.0 7.0 20.0
w4 24.0 45 733
W5 10.0 9.0 28.9
= 14.0 8.5 R4 4
= 38.0 25 578
X5 22.0 45 75.6
X6 16.0 8.0 2

Control 90.0 _ _

&2 EH WS KR L EYRREE E 2 KREIER

Table 2 Inhibition activity of strain W5 to the tested plant fungal pathogens

R i T

22y AR

R 5

Plant pathogenic fungi Diameters of mycelia spreading (mm) Inhibition zone (mm)
FEIEI A P, grisea 8.4 11.1
IKFESUAG T R. solani 30.6 1.4
5 I ZEIRE E oxysporum 30.6 5.6
FHRCRIETZ W P, litchii 8.8 11.8
IHRIPRIEE G candidum 30.6 4.2

RSP g, AR WS X LA
HEYIR LR AR AN RE B S B E R . B T
BRBURE RS TR S TR A S A1, AR B A 75
Fe 95 A LA RSB S BLME F, B S0y
86.3%H190.2% (2, E 1), TR SR IE51H
[T, R TR R 22 J LT3 AR, K
FESURGTA . 2 IR T8 R 75 R TR R 5 b/
55, bR L RS PO R L, LR RS T
AR
2.2 ¥k WS RHERIR SR B E 22 R ERS(E R

BRIk R, X 2K IR, Wk
TG, TRARIDST o FEH0 TR (o BfORRE 2 TR 14T 22
R, /B2, WK Z IR, ER

http://journals.im.ac.cn/wswxtbcn

LA A M BETH RS (18] 2).
2.3 EHK W5 IER Y RS ER G B = 4
3R
RHPEFBOSFIEUED] T Rtk W5 1E LB H557
BB AR I DR M AR AU 2 T PR 22 A
KABSRAINHEIERIE 3). Higf 7 d KX
PR B T T 22 AR IE R, JLP R 8P4,
17T A2k P2 FOSBRPBURE B bl T 22 2R K G, 2 3] I
il
2.4 HFAE W5 HiRFAERR & m AR
3590 R FHA [ Ak BRI 52 W5 AR 7 RTINS B
KGRI BRI (K 4). ZRERW, P
BRI RS 9 R T B PR R A R P AN [R], H
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1 BE#k W5 XK B L E YR R E & B EAR S s
Fig.1 Antagonistic activity of strain W5 to tested plant fungal pathogens on agar plates
TE: A U, B: RN C: KRS D: BTASZN 1, E: 20 BORIER I F: B ARIE .
Note: A: P. capsici; B: P. grisea; C: R. solani; D: F. oxysporum; E: P. litchiiy F: G candidum.

B2 Btk W5 TR s & & 22 R HI1E R

Fig. 2 Inhibitory effect of strain WS to the mycelia of P.
capsici

A ZEPHINR 2L, B: IEH .

Note: A: The abnormal hyphae form of P. capsici; B: The nor-
mal hyphae form of P. capsici.

B R0 25 57 1 35 (P<0.05) . TRSCHE R BibUE 55
A 24h JeHR W5 TR, PiBRCR e, Abi
72 h BIBFRRCR RA 5.01%, 6 d NI4T IA%K
RN 6.18%, X THHCR G I BIG LT A
EAEHT . M55 A By iR e FHEMR IR, B
TAROR B E LR . AN, WS BRAL B 8] f AN ]
I 2R B, BRI 2 25 R, St

FHEFT WS TR 24 h S H U, PBiAser
e, BT 72 h R &, 5 4 RETRIBTIREL
R 79.81%; Wi 4500 WS BERS 37 RIFERI B
PEFTA, 72 h BIBIRRCRICE 43.98%, 55 4 K
B SR B, N 47.83%. 5 [V RERTEHICR 5 SR
PERRA B E BTV E T N AR 40 TR TB2 1Y Bl sk
AR, W5 XTBRBUR 5 A2 BT 1A ORI 15
TAEBH T TB2 BIBSCR, (HA B B IR RCR
PIH EER,

3 EH W5 EAMYRNRRESFREEZEK
RIHHIE A

Fig. 3 Inhibitive activity of volatile substances of W5 to
the mycelial growth of P. capsici

T a: SZFEWHI ) BBERH; b: W5 BIbk. CK: RAZ BN
FABRABUE B A

Note: a: The inhibited P. capsici; b: W5. CK: The normal P,
capsici.

http://journals.im.ac.cn/wswxtbcn
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[0 Spraying P. capsici first, then W5 after 24 h
[ Spraying W5 and P. capsici at the same time
B Spraying W5 first, then P. capsici after 24 h

120 [0 Spraying TB2 first, then P. capsici after 24 h

100
> 80 | a
3
=
D 60 -
° b
g
o 40
a
A A
20 + C aab
s = 1
0 1 1
3 4 5 6

1(d)

B4 HPHE BRI ERRE B% B HIBAR

Fig. 4 Control efficacy of strain W5 cultures to the
phytophthora blight of pepper fruits

e AR E EARRIF AR 0.05 K - 53E % R (Duncan’s
BRI

Note: Mean values with different letters on the column are

significantly different by Duncan’s multiple range test at the
P<0.05 levels.

25 B WSHIETE

2.5.1 EHik W5 IEREDS. BIRFEREEYE
o Tk W5 78R bR TE RTINS [BDE |
FLAM, B i ST, R NIE
FJE . K, T8 ANEI L Ik, 5
2RI, RARRIFRIR, 722, ZEfonE
W, TERART g, MEE A A H A A e 45
7R Wk W5 ol A KRBl 28 °C-37 °C, it
ik, 50 °C AR AT IA R, (HORTRAIRIEL, 20 °C LA
TRABGHEEAEL; GEFE 10% NaCl HFI/KE K
HE R BEFIH] D-#ighl, (HRS Hefibl S
75 P RPN 2 T 2 s 2 B RE A
N IR, (EAFIFIFEIRER, BEFIH D-AKE
D-HEZBEA L-Balhiffisas =1, se/Kfivess, 3
ARERACIIIE, BERHAE IR ER A JF B iRk, 1B
ANGEA RS, R JELT I e SR, i VAP E
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PR AREIE SRR A ALRAE, P20
R W5 U3 T2 A R

2.5.2 Bk W5 B9 16S rDNA # gyr4 EE F 550
ERFRFZERBEDH: 16S tDNA Fl gyrd KPP 1
7 22 e B AN g B, A B RS BE 3 0
1513 bp 11025 bp, 16S rDNA J*51 BLAST %%
RERW, Wtk W5 SHFLZERATR(B. subtilis)Fl
i JE XY ZF AT B (B. amyloliquefaciens) i) 16S
tDNA JP9 HATR SRR, PSRRI &
1 99%., FIE 16S IDNA B4 RS R B (K 5)
FWIRR W5 SI0ER 28 MUFF R TE R — ik
733, ABGR AL HRAEARRT AR, TovkR Howi e
EZI U

PL gyrd FERFHIATZE RN RE LT
WIRB (B 6), M VER 2 M T AR R 2 B A T
TH ML 7R A3 3, T WS RRRR - e IR i
TEB AT IR —2K,

2545 16S rDNA il gyrd £ K 30 504 LA e A=
PR SE SR, TIE W5 MR 27 46
FFHE (B. amyloliquefaciens).

3 Wi

RS 7318 oA A L T A AR s i )
FHERA v o3 25 10 DA A S T AR A A ST R ) o 1
R LA AR, HICTARA N AEZ R AT 584D
FHXSEL A o AT AR (0 2 A v 73 28 5] — ik
X AR S L A BT SO . HAMTESOR AL
UF RN AR AR TR PR WS

IF1 T 0 AR S 2 FEL A T 2 A A T A
B. subtilis subsp. subtilis. B. licheniformis. B.
amyloliquefaciens . B. mojavensis. B. atrophaeus .
B. subtilis subsp. spizizenii %, ‘EA TR RNA
JPo B AR 0 R, fRMEE T 16S rDNA J¥
HUAHT . RAVFIA: BRAALARIE T LAIX 4322, gyrd
FEFR IS DNA 2 iEf#(Gyrase)id A MFH
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48 [ Bacillus subtilis subsp. subtilis DSM10 (AJ276351)

Bacillus tequilensis strain 10b (HQ223107)

Bacillus subtilis subsp. inaquosorum DSM22148 (HE582781)
Bacillus mojavensis NBRC15718 (AB021191)

Bacillus subtilis subsp. spizizenii TU-B-10 (CP002905)
Bacillus vallismortis DSM11031 (AB021198)

Bacillus amyloliquefaciens DSM7 (FN597644)
Bacillus amyloliquefaciens FZB42 (CP000560)

99 741 W5

97|41

—— Bacillus atrophaeus JCM9070 (AB021181)
IjBacillus sonorensis strain NRRL B-23154 (AF302118)
100 Bacillus licheniformis ATCC14580 (CP000002)
Bacillus pumilus strain ATCC7061 (AY876289)
Bacillus megaterium 1AM13418 (D16273)

0.005

E5 ET 16S rDNA EEFIEEMAR R ER
Fig. 5 Neighbour-Joining phylogenetic tree based on partial 16S rDNA sequences
TE: P GenBank %58 THES b, ARMEARELESN S L AR RITRKEEN 0,005 BHRREHR, T,
Note: GenBank accession numbers are shown in parentheses. Numbers on branch nodes are bootstrap values. Bar 0.005 substitutions
per nucleotide position. The same as below.

i‘: Bacillus amyloliquefaciens FZB42 (CP000560)
W5

Bacillus amyloliquefaciens DSM7 (FN597644)

100

88

[ Bacillus atrophaeus 1942 (CP002207)

99 1004 ——— Bacillus mojavensis strain NRRL B-41617 (EU138623)
63 Bacillus vallismortis NRRL B-14890T (AF272025)
’_‘——Bacillus subtilis subsp. subtilis str. 168 (AL009126)

100 Bacillus tequilensis strain NRRL B-41771 (EU138625)
40 Bacillus subtilis subsp. inaquosorum strain SB 3086 (GU724986)
88 Bacillus subtilis subsp. spizizenii TU-B-10 (CP002905)
| Bacillus sonorensis strain NRRL B-23154 (EU138611)
100! Bacillus licheniformis ATCC14580 (CP000002)
Bacillus megaterium DSM319 (CP001982)

0.05

6 ET gyrd EEFIIMENRERER
Fig. 6 Neighbour-Joining phylogenetic tree based on partial gyr4 gene sequences

http://journals.im.ac.cn/wswxtbcn
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PIEN, ZIENAHE S 16S 1DNA FER AL A4
A, BUEEER L 16S 1DNA B, EHTHE
PR %5 FN 428, T LAKE I 3 Fh K P . Rooney
SR gyrd PR R ZEAUAT B 0 R [R) Bk
AT ZREEST . M EIRESF PRI 16S IDNA 25
& gyrA Fl gyrB FERXS A B 20T R31 34T T
PSS o AR E LA MEE . AR bR
MERIAA R WS 5T 2R s o TR,
iF 16S rDNA FHIH gyrd LR FEFHE T Hk
W5 WRGE R BN, %8 WS RS TEm
AT IR

SEMFEPURIE Y, R WS XPERER . R
TR R 7R 28 2 B A AR SR IS BT BE T o (R X T 80H
B ) BRI T I HE BUSCR — . FEXT 6
Pl I B TR LA K P AR WS R R 92 5
BOEAAFE 2T, IR LB, 5 5 A=
AP B B AR WS BT R, X T
KBNS R . TR R AR, WS
PIFEPLRE TR o X T SBERARISOA T8 . 4 )
PR FIR S A, WS IS BLRE 15959 . PR 5 1,
W5 T P 400 1 2550 R B e T TR AR 43 DA 1 1) 9 IR
JE, M WS 204 04 HIGHE B R0 5 1)
A SRR, s i D R AR Rz B, F
PO AR RN B 5, P RE WS 43U s
N DB A A K TR IS, DR A K R S
A ZZ NP, B0 D, SR A
il

AR, ENANETRUED I A R R
R EG 2, FREPWIE T 08 A
A7 R IR S v ) — RO RE 2 AT B T A R
PEY BT T LR DA S BRI R, A8
TR AE ) IO AN TR i o o 22 A K B —
LoV (=S R = N LG B 70 i o7 |
(Botryosphaeria dothidea )N %3k 60%., HI%E
2 ) TN AN TR I R 1 0 B A SR AN FH O X
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ARl BRAEAECIRE ST R, AR ZEHIAT I JA (145
R ANEY) X K ] %) f 55 B (Botrytis cinerea) [
IR ILFIA3] 100%, Vespermann ZE2Hi)%E T 9
PRZH TR A& AR R ST A 22 A% TR (R solani) B
22 HE R BRIE I, 25 SRR T 7 A 5 bk
YR B AR R R B ST, Horp Al B2y
FIFFEE B2 45 7 A MRS SO A 22 A% B A 32
5 80%—99%. ASEHAENEA WM EE T AT A UL
RN Z A BiTE AR WS 0] 92 25 TR T 22 78 T 3
Wio AT F—ESE bR WS AR ) 24
R, FATEHAT TRk W5 KB EIFHO
PRAZE 25 T T 22 A e (A R R R R . 4
R, EEWBONTE 2B MEEAB R . 7EmA
VSR 2 RN, AT LA B BRBSUE 2 TR R 7 A
S, BRI HBEZ mE. 45 G AP
B4R, HAEMea . R I MR R A,
TR 22 A] DA Pl PO AN [l R B b A TR
W5 BRI AR b, 5 W w22 LR
A, B EF I Pz B, B EE AR
W5 BRI VR FH Y 32 B8 00 N 2= 5 A 1
5o EHONSHITE R IR 4 SRR, R VE R 2R AT
P WS I A B4 5 V) S S X S 2 T 22
ARKAIHRIE, BANHIRCR B
Leelasuphakul ZF/ 5T %8R, 2 AAT X6
it K R B IR ROR 245 58 T HAE R MU E Y
B A . HANRE P A R DT B A= BT T
AR, 7oA A M B ) A B TR e e AR A SR
BCHAR LMD UR P B SO A, TS FH B8
BRI TR | B S — LT AR A IR 1)
ah b, AT R A A 2002 4R, SEE
AgreQuest 237 L3 B H 8 2% PEERY N A2 HL T
Muscodor albus RFERH, MSAEH R 55 —Fp
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