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(1 #k)#= Bacillus atrophaeus (1 #k); & & #kxf b 3% 5 4 % & A H (Sclerotinia sclerotiorum)
B AR BEOIFRLF M, B BIKRT R R AR X AR B R AR RITT
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Molecular identification of Bacillus strains isolated from
extreme dry-sand environment in Qinghai Chaidamu
region and its lipopeptide compound analysis

XIE Yong-Li** MA Li-Zhen' XU Zhi-Wei*® DU Zhuo® GAO Xue-Wen®*

(1. College of Agricultural and Animal Husbandry, Qinghai University, Key Laboratory of Altiplaino Grass-
land Resource and Ecology, Province and Education Ministry, Xining, Qinghai 810016, China)
(2. College of Plant Protection, Nanjing Agricultural University, Key Laboratory of Monitoring and Man-
agement of Crop Diseases and Pest Insects, Ministry of Agricultural, Nanjing, Jiangsu 210095, China)

Abstract: [Objective] Microbe resource research in extreme environment. [Methods] Eight
Bacillus strains isolated from Chaidamu extreme dry-sand region in Qinghai Province, were
identified by polyphasic molecular taxonomy methods including rep-PCR (BOX-PCR and
ERIC-PCR) fingerprints, as well as gyrB and 16S rDNA partial sequence analysis. Antagonis-
tic activity detection and dual culture method screening were used to check antagonistic activ-
ity and bio-control efficacy of isolates. MALDI-TOF-MS were used to analyze lipopeptide
compound of strains. [Results] Eight isolates were identified as Bacillus amyloliquefaciens (6
isolates), Bacillus axarquiensis (1 isolate), Bacillus atrophaeus (1 isolate). All of the isolates
presented distinct antagonistic activity and bio-control efficacy to Sclerotinia sclerotiorum.
MALDI-TOF-MS results showed that the strain DGL1 (B. amyloliquefaciens) produced Fen-
gycin, strain DGL6 (B. axarquiensis)produced Surfactin, BacillomycinsD and Fengycin, while
strain DCD1 (B. atrophaeus) produced Surfactin and Fengycin. [Conclusion] The research
provided Bacillus resources for further developing and application of bio-control strains ad-
justing in dry-sand extreme environment of Qing-Tibet Altiplano.

Keywords: Qinghai Chaidamu, Dry-sand extreme environment, Isolation of Bacillus, Molecular
identification, Antagonistic activity analysis
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(BOX-PCR ERIC-PCR)FE £ &l i 4347 . 16S rDNA
JeogyrB R FI A T HAME, @il
MALDI-TOF-MS 3% 53 H: 3= SN TR 15 PE 4 ot
BRI A I AL By, it T 5 Vb i
o7 P 2E LT TR 9 AR 5 S W i B B 5 IO A
BRUER A 5 R FH AL T 9%

1 MRS

1.1 R R R Ak

ZEAUFT R Ak DGL1, DGL2, DGL3, DGL4,
DGL5 . DGL6 735 F S35 AR KA #5150 Hb 11l
(Nitraria tangutorum Boar.) #2 [l 1- 4, B bk
DCD1. DCD2 ;& H K 4¢ BT B0 3% 5e 3%
(Peganum harmala L.)AR [ 138 . = B A% v i L
I (Sclerotinia sclerotiorum) i A 5256 % PRAT- . 41T
Brgeke: LB }iFRdE . Landy B3R E5% Wu 4B
JrkBl; B PDA B3RS - i
il; 5190 R 4 B A R BR S R A AL
PCR "3 s i ik 77|l H TaKaRa /A #]; PCR 7=4)
Sl AL S 2 A R A A
12 FOMFESTFEE
1.21 BOX-PCR % ERIC-PCR #54 Bt 5 4
JN4 DNA #ETES R Wu %P5k
BOX-PCR 41 5|4)° BOXAIR (5'-CTACGGCA
AGGCGACGCTGACG-3'), ¥ #4144 95 °C
7 min; 94 °C 1 min, 53 °C 1 min, 65 °C 8 min, it
34 MG, 65 °C 16 min, ERIC-PCR #3459

ERICIR (5-ATGTAAGCTCCTGGGGATTCAC-3')
F ERIC2 (5'-AAGTAAGTGACTGGGGTGAGC

G-3'), P& N 95 °C 7 min; 94 °C 1 min,
53°C 1 min, 65 °C 8 min, 3% 30 {Mi¥E; 65 °C
16 min", X rep-PCR 4" 3 =4 4 T LKA, 7
2.0% (W/V) LE-Bifiskiseiet, 85 V HiJk 4 h,
D 1 5, AR AT BRI BRI o R R AR Y
rep-PCR $88C K13, 38 i 48 SIS /3 B4 Cross
checker HEAT0HT, /45 0,1 4HFE . B HAS A9 FE RS

it NTSYS-pc2.10 ZRPFER FHAR IO BUE AR
SEH473% (Unweighted pair group method using av-
erages algorithm , UPGMA)JEF TR, k45
1.2.2 16S rDNA FFIH T4 7E: 16S DNA P 1
S HIE RS 27F (5-AGAGTTTGATCMTGG
CTCAG-3), RIi5|4) 1492R (5-GGYTACCTTG
TTACGACTT-3"), PCR # 344541 95 °C 4 min;
94 °C 1 min, 50 °C 1 min, 72 °C 2 min, 3t 34 /™
;72 °C 10 min® 4% 16S rDNA 338474y [l i 4
fRJE e, BT 4% e 5 sk NCBI 088 & ik 17
BLAST Hxt, it MEGA 3.1 #4000 43 8 294
FEo RS R PSR G R BT

1.2.3 gyrB EREFFIDHEE: gyrB FEHF Y 15|
YIF5 R EIR 514 UPL (5-GAAGTCATCATGA

CCGTTCTGCAYGCNGGNGGNAARTTYGA-3'),
JIa1514) UP2r (5-AGCAGGGTACGGATGTGC

GAGCCRTCNACRTCNGCRTCNGTCAT-3'), PCR
P HR R 95 °C 4 min; 98 °C 10 s, 62 °C 1 min,
72 °C 2 min, 3£ 30MEFE; 72 °C 8 mint™ Kt gyrB
SR = s by, B F s NCBI £
Y PEBEFT BLAST Hext, st MEGA 3.1 #fi
XT3 B AT R MR R T I T RAELE
53 HT .
1.3 HREZE USRI

TE 26 °C H5350 I AL TR T 1% 5 PDA S
W SGFTHE A S 0.7 cm (IBERE, HERERY
PDA AR ok, FERE SR 2.5 em 4k, R
EAYARRY 4 AR, BB 4 mm U840
R, HUARE 48 h 5 B4 B 3x10' CFU/mML
FIRFII BV 5 ul s e BB AR A ok, A b H A
3K, B 26 °C fHIRRFRA P HEFE 2-3 d J5, HL
H LI SR R 45 2
1.4 RSB FEMIXE

UK EVRIERD T Landy 353R3Eh Rl &
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B4 FS L F 02y, 37 °C L 200 r/min £ 4
T&EE 38 h; BUMSEPR TR R, H B RK ik
T, TN 0.5 mL (4 & B BER (R 2 17%),
WIS A), KRB TR R /EXT IR, 7E
JEHREE SRR T 26 °C 15557 3 h 5 6 mm i iHsE
FIAZEER, 7 26 °C JEHREEFRA AR 2 d,
KA BE B A, B AEERE S 8 YREIALER 8 4t
Fr, TR
1.5 BERRELEMHEER S
WERAHATERE AT Landy 3Rtk ms, R
ZUS W TIME g, KB FREHIG, Kb
FRY B OICETE, 7 EIEW A 6 mol/L HCI
P4 pH 2 2.0, B, BUE 4 °C AR . B
ODSEETTEE, A HELS A 1 mol/L NaOH ## pH
£7.0, FRHH BRSO FRA RGO, RIS AR AR
AL PR YT I 3 5 0 B RO i T
BTk AT )55 (MALDI-TOF-MS) 23 AT T
Pk Landy &l A s INRAL G0 FRts, BEh
o- 53 -4- ¥ A % R (a-Cyano-4-hydroxy-cinnamic
acid) .

2 GiR

2.1 BOX-PCR X ERIC-PCR 54 B o #7

X431 A T R0 b IR BB ok e
IR GETEML Y 8 BRZFAUAT R A bk DGL1, DGL2,
DGL3. DGL4, DGL5. DGL6., DCD1, DCD2, j#
17 rep-PCR (BOX-PCR J ERIC-PCR)¥8 4 Klii%
531

DI AR EE K 2H DNA AR 17 BOX-PCR Y™
B PR EK/NAE 200 bp £ 5000 bp 22 J8] Ay 4E
%, 133 BOX-PCR 15 4rF i (K 1A),
BOX-PCR f& i b R i/ kK DGLL.
DGL2. DGL3, DGL4, DGL5. DCD2 HA 584
HHIF ) BOX-PCR 54U EIE, hy[Fl b 2F fFF 14
#itk DGL6. DCD1 i BOX-PCR $54rKli% 5 H
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EHRAZES. FEELL 8 FRERILNZ4 DNA
R T ERIC-PCR 4744, §™ 5% K/NfE 200 bp
#| 5 000 bp Z [EIf#ELAHT, 155 ERIC-PCR #§
S (K 1B), ERIC-PCR f840KITE 4344k 5 i
7N: Witk DGL1, DGL2, DGL3, DGL4, DGL5,
DCD2 H.A 524 MR ERIC-PCR F54(&lE, K
[ RhZEFOFF I, #ikk DGL6.DCD1 %) ERIC-PCR
TR EIE S ERERA 257,

X 8 R4 B AR rep-PCR F5 2Kl 4y
Prat R aR B 8 BRIEIMR 20 3 FhZEAIAT 14 (4] 1),
BOX-PCR #il ERIC-PCR HJ/3Hrat s 4 —%k,
22 gyrB EFFIDITEE

HEER rep-PCR F880&1E 58 IR Y I BE, ik
PETR Mk DGL1, DGL6. DCD1 K DCD2, LIFE[H
2] DNA AP 1 gyrB JEH, %K/
1 300 bp ) PCR FREM: 25T, 5 2E AT gyrB 5
NSRS . BT 2587 NCBI 5
GenBank H1CVHIFAI#EAT BLAST HeXf, Hexf4h
HWRHGEE 1): FEtk DGL1 5 Bacillus amylolig-
uefaciens FZB42 f) gyrB FFEAIHHIE @ —B0)M: K
100%; @ ¥k DGL6 5 Bacillus axarquiensis
LNXM78 1) gyrB J¥3IH[A (3 —20) M4 100%;
k& DCD1 4 Bacillus atrophaeus BCRC 17530 [
gyrB JFFIAH R (58— PN 98%; Eitk DCD2 5
B. amyloliquefaciens FZB42 {4 gyrB /341 4H [F] (xk;
—EHO)MEH 99%.

2.3 16STrDNA FIINDITEE

[ b frid, LIERE DGL1, DGL6, DCD1 J%
DCD2 3 [H 40 DNA Jfiiti, 474 16S rDNA F
Bt, P HEI /N 1 500 bp 4 PCR 4FAFM: 6,
L 2EAAT TR 16S rDNA FIBS{EIAMAT . Kl
P45 RAE NCBI H5 GenBank W& %1 /751 iEA T
BLAST [txf, UXT45RFIFER 1) witk DGLL
5 B. amyloliquefaciens JS. Fitk DGL6 5 B. ax-
arquiensis LNXM37 , ¥k DCD1 5 B. atrophaeus
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E1l FERELHsEFHTEE rep-PCR 158 EIE
Fig. 1 Rep-PCR fingerprint of isolates from dry-sand extreme environment
JE: A: BOX-PCR #540[&l3%, Hfk DGL1, DGL2, DGL3, DGL4, DGL5, DCD2 H.fi5¢ 4R BOX-PCR $54C/%li¥; B:
ERIC-PCR $£4r /414, itk DGL1, DGL2, DGL3, DGL4, DGL5, DCD2 H.A 5¢ 4[] i) ERIC-PCR 54 ik
Note: A: Isolates DGL1, DGL2, DGL3, DGL4, DGL5, DCD2 presented identical BOX-PCR fingerprint; B: Isolates DGL1, DGL2,
DGL3, DGL4, DGLS5, DCD2 presented identical ERIC-PCR fingerprint.

#1 HEE gryB #1 16S rDNA FFI LR &

Table 1 List of isolates closest affiliation to gyrB and 16S rDNA gene sequencing

LS gryB JF 5 AHIR] (38— 201 16S rDNA J5-31) ] (8 — k) 1
Strains gryB closest match 16S rDNA closest match
DGL1 Bacillus amyloliquefaciens FZB42 (100%) Bacillus amyloliquefaciens JS (100%)
DGL6 Bacillus axarquiensis LNXM?78 (100%) Bacillus axarquiensis LNXM37 (100%)
DCD1 Bacillus atrophaeus BCRC 17530 (98%) Bacillus atrophaeus BKS1-45 (100%)

DCD2 Bacillus amyloliquefaciens FZB42 (99%)

Bacillus amyloliquefaciens Lx-11(100%)

BKS1-45. Etk DCD2 5 B. amyloliquefaciens
Lx-11 (%) 16S rDNA #7514 (3 — B0k h
100%.,

A gyrB JEK . 16S rDNA JF51] L XT3 &
5B AW REF R 4 R, m&HE K%
DGL1. DCD2 %7 A v 4 2F AT B. amylo-
liquefaciens (Fitk DGL1, DGL2, DGL3, DGL4,
DGL5 HA 524 H[R BOX-PCR K ERIC-PCR #&
LUK, Y%E N B. amyloliquefaciens), #5Ftk

DGL6 % 4 B. axarquiensis, itk DCD1 % &E N
B. atrophaeus,
2.4 FEHUETEREIN R BN R EFBE AL
PEPERI#E DGLL (B. amyloliquefaciens) .DGL6
(B. axarquiensis) 2 DCD1 (B. atrophaeus) Afitix
PR, 8 3 PR ORTIRE G0 A I S BTG ok, 45
7R 3 R BRI AE s i L BRI SR T A T LA
BB B BRI, MR B F 14 B AR 1 > 10mm,
IR E I EREICRER 2). X 3 BRAEHRHTT

http://journals.im.ac.cn/wswxtbcn
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Landy AT, LA MR AL B B R R I e
SRR RERE TR, R A By s S A R R
Pk, R 3 MREERRAL S A SR B
A I 5% Y R DA A% TR 1) 4R e 35 EL AT A 1 B AR
(3 2) APk DGLL KB A= B ARt - 48 h
Ja A &R, Hivk DGL6 Itk DCD1 % Wik ik
PR URIMZENT A 48 h 5, JFRBE AR /N T X
W, fE LR BERALER 24 h B}, H#iFk DGL1., DGL6
FIBE R DCDL W2 A% T 1= 4% 1) 1803 30l oy
100% ., 41.93%71 49.19%, AbFH 48 h J5 B354 5]
iA% 100%. 53.71%7I1 52.89%.,
25 PERKLEMIH IR

TR B RS BOIE E E EO EAREARR
A MRS &Y. MALDI-TOF-MS i
BT 12 R T 2R AR R L A R T,
P HRE DGL1, DGL6 K DCD1, iijd Landy %
3R A5 R KL & 9, X R KAk & ML 4 P i 47
MALDI-TOF-MS J5ti 5347 . MALDI-TOF-MS &
iR Bk DGLL 7 m/z {Hh 1 435.828,
1449.849 . 1463.867 ., 1477.879. 1499.852 .

1513.876 AbA I (E) I, X 6 R FiIEsy
SR T IR AL A4 Fengycin 901 B (8] 2A).
Pk DGL6 7E m/z {4 1030.670, 1044.682,

1058.099 4G B FUE(E) B, X 3 B gy
XPR.F Surfactin 1 B (K] 2B); 76 m/z {HK
1081.687 AbA B U4 () I 3K, XA B U450t
T Bacillomycins D #yFi (&l 2B); 7£ m/z {HH
1471.83.,1485.67. 1 513.83 b B T (F5) H B,
X 3 ANES TR T Fengycin [FiE ., Rk
DCD1 7 m/z {H >~ 1 016.42. 1030.75. 1044.83,
1.058.83 Kb B T (1) tH B, 3X 4 B Iy xt
VT Surfactin AR, £ m/z {674 1485.83 44
B FE(E) B, XA FUEXT R T RY - Fengycin
it . MALDI-TOF-MS JFiis [ /oA 260 Btk
DGL1 F=A:gkZib &4 Fengycin, Fkk DGL6
FEHE IR IKZEAE S %) Surfactin, Bacillomycins D Al
Fengycin, itk DCD1 =4 lgliktk-&4 Surfactin
1 Fengycin, HEWT3 25 H T VB 1Y 30 5
T 0P 2 AT R TR R I A BT 1 AT RE S R K
FALEWG RS A K.

R2 SBEERIHREZERIEE R IEMRSE M FBaNR

Table 2 Detection of antagonistic activity and bio-control efficacy leaf blight on the
detached leaves of Bacillus strains

T A 1 P 24 After 24 h inoculation fEH 480 After 48 h inoculation
T 4 Antagonistic - - S E— N
NG TR AR FEIRRBE A AR
trains Sclerotinia scle-  Diameter of disease spot  Bio-control effi- Diameter of disease Bio-control effi-
rotiorum (mm) cacy (%) 0t () cacy (%)
Control 0 1.24+0.15 0 2.42+0.22 0
DGL1 +++ 0 100b 0 100b
DGL6 +++ 0.72+0.11 41.93a 1.12+0.16 53.71a
DCD1 +++ 0.63+0.12 49.19 1.14+0.15 52.89a

H:+ IR EAR 0-5 mm; ++: R E AR5 mm—10 mm; +++: 1 HA%2 10 mm—15 mm; ++++: IIEE EZE>15 mm. £
JRBEE RN 8 IRTEE A T-HIME, RIZVEHE S A R - BER 7R 25 57 1 3% (P<0.05).
Note: +: Antagonistic diameter 0—5 mm; ++: Antagonistic diameter 5 mm—10 mm; +++: Antagonistic diameter 10 mm—15 mm;

++++: Antagonistic diameter >15 mm. Diameter of disease spot data are the means of eight replicates. The data in the same column
followed by the different letters are significantly different at P<0.05.

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



K A5 T T SR AR S T T 00 Ml 73 8 25 AT B A

TR E AU PR

1085

2 E#k DGL1 F=4 /Y Fengycin (A) % DGL6 =4 &Y Surfactin A Bacillomycins D (B)&YJ MALDI-TOF-MS #&;Jl]
Fig.2 MALDI-TOF-MS analysis of Fengycin( A) produced by strain DGL1, Surfactin and
Bacillomycins D (B) produced by strain DGL6

3 Wik

e i FR B2 G AE WA 5 02 B R D o i i
S, TR e DR R R A A W i A 4 DR
BTSRRI IR ML 76 o ZFAfT s R aE
PR B TR R B 2R MRS R RS SR,
H T oE MR ) MR E D R, AR R
TR TR B IR I 0 T 2 R i 5 46
FIN SO, 27 AT PR 2 AR 1) A= [ T 0 0
%, HABwRTEAE Y R Y BG h ez
i o

A ST T SR AR TAR )RR 45 A 1
YDA YRR A B 8 MR AEAIFT B bR, 43
TRRECR AR A TR, ™ T 5 A PSR R T
PERUFF IR AAE o FRERPIEEIE P PR e HA R
SR 3 IO AL 2 AR s (R PR BE A1, LR e
AR BE IR 73 B I AT TR BT, LA R A AR
FEIE N e S FE R AL, TR 5 S LA HI AT
58 S R A S AE IR . ARBFSE N
FH 22500 55 58 3 SR R0 43 B 10 2R AT 1R A 7 1
BB A 48, 155l BOX-PCR A& ERIC-PCR

BSUETE Sr BT AR IS, AR TR SCRE Y T

AR R SEPEAR SRS A 22 R iR, 220
i gyrB FE FPA o S 16S rDNA 75173 it
T FUE, GREPIR I FEE a5 R, e
T REEHL A L TR I S8 7 R85 R, & 8
PR ES AR % A B. amyloliquefaciens (6 k).
B. axarquiensis (1 ¥£)# B. atrophaeus (1 #£).

XoF G g T AR A 0 L AT AR A A B TR AR R TS
GPOR RO 8 PREAHRIYHE A B s )5 L A e
73, TCU A AR IR AG D s b B AR S it v Bl
O, R W S P01 T
Pk, BRAE AR I A8 1, TEE et o
o, IR AE RS A YR 24 Harpin 85 1 g
DRI A B AR, BB — 1 2 Dy R PR AR
B TR bR Ak R S 3 4 v AR B AR B i
MALDI-TOF-MS X 55wtk dt A7 IR b 59
BT AT, R B RE R DGLL 7 AE R IR &
¥ Fengycin, #ikk DGL6 7=‘E gLtk &9
Surfactin . Bacillomycins D FlI Fengycin, & #k
DCD1 /=4 T ig kb5 % Surfactin 1 Fengycin,

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