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B OE: (B INANERE KRN BOMHE mEA BT BB GIERLEA hik, *3RE
AR ERG A @A AT ERYR 5T 52, U7 %] RHEBERA HZAKIEEME 5
BREMK, RAFRSEERTAA R, SHARBEHOGARE LA R AL, 16S
IRNA %58 e bt 47 5 & LAY B . A C 4B IS m XA A R RH 514, AR RE &
DNA 4 #AR# 4T PCR #7138, xt B ¢9 b gat4rml 5. (4 R ] @30 H 06 ik KAF—ARaT K
A5 I VA BN Z Bk R R R T SR ARGR I SOR 6 K M8 4n 1) BSF-CL, 2% % A
FHEFATEH G IKE R <42 B PCR 4 R % 7 BSF-CL ##kEA A5 IK Iturin 4= Surfactin
LR AL R . 4B BSF-CL R T figA- s B8 AK Iturin A= Surfactin, [45:8 1 MoK pid
N BB KB ELRAARZIA LT HOAR, 5B ARELH MR EFRAFH, B
E VMR B F FL S A A A A R T 48 4 PR IK Iturin A= Surfactin,
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Abstract: [Objective] The bacteria from gut of black soldier fly were screened gainst plant
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pathogenic bacteria, Molecular method was used to identify the active substances from the an-
tagonist bacteria. [Methods] Eleven strains have been isolated with diluted coating method
from the gut of black solider fly. The antagonistic strains were screened using the plate con-
frontation method. The species was identified through the physiological, biochemical experi-
ments and 16S rRNA phylogenetic analysis. Primers of key genes of known lipopeptide,
synthesis were designed and purpose fragements were amplified by PCR and sequenceing.
[Results] A gut bacteria, named BSF-CL, was obtained with strong inhibitory effect to Xan-
thomonas oryzae PX099 and Rhizoctonia solani AG-8, and identified as Bacillus subtilis. The
result of PCR showed that strain BSF-CL possibly has the key genes which synthesis lipopep-
tide Iturin and Surfactin. We speculate that strain BSF-CL can synthesize lipopeptide iturin and
surfactin. [Conclusion] A strong active Bacillus subtilis strain BSF-CL against bacterial and
fungal pathogen was screened from the gut of black soldier fly. We preliminary speculated that
the active substance may be lipopeptide iturin and surfactin through the molecular cloning and
identification.

Keywords: Black soldier fly, Bacillus subtilis, Lipopeptide, Screening, Molecular identification
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B U A M R DTS AMBEA ] T R AR R
(A, it HAT R TR B iE X — R
BErp AR R DI RE R AN BT, T sh i
S A% 4 L) S A & M Bia ™. w5 s i
PEER R L 2, iR miE M E W RIS
FTRUTIFERESTR RINKE. AL
FHLHRAFR R B FRo i E sk
WIRT 21 4 2R A AR 5 B OB IR S5 1, S5 P4
BRI AR B 8 5 BB AR B 2R Sh ) i 1 oA A
D EARGE . I E RS S i
H—BRBE P A HAT T ST RS PR P RRFLAT B
A PR SCI DA B 55 S5 2 Hh i 3 N A5 S0 240 BT 7
MALA TR . BIEAET IR, X JU%IE 40 R ST
3= B AE AN 9 B B, LI 18 40 7 ) i AR
AR AEZ MO Wi 2L 3 1M a8 2 BT A E 5k
&, RAUBIEHA DA IR K s ]

MBS BB A ) v 0 A B D BE Y BT
Fe AU RS HE Y ST A RGE L0, DK e
(RCEH, KBk i B A P v 0 1 A B0
PERY TR HRR IARIE . KRR AEIEY) . 2

TEFNBIR A A R S S SR, HAH
HIAZ R B IR T AT, BR T /KA B ™
AT S, H B AR B n] BEXS ShAE P Gk
M EARHUE o DA SR TR b 36 4
TR R E, DU HA B U Y
JERRCR B ER, WL PR U TR E WA
ICATREF= A TR PRI, D SR S o 7
alifl e HpT bl 1 BS JEAl

1 MEEHE

1.1 #sl

111 BRHIME: SR MK [Hermetia il-
lucens (L.) (Diptera: Stratiomyidae)]J2&>k H i 54
G ORTERE ZE AR Al I /N SOk e e T
(Rhizoctonia solani AG-8) i & 4L FRARI =4
Bii 65256 a8 David Weller fi-H-H43t, 7KA8 -
% JEL 7K e 5 BAL B (Xanthomonas oryzae PX099)
SEEE VI NE R AR & € E L

1.1.2 ¥E3RE: F8E A5 3R 3E (KH.PO, 0.36 g,
Na,HPO412H,0 1.3 g, NaCl 0.1 g, ZnSO,47H,0
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0.02 g, CaCl,2H,0 0.002 g, Casein 4 g, 3ifl§ 10 g,
MK 1L, pH 7.0). &P IRLLF4E Kl o5t
(KH,PO, 1.5 g, MgS0O, 0.2 g, NaCl 5 g, CMC-Na
10 g, Peptone 5 g, MFEEFF 05 g, Z&ME/K 1L,
pH 7.0). LB WAREFRIL(RE AR 10 g, BBk
¥ 5 g, NaCl 10 g, 7187k 1 L, pH 7.0), LB 3
JEXEFREL(LB WIASEFREIN 1.5%-2.0%3505) .
PSA WKL FRIL[ S 300 g, FEME 15 g,
Na,HPO,-12H,0 2 g, Ca(NO;),-4H,0 0.5 g, &
i 5.0 g, Z8187K 1 L], PSA Bl Rs[h4s &
300 g, ¥ WF 15 g, NaHPO,12H,0 2 g,
Ca(NO;)»4H,0 059, M50, Bifg 159, 78
7K 1 1], 1x10° Pa K 20 min,

1.1.3 EZEiRX5: AxyPrepTM DNA Gel Extrac-
tion Kit, 3¢[E Axygen /A Fl; T4 DNA Ligase. EXx
Tag™ Polymerase, K& % AY) THBA R F;
EDTA (0.5 mol/L), [ 2454 Ak FR A wl;
TR BEN AER (EB Y i) (10 g/L), iR
EYRHARA R, 1%IEIEREEER, Gene /3w
Amp (50 g/L), Amersco A F]; B K, JLaiK
AR BR A A

114 FZEig&: PCR {U4%, 12[E Biometra; /)h
I B O, #2E Eppendorf; M TAER, Jb
TR R A AR i A BR A F]; Alpha Imager 220
eI A% 245, 5 Alpha Innotech Corporation;
ASTELL = K, e Astell; K TE 3G
I, BIEREIEERA A, EREREIR, X
R AR A RA PR

12 FH%

121 KECRFEEYFREERFIMENS 5 ) 4
koK ICAh A, B HICEOKEEE 3 K, R H
75% 2 BEZ 4 H 1 min, FH 0.1%[1% 715K 0 2 min,
FHCHEKIH eS8 3 R, JoH &MU T EAT1#
Hl B g R BAIE 5 A 0.5 mL JER K FiFk
PRI IEFTITES, SRIGFIA 1.5 mL JCR/K, 10 %
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T R AN R v R PR, BB 3 IO R TR
A AR (R e B 3, 47 ok R R0 e 15 9 3L 0k 47
TR o B IR0 i TR ALK R 3 R D R AR
BT I TR A N SABUR S50 50 o
1.2.2  7KELRA 8 B X HE 9% R E R I E
R FHFTALEAROSHIRE A o W HC 100 b X450 7K
Fer v AN TRER, 450U A1 AR [T AR B i 355 57 Jk
AR, SRIGFERFFREE L 5 mm HARFTALER A
1 6 L, Phbisiisde, KoM IBoK i i b ph &
BE L35 50 L, IARIBAE A O 2l 4 4 AL
o RENRIR AN 3 N EE , IR RE SR 24 h,
B R 5E 48 h, WEHIHIE R
1.2.3 E#¥k BSF-CL B9 HEE: Htk BSF-CL
T LB [AREFE . 37 °C i3t 24 h 5 WAL KL
B, TVBGRAAE LB AR TR AR 57 24 h (A &,
FHARZ2E WAMEE WELH BSF-CL K HZFMMIERS .
WATE T 3B A 280K, ST e $ A8
22 QY P BRI T g (0, T e A5 i e W8 T
(LS

kR BSF-CL 4 A= ¥ A= A I 5 0 H A 45
(1) e (i AL 2SI (2) HIELL(M.R)
W (3) V-PUAE; (4) mIweialEes; (5) e /KA
 (6) WHBOKSRIRS, (7) Fricmihils; (8) #¥.
M OISR R Y 43 A S5

DI #E BSF-CL J£[F141 DNA 14 PCR 474
IRHRIEST 16S rRNA P74 S0 . 1%3 R HEEE
FLUKREI PCR =4, W% TAE R gAY TR
FRARIGES. Rl P25 58 NCBI Bdi i 7
BLAST, #1157 BSF-CL [R5 1% & (1 551,
SR E MEGA AR NI J5iEA R G
1.24 FEMEVIRS FHEM: MRS ZE AT R
AR IR A OGS T 514, L 1,

(1) 7K 4 2 7 R DNA B HEEG LB A
B B9 BSF-CL KK S| — & Wk
(ODgoo=1.0))5, BUA#M 1-5 mL WAERKER

S

i}
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Table 1 Primers for lipopeptide synthesis genes

Ly 3iSpa)
519 51975 N s@/ e RIS PNIN
Primer Sequence (5'—3’) ‘L_ e PCR product size (bp)
Corresponding active substances

ITUD-F GATGCGATCTCCTTGGATGT

Iturinf®! 647
ITUD-R ATCGTCATGTGCTGCTTGAG
BACC-F GAAGGACACGGCAGAGAGC

Bacillomycin®! 875
BACC-R CGCTGATGACTGTTCATGCT
SUR-F ACAGTATGGAGGCATGGTC

Surfactin®! 441
SUR-R TTCCGCCACTTTTTCAGTTT
FEND-F TTTGGCAGCAGGAGAAGTTT

Fengycin® 964
FENA-F GCTGTCCGTTCTGCTTTTTC
FEND-R GACAGTGCTGCCTGATGAAA

Fengycin! 964
FENA-R GTCGGTGCATGAAATGTACG
FENB-F CAAGATATGCTGGACGCTGA

Fengycin® 964
FENB-R ACACGACATTGCGATTGGTA

¥, VAR EEALFE 30 min, N AZE R K 20 pl
JE AR SN 4 DNA RG] &k, B
AT WA T L R 4 DNA $2 8GR & (db at R
RAYRHA BRA /) UL 45 .

(2) BRRKIY PCR ¥ 34: ARSI 5 4F]
FHE BSF-CL 1Y DNA Sty S B IR G A
PCR 23 £51F /2 94 °C 5 min; 94 °C 45 s, 53 °C
455,72 °C 1 min, 3t 30 /MEH; 72 °C 10 min, -
= 1% 0 B B E IS FR DK #EA TG ¢

(3) PCR /Wy [lic: R DNA B [
F & E PCR 4, B BRIE UL AxyPrep DNA
R ISR A (2 R AR B AR AT BR 2wl ) fifi
PR E

(4) HF B T-A a5 28 ¥ HR
Bt 5 pMD®18-T Vector 14455 7ok 22 5K
TR DH5a 11, Amp Uik 5 Pk 4 BT
(7% PCR, 4% PCR %E T, Wbk ok
PN Be Sl R VR e E IR Ik i E 2=

B BHEFSIAE NCBI PG 47 80 [R5 1
X8 o

2 ERER

21 KM BAEEYRERNENS S
B U AR AR 2ok B A BT TR A AE I 2R 1
B IR AR T BL 2 24 3% A (CMC-Na) 35 77 45 0
ERGFRAEA TR L, JLOH S 11 bR e g, H
r X 7K R P TR A1 TR A FH R R T TR PR A 4
BSF-CL, Ff-LAHAFFERXTS
2.2 JKEIB7iEE BSF-CL HiEE4am
DAKIAFERR . 408 (R BR TR 55 4 AR SR 4
BRI DL R B L TSR AP AE 10 B R
HRAE R R AT BSF-CL AT S50,
5 L I 7R T 7K RS B BRI T R /N A2 SR 99 9 D TR
ORI RIROR B, TR 2,
2.3 HE#BSF-CL HE£%E
2.3.1 HEFEBSF-CLAYEIBELETEGRI): KA
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3+ 2 E#k BSF-CL HiEILME

Table 2 The antimicrobial spectrum assay of strain BSF-CL

P ST EUIEHEYES o JEE AT EUIEHEYES
Pathogens Inhibitory effect Pathogens Inhibitory effect
PN LR N N I A B .
E. coli Fusarium graminearum
G v O A BR AT _ AU 95 S T .
Staphylococcus aureus Botrytis cinerea Pers
TR N AT N
Pseudomonas syringae Scleratinia sclerotiorum
U " S L B .
Xanthomonas Pseudocercosporella capsella
AN BRI " 1 BRI _
Rhizoctonia solani Candida albicans
U N S N
Xanthomonas oryzae Magnaporthe grisea
VU 25 )5 . KA Z2 s S T _

Watermelon fusarium wilt

Fusarium oxysporum

W= TEIEIVER (R B B <5 mm); +: S IIEIVE (R B EAR S 5 mm—15 mm); ++: BRI /R F (R B B AR >15 mm).

Note: —: No inhibition (d<5 mm); +: Weak inhibition (5 mm=<d=15 mm); ++: Strong inhibition (d>15 mm).

% 3 E#k BSF-CL &84 (b 451

Table 3 Physiological phenotype of strain BSF-CL

FRIE N SN 2 REAIE S ks
Characteristic reaction Reaction results Characteristic reaction Reaction results
EUR =K e . TER Kt .
Peroxide hydroxide enzyme Hydrolysis of starch
e . VR .
Catalase Indole reaction
GEO - W IRt .
Methyl red Gelatin liquefaction
V-P 525 n (kL +
V-P experiment Glucose acid production
e B - B

Note: +: Positive; —: Negative.

Pk BSF-CL 7E LB 15555 |- 37 °C 155 48 h i, H
Wi hFL A6, Bl hEAEST . A, £
TR AE . A EER . WS 2
P L, ERPIR . BBEE S, B KA
A AR S 235 SR R ) 20 I W 2 TR R A A R 2 AT
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T (Bacillus subtilis) .,

2.3.2 TFE#k BSF-CL 1Y 16S rRNA Fy 3t A %5 il
BB HT: Hikk BSF-CL Y 16S rRNA i J¥45
R I R BR/NR 1 563 bp, RJ5iET
NCBI %4/ BLAST, 455R% M, Wbk BSF-CL
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:

illus subtilis HDYM-

AN B30 §

Bacillus subtilis Pab02 (EU346662)
Bacillus methylotrophicus CBMB205T (EU194897)

23 (EF428247)
L3 \LLSABLAT)

93 Strain BSF-CL

a

71

Bacillus subtilis QD517 (EF47

22615

Bacillus subtilis Aj080718IA-25 (HQ727971)
Bacillus amyloliquefaciens DSM 7T (FN597644)

59 Bacillus siame

80
82

nsis PD-A10T (GQ281299)

Bacillus tequilensis 10bT (HQ223107)

| Bacillus subtilis BGSC3A28T (EU138467)
Bacillus mojavensis IFO15718T (AB021191)

92
98 |

00

Bacillus sonorensis NRRLB-23154T (AF302118)
Bacillus aerius 24KT (AJ831843)

Bacillus licheniformis ATCC14580T (CP000002)
Bacillus stratosphericus 41KF2aT (AJ831841)

100

0.005

Bacillus altitudinis 41KF2bT (AJ831842)
Bacillus safensis FO-036bT (AF234854)

B 1 HE# BSF-CL RE#H BRI 4T
Fig. 1 Phylogenetic analysis of strain BSF-CL
TE: ARRERR 100 MEHIR A 5 M FRTETESr SCAL 5Tl Bootstrap (1 73+H).

Note: Bar indicates 5 substitutions per 100 nucleotide positions. The number showed in branchs are bootstrap percentages.

55 Bacillus subtilis strain HDYM-23 SEZx#58T, 4=
AR AN 1 FrR, A B A AR S | 16S
rRNA S85E FIHE AR 387 i) LSS E widk BSF-CL
A B ZE AT A

2.4 BSF-CL MRS FEE

241 BERAERMXBEEFESIYMMEKRSIEKR
138 LIk BSF-CL 4 DNA AT IR K
A OCHEEE PCR Y73, P Hyd vk ksl an &l 2
JiR o

2.4.2 PCR F=yyiylallic: 13545 H 6 R B g
JIK Iturin A1 Surfactin & RUOCHEIEA, 51T K
i PCR Y"1, [l PCR 434774y, 455 LA 3,
243 MEEREHH: £ 4 25U POKI
T3 B AEPIR BSF-CL Hry 85 175 A Iturin 5
Surfactin [ EERLH

2 E#k BSF-CL BERK PCR # & Hik[E

Fig. 2  Electrophoresis of PCR amplification for
lipopeptide synthesis

T LATE#E BSF-CL & DNA JyA54. M: DL2000 marker; 1-6:
Bacillomycin, Iturin, Fengycin B, Surfactin, Fengycin A, Fen-
gycin D G BOCHEFEN.

Note: Take the total DNA of strain BSF-CL as template. M:
DL2000 marker; 1-6: Bacillomycin, Iturin, Fengycin B, Sur-
factin, Fengycin A, Fengycin D synthesis key genes, respec-
tively.
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3 BERK Iturin 1 Surfactin & XX E PCR 7=
) 1a] 44 B 5k

Fig. 3 Electrophoresis of iturin and surfactin PCR
products

7E: M: DL2000 marker; 1: Iturin & s oCER R 918 JBE; 2:
Surfactin & G HEEL R 19 H- B

Note: M: DL2000 marker; 1: Key genes for iturin synthesis; 2:
Key genes for surfactin synthesis.

3 i

AR AR K2, 22
Pt . RATEMER . DiRetEfbe i E 2R
RO PREIBORE S PP IR A A ) B3 4] DNAM,
L H A ke, SHIETEIC Y, KA
KB R R AR RO

N AE BT REE T Y EY) DNA
PCR 4" 38 H i F BeM2 PR ik, FRATT WA B2
AT B b AT BE AR B AR IR B G B A i 2
X519, XK 3 B T ) DNA i i
17 PCR Y, S5 M ULEY 3 2 MR B, &
e LA 5 43 A J5 i e 373 i BOA Tturing A
Surfactin & LI CHEEER, HENFEE BSF-CL AJ
PIE RIS AR Iturin A1 Surfactin, #4624

R4 MEEENRMD TRESR

Table 4 The results of molecular cloning of antibacterial substances

PCR 34 5 © IR Ik 3 RO B [N [R] IR P A 4

Name of primers Correspond Results for homology analysis of PCR fragment and

P lipopeptide known synthetic lipopeptide gene
ITUD-F/ITUD-R Iturin 5 Bacillus sp. CY22 iturin synthetase gene cluster FH{El2 98%
SUR-F/SUR-R Surfactin 5 Bacillus subtilis strain BS3 surfactin synthetase gene AH{LUE 99%

i Iturin 5 Surfactin AOBL RS HEM 0] LU H
ARG /NZE AR BRI T | P TR 2590 B R
AOTEPERICA Tturint™®); i Xt /NA2 SORDR TR .
975 TR A6 U0 1 1 FH A 7S M4 A Surfactint;
St K R SO BRT R B A A R Iturint®281 5
Surfactint™ 2% H X7 R 1 A i A A4 490 6 442
FH R P9 o kG, X LU N M R AN
A, HEWTATRE Y lturin 1 Surfactin B4 & 1E ],
WA A REJE AL R Y 1 Y I, B —
T, S8k, ATRSE B RARGE DK I 38 53 2
) 2 TR LA T S B TR IR, I 5 S A R
ZEMOAT B A AR 2 I 9 5 T R B A0 TR B A
PrBela.
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