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Research Article RIS =

=R AKEC IR A & Bacillus velezensis BY%E E F1 - B4 4 &
H 3t 4h B 57 FR B B B IR R AU 520

AR, BB, R KA, KRaOW, BH

WA K2 E B2z e, RO RO fUE Wyl TR EE S S0 %, W A 450002

WBE. [ B0 ] NSEB A K i (Hermetia illucens L.)JP 3 5 215 B —kk F= Z B 04 9P 2L AE 3, %z
WU TS E , FHRFT L RGE A K AR PE R S e 4 A A i et B SR g . [ ik ]
2 PP e PR 35 77 R A5 2 )7 Z A () TR PR o 38 2ok PR DR R Sy WA RS AR R AR L T R M
FLXT &y Uy F B IO B R g i o [ 252 ] Sl B2 UEe . A AR A 45 5 RN 16S tDNAJT 51 4317

PE 2R B it FR K T B 2 A B i 44 0 DL ST 28 BT B (Bacillus velezensis EEAM 10B)., figid 2 S 57
2144+ 40 °C, 200 r/min, pH 7.0, BERHE 810 g/L, %10 g/L, B55516 hif FH%043.1x10° CFU/mL.,
HEATRE WG TG B A2 2, 24 W5 ZFRETE i3 95.8% ol T 7 T i 1 455 7 e 4 7 45 R 3R W]

B. velezensis EEAM 10BBAAK /™= A RWHEGTE PE e, HUORE AN . LF4E 250 . ST . S8k B A iR
Wi, FME1x10° CFU/gfHERNNIB. velezensis EEAM 10B % i il 77 21148 [5F 457 3% 47 37 4 Bt Jid £ 7K -,

B. velezensis EEAM 10BZ U B 7 AEAS B 25 (P<0.05) 48 5 2 B it A7 7K -4y o ek 2K B8 Fn Al ¢ T 48 Jif s 35 1)
FEARRICR, 200 R 13.4%113.54% , (HPRHE /D R 35 22 5(P>0.05) 5 10 35 B8 i JK TR 48 Jot 43 3% Hh 4
BTG R 5%, i AF K B 4 Jof 457 3 4] 77 4 PR A UG PR 0.1437 ¢/, R %92.57% . [ 4518 ]
B. velezensis EEAM 10BTR AR AENS ™ Z P, HL 7652 BE i A 7K -4 A T B2 5540 vh A Ve A o AN

KRR SoBER AR, DRRILARAEY), DUSEEMZEMATI, P ERREE, &Rk
S A K - (Hermetia illucens L.), J& T M REZFAILERIEF YN E, K2 B

W H /Ko RLEL H (Diptera: Stratiomyidae), N FRE b R A 25 v i R L A g R T T AR B
IKHE . 2 IBERS LA & &2 BRI )T MK Z RS T 40% 8 AT 30% s, &
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— g B AR AR R, © 2 K™ Bl
Y. FEMEBYESNEERY, 2017 4, BKEH
B A BE e AR K AT RUYE S K 3 R
i 2018 4E2 [ FDA 44855 B A /K -
TAEEXGFN ARG R P A, E R R A ) g
HET SEBE R MK R 2T S R, doh
B s 71 KA T 2 R BEGE T 4 DR SR L S8 B
FK A A BB S HOR B R R . A
PG 5 R e BT I S R i, 3R BRI RN R
FRAE, PrLARARRAG B PREUR e . o, anfal T
Ak 52 305 B Jt £ 7K T 4 RO 4 il 43 2 AR Y
AL T A 15 540 %) DR e R AR 0 P Ak Ry
FEIHE DX A ) B A ROGR R 2 —TE TR
4 B J R 7Kl 9 A 10 30 ) R A O 3R AR T A )
(9 TF R FOBIESE , S B I A HLI 5 0 1) 5 3R st £
K - H AR AR AL

S B i A K 3 A TR W A T LR 38
Vo0 M R RN 52 B e f K g AR K R B B
FEMVER . S5 R A K 4l o 2 i
B AN JE By 185 . K 11 Nt g 7 0 56 T A R A 5
o, R A 4 ORI A I RS R AR B 10%, FE
SEREA M TE T RN T, X5 M iE b 3k
A D REE DR EAT B U R (B SR
Y2 RRT B, — S0 i S B A 7K 2 AR
A W7 A % il 285 A 7 3 39 0 A 9 o AN U b
KRR . ISR B R KA ERE Y X R R
PR T 4E KX CS10, 5IUA # WA 4 X i
AH b ELA B 3 L ) 3 BE T 52 4 (20-50 °C). pH
T (4.0-10.0)Ffk 2= Rl 52 PE, A —& /T
MR TS 75 R A TR 6 22 i PulSS4,
Heil WV IR A 40 °C, fili pH K 9.0, ¥
515 B 0 2L AR IR 51%78, 53 4h,
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TE5E B e A /K 0 TEAS AT B SR A IX &R
R T —FRERE BTN B 1,4-B H B RBEN
DIl ManEM17, S8 F Jo0 28 P 50 A AL 50048
AARGF AT Z D 1 IR B2 X 5 B e A 7K
o1 U 2% 1 P I AR AU R X R A ) P A e
FEAT BT, L P B B ) P P ) i
T Ho B, X2 MK i3 A 5 A )
3 A B W0 AH OC B BE X 2R Y AIF 5 A0 RPRE 2 Ak
PAPERESE, 2 IER T34k T A AR B B
SRS [ AR K B B BUBCRD AN [R] i 28 12 5 W)
P18 5 TR Jo A 7 i A A IX R AR 22 S K
{E 2 ATS A8 B — 28 HAT fie i 2 ) 23 2 RE B Tk
AR A OTSTIE A EUBCR B AR R R
R AR FENIE ZE VYA B (0 52 B e A /K 4Ty o
FIIRREYI X R, KIEEER ] (Firmicutes) H
LHFRE, I HAME BB @A T
{8 25 B 54 b SO AR P 07 T B E A I RE
PE— BT R W, SR BETR T Y 2 AT A
Bacillus IR )& Clostridia X /5 ¥ F S i,
X HURE RPN E AL SR f T 5
KM EMAAE R KT EFZE. BT
o D FA K I T8, W R Sl A R G T
Bty 75 5 TRt i 71 7K o )y HL ) 4R 5 B B 5 T 7 331
it B 1O B ZF M AT T R R, RS
Wi B ZE M A Bacillus subtilis . B R ZFMAH
R o R B 2F A I
Bacillus methylotrophic 5P Hirp | AR 2E
F1& B. subtilis B A LATESEBE Jt £ 7K - Jigy 18 v 3
Ae, BRI LAAE SR R AL AE o SCHR T B i Al R
2 MOAF TR AT DL BOie 5 B AR 2K i ) RO XS
FEMRE FER IR, RN RERS 70 AT 4t 2K i |
B RO R A s AR R

Bacillus megaterium .
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I, 25 SCHRAE 5 B s £ 7K - He B A= 1 25
FE TR AN AR 5 B it £ 7K i B AL 19 77 B AT AT —
SUAEVER, i H AT 2E 52 B A1 7K 40 A 1
RERINRE; 2RI TS M K4 Ry
8 2 v B0 2 R TR AT AR A 2 0 i A 4 B AR
KPR, ehh, 4R JERE B 1 (4 25 B AT
HAEY B REE, BABRpTtE, b
LSS TR A T2 s T PRGN, T s
FORAFSE0 AR o FITLL, 28 AT o8 s 78 5 SR I £ 7K
e =T BLAE AR WAL LR B FE ) R A
F AT AEN O E

AR DR A A H 0T 5T o R BT ) AL 4 E
— AR A T B i AR 2K B 2 1 Y R O R T
ZEMIFF TR B. methylotrophicus , 152 U1 ST 25 o T
W B. velezensis WY 54w, C&IESHAA
S L B A 2 AR AR Bk
R EAT P TR R T 5T, E AR TR %
E L AR R ERFIE A BERRAE, R — 2B AT
PR 8 % R i ) /K < - TR B A A 0 A AR AT
B F 4 L FH B (4L 9 05 T b N L At 0k

1 ARR

1.1 Rk SERE

B. velezensis EEAM 10B FH#E!Y, HI I 4
M K2 R 2 B S B AR AT, TN ORI i 5
CGMCC No.14202. LB 553 (g/L): BEE MK
10.0, MEEREHKY 5.0, S L8N 10.0. ZEIRKAP R
1L, pH 7.0, [EAEEFRZLAIN 1.5% 0508k 5 3
AR (gL): T ZH 4.0, CaCl, 0.002,
FeSO46H,0 0.002. MgSO,7H,0 0.5. KH,PO,
0.36. Na,HPO, 10H,0 1.07. ZnCl, 0.014, NaCl
0.16. pH 7.0-7.21"1,

1.2 WtkERE

121 EWESKAEBALLEE: KN
LB 5572355} B. velezensis EEAM 10B [# ¥k E1 71X
ok, WA AERKREIF IO R, PIREA
IRERMER AR, R T AR R SR, W
BRI R ARl . AR AR AR AR AL A 2 P
. VP IR MK A0 A 2T 1 6 250
1.2.2  F¥E 16S rDNA Fl gyrd 4 FEE: I
200 pL XJ £ A=K B. velezensis EEAM 10B B ,
12000 r/min #.0> 5 min, 3 F#; A 100 pL
Tris-HCI (10 mmol/L, pH 7.5), #1 0.1 mg/mL %
i, =& L 30 min, 100 °C /K¥# 5 min,
12000 r/min E.0> 5 min, B &M . 16S
rDNA I¥ 41K : 27F: 5-AGAGTTTGATCCTGG
CTCAG-3',1492R : 5'-TACGGYTACCTTGTTACG
ACTT-3'. PCR 4f4: 94 °C 3 min; 94°C 30s,
58°C 305,72 °C 90 s, 30 MMEH; 72 °C 10 min'*'),
gvrd BeNGIANT . gyrd-F: 5'-CAGTCAGGAA
ATGCGTACGTCCTT-3'; gyrd-R: 5'-CAAGGTAA
TGCTCCAGGCATTGCT-3'. PCR %14: 94 °C
10 min; 94 °C 30's, 62 °C 30's, 72 °C 90 s,
30 MEF; 72 °C 10 min®2, 4 PCR 74l ¥ 3k
7% 16S tDNA J¥41 I % % NCBI H 5 & A R
16S tDNA [eXt, ffi ] MEGA 7 #4442 R g ik
e
1.3 EEAEKSMHE

PREUE R B. velezensis EEAM 10B B 7%,
AT 100 mL LB 5572, 37 °C. 200 r/min
Ri9% 12 he B H T 6000 r/min 2.0 10 min,
TR AR, FRATCREKESEZERW ODgoo
fER 1, B WAE R B. velezensis EEAM 10B
Fh ¥R, 85— REC 1% RN T

http://journals.im.ac.cn/actamicrocn
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JREL

1.3.1  FIEXFE R B. velezensis EEAM 10B 4+
FEMA « 3 K JBE A i BB K \NaNO, (KNO;
NHCl,. JRZH NHNOs #% 1% (W/Vyhn 3 5 a5
FHEHE . Y HE R B. velezensis EEAM 10B $2Fp T
ik 7 iR SR FE(pH 7.0)F, F 30 °C. 200 r/min
Ki 3% 24 h J5 I %E ODeooo

1.3.2  BRIEXTHE R B. velezensis EEAM 10B 4K
oM . 1R IEE AR AR, 0z B IR A
DIT RS R o o wll b s aams . b 7Ll %
LEWE TSR L D-AHE RN D-£F4E R 1% (1Y)
JnE eGSR I . B E IR B. velezensis EEAM
10B 450 T 13k 8 A 3R (pH 7.0)F, T 30 °C,
200 r/min 1557 24 h J5 M 5E ODeooo

1.3.3 REMBEFEEELE pH XTE R B. velezensis
EEAM 10B A= K0 : 2 5 AR Ak,
FIHAEE SR IE(PH 7.00%, K EE B velezensis
EEAM 10B #EM 23557 rh, 43511 F 25,30, 35,
40, 45,50 °C, 200 r/min §53% 24 h J5IM %€ ODeooo
i P e A AU IR R S I A b B R 5L, R B
FRIG pH H N 4, 5. 6. 7. 8. 9 1 10, F
BO&E IR . 200 r/min 55 5% 24 h 552 ODgoo-
1.3.4 EHRAERKIZENE: & 1%EFMF, KiE
¥k B. velezensis EEAM 10B Fp WM T & &
FERIR . e . it pH ML IR I
T 200 r/min., FRiE BT HE SR 48 h, A 4 h UM
7 PR ODsoo s

1.4 P=EEFFE

1.4.1  JEMEE: WEMIEIF LRI (L) EH
20.0, BERESZECH 5.0 LR 10.0 . Na,HPO, 5.0,
MgS0,-7H,0 0.1, NaCl 0.1 . BiJl§ 20.0. pH
7.0-7.4, 1.0x10% Pa KB 20 min™, )i )i :

actamicro@im.ac.cn

V- 15 Ak 5 TR R FH 2 B A 2 485 a5 R R N 1Y O
VEREFRIE B PR o 3 ARk, B X 3 4
#), 37 °C, {RIEEESE 48 ho £ VK Fl S
X OB GE A | A 10 mL Z8587K,
A 10 g BAR B IF FI PR 2 v i, SRR FHIA
5 g WO PE— Be it [l fif 22 58 205 % (O 2 Vi)
InzELE K 2 255 100 mL %0 B AL IR AT
B IR I FARA), RORNZIE,
T R R 43 510 2 B P AR (HD) R T 9 AR
(C), HH H/CAE, FHxHFEHEf T EIE 320,
142 HAM: EOMEHLERE(QL): Bik
Py 10.0. NaCl 5.0, R 5.0, THER 5.0,
KH,PO, 1.0. K,HPO, 1.0. B Jg 17.0 . pH
7.2-7.4%4 W)k B AR B R A K B Y
T SR T AR B0 Ve RS FR L E PSS 3 A4
DI, ARSI 3 AN, 37 °C BB 15 S 48 he
FE TR % S8 L I 5% =& LR (5 g TCA A
100 mL KoY, BERNZE, HRATERRR S
S 5 37 B P EL AR (H) RN K B4R (C), A H/C
B, FFX-FAR TR IRIC 5%

143 SR R ALY R o5&
(CMC-Na, g/L): CMC-Na 10.0 ., [ B 10.0.
NaCl 5.0, BRI 5.0, KH,PO, 1.0, Eii§ 17.0,
pH 7.0. W15 BETE AR TR AR B G TR Y 2
25 AR AR B A T e R TR B PR 4y 3 A IX
B, WA 380, 30 °C B 5 3-4 d
TEEHR P AGE fE 1 mg/mL A RIS 2T G800, YL fh
10 min, FFZEYLK, MAEEAM 1 mol/L i NaCl
VS, PRI 10 min, XREEIIN R AR R R A
S0 % 375 BH P B AR (H) M 7% AR (C), 115 H/C
B, FFXPFAR AT IR IC %

1.4.4 AREWEEE: ARREEIGHLERIE@EL): K
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BB 4.0, BEEHREU 5.0, NaCl 3.0 . NH,NO; 2.0,
K,HPO, 1.0, MgSO47H,0 0.5, 55§ 17.0. pH 7.0,
W0 7k s PG RS B 2o T % 2F 28 R T
AL T e 15 3R 0k B PRI 0 3 A IXCI, A X
B 3R, 37 °C BB R SR 48 ho FEPARH
ATKCEE, #ik 2-3 h, WEEIEIR A Al br
R R G300 37 B B ELAR (H) RN 7% LA (C), 3
BH/ICAE, FFXPEAREE TR BIC SR
1.4.5 RIEHEE: RBHGIH LR IR (/L) R
10.0, BEEHREUY 10.0. NaCl5.0, &AM 10.0,
BijE 17.0. pH 7.0. Wi Jrik: #0405 w k]
KL AT ) 2 2 a5 A I A 0 32 B 95 B P Al
B3 3 AN, AR XKIEUR 3 AN, 30 °C fH
B5 % 48 ho 1A 0.5%NI SR 2T YL i e o
0.5 h, ARJEHG MWL, FFMA 1 mol/L BYE AL
PG EE 10 min, B 2-3 Y WEETFIN &l
FREAR A= R 43 50 I 375 B Bl 48 (1) 0 2 9 AR
(C), T8 H/ICHE, FEXPFEMGE T RIE ¢ .
1.4.6 HEEREG: V)HAERES BT R A (g/L): 1
BRAS 5.0, #Z5KE 10.0. NH,S0,4 0.3, MgS0,4 0.5,
CaCl 0.1, MnSO, 0.01. FeSO40.01., ¥ii§ 18.0.
pH 7.0, W 5k #id A0 s R A G T 8y 2F
25 KRN T AR B AT R SR B PR A 3 AN X
B, B 3 R, 37 °CEIE R IR 48 ho
L2 TR T T B A A TR 85 2 5 0 4 % T T ki
Pl o I bR R R A3 i 2 32 W Pl 4 (H) AN
WA EAR(C), T H/CE, XMk f74h g
e
1.5 B. velezensis EEAM 10B B #k %5 B i £ 7K
-4y B AR K R )

o T a7 I by Y e A RS M T R R T T IR
YA FR R 2 S AR B AL ER LS B3R

PI (A, FACRKL) 90%, i EKEL 90%
(R S Jof by SRR AR SR e B L 1:3 A Lh A
TR AT 5 BE i R 7K 24 70% 0 4 iU iRDRE, 45 150 g
4353 500 mL AN ERH, HTFEAER
e, B KEAT, JARH S X1 (121 °C
KW 30 min); S1 2, XHHE 1+2F OB GERh
1x10°CFU/g); XFHA 2 (RKTH); S2 41, XFHR 2+
RN AR 1x10°8 CFU/g), —3t 4 41, B4
6 MEE . A A 150 Kk RK/N—311H
4 HipKdtghde, 30 °CfF: 12 d, WEEE] 50%
DL gl B S A IS, A4 s B Rk 4
ST I L A R AL PR K e A | 8 8T 7 3 D
AR AR AR, AR A AT BEA LA
ARZETE 30 °C Z4F MREGHUE 10 d, SEit bl
ARl A 2 80 °C HET, Giit Ak
T DA R A B T E . A OCHE bR TR
T KA 2 (Y%o)=CRe AL 5 K it T F L AR T K
)/ AT A T b 3R T < 100% 5 48 T 37 3%
ok /> (o) = (i A T A8 o s 35 T T % Ak i 48 ot s
I T 5 )/ A BT ot B T F X< 100% 5 7K &)y il
FEIE 28 (Yo) =1 AV J5 A i 250 /5 AL T I B 7K o
B < 100% 5 A0 R (%) =K i 1) B /e Ak I 7K
gy g

2 HRAAT

2.1 HWHREELR

H & 1-A 8] 1, B. velezensis EEAM 10B A~
PR FFIR, J8 T8 22 IRV, DL ik
WHES , s nl P CZF M 78 LB AR S0k |
AR 240 Z)E, TR OAEDKEEEE, +
58, EYINSEET, 24 h FRERMNHZE =
SORYHL, PRSI IR 2 48 h Z )5, T U F-AR

http://journals.im.ac.cn/actamicrocn
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HEGAHN, HREHAEWBRKEEE 1-B),  10B RHIIEILAFH  AMALLRINE 1 s,
HE 1-C Ef’ﬂl, FATKRH Sporgon {HEEFIXTIIER  HECLEEM 14 WLEIEIRN, B. velezensis

M5, YEfT 16S rDNA PCR B0F, K¥JC 16S  EEAM 10B HEKER T 1 AL AL .« VERS K
rDNA %‘%%(?ﬂki_ 5-7), MARBRFLA TR 16S . EIR LI Eﬁﬁ%ﬂ@%&{«thﬂﬁiﬁﬁf
tDNA 454 (JKiB 3), & B. velezensis EEAM Zﬁl‘, Hor 10 WA, X530 #3100
(A) = .~ o (B) ©bp 1234567

& o -

(]

F 4 7- \

X
\’ . ._Ag'

1. B. velezensis EEAM 10B & {A i, 757150 R R E AT F 16S rDNA PCR #1845
Figure 1. B. velezensis EEAM 10B mycelial morphology and 16S rDNA PCR products of the sterilized and
unsterilized egg surface groups. A: Morphology of B. velezensis EEAM 10B by gram staining (LB broth, 37 °C,
150 r/min, culturing 24 h); B: Colony morphology (LB solid medium, culturing 24 h); C: 16S rDNA PCR
products of unsterilized and sterilized egg surface groups. Lane 1: DL2000 DNA marker; lane 2: 16S rDNA
products of E. coli; lane 3: 16S rDNA PCR product of unsterilized egg surface group; lane 4: Control (without
template); lane 5—7: 16S rDNA PCR products of sterilized egg surface group.

% 1. B. velezensis EEAM 10B E#k 5 EREF T HE WHELLRER
Table 1. Comparison of the biochemical characteristics of B. velezensis EEAM 10B with previously reported
Bacillus species

B. velezensis B. velezensis B. amyloliquefaciens B. Clausii
EEAM 10B FJAT-8788* FJAT-8754%* FJAT-8762%
Catalase reaction + + + +

Characteristic

Oxydase reaction - +

Starch hydrolysis reaction +

+ o+ o+

+

+ +
Nitrate reduction reaction + +
Indole reaction -

Citric acid reaction -
Gelatin Liquefaction reaction
Arginine dihydrolase -

+ o+ 4+

Sucrose fermentation reaction —
Glucose fermentation —
M.R reaction -

+ o+ + o+

V.P reaction -
Hydrogen sulfide reaction - - - _

Urease reaction — — + _
[20]

+: positive reaction; —: negative reaction. *: data were cited from the reference book Biology of Bacillus

actamicro@im.ac.cn
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B. velezensis FIAT-8788 Witk Z 4K, fabrH
PUEALH 50%; HEWIEE B. amyloliquefaciens
FIAT-8754 Mt fEFRAHMIE  64.3%, HIES
B. Clausii FIAT-8762 HJLEALFFELRTUARLL, 4545
FALE D 85.7%, HUA A AL S A MLR I
2 MEERAR, Hpsee—E. MEErir2
R 22 S0 e R LR RAIE A B RO 2
RESMWEA—ENSHEE XL, BN HET
MR, AR FERZ B ] REAF AL
RES
B. velezensis EEAM 10B & F1 16S rDNA Fi
gryAd FERD PG 5 AE 2 408 A 00 28 AT o
G HEAT RIS 2R An 18 2 A 3 s KA 16S
DNA 3T 4E 5 5 B. velezensis EEAM 10B 25 %%
KRBT E N B, siamensis KCTC 13613 Fil
B. velezensis UCMB 5036; ##i gyrd FE 254
e xtgE 5 5 B. velezensis EEAM 10B 254k &

LB ERE N B. velezensis UCMB 5036, H.if ik
il DNAMAN H. % B. velezensis EEAM 10B
gyrd FEH P H 5 B.velezensis SBGY . B. velezensis
UCMBS5036. B. velezensis WLYS23 . B. velezensis
UB2017. B. velezensis FIAT 52631 J¥ 41— &4,
ZERAHHR 99.47% . 92.96%. 99.58%. 99.58%
1 99.58%; I ZHiE EEAM 10B Sk DU 2 i
& B. velezensis Bl .

2.2 B. velezensis EEAM 10B Btk EE A K &4

WKl 4-A Fros, ERE B. velezensis EEAM 10B
TE 5 A BERER 1 W o ARG 55 55 B rp AR KAl R
FTFIHAM 6 Fh & UK 73 (P<0.0001) B A
B. velezensis EEAM 10B f£iX 7 Fpbs 553t B pg A=
KBy a0 T - BB A > B & A >NH,CI>
NHANO>FEEZE>KNO>JK & . FFE B. velezensis
EEAM 10B 7 & JR % Fl KNO; K3 6 JLP AR A
K, {HAT LR F NH,Cl 2 NH,NO; TEHLAUE -

Bacillus velezensis UCMB 5036 (NC 020410.1)

Bacillus siamensis KCTC 13613 (NR 117274.10)

48

EEAM 10B

99 | Bacillus subtilis subsp. subtilis str.168 (NC 000964.3)

96

55 t Bacillus amyloliquefaciens DSM7 (AY 055225.1)

Bacillus atrophaeus ATCC 9372 (HQ 638216.1)
Bacillus anthracis ATCC 14578 (NR 041248.1)

Bacillus thuringiensis ITAM 12077 (NR 043403.1)

Bacillus megaterium 1AM 13418 (NR 043401.1)

Bacillus cereus ATCC 14579 (MG 708176.1)

89 L Bacillus pumilus ATCC 7061 (NR 043242.1)

—
0.50

[ 2. B. velezensis EEAM 10B E %k 16S rDNA £ & [F 55 KA K549 Ft kit

Figure 2.

Phylogenetic tree of B. velezensis EEAM 10B and 10 Bacillus strains using maximum likelihood

analysis based on 16S rRNA. Numbers at nodes represent the percentages of occurrence of nodes in 1000

bootstrap trials. The scale bar represents 0.50 substitution per nucleotide position.

http://journals.im.ac.cn/actamicrocn
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41

96

4

24

37

Bacillus siamensis KCTC 13613 (NZ AJVF01000039)

Bacillus amyloliquefaciens DSM7 (FN 597644.1)
Bacillus velezensis UCMB 5036 (NC 020410.1)

— EEAM 10B
Bacillus atrophaeus ATCC 9372 (NZ AEFM01000001.1)

Bacillus subtilis 168 (NC 000964.3)

Bacillus megaterium BP17 (JX 514095.1)

Bacillus anthracis dANR ( AY 291534.1)
Bacillus thuringiensis IAM 12077 (NR 043403.1)
Bacillus pumilus ATCC 7061 (AY 167869.1)

— Bacillus cereus ATCC 14579 (NC 004722.1)

3. B. velezensis EEAM 10B Btk gyrd E R F5 &5 KK E o Fit ki

Figure 3.

Phylogenetic tree of B. velezensis EEAM 10B and 10 Bacillus strains using maximum likelihood

analysis based on gyr4. Numbers at nodes represent the percentages of occurrence of nodes in 1000 bootstrap

trials. The scale bar represents 1 substitution per nucleotide position.

¥k B. velezensis EEAM 10B | A HLA A AE 1
KFIHAB, 72X 7 RS, BERHE M Rl
& bk B. velezensis EEAM 10B Fi&m 44, 0
K 4-B /R, Witk B. velezensis EEAM 10B 7E%
A . LR ARBERNE BRI R AR B
FR TS AN A Y MR R R
A (P<0.01), JFH, &% R AERK
TR, (FJR S FUME . AR BOMEAH L C 3
25(P>0.05), WA E R B. velezensis EEAM
10B A K AEmRIE . HIE 4-C Al %1, Btk
B. velezensis EEAM 10B & pH 6.7 Fll 8 4= K154
UF, £E pH 5. 9 F1 10 iR KB B AZ2(P<0.01), 7&
pH 4 M4 FAAK I, pH 7 NE KK B. velezensis
EEAM 10B #5534 K pH . HE 4-D
A1, BMk B. velezensis EEAM 10B REfS1EH T8
BN AR 2B AR EY) . FERTE

actamicro@im.ac.cn

40 °C $E 92 5 P A KA ey, B AL TFAE 35 °C
g} 45 °C (P<0.01), 25 °C 8{ 30 °C HEHRAEMS K,
HAYRARE, HEFRIREN 50 °C, HHKIL
PAAK . HILAT UL, F#E B. velezensis EEAM
10B J&—FhiE PR AT, 40 °C nlfE Ry HAEK
() AR TR o

Hikk B. velezensis EEAM 10B 7£ &5 B RFEH3
IR B A LRI % R 32 (pH 7.0 40 °C A K il
LR UNP 5 IR, AR B. velezensis EEAM 10B 2485
4h IRGWE, HFWE AXTEUE R (4-16 h),
B F T R 118 2 R AR R AT T AR B o T AR A
BBALE R AR, fERFE 12 h Z)5, B4
A HIEIF IR B REE, 24 h Z )5Sk 28
T BERAE 90% LA b, Fif LIARYE B Bk B. velezensis
EEAM 10B WyAEK ML MEBER 45 R, @il
12 h J5 WY BB AT DAE Ry R TR AR A T 4 R 57



FRAESE | SRR, 2021, 61(7)

2129

N o

& O o> & &
> Y3 O S
& %QV @2‘ & %'QC\Q %&*
> &

Q\\Q Nitrogen source

8r d
L cd
7E
6 L
b b
5t
s c
O 4 |
S
3t
2+
1+
a
0 40 50 6.0 7.0 80 9.0 10.0
pH
4.
Figure 4.

B 10

OD(()()

S = N W s U0 3OO O
— T T T T T T T T
o
o

Carbon source
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B %K B. velezensis EEAM 10B EAEIEHFEHTHEYE
Biomass of B. velezensis EEAM 10B in different conditions. A: The effect of nitrogen source on the

growth of B. velezensis EEAM 10B; B: The effect of carbon source on the growth of B. velezensis EEAM 10B; C:
The effect of pH on the growth of B. velezensis EEAM 10B; D: The effect of temperature on the growth of B.
velezensis EEAM 10B. Values with different letters mean significant differences at P<0.05 (n=3), as determined

by Tukery’s test.

2.3 FERARAES B

HFitE B. velezensis EEAM 10B 1F % 51| 5% 357 3&
R EERRIE A ) AL M E AR AR 2 B
B. velezensis EEAM 10B REfE )™ A= TE M Il . £F 4k ==
Wi ARRMENE . CRECHE . & AR 6 R
UL . N H/C HEELEE SR aT R, i JLA i A T35 P A
YRy A SR il > 2 1) > 2T A 2% > SR e 1l > 0
BE>tEMRNE; 5 ERIAYERR B. velezensis FIAT-8788

PR S A VE LA ZE R R BR T B. velezensis
EEAM 10B [ ¥ )" A= A T A Bl v PR A AR 2 A0, R
SEVE AR BT ] 2 T E AR B ERR . (e
FHERE I, B. velezensis EEAM 10B B #£ 742 1Y
YERM . EOAMAAEREZ R B. velezensis
FIAT-8788 FriXA W) . % ik, B. velezensis
EEAM 10B RFRAEDS 7= 2 ILAEDS, Rl it AR
VDG . EIBELT R B, JF HaxX JLM T
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The growth curve of B. velezensis EEAM

10B under the optimal culture conditions.

Figure 5.

X2. Bk B. velezensis EEAM 10B 5 HE ¥k B. velezensis
FJAT-8788 F=REfh 705 14 b3

Table 2. Comparisons of enzyme species and activities
by B. velezensis EEAM 10B and B. velezensis
FJAT-8788

Enzyme B. velezensis EEAM  B. velezensis

profiles 10B, H/C FJAT-8788, H/C*

Amylase 2.26+0.23 3.20

Cellulase 2.72+0.76 0

Xylanase 5.75+0.71 3.10

Pectinase 2.61+0.16 1.67

Protease 3.64+0.09 0

Phytase 1.46+0.08 0

Results are all indicated as meanstSEM (n=3). *: data were
cited from the reference book Biology of Bacillus®.

AN AT, A Bt 7 A - B LA A P e
AT AT AL 54 53 i v BAT — S B9 W 7 I
MAE.

2.4 B. velezensis EEAM 10B X155 BE f £ 7K ii-4h
M 3 AR JBE B SRR A 3 )

¥ B. velezensis EEAM 10B it 25 i H5 il 71 A1
mﬁﬁﬁﬁﬁﬁAu%@ﬁﬁﬁIMﬁWﬁm
Ty, T 10d b2 5, 4553k 3 Mk 4
%ﬁoM%3¢%$ S1 Al S2 (& di bR A
Bl R4, HIR RN 10.02%F 10.56%,
MR R I TE i P22 R, (R AR AR,
WG, PR > R E S TR A .
T A5, ST S2 M4 HUAFIE AL I % 1
5 T4 B Control 1 A1 Control 2, H. S1 4 Hiff
TR AR R =, 200k 95%F1 93.28%. Sl
Ab B X T4 A A A B R 4R, S2 AR FRAE T
RER S, (HI 8 FXT IR, A RE R 3 A
— S EMAY, KEASELUE, WmEH, 1F
FH A o 80 B 790 %o HL 0 2 0 9 A5 B S R i, X
LT Bk 4, BR Control 2 #b, JFAth 4b 3 5 JC HH
BER 2/%J:)5Jﬂ7ﬁ B. velezensis EEAM 10B 1) %
FELH TR RV SRy — R AR SRS N, X TR e
T Jiwt £ 7K 4y B AL AN 4 HUFE TR R I B 3
PEVEFR, X6 2 (0 35 e A W e R CR

%% 3. B. velezensis EEAM 10B ZFRa 73T =5 R AR E Y5t L B L IR RSS2

Table 3. Effects of B. velezensis EEAM 10B spore preparation on BSFL converting food waste
Groups Conversion rate of Incremental rate/% Material reduction Increntental
BSFL/% rate/% rate/%
Control 1 (Sterilization) 12.18+0.43? - 39.54+0.18"
S1 (Sterilization+Spore) 13.40+0.05° 10.02+0.07 41.38+2.80° 4.65+0.10
Control 2 (Unsterilization) 12.11+0.57* - 46.12+0.34° -
S2 (Unsterilization+Spore) 13.54+0.60° 10.56+0.03 47.15+1.30° 2.23£0.96

Results are all indicated as means+=SEM (n=3). The values with different superscript letters in the same column are significantly

different (P<0.05). ?
with the control.

actamicro@im.ac.cn

: conversion rate of BSFL group compared with the control;

®. material reduction rate of BSFL group compared
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F 4. B. velezensis EEAM 10B ZF B $ 57 3 = /R A 7K BT 4 B8 A 45 4E B9 22 g

Effects of B. velezensis EEAM 10B spore preparation BSFL growth characteristics

Prepupae weight/(g/piece)

Pupation rate/% Pupae weight/(g/piece)

Table 4.
Groups Larvae survival/%
Control 1 (Sterilization) 82.20+3.11° 0.13£0.01°
S1 (Sterilization+Spore) 95.00+2.55° 0.13+0.00"
Control 2 (Unsterilization) 85.50+1.41* 0.10:£0.00°
S2 (Unsterilization+Spore) 89.00+0.47% 0.14+0.00"

92.65+0.01° 0.12+0.00°
93.28+0.03" 0.12+0.01°
84.28+0.02° 0.13+0.01°
92.57+0.02° 0.11+0.01°

Results are all indicated as means+SEM (n=3). The values with different superscript letters in the same column are significantly

different (P<0.05).
3 3t
3.1 HEHRERESERKRHME

DU 2E AT IR B. velezensis J& 2 M AT 1 &
— AR Bt B. methylotrophicus \B. amyloliquefaciens
subsp. plantarum Fl B. oryzicola #{VAZ N
B. velezensis. B3R S HLZE MU IR (B. subtilis)Fl
R VEN) ZE AT (B. amyloliquefaciens) % 2% 5 &
I, AR A AR 22 I BT B 20 A Sy Bk
1319 B. velezensis EEAM 10B Tk B ATEAS |
ML AL B AR B SR N A B TR AR OB
DERARHE S W) KW B. velezensis FATH
e — Bt (HAABFRIE T A AU B . RN L T
JOR . RERERE . MR I . V.P R AR AL
AN EL B, 5 CRIE W kG bR 22
SEI, U0 UIZ-GARCIA 55 % 5E (1 B. velezensis
REF" Az SR, AT LR T M AR 2 07 R s 3%
KAV B B. velezensis RJ LAF=H: H,yS FING| W
HEREIEN B. velezensis A= HyS; Xl
FEEESr BI TR MLR SZNEAT VP S 35 Sk B
LT UL, B. velezensis 7 [A) BRRR A= BRAAE Ak 2 g
ARAFE*27 B, velezensis EEAM 10B BRI
16S tDNA FI gryd BEAER 73 Hral R—5, EKWIE
G KR IE ) B. velezensis UCMB 5036 B4 o

PR E , BT 24~ B. amyloliquefaciens subsp.
plantarum UCMB 5036 [, 792 H —Fp i fE4E
Y1 B ZH LN A TR (Gossypium barbadense), #—#H
W5 2% W I T Pk H AT 4l 0 A 0 A R A BTy 1k 2 b
WY E I REPY . B. velezensis EEAM 10B
PR 2 5 A A YA 2B AR Lk 3 ) S REAT i F —
AETE, WRABOIE AT 2 W] 2 5 T B £ 7K
“ R ELAE AR W A T R A LR 5T R TR TE
(BL, PR A2 i R P A P 2 8 o R J 3 /A o R
Ve A BUIEAE FH 09 Zh e A 18 .

B. velezensis EEAM 10B &Pk X} K5 55 v 1)
N JEA BR ) SEFEE, XTIRZRE A KNO; JLT-AF
A, WAEA LR IR Bl 2 I BER Ry AR K R A
XGRS EAWIFE SR 2, A LA IS
B. velezensis AT R ik BEGE I I HAW EL G W) ot
7 A 20 EARTE A B. velezensis EEAM
10B T P X AN ] o 8tk 587 A7 4 5 o 1 ) FH g
73, e Ry S R G R A R
3.2 EEFIE

B. velezensis EEAM 10B GE#% r= A= VE Ky il . £F
LW . ARRMEEG . REG . 5 O G A AE R
6 A E DL 3 JLFP G ) T35 P AR U S A SROM: it >
> 4E 2R >R > TE R >R e 5
C Ak B. velezensis FIAT-8788 7 il il 25 Al
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TR LA g SRR B, velezensis EEAM 10B
PR R 77 A R AR SR OB oA R R B A U B e T
B. velezensis FIAT-8788 itk MMiH. B. velezensis
EEAM 10B [ #7574 i 1 2 22 1 | 26 1 Tl A
Jiff J& T ¥k B. velezensis FIAT-8788 FT A W
B. velezensis EEAM 10B A] LIE R — k5™ Z il
AR . A BFFE R, TP HERS H MR IER TR
IS 1% AR EE, VX HIEH S 4.81%
(P<0.01), KL R FE 5.00% (P<0.05)B%, 5 i il
T ZT A 3% il T Al 2R S i 2 R U 2 e T A Y
X XTT B. velezensis EEAM 10B 3&t, 0]
T A HE XS 1 AR A
3.3 B. velezensis EEAM 10B X} 555 i £ /K i 4
LGy SRR G E XA

N B. velezensis EEAM 10B FE #7515, 8E
B AR w4l AR, 5 EE DI N A )
HNB-3 AbHUSEFE45 R —0, WRgiem L%,
T H IS B. velezensis EEAM 10B G842 & HAFWE
RO T AL IR SR AR K E Lo XY
PR 3R, A IR A R ZH B K T Ak 3
H, LB YR TE FE I AN R — A U E W 1
ML M2 E Y LR . KR AIEE K
PRAL IR, | I B Ak 3 Ak 0 25 0 T g o )
KT KEAHE, i B. velezensis EEAM 10B 75
R H A ol 2R P R [ 1 P A RE 4R R 5 B A K
LINERE TR I RTY G EN S B v/ e e =
YIal Re AT ILARER , X T X Sl A WA e i —
AT o TEFATT i 22 Y B TR 3 5 (] P o Bk T 4 e
MKW IEY U B. velezensis EEAM 10B)
R AL, 7E59% 10d 5, HmE S wHARE A 2
2.5x10° CFU/g, i€ B. velezensis EEAM 10B fig
FEIL B N TE S, Ud B2 TR0 5 B i £ 7K A AR
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Identification and enzyme profiling of black soldier fly egg
commensal Bacillus velezensis and its effect on food waste
bioconversion

Xiang Chen, Sijie Zhao, Tingting Liang, Jiran Zhang, Hongge Chen, Sen Yang

Key Laboratory of Microbial Engineering, Ministry of Agriculture, College of Life Sciences of Henan Agricultural University,
Zhengzhou 450002, Henan Province, China

Abstract: [Objective] A strain producing multiple enzymes was isolated from the egg surface of Hermetia illucens
L. Further, the optimal growth conditions, enzyme-producing characteristics, and the effects of the strain on the
food waste decomposition efficiency of Hermetia illucens L. were explored. [Methods] Enzyme-producing strains
were obtained from various selective media. The optimal growth conditions, enzyme-producing characteristics, and
the effects of it on the food waste treatment decomposition efficiency of Hermetia illucens L. were determined by
the single-factor experiment. [Results] In this study, a Hermetia illucens L. egg-surface commensal bacterium was
named as Bacillus velezensis EEAM 10B by morphological observation, biophysiological and biochemical tests,
and 16S rDNA sequence analysis. The bacteria number was 3.1x10° CFU/mL under the optimum growth
conditions: 40 °C, 200 r/min, pH 7.0, 10 g/L yeast extract, 10 g/L glucose for 16 h. Approximately 95.8%
single-terminal spores were formed after 24 h cultivation. Enzymes producing results are as follows: xylanase
activity was the highest, followed by the protease, cellulase, pectinase, amylase, and phytase. Adding the Bacillus
velezensis EEAM 10B spores to the food waste at a dosage of 1x10° CFU/g significantly (P<0.05) improved the
food conversion efficiency of black soldier fly larvae in both sterilized and non-sterilized food waste groups,
reaching 13.4% and 13.54%, respectively, whereas the mass reduction rates did not present differences (P>0.05).
Furthermore, in the sterilized food waste group, the survival rate of larvae and the prepupae weight were
significantly increased to 95% and 0.1437 g per one, while the pupation rate reached 92.57% in the non-sterilized
food waste group. [Conclusion] B. velezensis EEAM 10B strain can produce a variety of enzymes, and it has

potential application value in the treatment of food waste with the black soldier fly.

Keywords: black soldier fly, egg-surface commensal bacteria, Bacillus velezensis, enzyme profiling, food waste

(R FT%h: &%)

Supported by the Key Research and Promotion Special of Henan Province (Scientific and Technological 192102310240)
"Corresponding author. E-mail: yangsen7676@126.com
Received: 6 November 2020; Revised: 8 February 2021; Published online: 7 May 2021

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



