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Abstract: [ Aim] To screen and identify bacterial strains isolated from Hermetia illucens eggs inducing
the oviposition of Hermetia illucens adults and to discover the way of improving the egg collection
efficiency in the process of artificial breeding of this insect. [ Methods] Separation and pure culture of
egg-associated bacteria were fulfilled by using brain heart infusion broth ( BHI) medium, and the
screened solo bacteria strain was fermented in shaking flask to verify the effects of these fermentation
broths on adult oviposition behavior of H. illucens with the sterilized BHI medium as the negative control.
[ Results] Fifteen strains were obtained and numbered as EEAM-1, EEAM-2, EEAM-3, EEAM-5,
EEAM-6, EEAM-7, EEAM-8, EEAM-9, EEAM-10A, EEAM-10B, EEAM-11, EEAM-12, EEAM-13,
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EEAM-14 and EEAM-15, respectively. It was found that five strains including EEAM-3, EEAM-6,
EEAM-7, EEAM-10A and EEAM-10B significantly improved the fecundity of H. illucens adults, and

they were identified as Bacillus tequilensis, Serratia marcescens, Enterococcus faecalis, Brevibacterium sp.

and Bacillus methylotrophicus, respectively, through the morphology comparison, characteristics of

colonies, 16S rDNA sequence analyses and phylogenetic tree construction. Especially, the fermentation
broth of Enterococcus faecalis (EEAM-7) had the highest inducing effect on adult oviposition, 7. 400-fold
as high as that of the control group. The oviposition amounts in the treatment groups of the fermentation
broths of B. methylotrophicus ( EEMA-10B), S. marcescens ( EEMA-6), Brevibacterium sp. ( EEAM-
10A) and B. tequilensis (EEMA-3) were 6.531-, 5.100-, 4. 187- and 2. 636-fold as high as that of the

control group, respectively. [ Conclusion] The results indicate that the egg-associated functional bacteria

of H. illucens affect the fecundity of H. illucens adults. This study will provide a theoretical basis for

establishing the stable feeding system of H. illucens.
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7 B g W D13 4 DK 1 7 B i (P 56 3
RIFGGRUE Y 3 d B[R] #8471 05 22534 (ANOVA)

Effects of bacterial strains isolated from Hermetia illucens eggs on oviposition behavior of adults

FRRSEAEAS ¢ K0 o0 Hr (181 2) 76 58 B R A3 7K B
U], 3 5 R AN TR A I R4 B 55 38 R A L
Ze5t . o, EEAMS3 itk (P = 0. 0132)
EEAM-6 [£# (P =0.0288) Fil EEAM-10A F&#% (P =
0. 0414 ) K FEMRAL FLLH 55 % HEALAH LE , 22 57 .35 5 T
EEAM-10B Ei#k (P =0.0043) fil EEAM-7 F#k (P =
0.0093) & I b BEAH 15 %0k BEEHLAR L, 22 S (. 3
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Table 1 Inducing effects of the bacterial strains isolated from Hermetia illucens eggs on its adult oviposition
ExF IR 22 S (A5 580
e A I o SRR E S (g) . R
g 7 MR i S SE R ERE () - Difference between the control
. X . Difference between the control
Cage no. Strain no. Daily egg collection mass group and the treatment group
group and the treatment group
(fold)
BHI %35 3% BHI medium 0.720
EEAM-1 k&R
1 Fermentation broth of EEAM-1 0.915 0195 1.27
EEAM-2 %k f#ik
1.32 . 1.84
Fermentation broth of EEAM-2 325 0-603 840
BHI #55% 3% BHI medium 0.385
PEAM-3 ZRER 1.015 0.630 2.636
2 Fermentation broth of EEAM-3
EEAM-5 %k i#ik
Fermentation broth of EEAM-5 0.680 0.295 1.766
BHI % 7% 45 BHI medium 0. 100
EEAM-6 2 BFH. 0.510 0.410 5.100
3 Fermentation broth of EEAM-6
EEAM-T % REH 0.740 0.640 7.400
Fermentation broth of EEAM-7
BHI %555 3% BHI medium 0.380
EEAM-8 %k BT
4 Fermentation broth of EEAM-8 0.880 0.500 2.316
EEAM-9 %k fi#ik
.57 .1 1.
Fermentation broth of EEAM-9 0.570 0-190 500
BHI #%5% 3% BHI medium 0.160
EEAM-10A Z B 0.670 0.510 4.187
5 Fermentation broth of EEAM-10A
EEAM-10B Z/e - 1.045 0.885 6.531
Fermentation broth of EEAM-10B
BHI %7545 BHI medium 1.020
EEAM-11 % E
6 Fermentation broth of EEAM-11 0.59 0430 -0.578
EEAM-12 % Bk
Fermentation broth of EEAM-12 0.470 ~0.550 ~0.461
BHI #5553 BHI medium 0.520
EEAM-13 kK
0.290 -0.230 -0.558
7 Fermentation broth of EEAM-13
EEAM-14 % Bk
.2 -0.2 -0.
Fermentation broth of EEAM-14 0.260 0.260 0.500
BHI 3553 BHI medium 0.385
8 EEAM-15 % ik
i 0.750 0.365 1.940

Fermentation broth of EEAM-15

“ £ 16S rDNA | 5> % 52 () A% Bacterial strains identified by 16S rDNA.
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W 2 A EEMRTTE
(EAFE BRI , I8 — 780 O 547 A ) T vk
XTSI A 3 BAT T A AL, FE A0 EEAM-T,
EEAM-12, EEAM-13 1 EEAM-14 3X 4 #4158 & B
WAL PRAL 55 0 BRALTAH LE B B AR, ¢ 01 2 EEAM-12
TR AR, WO i A ) IR AR 0. 461 4
2.3 ERAFSERANPEFERHIEENE
HEiTERI S MR bRAE BHI PR F B TR A

22 PRYLE, TRV RFIE A 22 RO (g RN TE] 3 iz, BR
EEAM-6 2 2% [ du fa 5L fH M 4h, EEAM-7, EEAM-10B,
EEAM-10A Al EEAM-3 337 2 B OB ZS B, R
EEAM-7 NERIR, HARPINATPIR. 4564 2 #E— iR
FW, E bk EEAM-10B B BOR, PR A AR,
Jf HAE BHI AR IR SR 2 d JR RERS ™ AL iR B (8
EF, MHAR R ARIEAR AL A5 Witk EEAM-7
i/, ERZRHEST  ARIDEH s HAR 3 BRI TR TR 7 ik
AREAG. FHEEEIRRIE R, 5 T3
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0 0 0
X HEZH EEAM-3 X RZH EEAM-6 X BRZH EEAM-7
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D E
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g 20} TR z P = 0.0043+
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=] =] 3 -
x| ®E
EE 9y Es
== &=
Z z 2
ﬁﬁ@ 10t ﬁ;é
= =
@ 2 &2 |
F 05t =
A a
o | ——
Xof HEZH EEAM-10A X HEZH EEAM-10B
Control group Control group

P2 PHEAT AR BHI & RN 58 B A1 7K s ™ B e 040 77 B9 5 1)
Fig. 2 Effects of BHI fermentation broth of bacterial strains isolated from
Hermetia illucens eggs on oviposition of adults during oviposition peak
*RbPRLE SN IRL 25 R B E (P <0.05, T-Ki56 ) Significant difference between a treatment and the control at the 0. 05 level ( T-test) ; ** AbHizH 5 %}

B 22 2R B E (P <0.01, T-K58) Extremely significant difference between a treatment and the control at the 0.01 level (T-test).

F G H I J

P 3 D B A /K B 2 18 0 R ™ B AT SR A 75 A P B P T v T 25 A 22 [ (B 2R
Fig. 3 Colonial morphology of bacterial strains isolated from Hermetia illucens eggs with
inducing effects on its adult oviposition behavior and their Gram’ s dyeing resulis

A-E: #2ERP @455 Gram’ s dyeing results; F —J: FI%TE A Colonial morphology.
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Table 2 Colonial morphology and cultural characteristics of bacteria isolated from Hermetia illucens eggs
ka5 FELRGE [EZSIZIN HFRrER
Strain no. Gram’ s dyeing Bacterial shape Cultural characteristics
. - BYE 7L 0, DGR IR, F e e
-3 > AT : .
EEAM G+ FLFPAR Rhabditiform Milkiness in color, ragged edge and serrated, humid and smooth surface
T R B AR &Y LY Y-
EEAM-6 G- SEFFAR Rhabditiform ' . El%as?lﬁlél@,ﬁ/,ﬂ,%mﬁ,ﬁlﬁ ,/Jz(lﬂj‘ﬁ(ﬁ'
Rice white in color, round, regular edge, low convex, humid and smooth
e [ I = S i
EEAM.7 G+ ERAk Sphere shaped /ﬁi'f/,mlél@,mm W, R MO, ST
Round colony, milkiness in color, opaque, smooth surface, regular edge
T N Y ey s
EEAM-10A G+ SEFFAR Rhabditiform RE S, RA, B, AR, RIEER
Small colony, yellow in color, round, regular edge, smooth surface
e = A Bl N L M 48
- .. iR Rhabitom B ORI B ke, BT 2 47

Rice white in color, round, convex, waxy and smooth surface, regular edge

G+ ; H 22 Y b BHM: Gram-positive; G — ¢ #3522 [QYL 4 BH M Gram-negative.

2.4 BERFERESH

M 16S tDNA I 7745 R Hf- 72 NCBI R il 47
BLAST [ Xf (3£ 3) , 43 B 6 Ji = o9 oA 0] 2 5
SR E) EEAM-7, EEAM-10B, EEAM-6, EEAM-10A
Fl EEAM-3 3X 5 ## & , EEAM-3 f{ 16S rDNA JF51] 5
GenBank H3EHT ZE AT Bacillus tequilensis 7%
¥4 KX673636 H. A 1R & 1) — Z M ; EEAM6 5

*3

GenBank Fk5 B Vb 88 [ H Serratia marcescens W) 53%
JF51) GU124498. 1 F1 GU826157. 1 HAT 99% J¥ 41| —
etk 1 EEAM-7 J@& ZE i BR & Enterococcus faecalis ;
EEAM-10A I EEAM-10B 4 %I 5 J& FF & &
Brevibacterium sp. 1] KU221065 Fi1 H 555 75 70 2F
HFF B Bacillus methylotrophicus J¢ %1 KM659227 H.
47 99% F1 100% 1751 — Bk

Bt 7K EE 5P A R B B B HR 16S rDNA EE LR

Table 3 Identification of the bacteria from Hermetia illucens eggs by 16S rDNA analysis

Fitk = Blast 45 5 v —350VE 3 5 e 20 SR U T vk —3 (%) Query cover E 1 GenBank & 55
Strain no. Origin strain of blasted sequences with the highest identity Identity (%) E-value  GenBank accession no.
SRR AT
EEAM-3 #T%T\lﬁcﬁfﬁ 100 100 0.0 KX673636
Bacillus tequilensis
Lk FE 2
EEAM-6 R 99 99 0.0 GU826157. 1
Serratia marcescens
EEAM-7 SRR . 100 100 0.0 NR_115765
Enterococcus faecalis
EEAM-10A Iﬁﬂ: IZ”% 99 100 0.0 KU221065
Brevibacterium sp.
3 g e gy e
EEAM-10B BT R 100 100 0.0 KM659227

Bacillus methylotrophicus

it — LA R R 5 O &, FATT NCBI
Kl PE PRI T 13 A TR BRY 168 xDNA %7
3,5 5 ¥ F (EEAM-3, EEAM-6, EEAM-7, EEAM-
10A F1 EEAM-10B) — & E KGR TR, 4551 K
4 fli7R . 5 EEAM-10B JEZ% ¢ R IR 1 P AL
WZEAFE B, methylotrophicus , FH R Rk BL 25 # FF
Bacillus subtilis ( GenBank % 55 : JQ579620) FI
TRV ZE AP Bacillus amyloliquefaciens ( GenBank
B3 KJ009435) , 5 EEAM-10B 354 ¢ R 14
J& EEAM-3  {H X P ik 18 JF A I8 T Il — i {43 3¢,
EEAM-3 54 3L4H7 ZE AT B. tequilensis ( GenBank
s KX673636) HAY BUIE Y 2K 4% K & s EEAM-T

i 53 ERE K. faecalis( GenBank %555 ; NR_
115765) It[a]J& T— #1533 ; EEAM-10A 5757
% FT & J& Brevibacterium sp. ( GenBank % 5% 5.
KU221065) H A 1R T 2% % K& &, SR 1 5 [6] J& 1Y
Bacillus senegalense ( GenBank % 5%5-. NR_118221)
1 Bacillus yomogidense ( GenBank % 5% 5. NR _
113310) 2% K R AL ; EEAM-6 B G FUKG B 7>
TEHICHE S. marcescens (GenBank Z5%5. KR133281.1)
HABGRG KRR, L 18 3 195 22 [RYL (0 45 34
VRS FRAFE 45 2R, JAC T DL SR EEAM-6 J&§ T
KB vb 8 IR X — 451 B BRI A Tk —2P
20 R A= PAR AL SR AT o
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FH LB R R 2R AT B Bacillus methylotrophicus (KM659227)

Y EEAM-10B

B ZEFIAT R Bacillus subtilis (JQ579620)

0.02

Y EEAM-7

TRTER ZEATTE Bacillus amylolique faciens (KJ009435)
* EEAM-3
R ZEHAT T Bacillus tequilensis (KX673636)

\ﬁﬂiyﬂ?ﬁ Enterococcus faecalis (KU550213)

FJHERFE Enterococcus faecalis (NR_115765)
B FEIWCH Weissella cibaria (KU302758)
Y EEAM-10A
ST JE@ Brevibacterium sp. (KU221065)
WS TR Brevibacterium senegalense (NR_118221)
Brevibacterium yomogidense (NR_113310)
AR EE [T Serratia marcescens (GU826157.1)
K VD75 [CH Serratia marcescens (KR133281.1)
* EEAM-6
VR G E Serratia sp. endosymbiont (GU124498)

K4 RRMIREDHIE R 16S 1DNA RG0L

Fig. 4 Phylogenetic tree of strains based on 16S rDNA constructed by maximum likelihood method

PRI F R 1BAEE B . Scale bar indicates the genetic distance.

3 itig

XF TR0 H AR 2 R B, i G0 Sk 4 i
B B A 7, B4 s A R Wk TR BT AR
SR R A SRS U E Y X R IE L
JHU IR T O Al A Rk B A A A
M ( Lam et al., 2007, 2009; %, 2012; Arbaoui
and Chua, 2014) , HJF E (2012) 76 R A 5L 45
HH B AR K B 485 5 Gl A AN A0 JHG g L B
BAE SIS, WA — 3870 G Pk Hegl
RBEHAHERZAE- . FrLL, 5250 A 7K O 45 7
AW TR AT FEAAT B TIF5E B L7 B 3 i 0 4%
1728, A B TAERR N R RRE 48 S Se 5 M £ 7K
S ARl 3 2 e S A 1 A

SR, 3R WA 2 iR, =5 S WP ) L 240 T ) Bl
() VP AE S SR it £ 7 7 B 3t 5 6 547D A 4l
ARKEEHHFEEAEN? X LRE YRR
TR 7 TEABIFTE b I i 08 H )8 IR s 71 7K - B 455
A DO L B R B R AR R, SO — 3
SYBIRR (3 2), W EEAM-11 F1 EEAM-12 % % 4
SELE I A K AT AT ) 7 B0 B IR A HE R AR L X
58 . (2012) 438 Y S5 RAH— 2, [H2, AR5
JIv i e A S A FL A 0 TRE i R A S e D TR
AR AR S eI A —E 20, i,
ARSI AT RV EAE FA, EEAM-T HL S SR B2 A AT
B. methylotrophicus i} i, M 7= i BAG — & 1175 580

R, M AT SCER TR 1B 1) 8 [RTE & Gordonia sp.,
o 4k B J& Cellulomonas sp., i ¥ &
Microbacterium sp. FI 3K i J& Micrococcws sp. X 4
P EET AR BT 2H LAY 52 S IR TE AR 23 rh R R e 2] T
ZHTHL A i 1B AR R AR X S B A K i E A 15
RO EARFERW], K2 — A I AR AR O
AR RHE A 15% BYARTR], LB DR #5717 T 85% 1Y
TR YR RN A AT BB 52 3] 4] 35 PR 05 1A B T
SR A I i (e K, 2012) , A SE 5 & A
JEXf BRI E AN S

F LB IR R ZEHUAT I B. methylotrophicus T8 H K
I A, NS R KRB a2
[ B A 23 B E A IE (AR S, 2013; H R
FPRBE , 2014 ; 255455, 2016) , B AR LR
FH &2 ae i A AR C-C BRHR1L &9 (G i
Be TPEE IR BRI SE 55 ) e, AR
—SERRIR AR AR, 70 A I Lol BAA 2 il
Rk, T AgEAT B An Ml 2R 1 L 2R M oh 2 A
i B R BERIEE , BT PO ) R B L 25, R FLRE
PR 0 (10 F245, 2012) , 30y Y RE 8 3R L 2
FEUFF T 4 41 38 38 A7 15 B LAY BE g (X)) s A
2014) 33 55 Bt #1 7K - 1o O 07 A6 300 P9 40 LR RE
NRGA RAEf i — P IRARIE, 51—k A YR
TR E M EEAM-7 283K E. faecalis, 52
HIFTHRIE (FRIEE, 2012) 43 25 1 ORI 3R 18 43 25 1A= 9
[ —H FEO3 B BRAH [] , {5 22 Fif i 0T 58 I B A B
i X — R A T X S SRt ) 7K ™ B M e A T O
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LS Al

AR E. faecalis S PR g AR R, E 70
Aii ], AR N A S i TE N AT AE 72 AR
FMEH BRI T K e . Tizm S
R, RO BT ST 5, AR S IR SRR, 1M HLAE
i 52 ZRPTLE R, N ILTE A AR A P AAE BOIFRA
8> FE M ER B AT LA LR, AT S sh W i s s i)
i CREEH A, 20105 JBFIBSE, 2012), fRZE
B OPHEA AR My e S AT LA BT AL PR 58 A SIS ) DA
T AR R R MEAL &1, R 78 S A 5 B R
2531 (Kai et al., 2009) o AfITE X FLIR VIR IR R

B -9~ =R 3 LS ) S5 R M S B £ 7K
WP HRAT O REAT TR, AR, FLIR AR R S B

5 B J 71 7K 7 B Ml S AR e R B AT 2 5 A
FHCIRMIAE, 2015) o J2 i i R G R B 2R AT IS
S BR A RG FRAE h AE T RLTIRIR S i i
MR BA S RUR Y A A T 2 R 58K 256
WEo (& EAHE R, TOIe & I8 SR R 2R f AT
B IR AR A SRR 2 TR AL L Y
R OO TR AR 7 B R R 1 5 B
it S K B AR A R B o R R L (RS 2
ORI FE rf, B N2 0 TE L 3 20 DR 5 Bt £ 7K 4
HORB IR, A B TR m fAKi N TER
FEAR S (7)) i
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