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Identification and Physiological Characters of Intestinal Bacteria of the Black
Soldier Fly, Hermetia illucens

Eunsung Kim, Jiyeong Park, Sanghoon Lee' and Yonggyun Kim*

Department of Bioresource Sciences, Andong National University, Andong 760-749, Korea
1GreenTeko, Inc., Suwon 440-849, Korea

ABSTRACT: The black soldier fly, Hermetia illucens, larvae may depend on indigenous bacteria in the intestine to feed and digest diverse
food sources. To prove this hypothesis, we isolated and identified the intestinal bacteria of the black soldier fly for their digestive and
antimicrobial abilities. The last instar larvae had long digestive tracts, which were about seven times longer than its body length. An
individual of H. illucens larvae possessed a total of 5.0 x 10° bacteria in the whole intestine, of which more than 98% bacteria were located
in the hindgut. Three different bacterial isolates cultured on nutrient agar (NA) medium were detected in the intestine and identified as
Morganella morganii, Providencia rettgeri and Bacillus halodurans by Biolog microbial identification system. Analysis of 16S rDNA
sequences of the intestinal bacteria detected the additional bacteria of Proteus mirabilis, Providencia alcalifaciens, and Providencia sp. These
intestinal bacteria cultured on NA medium exhibited high resistance to 4 antibiotics and inhibited growth of other microbes which are
mainly plant pathogens. Also, these bacteria exhibited catalytic activities to degrade cellulose, lipid, proteins, and carbohydrates. These
results suggest that H. i/lucens larvae possess intestinal bacteria that may play crucial roles in their digestive physiology.
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Fig. 1. Isolation of intestinal bacteria of Hermetia illucens larvae. (A) Structure of digestive system consisting of foregut ('FG'), midgut
('MG'"), and hindgut ('HG'). Malpighian tubule (‘MT') is located between MG and HG. The length of a whole intestine ('WG') is compared with
body length ('‘Body') or HG length. (B) Three different bacterial colonies isolated from HG lumen. (C) Total bacterial densities of each
intestinal regions. (D) Relative densities of three bacterial types in each intestinal region. The error bars indicate standard deviations of
three independent replications. Different letters above the error bars indicate significant difference among means at Type | error = 0.05

(LSD test).
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Table 1. Identification of three bacterial isolates (1, II, lll) of the intestine of Hermetia illucens using Biolog microbial identification system

Isolate and bacteria’

Carbon sources

I Mm 11 Pr 111 Bh
Water - - - - - -
a-Cyclodextrin - - - - - +
Dextrin + - - + + +
Glycogen - - - + - -
Tween 40 - - - + ¥ _
Tween 80 + - + + + .
N-Acetyl-D-galactosamine + + - + + +
N-Acetyl-D-glucosamine + + + + NA NA
Adonitol + - + + NA NA
L-Arabinose - - - - - -
D-Arabitol + - + + n _
D-Cellobiose + - - - + +
l-EI’ythI’itOl + - + + NA NA
D-Fucose + + + + NA NA
L-Fucose - - - - NA NA
D-Galactose + + + + + R
Gentiobiose - - - - - +
a-D-Glucose + + + + R +
m-Inositol + - + + _ _
a-D-Lactose - - - - - -
Lactulose - - - - - -
Maltose - - + - + +
D-Mannitol + - + + + +
D-Mannose + + - + + +
D-Melibiose - - - - - +
3-Methly-D-glucoside + - - + _ )
D-Psicose - - + + + i
D-Raffinose - - - - - -
L-Rhamnose + - + + + i}
D-Sorbitol + - + - - -
Sucrose - - - - + +
D-Trehalose - + - - + R
Turanose - - - + + +
Xylitol + + - - + +
Methyl pyruvate + + + + NA NA
Mono-methly succinate + + - + NA NA
Acetic acid - + + + + R
cis-Aconitic acid + - + + NA NA
Citric acid + - - n NA NA
Formic acid + + + + NA NA
D-Galactonic acid lactone - - - - NA NA
D-Galacturonic acid - - - - - -
D-Gluconic acid + + + + + R
D-Glucosamic acid + - + - NA NA
D-Glucuronic acid + - - - NA NA
a-Hydroxybutyric acid + + - - + +
-Hydroxybutyric acid - - - - . I
v-Hydroxybutyric acid - - - - R -
p-Hydroxyphenly acetic acid + - + + + R
Itaconic acid - - - - NA NA
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Carbon sources

Isolate and bacteria’

I Mm II Pr 111 Bh
a-Ketobutyric acid + + - - NA NA
a-Ketoglutaric acid + - - + - +
a-ketovaleric acid - + - - - +

D,L-Lactic acid + + + - NA NA
Malonic acid - - - - NA NA
Propionic acid + + - - + +
Quinic acid - - - - NA NA
D-Saccharic acid - - - - NA NA
Sebacic acid - - - - NA NA
Succinic acid + + + + + -
Bromosuccinic acid + + - + NA NA
Succinamic acid - + - + - -
Glucuronamide + - + - NA NA
L-Alaninamide + - + - - -
D-Alanine + - + + + -
L-Alanine + + + - + -
L-Alanyl-glycine + + + + - -
L-Asparagine + + + + + -
L-Aspartic acid + + + + NA NA
L-Glutamic acid + + + + + -
Glycyl-L-aspartic acid + + + + NA NA
Glycyl-L-glutamic acid + + + + + -
L-Histidine + - + + NA NA
Hydroxy-L-proline + - + + NA NA
L-Leucine + + + + NA NA
L-Ornithine - - - - NA NA
L-Phenylalanine - + - + NA NA
L-Proline + + + + NA NA
L-Pyroglutamic acid + - + + + -
D-Serine + + + + NA NA
L-Serine + + + + + -
L-Threonine + + - - NA NA
D,L-Carnitine - - - + NA NA
Y-Aminobutyric acid - - - - NA NA
Urocanic acid + - + - NA NA
Inosine + + + + - +
Uridine + + + + - +
Thymidine + + + + + +
Phenylethylamine + - - - NA NA
Putrescine - - - - - -
2-Aminoethanol - - - - NA NA
2,3-Butanediol - - - - - -
Glycerol + + + + + +
D,L,a-Glycerol phosphate + + + + - -
a-D-Glucose-1-phosphate + + + + + -
D-Glucose-6-phosphate + + + + + -
Inulin NA NA NA NA - -
Mannan NA NA NA NA - +
N-Acethyl-D-mannosamine NA NA NA NA + -
Amygdain NA NA NA NA - -
Arbutin NA NA NA NA + -
D-Fructose NA NA NA NA + +
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Isolate and bacteria’

Carbon sources

I Mm 11 Pr 111 Bh
L-Fructose NA NA NA NA - -
Maltoriose NA NA NA NA + +
D-Melezitose NA NA NA NA + -
a-Methyl-D-galactoside NA NA NA NA - -
(3-Methyl-D-galactoside NA NA NA NA - -
3-Methyl-glucose NA NA NA NA - +
a-Methyl-D-glucoside NA NA NA NA - -
a-Methyl-D-mannoside NA NA NA NA - +
Palatinose NA NA NA NA - -
D-Ribose NA NA NA NA + +
D-Salicin NA NA NA NA + +
Sedoheptulose NA NA NA NA - -
Stachyose NA NA NA NA - -
D-Tagatose NA NA NA NA - -
D-Xylose NA NA NA NA - +
Lactamide NA NA NA NA - +
D-Lactic acid methylester NA NA NA NA + -
L-Latic acid NA NA NA NA + +
D-Malic acid NA NA NA NA + -
L-Malic acid NA NA NA NA + -
Methyl pyruvate NA NA NA NA + -
Succinic acid mono-methyl ester NA NA NA NA - -
Pyruvic acid NA NA NA NA + +
N-Acetyl-L-glutamic acid NA NA NA NA - -
2'-Deoxy adenosine NA NA NA NA + +
Adenosine-5'-monophosphate NA NA NA NA + -
Thymidine-5'-monophosphate NA NA NA NA - -
Uridine-5'-monophosphate NA NA NA NA - +
D-Fructose-6-phosphate NA NA NA NA + -
Adenosine-5'-monophosphate NA NA NA NA + -
Character homology 71.8% (69/96) 77.1%(74/96) 53.7% (51/95)
Identity from Biolog database 61.9% 35.50% 64.60%

Acronyms of ‘MY, ‘Bh’, and ‘Pr’ represent Morganella morganii, Bacillus halodurans, Providencia rettgeri, respectively.
2'/NA'’ represents “Not assessed”.

Table 2. Identification of the intestinal bacteria collected from Hermetia illucens using 165 rDNA sequencing

| Blast match
REP bp . 2 B

Species GB# Identity (%) E value Score
R1 1,699 Proteus mirabilis JF772100 97 0.0 2174
R2 1,874 Morganella morganii AB089245 97 0.0 2167
R3 1,989 Providencia rettgeri HQ407257 93 0.0 2091
R4 1,678 Providencia alcalifaciens AB480755 96 0.0 2121
RS 1,743 Providencia sp. IN836927 96 0.0 2036

' ‘REP’ represents restriction enzyme polymorphism resulted from digestions of A/l and Msp| on 165 rDNA PCR products.
% 'GB#’ represents GenBank accession number of the blast match.

olH2|7ISoHSoll EhMz S e AAsiTh AAR nEEHE <] BiologE ©]-85
o} Agteta S vigte & 57e AAISIAT: 7)o 3
ool EAEhe BiHlRt2 F A e R At 5 7HA Aol AiAlatE th o2 578 AAISH At Table 1).
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Table 3. Minimum concentrations (ppm) of antibiotics to inhibit the growth of three intestinal bacterial species of Hermetia illucens

Isolate Ampicillin Kanamycin Tetracycline Streptomycin sulfate
Morganella morganii (Mm) 107 10 >107 107
Bacillus halodurans (Bh) 10° 10 10° 10
Providencia rettgeri (Pr) >107 10 >107 10
Escherichia coli (Ec) 1 1 10 1

Streptomycin sulfate
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Table 4. Antimicrobial activities of three intestinal bacteria of
Hermetia illucens

Table 5. Enzyme activities of three intestinal bacteria of Hermetia
illucens. Arrows indicate positive responses

Growth inhibition response of test

Bacterial isolates microbes'
Pr Rs Sm Ec Pc Cc
Morganella morganii +2 - - + + _

Bacillus halodurans - - - - - -

Providencia rettgeri ~ + - - - - -

' Microbes of ‘Pp’ for Paenibacillus polymixa, ‘Rs' for Ralstonia
solanacearum, 'Sm’' for Serratia marscens, 'Ec’ for Escherichia
coli, 'Pc’ for Phytophthora capsici; and ‘Cc’ for Colletotrichum
capsici.

214 ' represent positive or negative response to antimicrobial
activity, respectively.
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HOl ¥, M morganii-= 13 31HP. polymyxa), 1524
THE. coli) D F50|(Phytophthora capsici)©] thel A= Ao+
e HAl
OlHZ|7ISoHSoll ZLiMizel AsteAsty
op|2)7lsofl 5ol o] B4V olsfstaral o] 5ol Zh=
AU EAgHY Bl 2 Q1FolH Bl A SR %
WAt 75 o= A = Itk Table 5). Al F72] Alet2
2 5 0] Aol Uehich ool 22 b
morganii®} P. rettgeriol A UERITE 18jL) G4 Esfjash

52 M morganiio)| AWk, A - Bl a4 B. halodurans
ofj A, Tl A Baj| 5 A A2 P retigeriof| ATE THEE| AT

271004 Aol 7HsRt ofrlel7REolS ol
w7183 oA R ARISE 3 ik et
o] 5] 43150l HFt UelH A vlujsiek, AR A

Lol Y AHAIE SR OP”‘EHOV EAL 7}°1EE
(Park et al., 2013), =& HF2S Bajjsh= A7) o]

AlA =] 9ltkJeon etal., 2011). LU 48td A S20] 232}
Ao e = A obH 548 vjEe] SfEA A Hf
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T ofu )7 g oS ool A 5 A
2%l g A L 747 BT

ol 1w g A3k lof ol 5] Folsol 4

A = At

A & At obll7REelsl

o A o] dole = Aol

E'_
°F7 HHr‘iz— olF= =5 YEh dubA o2 A njadEol

oS ol sl

P

Raa=! 7” E]E]{Breznak 2000) ] S 99 &2 pH
o @14 nERe) B 4R Erei HickClark,
1999). & ﬁ = °P‘31]E'47}£°H~°1H ool A A3t Al
78 A *ﬂ%q 73
ZFa} 7ol l f ﬂﬁ} @rﬁol solsolle] el FA =%
Tk

op2]7Fgoll 5ol o] Adhtoll= X4 6572 viY 7Hs gt
Aleto] EAsh= Aoz & ATkl A AR Sl AskehA] &
Aof| 7|Hke &= u|AE5% A Biolog &= M. morganii, P.
, 16S IDNA®] 7|9HS &
A A= o5 Aot &9l Proteus mirabilis, P. alcalifaciens,
Providencia sp.& 71319 tE 52 1 o= %E Qo)X
of| A ARt At ti o= F2g skl 7] ofl, of i A]ofl A Ak
T e ARt 2 F 71 71s 2 Frobd 4= glolth B3 A E
2= Alate 578 8HA] 983710l iRl of A4 Al 7t
oA e Aol 91\’%‘/?‘ Slct. o5 45t figt W
7Rz A A Al o= A A7 A2 24 34
© 72 Bl =vEsEs % %F | 23 & 4= Qe Jeon et al.
(2011)2 0|2} ARt M2 A9 oflzl7Eol5ole] 4
Sfgboll A Hak Al 2AEIA, Bol 2710] wiet Aolat
At 57} A ERoL 20 9293 Fo] A, ol
gk TRt Alatol ofgf7ksoflsollofl EAT =AM 2
Lof| o] A8k A2 Mlat 7Fe-d| ol A Paenalcaligenes hermetiae
o= A1E0] B 12 71531 5F9ith(Lee et al., 2013). Ho| &
Aof whet AliMlate] FF7F A e AN S-S A o= 2
Tl 36 Fo 78 At TG 2 AtelA THE M
morganii®} P. rettgeri7} 3ESTE| Q] O 1, H e} ] AT
H71AE A o' BAE At F koA o5 F Al
o] $-HF-Z oFH Ut o] gt Aol= ofnbe 2 A9 570l
FLHNA oA Ak Alatoll A stz of ket Wio] &

=2 st o= 727t e Aoz AkrEh

ok

o
retigeri, B. haloduransS 533+l
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ERE Al Aol EHOHH A WA L Bty A
o] AAE ATk Al Alet 5= EA4H B A0l tisiA
ES WS HSitk ol X“'H*ﬂ:rH EE A WS o
3 sl oA n|EEL sjshEo] tjak W eR shaEn
o] ool Al Al Aleh= Tl A el e m e

It Basset et al., 2003). o] 23k 3FAA| YA A =4 0] o}
et Alat 7ol fdAE wgto] vz 2his] dofutrof
(Watanabe et al., 1998; Watanabe and Sato, 1998) E} A|i 0.2
3 A U SRte) B150) 719lsteg Aoz Ala

t}. M morganii®} P. rettgeri'= "% 130 tish &
S UEAL M. morganii= BlEo] LRS- wtol thgt o
P ARUAE B BTk Qo B4 ol
71550 et S e RS 2 0] 315 FRt Y= Al
& kol el s =8 nE L] SAS Ak qEE 9
3K Berg, 1996). Ao U 721 Homona magnanima -5
of Fat/doll Al e A9 AU ES Zs tiT iAol
v &) 22 ANES] Bacillus thurigiensisol] TaljA] 20 v o]
A 7H=Alo] B 7o) A Aol YA Al-e] AARE AAATE
thal AA15F TR Takatsuka and Kunimi, 2000). & 110l A =

p

=A% Proteus mirabilisi= 733 u}e] Aol 4] WS8R djAE
AL Haslo] A Alate] S22 A8t Erdmann, 1987).

FrIFoME 25 YT Fol(Metarhizium anisopliae)
23 F2RE AAsh= H| iAol daE Fdskiitt
(Dillon and Charnley, 1988). w-2hA] o] 2]7 5ol 5-of] AL Al
0] YL 7|5 252 A= LY A=
o] Azt dl FA1E Aok ] T8l o] 4TS ddd A
o7 AbRECE 2 op|g]rksollsoll A3l A EeE
AletEo] B5 7|58k S ATA IS 2= Aol tialiAl= & A+
A QeS| ] ofH) YHbA o' 353t At Afo]o|
T = 1 2] -2 (commensalism) 2} AFYEA(mutualism)
O s 4= Qe webA of2et S AARES 715 2259 A
SR @, W v =T S Eofof gtk 15
9 @Q AAA A= 1A WA 0 = Aloto] 9 315 23]
of 3= He=Ietolgt o] ofsf siEl ¢1AS WA Hoh
(Park and Lee, 2012). 31352] 43}340] A= o] yjelel
2 IMD WAl &7} ] a1, o] of) whef SRy chil 5o
A Flek o] TN EL SN o|)7F = 4= glof o
T 9817 "ok B2 o] STl Rle I Ao
A 2 olol A FAAlF-S Hankal, WelAltois A
B2 o g AN 7]= 7|57 EAsok gtk 2| 2e] 2ube] &
Ao} Akl = o] 4x3lhe] R ThM A ke of AL
oIA|212}9] Caudal o] 285kt B 113} THRyu et al., 2008).
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uheba] SRRl A AQ1 AT o] U 2 AAAIA
SRS BEskal, o] FAARES At A2k 4
= O*Zﬂ?z}f:b- Xﬂ*lﬁ} ok olPRt A8 B R SIS
Z2AAS0] HAERltk o 24, PGRP
Ne= PGRP-SCQ} PGRP-LB+= DAP 3 2] HEg]
e Baste] Wl §a-E 24|59 thBischoff et
al., 2006; Zaidman-Remy et al., 2006). == T}2 A=
PGRP-LC =84l AA| 2 21-8-3}= PIMS=A IMD
A5 2 A5} A0 2 8] T Lhocine et al., 2008). E T}
S B U= SAls AABhE o] /AN (reactive
oxygen species: ROS) 2 4] Ha et al. (2005b)-2 immune-regulated
catalase (IRC)7} Q= 2921 2] 7-9- 2-8pe] Al Aol 4]
WA olgtal B 115}t E¥ 3] Akska 4~ Duox 7| A 3}9]
9/ Alet A A ofl 2H-8-3kehar W t(Ha et al., 2005a).
T2y opE] Bl At MRS oS A TEske Aol
teliA= rgets] Brel A A gtk ofoll tiet i+t 2ike 25
I SAARE e BAE %CW o2 sjMsiA 2 Aol

EAE A APAHE-E Agaasiio| Aokt EW3F)
M. morganii= 715 3+5-0] 3514 Hoh= A4zl disiiAl
/S AL Qlof P SN Fa7t T Al
O 2 A-get 710 2 ALrEr) =3 ol o] = 24, 2| A Za
b4 0 okl B 3AS AU =
23 EES STHA T dEE 99 AoR AR
(Dillon and Dillon, 2004). XAl 715 FFE 35
Buchnera Alato] 715 A5 &3-] A of| A 2 e #]5zo]
ofsolle] Al 7157t FE57t YA Sl 24
I3k gidst 7 0 & == rhDouglas, 1998).

HAEAOoR B AT Aike oerlsollsoll7t sk
88 762 She At Frskal dThaL AlAlskaL )lck 5
1213t At 5ol 5ol Atololl SABAIE Bel= 7ls
A7} Ay ofof .
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