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Isolation and identification of gut bacteria from Vespa
mandarinia Smith and screening of digestive
enzyme-producing strains

HE Yuwei', CHEN Fangmin "%, XIA Wanting', LIU Xian', HUANG Chenchen'

1 Liaoning Province Key Laboratory of Urban Integrated Pest Management and Ecological Security, College of
Life Science and Bioengineering, Shenyang University, Shenyang 110044, Liaoning, China

2 Key Laboratory of Ecological Restoration of Regional Contaminated Environment, Ministry of Education,
Shenyang University, Shenyang 110044, Liaoning, China

Abstract: [Background] Vespa mandarinia Smith can control a variety of field pests and has
medicinal values. The structure and function of gut bacteria in V. mandarinia remain to be
studied. [Objective] To obtain the culturable bacteria from the gut of V. mandarinia and screen
out the bacterial strains capable of producing digestive enzyme, so as to provide a basis and
research materials for understanding the influence of gut bacteria on the host and for utilization
of the functional bacterial strains. [Methods] The gut bacteria of V. mandarinia were isolated
by the culture method, and 16S rRNA gene sequencing was employed to identify the strains.
Halo-forming method was adopted to screen out the strains producing protease, lipase, amylase,
and cellulase, and the ratio of halo diameter (D) to bacterial colony diameter (d) was used to
compare the strain capability of producing digestive enzymes. [Results] A total of 10 species of
bacteria belonging to 6 genera were isolated from the gut of V. mandarinia, including 5 species
of Bacillus, 1 species of Enterococcus, Staphylococcus, Leuconostoc, Lactococcus, and
Acinetobacter, respectively. Six strains producing digestive enzymes were screened out from
the 61 strains obtained. Among them, B. thuringiensis V44 had the ability to produce protease,
amylase, lipase, and cellulase. E. faecalis V6 was capable of producing amylase, protease, and
lipase. B. cereus V43 can produce protease, amylase, and cellulase. E. faecalis V20, B. cereus
V19, and B. wiedmannii V22 demonstrated the ability to produce protease. [Conclusion] The gut
bacteria resources of V. mandarinia were abundant, and some strains were capable of producing
digestive enzymes, which can facilitate the digestion and affection of health of V. mandarinia.
All the 6 strains screened out in this study could produce protease. Strains V43 and V44 showed
the strongest ability to produce amylase and lipase, respectively, which could be further
developed as gut functional strain resources.

Keywords: Vespa mandarinia Smith; gut bacteria; 16S rRNA gene; functional strains producing
digestive enzymes
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S A TG Sh s A VR, i R U
JRER S -5 0 TR R A A 1 R 2 AR e
Bl £ 2—DrZNSARREE, mipiE
WAV B 2R S R B MR 22 57 L B
EREEWARFEBBA L,

L, % (Vespa mandarinia Smith) g — Fft 85 %L
AORTECES L, Wl ARG 22 ) 3 e 3 2 fit
B3RS I e R Bl T 0] 55 o g [ R 12
Ih e ik HAT 245 TR BB, = —Fh el A 52
SRR, an L BRI T IR YT 2R KR
ST U R T W fi T TR 114 485 R 1 e R
X R A A RS . ARG SR
I3 B AlAL T 1 N L W figp T 3 1 AT B SRR, Xt
AT MRS T 55 FITN BRI 2, 4R/s Sl
EAT R WA KRG KT AL, ik
ATEACE (RS VE R . O R ID R T
AE R BRI TR, LU Ry By e g 18 TR 1
I FH B X i == At BRE %) 52 i B2 A 2 40 4 A
FEHEA

AR

1.1+

YA A 2 DNA $2BORGH & . 2% Tag Plus
Master Mix i & . FLE24H % (de Man, Rogosa
and Sharp, MRS)#% 7% 3 Fl k& 1 [ K 2 A7
(tryptone soy broth, TSB), Jtut&E EEAY)
HARARTAE S w] ;25 PRI L 55 5 5L 2 B
MK [1STHC A, 3 o 1 0 U 45 77 2 2 B SOk [16]
Beidil s 1/3 JRER FR K 2 Bl (tryptic soy agar,
TSA)R; 7 (g/L): TSB 10.0, Fifig 15.05 A&Hi
Pilg 7 1B 35 77 HE 2 BROCRR[17]BC ) 5 R TP LT 4
% f(carboxymethyl cellulose sodium medium,
CMC-Na)}5 F5 52 BEOSCHR[ 18T ] B PCRAX,
Agilent Technologies 2 ) 5 #E i 1% 1% , Bio-Rad

oNEl s B RRIR RS, Leica A,
1.2 BEEMSBSEEFEE

W S 3 2 7 B A MR S A T R T
FH 75%RE B0 2 K, BRIR 5 ming FEAIJCE K
e 5 YK, FRIK 3 min. ARG TETCEERE T fi
WU E e e B N T TR A T 500K o B ST A B
Wiy, — Oy (FE DABEATIARE R 55—y (ke
b 2)EAT 4 JE W AL BE(8S °CHin# 15 min)
Tor Bt R E A7 2F B . SRR 2 dURE S A3
AT 10 545 HUBR BERR RS, FE il 1 FIFE NS 2 4
I 6 ANASREHE (1072, 107,107, 107, 107,
10 ) MRES AW 0.2 mL, ¥5JATE MRS 85
FRIEA 1/3 TSA B5323E b, I MRS R 3L 16 8%
P B AR, F 1/3 TSA BifR LBl s s 5%
IR EE SR B8 w8 B R o B AIOR o B IR AT I i B 7
FVR T 37 CCEIRIG FRAG I B 15 5% 24 h 5 W
5, BAREREM 3 AT B, PR
TR IE SRR B I i — 2P o il . &
i E= A 3 RAEIRIGAE R 7Y WS SR T IR
TEAFHIE, WA 2 Qa2 R G ER
SRR SRR THI 0 S, T A O e DR AT
[ZSR i
1.3 ETF 16S rRNA E[EHF5I 4 #7 B9 & #k
KE

AN L 20 DNA H2 B0 &3 i
W4 7 T 43 B TH MR Y B DNA L 6 FH 40 14 8 FH 5
Y 27F (5-AGAGTTTGATCCTGGCTCAG-3")Fl
1492R  (5-TACGGYTACCTTGTTACGACTT-3")!""!
Xy 0 i 38 4y B AR EAT 16S rRNA JE[A Y
PCR ¥4 . PCR XA (50 pL): 2xTag Plus
Master Mix 25 pL, 1E[5[4) 27F (100 umol/L)
2 uL, JZIA 514 1492R (100 pmol/L) 2 uL, DNA
AR 3 pL, ddH,O 18 pL. BFMEXTBE K ddH,0
OB FR DNA B, PCR KB 4cf4: 95 °C
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3min; 95°C30s, 55°C40s, 72°C40s, 351
#EFR; 72 °C 5 min; 4 °C{#ff. PCR ¥ /=¥
FH 1%35 e B 58 B FEL DK RS I, FH O e AR (SO 5
iR, R —HKEN 1500 bp LG
B Ak R A T A TR (R Iy A BR S W] ok
FTINTY o K7 25 R4 58 NCBI A% R B 2
(nucleotide database), F§ BLAST #E47 [ P54 e
XTI, — AR H X 25 SR AR AL 2 >99% 41 Ay [H]
Fr, MR 95%-99%% 2 K el —J8 P R
MEGA 7.0 # 4+ ) Kimura 2-parameter model
BERITH R AL 2 s i R ARUR 75 (maximum
likelihood method)#4 #: R 45 & H Y o
1.4 SER7E R A ETFiL

{f F CMC-Na 55357 3 3 M0 i i 18 15 5% 3 |
11 0 08 1 7 LR A Dy T O 2 5% % B 43 i) i
Ve LR ARG . FEMTEG . B R RAE I Y TR
Mo B DN e g T8 43 5 1 0 (K TR R 2 S
T8 PRGBS IR 0L . JE R WO Ak K SR SL A
15 T O 35 5 % B 1 = o A7 R £ 4 R Tl O
VR SRR DU 5 AL E, T 37 CClE IR RS S5 4H
HEE IR 48 h, LSRRG FRIE FJE At BUK
Pl o L v 3 A IO A 5 R B S 57 48 h e B
PEATYe A, SRR A K R R ;A4 R
ks 7R A 20 0d 48 W5 F )5 1 0.3 g/L I SR 41 g
g 1 h, K5 Y 7R IR R R b
Ve, FEH 5% NaCLE it 1 h, WG A7
TEK AR o FH I s R ROt 10 SR K i Pl
FIEAE D MIEENER 4, BdiMBE DS54
FUABL(D/d) K HL 345 T 7= Bl RE 1 1 RN
1.5 FHitESH

FIHI SPSS 20.0 FAH Y B R Ty 22 3 A 5
45 Did R A G4 L, M5 550
H S-N-K Z 8 iy vk ; J5 22558 H Dunnett’s
T3 JEAT I EVE M, P<0.05 4% L.

2 EREGHN

21 DHEBEEMKMSBEEREESS
ELER

it AT 35 3% U7 i DA B 06 i 0 b 4 1 AR A5
61 NATEEFRTbE, di5h VI-V6l, srEsiif
R 1/3 TSA K537 5 MRS 8535 FEHR A B UF 1
SRR, {H 1/3 TSA Rig I/ B8 5] 0 B ik
BZ . X TARMMARES, 78 1/3 TSA #5748 |,
107 F BEFE R i 19 43 BS SR B U5 6 MRS 5%
B, 107 B ERM NS BEROR R . 3T
IMBAE A, 7E 1/3 TSA B FRFEA MRS 1975 1
YRR R 107 BRSSO I i . AR
FEARTE 1/3 TSA ¥iFR5E Bor By 34 Nk, 18
MRS R85 B 14 AR, b B E
FEARTE 1/3 TSA I MRS 555838 F43913545 10 4
3 TR 22 QY AR A5 R R I Pk
2 G B TR, AR A8 3 2 BRI AT 1A
IR PR Y 22 IR YL 25 R AN & 1 B
2.2 TEHKAT 16S rRNA EELEHER

WA TR TE 2 SRR AR A 2% PR L B A 11
WA MG IR 454G 16S tRNA FEE 54170 Bt
AT RAR S o 45 R 07 D\ B 0 figp 1 4y 25 AR A
1 61 DERMRATYEE N 6 D& 10 Fp, Hrp,
wAk V13, V14, VI8, V27, V29 I V42 Jyl
RO BH B2 BR B (Leuconostoc mesenteroides); &
Bk V22, V31 Ml V39 4Rl [T 2F AT A
(Bacillus wiedmannii); AR V19 Fl V43 Shp i kf
KT (Bacillus cereus); HEAE V4 F1 V35 N
¥ RFLEKE (Lactococcus garvieae); HEE V49 Ry
12 8 ZE T I (Bacillus mobilis); THEE V3 WAk E
ﬁ?@ﬁ(Bacillus subtilis); Ftk Va4 KIr =4
ZEFUAT I (Bacillus thuringiensis); AR V2 MR
ﬁ%%ﬁk(&aphylococcus epidermidis); F R
V1 N2 AT (Acinetobacter johnsonii); H:

Q

W&

ik
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Bl1 REERMEZRFBLERE

A: Btk V2, G, WAENEE. B: HEkk V19, G, HAATE

J&.C: Wtk Ve, G, mEKEE. D: Htk V13, G, HEHKEE

Figure 1

Gram staining results of representative strains. A: Strain V2, G', Staphylococcus. B: Strain V19,

G, Bacillus. C: Strain V6, G, Enterococcus. D: Strain V13, G, Leuconostoc.

A% 43 N MR ZEMBR T (Enterococcus faecalis) .
AL, fETh A T R SR AN, AR R
3, A 43 bk, iRk 70.5%; ZEHATIE
J& 8 Kk, KA 13%; BHEZREE 6 ¥k, 5
BB 10%; FLERTAJE 2 #k, 5 S50 3%;

HATER B A ST B A 1k, 05 1 2%,
PEH 26 MUK FERAY 16S rRNA K&K 5 41§42
FI| NCBI 19 #% 1 B2 0 8& J& (nucleotide database),
GenBank % 3¢5 5 ON745454-0ON745481 . ik
B HAC R E MR 16S rRNA JE [H ¢ 41 HE AT
RGERB M, WE 2 Fiw, EfTHEHT 64

J& . Hb, Wk V3. V19, V22, V43, V44
M V49 oy 25 AT I & (Bacillus); Btk V2 i
] % BR 4 )8 (Staphylococcus); B #E V6 Fl V20
N 5 BR B & (Enterococcus); W EE V13 Sk BH
H R 1 J8 (Leuconostoc); T EE V4 Hl V35 N
7L BK W 8 (Lactococcus) ; V1 A A8 FF 1 &
(Acinetobacter),
2.3 FEiHUEEE KRS SR

I3 IR ARAG B R R AT A B . VER
fitg . RV LA K 2F dE RGP RE RO T, 181 3 Ty
77 T A TR 7 3 5 36 5 2R Sy B 1) A SR R Pk 2 i
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100——SYU-VI (ON745481) 1 2RSSR AR
L— Acinetobacter Johnsonii (NR_117624) i ﬁ)ﬁ'gf;?ﬁfcter Acinetobacter
£|: SYU-V35 (ON745480) T4 S Ek SRR R
100 Lactococcus garvieae (NR_113268) Lactococcus Bacillus
SYU-V4 (ON745479) Jserriede
00— SYU-V13 (ON745473) 7 Eﬁ%ﬁgﬁiﬁ% Eiﬁ%ﬁ
Leuconostoc mesenteroides (NR_074957) 4 yesenteroides
100 SYU-V2 (ON745478) KB ER A UkEpEN
86 {Staphylococcus epidermidis (NR_113957) gg:gg”,ﬁfffé i Beaphylacoceus
_|:SYU-V3 (ON745472) 0 AR AT
100— Bacillus subtilis (NR_113265) A Bacillus subtilis
43 2 SYU-V19 (ON745466) 1. ..
ﬁ': SYU_-V43 (ON745467) g’i ﬁlﬁ: j%gj:i
90 Bacillus cereus (NR_ 074540) =
00 _:syu-vzz (ONT45468) | e R | SRR
98 Bacillus wiedmannii (NR_152692) | Bacillus wiedmannii | Bacillus
5 98 96— SYU-V49 (ON745471) | iash AT
I: Bacillus mobilis (NR_157731) J Bacillus mobilis
96 _|:SYU—V44 (ON745470) 7 T A AT
98 Bacillus thuringiensis (NR_112780) J Bacillus thuringiensis |
Enterococcus faecalis (NR_115765) 7 s
99 —ESYU-VG (NN Eﬁ%ﬁicm Jfaecalis gﬁfﬁ}icm
'W' 41 SYU-V20 (ON745457) o

& 2

ETOuER5iEHE 16S rRNA BEFIIMEMAZT L E R

55 W45 N ¥ 51 GenBank %5 5%

Ty BERALECT N BB, RIS SRS BRI E O3 s AR RARER 5% YR8 23 I

Figure 2 Phylogenetic tree based on 16S rRNA gene sequence of gut bacteria of Vespa mandarinia Smith.
Numbers in parenthesis represented GenBank accession number; Numbers at the branch points indicated the
bootstrap values, which represent the percentage of credibility of evolutionary tree branches; The scale
represents 5% of sequence divergence.

B3 FEUEBREERFEER A CEAMEE V22 B: ROM BRI Ve, C: NG bR
V44.D: L YER T HbR V43

Figure 3 Medium plate screening results of representative strains producing digestive enzymes. A:
Protease-producing strain V22. B: Amylase-producing strain V6. C: Lipase-producing strain V44. D:
Cellulase-producing strain V43.
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- Al P, 2 S S e i B L U B R AR
[T

T R R 6 AT MREA I AL B
AE, AN 10%, FEWLEE 1. H, ZEET
BB BB E V44 B 4 Fib kEgiee Jr; 28
TRFF TR 8 A TR AR V43 B =B T . TE A A
LHERMIRE T, MERE R MR Ve BA
TEMEE . RS DI BE R T AT IR
FIERR V19, V22 FiZERE B 1 Bk V20 Bh
PR E R RE T .
24 BHEBEFEEEE N AR

SEALEON, DT R T TR O gk ) HLA
it D RE B R B P AP S RN RE 11 45 5. iRl 4 iy
N, BEH 6 ANHA S E I REA A AR,
R RE V19, V20, V22, V43 Fil Va4 7= 1
fit GE 155 (D/d>1.8), 5 FRE X LI R V22
R AR e T Ao, STRIAR V19, V20, V43 Fil V44
(IR A BE 70 AH L HLA A 8 25 1 22 S (B 4A); T
& 4B iR, HRk V6. V43 Fil Va4 2 HA P 1Eks
fEIheE, HrihEkk V43 PoEERE SRR (DId>3);
WA 4C Fizn, Wtk Ve 1 Va4 BAT r= g i il o
e, H AR V44 1Y REAEBE TR (D/d>2); TH
Pk V43 Il Va4 B P R T RE(K] 4D).

T W6 g S 7 Y AT 2 B TR R 17 7 il e 2 A
AE T LRE LA AN 5 Ftn . 2F AT @ e

x1 DEFERESHEEER

BT = AT Va4 BAE =4 K. EH
fitg . N8R AN E M X 4 R ALEERIRE S,
FEIHALEE LR A RE Bk, IF T g Wi RE
R (D/d=2.12) o ZFAFT TE & v ) i A 2R AT T
V43 A BRI JE M B BE J1(D/d=3.16), ;=&
IR FEF 2 R B BE A X AL SS , AR R B
BB IIEE . BRI B I HE Ve HA
BER I 7 VE R W Y RE 1 (DId=2.50), 778K P
R W B RE A5, R & BLEAT P AR 4
R IhRe. FMAFREENEE V1o, V22 F1
I ER R I E BR V20 3 B 72 A B S e
Hrh v22 - E A RE ) iR (D/d=2.06), ¥
AR EAT 7 oA 3 FRH AL R T RE

S G NI 3778 1= B = MO 7 S i
10% A3 =L B DI RE, Tk i) 6 A BERRAD
AT RFIANE 7, JUHR 2R H 8 S A
ZEAFT IR VA3 FIIE = & ZE AT 1R Va4 77 i RE
g, AR JE S5 W i DA S R
S g 3 T T 2 ) D T R TR R

3 W54 ®

B i 2 B T e R . R
TE AR A R L T A PR R AR 25 2 Sk i .
AR B o i T R 1 2 R A R
W B R DO RE IR A HAT ek, A £ ik

Table 1 Results of digestive enzyme production by gut bacteria of Vespa mandarinia Smith

WEAE AR EAM HE UG AN
Strain No. Bacterial species Protease Amylase Lipase Cellulase
V6 FEWBRE Enterococcus faecalis + + +

V19 WEREZEAUAT R Bacillus cereus +

V20 M ERTE Enterococcus faecalis +

V22 YL G R E Bacillus wiedmannii +

V43 WEREZE AT 8 Bacillus cereus +

V44 I & EHUFT B Bacillus thuringiensis + +

+: WAREA IR L EERIRE

+: The strain has the ability to produce this digestive enzyme.
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B4 DEBERSHUBERRESEBEASNT A CEOBEK B, B: P iEhBEE
R F=ERE ST, C: PR iR AR S =W RE J). D PR ET 4 R AR S = WERE 01, D/d A B BLAR
D S EAS d WA, MR ER/NH RO iR EE Sy, +AREZE 0 B E MK <001, 25
ETES

Figure 4 Analysis of digestive enzyme producing strains and their enzyme producing ability of gut bacteria
from Vespa mandarinia Smith. A: Strains producing protease and their protease producing ability. B: Strains
producing amylase and their amylase producing ability. C: Strains producing lipase and their lipase producing
ability. D: Strains producing cellulase and their cellulase producing ability. D/d is the ratio of the diameter of
the degradation circle (D) to the diameter of the colony (d). According to the ratio, the ability of the strain to

produce enzymes was evaluated. ** means the significance level of the mean difference is <0.01, and the
difference is extremely significant.

Pl A7 F B IR A B 9T 45 T T
AEE X AUTCR LS o B B IRk,
ML R E Ay B 61 AN R, 45 G TR EFY
AEAN > T A BRI SEE S 6 J&@ 10 iy fifi i
6 S HAH AL R S RERY TR IR , A BLTA R V43

HI Va4 535 HAT S5 7™ e o Tl AL s 1017 il ) R
71, EHEATFEMARET . ATIEN
EA R e 6 AN BA AL L RE Y
P, REBLIRETE AN, e 2 I H
g R B N R LA T B G
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NN
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Bacterial species

E 5 DEiFE~HUEERSEBFEMEEN S
M D/d WM EAZ D SHEVE HAA d Y HE,
AR FEAE R/ NPT T R 4 7 Tl e

Figure 5 Analysis of enzyme producing species
and capacity of digestive enzyme producing strains
of Vespa mandarinia Smith. D/d is the ratio of the
diameter of the degradation circle (D) to the
diameter of the colony (d). According to the ratio,
the ability of the strain to produce enzymes was
evaluated.

AWFFE A B, A6 B 36 i T8 AT 15 57 B A 4 A
T, SFFFRIE ARG 8 bk, HPA 4 tkiE
HA T RE ST o ZF fUFT 1 A0 45 20 i
AIARSOR TR o AN h 36 i3 0 5 HY 1) IR 28 AT
e — R A BOR T, AR EY R T
N 868 g T 3 5 PR 2 FRAT R — Rl 2R
THER, X EYRHR I R A R, B
HET 2 1t AW AR TR %R 1
DN S 2 N TR Y 4G St
TH 0 R A T S, 2 BR T AT (A
AR EIEGEEo, faH AR, MGE
POl & LIl 1B 43 BSHRAR 1 61 BRTA
e, ZEERTEA 43 Bk, (SR 70.5%, HA]
REE T 0 J 18 6 A58 b FLAT LA 1Y Tt 52 ) R
I T3, Xk B AR U AR ) A BOR B
TEVLJE BT FE R, n] RURE 2 g 1K R i G H oA ik
—BOFR AR, B A b Tl SR A A

X IF SRS ARGl . I E S A Y
P FERE . 29 AN BT A R U 5 A
B, B ATTAR AT AN TR R 4 0 1 FH AR g £
2y AN BT B R 2 5 A BRI 1 DL
MWz —, JFHW 2GR AN E R
Az o3 A AE H R AR IR R, RS A
2R, I, REATEEAT IR A5 R]
AR BE BU T Y 12~ F 58 42 fHATE 5 R8s A
AT

AT RN, Y 18 T B
Pt 1 BE 1Y) T2 22 1 BRI Ja 0 28 A AT s 19 TR
Pro Hob, IR mEZFAT R VA4 IR |
HAM . BV STERIEX 4 FHeRE, 26
7 BERE A7 3 HL s W e BE 1 B o8 th o ARG 1k
e fig 3 AT P AL B S RE TR bR 1 B AL b, a]
PE— 2%t Ho a8 95 5 4 2 AT AT oA 2h
REAZ A, D HAE AP E HUply i el iy 1oz F A3t
RIS
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