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Haste, FEsmpiRdis., AKX mROen F KR T L Eans, [£RX]1 537 sKhEA
HEMHERGEIREA K, L P R Fructobacillus tropaeoli) CZ01 *F 42 & & # KB
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Isolation, screening, identification, and biological
characterization of antagonistic strains in intestinal tract of
Bombus breviceps

CAO Zhe*, ZHOU Chenye®, LI Dan, HE Lanting, CONG Yuefei, LI Wanli, HUANG Qi,

TANG Qihe, GUO Jun”

Faculty of Life Science and Technology, Kunming University of Science and Technology, Kunming 650500, Yunnan,
China

Abstract: [Background] In recent years, bumblebee species and number have been decreasing
worldwide due to habitat reduction, abuse of pesticides, and infection of pathogens. The pathogens can be
effectively killed by the antimicrobial substances produced by microorganisms during their growth.
[Objective] Bombus breviceps lives in the wild for a long time and has rich microbial resources in the
intestinal tract. We screened antagonistic strains from the intestinal tract of B. breviceps and studied their
antibacterial properties. [Methods] The Oxford cup double-layer method was used to screen out the
antagonistic strains and determine the stability of antibacterial substances and the inhibition spectrum of
the fermentation broth of the strains with strong inhibitory activity. Further, cell membrane permeability
and flow cytometry were employed to investigate the inhibition mechanism. [Results] Five antagonistic
strains with significant antibacterial effect were obtained, among which Fructobacillus tropaeoli CZ01
demonstrated strong inhibitory effect on all the five indicator bacteria: Staphylococcus aureus, Salmonella
choleraesuis, Escherichia coli, Shigella flexneri, and Streptococcus agalactiae. 1t showed the strongest
inhibitory effect on Staphylococcus aureus, with an inhibition zone diameter of (21.21£0.25) mm.
Moreover, the inhibitory activity was still 67.36% after treatment at 121 °C and 78.16% after the medium
was adjusted to pH 10.0. [Conclusion] B. breviceps carries rich microbial resources in intestinal tract. In
particular, F. tropaeoli CZ01 with high antibacterial activity, good stability, and wide intestinal spectrum,
has good killing effect on S. aureus and demonstrates good application potential.

Keywords: Bombus breviceps; antagonistic strain; antibacterial effect; intestinal microbiota

54 3k FE W& (Bombus breviceps) J& B A GG, RIPAYZAENE, B4R, IRETF
(Insecta) &3 H (Hymenoptera) % ¥ #l (Apidae) %Mﬁ?@lﬂ@mﬁﬁﬁ%ﬁ@ﬁl?@kﬁ%ﬁbﬁﬁ/ﬂ?@ﬁ o Hi
REIE IR (Bombus), W 2. JIOREHBIRAE TSR . A2 5% B F It 3 1 4 55 I D i
SEMRARE AN, BAr, REREER BT RN AR, SELBRIEMTTIEL
B, A 120 28, T2 omTRE R w35 IR E AR TR A E B0 v R X RE

X pee HATAK I D28, RESSR, RN SRR e, Hitk, R g o
EﬂﬁLﬁL BT RE F15 . AL R AR R SRR W T R LKy, B S Rg e p AT
RRIEFZRY AT LR FH BB AR, MR m AR o R, FRIE HETIF A& LR B0 AR, dn==JH
FEELFER T . A RN AE P R R BB . RSk REE SR, LS M e Sy i
BRI O, H, REMERIM A B TR IR R G TSR . BRSO
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PPl ORI 1 E RO IR A T AR L RE Y
e S 904E, FeE R AR, HAT
B 2Tt %) AR N T4 5 R A 2 by S5 2E A 7 0F
FEM, O TR N TR SR A L RE R R T ARG
F18 T il

BEHAMEEZ | ENRESM . o)
Z AR R R U T N I R W R R R AR A
W Bh ¥ E AL R B R R E SRR, A
ks A B FaF AR, [, R auE
NICEMESIY), ARGEEENRERG, 15
B A g i B 8wt A i R T, HER
HUF B R T A R RS S I PR IR L, AL
WA BRI R E . LIRS N, &
04 i 3 AR A LR B A T Sl i
KEEMAEM, 35 M I8 LR R R
BERARSIY . BRAh, Ml R AR K S A
AR A SR, X B a2 R AR R
f Iz e o i, B WSS T E SRR
AR, XA B e DR B B B 8 AL S TR IR O
T AR R R F T R AN
ARTE T, WHGESE K 5 WG
FRFLAF R 3 BRI BRATGFE VD TR . KA T
AR RSB RTE 3 REUR YLK . T H i
A= A A A 1o i R B 0 I8 H A 0 e T A 1 2R
HaE 2K, HAMESORE . el SR
R WA R R RN DR a IR,
AE e Jl JIE H 2 RE M Y A AR R, HUIE R TE
IR R R o AR e IR 4 T R B U SR
Ji Sk AR M4 3 1 H A W] A ) AR RS
—, HmiE R T IR L I AR R B R RITRA
R Wi, ASCUATREA L g il —
S AR M  SLIRARE,  MUSCATR T8 il O
PUwAR, X HA R RCR MR AT oA, IR
ARV AL, DU R80T kmsk . o
BE YA ) A8 TR0 B (AL e LA

WEERE

1.1 #8
1.1.1 &=tk

i S A 7N TR AR 40 B €578 28 K BT (Staphylococcus
aureus). KIHFF & (Escherichia coli). FERLIPIT]
[ & (Salmonella choleraesuis) . TG ¥ B BR
(Streptococcus agalactiae) Fl #f & & W K
(Shigella flexneri) 3R A7 T AL =
112 EZIXFFLE

M K, BRECM., SEOME. MitE
PR FIAIEE , i A YRR IR A 5
AT LN 2 DNA PR $2 BOaGh &, AR AR
FALF)ARA A, ABP B G 2R Ao il i 5]
%, ABP Biosciences A H]; LB i3k, MRS
FigRdk, BIDUR AR A R A A5 PCR
FIAEHS9 27F, 1492R, AT AW TR
B A PR 2wl

TG, RFERMSVARAAE; &
A LML, Eppendorf A F]; PCR 4 ¥4, #i
M H BT BRA A 5 fER G SRR, = Ay
A A PR W] HIRRE R, B R
AR ARG KA, PO LR B R
YRS
1.2 33 LRE4E 718 20 & 1Y i ik

RAF RSk AR M TR AR H R B TR,
TR A VA RUR R, JF o A e
TIE 56 i R SRR AS SRy i Sk B T %, X
12 Rk hgse, 3 Hog—4, B nrylgat i
24 ho RJE, H T5%IREIEIL 1 min, FHIGE
KPENE, BTG TAESMRR ., Xk
SR hL s o pE, B TRA 1 mL AR
KAE K@ EP &b, il TR 7870 WHE &)
SO FERE 107", 107 A0 107 3 M BREIE 1Y
SJURAG T LB Al MRS AR FREE |, iy
100 pL, & T "fSAfbhIEIRAE 37 °C fHilk IR
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36-48 h, PRI VR L 2k 3 kLA F 153340
k. Ba, B BB AR AR B VR B S
FRAE A 22 QY B 25 B AT w2 %, IR T
AT VK AR A8
1.3 FEmEkRRTHIE

BRI BIRR, Bl 100 uL R R T
5 mL MRS &35, F 37 °C. 150 r/min
¥55% 24 h, 10 000 r/min B.[> 10 min 153 & [
W, RIS 0.22 um BOTFLIE B E— 2
LBRBEIARYNN, R AR R FE . SR
A HERROBUZ A PO 5 K T T TR B TR R
TR, A5 B ELAG ] 4 0 4G BRI U R
DA A5 St e T T S A 25 TR R R 0L e I b 3 TR AR
X, RT3 AT, D25
i 45 TR R A A B SR o

IR AR . 0 B E A2 <6 mm
S TCIN R AR , 0B B B AR <10 mm I BE I P
ROR, 10 mm<d B H42<15 mm A BN
RO, SRR B ELAR> 15 mm b I ROCR P,
1.4 FEIAER DNA RRESEMEE

W ELAT T 4 B O R A ER B B B RR AR
FE[HZH DNA e 46 B 6 0 iod B 45 32 B R
HRIEEF 4 DNAM, LUITHHRFE R 41 DNA Ry Bty
K G1% 27F (5-AGAGTTTGATCCTGGC
TCAG-3")F1 1492R (5'-TACGACTTAACCCCAA
TCGC-3")4 14 16S rRNA K %41, PCR S 14 %
(20 pL): 2xMix 10 pL, F . Fi#Fsl 9
(100 umol/L)#% 1 uL, DNA AR (50 ng/uL) 1 pL,
ddH,0 7 uL, PCR )i 5544 : 94 °C 5 min; 94 °C
30s, 52°C30s, 72°C 50s, 30 KAEH; 72 °C
10 min, ZBUISHHL KX PCR 438 P 44600 5
KEAETAEY) TR B A R w4 T
Fo Mpras 8 F14 % GenBank (4%, JH1E
NCBI ##i& FE#E4T BLAST 52 HFH X, 4R
J& i MEGA X BRI R G LK E W .

1.5 AEANIEYREAENE
1.5.1 ABERAVBSEURM

W BRAF 0 L FIE W pH [HIM 2 7.0, TER
M FWE W IMAMREE R 1 mg/mL B9[] B
W, A KIS R 37 °C fHIE/K I 2 h J&, 80 °C
K 10 min {5 BEASPE 26 06 P2, DL oR 28 Jf b FE )
KW P WAE XTI, AT 3
152 ABERAOIA. BREEIRE M ST

N K b WA KV B 4 R T A B
30 min, IREEHN 37-121 °C, BARBHEE IR )G
PEAT R E I R o 5 mol/L 1 HC1 #11 NaOH
PR I pH {EIH 2 2.0-10.0, 37 °C /KA 2 h,
¥ pH (EIAIE] 7.0 PRk rERmER e MEIE . DA
S RO IR I I WA AR, P TRS 3 IR
1.53 ZEBRIEE TS

K AR R B2 A 3 A e P 8 TR
S ARRE . CILEEERE . KIBFFE . 8
FCAEBIRTR . ZERLUPT TR S R i i 3 1
RO . DL IR R 5 1 K BRSP4 73K
53 . MRERCR I EbRER] 1.3,
1.6 ZHRRIE J14&

T K BERAE T A e e A R S
1) 24 L 30 375 18 A o #F 0.5 mL 4 o €0 7 7 Bk
(107 CFU/mML)ZNEIH) 5 mL EP &, A
1 mL B &R R, LB AR FR 3457 &
3mL, # T 37 °CHIRIHEFAATIEET 2 ho 403
J5 8 000 r/min B§.L» 5 min, FE FIETRICEH
T, Al A BRE K AR IS, ROl
Wik, IWABRES 3 K, LIASERETRM R
EAARTFIIA 100 pL A BRER K, %08 ABP XK
FEE BRI S AR, BEAA Y 15 min
BFOOCEE BT T, DR LR R
YRR [] A2 R 174 <5 G 5, ) 2650 R AT B AR Sy Xof
AT 3 K
1.7 RIZHBE (ST

R Y RSN e TR AR ] T 4 0 ) 2 BK R R

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



4802 A 2B AR

Microbiol. China

JEIAEfE . 1.6 FHE ARG, R
ARSI o DA 8 T R AR [ Ak P 1) 4 7%
o 2 2K DA TR A R B, AT 3 TR
1.8 HIESH

RIS H B B AT 3 kiAs, Jf
DA B+ i 22 (XS) Jy U2 9. 0di 4 34
B4 FH§ Origin 9.0 1 IBM SPSS 26.0 8¢ 114543k
1o KH t K56 (student’s ¢ test) . FLIEI K J 2247
BT R SR /I 3 3 22 S 9 R AT e v ) 3 kA
¥, DL P<0.05 HESFEE.

2 BEREAW

2.1 FEIEREITGIE
A A R ARk, e 5 Bt

o V(0 2 3K O EL A A I S PR TR AR (B 1
R 1) 4R EIR, 5 BREDO 4B A BRI
T BT A% 3 B £F (12.8940.17) mm—(21.21+0.25) mm
Z 18], 5 RO HU S A A B 25 57 (P<0.05) 0 T8
Pk CZ03. CZ07 Fl CZO01 X4 8 (0 75 A5 BR 12 A4
BTE PS> 51 49(18.66+0.30) mm ., (18.1240.33) mm
F1(21.21£0.22) mm, FEPE CZ02 FI CZ11 MR TEPE
Wz, 5354 (13.89+0.16) mm F(15.46+0.31) mm.
B3y 5 #kEh CZ01, CZ03, CZ07 Fl CZ11
A T RO, Cz02 B AL
R, HopEs Czol M SCR R, Rk
BZEMRAE R G st & W 1 PR, H
Pk CZ01 X RIAFFE(A) . ToFLBEEER 5 (B) 14 8
R BR TR (C) 3 HA TR AR

1 EREHRIIENRERT A RBFRE; B: JCILHERRE; C: &M OMAIRE

Figure 1
agalactiae; C: Staphylococcus aureus.

*1 EnEfABRIEEER

Display of bacteriostatic effect of antagonistic strains. A: Escherichia coli; B: Streptococcus

Table 1 Diameter of inhibition circle of fermentation broth of antagonistic strain

Frs 173 TR R A Xof BE2H TSR

No. Strain Diameter of inhibition zone (mm) Control group (mm) Bacteriostatic effect
Cz01 Fructobacillus tropaeoli 21.21+£0.22%* 8.04+0.07 Highly bacteriostatic
CZ03 Lactobacillus sakei 18.66+0.30* 8.05+0.06 Highly bacteriostatic
CZ07 Bacillus pumilus 18.12+0.33* 8.07+0.06 Highly bacteriostatic
CZ11 Weissella bombi 15.46+0.31* 8.03+0.05 Highly bacteriostatic
CZ02 Bacillus subtilis 13.89+0.16* 8.03+0.03 Moderately bacteriostatic

e #URERBE(P<0.05), n=9, A 3 UHTEHERIHEARRE. TR

Note: *: Significant difference in representation (P<0.05), n=9, is the total number of samples in each of the 3 parallel trials. The

same below.
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2.2 EHEK CZ01 WETE
2.2.1 Bk CZ01 XS FNRE

PR CZO1 7E MRS [ {485 72 5 VA b 85 5%
12 hJ5( 2A), EEERE . A6, LELhE
ANBEW | %S WK 2B B, Bk CZo1
2% [0 )5 O AT T OISR, TR A R %8
o, UEHHZER R S L FRBHME R, IR AR
222 HHCZOI RN FLELER

20 SR 37 By =W O L R o R e
IR A RO A TR Bk CZ01 47 T 16S rRNA
FEU )y, R Y 5142 58 1) GenBank 4
Ji, B35k ON310799. T 16S rRNA FE[H
FE41 34, 7E GenBank 4 4 b 5 £ 1T 41 1F

10 ptn
g

AR LR, SEBUAHAAMEAE 99% LA b i 4 T
T2t BAnRl, 121 REREW, e
YU R CZ01 M RATH F. tropaeoli (K 3).
2.3 ABREHIEFE
2.3.1 ABAEHERMEER

FE CZO1 77 A () K I 135 W 2 [R) i
WALFRSE , 0 A HEARRUZ P R I T TR
PSR . nE 4 Fros, S0EEE I PR R
50%0LA b, Forb B R I mE A BRI R AL 3
Jei W R T 1 W WA T AR K, S B
BT RERAML, MEEEEFARLERET
F(P>0.05); 5 A K. BEEE A B AA R F
Ab 3 0T R LA S RN, TS AR

AV

E2 EHk CZ01 ESFEEFME A FRIEESE; B: E 2[R AR K
Figure 2 Morphological characteristics of strain CZ01. A: Colony morphology diagram; B: Gram stain

microscopic examination.

100

Outgroups

]()()L— CZ01 (ON310799)

Fructobacillus tropaeoli (LT631745.1)
Fructobacillus ficulneus (LC145569.1)

WL Fructobacillus ficulneus (NR_025153.1)

{ Fructobacillus fructosus (LC278385.1)
100 ructobacillus papyrifericola (MT026983.1)

0.020

Staphylococcus aureus (NR_037007.2)

3 BE#k CZ01 ET 16S rRNA EFFIIMARG LA BN IRFERBEER,; S8 0FRNER
B 355 N KRR E AR GenBank & SRS

Figure 3 Phylogenetic tree of strain CZ01 based on 16S rRNA gene sequence. The ruler indicates genetic
distance; The number of branch points indicates the confidence; The contents in brackets indicate the strain

GenBank accession number.
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Figure 4 Enzyme sensitivity of fermentation broth.

*: Significant difference (P<0.05).

[ AR LR B, 430 B R K R R T 25.35% .
[ I R T 25.76% (P<0.05)Lh S A K R
[T 43.24% (P<0.05).
232 REERA. BREE 2 MR 45 SR

308 2 A [k A R R A A g
R E ISR 2 5 G E VA R A& 5A
B, KRB FIEWAE 37-121 °C Ju RN AL B
Wil 5 30 1 T R O R PR LT R R, A 80 °C
UG T RENR B LA B 2, 7E 80 °C A1 100 °C B
RS H1M 81.13%+2.49%F1 80.79%+1.78%,

A

N
[}

W
W
W,
N
N

—
(=}
T

W
T

0

Diameter of inhibition zone (mm)

Control 37 60 80 100 121
Temperature (°C)

B 5 %ELERNAIREMNSERENZ %

M T BEER, 7E 121 °C WHETERIL iR i
K, 7E 121 °C MG PERAL, [CH 67.36%+1.46%.
FHN, TERRPESAET, R WA TR T
JCH Bk, AE pH 2.0—6.0 I & B X 4 15 0,
IR ER TR IR TG PR L A B TR (HFEE
pH {H BT FF-, 1€ pH 8.0—10.0 B 18 15 v
IR T, RAEEEZES, 7 pH 10.0
B IE BN AR, AAREE T 78.16%+1.89% 1411 12 i1
P (&l 5B).
233 HEMEKRAZBROINEE

il & e 3 O 5 RO s R i 1)
TR RORME o Z5 R AL, BN BT L+
) 5 MRECR Y B/R BT RIS, &
M VBT LA ER T . KRIAAFIA . ALY
TR . & (O A BR AR BB IR T 5 M
VA S0 TR G B B P BRI R B T 15 mm DU
b, U X 4 B0 4 IR TR N R AUCR I
4(20.97+0.14) mm, 6l R R RE I
(K 6 Filgk 2).
2.4 HBESEIRIMLER

LW OHARE SR LIRS, @
1 2 i AU LS FLAN TG ) . Rl TA iR,
A2 K e 1 VA F ) RGN 3 e 1) 5Ok

N
W

\{
Y
\i
N\
NE

(e
T

W
T

Diameter of inhibition zone (mm)

[w)

2.0 4.0 6.0 8.0 10.0
pH value

A HERUEME; B: BRI ZME; *: 225 B3 (P<0.05)

Figure 5 Thermal stability and acid base tolerance of fermentation broth. A: Thermal stability; B: Acid base

tolerance; *: Significant difference (P<0.05).
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Figure 6 Fermentation broth bacterial inhibition
spectrum.

*x2 A LEFRINEL

ManiE 7B FioR, EE B FISWAL ) , BR T4k
S0 S B NN SEARER) S Pl | 4| N (PO}
TG A B B (] 8yt v LIE B, AR S
XTHREAAR LG, ARPRZH DGR S 6.33%
5B F] 49.90%., XEEZERGIA, Z0d K& R Ab
RS BOm 4R E 1 TR, AR K,
SO A PR AR L, X 4 (0 A BR T
7 S 3 AR A

3 iEE#

ARSI A A 25 R AT R AR W E A AL Ry B
I, ABEAT] H AT IE AR 35 R O Y PREE s T
T EORR . B IR R AAF A AR R )
R Z AR, X R PR 17T 2 2R R LR

Table 2 Fermentation broth bacterial inhibition spectrum

$SR R 0 A % L RO

Tested strains Diameter of inhibition zone (mm) Control group (mm) Bacteriostatic effect
Staphylococcus aureus 20.97+0.14%* 8.03+0.04 Highly bacteriostatic
Salmonella choleraesuis 20.13+0.34%* 8.02+0.07 Highly bacteriostatic
Escherichia coli 18.54+0.31* 8.06+0.11 Highly bacteriostatic
Shigella flexneri 17.27+£0.23* 8.07+0.09 Highly bacteriostatic
Streptococcus agalactiae 16.17£0.16* 8.03+0.12 Highly bacteriostatic

Note: *: Significant difference (P<0.05).

10um

7 &B2 EFRIEARIE NI

10 um

A: XIBE; B. AbHE

Figure 7 Effect of fermentation supernatant on cell viability. A: Control; B: Treatment.
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Figure 8 Flow cytometry analysis chart.

GPER T REE A K R B R, KB
BRSSP, AR, EEpEN
Tl A W B RE T AR T o A7 e i A
FEXT 22 B Y A A ORI RE
U fizp B A ) A RE e A R AR R R B T S Y
YER, i ScHe 25 4 i B S 50, G
AR BOR AR MR, AT LADR e R e i
FE, BEEAERE T, I, IRITREE 7 1A T HE
D RE T LA Ay RE W4 1 N 1] 77 7 e e o {ie e
FRHE .

ABIE 5% DA S 8 06 fizp T v i RE S BT AR
S5 G TR HRIE S22 FRAE AT 16S rRNA JE K 751 4
TR, K IIZ R R RAT W (Fructobacillus
tropaeoli), HA = EEMEACR . C2A R,
2 W e 5 b 5 B SR A TR B A TR (Fructobacillus
sp.) AT LA 1 5 e J B A% o R RE N AR 4K, IF HL R
f F) P RO RO R AW, X DR IR A S AR
BT SRR X —25 1R H R B ik ek
TR 2R B 20 T PR R, BT U B R TR
S TR A 2 7 S AR 0 i 1 TR AR A AR R ke
TEEEMAP, A, BRI 4 BREm
HACRRE S THEM CZo1, {8 I M d s
i, BIREN T B AR, 1 K 4 TR A

AElE A KR BRI BES 50 SO TR 1Y
TRAPER . R, ASBiF 5 o 42 4 0 Sk RE I
BRI R, 8 T ATk AR i
BRI, o D 25 A o8 O3 =k R
06 Ji 3 DA R A R AR AL T — 5 MBS LA

MR R 5, EEdE T I AR
PRI . AR, K LR AT LA 3L
A A Bk E . EELDTTIRE . KIGHF
PR PR IR 4 I Som . i H &
1 Z2 R R 1 A T AL B A RN 4 B (R A
BRUA IR M R A T R I, I B 4 o
—REAYEPY, MR, RKEERZE pH {H5
T 8.0 TR T 80 °C AbFH 5 , FPLH BT (1Y
RO . AR 3Z B8 7 o 900 G 05 2 A 3 R v U 1)
T, 43BIE pH 10.0 FIRJE K 121 °C B ik
BN, MEEMERE T 78.16%+1.89% Fl
67.36%+1.46%; fEREE pH (EFIE Y E T,
PR TG BN B . BRI LIS A
Fr ] RE R B IR, kB R AR AR A B
FECE LSRR TS, DT A A R R
AIREO, B AR TR I 1 2 2 AN TR A PR S
(R AR R S5 AT LA B 6 PR PR AR B B 55 T
HHr AT & B R Z 80w mt =, 5ok, #
FH 5 B R R W P RS P bR CZ01 & EIE
TR IR G PE S R B, XF T 5 s 7R IR i B4
P8 B AR IYTE 15 mm DL b, 3k 3 R IR ROR
HA RGP R0 BT Y 2 & e b #E
PRS0 DA A0 M3 0 BH S R I, DR, AR RO
VEARTS A5 P bR CZO1 MBS P s . IR
FRRE VRS, A3 50 B RR BT 32 1k H IR e ko
RS R ] Z A B IR PR BOW R, R B
BRI R gy, HAABAF 0 IV RE

i Sk BRI i 1B N R R AR, A AT REIE AT
FE R AR IR E A W BT IR, TS 2RI DL
NIV TT R RMISE : (1) 2REF5E Rk CZ01
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