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Abstract: Bifenthrin is widely used for pest control in nectariferous crop, which may harm
honeybees Apis mellifera L. health. This study aimed to investigate effects of sublethal
concentrations of bifenthrin on survival, feeding, immune and detoxification related genes
expression and the gut microbiota in honeybees. The honeybees were fed with 5 mg/L and 0.5
mg/L bifenthrin for 7 d, and the survival and food consumption in each group were calculated.
Changes in the expression of immune and detoxification related genes in honeybee midguts were
detected by qPCR, and the abundance and structural of gut microbiota was analyzed by 16S rDNA
sequencing technology. The results showed that: (1) 5 mg/L bifenthrin significantly reduced the
survival and pollen consumption (P < 0.05), but had no significant effect on syrup consumption in
honeybees; (2) 5 mg/L bifenthrin significantly inhibited CYP6A4S3 and CYP6AS10 expression (P <
0.05), while up-regulated the expression of Abaecin, Apidaecin, Defensin and Hymenoptaecin (P <
0.05); 0.5mg /L bifenthrin significantly inhibited Lysozyme and CYP6A4S10 expression (P < 0.05),
while up-regulated the expression of Apidaecin and Defensin (P < 0.05); (3) Bifenthrin treatment
induced changes in Alpha and Beta diversity, and affected the abundance of specific bacteria. This
study indicated that bifenthrin exposure not only damaged the survival and food consumption, but
also influenced the immune and detoxification systems and intestinal homeostasis in honeybees.
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IRV ES RGPS L R A, ELRMEMRN . ERFESRGREMRIEY
ZHREVESE T S P E 25 R B E ML (Iwasaki and Hogendoorn, 2021). ik, EHRKE
AR P RE 1 it R RE (Colony collapse disorder, CCD) X 4= BRI MMV i il ™ FH 52, HRR
MERIN: W REh T SRRV R, (B REMT T A D R B R TCAE T B0, AR N B A i
P W d UL ARy Ak ke, B0 PO R It 52 BIBORIBRZ (¥ 5R3E (Tang eral., 2020).
FIAT, SARE R CCD SR A 1 AR SR PR AN BB, AR 22 0 783 B 3% B0 g i FH AT R B
AT e i ol B e S P (K L 2B [A (Hristov et al., 2021)

PR He 3 e 2R 7T RARBR A & N LA s, BT iR oA B 3:4EH,
HmURss . IRAE . HEARAETER . FROHASEE 2R, i) 2P RAIM . 281,
HAEG A T BRI, WA o Ry, SR by B T B e ) A 7 AN e 2B

(RUSORAE, 202200 BRAAIHEZ H BT B B R BRI R 2 —, 18 TRLZR



A, H RS T ALK Na I R I, K52 R A4 i NatidE il
FUTFIOS ), AEHOS A L 1K, BRJERRSIIAE (Gammon efal., 2019). WFFR MR
BGMEAEME = Shrh B B AR B & (Tong et al., 2018; Xiao etal, 2022), FX 25k
IEREEI . Dai 55 (2010) SRR B, L EALIK [ R s e S 2 PR AIK 0 07 %0 0 1) 50 ) FH R
MR, KR R R . TTIS (2023) X 18 AN TSI AR 2555 B R A EOR,
R TR AG H RON 65.74%, PR BN 140.15 pg/kg, H IV FIELIKEBEZESEE (1 500
ng/kg) MiE 2 BEAR VG 77 B O AL A, IR T B 4y NI PR A A7

TIF 58 2 W 1% S TR b 2 3800 G P AR TS R BRI U . Zhao %5 (2022) BF 9T K ILE 5K
BER FEE EIVA 2 P i Sk 35 0 1K v 440 B WG 0 T IR D) 28 S ) 22 My S AL g Ve e o P SRR
Lk SRR S P 28 BE 6 51 B g PA50 A BT R G A I AR T RE 25 L, kT ARG B e X
FRAAAER (Zhuetal., 20200, Jil B EFE4ERETE FEBED G B RN A G, ik
T PR ARG (AT B, E L 8 KRANW ALK, FEAR L WM Bifidobacterium
asteroides , y- 7% W W YW () Gilliamella apicola F Frischella perrara , B-7% 1 B 44 1
Snodgrassella alvi, o-"ZTEHEMNN Alpha-1. Alpha-2.1 1 Alpha-2.2, VAR JEEEE 1) Firm-4-
Firm-5 % (ZIEJR5F, 2019). EAEERE SR AR E MG R85 7 A 3EE =
AR CRMERE S, 202000 PRI, AFF 58 3% HURI 280 iz 2 01 7 P05 10 7 B 42 i) 2% )
B AR RS B . R, REMFRA T RIS E B EE N EERR (5
KEE, 2022; Jiangetal, 2024). SR, 0T BRI 5 s dh 3 0 G2 fift 25 B ) AN iz 1 T A 5
Wi FRYRIF 7 2N A O

AT B AT RS  PG 7 B e . BUR . s R M S R A DA K g i
PRI, DA 2 % e 7E B A ) B A R AL T — e e SEH
1 MRERE
1.1 =g

ASHIF G T R AR V8 75 B ok 1 e UK 2 W o e B A A R R O LI 7= O g
SR RIBERE,  STIGSRAFE AT A 2 A H A BRIE I SRR AT BRI B, 2 )5 SRR R g A
SRV AT A B AR rp PR — B BAG Y 55 1 B TG P, Y [ S 6 5 A IR LR
BIRM GIRE 35°C, HXHRIE 60%, WO6) HhEEFF 24 h G, WCEENIPPALR &R GE X9 1
H#g) BB EHEHE T (15 cm x 10 cm x 8 em), F2ft & T S0%KE KMy, THAES: TR 40
HIERREFE 2 d, SRJEIEIN 3 HES B A T 5 R B sea (445, 2022).



12 FERF SR

FERA: BORANR)R 2 (PR Dr ~ W), 208 99.1%), R AR (aladdin, [ b
#§), Trizol (KAR, #[EILE)D ReverTra gPCR RT Master Mix gDNA remover Kit (%57,
[ L), Super Real PreMix Plus (SYBR Green) (KR ); FEALE: MEBK S,
NanoDrop2000 ## fi & 7 e i, A% S oM, 1 H @ PCR 1, ABI
StepOnePlusTM Real-Time PCR System %5.
1.3 REFILE

AR AR S W T [ O Rli b DX 0 . R A5 T AR &, BN 5 mg/L AT 0.5 mg/L 1E K
WEFCAL PR ST (Xiao et al., 2022). HL 50 mg BK 4G g JH 259 T 10 mL 74 B o i & ik 5
000 mg/L £, SR )5 BUE B RRBUINA 50% 8 7K t A5 R 49 BRI Z 70730 9 5 mg/L #1 0.5 mg/L,
P AR AN TS 0.1%,  50%HE 7K R I SRR B T ERAE S B AT 7 3L B0 E 2 > Adb
BRAHAN L ASKTIRAE, fRAH S MEWFEE, BEEAE 30 hE ., K HE R N
BRI S Jemlons HERE K, 5 2 d BEH W), B RICRANGETH 2 3 i S0 T B0 B O
R ERRAEE, 7 dJEIEES 4G, ARG E, B TRIRRIKME (-80°C) REEM.
1.4 5 RNA BB R38R R Y

B 1.3 A OR AR B R UK B AT MR O 3REC T 7, & 5 Al —41, FIA Trizol
PR RNA. X3RS 5 RNA BEATIREENE , R4 HARRERL 500 ng/L,  FF AL AR
BEAT G [N : WX 2 pL 5 RNA F 0.2 mL B0, O\ PCR A 65°C N 5 min,
SN 5E A BT UK EEA 1 ming KIKIN 4 uL 5xRT master-Mix A1 14 pL ddH.0, ¥RE25])5
PN PCRAXHT, 75 BAR 4 F#E47 ) B2 37°C, 15 min; 50°C, 5 min; 98°C, 5 min.
Fril B PR B 4°CJ5 [ 858 kA3 cDNA; FIFH ddH.O %f cDNA #E4T 5 f5#ikE, 71354 -20°C
Tff7, M T JE%E qPCR S .
L5 SI¥RIt 54K

FIH Oligo 7 B A ¥ it B BEEDIRI A 2 5208 B A Ui 514, JFREAE TAM TR (k

) B ARAFEE, FPAEEILE 1
*® 1 KR LTS 9F5)

Table 1 The forward and reverse primer sequences

B SRS (5°-3) FEH SIFE (5°-3°)
Genes Primer sequences (5°-3’) Genes Primer sequences (5’-3’)
F: TGTCGGCCTTCTCTTCATGG F: GATTATCGCCTATTATTACTG
Abaecin CYP902

R:TGACCTCCAGCTTTACCCAAA R: GTTCTCCTTCCCTCTGAT



F: ATATCCCGACTCGTTTCCGA

F: GTTCCGGGAAAATGACTAC

Hymenoptaecin CYP9Q3
R: TCCCAAACTCGAATCCTGCA R: GGTCAAAATGGTGGTGAC
F: TGCGCTGCTAACTGTCTCAG F: GCGACCAATGCGAATGAAAC
Defensin CYP6A4S1
R: AATGGCACTTAACCGAAACG R: TCACGGCATTCCACCATTTC
F: TCGAAA ACGAGGATAT
F:-TTTTGCCTTAGCAATTCTTGTTG G GGGACGAGG G
Apidaecin CYPG6AS3
R: AGTCAT:! AT TACT
R: GAAGGTCGAGTAGGCGGATCT GTCATGGGATGCCTACTGG
F: CTGCACAACCACGTCTCGTT F: GGCTGGATTTGAAACGTCAT
Glucose dehydrogenase CYP6AS4
R: ACCGCCGAAGAAGATTTGG R: CGCGTGGAATTCTTTCATTT
F:ACACGGTTGGTCACTGGTCC F:-TGGCAGTGTATCATTTTACAAAACA
Lysozyme CYP6AS10
R:GTCCCACGCTTTGAATCCCT R: TGGTATTGGCTTGGGTCCAG
F: TCGAGAAGTTTTTCCACCG F:AATTATTTGGTCGCTGGAATTG
CYP901 RpS5
R: CTCTTTCCTCCTCGATTG R:TAACGTCCAGCAGAATGTGGTA
1.6 qPCR

FIH 1.4 PR R R JS (¥ cDNA FE N BIBEAT qPCR SN, S I Ik PR A % 22 1 KT
20 uL MK &R: cDNA 1 pL, EF#E54 (10 pM) 0.6 pL, 2x SuperReal PreMix Plus 10
pL, 50xROX Reference Dye 2 L, ddH.O 6.4 pL. <MW 45f4: 95°C 15 min 1x; 95°C 10's,
60°C 30's, 40x. JXR5EHE MM Z, Pl RpS5 NN S EER, FIH 22k HH H I 5
R AT #6758 (Schmittgen and Livak, 2008).
1.7 16S rDNA M

HUH 1.3 P R A7 B AE UK b HEAT ) SRV AN W3l B S MIEME R — A, RIULR
DNA, $KJ5 ZFEAT M AR W B i 4 A PR A w) R v i 00 e B R %) 3 04 Ji7 38 16S
rDNA ] V3-V4 XG4Ty M 70 TAF .
1.8 RO

A $H 5y BT ab) (e SPSS 25.0 B i AT, A= A7 il 288 log-rank Kaplan-Meier £ 474}
Brs SALEGRE R, JER KA UF AR E R Z 5T (ANOVA)D, JfFIH Duncan’s £
B AT M2 RS R GraphPad Prism 8 21 HEAT Il o
2 BREHHh
2.1 BEFEEX TS EEE FMRR NI

ELANE 7dJE, GRS ER AL E LR AL B O TR, R A A 2. AR

7R, 5 mg/L F 0.5 mg/L b P ZH Bk I 2H B0 AR A7 2853 010N 85% 93% A1 95%. 5 mg/L &b
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Fig. 1 Honeybee survival curves
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Fig. 2 Effects of bifenthrin on syrup and pollen consumption in honeybees
e R R T £ i ARNSFRRRZEREE (P<0.05) (Duncan's £ HEiv51%5). TEIF. Note: Date were

mean * SE; different lowercase letters indicated significant differences (P < 0.05) (Duncan'’s multiple test). The same below.

22 BKAFEEN AR EERERSERERIENTMN

AHE TR qPCR FE ARG 1 1562 2 T Ak 3K 176 7 8 e vl gy . 72 AR 3 0 DG R IR 3Rk
Fisem, 25 REIR, 5 mg/L BORZEERACFRA Abaecin. Apidaecin. Defensin. Hymenoptaecin
BN RIA B W T RAL (P <0.05), Lysozyme 1 Glucose dehydrogenase 5 [H 3 1k & %
HRFET: 0.5 mg/L BERHEEALFEE S Apidaecin M1 Defensin 3£ [H L5 (P<0.05),

1 Lysozyme % [Fl £ 18 (P < 0.05), 1 X Abaecin « Glucose dehydrogenase F



Hymenoptaecin 2R RIERA BELWH (B 3-A).

R RIALE R TR, 5 mg/L BORH R % 1% CYP6AS3 FI CYP6AS10 5:[H [1)3R
EEREER TR (P<0.05), CYPIQI. CYP9O2. CYP90Q3. CYP6ASI F1 CYP6AS4 %
RIRIEEFA REZ; 0.5 mg/L BIRZ g A3 35 6] CYP6AS10 2R KIE (P <0.05),
Xt CYP9QI. CYP9Q2. CYP9Q3. CYP6ASI. CYP6AS3 Fl CYP6AS4 BN Kk BE

m (K 3B).
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Fig.3 Effects of bifenthrin on immune (A) and detoxification (B) genes expression in honeybees

VE: ABA, Abaecin; API, Apidaecin; LYS, Lysozyme; GLD, Glucose dehydrogenase; DEF, Defensin; HYM, Hymenoptaecin .
2.3 BRAFEEX T A EEEERFNFI
2.3.1 B WAl O T O A O

IR overlap % R 46 X B Hs b A7 HE 4 . 4%, WA iEfS, 3R43 1080 932 %A &L
. WIS DADA2 BAFRHE RCEHE 4T 2% e AL B JS 3R B Amplicon Sequence Variant (ASV)
FHIERAFFIE TS, 318 ASV HH N 2 1324, Hrh 3 HEEmiEIts ASV i H 3821,
XTHEA . 5 mg/L AbFRAL. 0.5 mg/L AbFRLRFA ASV £ H 40 708 504 1~. 4414, 3774,

WROR A BR AL B Bt fizy T8 ASV RFALEECH BT AL (B 4D,
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Fig. 4 Venn diagram of ASV in honeybee gut microbiota

2.3.2 B B A AR R FE S A

RIE ASV RFAE 7 71 (7 B 45 AN 5 2 RE i 1) ASY 12, 73l fE 5t (Kingdom). 7]

(Phylum). 44 (Class). H (Order). £} (Family). J& (Genus). Fi (Species) 7K it

e LHL R A B W 0 i S R A D BEVE AT WO RR LR T, TR R R R R, R
TIERBEOKT EFBEHA AT 15 (B FhEAT /00T R R o

FETTKF b, 359G 28 FhEd T4k, 045 45 )2 BE B 1] Firmicutes . 2 JE B I
Proteobacteria « il & B ] Actinobacteriota « il AT 1 ] Bacteroidota « ¥ ¥ B I
Verrucomicrobiota A1 # 1 | ] Cyanobacteria 25, b, JEBEE [ TAIAS L E 1A B BE 325 5
Fedpe i, 030N 51.45%F0 45.14% . 5 mg/L AL PR S5 REA AL, JERER (TR TR 1R 134
JEH T FFE: 0.5 mg/L ACFRAL, JSEERE [ 1F G AT BTb, MASTE R ] F N R RE.

B SKT £, LRI H 8B Lactobacillus Bombilactobacillus J& Snodgrassella J&
Gilliamella J&  Apilactobacillus J& « 3% J& Commensalibacter Frischella J& . Bombella
J& AN XUB T B @ Bifidobacterium 5 9 Fh 41 B >y B W i T8 X AR 34 B Jm B B R R WS LU AE
93.33%LA L. HAFIRITH B Snodgrassella J& Gilliamella J& . Frischella J&F1 XU AT B
JE S S Pl B E Th AR O R, 5B E I 53.98%, HF HATEREA T Lactobacillus J&
MAR = e, EEON 21%, oAb 4 AMZ O R BEIEE & I TE 2% F.
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Fig. 5 Relative abundance of honeybee gut microbiota in phylum and genus levels

2.3.3 HEIERREZ LT
2.3.3.1 EIENE ERE Alpha 2 FE1E

N7 B R Alpha £ #E1E 3 B i T Chaol. shannon. Simpson. Goods_coverage 2%
FEHOR W, AHEFE R S AFEA goods_coverage TREUIIIE R 1, ULWIREAYI A R,
M P& R B A HSr S (R 2). Chaol F8¥UEEARMTHREVE h T O S M EH, T
Shannon 1 Simpson i £ I 3= % H] >k 45 & #f V% th ¥ F 9 2 F£ 1%, Shannon fif 8K,



Simpson HUEARHEIT 1, YLHIBETE PR ZREMER T . ABFFH, 0.5 mg/L AbFRZH 550 i
ML, DLE 3 B8R B %2R 5 mg/L 422 Shannon A1 Simpson $5 %) & 2%
FXTHA4L, T Chaol $RECIA B (£ 2), Tt W i vk P T 2 4 I P 175 5 2 e i 1
HEFEMZMET .

el

T2 EWEIAEREE Alpha ZREME DT

Table 2 Alpha deversity analysis of honeybee gut microbiota in different groups

Eivl| iR /IERIPLES AR FERRL LULEDSE AR o A
Groups Observed_Otus Shannon Simpson Chaol Goods_coverage
XIHEZH Control 402.60 + 32.63 4.98+0.58b 0.92+0.04b 403.07 £ 32.62 1.00
5 mg/L 429.20 + 31.64 598+022a 0.96+0.01 a 429.52 £31.91 1.00
0.5 mg/L 379 +£46.01 5.60+£0.46 b 0.95+0.02b 379.31+£45.87 1.00

s RPEIEA T £ ArdR: ARNSFREREREE (P<0.05) (Duncan’s £ Ei4:7%). Note: Date were mean =+

SE; different lowercase letters indicated significant differences (P < 0.05) (Duncan’s multiple test).

2.3.3.2 EE B wAF Beta ZHE1E

AT 5T R AR RS B % 4E R B 43 1 (Non-metric multidimensional scaling, NMDS) 13
AkFR43H1 (Principal coordinates analysis, PCoA) X % % l7 1 i ¥ Beta 22 FEVEHEAT 73 H7
STRRZLAN 0.5 mg/L ACFRALRE i OB, DLWTRE M A 2 R R RIS, WAL 2 AR 3%
1M 5 mg/L AbFRLARE S SRR MG 0 BRE ) 28 R R R v, ELS R AT L2 S R

(P<0.01) (H6),
B e B 2 4k RS 50 #T (Stress = 0.12)

FAFRHT PCoA plot 04 NMDS Analysis
® X}HEZH Control
« ® 5Smg/L
3 0.2} ® 0.5mg/L
Q o
(=W wn
_ a
S =
N
i S 00)
S &
N =
5 »
'TH —0.2|
. , . —0.41-
05 0.0 0.5 —0.5 0.0 0.5
FARFRT (19.2%) PCoAl Z 4R JE1 MDS1

K6 EiEMiE WA Beta ZFEEDHT

Fig. 6 Beta deversity analysis of honeybee gut microbiota in different groups

2.3.4 B I i R A R 2 R oA

o} B W figg il B EEAT LEfSe (LDA Effect Size) |, - #HriffE & A dE L EA R
FMEERIYIF, BT EX LDA score KT 3.0 W35 72 R YA AT /R . 7ET1 90K
F, 5 mg/L kb3 R 0.5 mg/L AbFEZH AT B 1] Bacteroidota AHXT 4= 5 B E LT X HEA (P <



0.05) (Bl 7). fEEHFKF L, 5mg/L BAEHEEME T, HLATHE Commensalibacter
Klebsiella J&F%F 3 5.3 Ft &, Apilactobacillus J& FIH X 3 B & MK (P <0.05); 0.5
mg/L BRI FEE T, W% O WA & Lactobacillus AHX =5 & T+, 1 Bombella
JE BRI B BB (P<0.05) (B 7).
B o5mgL EEE s5myL EEE 4 Control
T 1] Bacteroidota [N

JELE 18, Commensalibacter I
Apilactobacillus | ]

Klebsiella | ]
SLHF IR Lactobacills |
Bombella |
I I I I I I
0 1 2 3 4 5

LR HT 4340 (log10) LDA score (log10)

7 BRI RE LEfSe 2 700 Hr
Fig. 7 LEfSe analysis of honeybee gut microbiota in different groups

3 gighitie

IR 2R B T e — i 0 0B UG R SR B, I TR IR iR, Tk
TAZ A HRR R ARy B AR A R My TR AU o AW Y R BER AT T BRI BB
AWK HAE D e % P 7 B A A7 B Syl R SN R i i s B (K 5 . 5 R IR
5 mg/L BRA 4G G B 5 35 PRI B A 7736, T 0.5 mg/L BEAE 25 B AR 0 350 2B A7 SREL AN
B3, (HEEAE I (] KA R IR R R S T T R I R 2 i 2 R 7
AN ] A TR R A IEA OSSR (Qualls eral, 20100, 3B EIE U
BEE R GTS Y B, xR R . A R R A EEEE Y, b
e B HI AR A R AR R I EEKUE (Nicolson, 2011). AWK, 5 mg/L Bk
FRA TiE o e B ) B AT R, AN R K LA . L B TR BB R 2 R R
B 233 p B B B PR (Ozawa eral., 1992), X RS IR S S ) 600 B £ B £
HEFA .

PUBE K2 B e R G R G0 AL 4, B R P P B K 3 22 R Apidaecin
Hymenoptaecin. Defensin 1 Abaecin VY KHT B K K IERH K. g2 B SMNED IR FR, Bt
P IR R BB 3 R0k, AR R BRI S SIS A EI E  FRE A RS, R
HE 2 IMSREURY T 2% (Rahnamaeian, 2011; Richard efal., 2012). AWFFER, Bk
FAGTEHE T, i 4 FPURE KRR YA S RIHRIE, B S mg/L AFEE SIEA U BT
0.5 mg/L AbFH, 2% B il 5 T 4% 259 Tk A P2 (1 vy e 7 T DR A5 1) e 22 08 BB B0 LA BT % 7%
HURDO B E (B4, 2022). RS (Lysozyme) & —FP B ZE Gk, AEigid@



T 7K AR 4 BT 2 PR EE IR SR 22 08 7 IS B R B H 1 (Callewaert and Michiels, 2010), 7EERH
AR S R R R IE R EAE R . ARWEIT RN 0.5 mg/L BEZE A HE AL TR AE WS HIH] Lysozyme FE[H
Fik, RIS R B2 40 T B G 1 A

Y1 5,25 P450 B4 B (Cytochrome P450 monooxygenase, CYP) & B Hifk N H B £
ifefideng, CYP N FHM e 2 & dun it s R (Yuet al, 2015).
BT R (Drosophila) %5 H AT, 8 5 R 4 o fif 2 B BE (R B i, 3t B i)
A ST Y U 8 R IR (Claudianos e al., 2006). BFFRSE R KL, 5 mg/L Bk
ZR 5 B A IR 25 P CYP6AS3 FI CYP6ASI0 3E K HIFRIE, 0.5 mg/L 1] CYP64S10 ik,
FEDR S MR i e e 10 ISR R 40, GBI,

BN iy JE T AR AR A AR R O AR L ThRe, B i A G R 2 R G R AR T
B, FEREREH 8 RERMBE AL, S TEHE 98% (Martinson et al., 2012; Sabree et al.,
2012). ZHigN7 B RS E FMEECEE, FXFRSHEMR, B F e S RA
AL, BT AES S E ST (Hooper and Gordon, 2001; Crotti et al., 2013). AHFFT
XoF T B T Mo 38 D 7 R Al R R A RO G AT T oA, RIESRAR T 28 R T, Hoh
JEEETR T (51.45%) FIARTEEIT] (45.14%) HEERE, X5 Yun %% (2018) AFFT4i R—3,
ATt B P R B T2 JEE LA 56.65% A1 42.16% 1 L 31 15 5 U o 3 5 Fh 5 1 7E i 8 T
T A E P R R A TR AR AS PR BE (1 B AR IE (Engel and Philipp, 2012). {HJ&, BKZ
P P 3 S5 2 FAEAES T AU T 1T ARG =R B ST TR 1) — Rl 2 IRPBIPE B, 2 NSRBI
WM EEE—, BARRE ARSI X B YHARE FRREUNEE S, JFrTLL
PRy 7B AT S 2 BUR 1 03 (Panetal., 2023). BEIRZEE MG T #0615 114
K, AR BN E G I8 WA R AT, 3SR AU T BTSSR ) T .

FERRRSGE A T, AH 70 BUAR X =F B2 s v HLUR AR 2 35 AR 1 8 s 2 A AT 1
J&. AW E . Apilactobacillus J& Bombella J&% . FLAFH &2 B & pEMR AR, MY
Z 5 AR ANEIE (Zhang et al., 2018), EHATRENTE L0 6E /7, (R 3ETE 4
FEAHUETE, 8 &P R R R, R Y8 3 8 %52 R 1R F  (Sengupta et al.,
2013), SLATEJRS I AEAE TR MR ROR B b, A R D AL 3 A R A R
BEh A KR i & R SR AR 2R (BRI AR, (aE A 30 B IR R 19l (Botero et al.
2023). Apilactobacillus J& )& T AT ERL, B @A AT LLEMRICR T A FY R,
BEAR AL B0 AT T 000 W R, I RE R TECA SR N B IR SR AL E 3% (Vergalito et al.
2020) . [FIW}, Apilactobacillus J& 7F 1 38 2 A B K 7 M 18 B & B A 4 2 0 BE



(Matsuzaki et al., 2022). Bombella J& ST 5= 5| 4L & 25 2 Al 182 LI Tl M1 I 45 5l L il
(IR, TETE 20 BOK A A AR T TR FE RS E s BEAh, 12 R R E S,
415 T 3206 R LR E (Harer eral., 2022; 3K4ES%E, 20230, BEAAGHE A T iX L E
LlpE e R, Wt ERERESRL, SEEEE RN RERIIET
B

g LR, IROR 5 R R R AR T Ty e A A R, R S R R R LA
TR IE LRI o BIF TE 45 RRTRNAR TR 5 e 55 %0 43 T WL b 1 ELAR A FH BA RO i i

BRI B ARVE B A — e =15
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