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HE: [ B8 IRAATHE Lactobacillus 7 7 & Bombyx mori 38 A B 4 F AT Hwm, [ 5%
JA2 x 10° CFU/mL M % 2L 47 ¥ Lactobacillus plantarum FLPLO28 | R, &= 4% SLAT § L. rhamnosus
FLRH956 #o % 4 K SLATH L. reuteri FLRES89 % & vtk vt (20 pl/em®) M2 R & 1 #4h &, 275
#5423 47 RNAref 3 %400 5 5F 8 2 x 10° CFU/mL # £6 )7 30 & K8 Serratia marcescens 2 & ik
FoH(20 pl/em®) 4% 3+ R & 45 %A 5o = & A4 SUAT B FLPLO28 | . 5= 4% SLAF 1 FLRHO56
Fo FAFRIAFHA FLRES89 3 58 AV ERAM A 4 hAF BRI TRAFTALIGHERS &4
k¥ LOC101742127 , glvl, g2, CecA, LOC101739681, CecD, Attacinl , Leb3 #= Lem ( FH AL B ) ,
LOC692824 (5 5 % A B ), PGRP-S1 #= LOC101738493 ( Toll/Imd 1% % i % 48 % & B ) & Pi3k60,
MAPK #= Ras2 (PI3K f= MAPK 12 5 i@ %848 X A& B ) 5 %98 48 % A B A ik F 347 qPCR 42wl [ £
R 5tk Ra& 1 b4 k5 R4 RAH M SULATH FLPLO28 & 248 5LAT ) FLRH956 #= ¥ 47 I, 5L
A8 FLRES89 &, 5 #5%h & ¥ Moricin, glvd-like o gh2 5 X % R B RA R 2 F KT 2 E T,
H P Moricin 893 K-F FTHR %;5%E XKW CTLI0, CTL19 F= LOC101736606 % Toll/Imd 13 5
i@ 38 A8 % K B PGRP-S2, LOC101738325 F= LOC101738493 #4 4% & K- F %, PI3K #= MAPK 42 5 i@
FEAR K ILE Pi3k60 Fo MAPK 694 FK-F 524 525 2.4 F2 2.1 45, 12 ik 3 FPIUAF B AR 250
DERAEARAERN AR A (RARER YD ERE) RRWG LT FEM 83% KAKF] 35% AT,
HoF F A7 RSUAFE FLRES89 af 25 i) & KA #9453 AE A 545, RAIA2 18. 1% 9 R& S #b4h ko
& LOC101742127, glvl, gh2, CecA, LOC101739681, CecD, Attacinl, Leb3, Lzm, L0OC692824,
LOC101738493, PGRP-S1, Pi3k60, MAPK #= Ras2 # % ik & TALA %5 RNAvef 4k 20m) 545 R 6%
AR—F, I3MHIAHFANAMLARALARERYEREA, BIRE RV ERAGTH K.
[ 2536 ) SUATH 4 46) R &AL A A= Toll/Imd k@3 AR % R B o) KA, R R AR T A R ML 2
B e A TR S RRApkAast, 5 ShE T LB #E PI3K A= MAPK 13 5 @ %42 3 X & KA
WS JE, R ILH B T oA @il iR R IR R, AR AL By 6 R SR PR AT 6 Rk

KR K&E; WHAMK; SUAFE ; RNAref #3480 5 2500 F KA
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Lactobacillus reduces antimicrobial peptide expression in Bombyx mori

XU Shu-Ya', WU Xiao-Li*, WEI Ya-Peng', HE Li-Hua', DONG De-Gang”, XU Feng' " (1. Jiangxi-
OAI Joint Research Institute, Nanchang University, Nanchang 330047, China; 2. College of Basic
Medicine, Jiangxi University of Traditional Chinese Medicine, Nanchang 330004, China)

Abstract: [ Aim]To explore the effect of Lactobacillus on the transcription level of antimicrobial peptide
genes in Bombyx mori. [ Methods ) After spraying the suspension (2 x 10° CFU/mL) of Lactobacillus
plantarum FLPLO28, L. rhamnosus FLRH956 and L. reuteri FLRES89 to the mulberry leaves (20 wl/cm®)
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to feed the 1st instar larvae of B. mori, the RNAref transcriptome sequencing of the Sth instar larvae was
performed and the mortality rate before cocooning of B. mori after feeding the 5th instar larvae with the
mulberry leaves sprayed with the suspension (2 x 10° CFU/mlL, 20 wl/cm®) of Serratia marcescens was
calculated. The numbers of viable bacteria of S. marcescens were counted at 4 h after incubation with L.
plantarum FLPLO28, L. rhamnosus FLRH956 and L. reuteri FLRES89, respectively. The expression
levels of immune-related genes including LOC101742127, glvl, g2, CecA, LOC101739681, CecD,
Attacinl , Leb3 and Lzm ( antimicrobial peptide genes), LOC692824 (lectin gene), PGRP-S1 and
LOC101738493 (Toll/Imd signaling pathway-related genes), and Pi3k60, MAPK and Ras2 ( PI3K and
MAPK signaling pathway-related genes) in the Sth instar larvae of B. mori were detected by qPCR.
[ Results ] After the 1st instar larvae of B. mori were fed with L. plantarum FLPLO28, L. rhamnosus
FLRH956 and L. reutert FLRES89, respectively, the transcription levels of most antimicrobial peptide
genes, including Moricin, glvd-like and glv2, were significantly decreased in the Sth instar larvae, and
that of Moricin decreased the most, as compared with those of the control group. After the 1st instar
larvae of B. mori were fed with L. plantarum FLPLO28, L. rhamnosus FLRH956 and L.
FLRES89, respectively, the transcription levels of lectin genes such as CTL10, CTL19 and
LOC101736606, and Toll/Imd signaling pathway-related genes PGRP-S2, LOC101738325 and
LOC101738493 in the 5th instar larvae decreased, and those of PI3K and MAPK signaling pathway-
related genes Pi3k60 and MAPK were increased by about 2. 4- and 2. 1-fold, respectively, as compared

reuteri

with those of the control group. However, the above three species of Lactobacillus had antagonistic effects
on S. marcescens, and reduced the mortality rate of B. mori in the model group (only fed with S.
marcescens) from 83% to less than 35% , among them L. reuteri FLRES89 had the best antagonistic
effect on S. marcescens, causing only 18. 1% mortality rate of the Sth instar larvae of B. mori. The basic
change trends of the expression levels of LOC101742127, glvl, glv2, CecA, LOC101739681, CecD,
Attacinl , Leb3, Lzm, LOC692824, LOC101738493, PGRP-S1, Pi3k60, MAPK and Ras2 were
consistent with those of RNAref transcriptome sequencing results. The supernatant of the fermentation of
these three species of Lactobacillus could effectively kill S. marcescens and reduce the number of viable
bacteria of S. marcescens. [ Conclusion ] Lactobacilli inhibits the expression of antimicrobial peptide genes
and Toll/Imd immune pathway-related genes in B. mori, reduces the innate immune response of B.
mori, but is conducive to the harmony between Lactobacilli and B. mori. In addition, Lactobacilli can
also improve the acquired immunity of B. mori by activating the PI3K and MAPK signaling pathways.
This finding will help to understand the immune system of B. mori more comprehensively and provide a
new strategy for the prevention and control of diseases in B. mort industry.

Key words: Bombyx mori; antimicrobial peptides; Lactobacillus; RNAref transcriptome sequencing;

Serratia marcescens

K A& Bombyx mori J& 4= BR 22 S A 77 1 £ 2Ok
T, LA R SR FE 0T e Ml 28 5 28 OC dE 2, AR, AR
FRFH IS TR ) 2 B A B L LB I B A5 A Y 1R
T FEGIR IR . RGN EE AR AN B
Ve R S BE VR B, 1 B B0 R IRE Serratia
marcescens ¢ 25 U 1 55 Aspergillus flavus . 5% A {0
F 1, Nosema bombycis , % %5 ¥ B Z i 1K 9 B ( B.
mori nucleopolyhedrovirus, BmNPV ) Z5 5|, i $Ey5R
o AN R A 1 AR A I 22 B T i, I P B 3K

THYREIET (F5H, 20215 TR{H, 2021) o HK&AE
HICHHESNY) , AR e R e P 72 G R AR s i
PRI AAR H Jiang (2021 ) [ B 58 fix ik v LASE 5 300
Z W % Ak ( polyphenol oxidase, PPO) . PI3K/AKT
I MAPK 253 i, 2 e 2R 45 Pk S 5 BB 7, HRAH o 25
AR . 2R I54E (2023) i & B o8 A S g s 5 I
REr= AR EUAA o 5 SR g R ORI, 3K
A Y P Z BB B R R B SR RS BB
S (X, 2016)
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TAER, B o0 T A 02 R I R e X R A AR
PERGERINTSEIRAS T BEIEE , RN RERGE T
BEALAE ML CL BG4 i 18 N 3R B AE 2H 21 (Qiu er
al., 2023) . MKE P EA ZRERETEE> T, 04T
TR BE B 2R I ESE , i 7 1A A A PN e i S i
BT A HES 0 E A , 17 5% G A o i
B 53 WA R 5 A0 T I A fal i SR T,
TR AR T 0 T A8 6T 2 1) S B RS o 50
GRA I B2 2R 030 o PR ) 0T B D A LR AR A
JIE N5 2 A0 2H 21 5 22 T AL Ok A 47 e 4 52 g it
AR E (PR AN B aR5R, 2014) o Hidr  #XR
32 A (A Toll #5214 ) A1 2 £ 538 % (4N Toll/
Imd {5538 # ) 72 UG 54RO 5692 S Hh &
PEOCHVEI] . AR A 1 B35 B L A2 3RS A0 i 455, LA
T DR AT 2801 977 80 [) o 3t B ok ) B SN, 4
ST microRNA FIHK AR Zii i) RNA TE 4 1 2 i
BER T2 5 T g R 0 R E

PR IR B e R A 2R 40 b i OB 1, ]
FE X A (4959 B A8 AN A A7 LA 2 G I B R (R
A, 2015) o HUR K ZAFAE T2 A i sk 2 g
IR 18 A A 2 AR LSS A RR IR, R AR e
KA A9 6 S B R R IR 7 & | Attacin |
Lebocin , Moricin , B 4% 2% M Defensin, [ H.ixX $641 &
JORHE PRI AT LA iof AN 45 58 48 7 A 22 48 DU K, OF
H AT REAFTESR S 175 A X, HOMU AR 1) S BE 1R ) 41
s (B 2548, T He i R B H0 v i v, £ 2N R 24k
VIR AR (R 28 , A 65 A0 T L 5L T R 2, [ 2
SR SR A B B8 BN, 5 M) 98 i S5 Iy A 4 B 7
SERI R o BT IRAE 5 A SR I A i R A R s
B, HF A 1 AR b Bk B 5 S A S g 25 ) A
IR EHTTR IR A s 12 W AV A AR A i )
(Liu et al., 2008)

i Az AR R — B RE 8 I8 15 15 3 I 18 TR T
i YGsRAE AP I TE EY) TR IR PA
JRE B B 404 b HT AT 5% (Tiward et al., 2022) , 3l
i A2 ATEAE E 18 N R AR, A 1 8 332 ) ot i i
W, 0 A AR P Y AR A, B R e Y s )
(Ding et al., 2021) . % HE W TE R EHAFBIIH T E
B TE P HET R DU, R G B A
Yk A7 1 T8 G T A8 B D 2 B 1 A A R B IR
71, Z IR, £t A2 B 0] L2 R R A Ak 2 A
PIRIHRBT ST (Li et al., 2024 ) g A= 1 P LAGS S0
FENAEN AR 215 3277 4 BT K (Sevillano et al.,
2023) , {HX) BE 75 175 5 28 A 7 AR 40 1A IR Y AF 9 2 AR

b R Z BRI 2 W 45 A T RE S T A R
PR K, (FAR I £ 2 1 49 1 B e RGEH AT
— IR, AT LA 45 A B AR AEE A I A AR
) B R e ) S B AR A AR T, IR
M % e 0 T JOR A 7 A, B 2k — 2 B S S B ok
LTI I kTN R Lo NV AU R3S G A
5, Xt g (R B A A A A7 B AR TRAIESE
it 2B B AU IR 2 8] B SR R R S A B 4 By
IR PROET RSN , A B THESh Ak A ] R A i

1 #R5HE

1.1 SEIE#

HYFLFTH Lactobacillus plantarum FLP1028 , i
ZMEFLAF I L. rhamnosus FLRH956 , & [CH AT H
L. reuteri FLRES89 %LV EE R Serratia marcescens
FSMAQ2 545 B R IR S AT B i i T ORAT
1.2 LIz

Zix 872 x 871 W H IR T Il A A AT FR A w)
1.3 FEiKH

Trizol RNA Extraction Kit i3] & . 2 i 5 it 7
& qPCR G0 &3 A TaKaRa; MRS 3K T4 3K
FATE,FZ M A TR 711, HUIR BRI 3K T GIBCO
Invitrogen , HoAt 37 249 5 [ 7 3 M4
1.4 EHkIESR WEMSZREH &

TP FLAF FLPLO28 | [ 2= B FL A 7 FLRH956 #i
THPRFLAT B FLRES89 2 lzaguirre 55 (2021) 1Y
5k, WA IS 43 M 4% R 1% 2 06 &, $: A 500 mL
MRS Wk 325k, 37 CHREHEFF 18 h J5, 5 000 1/
min Z B0 4 min, WHE AR TTVE, I T AR B
FROKES DU 3 UK, A B K 2 2 x 10° CFU/
mL .

FTUD TR IWIE 2 ] Tzaguirre 55 (2021) J5 12, 1
OIE, 4% M8 5% e i, 2 A 500 mL LB AR K: 5%
F 160 r/min 30 C &1 5535 72 h, 5 000 r/min
FIE O 4 min, WA RIATTRE , I HIJC I AR BER K
BOURT 3 WK, FIZE B K B E 2 x 10° CFU/mL

%JEHO
L5 IAMEARKEURBERFDE RKEBER
kol

FARAAP 872 x 871 W [ 1L 448 T il A Fh A5 R
NAEl, KERIEN TR FMPAE 25 C AT E
80% FYECJEY) 121L: 12D X FFE . 24 20% (150
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WEL) — A ok o SR A5 8 41, B4 60
Sk, W IRZH AR BEER K32 16 20 wl/em® WS
M, BERIIAER A% 5 W g e, #5218 20 wl/em®
2 x10° CFU/mL A% VD8 R R Bmme i ., 44
YiFLATF# FLPLO28 2H | FRZ=M FLAT I FLRHOS6 2H A1l
SR ICFLFF A FLRES89 41 43 %Il4% 18 20 pl/em®
2 x10° CFU/mL By Hi¥ FLFTF B FLPLO28 | EZE ML
FFE FLRHO56 #1247 4 [CFLAT I FLRES89 i iR
SR 1 g B, AP FLAT R FLPLO28 F5bi4l
FZEHE FLAT 7 FLRHOS6 45 i 20 Al % {7t [R ZLAT 16
FLRES89 #5440, #% 8 20 pl/cm® Fj 2 x 10° CFU/
mL PP FAT B FLPLO28 | fR 2= K5 FLAT 7 FLRH956
B [CELAF I FLRES89 By Mt Uk SR i fml M 1 — 4
W4, 25 I 4 dUs R R PLF2 x 10° CFU/mL fiY
BT E KA & 2 x 10° CFU/mL # ¥ 7L T 1
FLPLO28 | [ Z=HEFLAT 7 FLRHOS6 F1% 7 [ FLAT I
FLRES89 i 4 1 20 wl/cm® 1§14 S H-fa]
HE R AR JFTE S T e F R A Fe T8,
REIET R, S4B HERE 3 K.
1.6 RNAref ZRANFRMVIATFENREER
R

1.5 SR AF B FLPLO28 4 B ZEME AL
FLRH956 2 . % {7 [CFLAT i FLRES89 ZH i He

4Lk 4 215 e, 24 30 3k, #21 Zhu %5 (2023)
BT, A3l HE R RNA FF 3% 38 42 K FE A FRA
A AT RNAref s Y . 575 24 BGISEQ,
fdi FH A3 33¢F HISAT 1 Bowtie2 5 NCBI HLfi) GCF
014905235.1 Bmori 2016v1.0 gE47 X, vEFT LR 3
IR VG SRAS T K T R R R 22 S (single-
nucleotide polymorphism, SNP) &, 31 M & R & ik
SE RO 8 HRE o (] 2 S 3R G E BR 9E E A R
P<0.05(FDR #1F)
1.7 qPCR %7l

& GenBank FLAy 47 B ik BEAE 2R | Toll/Tmd |
PI3K F1 MAPK {5 5 38 6 25 4 9% AH G & KLY cDNA
J#5, LA RpL3 NS5, it 5 g (& 1) .
W15 5 FE W FLAE I FLPLO28 21 | Rl ZE M SLAT I
FLRH956 4 % B ECHLAFE FLRES89 ZH A1t HE 2H 5
4 RS Wl B2 30 3k, HAH 3 RER, &
MR BRVN IR A5 (2024 ) (073 76 5 185 3 R4 fumf 73
BIARICE RNA, Jf S5 5% i eDNA, #£47 qPCR 45
M, PCR TN fAZ : 2 x PCR Mix 15 L, EFU#E5149)
(10 p,mol/L)%-O. 5 nL, ddH,0 #5531 30 plo
MWAEF: 94 °C 10 min; 94 C 30 s, 60 C 30 s,
72 C 15 s, 40 NMEFF . ARG 07 1153 B #E
PRIAE N 2R3 i (B 9 7R 4E, 2025)

®1 59ER

Table 1 Primer information

FEH K 1D ERBIYFEI(5 -3") RBI1YFEI(5 -3")
Genes Gene ID Forward primer sequences Reverse primer sequences
LOC101742127 101742127 CAGGCTGATCCGAAAATTCC CCTTGATTCCCACGGTTACG
glvl 692475 ATCTATTCCAACCTCTTCTTATCCG CTCCACAACCCCTCAAACCC
g2 692527 ATCAATTCAAATCTCTTTTATATCT AGCCACCGTCTAGACCCTA
CecA 693029 CGTATTTTGAGCTTCGTCTTCG TTTTCCTAAGGATTTCGCTTGC
LOC101739681 101739681 ATCCTTCGTCTTCGCTCTGG CCTATGGCTTTAGCCGAACC
CecD 692369 TCGTTTTCGTGTTCGCTATTG CAAGGTGTCGACTGCTGGAG
Attacinl 692555 CATCAACCGGAATGACTACTCG GGCGTATCAAACTTCTTGAAGC
Leb3 100146108 CTGTTCCAACGCTTCCTCC GCCGCAATTCTTCTTGATCC
Lem 693015 CTGAAGCCAAAACGTTCACG CGACCAGACATACCCAGTTCC
LOC692824 692824 ACATTGAAGACACCGGATTCC ACCACCAGTCTCTTAGTCCAGG
LOC101738493 101738493 TGCCTCACGTAAAGACACTCG GCGACCAACAAATGCTCC
PGRP-S1 692372 AATATCCAGACCAACCACATGG ATGAATGCGACTCCGATGG
Pi3k60 100158253 GGTGGAAAACCAGTCCTTCG GAGCAACCACGTCTCAGTGC
MAPK 692467 CACGCCATCTAACATGACACC TCTTTGACTTGCCTGCTAACC
Ras2 692542 AATTGGACATCTTGGACACAGC TCCTCCCTGTCTTTGACTCG
RpL3 692658 CAAATTCATTGACACCTCGTCC TCTTGAGTGTACCCATGAATGC
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1.8 FIME#HERERIVERE

FRIE L. 4 50753 ) B AR ) FLAT T FLPLO2S |
SZEHEZLAT R FLRHO56 Fi1 % 47 [CZLAT I FLRES89
MRS IR 3 B O W R B 3, I UEBR TR, 45
10 mL 43 5 A 2] 40 mL 558 6 %6 B v 75 IR
LB Wiz 523 (10° CFU/mL) H1, 160 t/min 30 C
LM FEE 4 h, L4 10 mL MRS 3 {485 35 346 R %
W AT RV TR IR 1 mL BN B 35 T8 8048
ST FLAT I FLPLO28 , 2= HEZLAT I FLRHO56,
B RFLFF B FLRES89 & I I 38 X 285 i Vb 75 FQBd
FEBTE R
1.9 HESH

iz SPSS A HATHAEA 1 K5 (one-sample
t-test) P AT A AbBRZH 5% A B W e it 22 22 5. B
JE €7/ 28 1 GraphPad Prism 9 B4F58 1, T A7 /Y 52
AT T 3 IR,

2 #R

2.1 RNAref H#RAZRNMATFENKEEEF
B3 b A

Ej X R L, % P IRFLAT I FLRES89 1] 2
P RIRFENEGR /D (453 ) A FUFT B FLPLO28
R ZSBEZLAT 7 FLRHOS6 £ M 20 2% B 35 3K B P %k
HIEAR—FE( A 1064 11 101 4>), 3 FpELAT
PRI 22 AR LR AT 1 715 AS(E 1), Xk
SRR MR BENERKET 2T R R
PERGGSAN I o PP IR PR 5 SfKOP- 3 F
(P<0.05)(F2) AEFLFFEMZM T, BEHEREN

WA FERIR (P <0.05) (3£ 3) o [FEAEI
o LA RIS SR S I PP A 5 S SR TG Toll/ Tmd
T B, WA 3 MRFLAF RG] TG, 2 e iU
VA B4 Toll 3244 Uk SROBE R 1 £ 11 R ] 2R OB SR R
PUNE IR SRR S NI (P <0.05) (£4), %
5 R 3 FhELAT BEAR S W T PI3K {553 i Y
SRR B AR L LS 3-8 A4 e s oK, 8 B MAPK
i LR RAS S . MAP Jif-erk 3008, 4594
R R R Bl R D A AR 2
(P<0.05),

FLRES589/CON
FLRH956/CON
FLPLO28/CON

L3 MR IR A |kl dUs 5 B4l
e AP R 28 AR IR R P R

Fig. 1 Numbers of differentially expressed genes in

the transcriptomes of the 5th instar larvae after feeding

the 1st instar larvae of Bombyx mort with
three species of Lactobacillus

CON; X MH2H (4= 4L 7K ) Control group (saline) ; FLRE589 . % {JF [T
FLAT B FLRE589 L. reuteri FLRES89; FLPLO28. 4 % 3L AT 1
FLPLO28 L. plantarum FLPLO28 ; FLRH956 . [ Z=KEFLFT 74 FLRH956
L. rhamnosus FLRH956. T[d], The same below.

*2 HEWILAE FLPL028, R Z=4EZL4F 5 FLRHI56 1% {7 K 24T & FLRES89 {71
F&EVIRMAES R REREFIS THANNEKRER

Table 2 Some antimicrobial peptide genes down-regulated in the transcriptomes of the Sth instar larvae after

feeding the 1st instar larvae of Bombyx mori with Lactobacillus plantarum FLPL028,
L. rhamnosus FLRH956 and L. reuteri FLRE589

P{H
B A ID
log, (FLRE589/CON)  log, (FLPL028/CON) log, (FLRH956/CON) log, (EXP/CON) P-value

Genes Gene 1D

(EXP/CON)
LOC101742127 101742127 —-1.86507 -3.08746 -4.67242 -3.01044 1.27 x10°1°
Moricin 692365 —-1.84011 -2.59819 —2.042336 -2.24605 1.46 x10 %
glvl 692475 -3.78419 -2.87698 -1.49915 -2.46989 2.76 x10 4
gh?2 692527 -2.61590 —-3.44874 —-1.77098 -2.55278 3.91x10° 13
gld-like 692477 -0.58157 -2.18563 -1.61599 —-1.43576 4.35%x10°°
LOC119629768 119629768 -0.36168 -0.95259 -1.36348 -0.81474 1.67 1073
LOC101739821 101739821 -0.88506 -1.772589 —-1.43155 -1.62103 2.00x10~1
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453 2 Table 2 continued
HEH FEH D P
log, (FLRE589/CON)  log, (FLPLO28/CON) log, (FLRH956/CON) log, (EXP/CON) P-value

Genes Gene 1D (EXP/CON)
CecA 693029 -0.67103 -0.62421 -1.14267 -0.91436 2.94x1078
LOC101743336 101743336 —1.32060 -1.38677 -1.52323 -1.5307 9.87 x10~%
LOC101739681 101739681 —-0.44325 —-1.43686 -1.40082 -1.18143 3.03x1077
CECB1 693028 -0.75730 —-1.35515 -1.21626 —-1.29541 3.77 x10°"
LOC101739958 101739958 -1.22614 —-1.29649 -1.76074 -1.62061 3.44 107
CecD 692369 —-1.81062 —1.34475 -1.47886 -1.79042 2.99 x10°%
LOC101743224 101743224 —1.15496 —-1.55972 -1.29112 —-1.41611 5.90 x 10 ™%
Attacinl 692555 —1.146432 -1.16787 -1.18756 -1.25764 1.61 x10~%
Leb3 100146108 —1.078296 —-1.64649 -1.17296 -1.36501 1.10x10°"
Lzm 693015 -1.51950 —-1.25983 -0.86199 -1.20965 9.55x10°
LOC101738343 101738343 —0.30468 -0.77307 -0.81569 -0.73969 1.20 x10~7
LOC101738212 101738212 -0.38702 -2.08746 —-1.44361 -1.40051 3.75x107*

EXP/CON : 3 F|#15 Ab B 2H 35k (R 5% 53t 7K -5 %o 8 20 356 [R5 5% 7K 7 19 - 34 LU (B Average ratios of gene transcription levels in the treatment groups
with three species of Lactobacillus to those in the control group; FLRES89/CON; B [CHLFT B FLRES89 Ab 3 2H JL PRI 4% s /K S 55 %) R 240 35k R s sk
SEAY HEE Ratios of gene transcription levels in L. reuteri FLRE589-treated group to those in the control group; FLPL028/CON; # ¥ .41 5 FLPLO28 4b
T2 FE DR 4 S /KO- 55 %k HR 20 5 DR 4 S K S 9 B Ratios of gene transcription levels in L. plantarum FLPLO28-treated group to those in the control
group; FLRH956/CON: FRAHEFLAT I FLRHO56 Ab Bl 25 J K] % 55 7K F- 15 %o B 28 3% PR % S /K7 14 L (B Ratios of gene transcription levels in L.
rhamnosus FLRH956-treated group to those in the control group. ¥ 3 -5 [f], The same for Tables 3 - 5.

x3

EYEFE FLPLO28 | RZ=4EFLA4TE FLRHIS6 #1% R K EL#TE FLRES89 {7IR

F&E1KRYRES IRYAFRRADHS TEANREZRER

Table 3 Some lectin genes down-regulated in the transcriptomes of the 5th instar larvae after feeding

the 1st instar larvae of Bombyx mori with Lactobacillus plantarum FLPL02S,
L. rhamnosus FLRH956 and L. reuteri FLRES89

P g
A P ID .
log, (FLRE589/CON)  log, (FLPL028/CON) log, (FLRH956/CON)  log, (EXP/CON) P-value

Genes Gene 1D

(EXP/CON)
LOC692824 692824 —0.70302 -0.73697 —0.84388 -1.06334 4.90 x10 73
CTL5 692946 -0.21181 -1.33065 -0.53374 -0.87733 8.10 x10 ~*
CTL10 778489 -1.12173 -1.57483 -1.06743 -1.30202 1.68 x10~"7
CTL19 100329157 -0.96425 -0.96425 -1.178250 -1.22602 1.87 x10°%
LOC101736606 101736606 -2.15200 -2.15200 -1.27753 -1.92299 1.30 x10 %

2.2 3MIAMERAFRDERASIBHRER
[ 4R

B2 (CK) R b 7 B 5 | K 5 e R 1
MU, 554 S WA AT R iF ik 83. 9% , F R b
T P BT 3 FhFLAT AT AE B35 BRI K
5 WA R AAE T A, Horp B R [RFLAT A FLRES89 X
FHTCUD R A A PO ey, KSR 18.1% 19 5
B4l AT, T AR FUAT B FLPLO28 S 2 7L
FFi FLRHOS6 G2 ¢4 S It 4h HUAL TR 735 Oy

28.3% F131.9% (K 2),
2.3 qPCREN 3 MHAFEXMEXEREEXE
RRZENTN

15 Fhe ki 22 A6 55 RNAvef e 410 )7
GURMEA B 3) , H—REAE T 3 Fhrl
PG I8 TS0 ORI A5 A1 28 5 [ 14 7 3% K-, 4 il
T Toll/Tmd 38 ARSI P Y235 , (HEIHGE T PI3K
I MAPK {5538 B AH G BE N 1 2 2k, T REFLAT i J2:
{7 B I 2638 A B A A AU R AR
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®4 EWIATE FLPLO28 R ZHEZL4TE FLRHIS6 1% {7 KZL4TE FLRESSY (AIRK%E 1 ik4h /5
5 %) MR A DS T Toll/Imd {5 SEEMEXER
Table 4 Some Toll/Imd signaling pathway-related genes down-regulated in the transcriptomes of the 5th instar larvae
after feeding the 1st instar larvae of Bombyx mori with Lactobacillus plantarum FLPL02S,
L. rhamnosus FLRH956 and L. reuteri FLRES89

PAH
EH £H D log, (FLRES89/CON)  log, (FLPLO28/CON) log, (FLRH956/CON) log, (EXP/CON) p.vLue
Genes Gene 1D (EXP /CON)
LOC101735584 101735584 -0.59999 -0.96180 ~0.98774 -0.90306 2.16 1071
LOC101736902 101736902 -0. 18815 -0.42981 -0.72026 -0.58037 7.47x10°*
BGRP3 100188963 -0.566147 -1.68512 -1.31940 ~1.1664 1.76 x107*
LOC101739182 101739182 -0.31238 -0.98728 -0.9622 -0. 68854 9.45x10°7
PGRP-S1 692372 ~0.89449 -1.00414 -0. 86474 -0.98477 4.30x10°
PGRP-S2 732851 -0. 76664 -0.68588 -0.59090 -0.71362 8.30 x10 "2
LOC101738325 101738325 -0.05092 -0.28488 -0.69316 -0.56817 3.18 x10 ¢
LOC101738493 101738493 -0. 46642 -0.72286 -0.77193 -0.73154 5.26 x10?
x5 HEWILFE FLPL028, R Z=#EZL4F 5 FLRHI56 1 F {7 [KZL4FH FLRES8Y {IRK & 1 iR4h /5 5 R4 B

BREAPES LAK PI3K f1 MAPK {5 SEIEXER
Table 5 Some PI3K and MAPK signaling pathway-related genes up-regulated in the transcriptomes of the Sth
instar larvae after feeding the 1st instar larvae of Bombyx mori with Lactobacillus plantarum FLPL028,
L. rhamnosus FLRH956 and L. reuteri FLRE589

PH

% AL ID log, (FLRE589/CON)  log, (FLPLO28/CON) log, (FLRH956/CON) log, (EXP/CON) P-value

Genes Gene 1D (EXP/CON)
Pi3k60 100158253 0.86456 1.08548 0.61830 0.831078 2.01 x107°
MAPK 692467 0.41778 0.71400 0.48444 0.431473 6.93x107°
LOC101737457 101737457 1.38633 1.22738 1.19563 1.133242 2.51 x10~
LOC101735832 101735832 1.10740 1.21961 0. 62899 0.732544 1.86 x10 3
LOC733093 733093 0.65317 0.57265 0.61459 0.650846 8.35x107°
LOC101737822 101737822 0.93138 1.56259 1.20645 1.297053 2.53x1077
LOC100037427 100037427 0.54383 0.39334 0.54900 0.402626 1.23 x10~*
Ras3 692519 0.45605 0.79247 0.40573 0.555082 2.75x1073
Ras2 692542 0.71502 0.76927 0. 82667 0.642197 3.35x1073

2.4 AMEHRFRDERE

Xof BRZH 26 o Vb 7 QR TG B A i e 1 3 e Pk
HemE) 10 A5 LA L, AR Y FLAT I FLPLO28 | R 4= b
FLFF R FLRHO56 FI% A7 [CELAT 7 FLRES89 & 1 I
THREARSER BT VD TR DQ A, B 26 T v i TR S T A
M 10° CFU/mL F#fIE3] 10* CFU/mL, 3 M HZ
() B A R BV B IR IR T i 35 25 7% (P > 0. 05)
(Kl4),

3 it E5&ie

SR AN SCHRAR I 1R A A TR i e X A 4K

PUy s 1 fig ) (2= 5 A 4%, 20155 Nishida er al.,
2016; #HvKAE 2022) . ARFFE R IN 3 FIFLFF A #R R
i s PI3K I MAPK {55538 4, 418 15 % 4% fa g2
AHOCHE PRIFE SR K- (3R 5) 3 B 3ok S Sk 41 18 1) 45
REaT—8, HEAMEAE LB RLER, Atacin,
Lebocin | Moricin | 5% 2% 450 IR SE K EB 25 4% FLAT
DA IR S (3R 2) 33k 5 300 TR B L SR A S I 45 2R
TIEMABEGE A 3 FhFLAT RS AT LA ] Toll/ Imd {5
S A DGR R 3 (R 4) , AR BE A A DG E A
FIK(FR3) o KLEXHEMBORFE AR, HTH
TTEAT FR S SCHR AR, AR 78 2 ek <7 4 % B 5
(A W2 7 S, BV K i AR ittt f b, 25 A T
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RbBHZH Treatment groups

K2 AHYFLFFI FLPLO28 B [CFLAF 1A FLRES89
FE A ZLAT B FLRHOS6 [ A v 5 [T
SRR RS WA BT
Fig. 2 Lactobacillus plantarum FLPLO28, L. reuteri FLRE589
and L. rhamnosus FLRH956 reduce the mortality rates
of the 5th instar larvae of Bombyx mori
caused by Serratia marcescens
SM: VP EICE S. marcescens; FLRE589 + SM: % [CFLAF i 5
Hod1 ([ FLFF B FLRESSO + 6 v 4 [CB) Antagonistic group
of L. reuteri (L. reuteri FLRES89 + S. marcescens) ; FLPLO28 + SM ;
FLH) FLAT T 55 AL (F ) 3L AT B FLPLO28 + 2 B v 77 IR 7))
Antagonistic group of L. plantarum ( L. plantarum FLPLO28 + S.
marcescens) ; FLRHO56 + SM: Bl ZBEFLAT T H5 DU 2L (B WEFLAT I
FLRH956 + % i VP TR [CH ) Antagonistic group of L. rhamnosus (L.
rhamnosus FLRHO56 + S. marcescens) ; MG #8124 ( H 7] M Zh i vb
T ICHE ) Model group only fed with S. marcescens (CK). &4 [d], The
same for Fig. 4. HYFLFFH FLPLO28 | R ZMiFLAF i FLRH956 1%
PHICFLAF R FLRES89 fRIMES 7 1 k4 e, 5 W% &)yt i ) ) v A5
FTD T ICH , eSS TR R R T R, Eh B P2 {E + 45
WEZE K =R SR hu e SRR (] 22 5 W 3% (P < 0. 001, HukfE
A1 K8 ) o, L. plantarum FLPLO28, L. rhamnosus FLRH956 and L.
reuteri FLRES89 were fed to the 1st instar larvae of B. mori, then S.
marcescens was added to the diets when the larvae were at the 5th instar,
and the mortality rate of B. mori was calculated before cocooning. Data
in the figure are mean + SD. Tri-asterisk above bars indicates significant
difference between the antagonistic group and the model group (P <

0.001, one-sample t-test). [& 4 [f], The same for Fig. 4.

AL RS A P IR s B DB, 35 Bh 43 28
SR TRMRN, 5 R BS54 A B P 5 A
AR T 5 BU TR 58 48 R ) 5T M BR 36 37 A
PR Al 50 T 14 A A B 8 3 3 I B T AR iR
V5 A R GEAFE F AT X S e (A B 7 A A 4 14
S o

ABIESE A BEFLAT T REAT A% 3 AR 2R 1 L L g 5 2
AFETA, Horp B A [QFLAT B A B ST 3 A0

MR b AR, DL 83. 9% [ 2 18. 1% (K1 2) . BTl
TEF A F2 58 )5 A AR B 65 R TR B K b Hi %k
VDR R B A3 3E , 15 Blum %5 (2013 ) & 34 FE 41
PFUAF TR AT LUAS B SR8 Drosophila HRAHZE B Vb F
FA S AN B Pseudomonas aeruginosa [ JEYL
Gavrilova 45 (2023 ) & B FLAT I AG10 ANUAE
PRGN T %6 v B T A A B T 4 B (L
R Staphylococcus aureus FI K FF & Escherichia
coli WA, IT-7E LW JU ity FFIVIRH SO0 £ 005 A AR v i 2
TR AER N AR AT B2, Torres-Sanchez
Z5(2021) I ZE i 38 3 A= W b 43 15 10 25 SR B )
L3 Bt &L R v 55 K . Vahedi-Shahandashti 4§
(2016, 2017) #f55 & B L. acidophilus ATCC 4356 Fl
L. plantarum ATCC 8014 y=H: it 20 7 2 Re M il 26 5
U0 7R TR Y HE AR 12 3l 1 A W) RIS i, ) 3 22 7,
PG AT LA Bt GBI v D7 T o 65070 7R TR A
S — R 22 QR AR A0 T, 8 T A W R D &
IR & , MY AR T B A R BT , R g —
P BORTE )z o0 A0 T AR EE b, fn R K
PEAEY) b, R H AR BE B BB vh R B TEIE R
TEOLT , BBV E TR AN 23 5 R g R~ A iy 9%
o ABTERLAR S 2 D BE AR B AL A R 251 T, BT
DAL 2 M SR, 3 S0 it ¢ | bR B S e | 11 )k
e DN SE I AE S5 2 AR R R (AR =
2014) , T HUTAEAR R BTV H TG A 1Y A6 H T4 3
B2 e AN o, i 25 P Tl R H 45 58, SR ARG A
I R AR T TR ERT . I LT VR Ry MY Y 25 A
WL AN BRI IR BT 7 BRI, RO R AR R 1
TR AT RN E T o I 4F R AR Z A 37 B J7 T, R B
22 B FLAT B 1 590 07 P T IR0 A A s i A AR
W (R N T B iy 22 7 B RN BT A . ARBIESY R
MM HE SRR EPOR KA R IAE TR (R 2),
Wl LT TR AN 2 308 2o $70 T A B 31 I 435 0 200 T 1)
BOR o Rk AT DATEAS B9 1Y JE Al |, DL R A X P AL
KAEMVER TGRS G, 3 — D4R 50 45 26 W A AR P
frp 388 3k HC Al 53 BL A0 R O TR

ARSI FEAEAG I AT P PR i PR 2 38 19 [] B, b e R
FURFI AT DL e PR e 28 1 0% soKF- o A EE BT
KT T, g A= R4 o VPR 8 2 1 I R IR AN TR 2 41
16, Tao 55(2006 ) Uk B 2= FLAT 1 LGG RE [ N
K £ w5 7 b e 240 B 3% 38 K 52 25 1 Hsp25 il
Hsp72 381755 MAPK i %, 3X 5 AR BT FE 45 R LA —
. Jiang 5 (2023) K& B Akkermansia muciniphila 4y
WARY Amuc_2172 5 o LA AR, 2R A AR,
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K3 qPCR KA FLAT i FLPLO28 (A) I RFLAT i FLRES89 (B) MIRZEMEFLAT I FLRHOS6 (C)
TR 1 4l R S W4l i S DG I ) ik 1
Fig. 3 Expression levels of immune-related genes in the 5th instar larvae of Bombyx mori after feeding
the 1st instar larvae with Lactobacillus plantarum FLPLO28 (A), L. reutert FLRES89 (B)
and L. rhamnosus FLRH956 (C) detected by qPCR
B S P2 £ i s E B R SoR S X B (LR BRER/K) Wl 22 5 B35 (™ P <0.015 ™ P <0.001) (BAREA ¢ #32) o Data in the figure are

mean + SD. Asterisks above bars indicate significant differences from the control group (saline) ( ™ P <0.01; ** P <0.001) (one-sample ¢-test) .

PR IR e 2 11 HSPT0, $2 S HLAAR A T 3k B2 40 B 1)
BPETH T o Petrof 55(2004) % BN B i B4 25 AE
PRI ) 0 AR A, B IR AP kB (nuclear
factor-kappaB , NFkB) [ ik , #1455 T #R e 8 A
(I, DA 3 21 ek AV 58 R A O 47 40 IR A8 1 - 4
VIR U A ) AR B A 4K R B Rl P 2 A o 7
HAREZLW , WA E R PR T 25 o Sk
T 5% 5 A T (heat shock transcription factor, HSF) I
PR A, DU X ST, 9 s T X il
FLYIA R FUE 0 (Kim et al., 2022) . FAEAENL
TP, XL AR AL A U, PR SE AR TR R A
IO XYl B8 AR A I 7S 3 OR AP VR, 308 Bl 22 i I ) 24
UBZNERITYE Re TN = B T R AR T i 0
HHZHREEX ZFAEEY e (iR s

Jit) FA= D38 (i AR ) B SR, EAT
LA 1A, 3 B AR SR FUSOE R T2, B Ak
H AR EMALNE, O3 20 S 2 0. AT
FE R BT B AT AL AR 0 2 A9 5% SRCF- IS
i 2B TR AT RUTE S8 A (00 0 2 P 9 U B A
0, F5 B AEfRy 52 2 (R AR O PRR 8 Ak o g ke ot
P9 4t A2 R 5 S PR S 2 P A LA FIAIL AR, T 1A
PIEi e &N BUIRE IS RTSE ST WA P T L
AHIFE I K BANTE T 4 AR RO R IR BURIRR
IRRFSERBENLE W2 H, A BT 1 45 28 1 Ay
TEFHILA T 5 A e R o> THLH], 9 IF A B K A
PG TS RIS 7 SR 4P R A ol 2P 1 HoAT
B ARMKBBTTE T B — P R BN B i 2E
PR -9 28 i A A EL AR B 20 LA 22 5, L R o
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AbPRZH Treatment groups

K4 AEYFLATE FLPLO28 | & {7 [CFLAT I FLRES89 il
EBEFLAT B FLRHOS6 4552k v i A
Fig. 4 Lactobacillus plantarum FLPLO28, L. reuteri
FLRES89 and L. rhamnosus FLRH956 antagonize
Serratia marcescens
HEPIFLAT B FLPLO28 | [l 7% 4 3L AT 1 FLRHO56 Fil % {7 [X SLAT
FLRES89 735 S &6 BiV0 & INH I F 4 h IGE 1T 26 5 v & R % 7
¥, L. plantarum FLPLO28, L. rhamnosus FLRH956 and L. reuteri
FLRES89 were incubated with S. marcescens for 4 h, respectively, and

the viable numbers of S. marcescens were counted.
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