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NF-kB transcription factors regulate the expression of
immunity-related genes in different cell lines of silkworm
(Bombyx mori)

XU Jiahui, LIU Huawei, SUN Xiaotong, TANG Zhangchen, HUANG Min, ZHAO Ping*
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Abstract: The Toll and immune deficiency (IMD) signaling pathways in insects are highly
conserved in evolution and regulate the expression of antimicrobial peptides (AMPs) and other
immune-related genes mainly through nuclear factor-kappa B (NF-«xB) transcription factors.
However, the differences of NF-kB transcription factors Rels and Relish in the expression
regulation of AMPs and other immune-related genes in silkworm (Bombyx mori) have not been
systematically reported. In this study, the BmRelA, BmRelB and BmRelishl genes were cloned
and their eukaryotic cell overexpression vectors were constructed. After the recombinant vectors
were transfected into BmE and BmN cells, the expression of AMPs and immune-related genes
was detected by real-time fluorescence quantitative PCR. The results showed that the expression
of AMP genes Defensin2 and Gloverin2 was mainly regulated by Relish, the expression of Moricin
was mainly regulated by RelA and RelB, and the expression of other AMP genes was jointly
regulated by both. In addition, the expression levels of peptidoglycan recognition proteins (PGRPs),
B-1,3-glucan recognition proteins (BGRPs), lysozymes (Lys) and lysozyme-like proteins (LLPs),
and nitric oxide synthase (NOS) were up-regulated to varying degrees in different cell lines in
response to RelA, RelB and Relishl, suggesting that the expression of these immune-molecules was
also regulated by Toll or IMD pathways in silkworm. Compared with the regulatory specificity of
transcription factors in Drosophila Toll and IMD signaling pathways on the expression of AMPs,
this study found that the regulatory patterns of Rels and Relishl on the expression of AMPs in
silkworm are more complex, which provides an experimental basis for further analysis of the effect
mechanism and feedback mechanism of Toll and IMD pathways in insects.

Keywords: innate immunity of silkworm; nuclear factor-kappa B(NF-«B) transcription factor;
antimicrobial peptides; transcriptional regulation
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GNP b)) 58 S I e RN =R (30150 SN =57
e 3 TR oo Horb, Toll @A fieyis
BB (immune deficiency, IMD)i42 42 B d 5
PR TR S 88 R IR A

TEELH Toll #1 IMD figigizrh, RN
%5 F (peptidoglycan recognition protein, PGRP)#I
B-1,3-#ij M 5 &£ H (B-1,3-glucan recognition
protein, BGRP)FEHTH I 3Z /4 (pattern recognition
receptor, PRR) f U1 S 45 G s AR S T
Wil 5 NP1, 72 Toll s+, PRR Y5 5
WG, 51 Ah 22 2 & 1 B K AR B SN
)AL A0 B 2 K (Spaitzle, Spz)Pl. K
Jii, TEAEH) Spz 454 Toll ZAKTE M INTE 5 %%
¢, 28 4% %% 5 A T (nuclear factor-kappa B,
NF-«B)E A%, J#EHTI LY R IB1T, 18
IMD i %', PGRP-LE %l PGRP-LC Z {44
SR I 255 A TR R TH Y R P IR IR SR
BH(DAP-type Peptidoglycan, DAP-PGN)!, HEfi
5o SR MAN, 2 IMD 554 FADD,
Dredd JEfG SR Gk, BdERENGES
SR, 73— 5 s Il ——Relish 73 T I 498
WAk, Relish B9 C il o> 7RI,
PE N i o3 W 55 7% 30 4 ML A% N R 3Bt e IR
(antibacterial peptide, AMPs)55 K& [A ) Bl

E2 I Toll Al IMD 42 #8238 12 4% AMPs
HFR IR R AT AR . AMPs 2 — 283 3k A7 7
TREENN/NFREEH, RPESHER
Hopgl ke B, HASCE M EL LT RE AT ISP R
FEmoE 1 ETE R AU R Bil R g iR g
EEMMEAY, BFIREY, REENK AMPs {2
& 7 IFJ%. Attacin, Cecropin, Defensin .
Enbocin, Gloverin, Moricin 1 Lebocin Z !,
TEANE NF-xB #EHFHEET, Ko
AMPs  LUFT R TE 2 H B D5 R 2 35 5 LI 73
ke, 8 S E K A AMPs,
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PR HE A A T HL Ay AT LB i) 45 57 R £ P B A 40
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1M A B A 1, FEARTR R i, AMPs
B B BARPLRAAE 22 5 . TR R R
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—AEEZATRIME NF-«B 25450050 7Edk
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factor kappa-B kinase subunit beta, IKKB)?E'% bl
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U Y=Y Y Y I N N TR R GRZN
[F] %) Rel/NF-kB ZE G R 5 [ EAS[RIHT B IR A Y
ik, HH Toll % & 2% % sk A+ Dorsal
H1 Dif, IMD i =205 5k I+ Relishe %K
Fx F¥5E IS Toll A1 IMD M 4y (s 55 3k
7, WMEZRPIEIK, I RIHUE S A AR
A1R. HHETZ A Toll Al IMD {551 i 1
NF-«kB 2%+ O Pkl , HhEE Rel &
5 R Dorsal/Dif [AJi, ZX#: Relish #H Y
J0e Relish Ja [R1JE L], &A1 43 5112 5 4% Toll
FIIMD 5 538 ),

R, REILEA P HA Rel FHHE
PR H A T 2 FlORTR SR8 i S
Dorsal [F]JE%), 43 %]% BmRelA 1 BmRelB, 7E
RAIMF 4 |, BmRelB & [1{U7E N ikt
BmRelA /b 52 N AR L, A2 LR T 5
M5 BmRelA #1562 4[] . iX 2 fil' BmRel #§
RES S HURARE K TS, Hd BmRelB X
Attacin &P BSOS A AR 5, 0k oAt I PR A9 33
TEVERI 59 ; 1 BmRelA %I Lebocing J K] 4354
EVE AR, XT Attacin 1 Lebocin3 Jit [X] 4 184075
ER&EE, 5 Rel JERZEM, KA Relish 3
DRt 38 o BE B BT 7 AR T 2 PR [R i S IE X
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B<: cjb@im.ac.cn



3652 ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

BmRelish2, H:/', BmRelishl & 1 HA —/
[H- «B 11|75 [ (inhibitor of NF-xB, IkB)FE45H)
I, BRT Rel [A]J5Z5F4)38(rel homology domain,
RHD). #ENf5 5 (nuclear localization signal,
NLS) DL Sz & & g 1 A 7K 1 2 5L R (acidic and
hydrophobic amino acid, AHAA)fY X4k, i H
A 5V 1 B &2 7)) (ankyrin repeat, ANK), T
BmRelish2 2 [15= AHAA F4i % [ HE T .

BmRelishl PIAREMIE AL T 4000, 2N
IEE UK A VIR C b & B 2 1 5 52 P 9 1Y
IX 85 s S BmRelish2 4 Uk W A] LA
BmRelish1 X CecB1 #7T I IKIE D] YTE R ik, %
BH BmRelish2 1 A4 BmRelish1 7G4 A8 i
Pef R R IEVE AN FERME T, Toll A i
[Al Dorsal 1 Dif =28 # P # AL drosomyein |

defensin fl metchnikowin ¢35, 1M IMD &
% N1 Relish D) 32 22 8 2 008 BT 141 Ak
diptericin. attacin Fl cecropin ZEfyFik 2 F
#x [ Rel JE[F 1 Relish JER#RREFE 245 S P
IKIEFE P50 «B-like JTF, W AN R0 B AR
N FIAP, HE A& NF-xB HEHF Rel Al
Relish X AN [0 147 IR 3 A 3R 0 42 1) 22 S AT5 AN
WA AUFTAEAEACE BRI T K & Toll
IMD i [ 57 [R5 X0 470 1R IR A5 S S A S IR 5
RN ZES . T BmRelish2 ASRERUSG B IL
ek, MiE1EN BmRelish1 { P 2 A 60 15
R KA, RIEARRF Y R BT TR &
Rels (BmRelA, BmRelB)#1 BmRelishl, i i1 7E
%4 BmE 1 BmN 2] 7355 2 k5 s 9 7
Rels (BmRelA, BmRelB)#1 BmRelishl, & i
PCR A6 0047 BT JOR s PR 2 922 AH G B DA Y 3R 35 78
fb, T4 Toll Al IMD il % 5% 5 AT Rels
I Relish X G BEAH G FE IR (4 5 [R] i, sk
— ARG B T IR SE B 92 AH O BE PR i) e 5k
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1.1 ##

KRG A0 22 (BmE-SWUL) . 5 At i
4l 2 (BmN-SWU1), pSL1180-Hr3-A4P-EGFP
SV40 (pSL1180-EGFP)4H ifl i 3% i 2k {4 th P g
KEF IR A SR 5 Bt 2E 1) 2 9 vh oD DR A7
FEHEE . BB MyE A1 Grace B L1553 | Trizol
WA E ARG Maker 1 H 282 RBHY
IR ; X-tremeGENE HP DNA 4 it 4% 44 ik,
I H & G (Roche) 2y w5 BRI A DI Bgl 11
BamH I. Not I. PspOM I il T4 DNA % 42t i
H 2l 5B E W ARG B Al ; HiFi Tag DNA
4 Wl . EasyPure PCR #fifbif#| & . Transl-T1
ez AMpEE At X EEWHARARA
A] 3 BRG] £ W B Omega Bio-Tek A Hl ;
e 2l ook 3 BORR & H Qiagen AWl 5 Sk sk
WA &I H TaKaRa A rl; 2t &l A
T I A SRR e A BR A w5 SR Ok
7 i PCR U A B4 B A I £ 23 ) s RIPA
LW . BCA 28 ¥ B2 I 7 1207 & | anti-Tubulin
PUAFD anti-Myc PR&HUIRIE A FiEE S KA
BRI AT RS w]

1.2 7k
1.2.1 NF-kB 3 FHIRGH L

R T E I ARG KA NF-«B F5 52 [ FrER
PRk &R, M GenBank 048 /& T 3 R
B MEER M RIS EE . RIESE 10 AR
NF-«B ¥ FE A, F B RRR L
RGN
1.2.2 5|40t E K

F| A primer premier 5.0 ¥ 11 HF NF-«xB %%
ST PR 7o 2 8 2 (A v A A 56 35 DR 2 5 A8 7
1. 516 B 35 Hr AR R L B A B
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Al SIS 1.
1.2.3  ZApEE RIAH A E
SRR, R R & NF-«B #
SEIH T RelA | RelB Al Relish1 #4550 55 | 41 (s
TR P N DD R A 5 My e ARZE A, L
£ 1), HUS R 3 REEL MR, WA
J J5 F Trizol ¥ 2L RNA, Fi¢ HE 52 5 s 351
SIS cDNA, DL FiA cDNA Jytidy,
FIH HiFi Taq DNA R4& 81T PCR ¥4, PCR
FNARFR A 50 uL, is 1 7R )T : 95 °CHiAEYE: 5 min;
95 °C7EM: 30's, 56 °CiE *k 30's, 72 °CHEfH 1 min
50s, 27 MER; 72 °CHAEM 10 min, 16 °Cf#
ffo PCR "M% 1.2%B e MiEE e LIk 20 2, V)
B B 5 i e 1 A 6 A 7 [l
gtk ¥ H B9 A BEF pSL1180-Hr3-A4P-EGFP
SV40 BURITE 37 °CREVIRIRL, Bl 53 7 F 1] PCR
aafi Ak ) 6 R Rl ) 6 el Wi i U0 3k 1) H 1)
FEMEHEA, B BSSMEkERE
Ak B Transl-T1 B4, BAEEAHE
AR T HEIUEN R b, kb, ¥
Dy TE A Y v B R 37, {6l 0 B 4 HX
R R G B BT kL, w44 h pSL1180-RelA |
pSL1180-RelB FI pSL1180-Relish1, —20 °C{#1F
= H
1.2.4 ApEEE
HERURANMMR)G, 27 CHEESE,

2 d B 1 WEESRIEE, RN 80% LA I
PR35 %% BmE 480 F1 BmN 4 il 43
BIRERNT 6 FLM A, T 27 °CHH G LT B 35 kb5
F% 24 h i, F MR QYRR RV E UL 23 5 2 ng
pSL1180-EGFP . pSL1180-RelA . pSL1180-RelB
F1 pSL1180-Relishl U4 4L 2 Fhaiii R, 4t
BRI 65%—T75% . HiH, ¥ Y% pSL1180-EGFP
JEURL ) A0 I R X R4, H% Yt pSL1180-RelA .

pSL1180-RelB &Y, pSL1180-Relish1 Jii ki %) 41 fifd

AL
1.2.5 2 RNA 2B RT-qPCR #& 7

Y485, FH Trizol ILHEEUAS KR FEFLANN
B e RNA, $ B8R 8 sflon] & 36 9 45 &
cDNA. F| BT i 5% 55 R - Ko #e 92 AH G 356 [
PEOtE R PCR 1Y, LIZHHI cDNA it , #47
RT-qPCRAGI, S hifA& % 20 pL (SYBR HIR K
10 uL, 10 pmol/L F . FHf51414% 0.8 uL, itk
2 uL, ddH,0 6.4 puL); EFTFEJF: 95 °C 30 s;
95°C3s, 60°C30s, 40 MEH . BEFE GO
P3RER R, DEaEBEEnRET 4A
FE[H (SilkDB3.0 %55 : BGIBMGA003186)H
WS, WEE B SER AN S 3L Y CfH,
SR 274 g A H I SE R R s i A
A GraphPad Prism 8.0 Xt Fr S8 E/EK . it
AR K 7 2243 M1 (one-way ANOVA)FI Tukey’s
K g BdE AT B E M. 7R Tukey’s K,

&1 5149F5)

Table 1  Primer sequences

Names Sequences (5'—3") Purpose

OERelA-F  GAAGATCTATGGAGCAGAAACTCATCTCTGAAGAGGATCTGGACATCGGCGG Eukaryotic expression
AGACGCCGGT of BmRelA

OERelA-R TTGCGGCCGCTCACAGCAGGAGGTCGCTTGTGGAGA

OERelB-F GAAGATCTATGGAGCAGAAACTCATCTCTGAAGAGGATCTGGCGAGTCAATC Eukaryotic expression
CGCGCcCceeea of BmRelB

OERelishl-F  CGGGATCCATGGAGCAGAAACTCATCTCTGAAGAGGATCTGTCTACAACTGC Eukaryotic expression
CAGTGATCA of BmRelish1

()
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(=)
Names Sequences (5'—3") Purpose
OERelish1-R TTGGGCCCCTACAGTTCTCTTAGTAGCTGTTTCA
Relish1-F TTCCAGCAGATCCCCACAA RT-gPCR
Relish1-R GAAGATGACTTTCCGAGCAA
Rels-F GACAAGAAGGCCATGAGCGA RT-qPCR
Rels-R ACCTGCTTGTGCACGTA
elF4a-F TTCGTACTGGCTCTTCTCGT RT-qPCR
elF4a-R CAAAGTTGATAGCAATTCCCT
Glov2-F TGTGTTAACGCAGAAGTTTACG RT-qPCR
Glov2-R GTAACCAGCTTTTCCAAAGAGG
Mor-F TGTGGCAATGTCTCTGGTGT RT-qPCR
Mor-R GCTTTCTTTTCTTCGGTTTCAA
CecA-F CCAAAGACGCATTTAGCTTG RT-gPCR
CecA-R ACTCGGTCACTCTGAGAAAG
CecB-F CTATCCTTCGTCTTCGCTCT RT-gPCR
CecB-R ATAGCTTTAGCCGAACCGAG
Attl-F CTGAGCCTGACCGGGAC RT-gPCR
Attl-R AGGTCGTGGTTGTTATTGTG
Leb-F CGTTTAACCCCAAGCCAATA RT-qPCR
Leb-R TGCACTCCGAAATCTTTTGT
Den2-F TGAGCCGTGTACGAGTGA RT-qPCR
Den2-R GAAACAGCCTTTGGGATT
Spzl-F TCGAAGACTCGTACGAACTATG RT-qPCR
Spzl-R TAAACTTCTGAACGCATTTCGG
PGRP-S1-F  TAAAAAGCAATGGGACGGTTTG RT-qPCR
PGRP-S1-R  ATGTGGTTGGTCTGGATATTCC
PGRP-S2-F TCAAGGACTTGGGCTATTCATT RT-gPCR
PGRP-S2-R  CACAGGCTAAAAAGTCTTGGAC
PGRP-S5-F TCATAGGTATTCATGCTGGACC RT-gPCR
PGRP-S5-R  GTCATAGCCTGATTGTGTCCTA
BGRP3-F GTCTTCAGCAAGAAACTGTACG RT-qPCR
BGRP3-R AGCCATAATTGTTCCTTTGAGC
BGRP2-F ACCACTTCTACATAACGCTAGG RT-qPCR
BGRP2-R ATTAAAGTTGGCTGACTCCACC
Lys-F GACTACGGATTGTTCCAGATCA RT-qPCR
Lys-R CTTAGTGATGTCGTCAGTCAGG
LLP2-F GATGATTTACAATGCGCTTTGC RT-qPCR
LLP2-R ATATACGACCCAGGCAAGAAAA
LLP3-F CATTGAAAAGTGTCCAGACTGG RT-gPCR
LLP3-R AGCTGTTGTCCGATTTTAGGTA
NOSI-F AACTATTTTCGGACACGCTTTC RT-gPCR
NOSI-R AAACAAACGTTGCTAAGAGGTC
NOS2-F TTGAAGGGTAGTACAACAGACG RT-gPCR
NOS2-R GTTACAGAAATTCGGGTAAGCG

http://journals.im.ac.cn/cjben
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WA Z B a2 R B3, WaSHAR P
FRARCX AL, #HH a, b, . d FEFLEIE
fivric; WERPIHZ B B8E 22 o 3, 0
23 AR TR ) A EEARIC X 4
1.2.6 Western blotting (WB)#&M|4% 3% EF /Y
B RIE

YL 48 h 5, JH RIPA f”ﬁﬁ’pmz&eﬁxéﬂélﬂﬁ
B, A BCA & R B e 150 &
FEEWE, B 20 pg MBI T 12%9’3
SDS-PAGE Hiik , H4E BRI )r(poly vinylidene
fluoride, PVDF)/ . F&5 A 5% MW ¥ ) TBST
(150 mmol/L. NaCl, 20 mmol/L Tris-HCI, pH 8.0,
0.05% Tween-20)% PVDF JiE4E 37 °CEHH4] 2 h, fifi

Ja KK anti-Myc b5 25 5K (5055 B B 1)

1:5 000)FHBRAR £ A1k P B Ar 10 A 1L “Ehi f —
FUHUAR B LB 1:10 000)7E 37 °CHEH 1 h.
U JE H TBST BE# 3 K, #:K 10 min, fi
Ja o, TR BN R A R R o Ak S O
(enhanced chemiluminescence, ECL) & 23k , 1%
EIFFA IR SR, DA A% 5i PR iR 2ok SRk 16 Ol o

2 EREG5M

2.1 NF-kB 7 FHIRGH LS

J T HRIE T NF-xB 43 F7E B d b 1 904k
KR, HRE NF-«B N5 WK
45 10 AR R LAY NF-«B #3717 &
GEit A B (B 1) 5 RS0, A Hh ) NF-«xB
S sk I TEIEE | 253 2 25 : Rel B Hl Relish

100

94

99

46

48

99— XP0IT9RI4R]
ADK39025.1

100

AEC52925.1
XP 028031025.1

—RelA

100L—RelB
——XP 050562121.1

100L—— XP 049696681.1

XP 028166336.1

_60: NP 001034507.1
NP 001163000.1

94

93

XP 006567065.1
W:xp 310177.3
77 AXC07421.1
—:xp 308995.3

{ XP 026299962.1
36 EEZ97717.1

100

1
Figure 1
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AXF67445.1

82

U0I184485.1
100 — XP 050562322.1

52

L — XP 049694808.1

60

XP 037296693.1
Relish2

100

R NF-xB HREATFHRELE O

Phylogenetic analysis of NF-«xB transcription factors in insects.

{ Relish1
80 XP 028026001.1

Manduca sexta
Manduca sexta
Antheraea pernyi
Bombyx mandarina
Bombyx mori

Bombyx mori
Spodoptera frugiperda
Helicoverpa armigera
Ostrinia furnacalis
Tribolium castaneum
Drosophila melanogaster
Apis mellifera

Anopheles gambiae

Drosophila melanogaster
Anopheles gambiae
Apis mellifera
Tribolium castaneum
Ostrinia furnacalis
Antheraea pernyi
Spodoptera frugiperda
Helicoverpa armigera
Manduca sexta
Bombyx mori

Bombyx mori

Bombyx mandarina
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R, P S H VRS MR EOR kA L
PR R, SEBFERICEELRKIE,
K& Rel FUA Relish BUFE K FHHA 2 FiR
[F] (B e B, b RelA Fi RelB 7Ei#E 1L
RN, $EORHATBR & FEAR R D) RE 5
Relishl F1 Relish2 7E# 1k F432h 2 32, $#/RH
TIRen R Ir 22 5 .
2.2 ZRE Rels 1 Relish1 AY4ARET FRiL S
Wit F235%04K pSL1180-EGFP .pSL1180-RelA .
pSL1180-RelB F1 pSL1180-Relish1 43514 4L F|
BmE #l BmN 40l , 48 h 5 W4 A Trizol
RN RIPA S0 53 ) 46 B2 B Y 5 RNA L

Nl = |
0oL_2 0.0

pSL1180- EGFP RelA RelB  pSL1180- EGFP Relishl
BmE cells BmeE cells

BmeE cells

kDa M EGFP RelA RelB Relishl

100

L -— ey —

a-tubulin | — - q P

2 3% BmE 71 BmN ZHBE Rels 1 Relishl B33 3Rk 7K F 4650

M, U RT-gPCR Al WB £l . RT-gPCR
45BN, 76 BmE Al BmN 4y, L
pSL1180-EGFP #H I, ¥4 pSL1180-RelA .

pSL1180-RelB #1 pSL1180-Relishl /5 NF-«xB ¥4
FH T RelA. RelB Fl Relishl 5% ik K V-4 i
EWaIn(E 2A. 2B), #—F| A anti-Myc #3%
PUAAR KT P ol 4 L v O it TR A B L R R AT T
R, WB 553 Eon, SXFIRgIAHLL, NF-«xB §%
KT RelA. RelB Hil Relishl & [17E BmE Fi
BmN 4ififg H () 5t 2 (& 2C. 2D). X
FH, K& NF-«B ¥ EHT RelA. RelB #l
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Figure 2 Detection of overexpression levels of Rels and Relishl in silkworm BmE and BmN cells. Real-time
quantitative polymerase chain reaction (A, B) and Western blotting (C, D) analysis of transcription factors Rels
and Relishl expression in transfected BmE and BmN cells. Overexpression vectors of transcription factors Rels
and Relishl were transfected into BmE and BmN cells, respectively. Anti-Myc tag antibody was used as the
primary antibody. Significant differences were indicated by different letters (P<0.05).
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Figure 3 Detection of antimicrobial peptide genes (AMPs) expression in BmE (A) and BmN cells after
overexpression of Rels and Relishl. Significant differences were indicated by different letters (P<0.05).
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Figure 4 Detection of the expression of upstream genes of
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immune pathway in BmE (A) and BmN (B)

cells after overexpression of Rels and Relishl. Significant differences were indicated by different letters

(P<0.05).
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Figure 5 Expression analysis of lysozyme, lysozyme-like proteins, and nitric oxide synthase genes in BmE
(A) and BmN (B) cells after overexpression of Rels and Relishl. Significant differences were indicated by

different letters (P<0.05).
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