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Sructureand function of Bmlintegrin g2 in slkworm, Bombyx mori

Erhu zZhao"**", Kui Zhang"**", Jingjiing Su™*, Guangzhao Pan*°, Chongyang Li%*®,
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Abstract: Integrins are cell adhesion receptors, which consists of several transmembrane glycoproteins. They are widely
distributed on the cell surface and involved in signal transduction pathways. As a heterodimer, each integrin is composed of
one o subunit and one B subunit. Integrins are mainly expressed on lepidopteran hemocytes and involved in cell immune
response. The full-length cDNA sequence of Bmintegrin 52 was obtained by PCR and RACE, including 2 434 bp. Bmintegrin
B2 was predicted to be a transmembrane protein. The Bmintegrin 52 expression profile was detected by gRT-PCR at L4D3 or
L5D3 larval stage, and it was highly expressed in hemocyte and hematopoietic organ. Anti-Bmlntegrin 2 polyclonal antibody
was generated following prokaryotic expression, protein purification and animal immunization, which is highly specific and
effective for recognizing Bmintegrin 32 protein through Western blotting. The results of plasmatocytes adhesion experiment
showed that Bmlintegrin f2 plays an important role on the adhesion and spreading of plasmatocytes to foreign surfaces. This
study provides a foundation for further research of the biological function of Bmintegrin 52 gene.

Keywords: integrin, Bmintegrin 42, plasmatocytes, adhesion, cellular immunity
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Jfl  TaK aRa 4 /8% 32 25 il 25 12500 G il 25 o 25 AR
Wl PEN DI . PCRE . T4 DNA 4 . #4)R
i F DNA Marker 2234 [ K i% TaKaRa 2\ .
TRIzol X514 B 2 [ Invitrogen 28wl . ¥ 5% 5%
& A EE Promega /A Fl . SMARTer RACE
cDNA 34157 & B 3£ [E Clontech 24w .
12 FiE
1.21 & RNA WK cDNA &5

PEHL 4 0 3 KA1 5 3 KRAME &L, i
PAGHKAARREL L, HIAE . L. ZRH2 .
FEEL. DREL . MR, T da gl A . R
SR, WA, SREMA TRIzol 5],
FHRHUAS LU A RNA; SRJ5#2I8 Promega i3 %%
AR G I T AP TR S i B I L 2L cDNA

1.2.2 Bmintegrin 2 ZE &K F 51 HFRE

AR A =2 1A SCHk R 22 S L
RACE 5% GSP1. NGSP1. GSP2. NGSP2 (314
JPH L2 1), 4 RACE cDNA § 315 & myis
W45, #E47 5 3% RACE cDNA ¥, SRJ5H
PCR 77 Wy kAT Ha VR I I (o] ek AT o B % AL
SRIG e Y PHPESERE . B, FFPRPE TR B A
LAY TR (B B ABRA SR, 20
PHERS 3 H BT cDNA 2K 751,
1.2.3 Bmintegrin 2 WAEYIE B ¥

FHCEE R B PP 511 2426 B T NCBI Ml (http://
www.ncbi.nim.nih.gov) =% & #& & [K 4 5 ¥s
SilkDB (http://www.silkdb.org), Ff:7F 7 2k % 1F
SMART (http://smart.emblheidelberg.de/) . NCBI
P ST 45 A6 L s (https://www.ncbi.nim.nih.
gov/Structure/cdd/wrpsb.cgi) 45 W i & GeneDoc
il Adobe Illustrator CS6 45 FF A 1A= W5 1B 24 4%
Mr KA
1.2.4 Bmintegrin g2 FFE K EBFREST

BT R A B R P, RS R
Bmintegrin B2 W25 Y w PCREIY (£ 1), LA
HIARAHIY 4 3% 3 KA 5 3 RINF &4l di s 4l

x£1 314955
Table1l Primer sequences
Primer name Primer sequence (5'-3') Usage
Integrin p2-CDS-F ATATCGCGTTACGTTATTGTGG PCR
Integrin p2-CDS-R GTAAGATGGGTTCGGAAATTCT
GSP1 GTGTCTTGGGCAGAATGCGGTTTT
5" RACE PCR
NGSP1 GCCGGTGCAACGAGCCAAGGGAGA
GSP2 TCCCTTGGCTCGTTGCACCGGCTG
3’ RACE PCR
NGSP2 GCCCTGACAGTGGTTGGACAAAAG

Integrin p2-EcoR I-F
Integrin p2-Xho I-R
Bmintegrin 2-gRT-F

CCGGAATTCCCTATAGAGCATTTCCCGC
CCGCTCGAGCTGTTTCTGATCCTAGTATTGCATT
GTATTGATTGGCTTGCTGACTCTC

Prokaryotic expression

: gRT-PCR
Bmintegrin f2-gRT-R GCTTCTTCCACTTTCCTGTATTCC
GAPDH-F CATTCCGCGTCCCTGTTGCTAAT RT-PCR
GAPDH-R GCTGCCTCCTTGACCTTTTGC <

Underlined bases indicate restriction enzyme site of EcoR I (GAATTC) and Xho I (CTCGAG).
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(RN e
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PCR 5'RACE 3'RACE
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R

Bl 1 K% Bmintegrin 2 2 KEBERIEE DT

¢ SUTR 118 bp

6307 bp

ORF2244bp  3UTR72bp

Fig. 1 Cloning and bioinformatics of Bmlintegrin 2 in Bombyx mori. (A) Full-length cDNA was cloned by RACE
method. M: marker; 1: PCR product of partial fragment; 2: 5° RACE PCR product; 3: 3' RACE PCR product. (B)
The diagram of Bmintegrin B2 complete genomic sequence. (C) The diagram of Bmintegrin 2 complete cDNA

sequence.

KA H Ay & Bmintegrin 2 3L K 7E 5% 42 L K 240 B8
J5E R4S BGIBMGAOQ06002, Ef T4 4 45
Jefofk, SN 4K N 6311 bp, H 8 4R T AN
7AW E TR (B 1B), %4 Bmintegrin B2 &
(K1) cDNA 41K 2 434 bp, H A JFi 5 134E  (Open
Reading Frame, ORF) [ J¥ 4 2 244 bp, 5l
A gwA X 435 h 118 bp A1 72 bp (K 1C).
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subunits domain, INB), % 133-137 {ii & LR X 5,
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motif, MIDAS), %% 460-502 {3 % 3tk X 3 145

507-534 (i Zd KL X A ) T EGF 45458, (Epithelia
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FiR [X 8 ok 5 5 [X 3, (Transmembrane domain,
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r o R \

2279

SP MIDAS motif INB domain EGF domain NPxY motif

[l ] | AN A
™ B |

----------------------------- ED  IM CD

B2 REESZE Bmintegrin p2 HIERA LT
Fig. 2 Protein structure prediction from Bmintegrin B2 sequence. (A) Nucleotide (above) and deduced amino acid
sequences (below) of Bmintegrin B2 in silkworm, Bombyx mori. Pink box: siganl Peptide; gray box: integrin beta
subunits domain, INB domain; red underline: antigenic peptide fragments of Bmintegrin B2; green box: epithelial
growth factor domain, EGF domain; blue box: transmembrane domain; Purple box: cytoplasmic domain; yellow
Wireframe: metal ion-adhesion motif, MIDAS motif; red Wireframe: polyadenylation signal. The start codon and stop
codon are marked red. (B) Conserved domains of Bmintegrin p2 in silkworm, Bombyx mori. SP: signal peptide; ED:
N-terminal portion of extracellular region; TM: transmembrane segment; CD: cytoplasmic domain.
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Fig. 3 Expression of Bmintegrin #2 mRNA in the different tissues. (A) The expression of Bmintegrin 2 mRNA in the
different tissues of the 3rd day of 4th larvae. (B) The expression of Bmintegrin B2 mRNA in the different tissues of 3rd
day of 5th larvae. 1: hemocyte; 2: wing disc; 3: head; 4: epidermis; 5: fat body; 6: malpighian tubules; 7: silk gland; 8:
midgut; 9: testis; 10: ovary.

| -—— et

e et

El 4 Bmintegrin p2 EAMIESRIES 4k

Fig. 4 Induction and purification of recombinant protein Bmintegrin f2. (A) Protein structure prediction from
Bmintegrin 2. Red Wireframe: the antibody fragment. (B) The construction of the pET32a-Integrin 2 plasmid. M:
DNA marker; 1: the PCR product of antibody fragment sequence; 2—3: the plasmid/Dual restriction enzyme digestion
analysis of pMD19-Bmintegrin B2; 4: extraction of PCR product; 5: pET32a vector; 6-7: the plasmid/Dual restriction
enzyme digestion analysis of pET32a-Integrin 2; 8-9: single restriction enzyme digestion analysis of pET32a vector/
pET32aIntegrin p2. (C) Induction of the Bmintegrin B2 protein in E. coli. M: protein marker; 1-2: the soluble
fraction/inclusion body of recombinant E. coli by 0 mmol/L IPTG at 16 C for 24 h; 3—4: the soluble fraction/inclusion
body of recombinant E. coli by 1 mmol/L IPTG at 16 ‘C for 24 h; 5-6: the soluble fraction/inclusion body of recombinant
E. coli by 1 mmol/L IPTG at 25 °‘C for 12 h; 7-8: the soluble fraction/inclusion body of recombinant E. coli by 1 mmol/L
IPTG at 37 °C for 5 h. (D) Purified Bmintegrin p2 protein. M: protein marker; 1-2: the soluble fraction/inclusion body of
recombinant E. coli by 1 mmol/L IPTG at 37 “C for 5 h; 3: the soluble fraction before/after purification.
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2.5 Bmintegrin g2 BJIAMN R EMKEL
HAERTIRIEIER

AT Bmintegrin B2 5 20 & 1905
BERY R RS Kol 235 NEIERR (K 2A Al
4A); HAK Sl Bmintegrin B2 & Y55 20254 i 4
Rk, HAPaFEn MIDAS &8 8 T44F
GUFIFRITHY INB S5F3E0 (&1 2A F1 4A) FoAI TR 1]
$ ELISA 2, XHATA%E Bmintegrin B2 Frikiti 7T
POARRAN (R, 255 8% Bmintegrin B2 HLASLH
=ik 1 : 128 000 (3% 2), X AT 345 Bmintegrin B2

£ 2 REEAZ Bmintegrin B2 Hill i B M 4M
Table2 Titer curve of anti-Bmlntegrin p2 serum

PUik BB S BUESN . S3Ah, TR TR
B SR IGAE S R BTE 0.929%-8.166%2 [ (% 2),
X L5 A I 3545 Bmintegrin B2 Bt (A< 1) 25 42 1 Al ga
EVER R, ik, Bmintegrin p2 Hiik ] 4k
5% Bmintegrin B2 & (A T REFE P Ik 5.

A T 5% BmintegrinB2 45 [ 15 5 2 1K S0 %
thERT, FATTE R R R A LK, ARSI
F& 5455 T Bmintegrin B2 LI %) 5 72 BYAE FF I
T TR, WIEl BA Fi7R, 44T Bmintegrin B2
0L 375 91 7 3 )0 B I 248 L e R 4t L ) e O I

Test number/ODysq

Statistical analysis

Dilution =
1 2 3 X S CV (%)
1:500 1.432 1.455 1.498 1.462 0.034 2.292
1:1 000 1.516 1.533 1.505 1.518 0.014 0.929
1:2 000 1.408 1.436 1.439 1.428 0.017 1.198
1:4 000 1.415 1.396 1.431 1.414 0.018 1.239
1:8 000 1.433 1.433 1.415 1.427 0.010 0.728
1:16 000 1.409 1.388 1.418 1.405 0.015 1.096
1:32 000 1.411 1.296 1.385 1.364 0.060 4.421
1:64 000 1.089 1.255 1.211 1.185 0.086 7.257
1:128 000 0.987 1.109 0.996 1.031 0.068 6.596
1:256 000 0.128 0.116 0.109 0.118 0.010 8.166
Negative serum 0.158 0.161 0.169 0.163 0.006 3.496

ODys0: absorbance value at 450 nm; X:

5 Bmintegrin B2 A 3T 3% 40 A & = 89 2 M

B

Numbers of plasmatocytes/Field

average number; s: standard deviation; CV: coefficient of variation.

1 Pre-immune rat serum

80 B Anti-Integrin 2 rat serum
60 ¢ l
40+ «
*3%
20+
*okk i
==
5-Fold  10-Fold 20-Fold 100-Fold

——————————

Dilution times

Fig. 5 Effect of anti-Bmlntegrin 2 serum on the plasmatocytes number. (A) The analysis of the plasmatocytes number
after treated by pre-immune serum and anti-Bmlntegrin f2 serum. Anti-Bmintegrin 2 serum was diluted to 5-Fold and
cells marked with “ * " are plasmatocytes. (B) Effects of gradient dilution anti-Bmintegrin 2 serum on the number of
plasmatocytes. Data represent the X+ s of at least three independent experiments. Statistical analysis was performed
using the 2-tailed Student’s t-test, * P<0.05, **P<0.01, *** P<0.001.

&: 010-64807509

=

cjb@im.ac.cn

E S/EAE Bmintegrin p2 WSS RENRE MMMEYEIE/ER 1627



1628 ISSN 1000-3061 CN 11-1998/Q A:# T #&2%4k Chin JBiotech

/b, 3 M T 6 B Bmintegrin P2 HoAA R AEHI ] T
5 20 R P S ook FURG BT R T o Ry IS — 4
FeAM TP Bmintegrin B2 IfiL i 24T 5100 175 A4 i Bk
i A 2 G I H X S 240 B A A s, 45 SR e R R
PR B (32 0 B, IR 20 B i 5 B ke
I I A R R RO N, o X i — 2P SR
Bmintegrin B2 1] B8 15 5% 5 20 16l 114) 42 fufr 14 RS B
RE T IR, 1T 52 M 38) 5 2 10U 1Y) 5988 TV
3 Itk

B A il R G I E R R G, RN
A H A G E SR E S, BRWmKREAS
EA i8R Y A E e ), i 2A
YA SR T (S g PRI, B A 2 R e Rk
Hog%e SO, R L RIVE T, IR E A | AR AE
FIL S5 VERT . SRR S R I s 2123290
SEry R M A oy 20Tk, FEORMR IR Lk
e, | 20 MR R0 BB RRAE S50 M 40 M 2R AT X A0,
P E A AR AT 43 5 AP, BV ifn 20 A
(Prohemocyte) . ki Zifitl (Granulocytes) . ¢ 4 iy
(Plasmatocytes) . #1Z& (a4 fid (Oenocytoids) Fil/)\
ERANNE (Spherulocytes) ™2, 7 52 2 1 i 41 1 2%
R, SURL A 20 L A T A S 952 B g Y
F M A, b A S AN AR AR K
PR T AT ) i 4, (SR /N T 400 2 e At
{HAZE AU M B A RGBT RE 7 5 AR 40 L i il A
JEXFFRYEDY . (Pseudopod) , 13t 2 3% 2 Jifd [X. 51) H:
At 25 750 1ty 200 0 4 T2 BEARAE 2 — B3 g g 3=
B2 5 A MW e 2 h AL B S g, RT3
HE AR X R DA A R RS B 38 M A AR W BB 1 1Y)
FE AT G S B

G T IR A T A0 R T R R
T2, JEH o MR P IR B 5 — R A
EE A AR SR SAE . A
fash LT (Extracellular matrix, ECM) Z[&] L)
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2 5 5 D A 2 TR R B T, R 2 i P M
SRR, TS SR, 40
S T AR RN AN 5 2 55— R A A B A
H RO AR H R A, A SRk
Spodoptera exigua FIHH 1 Helicoverpa assulta
&, BERFEELETMAMN, S5HMMHN%E
PEN o A R ARG R I ReVE 04 B AR
b AT R A X R AL R ILH Integrin
aPS3PVA Integrin LB HEST T RS, LB
KIBTHRBEEAMBANE, HEZSEH TR
WAT () G g S N FE . ARFSE % Bmintegrin
B2 I, [IFEHE TE BRI RA KA, Wb
R IR T R AN MBI . FeA 13 1T Bmintegrin
B2 A G5 Hh o3 At & I AR A5 b M AN s
TARKBYER Sy, R R F M A MR 22 2 1 s 471
il % Bmintegrin B2 HLIAR o AR i e 2 52 50 %540 1) 43
Bres B, FATHEN Bmintegrin p2 Hi ik n] fE i@ it 5
Bmintegrin B2 £& (A AN 454, 35 P
T T H SRS RERMEE S, BTG R E
SN RE R, SRR T A P ) S
FURGBHEH . HAT R %5 K Bmintegrin 2 71E X
A IV 240 L B 3 s vy H HLAAR ) A R I A 3 AN T
e, AR AR 4l 4L ) Bmintegrin B2 HLidk J&
JIT S B EL XT3 A IRORY B R T B2 e, Sy ik — 2Pt
7% Bmintegrin B2 7€ R AN H i DI REAE FHBEE T
il R T — TR LY
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