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Expression of serine protease inhibitor 20 in the silkworm,
Bombyx mori
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Abstract [Objectives] To examine the expression of the Bombyx mori serine proteinase inhibitor 20 gene (BmSerpin-20)
in Escherichia coli; and more specifically, to analyze its mRNA and protein expression levels in tissues, and its mRNA
expression patterns in fat bodies after exogenous microorganism injection. [Methods] The BmSerpin-20 gene was inserted
into the pET-28a vector. Recombinant plasmids were transfected into E. coli Transetta (DE3), and expression of the
BmSerpin-20 protein induced with IPTG. The recombinant BmSerpin-20 protein was employed as an antigen to immunize
New Zealand rabbits and to prepare a polyclonal antibody serum. The expression patterns of BmSerpin-20 were analyzed
using real-time quantitative PCR and the Western blot technique. [Results] The BmSerpin-20 protein was successfully
expressed in E. coli cells, purified and a polyclonal antibody against BmSerpin-20 prepared. The BmSerpin-20 gene and
protein were expressed in the fat body, midgut, hemocyte, malpighian, integument, testis, ovary, with the highest expression in
the integument. After treatment of B. mori larvae with nuclear polyhedrosis viruses, Micrococcus luteus, E. coli or Beauveria

bassiana, the expression patterns of the BmSerpin-20 gene in the fat body was first down-regulated and then up-regulated. The
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expression level of BmSerpin-20 differed depending on the microorganism injected and injection time. [Conclusion] The
expression pattern of BmSerpin-20 was successfully studied and may lay a foundation for further research on the function of
this gene in the immune system of B. mori.
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Fig.1 PCR product of BmSerpin-20 gene (A) and
restriction enzyme digestion of recombinant plasmid
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Fig.2 SDS-PAGE (A) and western blot (B) analysis of recombinant BmSerpin-20 protein
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M: Standard protein molecular weight; 1: Recombinant protein un-induced by IPTG; 2-6: Recombinant protein after
induction with 0.2, 0.4, 0.6, 0.8 and 1.0 mmol/L IPTG, respectively; 7: E. coli Transetta (DE3) transformed with empty vector
pET-28a(+); 8: Sample protein un-induced by IPTG; 9: Sample protein induced by IPTG.
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Fig. 5 Expression analysis of BmSerpin-20 gene in fat body induced by different microbes

Zhao 2012
Acp76A4 serpin-6  serpin-11  serpin-28  serpin-37
serpin-39 serpin-45 serpin-46 serpin-47
E. coli 24 h
serpin-16 serpin-55 serpin-70 NPV
6 h
serpin-37  serpin-39  serpin-45  serpin-46
serpin-48  serpin-49 NPV 3~12 h
BmSerpin-20
PCR BmSerpin-20
BmSerpin-20 2006
BmSerpin-20 PCR

BmSerpin-20
BmSerpin-20



- 940 -

Chinese Journal of Applied Entomology 52

SE Ak (References)

Barbour KW, Goodwin RL, Guillonneau F, Wang Y, Baumann H,
Berger FG, 2012. Functional diversification during evolution of
the routine alphal-proteinase inhibitor family: role of the
hypervariable reactive center loop. Mol. Biol. Evol., 19(5):
718-7217.

Diana VG, Paul S, Kevin M, Noor K, 2003. Serpin: structure,
function and molecular evolution. Biochem. Cell Biol., 35(11):
1536-1547.

Dong ZM, Zhao P, Wang LY, Li YS, Zhang Y, Xia QY, 2010.
Expression pattern in vitro recombination and expression of
Bombyx mori serine protease inhibitor gene serpinl6. Acta
Sericologica Sinica, 36(2): 236-242. [ , s s

, s , 2010.

serpinl6 , 36(2):
236-242.]

Irving JA, Steenbakkers PJ, Lesk AM, Opdencamp HJM, Pike RN,
Whisstock JC, 2002. Serpins in prokaryotes. Mol. Biol. Evol.,
19(11): 1881-1890.

Izaguirre G, Rezaie AR, Olson ST, 2009. Engineering functional
antithrombin exosites in alpha(l)-Proteinase inhibitor that
specificallypromote the inhibition of factor Xa and factor IXa. J.
Biol. Chem., 284(3): 1550-1558.

Izuhar K, Ohta S, Kanaji S, Apima K, 2008. Recent progress in
understanding the diversity of the human ov-Serpin/cladeB
Serpin family. Cell Mol. Life Sci., 65(16): 2541-2553.

Ji D, Xin SJ, 2009. Development and data analysis of real-time
fluorescent quantitative PCR. Letters in Biotechnology, 20(4):
598-600. [ s , 2009. PCR

,20(4): 598-600.]

Law RH, Zhang QW, Mcgowan S, Buckle AM, Silverman GA,
Wong W, Rosado C, Langendorf CG, Pike RN, Bird PI,
Whisstock JC, 2006. An overview of the serpin super family.
Genome Biol., 7(5): 216-220.

Li GS, Wang YY, Wang MH, Xu KZ, Chen YH, Shen WD, 2013.

Preparation of polyclonal antibody and tissues expression

analysis of Bombyx mori serine protease inhibitor 5. Acta
Sericologica Sinica, 39(2): 261-265. [ s s s
> > , , 2013.
5 . , 39(2):
261-265.]

Liu CL, Wang D, Li B, Guan JM, Yu YF, Zha HX, Xu YX, Shen
WD, 2009. Molecular cloning sequence analysis and tissue
expression of serpin-6 gene in Bombyx mori. Acta Entomol.
Sin., 52(1): 1-9. [ , s , s >

, ) , 2009.

serpin-6 ,52(1):
1-9.]

Liu JT, Su ZJ, Wang FH, Li GH, Song SY, 2006. Progresses on
insect antimicrobial peptides. Natural Enemies of Insects, 28(1):

36-43. [ , , , ,
,28(1): 36-43.]

, 2006.

Molnar K, Holderith BN, Csikos G, Sass M, 2001. Distribution of
serpin in the tissues of the tobacco hornworm (Manduca sexta)
larvae: existence of new serpin possibly encoded by a gene distinct
from the serpin-1 gene. J. Insect Physiol., 47(7): 675-687.

Pan Y, Xia HC, Lii P, Chen K, Yao Q, Chen H, Gao L, He Y, Wang L,
2009. Molecular cloning, expression and characterization of
Bmserpin-2 gene from Bombyx mori. Acta Biochim. Pol., 56(4):
671-677.

Silverman GA, Bird PIL Carrell RW, Church FC, Coughlin PB,
Gettins PG, Irving DA, Luke

JA, Lomas CJ, Moyer

RW, Pemberton PA, Remold OE, Salvesen GS, Travis
J, Whisstock JC, 2001. The serpins are an expanding super
family of structurally similar but functionally diverse proteins. J.
Biol. Chem., 276(36): 33293-33296.

Tanaka H, Ishibashi J, Fujita K, Nakajima Y, Sagisaka A, Tomimoto
K, Suzuiki N, Yoshiyama M, Kaneko Y, Iwasaki T, Sunagawa T,
Yamaji K, Asaoka A, Mita K, Yamakawa M, 2008. A
genome-wide analysis of genes and gene families involved in
innate immunity of Bombyx mori. Insect Biochem. Mol. Biol.,
38(12): 1087-1110.

Tong Y, Jiang H, Kanost MR, 2005. Identification of plasma
proteases inhibited by Manduca sexta serpin-4 and serpin-5 and
their association with components of the prophenol oxidase

activation pathway. J. Biol. Chem., 280(15): 14932-14942.

Wan J, Zhou XY, Zhou XJ, 2013. A review of innate immunity of



20 - 941 -

silkworm, Bombyx mori. Afr. J. Agr. Res., 8(20): 2319-2325.
Wang YY, He JM, Li GS, Wang HM, Shen WD, Xu YX, 2013. An
analysis on specific expression of Bombyx mori serine protease

inhibitor gene Bmserpin-6. Acta Sericologica Sinica, 39(2):

257-260. [ , , , . , ,

2013. Bmserpin-6
,39(2): 257-260.]

Xu YL, Li WC, 2010. Research progress in activation mechanism of
phenoloxidse in insects. J. Anhui Agric. Sci., 38(27):
14844-14846. [ , , 2010.

, 38(27): 14844-14846.]

Zha HX, Liu G, Zhang C, Wang YY, Wei ZG, Li B, Chen YH, Xu
YX, Shen WD, 2011. Cloning, prokaryotic expression of

polyclonal antibody of serine protease inhibitor 4 (serpin-4) from

Bombyx mori. Acta Entomol. Sin., 54(6): 642—647. [ s

2011. 4(serpin-4)
, 54(6): 642-647.]

Zhang M, Zhu ZM, 1996. Study and application of serine proteinase
inhibitor. Prog. Biochem. Biophys., 23(3): 240-244. [ s

, 1996.
,23(3): 240-244.]

Zhao P, Dong ZM, Duan J, Wang GH, Wang LY, Li YS, Xiang ZH,
Xia QY, 2012. Genome-wide identification and immune
response analysis of serine protease inhibitor gene in the
silkworm, Bombyx mori. PLoS ONE, 7(2): e31168.

Zhu Y, Wang Y, Gorman MJ, Jiang H, Kanost MR, 2003. Manduca
sexta serpin-3 regulates prophenoloxidase activation in response
to infection by

inhibiting  prophenoloxidase-activating

proteinases. J. Biol. Chem., 278(47): 46556-46564.



