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Characterization of follistatin-related protein from the hard
tick Haemaphysalis longicornis
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Abstract: We designed the primers based on the sequence of the follistatin-related protein from Haemaphysalis longicornis
Okayama strain accessed in GenBank. We cloned a gene encoding follistatin-related protein by RT-PCR, and the length cDNA is
814 bp, encoding a deduced protein of 289 amino acids. The alignment with the sequence of follistatin-related protein from the
H. longicornis Okayama strain showed that the percent of nucleotide sequence and amino acid sequence is 97.8% and 99%,
respectively. The expected size of GST-fused recombinant protein was 57 kD. We purified the recombinant protein through
MagneGST™ protein purification system. Western blotting revealed that stronger reaction happened with the antiserum against eggs,

but not clear with antisera against other developmental stages.
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Fig. 1 Aligment of amino acid sequence of follistatin-related
protein from Haemaphysalis longicornis Gansu strain and
Okayama strain.
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Fig. 2 SDS-PAGE analysis of the expression of the follistatin-
related protein. 1: protein marker; 2: blank control vector after
induced by IPTG; 3-5: the expression of follistatin-related
protein after induced by IPTG in 2 h, 4 h, 6 h, respectively.
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Fig. 3  Purification of the recombinant follistatin-related
protein through the MagneGSTTM Protein Purification System.
1: protein marker; 2: recombinant protein before induction; 3:
recombinant protein after induced four hours; 4: supernant after
eluted first time; 5: supernant after eluted second time; 6:
supernant after eluted third time; 7: supernant after eluted fourth
time; 8: first purified recombinant protein; 9: second purified
recombinant protein.
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Fig. 4 Difference profiling of the follistatin-related protein in
the different developmental stages. 1: protein marker; 2:
recombinent follistatin-related protein + antiserum against
Haemaphysalis longicornis egg; 3: recombinent follistatin-
related protein+antiserum against unfed larval female tick; 4:
recombinent follistatin-related proteintantiserum against unfed
adult female tick; 5: recombinent follistatin-related proteint+
antiserum against unfed nymphal female tick.

237

[14-18]

B B

[19]

(FS)

[14]

Journals.im.ac.cn

© HERFERMEMHARFATIESHELE http://journals. im. ac. cn



1650

ISSN1000-3061 CN11-1998/Q

Chin J Biotech

November 25, 2009 Vol.25 No.11

Zhou I

(FS)
(ACT)

[20-21]

REFERENCES

(1]

(2]

(3]

[4]

[5]

[6]

Chen YG, Lui HM, Lin SL, et al. Regulation of cell
proliferation, apoptosis, and carcinogenesis by activin.
Exp Biol Med, 2002, 227: 75-87.

Massague J, Blain SW, Lo RS, et al. TGF-B signaling in
growth control, cancer, and heritable disorders. Cell, 2000,
103: 295-309.

Parker L, Stathakis DG, Arora K. Regulation of BMP and
activin signaling in Drosophila. Prog Mol Subcell Biol,
2004, 34: 73-101.

Zwijsen A, Blockx H, Van Arnhem W, et al
Characterization of a rat C6 glioma-secreted follistatin-
related protein (FRP). Cloning and sequence of the human
homologue. Eur J Biochem, 1994, 225(3): 937-946.
Johnston IM, Spence HJ, Winnie JN, et al. Regulation of a
multigenic invasion programme by the transcription factor,
AP-1: re-expression of a downregulated gene, TSC-36,
inhibits invasion. Oncogene, 2000, 19: 5348—5358.

Bior AD, Essenberg RC, Sauer JR, et al. Comparison of
differentially expressed genes in the salivary glands of

male ticks, Amblyomma americanum and Dermacentor

Journals.im.ac.cn

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

andersoni. Insect Biochem Mol Biol, 2002, 32: 645—-655.
Li Y, Luo J, Yin H, et al. Experimental transmission of
Theileria sp. (China 1) infective for small ruminants by
Haemaphysalis longicornis and Haemaphysalis
qinghaiensis. Parasitol Res, 2007, 101(3): 533-538.
Willadsen P, Kemp DH. Vaccination with “concealed”
antigens for tick control. Parasitol Today, 1988, 4(7):

196-198.

Montesino R, Cremata J, Rodriguez M, et al.
Biochemical characterization of the recombinant
Boophilus microplus Bm86 antigen expressed by

transformed Pichia pastoris cells. Biotechnol Appl
Biochem, 1996, 23 (Pt 1): 23-28.

Garcia-Garcia JC, Montero C, Redondo M, et al. Control
of ticks resistant to immunization with Bm86 in cattle
vaccinated with the recombinant antigen Bm95 isolated
from the cattle tick, Boophilus microplus. Vaccine, 2000,
18(21): 2275-2287.

Garcia-Garcia JC, Soto A, Nigro F, et al. Adjuvant and
immunostimulating properties of the recombinant Bm86
protein expressed in Pichia pastoris. Vaccine, 1998,
16(9/10): 1053-1055.

Mulenga A, Sugimoto C, Onuma M. Issues in tick vaccine
development: identification and characterization of
potential candidate vaccine antigens. Microbes Infect,
2000, 2(11): 1353-1361.

Zhou J, Liao M, Hatta T, et al. Identification of a
follistatin-related protein from the tick Haemaphysalis
longicornis and its effect on tick oviposition. Gene, 2006,
372:191-198.

Lu CL, Yang W, Hu ZY, et al.
differentiation of granulosa cell and its roles in regulating
the development of oocytes. Chin Sci Bull, 2005, 50(21):

2431-2437.

Proliferation and

s s s

, 2005, 50(21):
2431-2437.
Wang HB, Xie HR, Xia GL. Inhibin and activin in the
mammalian ovary. J Agric Biotechnol, 2002, 10: 197-202.
Miro F, Smyth CD, Whitelaw PF, et al. Regulation of
3b-hydroxysteroid  dehydrogenase5/4-isomerase  and
cholesterol side-chain cleavage cytochrome P450 by
activin in rat granulosa cells. Endocrinology, 1995, 136:
3247-3252.
Rabinovici J, Spencer SJ, Doldi N, ef al. Activin-A as an
intraovarian  modulator:  action, localization, and
regulation of the intact dimer in human ovarian cells. J
Clin Invest, 1992, 89: 1528-1536.
Amsterdam A, Selvaraj N. Control of differentiation,
transformation,

and apoptosis in granulosa cells by

© PERZRMEDARAATIKSHES http://journals. im. ac. cn



1651

oncogenes, oncovimses, and tumor suppressor genes.

Endoc Rev, 1997, 18: 435-461.

[19] Haerry TE, OConnor MB. Isolation of Drosophila activin
and follistatin ¢cDNAs using novel MACH amplification

protocols. Gene, 2002, 291: 85-93.

[20] Fingdlay JK. An update on the role of inhibin, activns and

48: 15-23.

5 s s

follistain as regular of folliculogenesis. Bio Reprod, 1993,

[21] Tian J, Li ZM, Fu Y, et al. The development of inhibin,
activin and follistain. Prog Vet Med, 2008, 12: 77-81.

, 2008, 12: 77-81.

REORDOREDMRIODREDREDREDREDREDR DR IR DR IR DR LR DR DR DR LR EDR LR LD FIR LR LR LR

2010 =8P £y, RS ARATBRESIEIT R

E-mail
)
14-95 60 http://ddkx.periodicals.net.cn/gyjs.asp? dadoukx@sina.com
ID=4606693
64-20 150 WWW.Zoores.ac.cn zoores@mail.kiz.ac.cn
2-422 210 http://dwxzz.ioz.ac.cn journal@ioz.ac.cn
42-194 120 www.jgswxb.net jgswxb@hunnu.edu.cn
2-499 480 http://journals.im.ac.cn/jwxtcn jwxt@im.ac.cn
2-151 150 www.ent-bull.com.cn entom@ioz.ac.cn
82-6 300 www.linyekexue.net linykx@forestry.ac.cn
2-384 100 WWW.ivpp.ac.cn acta@ivpp.ac.cn
66-66 100 http://web.gzu.edu.cn/jou/jou/ Sd.xb@163.com
4-628 360 www.lifescience.net.cn cbls@sibs.ac.cn
82-13 780 http://journals.im.ac.cn/cjben cjb@im.ac.cn
18-92 300 http://swjstb.periodicals.net.cn/gyjs.asp? biotech@mail.caas.net
ID=4615630

82-196 150 http://swtx.chinajournal.net.cn SWtx@263.net
14-14 48 xxsw.chinajournal.net.cn cjbioinformatics@yahoo.cn
2-504 660 http://journals.im.ac.cn/actamicrocn actamicro@im.ac.cn
2-817 576 http://journals.im.ac.cn/wswxtbcn tongbao@im.ac.cn
38-103 180 http://whzwxyj.cn editor@rose.whiob.ac.cn
82-453 240 www.xmsyxb.com xmsyxb@263.net
2-810 600 www.chinagene.cn yczz@genetics.ac.cn
2-819 600 WWW.jgenetgenomics.org jgg@genetics.ac.cn
6-22 108 http://yyxx.chinajournal.net.cn yyxx@chinajournal.net.cn
64-11 150 http://journal.kib.ac.cn bianji@mail.kib.ac.cn
82-643 120 http://www.zwyczy.cn Zwyczyxb2003@sina.com

Zwyczyxb2003@163.com
2-138 1188 www.ChinaAgriSci.com zgnykx@mail.caas.net.cn
2-851 432 www.ChinaAgriSci.com zgnykx@mail.caas.net.cn
2-748 120 www.calas.org.cn A67761337@126.com
82-973 210 WWwWw.ecoagri.ac.cn editor@sjziam.ac.cn
82-673 960 www.biotech.ac.cn biotech@mail.las.as.cn
18-250 180 www.fishscichina.com zgsckx@cafs.ac.cn
32-94 90 www.ricesci.cn cjrs@?263.net
82-336 600 www.chinacrops.org/zwxb xbzw@chinajournal.net.cn

© HERFERMEMHARFATIESHELE http://journals. im. ac. cn

Journals.im.ac.cn



