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Fig.2 Western blot analysis of mature spore protein from
Nosema bombycis. M. Protein marker; 1. Mature spore protein
exposed to an anti-frataxin antibody; 2.Spore protein cultured in
the sf21 cell line exposed to an anti-frataxin antibody.
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Fig. 3 Amino acid alignment of frataxin of N.bombycis, E.cuniculi, A.locustae, E.coli and S.cerevisiae. a-helixes are indicated by
squares. Conserved a-helixes known to be essential for transient frataxin are indicated by gray squares. An asterisk (*) indicated a
highly conserved -conformations among all species.
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Fig. 4 The multi-alignment and clustering analysis of frataxin. The tree obtained by the Neighbor-Joining analysis of protein phy-
logeny using the MEGA3.0 program is shown. The horizontal length of each branch is proportional to the estimated number of substi-
tutions. Bootstrap proportions are attached to the internal branches; The scale bar indicates estimated sequence divergence per unit

branch length. The accession numbers for the sequences used are to the right of the species name.
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Fig. 5 Comparison of arrangement of Frataxin and its flanking genes between N. bombycis and E. cuniculi.

3 -ﬁ 1% frataxin
frataxin
frataxin
N
frataxin
frataxin Frataxin2
frataxin 101 C- Friedreich's ataxia Frataxin

306 bp

ORF

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



frataxin J (2008) 48(5) 613

3 Western blot
o B frataxin

frataxin a frataxin

frataxin

[30]

frataxin

Frataxin
[31]

frataxin

2 % X M

a-proteobacteria (32]

. [1] Wittner M. Historic perspective on the microsporidia: expanding
frataxin
. horizons. In: Wittner M, Weiss LM, editors. The microsporidia
a-proteobacterial
. and microsporidiosis. Washington: ASM Press, 1999: 1-6.
frataxin
[2] Weber R, Bryan RT, Schwartz DA, et al. Human microsporidial

E.cuniculi  N.bombycis -
infections. Clin Microbiol Rev, 1994, 7: 426—461.

[3] Katinka MD, Duprat S, Cornillot E, et al. Genome sequence and

frataxin . . .
gene compaction of the eukaryote parasite Encephalitozoon cu-

frataxin -
niculi. Nature, 2001, 414: 450—453.
[4] Claudio HS, Naomi MF, Joyce SL, et al. Genome Compaction
o and Stability in Microsporidian Intracellular Parasites. Current
Biology, 2004, 14: 891-896.
[5] Keeling PJ. Congruent evidence from o-tubulin and B-tubulin
gene phylogenies for a zygomycete origin of microsporidia.
Fungal Genet, 2003; 38: 298-309.

(31]
[6] Germot A, Philippe H, Guyader HL. Evidence for loss of mito-

B3 chondria in microsporidia from a mitochondrial-type HSP70 in

Nosema locustae. Mol Biochem Parasitol, 1997, 87: 159—-168.
frataxin [7] Hirt RP, Healy B, Vossbrinch CR, et al. A mitochondrial Hsp70
orthologue in Vairimorpha necatrix: molecular evidence that mi-

crosporidia once contained mitochondria. Curr Biol, 1997, 7:

995-998.

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



614

Junhua Hu et al. /Acta Microbiologica Sinica (2008) 43(5)

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Bryony APW, Patrick JK. Microsporidian mitochondrial proteins:
expression in Antonospora locustae spores and identification of
genes coding for two further proteins. J Eukaryot Microbiol,
2005, 52(3): 271-276

Lena Burri, Bryony APW, Dejan Bursac, et al. Microsporidian
mitosomes retain elements of the general mitochondrial targeting
system. PNAS, 2006, 103(43): 15916-15920.

Gibson J, Muhlenhoff U, Lill R. An interaction between frataxin
and Isul/Nfsl that is crucial for Fe/S cluster synthesis on Isul.
EMBO, 1996, Rep.9, 906-911.

Campuzano V, Montermini L, Lutz Y, et al. Frataxin is reduced
in Friedreich ataxia patients and is associated with mitochondrial
membranes. Hum Mol Genet, 1997, 6: 1771-1780.

Koutnikova H, Campuzano V, Foury F, et al. Studies of human,
mouse and yeast homologues indicated a mitochondrial function
for frataxin. Nat Genet, 1997, 16: 345-351.

Huynen Martijn A Snel Berend Bork Peer et al. The phy-
logenetic distribution of frataxin indicates a role in iron-sulfur
cluster protein assembly. Human Molecular Genetics, 2001
10(21): 2463-2468.

Cossee M, Puccio H, Ganamuller A, et al. Inactivation of the
Friedreich ataxia mouse gene leads to early embryonic lethality
without iron accumulation. Hum Mol Genet, 2000, 9: 1219-1226.
Foury F. Low iron concentration and sconitase deficiency in a
yeast frataxin homologue deficient strain. FEBS lett, 1999, 6:
281-284.

Babcock M, de Silva D, Oaks R, et al. Regulation of mitochon-
drial iron accumulation by Ythlp, a putative homolog of frataxin.
Science, 1997, 276: 1709-1712.

Yoon T, Cowan JA. Iron-sulfur cluster biosynthesis. Characteri-
zation of frataxin as an iron donor for assembly of [2Fe-2S] clus-
ters in ISCU-type proteins. J Am Chem Soc, 2003, 125:
6078-6084.

Ramazzotti A, Vanmansart V, Foury F. Mitochondrial functional
interactions between frataxin and isulp, the iron-sulfur cluster
scaffold protein in Saccharomyces cerevisiae. FEBS Lett, 2004,
557: 215-220.

Agar JN, Krebs C, Frazzon J, et al. IscU as a scaffold for
iron-surfur cluster biosynthesis: sequential assembly of [2Fe-2S]
and [4Fe-4S] clusters in IscU. Biochemistry, 2000, 39,
7856-7862.

Ristow M, Pfister M F, Yee A J et al. Frataxin activates mito-

chondrial energy conversion and oxidative phosphorylation. Proc

(21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

Natl Acad Sci, 2000, USA 97, 12239-12243.
Lill R and Kispal G. Maturation of cellular Fe-S proteins: an es-
sential function of mitochondria. Trends Biochem Sci, 2000, 25,
352-356
Jauslin ML, Meier T, Smith RA, Murphy MP. Mitochon-
dria-targeted antioxidants protect Friedreich Ataxia fibroblasts
from endogenous oxidative stress more effectively than untar-
geted antioxidants. FASEB J, 2003 Oct; 17 (13): 1972-1974.
KawakamiY, InoueT, Ito K, et al. Comparison of chromosomal
DNA from four microsporidia pathogenic to the silkworm, bom-
byx mori. Applied Entomology and Zoology, 1994, 29: 120-123.
> , DNA

(Journal of Southwest Agricultural
University). 2001, 23: 111-113.
Kumar S, Tamura K, Nei M. MEGA3: Integrated software for
Molecular Evolutionary Genetics Analysis and sequence align-
ment. Brief Bioinform, 2004, 5: 150-163.
Cho S, Lee M, Yang J, et al. Crystal structure of Escherichia coli
Yth] protein, a member of the ISC machinery involved in assem-
bly of iron-sulfur clusters. Proc Natl Acad Sci USA, 2000, 97:
8932-8937.
Dhe-Paganon S, Shigeta R, Chi Y, et al. Functional and molecu-
lar characterization of the frataxin homolog from Arabidopsis
thaliana. J Biol Chem, 2000, 275: 30753-30756.
Peyretaillade E, Broussolle V, Peyret P, et al. Microsporidia,
amitochondrial protests, possess a 70-kDa heat shock protein
gene of mitochondrial evolutionary origin. Mol Biol Evol 1998,
15: 683-689.
Hirt RP, Logsdon Jr JM, Healy B, et al. Microsporidia are related
to fungi: evidence from the largest subunit of RNA polymerase
and other proteins. Proc Natl Acad Sci USA, 1999, 96: 580-585.
Margie Nair,Salvatore Adinolfi, Chiara Pastore, et al. Solution
structure of the bacterial frataxin ortholog, cyay: Mapping the
iron binding sites. Structure, 2004, 12: 2037-2048.
Slamovits C H, Fast N M, Law J S, et al. Genome Compaction
and stability in Microsporidian Intracellular parasites. Current
Biology, 2004, 14, 891-896
Andersson S G E, Zomorodipour A, Andersson J O, et al. The
genome sequence of Rickettsia prowazekii and the origin of mi-
tochondria. Nature, 1998, 396: 133-140.
Xu J, Pan G, Fan L, et al. The varying microsporidian genome: ex-
istence of LTR retrotransposon in domesticated silkworm parasite

Nosema bombycis. Int J Parasitol, 2006, 36: 1049-1056.

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



frataxin J (2008) 48(5) 615

Characterization and analysis of mitochondrial protein frataxin
in Nosema bombycis

Junhua Hu', Guoging Pan', Jingshan Xu?®, Kun Lu', Xiaoqun Dang’,
Zhengli Wu', Yanhong Li', Zeyang Zhou"**

(' Key Laboratory of Sericulture of Agricultural Ministry, Southwest University, Chongging 400716, China)
(*College of Bioscience of Chongging Normal University, Chongging 400047, China)

Abstract: [Aim] Frataxin protein is a component of Fe-S clusters and closely related to metabolism of mitochondria. We
identified an integrity mitochondrial protein frataxin gene (Nbfra), analyzed its phylogenetic relationship, and confirmed
the transcriptase activity of Nbfra in N. bombycis. [Methods] We analyzed the sequence of the second structure, gene
location in genome and construction of NJ phylogenetic tree through various bioinformatics software. We constructed
recombinant vector pGEX-4T-1-Nbfra, expressed the 36.5kDa recombinant protein in E. coli BL21 (DE3), and then used
the protein as antigen to produce its polyantibody in mice. [Results] Nbfra was lack of targeting signal into mitochondria
and part of alpha helices in functional domain, and had a synteny character between N. bombycis and E. cuniculi. Phy-
logenetic trees of Nbfra suggested that the evolutionary position of microsporidia was closely related to that of higher
eukaryote, rather than that of other protozoa. The result of western blot suggested the expression and transcription of
Nbfra gene in N.bombycis. [Conclusions] Our results offered the new evidence to analysis the conservation of Nbfra and
evolutionary position of N.bombycis, and would support the hypothesis of mitosome in microsporidia.

Keywords: frataxin; synteny; Nosema bombycis; microsporidia
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