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Abstract Prohibitin (PHE), an evolutionarily conserved
mitochondrial membrane protein, is associated with
spermatogenesis and sperm guality control in mammals.
It is identified as a substrate of ubiquitin and thus may
function via a hondrial ubiquitin-p ne path-

Introduction

Spermiogenesis is the final stage of spermatogenesis in which
spermatids mature and form spermatozoa. In most species,

way. In this study, we examined the localization of PHE
during spermiogenesis of the macrura crustacean
Procambarus clarkii. We traced phb mRNA's temporal
and spatial expression pattern in spermiogenesis, and
found its localization highly coherent with acmsome
formation and nuclear shaping, two key events during
crustacean spermiogenesis. We further detected the as-
sociations of PHBE with mitochondria and ubiguitin
using immunofluorescent staining. PHBE was co-
localized with mitochondria through spermiogenesis.

formation, genome packaging, tail formation and
various other changes td](e pldnx dunng hpcrrmugmmu‘
Many of the exact mol spenmio-
gengsis remain unclear.

Pwhibitin (PHE) is an evolutionarily conserved protein
and a known component of the sperm’s metabolism (Ou
et al. 2000). It has been identified invarious species, including
humans, mts, plants, yeast, Drosophila and many others (Ahn
et al. 2006; Merkwirth and Langer 2009; Mishra et al. 2006).
Its diverse functions are related to cell cyele, cell signaling,
cell dpthu-. and to the morphology and stability of mito-

PHB as well as mitochondria were co-localized with
ubiquitin from the late stage of spermiogenesis, and
the co-signals reached their peak in the mature sperm.
The results raise the hypothesis that PHE is likely to
function in nuclear shaping and acrosome formation in
the spermiogenesis of P clarkii. In addition, it might
possess a more profound role in mediating mitochondri-
al ubiguitination. For the fisst time this study uncovers
the role of PHB in the spermiogenssis of macrura
crustacesn species.

Keywords Procambarus clarki - Spermiogenesis -
Prohibitin - Mitochondria - Ubiquitin

‘Wei-Lai Dong and Cong-Cong Hou contributed equally to this work

W.-L. Dong - C.-C. Hou - W-X. Yang (=)

The Spemn Laboratory, College of Life Sciences, Zhejiang
University, 866 Yu Hang Tang Road, Hangzhou 310058, China
e-mail: wxyang@spermlsh org

d il et al 2014; Mishm et al. 2005, 2006;
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The PHB pmotein consists of two functionally interde-
pendent subunits named PHE1 and PHB2 (Tatsuta et al.
2005). They are primarly located on the nner membmne
of mitochondria in the form of a complex (Tkonen et al.
1905 Winter et al. 2007, Zhou and Qin 2013), which
assembles in a ring-like structure with alternating FHE
and PHB2 (Tatsuta et al. 2005) and anchors onto the
mitochondrial inner membmane via an N-terminal hydro-
phobic region (Artal-Sanz and Tavernarakis 2009). Mul-
tiple functions of the PHB complex have been suggested
in mitochondria (Osman et al. 2009). It has been proposed
that it stabilizes newly translated mitochondrial proteins
chaperone or holdase (Nijtmans et al. 2000) as well
as stabilizing the mitochondrial genome via TFAM
(Kasashima et al. 2008). Apart from mitochondrial stabi-
lization, it is also associated with protein degradation
(Merkwirth and Langer 2009; Steglich et al. 1999), mito-
chondrial morphology and fusion regulation (Artal-Sanz
and Tavernarakis 2009; Kowno et al. 2014; Merkwinth

as

& springer

(Gene 565 [2015) 155-165

Contents lists available at ScienceDirect

Gene

journalh twww. elsevier. locat

Review
Whnt signaling in testis development: Unnecessary or essential?
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ARTICLE INFO ABSTRACT

Testis isa prodss i | and re production. It ks under the regulationof
multiple facors Wit signaling pathway is a dassical pathway, which plays an essential role during early develop-
ment From a traditional view, Wnt sl gnaling serves x5 akey regulator of female reproductivesystem. However, its
rale in test is relatively This paper reviews Wit signaling’s part in the major events
during testis deve lopment, including primaordial germ cell spedfication proliferation and migraton, testls deter-
mination, spermatogenests and somatic cell regulation, and summari zes Wit signaling’s impac on testis-relaied
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fmm disorders We evaliate the outcomes of asrent studies in the field and suggest futwre research direaions.
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