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Research Progress on Protein Post-Translational Modifications

during Spermatogenesis
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Abstract Spermatogenesis is a highly complicated biological process with precise regulation. Proteins are
the final functional executors of life activities, and protein PTMs (post-translational modifications) exert important

regulatory functions. Spermatogenesis involves multiple protein post-translational modifications, such as phos-
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phorylation, acetylation and ubiquitination, etc. Aberrant protein PTMs can cause disorders of spermatogenesis, or

even lead to infertility in severe cases. With the advance of proteomic technologies, using clinical infertile samples

and animal models, it is possible to systematically analyze the dynamic regulation and function of protein PTMs

during each stage of spermatogenesis and further unveil the molecular mechanisms of spermatogenesis and the

pathogenesis of male infertility. This paper provides a review of the recent progress on the studies of protein PTMs

in spermatogenesis, and the roles of protein PTMs in clinical diseases, such as oligozoospermia, asthenozoospermia

and teratozoospermia.
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Mitosis
» Cell proliferation: phosphorylation, methylation
» Cell differentiation: phosphorylation, methylation

Meiosis

» Meiosis initiation: phosphorylation

» Synaptonemal complex: phosphorylation

» Homologous recombination: phosphorylation, methylation
» DNA repairing: phosphorylation, SUMOlyation

Spermiogenesis

» Histone to protamine transition: phosphorylation,
acetylation, ubiquitination, crotonylation

Formation of flagellum and acrosome: phosphorylation
Chromatin and DNA condensation: phosphorylation
Nuclear elongation: phosphorylation, SUMOlyation,
butyrylation

Y VYV

CE=E1099999

Sperm function

» Sperm capacitation: phosphorylation, acetylation
----- » Acrosome reaction: glycosylation

» Sperm-oocyte interaction: glycosylation acetylation
> Fertilization: glycosylation acetylation

Bl BFREIEPHERRIIXEEIRRE

Fig.1 Types of protein post-translational modifications in spermatogenesis
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Fig.2 Clinical diseases resulting from aberrant protein post-translational modifications in spermatogenesis
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Table 1 Effects of mutation or knockout of genes involved in protein post-translational modifications on spermatogenesis

B SE e ARt B DR TR SR R 1 R AR R R

Gene names Types of PTMs Effects of gene mutation or knockout on spermatogenesis

CDYL Crotonylation Decline in sperm counts and motility

UBE2B Ubiquitination Defects in sperm maturation, azoospermia or oligozoospermia in clinic

USP26 Ubiquitination Oligozoospermia and asthenospermia in clinic

USPYY Ubiquitination Defects in sperm maturation, azoospermia or oligozoospermia in clinic

AURKC Phosphorylation Oversized sperm heads and abnormal sperm morphology, can induce male infertility, teratozoo-
spermia in clinic

CDK7 Phosphorylation Decline in sperm counts and motility, and increase in sperm head malformation percentage

CEP128 Phosphorylation Defects in sperm flagellum, abnormal sperm morphology, sperm counts and sperm motility, can
induce male infertility

dTSSK Phosphorylation Abnormal of histone-to-protamine transition, nuclear shaping, DNA condensation and flagellar
organization

FZR1 Phosphorylation Germ cells failed to enter meiosis I, can induce testicular deficiency and male infertility

GCP2 Phosphorylation Asthenospermia in clinic

HASPIN Phosphorylation Chromosome misalignments, spermatocyte apoptosis and decline in sperm counts, can induce
male infertility

HIPK4 Phosphorylation Defects in sperm head, can induce male infertility, and nonobstructive azoospermia in clinic.

IGFIR Phosphorylation Blocks sperm capacitation

mTOR Phosphorylation Block proliferation in spermatogonia and decline in sperm counts

PHB Phosphorylation, methylation ~ Meiotic arrest, can induce male infertility

Ly6k Glycosylation Disorder of sperm migration into the oviduct, can induce male infertility

Tex101 Glycosylation Disorder of sperm migration into the oviduct, can induce male infertility

GCNS5 Acetylation Induce male infertility and affect early embryogenesis

Zdhhc19 Palmitoylation Abnormal morphology of sperm head and sperm tail, decline in sperm motility and impaired in

fertilization function, can induce male infertility

AR, 2R B R e B B AL . B3Rk
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