From capacitation to contraception, using phosphoproteomics to understand sperm signalling 
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Introduction. During their transit of the female reproductive tract (termed capacitation), sperm fertilisation competency is established through complex phosphorylation-mediated signalling. However, due to their transcriptionally and translationally suppressed state, spermatozoa are reliant on post translational machinery to drive the generation of new proteoforms, such as phosphorylated proteins, that support their function and survival.  Despite the fundamental nature of phosphorylation to male fertility, the phosphorylation networks governing this process in human sperm remain poorly defined.
Aims. To broaden therapeutic targets for sperm targeted contraceptives and infertility therapies, we adapted a contemporary phosphoproteomic technique termed EasyPhos to investigate human sperm signalling.
Methods. Phosphorylation enrichment, followed by liquid chromatography tandem mass spectrometry (LC-MS/MS) was performed on non-capacitated and capacitated sperm populations (n=5). In silico approaches were then used to predict sperm kinases regulating the phosphosites detected by LC-MS/MS. Commercially available kinase inhibitors were used to examine the role of predicted kinases in sperm function and in vitro fertilization. 
Results. This approach yielded high depth phosphoproteomes of non-capacitated and capacitated human spermatozoa, revealing >2000 phosphosites and 52 kinases with previously uncharacterized roles in sperm capacitation. Targeted pharmacological inhibition confirmed novel roles for several kinases in the regulation of sperm function. Polo like kinase 1 (PLK1) inhibition in human sperm significantly reduced progressive sperm motility, attenuated capacitation associated tyrosine phosphorylation and reduced the sperm acrosomal reaction, an essential step for fertilization. PLK1 inhibition in mouse sperm also significantly reduced in vitro fertilization of mouse oocytes. 
Discussion. This study revealed extensive phosphoproteome remodelling occuring during human sperm capacitation, including by the kinase PLK1. This publicly available phosphoproteome now greatly expands the arsenal of sperm targets available for contraceptive and infertility therapies.
