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Opinion






Adenosine 5'-monophosphate activated protein kinase (AMPK) is a key enzymatic protein involved in linking the energy sensing to the many metabolic pathways and that has been recently shown to control male gonad and spermatozoa functions. It is indeed involved in the regulation of semen quality through its action on the proliferation of testicular somatic cells on spermatozoa motility and acrosome reaction. It also favors spermatozoa quality through the management of lipid peroxidation and antioxidant enzymes. AMPK is a heterotrimeric serine/threonine protein kinase consisting of one catalytic subunit (α) and two regulatory subunits (β and γ) that exist as multiple isoforms and splice variants, resulting in the generation of twelve possible heterotrimeric combinations. The well-conserved genes encoding these subunits are found in the genomes of essentially all eukaryotes, including protists, fungi, plants, and animals. AMPK regulates metabolic energy balance at the whole-body level by responding to hormones and nutrient signals, which leads to changes in energy homeostasis [1].






Phosphorylation of a specific threonine residue (Thr172) of the a-subunit is crucial for AMPK activity. Once activated by falling energy status, it promotes ATP production by increasing the activity or expression of proteins involved in catabolism (for example, glucose uptake, glycolysis, fatty acid oxidation and mitochondrial biogenesis). It does so while conserving ATP by switching off biosynthetic pathways such as the synthesis of fatty acids, triglyceride, cholesterol, glucose (via gluconeogenesis) or glycogen [2]. AMPK has been detected in male germinal cells in 2000 by Cheung et al. [3]. AMPK activity in male germinal cells was then presented in 2008 by Towler et al. [4]. The presence of AMPK, especially in its active form, phospho-AMPK-Thr172, was highlighted in different parts of sperm, depending on the species, like in the acrosome, the sub-equatorial segment of the head and in the intermediate part, the midpiece, and along the tail of the flagellum [5]. The localization of phospho-AMPK in sperm flagellum suggests that it acts through the phosphorylation of protein substrates involved in the functioning of the axoneme central apparatus that is essential for flagellar motility.



The mechanism was demonstrated for a testicular AMPK- related kinase: TSSK2 (Testis-Specific Serine Kinase 2). TSKK2 phosphorylates SPAG16L, a protein of the axoneme central apparatus which is essential for spermatozoa flagellar motility [6-7]. Therefore, the AMPK distribution profile in spermatozoa cells suggests that it promotes in different ways both motility and acrosome reaction. The absence of AMPKa1 genes in testicular somatic cells has led to a 25% reduction in male fertility, associated with abnormal spermatozoa with a thin head, decreases spermatozoa production, as well as a reduction in mitochondrial membrane potential, a lower basal oxygen consumption, decreased testosterone secretion through a reduction in cholesterol transport into the mitochondria and decreased conversion of progesterone into androstenedione [8]. AMPK activation in spermatozoa influences motility, acrosome reaction and spermatozoa ability to successfully fertilize the oocyte.



AMPK is also implicated in the mitochondrial membrane potential, spermatozoa plasma membrane fluidity and organization, and acrosome integrity [5]. AMPK appears to be also involved in the mechanisms protecting the cells against toxic effects of ROS [9]. In cryopreserved semen, the activation of AMPK reduces ROS and LPO production and increases antioxydant activity [10]. Activation of AMPK could counteract the negative effects of oxidative stress by reducing superoxide anion, protein carbonyl, or NAFLD [11]. AMPK may increase the levels of intracellular NADPH in different ways: by the activation of the oxidation of fatty acids and by the inhibition of fatty acid synthesis to neutralize the cytotoxic ROS or through pentose phosphate pathway [12,13].


Conclusion








It is seems likely that the appearance of the AMPK system was a very important event in the development of the male production. It
is also involved in spermatozoa functions: in motility and acrosome reaction as well as in the energy and redox capacities in order to regulate cellular processes necessary for successful fertilization. Its role in the regulation of antioxidant defenses of the cell particularly affects the in vitro retention capacity, which is especially solicited during the freezing of semen. From a broader point of view, AMPK could become a therapeutic target for limiting infertility and improving biotechnologies of artificial insemination and semen conservation.
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