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Zinc, an enzyme cofactor that can also be stored as a divalent ion in cellular vesicles, is 
emerging as an important mediator of signaling pathways. Zinc mediates cell signaling 
by acting both as a diffusible ionic signal, similar to calcium ions, and as a covalent 
modification of select proteins, similar to phosphorylation. Previous studies from our 
group have shown that a zinc flux, the movement of labile zinc ions (biologically 
available zinc) across a cell membrane, is required for terminal oocyte maturation, 
egg-to-zygote transition, and embryonic mitotic divisions. To test the hypothesis that 
zinc also regulates the development of early-staged ovarian follicles (primordial through 
secondary), we measured zinc concentration, distribution, expression of zinc 
transporters, and the effect of exogenous zinc treatment on folliculogenesis using 
multiple techniques, including X-ray fluorescence microscopy (XFM), radioactive zinc 
uptake, RNAscope hybridization, and immunofluorescent labelling.  Using XFM, we 
discovered zinc to be the most abundant transition metal within the oocytes of murine 
primordial, primary, and secondary staged follicles, and identified that total zinc levels 
increase throughout follicular development. Upon staining whole follicles for labile 
intracellular zinc, we observed different zinc concentrations between different 
primordial oocytes. Furthermore, zinc was located in different subcellular domains 
between different follicle classes. Specifically, primordial oocytes exhibited localized 
foci of zinc staining, while oocytes from primary and secondary follicles showed a 
diffuse staining pattern. We then quantitated zinc uptake into ovarian follicles using 
an in vitro radioactive zinc isotope assay. Zinc uptake per primordial follicle was 
statistically lower than primary follicles (60 million atoms vs. 4 billion atoms respectively) 
over a one-hour time period. To identify the transporters that mediate zinc uptake, we 
performed real-time PCR and RNAscope hybridization on isolated follicles and on 
ovarian tissue sections. We identified several zinc transporters that increase gene 
expression during folliculogenesis, including zinc importers ZIP1, ZIP6, ZIP10, and zinc 
exporters ZnT3, ZnT4, ZnT5. These results demonstrate that zinc is dynamically regulated 
during early follicle development. Finally, to determine whether zinc plays an instructive 
role on folliculogenesis, we performed exogenous treatment of zinc on neonatal mouse 
ovaries in an ex vivo model. We observed that zinc treatment increased markers of 
follicle progression, including cell proliferation, p-AKT expression, FOXO3a nuclear 
exclusion, and oocyte growth in primordial follicles. In light of these observations, we are 
currently examining whether in vivo zinc fluxes actively regulate early folliculogenesis. 
Taken together, this study has defined the major zinc physiological dynamics of early-
staged follicles and postulated zinc regulation to be a novel and incompletely 
understood mechanism for instructing early folliculogenesis.  This research is supported 
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