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Nuclear remodeling during spermatogenesis is cri�cal for fer�lity with implica�ons for germ-line epigene�c 
programing. However, the mechanis�c regula�on of nuclear dynamics and chroma�n remodeling during germ-
line morphogenesis to produce sperm is not well understood. Remodeling includes dras�c chroma�n 
rearrangements for unique transcrip�onal programing, meio�c recombina�on, and DNA repackaging in 
spermiogenesis. The later includes transi�ons of unique histone variants and PTMs impac�ng transcrip�on 
and chroma�n organiza�on. Here we explore the nuclear and molecular associa�ons for tes�s-specific ac�n 
related proteins (ARPs).   

ARP variants are known to contribute to soma�c chroma�n master regulatory complexes conserved in 
eukaryotes.  We and others have shown that the tes�s specific ARPs ACTL7A and ACTL7B are required for 
fer�lity impac�ng sperm structure through cytosolic and cytoskeletal contribu�ons in animals and humans.  
Here we report in vivo, in vitro, and in silico evidence for localiza�on to the nucleus. Step-specific spacio-
temporal IHC localiza�on, subcellular frac�ona�on westerns, and immuno-EM all provide evidence for 
temporally regulated nuclear localiza�on. A puta�ve nuclear localiza�on signal was iden�fied through in situ 
overexpression of specific ACTL7B domains.  We further iden�fied ACTL7B associa�ons with nuclear proteins 
including nuclear impor�ns, histones, and the chroma�n remodeling complex associated proteins.  These 
included RUVBL1/2 which are known components of nuclear chroma�n remodelers that also classically contain 
soma�c ARP variants.  Using AI facilitated in silico modeling approaches, we developed and validated a model 
of rela�ve ARP binding affinity with two dis�nct ARP containing domains in these complexes, and iden�fied 
site-specific associa�ons for ACTL7A and ACTL7B in the DNA associa�ng HSA domain of these large mul�meric 
nucleosomal regulatory complexes. We propose that through subunit swapping in otherwise conserved 
chroma�n regulatory complexes, novel tes�s-specific complexes are formed. Transcriptomic profiling of Actl7b 
KO tes�s revealed a general up-regula�on of transcripts with a notable change in tes�s-specific transcrip�on 
factors. Together these data suggest a role in sperma�d-specific chroma�n remodeling through epigene�c 
mechanisms. Nucleosomes are classically regulated through recogni�on of histone PTMs including acetyla�on. 
We had previously noted an increase in acetyla�on of tubulin and mislocaliza�on of the tubulin deacetylase 
HDAC6 in both Actl7a and Actl7b KO sperma�ds.  We show here that global acetyl-lysine nuclear localiza�on 
observed in WT sperma�ds is also absent. Addi�onally, in the absence of ACTL7A or ACTL7B there is a loss of 
intranuclear associated HDAC1 and HDAC3, which are known regulators of epigene�c associated histone 
acetyla�on changes that in turn regulate gene expression. From a holis�c perspec�ve of the data presented, 
herein we propose mechanis�c and structural models for tes�s-specific ARPs in germ-line nuclear chroma�n 
dynamics. Further inves�ga�on into the ARP-driven mechanisms regula�ng specific chroma�n states in the 



germline has exci�ng prospects in developing our understanding of heritability, specific disease states, and 
inter-genera�onal epigene�cs.   
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