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Packing for the journey
CHD5 remodels the genome
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Nearly 2 m of DNA is so tightly pack-
aged that it fits neatly within the nucleus
of each cell of our body. As if this was
not mind-blowing enough, the prob-
lem is intensified in the male germline,
as the nucleus of a sperm cell is about 6
times smaller than that of a somatic cell.
Sperm are highly specialized cells charged
with the sole responsibility of delivering
the paternal genome to offspring. Thus,
future generations depend upon the faith-
ful delivery device of the sperm. The
haploid genome of the father needs to be
intricately packaged so that it fits within
the confines of the sperm nucleus, and also
so the genome is protected from the harsh
environment that the sperm encounters
during its epic journey from the safety of
the testes, through the female reproduc-
tive tract, to its ultimate destination, the
receptive oocyte.

But how is this achieved? In mam-
mals, spermatogonial stem cells of the
testes multiply by repeated rounds of
mitosis and differentiate into primary
spermatocytes, ~ which  subsequently
undergo meiosis and become haploid
round spermatids. Post-meiotic round
spermatids inherit a nucleosome-based
haploid genome. During spermiogenesis,
nucleosomes are globally destabilized and
evicted, canonical histones are acetylated,
removed, and replaced by histone vari-
ants and testis-specific small basic pro-
teins called transition proteins, which are
ultimately replaced by the sperm-specific
basic proteins protamines. Thus, the
paternal genome is transformed from its
nucleosome-based structure into a tightly
packed toroid structure of mature sperm.'
The molecular mechanisms underlying
this repackaging are poorly understood,

as the process is currently understudied
due to its complexity and the lack of an
in vitro experimental system to study it.
While chromatin remodelers are con-
sidered crucial, no chromatin remodeler
had been characterized in the spermio-
genesic process, and the mechanics of the
equipment
been obscure. In a recent study, the chro-
matin remodeler Chd5 (Chromodomain
helicase DNA binding protein 5) was her-
alded as a master regulator that orches-
trates the faithful repackaging of the
sperm genome.’

Chd5 is a member of the CHD fam-

ily of chromatin remodelers that has

unpacking/repacking have

nucleosome-stimulated ATPase activity.?
Chd5 expression is restricted to post-
meiotic spermatids, peaking just as the
most dramatic chromatin remodeling
starts to take place. Deficiency of Chd5
in mice results in defective spermatid
maturation and sperm chromatin com-
paction, leading to reduced sperm counts
and motility, increased abnormal sperm
morphology, and male infertility, consis-
tent with the observation that low CHD5
expression correlates with spermatogenic
defects in humans. The defective com-
paction of chromatin in sperm lacking
Chd5 is due to a multifaceted disruption
of the histone-to-protamine replacement
process within developing spermatids.
Chd5 deficiency compromises histone H4
hyperacetylation, a hallmark considered
essential for initiating histone removal.
Chd5 deficiency also disrupts expression
of specific histone variants, key com-
ponents that facilitate removal of core
nucleosomal histones. Consistent with its
nucleosome-stimulated ATPase activity,
Chd5's absence compromises nucleosome
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eviction that normally follows H4 hyper-
addition, nucleosome
DNA  supercoiling
tension that is relieved through double-
stranded breaks, which must be repaired
to ensure genome integrity. Chd5 is cru-

acetylation. In
removal generates

cial for this process, as its deficiency aug-
ments DNA damage in both developing
spermatids and mature sperm, consistent
with Chd5’s role in activating the DNA
damage response in somatic cells. Chd5
deficiency also elevates the expression of
both transition proteins and protamines,
possibly to compensate for the faulty
histone retention. Chd5 binds to the
Protamine 1 gene and regulates its tran-
scription, while in concert mediates lev-
els of protamine 2, transition protein 1,
and transition protein 2, mainly post-
transcriptionally. These findings identify
Chd5 as the first chromatin remodeler
with an orchestrating role in the histone-
to-protamine remodeling process during
spermiogenesis. Chd5 controls the cascade
of molecular events underlying histone
removal and mediates the homeostasis
of transition proteins and protamines.
Deficiency of Chd5 leads to unwarranted
retention of nucleosomal histones and
augmented DNA damage, as well as aber-
rant accumulation of transition proteins
and protamines in spermatids and sperm,
abnormalities associated with male infer-
tility in humans.*> The cascade of defects
in H4 hyperacetylation, nucleosome evic-
tion, and DNA damage repair during
maturation of Chd5-deficient spermatids
also provides functional evidence elucidat-
ing the sequential order of these events.
Chd5 contains multiple functional
domains (ATPase, Helicase, PHD, chro-
modomains, SANT, and DNA binding
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Figure 1. Chd5 regulates chromatin remodeling in sperm. Following meiosis, haploid spermatids
develop into mature sperm (upper figure). Chromatin of round spermatids (left) contains canoni-
cal histones (blue, green) that are replaced with transition proteins (triangles) and ultimately prot-
amines (squares). Chd5 expression (brown) in round/elongating spermatids precedes histone H4
hyperacetylation (H4ac, yellow rectangle), initiating eviction of nucleosomes, resolution of DNA
supercoiling, and repair by the DNA damage response pathway (crossed lightning bolt). Loss of
Chd5 compromises H4ac, eviction of nucleosomes, expression of histone variants/transition pro-
teins/protamines, repair of DNA damage, culminating in jeopardized fertility. Schematic: Jim Duffy,
Cold Spring Harbor Laboratory.

motifs), which may permit its diverse
functions during spermiogenesis. Chd5
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regulating expression of specific genes.
RNA sequencing reveals that Chd5
might also mediate multiple processes by  deficiency affects expression of genes

implicated in chromosome organiza-
tion, DNA damage response, alternative
splicing, ubiquitin conjugation, etc., but
does not cause a major change in global
gene expression in spermatids. It is not
yet clear whether Chd5 directly regulates
these target genes. Questions also remain
as to the identity of the specific loci that
retain the abnormal nucleosomal histones
and the consequence on the developmen-
tal potency of the sperm. Future studies
that define the genome-wide distribution
of Chd5 and how this impacts nucleoso-
mal histones and specific histone modi-
fications in developing spermatids and
mature sperm should shed light on these
questions. In addition, further investiga-
tion of CHD5's role in human infertil-
ity might provide new avenues for better
diagnosis and treatment for compromised
male fertility. (Fig. 1)
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