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Abstract

The linker histones constitute the major proteins bound linker DNA, the DNA bridging nucleosome core
particles. The composition of the linker histone fraction is tissue- and species-specific, as well as
developmentally-regulated. As such, linker histones play a critical role in the higher-order packaging of
chromatin and thus inevitably in an impressive array of regulatory functions. Recently, we have uncovered
a mammalian oocyte-specific linker histone H1lfoo in the course of a differential screening project. Elucida-
tion of the full-length sequence of this novel 1.2 kb ¢cDNA led to the identification of a 912 bp open reading
frame. The latter encoded a novel 34 kDa linker histone protein comprised of 304 amino acid. Amino acid
BLAST analysis revealed H1foo to display the highest sequence homology to the oocyte-specific B4 histone
of the frog, the respective central globular (putative DNA binding) domains displaying 54% identity. Sub-
stantial homology to the cs-H1 protein of the sea urchin oocyte was also apparent. Northern blot analysis
documented H1foo transcripts to be uniquely expressed in whole ovarian material but not in any of twelve
non-ovarian tissues tested. In situ hybridization studies placed the H1foo mRNA exclusively in oocytes at
or beyond the primary-secondary follicle stage. H1foo protein localized to the intact germinal vesicle (GV)
of preovulatory oocytes, to the condensed chromosomes of ovulated oocytes arrested at metaphase (M) 1I
and to the first polar body. The pronuclei were both positive in 1-cell stage. Nuclear staining, however, was
reduced in 2-cell embryos and no longer detectable at the 4-cell stage of embryonic development. These
findings indicate oocyte-specific linker histones may play some roles on genome-wide reprogramming in
vertebrate eggs. The most distinctive feature of oocyte-specific linker histones is the specific timing of their
expression during embryonic development. In Xenopus nuclear transfer, somatic linker histones in the do-
nor nucleus are replaced with oocyte-specific linker histone B4, leading to the involvement of oocyte-
specific linker histones in nuclear reprogramming. We then tried to determine whether the replacement of
somatic linker histones with H1foo occurs during the process of mouse nuclear transfer. H1foo was de-
tected in the donor nucleus soon after transplantation. Thereafter, Hifoo was restricted to the chromatin in
up to two-cell stage embryos. After fusion of an oocyte with a cell expressing GFP (green fluorescent pro-
tein) -tagged somatic linker histone Hlc, immediate release of Hlc in the donor nucleus was observed. In
addition, we found that H1foo is more mobile than Hlc in living cells using fluorescence recovery after
photobleaching (FRAP) . The greater mobility of Hlfoo may contribute to its rapid replacement and the less
stability of an embryonic chromatin structure. These results suggest that rapid replacement of Hlc¢ with H1
foo may play a significant role in nuclear remodeling.Finally, we identified human H1foo using direct RT-
nested PCR of a single human oocyte.

Taken together, we conclude that the replacement of oocyte specific linker histones in the donor or
sperm nucleus leads to the less stable assembly of chromatin, and thus it might contribute to the assembly
of embryonic chromatin structures that are more easily replicated and transcribed when zygotic gene acti-
vation occurs.
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