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Figure 1 Timeline of research on histone-based epigenetic inheritance at the replication fork. The figure presents a historical timeline of key studies
on parental histone recycling at the replication fork across different eras. Representative data or model diagrams from landmark studies and reviews
are illustrated. Due to space limitations, not all significant contributions can be included, and we sincerely apologize for any omissions
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Figure 2 Cryo-EM analysis of yeast endogenous replisome complex containing parental histones. A—C: Cylindrical atomic models showing cryo-
EM views of three representative replisome complexes from different viewing angles with stably associated FACT-histone complexes. MCM subunits,
Ctf4, Tofl, Csm3, Mrcl, Sptl6, Pob3, and histones are color-coded and labeled accordingly; D-F: schematic illustrations depicting the histone
chaperone-histone-replisome complexes captured at the replication fork from different viewing angles, forming a histone recycling module. The
surface representations of Spt16, Mcm?2, and Tofl are overlaid in three different views to highlight their spatial arrangement. C: C-terminus; N: N-
terminus; ND linker: Spt16 NTD-DD linker; site1/2: Spt16-MD binding sites 1/2. Adapted from ref. [43] with copyright permission from Springer
Nature
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Figure 3 Predicted interaction interface between the fission yeast
Mrcl-like domain and (H3-H4), by AlphaFold-Multimer. Comparison
of the crystal structure of the nucleosome core particle (left) with the
predicted structure of the Mrcl-Like domain-(H3-H4), tetramer
complex (right). Adapted (reproduced) from ref. [75] with copyright
permission from Elsevier
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Figure 4 Model of parental histone recycling mechanism. In the DNA replication-coupled parental histone recycling process, histone chaperones
work together with various replisome components to complete the processes of nucleosome disassembly, parental histone recycling, transfer at the
replication fork, and reassembly nucleosome on newly synthesized daughter strand DNA. In this process, classical histone chaperones, such as FACT,
carry recycled histones and interact with different replisome components at the replication fork to form ternary complexes, ensuring that parental
histones are anchored in the fork region. We refer to FACT as the shuttle chaperone, while multiple replisome components with histone-binding
domains, which anchor at different locations of the replisome and guide the direction of histone transfer, are termed guiding chaperones. Together, the
shuttle chaperone-histones-guiding chaperone forms the PHRM to complete the recycling, transfer, and assembly of parental histones. Red squares
indicate different recycling modules. It is noteworthy that on daughter strands, the leading strand polymerase subunits Dpb3-Dpb4 and lagging strand
polymerase subunit Pol32 can directly bind histone H3-H4 and interact with their respective polymerase catalytic subunits, behaving more like shuttle
chaperones
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In eukaryotes, histone modifications serve as one of the primary carriers of epigenetic information, shaping the chromatin landscape
and regulating genome expression, which is fundamental for cellular function. During mitosis, daughter cells must inherit the
epigenetic landscape of the parent cell to maintain cellular identity. DNA replication-coupled nucleosome assembly is a critical step in
this process. During this process, parental histones are disassembled ahead of the replication fork and reassembled onto the newly
synthesized daughter strands, facilitating the transmission of epigenetic information. Thus, the disassembly and recycling of parental
histones ahead of the replication fork, as well as their transfer through the fork and reassembly onto the daughter strands, constitute
the core steps for the inheritance of histone-carried epigenetic information by daughter cells. In light of recent advances in
understanding parental histone recycling, this review highlights the mechanisms underlying parental histone inheritance. It provides
an overview of the historical research and recent progress in this field, focusing on the fate of parental histones during DNA
replication, their recycling onto nascent DNA strands, and their balanced distribution between the leading and lagging strands. In light
of recent progress, this review highlights the collaborative capture of disassembled parental histones by the histone chaperone FACT
at the replication fork and components of the replisome (primarily including the fork protection complex and the Mcm?2 subunit of the
replicative helicase). It elucidates the molecular mechanisms by which these histones are allocated and delivered to the two daughter
strands. Based on this, we propose the concept of a “shuttle chaperone-histones-guiding chaperone” unit as a functional module for
parental histone recycling, ensuring the effective inheritance of parental epigenetic information. Additionally, we discuss the
mechanisms of epigenetic information inheritance carried by histones H3-H4 and H2A-H2B, focusing on the hexameric structural
unit ((H3-H4),-(H2A-H2B)) captured by the endogenous replisome.
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