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Abstract: Eukaryotic transcription involves a complex interplay of protein factors that
dynamically engage with chromatin at distinct stages. Among these, the histone chaperone
FACT (Facilitates Chromatin Transcription) plays a unique role in nucleosome disassem-
bly and reassembly during transcription, replication, and repair. While its functional
importance is well established, the underlying structural mechanisms involved in these
activities remain incompletely understood. The remarkable functional versatility of FACT
in regulating genetic information processing likely stems from its distinctive structural
and mechanical properties. This review focuses on the structural organization of FACT
and analysis of the mechanisms involved in chromatin reorganization by this unusual
histone chaperone.
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1. Introduction
Eukaryotic chromatin represents a highly organized yet dynamic structure in which

DNA is wrapped around histone octamers to form repeating nucleosomal units [1]. These
nucleosomal structures not only enable genome compaction but also play a pivotal role in
regulating essential cellular processes, including transcription, DNA replication, and re-
pair [2] Access to genetic information by the transcriptional machinery is tightly controlled
through intricate chromatin remodeling mechanisms involving both covalent histone mod-
ifications and specialized protein complexes [3].

Among the factors governing chromatin dynamics, the histone chaperone FACT
(Facilitates Chromatin Transcription) stands out as a key regulator. Initially identified as
a factor enabling RNA polymerase II to overcome nucleosomal barriers [4], this highly
conserved complex exhibits a unique mode of action. Unlike ATP-dependent remodeling
complexes, FACT functions as a specialized chaperone helping RNA polymerase II to
partially dissociate H2A-H2B dimers without complete nucleosome disassembly during
transcription [5]. Subsequent studies have revealed its involvement in diverse nuclear
processes—from facilitating replication fork progression [6] to coordinating double-strand
break repair [7]. The multifunctionality of FACT is reflected in the proposed expansion
of its name to “Facilitates Chromatin Transactions” [8], emphasizing its central role in
chromatin-associated processes.

Recent structural insights [9] have elucidated the molecular basis of FACT-mediated
nucleosome reorganization, yet some key questions remain unresolved. In particular,
how a single complex participates in such diverse cellular processes while maintaining
functional specificity requires further investigation. This review focuses on our current
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understanding of the structural mechanisms underlying FACT-dependent nucleosome
reorganization, with special emphasis on its conformational dynamics and interactions
with chromatin components.

2. Structural Organization of the hFACT Chaperone
The hFACT complex represents an evolutionarily conserved heterodimeric assembly

that exhibits remarkable structural plasticity during nucleosome interactions (Figure 1A). In
mammalian systems, FACT comprises two principal subunits: SPT16 (Suppressor of Ty 16)
and SSRP1 (Structure Specific Recognition Protein 1), forming a stable complex with an
approximate molecular weight of 220 kDa [10,11]. SPT16 exhibits structural conservation
across eukaryotes, including yeast and humans. This multifunctional protein contains four
distinct domains: an N-terminal domain (NTD) that mediates interactions with H3-H4
histones [12]; a dimerization domain (DD) responsible for SSRP1 binding; a middle domain
(MD) involved in DNA contacts; and a C-terminal domain (CTD) that stabilizes chromatin
association [13].

Figure 1. Organization and functioning of human FACT. (A) Domain organization. NTD—N-terminal
domain, DD—dimerization domain, MD—middle domain, CTD—C-terminal intrinsically disordered
domain, IDD—intrinsically disordered domain, HMG—HMG box domain; P—phosphorylation sites.
Phosphorylation of SSRP1 reduces binding to DNA; Ac—histone acetylation; Ub—ubiquitinated H2B
(H2Bub). The dashed lines and semi-transparent objects indicate mobile domains. (B) FACT interacts
with intact nucleosomes. Upon partial uncoiling of nucleosomal DNA from the histone octamer in
the presence of CBL0137, an unfolded conformation is formed (C). Built with biorender.com.

In contrast to SPT16, the SSRP1 subunit displays significant interspecies variability.
Mammalian SSRP1 contains a high-mobility group (HMG) domain that specifically recog-
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nizes and bends DNA, as demonstrated by atomic force microscopy studies [9]. Notably, in
Saccharomyces cerevisiae, this function is compensated for by the independent Nhp6 protein,
which contains an HMG-like motif and functionally substitutes for the absent HMG do-
main in the yeast Pob3 subunit [14]. Cryo-EM structural analyses have revealed that SSRP1
facilitates nucleosome reorganization through its intrinsically disordered domain (IDD),
creating conditions for transient H2A-H2B dimer displacement while maintaining overall
nucleosome integrity [5]. This modular architecture enables FACT to adapt to diverse
chromatin conformational states, supporting its critical role in chromatin reorganization
during essential nuclear processes.

Transmission electron microscopy analysis reveals human FACT as a modular, four-
domain architecture adopting dynamic “closed” and “open” conformations [15]. In the
compact state, full-length FACT exhibits a 5–6 nm globular density corresponding to
SPT16-NTD—the largest structural module (~50 kDa)—positioned adjacent to three smaller
domains (SSRP1-NTD/DD-SPT16-DD, SSRP1-MD, and SPT16-MD) of comparable mass
(28–42 kDa). The truncation of SPT16-NTD eliminates this distinctive density while pre-
serving the remaining tripartite organization, demonstrating its peripheral yet structurally
autonomous positioning. These structural insights, detailed further in Section 4.3, demon-
strate how SPT16-NTD mobility facilitates nucleosome engagement.

3. Physiological Functions of FACT
Extensive studies have established the FACT chaperone as a central regulator of chro-

matin dynamics. Biochemical and structural analyses demonstrate the unique ability of
FACT to bind to all core histones, facilitating its involvement in essential nuclear pro-
cesses [5]. During transcription, FACT promotes RNA polymerase II progression through
nucleosomal barriers by transiently displacing H2A-H2B dimers while maintaining his-
tone octamer integrity, as revealed by single-molecule FRET studies [8,16]. Genome-wide
mapping approaches show the rapid recruitment of FACT to DNA damage sites, where
it facilitates chromatin decompaction for repair machinery access [7]. Replication studies
using Xenopus egg extracts demonstrate the cooperation of FACT with the MCM helicase
complex in nucleosome disassembly ahead of replication forks [6]. These pleiotropic func-
tions position FACT as a master coordinator of chromatin transactions, ensuring genome
integrity while dynamically regulating DNA accessibility.

3.1. FACT in Transcription: Dynamic Regulation of Chromatin for Gene Expression

The FACT complex serves as a critical modulator of transcriptional processes through
its unique ability to restructure chromatin architecture. Genome-wide localization studies
demonstrate that FACT subunits exhibit preferential enrichment at the transcription start
sites of active genes, where they facilitate the assembly of pre-initiation complexes by
altering nucleosome positioning [17]. This reorganization of promoter-proximal chromatin
creates accessible regions for transcription machinery binding, as evidenced by DNase I
hypersensitivity assays [18].

During transcriptional elongation, FACT maintains a physical association with RNA
polymerase II throughout transcribed regions [5]. Biochemical analyses reveal two distinct
modes of FACT operation during this process. The first involves transient RNA poly-
merase II-driven displacement of H2A-H2B dimers to enable polymerase progression,
supported by crosslinking studies showing the reduced stability of histone-DNA contacts
and increased DNA accessibility at nucleosomal entry/exit sites in FACT-depleted sys-
tems [19]. The second mode features FACT-mediated stabilization of partially unwrapped
nucleosomes without complete dimer removal (Figure 1C), as observed in single-molecule
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experiments [20,21]. These apparently contradictory mechanisms may represent context-
dependent responses to different nucleosomal barriers.

The functional consequences of FACT activity extend beyond transcription facilita-
tion. Quantitative chromatin immunoprecipitation experiments demonstrate that FACT
is essential for maintaining nucleosome positioning and histone composition following
transcriptional events [22]. This preservation of chromatin integrity is particularly crucial at
highly expressed loci, where FACT prevents complete nucleosome loss [23]. Furthermore,
FACT collaborates with chromatin remodelers such as SWI/SNF to activate transcription at
stress-responsive genes, suggesting a coordinated mechanism for rapid gene induction [24].

While FACT is most extensively characterized in RNA polymerase II (RNAP II)-
mediated transcription, it also plays roles in RNA polymerase I (Pol I) and III (Pol III)
systems, facilitating ribosomal RNA and tRNA synthesis, respectively [25]. The distinct
effects of SSRP1 versus SPT16 depletion on gene expression profiles further suggest subunit-
specific regulatory functions. For example, Garcia et al. [26] demonstrated that SSRP1
knockdown preferentially disrupts the expression of pro-proliferative and oncogenic genes
(e.g., MYC, CCND1), while SPT16 depletion predominantly affects chromatin organization
and DNA repair pathways. This functional divergence—where SSRP1 modulates tran-
scriptional programs linked to cell growth and transformation, whereas SPT16 maintains
chromatin integrity—underscores the complexity of FACT’s involvement in transcriptional
regulation across polymerase systems.

3.2. FACT Complex in DNA Replication: Maintaining Chromatin Integrity

The FACT complex plays an indispensable role in DNA replication by maintaining
chromatin integrity during fork progression. Genetic studies in Saccharomyces cerevisiae
first revealed the essential nature of the FACT subunits Pob3 and Spt16, demonstrating
their physical interaction with DNA polymerase α and their requirement for both DNA
synthesis and transcription [27–29]. Subsequent work in metazoans established that FACT
associates with active replication forks, where it facilitates nucleosome disassembly ahead
of the fork and promotes rapid reassembly behind it, ensuring chromatin survival dur-
ing DNA synthesis [30,31]. This replication-coupled nucleosome recycling is critical for
preserving epigenetic information during S phase. Mechanistically, FACT collaborates
with the MCM helicase complex to unwind chromatinized DNA [32], while its interaction
with the replisome ensures the proper processing of parental histones [33]. The FACT
complex maintains normal replication fork progression by mitigating nucleosomal barriers
and facilitating chromatin reorganization, thereby reducing indirect sources of torsional
stress. This process works in concert with topoisomerases, which directly resolve DNA
supercoiling. The depletion of FACT leads to fork stalling and genomic instability [6,34],
likely due to unaddressed chromatin compaction hindering fork movement, even in the
presence of functional topoisomerases.

Post-translational modifications regulate FACT replication functions. Ubiquitination
by the cullin-E3 ligase Rtt101 targets FACT to replication forks [35], while its cooperation
with the deubiquitinase Ubp10 modulates H2B ubiquitination dynamics during chromatin
reassembly. These modifications create a precise spatiotemporal control system ensuring
FACT activity is coordinated with fork progression. Notably, FACT shows differential
interactions with leading and lagging strand machinery [35], suggesting specialized roles
in handling the distinct chromatin challenges posed by each replicative strand.

The dual functionality of FACT in both transcription and replication creates potential
conflicts during the S phase. Cells resolve this through the tight regulation of FACT recruit-
ment, with replication taking precedence when forks encounter transcribed regions [36,37].
This prioritization reflects the essential nature of FACT replicative functions; while tran-
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scription requires chromatin opening, replication demands the complete disassembly and
faithful restoration of nucleosomal arrays. The complex thus acts as a central coordina-
tor of chromatin dynamics during genome duplication, bridging the gap between the
DNA synthesis machinery and the epigenetic landscape [30,31]. Future studies using
engineered replication systems should help to elucidate how multiple activities of FACT
are integrated during fork progression and how its dysfunction contributes to replication
stress-related diseases.

3.3. FACT Complex and Post-Translational Modifications: A Dynamic Regulatory Network

The functional versatility of the FACT complex in chromatin transactions is critically
regulated through post-translational modifications (PTMs) of both its subunits and associ-
ated histones (schematic on Figure 1A). The phosphorylation of SSRP1 by casein kinase 2
(CK2) serves as a molecular switch, reducing its DNA-binding affinity while promoting
recruitment to damaged chromatin [38]. This modification exemplifies how PTMs can
spatially and temporally control FACT activity, with CK2-mediated phosphorylation being
particularly important during the DNA damage response. Concurrently, FACT interac-
tion with modified histones creates a sophisticated regulatory layer. The complex shows
preferential binding to ubiquitinated H2B (H2Bub), a modification that facilitates nucleo-
some reorganization during transcription and repair [39]. Structural studies reveal that the
FACT middle domain specifically recognizes H2Bub through a conserved binding interface,
enabling the targeted reorganization of modified nucleosomes [39].

The interplay between FACT and histone acetylation marks further expands this
regulatory network. FACT demonstrates functional synergy with H3K56ac, a modification
enriched at transcriptionally active loci and replication forks [13]. This interaction maintains
the chromatin architecture independently of transcription, suggesting FACT acts as a
molecular interpreter of acetylation signals [13]. Similarly, methylation marks influence
FACT dynamics, with SETD2-mediated H3K36me3 coordinating FACT recruitment during
transcriptional elongation [40]. The complex ability to “read” these modifications while
preventing their scrambling during chromatin disassembly and reassembly is crucial
for epigenetic memory [41]. Notably, recent work has identified a ubiquitin-dependent
regulatory axis involving OTUD5 and UBR5 that controls FACT activity at damaged
chromatin, adding another layer to the already complex PTM-mediated regulation of
FACT [42,43].

The mechanistic implications of these PTM networks are profound. First, they estab-
lish FACT as a central node in the crosstalk between chromatin modifiers and remodelers.
Second, they provide a means for the context-specific regulation of FACT chaperone activ-
ity. For instance, phosphorylation–dephosphorylation cycles may dictate whether FACT
participates in transcription, replication, or repair processes [38]. Finally, these modifi-
cations likely contribute to the paradox of FACT being both a stabilizer and destabilizer
of nucleosomes—a duality that may be resolved by considering the PTM status of both
histones and FACT itself. Understanding this intricate regulatory landscape remains chal-
lenging but essential, as perturbations in these pathways are increasingly linked to disease
states, particularly in cancer where both FACT overexpression and aberrant PTM patterns
are frequently observed.

3.4. FACT Complex in DNA Damage Repair: Chromatin Reorganization for Genome Stability

The FACT complex plays a pivotal role in DNA damage repair by modulating chro-
matin dynamics at lesion sites. Its recruitment to DNA breaks is facilitated by the phospho-
rylation of SSRP1 [44] and PARylation-dependent histone eviction [45], creating accessible
chromatin for repair machinery. FACT coordinates multiple repair pathways: in homolo-
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gous recombination, it promotes RAD51 loading and end resection [46] while interacting
with RNF20 to regulate H2B ubiquitination [47,48]; in excision repair, it assists lesion
recognition through SSRP1-XPC interactions [49] and enhances base excision repair via
chromatin reorganization [50].

A key feature of FACT function is its ability to preserve epigenetic information during
repair. By stabilizing modified histones like γH2AX [7,51] and maintaining H2B ubiqui-
tination patterns [47,48], FACT ensures accurate chromatin restoration post-repair. This
epigenetic safeguarding is crucial for maintaining genomic stability and preventing aber-
rant gene expression.

Despite the recent progress, fundamental questions remain about how FACT activities
are regulated in different chromatin contexts. Future studies combining advanced imaging
with engineered FACT variants will be essential to unravel these mechanisms. Understand-
ing FACT’s multifaceted role in DNA repair not only advances basic science but also opens
new avenues for targeting genomic instability in disease.

4. FACT Complex in Chromatin Homeostasis
4.1. A Master Regulator of Nucleosome Dynamics

The FACT complex operates as a central architect of chromatin integrity, employing
unique mechanisms to both destabilize and preserve nucleosome structure. Structural
analyses (Section 4.3) demonstrate FACT’s ability to stabilize partially unwrapped nucleo-
somes, preserving epigenetic memory. [21]. This “controlled destabilization” enables FACT
to perform its dual functions: facilitating transcriptional elongation while maintaining
epigenetic memory.

At the single-nucleosome level, FACT exhibits remarkable mechanical flexibility.
Through multiple weak but cooperative interactions with histones H2A-H2B and H3-
H4, the complex can either stabilize nucleosomes against spontaneous unwrapping or
promote targeted disassembly when required for DNA-templated processes [52,53]. This
bidirectional control depends on the post-translational modifications of both histones and
FACT subunits, creating a responsive system that adjusts chromatin accessibility according
to cellular needs. The ability of the complex to tether displaced histones to partially dis-
assembled nucleosomes [54] explains how FACT maintains nucleosome integrity during
transient unwrapping events that accompany transcription and repair.

The physiological implications of these molecular activities are profound. By main-
taining the balance between chromatin accessibility and stability, FACT ensures the proper
regulation of DNA-dependent processes while preventing catastrophic nucleosome loss.
Disruption of this equilibrium leads to either excessive chromatin compaction or uncon-
trolled histone eviction, both associated with genomic instability. These findings position
FACT not merely as a chaperone, but as an active modulator of chromatin states that
responds to and integrates various cellular signals to preserve nucleosome homeosta-
sis [21,53].

4.2. Nucleosome Recognition and Reorganization by the FACT Complex

The interaction between FACT and nucleosomes constitutes a sophisticated, multi-step
process that orchestrates dynamic chromatin reorganization. Structural studies (Sections 2
and 4.3) reveal that the SPT16 and SSRP1 subunits establish extensive contacts with all com-
ponents of a nucleosome—DNA, the (H3-H4)2 tetramer, and H2A-H2B dimers—including
SSRP1-HMG-induced DNA bending (Figure 1A) [5,12]. Notably, the HMG domain of
SSRP1 selectively binds to the DNA minor groove, inducing localized bending of the dou-
ble helix that facilitates the subsequent engagement of SPT16 with the histone octamer [13].
Unlike passive nucleosome binders, FACT actively stabilizes transitional chromatin states,
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including “hexasomal” particles lacking one H2A-H2B dimer [9]. This sophisticated bind-
ing mechanism enables FACT to mediate controlled nucleosome destabilization without
complete histone dissociation in an ATP-independent way—a distinct feature that sets
it apart from canonical ATP-dependent remodelers [14]. Crucially, FACT’s capacity for
reversible nucleosome disassembly and reassembly is indispensable for regulating DNA
accessibility during transcription, replication, and repair [55], underscoring its pivotal role
in nuclear processes.

4.3. Mechanisms of Nucleosome Unfolding by FACT: Structural Insights

Building on earlier cryo-EM findings (Section 2), recent work has refined our under-
standing of FACT-mediated nucleosome reorganization. Human FACT binds asymmet-
rically to nucleosomes, with SPT16-MD engaging H2A-H2B and SSRP1-HMG bending
in DNA ~40 bp from the dyad [21]. This binding pattern creates torsional stress that
destabilizes approximately one-third of the nucleosomal DNA while leaving the remaining
structure intact.

The unfolding mechanism appears conserved yet adaptable across species. Compara-
tive EM studies of yeast and human FACT demonstrate similar overall architectures but
reveal species-specific differences in DNA interaction patterns [56]. Yeast FACT (yFACT)
requires the auxiliary factor Nhp6 for efficient nucleosome engagement, while human
FACT achieves comparable destabilization through intrinsic domains. Both systems gen-
erate partially unfolded intermediates (Figure 1B) where approximately 50 base pairs of
DNA become detached from the histone core, as quantified by EM image analysis [56].
This partial unfolding might be a universal intermediate state during FACT-mediated
chromatin reorganization.

Curaxins, small molecules that destabilize nucleosomes, provide important insights
into the mechanism of nucleosome unfolding by FACT. High-resolution EM structures of
FACT–nucleosome complexes treated with the curaxin CBLC137 show enhanced DNA
unwrapping compared to untreated samples [15]. The drug appears to stabilize FACT
in a conformation that promotes more extensive DNA detachment, particularly at the
entry/exit sites. Biochemical assays demonstrate that curaxin treatment increases FACT
affinity for nucleosomes by approximately 3-fold while reducing the energy barrier for
unfolding by 40%, suggesting a cooperative binding mechanism [15]).

Three distinct stages of FACT-mediated unfolding emerge from these studies:

(1) Initial engagement through asymmetric contacts with histones and DNA;
(2) Local DNA distortion leading to partial unwrapping;
(3) Stabilization of a metastable unfolded state.

The process appears ATP-independent but requires precise coordination between
FACT subunits. Mutational analysis identifies key residues in the SPT16 acidic pocket that
are essential for maintaining the unfolded state [21]. The disruption of these interactions
prevents complete nucleosome reorganization while preserving initial binding.

Notably, FACT maintains contact with displaced histones throughout the unfolding
process (Figure 1C), differing fundamentally from ATP-dependent remodelers that com-
pletely eject histones [56]. This “histone-retention” mechanism may explain FACT’s ability
to rapidly restore the nucleosome structure after polymerase II passage during transcription.
The emerging model positions FACT as a molecular stabilizer of transient chromatin states
rather than a conventional remodeling motor.
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4.4. FACT Complex as a Chromatin Plasticity Modulator in Cell Identity Transitions (Cell
Fate Determination)

The FACT complex contributes to cell identity regulation primarily through its role in
maintaining chromatin plasticity during transcription and replication, rather than acting
as a direct driver of pluripotency. While FACT facilitates nucleosome reorganization at
pluripotency loci (e.g., enabling Oct4 binding [57]), its function is mechanistically distinct
from core transcription factors like Oct4 or Sox2, which directly activate lineage-specific
programs. Instead, FACT acts as a chromatin accessibility hub, supporting transcriptional
and epigenetic remodeling during cell state transitions. For instance, during reprogram-
ming, FACT collaborates with transcription factors by resolving nucleosomal barriers at
pluripotency gene promoters, allowing pioneer factors to access DNA [57–60]. This indi-
rect role is further evidenced by its dispensability in maintaining established pluripotent
states [58] contrasting with the essential, continuous requirement for Oct4.

FACT’s involvement in DNA replication and repair also indirectly impacts cell identity.
By preserving epigenetic information during the S phase [6,31] and ensuring chromatin
restoration post-DNA damage [7,51], FACT safeguards genomic and epigenetic stability—a
prerequisite for faithful cell fate transitions. Thus, while FACT does not directly specify lin-
eage programs, instead, its multifaceted chromatin regulatory functions create a permissive
environment for transcription factors to execute cell identity changes.

Beyond pluripotency, FACT orchestrates lineage-specific differentiation through selec-
tive chromatin reorganization. In osteoblast differentiation, SSRP1 regulates Wnt signaling
by mediating β-catenin recruitment [61], while in macrophage development, FACT part-
ners with TRIM33 to remodel distal regulatory elements [62]. These context-dependent
functions demonstrate FACT’s versatility in interpreting differentiation signals through
chromatin reconfiguration. The ability of FACT to interact with lineage-determining fac-
tors suggests that it acts as a chromatin adaptor that translates developmental cues into
epigenetic changes.

Key questions remain regarding how post-translational modifications regulate FACT
activity in different cellular contexts and how its various protein partnerships dictate
specific differentiation outcomes. Addressing these questions could provide new insights
into manipulating cell identity for regenerative medicine applications. The dual role of
FACT in both maintaining and reshaping chromatin states positions it as a central player in
cell fate transitions, making it a promising target for controlling cellular plasticity.

4.5. Perspectives and Unresolved Questions in FACT-Mediated Nucleosome Unfolding

The current understanding of FACT-mediated nucleosome reorganization presents
several intriguing paradoxes that warrant further investigation. While cryo-EM studies
have established the structural framework for partial DNA unwrapping [21], the precise
energetic determinants of this process remain controversial. The observed 40% reduction in
the unfolding energy barrier with curaxins [15] suggests cooperativity in FACT–nucleosome
interactions, yet the molecular basis for this cooperativity lacks definitive explanation.
Alternative models propose that FACT may function as a “molecular wedge” creating
localized stress points [56], while others emphasize its role as a dynamic scaffold stabilizing
multiple transitional states [23]. This dichotomy reflects deeper questions about whether
the primary function of FACT involves the active destabilization versus passive stabilization
of chromatin intermediates.

Species-specific differences between yeast and human FACT systems raise addi-
tional mechanistic questions. The strict Nhp6-dependence in yeast [56] contrasts with
the autonomous activity in human FACT, suggesting either divergent solutions to similar
structural challenges or fundamentally distinct biological requirements. Recent single-
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molecule studies hint that these differences may reflect varying demands for processivity
versus precision in different transcriptional contexts. Furthermore, the physiological rele-
vance of observed in vitro unfolding intermediates remains debated, particularly regarding
whether the 50 bp DNA detachment [56] represents a universal functional state or an
experimental artifact.

Key unresolved questions include the following:

(1) How does FACT coordinate with other chromatin remodelers in vivo given its unique
histone-retention mechanism?

(2) Does partial unfolding represent the endpoint or intermediate in physiological con-
texts?

(3) How do post-translational modifications alter FACT unfolding energetics?

Comparative analysis of yeast and human FACT reveals functional differences that
may reflect adaptation to distinct genomic architectures [29,56]. While yeast FACT strictly
requires Nhp6 for activity [29], human FACT operates autonomously [6], suggesting either
divergent mechanisms or context-specific regulation. Single-molecule studies reveal vary-
ing processivity—from sustained engagement at ribosomal genes to transient interactions
at stress-responsive loci [63]—but the physiological relevance of the observed intermediates
(e.g., 50 bp DNA detachment) remains to be substantiated with other methods.

5. Conclusions
The structural and mechanistic studies of FACT summarized in this review have

fundamentally advanced our understanding of chromatin plasticity. Cryo-EM has been
instrumental in defining FACT’s histone-retention mechanism (Sections 2 and 4.3) [21].
This ATP-independent process is conserved yet adaptable across species [56], positioning
FACT as a master regulator of chromatin accessibility during transcription, replication,
and repair.

Three principal findings have emerged from these investigations:
First, FACT displays remarkable functional plasticity across different nuclear processes.

During transcriptional elongation, it facilitates RNA polymerase II progression through
transient H2A-H2B dimer displacement while preventing complete nucleosome dissoci-
ation [5]. At replication forks, it coordinates the transfer of parental histones to newly
synthesized DNA, maintaining epigenetic information through cell division [6]. These
activities all occur while preserving core histone modification patterns, as demonstrated by
quantitative proteomic analyses [53].

Second, comparative studies between yeast and humans highlight functional differ-
ences, underscoring FACT’s adaptation to distinct biological contexts [6,29]. Evolutionary
conclusions require the inclusion of outgroups (e.g., plants or Xenopus) for validation.
The essential requirement for Nhp6 in yeast FACT contrasts sharply with the autonomous
activity observed in mammalian systems [29]. This difference likely reflects adaptation to
distinct genomic architectures and regulatory demands between unicellular and multicellu-
lar organisms.

Third, the sensitivity of the complex to small-molecule inhibitors has revealed po-
tential therapeutic vulnerabilities. Curaxins and related compounds specifically disrupt
FACT–chromatin interactions by competing for histone binding surfaces [55]. This pharma-
cological profile suggests that the targeted modulation of FACT activity may be achievable
in clinical contexts.

Key unresolved questions regarding the mechanism of nucleosome reorganization by
FACT include the following: the structural basis of its nucleosome recognition specificity,
regulation by post-translational modifications, and functional interplay with other chro-
matin modifiers in vivo. Addressing these questions will require time-resolved structural
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approaches, single-molecule imaging in native chromatin contexts, and cellular systems
with engineered FACT variants. Such studies should clarify how FACT maintains the
crucial balance between chromatin accessibility and stability during nuclear processes,
while preserving histone integrity—a unique capability among chromatin remodelers that
continues to challenge our understanding of epigenetic regulation.
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