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1. Introduction:

RNA polymerase II (RNAP II)-dependent genes require an orderly
sequence of events leading to initiation, elongation, and termination for
productive transcription to occur. The RNAP II machinery is assembled
into a preinitiation complex (PIC) prior of transcription initiation.The
general transcription factors (GTFs) TFIIB, TFIIE, TFIIF, and TFIIH are
sequentially recruited once the general transcription factor TFIID binds to
the core promoter to initiate 1PIC assembly. The connection of Mediator,
the elongation factor P-TEFb, the bro-modomain protein BRD4, and
RNAPII completes PIC assembly.1-4 When the PIC is completed, The first
NTPs are included to begin transcription. The C-terminal domain (CTD)
of RNAP II is phosphorylated by a sequence of kinases that phosphorylate
it during the transition from initiation to productive elongation. These
kinases are CDK7/TFIIH, which phosphorylates Ser5 of the CTD heptad
repeat, BRD4, which phosphorylates Ser2, and CDK9/PTEFb, which
phosphorylates Ser5/2 during elongation.5. These several instances of
phosphorylation provide a platform on the CTD.for the enlistment of
several complexes required for maturation and processing of developing
RNA.5-7 It is well recognized that a series of events is required for the
commencement and extension of productive transcription, but little is
known about the regulatory mechanisms that guarantee that each stage is
successfully finished before the subsequent one starts. According to recent
research, TAF7, a transcription factor, is essential for this control.Either
the TATA binding protein (TBP) or a TBP-related protein (TRF1, TRF2,
TRF3) along with more than a dozen TBP Associated Factors (TAFs)
make up the TFIID complexes that bind to the core promoter.1,8-10 TAF7
is a 55 kDa protein that is one of the TAFs present in the TFIID complex.
TAF7 was once believed to be only a structural element of TFIID, but
research from our laboratory has shown that it also plays a far wider role
as an enzyme activity regulator, controlling the activities of several other

enzymes necessary for transcription initiation. Our current understanding
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of TAF7, its relationships with other transcription factors, and its function
in controlling transcription initiation and cellular proliferation is outlined

in the sections that follow.

2. TAF7 Controls the Start of Transcription

TAF7 and TAF1 are bonded within TFIID.Only the 250 kD TAF1 exhibits
enzymatic activity among the TAFs; it possesses an acetyl-transferase
activity, two different kinase activities, and mapping to the amino- and
C-terminal domains.11,12 TAF1 itself serves as a substrate for TAF1
kinase activity.as well as TAF7.11,13 Though its biological substrate is still
unknown, TAF1’s intrinsic acetyl trans-ferase (AT) activity is crucial for
transcription in both vitro and in vivo. Even though it has been discovered
that TAF1,14, and 15 have acetylated the histone H3 linked to the cyclin
D1 promoter on K9 and K14, histones may not be the functionally
significant target of TAF1AT activity. In fact, transcription of bare DNA
in vitro requires TAF1 AT activity.16 TAF7 and TAF1 interact through the
AT domain of TAF7 as well as the RAPiD domain, which is also where
the TFIIF RAP70 subunit interacts. Our initial research showed that
TAF7 binding to TAF1 impairs TAF1’s crucial AT therefore preventing
the commencement of transcription. In vitro and in vivo, exogenous
TAF7 inhibited the expression of an MHC class I gene that was TAF1-
dependent.17 A recent work that demonstrated that TAF7 overexpression
inhibits the production of the cyclin D and cyclin A genes and represses
TAF1 AT activity supported and expanded on these findings.18The
canonical TFIID holocomplex is transcriptionally suppressed because
TAF7 binding to TAF1 reduces the AT activity necessary for transcription.
This begs the contradictory question: if TFIID is dormant, how does
transcription begin? Two possibilities exist: Before PIC assembly, either
1) TAF7 separates from TFIID or ii) TAF7 staysconnected to TFIID during
PIC assembly but is later freed. We have demonstrated that the latter is
true: TAF7 is released from the PIC concurrently with initiation and upon
completion of assembly.

Thirteen As a result, TAF7 functions as a negative regulator of the initial
stage of transcription initiation and may delay premature or abortive
start until all prerequisite elements are present.The discovery that TAF7
is released from TFIID implies that TFIID is a highly dynamic complex
as opposed to the static, architectural one that was previously thought to
exist.Not all transcription is TAF1 reliant, even if TAF7 controls TAF1-
dependent promoters. For instance, only 54% of the RNAs in the HEK293
kidney fibroblast line require TAF1.Notably, within the same cells,
65% of Transcripts require TAF7.19 A subgroup of genes is therefore
TAF7-dependent but TAF1-independent. Similar differences have been
observed in yeast, where TAF7 controls 27% of the transcripts whereas
TAF1 is only necessary for 14% of them.20 What TAF7 targets in TAF1-
independent transcription is thus raised. A well-characterized instance
of TAF1-independent transcription is the transcription of MHC class [
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genes triggered by y-interferon. Translation of the basal MHC class I gene
is reliant on TAF1. However, class I transcription becomes independent
of TAF1 once cells are treated with y-interferon (IFN). The IFN-induced
transcriptional co-activator, CIITA, takes over its functions. CIITA
contains AT activity, just like TAF1. Additionally, it interacts with TAF6,
TAF9, and TAF19, indicating that CIITA might form a structure like
TFIID. These features enable CIITA to get around the need for TAF1.21
Crucially, TAF7 binds to CIITA, suppressing transcription and preventing
its AT action. Therefore, TAF7’s control over transcription initiation goes
beyond how it affects TFIID.Remarkably, TAF7 independent genes make
for 31% of the TAF1-dependent genes. It is yet unknown what controls
these genes’ transcriptional initiation.

3. The Major RNAP IICTD Kinases Are Regulated by TAF7

Apart from controlling TAF1, TAF7 also engages in interactions,
modulates, and is modulated by the kinases that phosphorylate the
RNAP II CTD in the first stages of transcription. Repeats of the
heptamer Y1S2P3T4S5P6S7 make up the CTD; the number of repeats
varies depending on the organism (26 in yeast, 52 in mammals).CDK7/
TFIIH, BRD4, and CDK9/PTEFb, respectively, phosphorylate the CTD
Ser5/7, Ser2, and Ser5/2 residues. This is required for the recruitment of
several complexes involved in nascent RNA processing. At the earliest
stage of transcription initiation, when RNAPII is still at the promoter
and concurrent with the production of the initial oligo-nucleotides,
CDK7/TFIIH phosphorylates Ser5. BRD4 phosphorylates Ser2 before
the switch to efficient extension. CDK9/PTEFb mediates further Ser5/2
phosphorylation during elongation.5, 6Tropically, TAF7 interacts to
all three CTD kinases and inhibits them.5,22 The inhibition of TAF7
is exclusive to these kinases as well as the CTD substrate. It increases
the PTEFb phosphorylation of SPTS5, a part of the DSIF complex that
transitions early in transcription from a negative to a positive regulator,
but it has little effect on CDK2, a minor CTD kinase.22, 23 Although
TAF7 binding controls the activity of the CTD kinases, TAF7 is also
phosphorylated by the three CTD kinases: P-TEFb phosphorylates TAF7
in its central domain, while CDK7 and BRD4 phosphorylate TAF7 in its
C-terminal domain (unpublished data).

13, 24Additionally, TAF7 is phosphorylated.by TAF1, which causes TAF7
to be released from TFIID when transcription starts.13, 18 While TAF1
phosphorylates TAF7 at several locations, new data indicates that TAF7
Ser264 is the primary site.18 Every one of these kinases phosphorylates
TAF7, which in turn affects the kinase’s subsequent capacity to inhibit
the other CTD kinases. This results in a regulatory cascade that maintains
an ordered progression through the transcription initiation steps.24
Drawing from these findings, we have postulated that TAF7 is a crucial
transcriptional regulator, acting as a checkpoint regulator that modifies
the enzymatic activities necessary for transcriptional initiation and
clongation, guaranteeing that each stage of the process is finished before
moving on to the subsequent one. TAF7 controls the transcription of both
TAF1-dependent and -independent genes, as was already mentioned. It is
yet unknown which general mechanism(s) TAF7 uses to control TAF1-
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independent genes. Nonetheless, one potential regulation mechanism is
provided by TAF7’s interaction with the main RNApolymerase 11 CTD

kinases.

4. Transcripts Required for TAF7-dependent Cell Proliferation

Not all transcription is TAF7 dependent, as was already mentioned. T cell
maturation in the peripheral and thymus provided us with a perfect model
system to study.whether proliferating cells or differentiating cells were
correlated with TAF7-dependent transcription. Thymocyte differentiation
phases are identified by the expression of two co-receptor molecules on the
cell surface, CD4 and CDS8. Double negative thymocytes, or DN, are the
most immature thymic precursors; they do not express either CD4 or CDS.
After the T cell receptor B gene (TCRP) is rearranged, DN thymocytes
proliferate rapidly and develop into “double positive” (DP) thymocytes,
which express both CD4 and CDS8. Without additional proliferation,
DP thymocytes undergo subsequent differentiation into either mature
single positive CD4 (CD4SP) or CD8 (CD8SP) thymocytes.25There
are significant differences in the impact of TAF7 deletion at different
phases of thymocyte development. elimination of TAF7 at the DNDN
thymocytes with TAF7 deletions exhibit lower levels of incorporation
of BrdU in comparison to their wild-type counterparts. Additionally, the
introduction of a trans-gene encoding the survival protein Bcl2 does not
prevent cell loss in TAF7-deleted DN thymocytes (unpublished data).26
On the other hand, deletion of TAF7 in the DP positive stage has very
little effect on thymocyte development because it does not require
proliferation to transition to the SP stage. Undoubtedly, DP thymocytes
lacking TAF7 undergo differentiation into CD4 and CD8 SP thymocytes,
which thereafter leave the thymus and settle in peripheral lymphoid
organs. T cells lacking TAF7 in peripheral lymphoid organs can de novo
transcribe cell surface markers like CD69 that are indicative of the TCR
activation pathway, but they cannot multiply in response to activation
stimuli.26 ConsequentlyWhile TAF7 is not necessary for all transcription,
it is necessary for proliferation throughout the whole T cell developmental
cycle.

TAF7 is necessary for the growth of numerous different cell types,
either whole or partially.Significantly slower proliferation occurs when
TAF7 is depleted in HEK293 kidney cells22 or in hamster ovary CHO
cells (unpublished findings). After TAF7 deletion, mouse embryonic
fibroblasts (MEFs) cease to proliferate.26 TAF7 germline deletion in
miceis fatal to the embryo between 4.5 and 5.5 days after coitus, when
the embryo implants and experiences a significant cellular growth.26
When combined, these results imply that TAF7 is necessary for all cells
to proliferate. TAF7 is required for proliferation, although not during a
particular stage of the cell cycle. MEFs with TAF7—/— are inhibited during
the cell cycle.26Moreover, TAF7 overexpression in MEFs does not result
in a particular cell cycle arrest (unpublished data). Consequently, even
though TAF7 interacts with TAF1 and BRD4, the mutation or deletion
of either leads to a cell cycle arrest at the G1/S junction; yet, the deletion
of TAF7 has no such effect. TAF7-dependent transcription is seen in
young, proliferating cells, which is consistent with its crucial function in
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proliferation. But during differentiation, this need becomes less important.
Hence, almost all genes are impacted by the worldwide suppression
of transcription that occurs when TAF7 is deleted from proliferating
MEFs.26 This isn’t because of a flaw in the TFIID complex; in these
cells, the holo-TFIID complex is still being built even in the absence of
TAF7. The majority of the 65% of genes that are TAF7-dependent in the
highly differentiated but still proliferating HEK293 kidney cell line are
those needed for cell growth and proliferation.19 When peripherally at
restTAF7 deletion affects just a tiny percentage (~2.5%) of all transcripts,
as T cells do not require TAF7 to survive. Numerous TAF7-dependent
genes in mature T cells are responsible for encoding TCR signaling
pathway components.26Consequently, TAF7 deletion largely impacts
a group of genes linked to T cell function in terminally differentiated,
non-proliferating T cells, but it has a broad influence on transcription in
immature, proliferating cells (i.e., MEFs and DN thymocytes). TAF7’s
transcriptional control of the genes necessary for cell development and
proliferation is reflected in its biological effects.

5. TAF7 is Transcription Initiation’s Traffic Controller.

According to our research, TAF7 is essential for both transcription start
and proliferation. Its numerous interactions with TFIID/TAF1, CIITA,
BRD4, CDK7/TFIIH, and CDK9/PTEFb—components of the RNAP II
transcription machinery—all lead to the suppression of their enzymatic
activity. Our research leads us to develop a model in which TAF7 acts
as a “traffic controller” at the beginning of transcription, making sure
that all general transcription factors arrive and operate in the right order
(Fig. 1). As we have shown in the instance of TAF1, the recovery of the
critical TAF1 AT activity and the release of TAF7 occur simultaneously
with the commencement of transcription. TAF7’s suppression of TAF1
AT duringPreinitiation complex assembly may help avoid premature
transcription initiation, which could lead to an unsuccessful termination
if all required components are not recruited. We further hypothesize
that TAF7 binding and associated suppression of the remaining factors’
activities—CDK7, BRD4, and CDK9—have a comparable purpose,
namely to delay the premature termination of their functions.Based on
this model, TAF7 would be released in the following order: first, from
TFIIH to permit CTD Ser5/7 phosphorylation and the recruitment of
capping enzymes; next, from BRD4 to permit CTD Ser2 phosphorylation
and the recruitment of splicing factors; and last, from PTEFb to permit
Ser5/2 phosphorylation and the ongoing recruitment ofduring elongation,
the ment of transcript maturation factors. Thus, TAF7-mediated regulation
of the general transcription factors’ enzymatic activities guarantees a
systematic advancement through both transcription initiation and the cell
cycle.It is yet unknown how TAF7 specifically carries out its regulatory
function. The possibility that a single TAF7 molecule recruits itself into a
preinitiation complex via TFIID and controls every downstream enzyme
activity is unknown. As an alternative, distinct TAF7 molecules may
target and release each of the CTD kinases in turn during the preinitiation
complex’s construction. The latter option would necessitate a molar
excess of TAF7 in comparison to the other TFIID constituents. According
to preliminary findings, this is the case: There exists a molar excess in
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several cells.TAF7 in comparison to TBP (unpublished observations).
TAF7 has also been found in TFIID free cellular fractions.22The varied
regulatory roles of TAF7 on the same gene at different transcriptional
stages are implied in the current model. Nevertheless, research has not yet
been conducted to ascertain if TAF7 operates sequentially on a single gene
or whether its inhibition of TAF1 AT activity can be distinguished from
its inhibition of CD kinase activities and use of other genes.Subsequent
research endeavors will center on comprehending the exact mechanisms

underlying TAF7’s transcription control.

6. Conclusion:

TAF7 is becoming known as a crucial regulator of transcription start
and cell proliferation, despite its initial classification as a structural
element of TFIID. It is yet unknown how TAF7 inhibits proliferation
and its direct gene targets in both differentiated and undifferentiated cells
at the molecular level.be decided. It’s noteworthy to note that the HIV
transactivator Tat and the multitude of tasks currently identified to TAF7
exhibit striking similarities. It is therefore tempting to hypothesize that
TAF7 is Tat’s normal cellular homolog and that it may share some of Tat’s

undefined extra activities.
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