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Genetic dissection of TFIIH function in Drosophila
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Basal transcription factor TFITH is a multi-functional protein complex that is involved not only in
transcriptional initiation but also in DNA repair and cell cycle regulation. Among its nine subunits
(Cdk7, CycH, Matl, p62, p52, p44, p34, XPB, XPD) are those that have enzymatic functions such as
kinase, ATPase and helicase activities (Cdk7, XPB, XPD), which are likely to be used differentially
depending on the state of the cell. Cdk7 functions in the control of cell cycle as a trisubunit complex
CAK (Cdk-activating kinase, Cdk7/CycH/Matl), or in the phosphorylation of RNA polymerase CTD
as the TFIIH holoenzyme (TFIIH kinase). On the other hand, XPB and XPD functions to unwind the
double strand of DNA in transcriptional initiation (promoter opening or promoter clearance) or DNA
repair. Furthermore, it has recently been known that TFIIH kinase also functions in E2F degradation, as
well as in the phosphorylation and activation of nuclear receptors. Since most studies concerning TFIIH
have so far been done by biochemical analyses, it is completely unknown how the TFIH activity is
regulated when three functions operate simultaneously.

- For the multi-subunit molecules like TFIIH, it is thought that the conformation is important for its
function. If the ‘core’ subunit (not an enzymatic subunit) of such a molecule is changed, what structural
and functional change will be caused? In order to approach the regulatory mechanism of TFIIH
function, I investigated the role of the p52 subunit, which is one of the core subunits of TFIIH, in
developing Drosophila. It has previously been demonstrated that a deletion of the C-terminal region
(60 a.a.) of p52 lacks NER (nucleotide excision repair) activity in yeast, and injection of anti-p52
antibody to human fibroblast induces the defect of NER and transcriptional activity. More recently, it
has been shown that a recombinant TFIH from which the C-terminal domain of pS2 is deleted exhibits
the defects in both DNA repair and transcriptional activities. To learn the function of p52 during
development I identified the loss of function alleles of Drosophila pS2 and found that a previously
identified mutant, marionette (mrm), fail to complement the lethality of these alleles. All alleles of
p32/mrn were larval lethal and died before reaching the mature third instar larva. p52/mrmn larvae
exhibited abnormal feeding behaviour suggesting a defect in neural development. To analyse
p52/MRN function further, I made somatic clones in the developing eye for null and hypomorphic
alleles using the mitotic recombination technique. The results suggested that pS2/MRN is required for
cell proliferation or viability. o

Since the major function of TFIIH is considered to be in transcription, phenotypes observed in the
clone of p52/mm " might be based on the defect in transcription. First, I checked the transcription in the
p52/mm * mosaic eye using various cell cycle and cell fate markers. However, I couldnot detect any
defects in transcription; this result differs from those obtained by in vitro experiments. It suggests that
under my experimental condition TFIIH could exert its activity of transcriptional initiation in the
absence of p52/MRN.

In addition to transcriptional initiation, TFIIH is also involved in DNA repair mechanism called
NER. NER-deficient cells are generally hypersensitive to the UV light and its irradiation triggers
apoptosis. I thus checked the UV sensitivity of pS2/mm cells. In contrast to wild type cells that hardly
showed any signs of apoptosis upon UV iiradiation, massive apoptosis was induced within the p52/mrn



* clones. It has been known that DNA damage induces G1 or S, G2 arrest depending on the cell cycle
phase, when the damage is generated. Failure to repair naturally occurs DNA damage is unlikely the
cause of the cell cycle defect, because mutants of NER components show almost normal development
and DNA synthesis. The abnormality of cell proliferation is thus not a secondary consequence of the
NER defect.

In order to know more detail about the function in cell proliferation, I checked cell cycle progression
in p52/mm * clones in the eye. In p52/mrm mutant clone, the progression of cell cycle was slow anterior
to the morphogenetic furrow, a moving front of differentiation where G1 arrest takes place. A block of
G1/S transition occurred just behind the morphogenetic furrow; in spite of the accumulation of CycE
that can trigger the entry into the S-phase, the lack of BrdU incorporation indicated that G1/S switch
was not activated.

Taken together, I showed that p52/MRN is important for the ce]l proliferation and viability in the
developing tissue. Since p52/MRN is one of 'core’ subunits of TFIIH, it is possible that its absence
changes the conformation of the TFIIH complex and affects its enzymatic activity. To identify the
enzymatic activity that depends on the presence of the p52/MRN, I compared the loss of function
phenotypes of p52/mm to those of cdk?7 and xpb /hay, which are two of the three-enzymatic subunits of
TFIIH.

First, I checked the CAK activity in cdk7 mutant in eye imaginal disc. In contrast to yeast CAK,
which triggers G1/S and G2/M transition, the requirement of metazoan Cdk7 in G1/S transition has not
been demonstrated. While my work using cdk? ts suggested that the required amount of CAK activities
between the two transitions are differ, and that the G1/S transition requires less CAK activity than the
G2/M transition. Furthermore, I checked the somatic clones of xpb /hay  in the developing eye and
identified a failure of G1/S transition as p52/mrn. These similar phenotypes suggest that not only CAK
trisubunit but also other subunits of the TFITH complex are necessary for the G1/S transition.

How is TFIIH involved in the cell cycle? While CAK trisubunit has been shown to be sufficient to

_direct cell cycle progression in in vitro experiments, there are situations where Cdk7 exhibits kinase
activity not as a CAK trisubunit but as a TFIIH kinase: E2F degradation, nuclear receptor activation,
and phosphorylation of CTD. There are several physical interaction data between p52 and XPB. XPB
interacts not only with p52 but also with Cdk7 and Mat1. Moreover, in my study, the loss of function
mutants of Drosophila xpb, haywire showed cell cycle abnormality similar to that of p52/mm and cdk7.
These observations suggest a possibility that p52 affects Cdk7 activity via XPB. Probably the lack of
p52/MRN might change the activity of XPB, or its stability in a complex, and affect the activity of
CAK as aresult.

This mechanism that p52 affects CAK activity through XPB, however, is unlikely to function
constitutively. Although p52/mrm showed almost wide spread expression in the embryo and the
imaginal discs during development, an elevated level of expression was seen in the regions of active
cell proliferation. During eye development pS2/mrm was highly expressed in G1 arrested cells in the
morphogenetic furrow. So, it is thought that p52/mrm level might change during the cell cycle by
receiving a differentiation signal, and increases the CAK activity when its expression rise. The



uncoupling of normal cell cycle and differentiation in p52/mm mutant clone suggests that TFIIH might

be a key molecule that connects cell cycle and differentiation.



HABZERTF TFIIH I protein kinase, helicase & W\ o 7z RIEHZFFD 3 DOV T 1y
NEESDEEELTIDOY Ty MO EINS, £ L TERERTE L TOR¥ER
13T <. DNA EECHIBE ORI S Wo L REEEEZHS TS, INET
O TFIH 12T 2RI ELFENBITAFLTH D, N5 9DDY Ty MELR
BT DR & DEBFEEICEDIDITED > TWAENIEIFRHDENE N, RS A
TFIH OAKNICBIT DEZBAENCT2ENTYayPauyNIEinwTaryy
2=y hTH3 p52 & helicase &2 HD XPB Y 712w h kinase {E4 % H D CDK7
72y OB ETo . INE TEIFENENTN S, TFIIH DR
BEEIZ13 CDK7 280 3 D08 712y b5 RS CAK (CDK-activating kinase) 234
ENDRDTHBESINTERDN, CAK IZEENW p52 X XPB DOHERE/R R BIZE B
BN THREBEOHBERORENEEINE., OBERIT. ARMIZB T 5 R B &
i3, CAK BT/ < THIH #&#4k L LT integrity BRI E&2RLTHY *E
C BicET B, ISR, ph2 T Aoy hAEKRRNTEELD., X7 LAF RE
KEECHBE ARG EERREERT I E2HALNIL .
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