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TFIID complexes from various species suggested that their
complexity may be higher in yeast and vertebrates than in
Drosophila. The recent progress made in the sequencing of the
Drosophila genome prompted us to look more carefully for
TAFII homologues. Through this analysis we discovered that
Drosophila contains not one but two hTAFII30 homologues. In
this study we have demonstrated that these two newly identi-
fied dTAFII genes, dTAFII16 and dTAFII24, are transcribed and
expressed throughout embryonic development.

Extensive searches in different databases for homologue se-
quences revealed that to date, Drosophila is the only organism
known to have two different TAFII30 type factors (Fig. 3). In
the genomes of S. cerevisiae and C. elegans, for which the entire
genome sequence has been recently completed, only one
TAFII30 homologue has been found for each (scTAFII25 and
ceTAFII30 [Fig. 3]). The occurrence of two TAFII30-related
genes in the Drosophila genome indicates that they have arisen
through a relatively complex mechanism of duplication, result-
ing in an inverted orientation of the duplicate genes with par-
tial overlapping of their 59 regions. As indicated by the over-
lapping of the dTAFII16 and dTAFII24 gene structure, the
different positions of the intron located in each of these genes,
and the divergence of the encoded proteins with conserved
C-terminal moieties and divergent N-terminal moieties, we can
postulate that the duplication of the dTAFII genes occurred
early in arthropod ancestry. Further analysis of the genomic
organization of these genes in other invertebrates species will
shed light on the origin of their duplication.

The organization of both genes is relatively unusual, with
overlapping of their putative promoter and 59 regions. In par-
ticular, the promoter region of the dTAFII16 gene is found on
the opposite strand within the dTAFII24 coding sequence,
while the promoter region of dTAFII24 is located within the 59
untranslated region of the second exon of dTAFII16 (Fig. 1).
Moreover, the putative promoter regions show no or very little
homology, suggesting different mechanisms of regulation for
each gene. Interestingly, the overlap in the 59 regions of both
transcripts, which covers at least 128 nucleotides, does not
prevent either the transcription of the dTAFII16 and dTAFII24
genes or the translation of their transcripts into proteins.

Surprisingly, the full-length dTAFII16 and dTAFII24 pro-
teins are not more similar to each other (48% identity) than
they are to hTAFII30 (54% identity between dTAFII16 and
hTAFII30 and 48% identity between dTAFII24 and hTAFII30).
Furthermore, dTAFII16 displays a higher sequence similarity
to the other members of the TAFII30 family than dTAFII24.
This sequence divergence suggests that dTAFII16 and
dTAFII24 have different functions and that their functions
have been subject to different evolutionary constraints. While
the dTAFII16 function may be similar in yeasts and humans,

dTAFII24 may be important for a function(s) that tolerates
more diversity.

In the classical model for the evolution of duplicate genes,
one member of the duplicated pair usually degenerates within
a few million years by accumulating deleterious mutations,
while the other duplicate retains the original function. This
model further predicts that on rare occasions, one duplicate
may acquire a new adaptive function, resulting in the preser-
vation of both members of the pair, one having the new func-
tion and the other retaining the old (references 12, 29, 31, and
32 and references therein). However, empirical data suggest
that a much greater proportion of gene duplication is pre-
served than is predicted by the classical model. Alternatively,
complementary degenerative mutations in different regulatory
elements of duplicated genes can facilitate the preservation of
both duplicates, thereby increasing long-term opportunities for
the evolution of new gene functions (11). For a newly dupli-
cated paralog, survival depends on the outcome of the race
between entropic decay and chance acquisition of an advanta-
geous regulatory mutation (37). Duplicated genes persist only
if mutations create new and essential protein functions, an
event that is predicted to occur rarely (28). Our analysis of
dTAFII16 and dTAFII24 gene expression and our studies on the
distribution of both dTAFIIs in different multiprotein com-
plexes support a mechanism of evolution involving subfunc-
tionalization rather than the acquisition of a totally novel func-
tion by one of the dTAFIIs. In particular, we have found that
both newly identified dTAFII genes exhibit similar expression
during early embryogenesis and a more restricted pattern of
expression during late embryogenesis that is nearly comple-
mentary. At this stage, the dTAFII16 protein is predominantly
found in muscle cells whereas the dTAFII24 protein is more
strongly expressed in the foregut and midgut.

Different dTAFII16- and dTAFII24-containing multiprotein
complexes with distinct functions. When dTAFII16 and
dTAFII24 are expressed simultaneously in cells, like in 0- to 6-h
embryos, both proteins were found to be associated with TBP
and a number of other bona fide dTAFIIs, demonstrating that
they are both present in TFIID complexes. Since IP using an
anti-dTAFII16 antibody coimmunoprecipitates dTAFII24 and
vice versa, these results suggest that both dTAFIIs can be
present in the same dTFIID complex at the same time. Alter-
natively, as TFIID complexes have been shown to dimerize
when not bound to DNA (41), it is also conceivable that in a
given dTFIID the presence of dTAFII16 and dTAFII24 is mu-
tually exclusive but they can be found in the coimmunoprecipi-
tations because a dTAFII16-containing TFIID could dimerize
with a dTAFII24-containing TFIID. Moreover, since both
hTAFII30 and yTAFII25 were shown to bind to themselves (17,
21), it is possible that dTAFII16 and dTAFII24 behave similarly

FIG. 6. Expression of dTAFII16 and dTAFII24 during embryonic development. Whole-mount embryos were hybridized with dTAFII16 (A, C, G, and M) and
dTAFII24 (B, D, H, and N) antisense single-stranded RNA probes labeled by incorporation of dioxigenin-11-dUTP, as well as with dTAFII16 (O) and dTAFII24 (P) sense
probe. The dTAFII16 (E, I, and K) and dTAFII24 (F, J, and L) proteins were detected with purified PAbs and visualized using the ABC Elite horse radish peroxidase
detection kit (Vector Laboratories). All embryos are oriented to the left and viewed laterally unless otherwise indicated. (A and B) Evenly distributed dTAFII16 and
dTAFII24 transcripts in early cleavage stage embryos, ;45 to 70 min after egg deposition. (C to F) Blastoderm embryos, ;120 to 130 min after egg deposition.
Arrowheads indicate an accumulation of dTAFII RNA (D) and proteins (E and F) close the surface. (G and H) During germ band extension, ;260 to 320 min after
egg deposition, both dTAFII transcripts are seen in the neuroectodermal and the mesodermal layers of the head and the trunk (arrowheads). (I and J) Differential
expression of dTAFII proteins in embryos at the end of germ band extension, 190 to 220 min after egg deposition. The dTAFII16 protein (I) was highly expressed in
the trunk mesoderm (tm) and the anterior (amg) and the posterior midgut (pmg) primordia. In contrast, the highest expression of dTAFII24 (J) appeared in the anterior
foregut (afg) and the ectodermal cells (ect) and in anlagen of the ventral cord (vca). (K and L) Differential accumulation of dTAFII16 and dTAFII24 proteins after
germ band retraction. High levels of dTAFII16 (K) was detected in the visceral musculature of the midgut (amg and pmg) and the hindgut (hg) while dTAFII24 (L)
was preferentially expressed in the anterior foregut (afg) and in the central nervous system (br and vc). Both proteins are coexpressed in the anal plate (ap). (M, N,
O, and P) Dorsal (M, O, and P) and lateral (N) views of embryos at the time of completion of germ band retraction, ;620 to 750 min after egg deposition. Arrows
in panels M and N show high transcript levels in the lateral epidermis (ect) and in the brain (br).
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and thus may participate in the dimerization of different
dTFIIDs. During development there are cells where only one
of the two dTAFIIs is expressed; therefore, the presence of the
two dTAFIIs in different complexes is more likely.

Interestingly, our studies showed that dTAFII24, but not
dTAFII16, can be recovered in association with the dGCN5
HAT, suggesting that dTAFII24 has functional homology with
hTAFII30 and yTAFII25. This result suggests that a Drosophila
HAT complex exists that may be equivalent to the yeast SAGA
or human TFTC, hPCAF/GCN5, and hSTAGA complexes.
Moreover, the preferential association of dTAFII24 with the
GCN5 HAT complex further suggests that each dTAFII pro-
tein carries out a defined function, with dTAFII24 being
present in both TFIID and Drosophila TAFII-GCN5 com-

plexes whereas dTAFII16 is only a component of dTFIID. The
occurrence of distinct dTAFII16- and dTAFII24-containing
multiprotein complexes in Drosophila cells suggests that in
Drosophila, similar to mammalian cells, distinct functionally
different TAFII-containing complexes exist (2, 5). Alterna-
tively, it is possible that the dTAFII16 protein is incorporated
into only a very small number of dTAFII-GCN5 complexes,
which would remain undetectable under the conditions used in
our studies. The distinct dTAFII16- and dTAFII24-containing
complexes may have different affinities for the chromatin, since
under less stringent conditions only the dTAFII24-containing
complexes could be recovered from nuclei (Fig. 4A), further
suggesting differential roles for the dTAFII16- and dTAFII24-
containing complexes. Moreover, the observation that dTAFII16

FIG. 7. Intracellular distribution of dTAFII16 and dTAFII24 in Drosophila embryos. Confocal scanning micrographs showing localization of dTAFIIs labeled with
purified anti-dTAFII16 (A and C) or dTAFII24 (B and D) rabbit antibodies and secondary anti-rabbit-Cy3 antibody (green) and of DNA labeled with propidium iodide
(red). (A) In the early preblastoderm embryos, dTAFII16 is predominantly distributed in the cytoplasm. (B) During germ band extension, a significant amount of
dTAFII24 is accumulated in the cytoplasm of ectodermal cells. Both dTAFII proteins are also detected in the periphery of nuclei (yellow; arrowheads in insets in A
and B). (C) In late-stage embryos, dTAFII16 localizes to the cytoplasm of ectodermal cells (ect) and syncytial muscle fibers (sm) with nuclear staining of the protein
at the internal rim of the myocyte nuclei (yellow; an example is indicated by an arrowhead). A scattered nuclear dTAFII16 staining (yellow) appears also in the neural
cells of the ventral chord (vc). (D) After germ band retraction dTAFII24 is essentially expressed in the ectoderm (ect) and central nervous system (c) as well as in the
foregut (fg) and proventriculus (pv) primordium and moderately expressed in the salivary gland (sg). In these tissues the dTAFII24 protein localizes to the cytoplasm
(green) and to the periphery of the nuclei (yellow).
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and dTAFII24 are not always associated with the same tran-
scriptionally active loci on polytene chromosomes indicates
that the different dTAFII16- and dTAFII24-containing com-
plexes have distinct functions in gene regulation.

The finding that the two dTAFIIs have different spatiotem-
poral expression levels, or eventually are not expressed at all,
during embryogenesis suggests that (i) the composition of the
different TFIID and TAFII-GCN5 complexes may change dur-
ing development, (ii) the functions of these complexes may
vary according to the promoter to which they become re-
cruited, (iii) there may be gene regulatory pathways which
require either dTAFII16 or dTAFII24, and (iv) there may be
cells which can function without dTAFII16 and dTAFII24.
These observations are in good agreement with our recent
results showing that in murine F9 cells TAFII30 is required for
cell cycle progression and parietal endodermal differentiation,
but not for primitive endodermal differentiation (27). Thus, in
metazoan organisms TAFIIs belonging to the TAFII30 family
may be dispensable, but they are required for cells undergoing
either rapid cell division or specific developmental differenti-
ation programs. Moreover, the observation that in several dif-
ferent cell types dTAFIIs can be found in the cytoplasm raises
new questions about the role of TAFIIs in other functions than
those strictly restricted to the nucleus. In agreement with our
finding, a fission yeast TAFII has recently been found to par-
ticipate in nucleocytoplasmic transport of mRNAs (36). Fur-
ther genetic and biochemical studies will now be required in
order to analyze the functions of these two newly identified
dTAFIIs, to help further our understanding of the functional
differences between dTAFII16 and dTAFII24 during the regu-
lation of polymerase II transcription, and to analyze their po-
tential new functions in the context of an intact organism.
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