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Tip60 was originally identified as cellular HIV-Tat interacting protein and has been
shown to augment Tat-dependent transcription. It has also been shown to interact with
various cellular transcription factors and to belong to the nuclear histone acetyltrans-
ferase (HAT) family. To further elucidate the function of Tip60 and its HAT domain in
transcription regulation, we compared Tip60 activity in HeLa and Jurkat T lymphoma
cells. Here we show that Tip60 augments the HIV-1 Tat activity at the HIV-LTR promoter
in HeLa but inhibits it in Jurkat cells. Moreover, we isolated two new variants of the
Tip60 protein (Tip60Al, Tip60A2) from Jurkat cells. The Tip60A2 variant lacks the entire
HAT domain but modulates HTV-1 Tat activity like full-length Tip60. In addition, Tip60
and the transcriptional repressor ZEB (zinc finger E box binding protein) interact spe-
cifically in the yeast two-hybrid system and additively inhibit the CD4 enhancer/pro-
moter activity in Jurkat cells. Thus, Tip60 may function as corepressor of the ZEB pro-
tein. In summary, these data show that Tip60 functions as a cell-type-specific transcrip-
tional regulator and that the HAT domain is not required for either transcriptional acti-
vation or inhibition. This indicates that Tip60 may function by recruiting additional
cell-type-specific cofactors.
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Tip60 was originally isolated as a cellular HIV-1 Tat inter-
acting protein and has been shown to modestly augment
Tat-dependent transcriptional activation at the HIV-LTR
promoter in HeLa cells (1). The activity of the viral Tat pro-
tein is also enhanced by interaction with the coactivators
PCAF and p300 (2-4). The Tip60 protein belongs to the
growing family of proteins containing a histone acetyltrans-
ferase (HAT) domain. In addition, Tip60 contains a zinc fin-
ger and a chromo-like domain of unknown function (5). It
has been suggested that both the zinc finger motif and the
HAT domain are required for HAT function (6). Accumulat-
ing literature has connected acetylation and deacetylation
of (histone or non-histone) proteins with positive and nega-
tive regulation of gene transcription (7-12). Histone acetyl-
transferases (HATs) and deacetylases (HDACs) are the
enzymes mediating gene regulation via protein acetylation
in vivo. The human protein Tip60 [HIV Tat interactive pro-
tein of 60 kDa (1)] contains an evolutionary conserved
region that includes the HAT domain (13). This region is
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shared by a growing number of Tip60 homologue proteins,
the yeast SAS2 and YBF2/SAS3 (14), Drosophila MOF (5)
and the human MOZ (25), HBO1 (16), and MORF protein
(17). All proteins belong to the MYST family (called after
its founding members), which is a subgroup of the nuclear
HAT proteins. Most members of this family have been asso-
ciated with transcriptional activation. However, the SAS
proteins and the recently identified human MORF protein
are activators as well as repressors of transcription. Fur-
thermore, it has been shown that Tip60 enhances tran-
scriptional activation by nuclear hormone receptors but in-
hibits CREB activity (18,19).

Tip60 has been shown to have acetyltransferase activity
on free histones and to exhibit a similar substrate specific-
ity to SAS3 and Esal (6, 20). Even though recombinant
Tip60 failed to acetylate histones in nucleosomal context in
vitro (20), the isolated Tip60 complex was able to acytelate
this substrate (21). Recently Hcura et al. have shown that
the Tip60 HAT activity is important for DNA repair and
induction of apoptosis (21). However, the function of the
Tip60 complex in transcriptional regulation is not known.
Moreover, Tip60 has no intrinsic transactivation activity
when brought to DNA by heterologous DNA binding do-
main in african green monkey kidney cells Cos-1 (19), but
activates transcription in the same system in yeast by a
HAT-dependent mechanism (18). Thus Tip60 may function
as transcriptional coactivator or corepressor, depending on
the cellular context. We therefore studied the cell-type-spe-
cific differences of Tip60 function on transcriptional regula-
tion. In this report we show that the function of Tip60 on
HIV-LTR transcriptional activity is cell-type dependent.
Furthermore, Tip60 inhibits the CD4-enhancer/promoter
activity in concert with the transcriptional repressor ZEB
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(zinc finger E box binding protein) {22), thus acting as a
potential corepressor. Moreover, we isolated a HAT-less
variant from Jurkat cells, which behaves similarly to the
full-length Tip60, suggesting that the HAT domain of Tip60
is not essential for either transcriptional activation or inhi-
bition. The potential function of Tip60 as transcriptional
cofactor is discussed.

MATERIALS AND METHODS

Plasmids—Tip60 full-length cDNA (provided by Dr. J.
Kamine) was cloned into pCIneo (Promega, Medison, USA)
as EcoRl-Xbal insert. Tip60Al and Tip60A2 were retrieved
by PCR amplification of cDNA from total RNA of TPA/iono-
mycin-activated Jurkat cells. The primers used correspond
to the Tip60 sequence at nucleotide 237-254 (5' primer)
and 1801-1783 (3' primer, Gene Bank accession No.
U74667). The PCR products were cloned into pCIneo (Pro-
mega, Medison, USA) or pACT2 (Clontech, Palo Alto) for
expression in yeast. The pACT2-Tip60 deletion mutants
were cloned by PCR with Tip60 full length or Tip60A2 as
template using primers corresponding to the nucleotide se-
quences of the indicated fragments. For two-hybrid interac-
tion assays the N terminal (nt 1-1692), central (nt 1033-
2252), or C terminal (nt 2170-3379) regions of ZEB cDNA
(provided by Dr. A. Postigo) were in-frame cloned as
blunted Xbal-Pstl, Hindi, or Pvull-Xbal fragments into
pAS2 (Clontech, Palo Alto, USA).

Transient Transfections and Reporter Assays—CsCl gra-
dient-purified plasmid DNAs were transfected into 2 x 105

HeLa (human cervix carcinoma) or 2 X 106 Jurkat (human
T lymphoma) cells by electroporation (280 V, 1050 (JLF)
using a gene pulser (EquiBio, Angleur, Belgium). Cells
were harvested 24 h after transfection and lysed by sonifi-
cation. Cell extracts were assayed for luciferase and P-
galactosidase activity following the manufacturer's protocol
(Dual-Light system; Tropix, Bedford, MA). Transfection
efficiencies were normalized using pSV-P-Gal as transfec-
tion control. All transfections were performed at least three
times.

Yeast Two-Hybrid Interaction Assays—For the yeast two-
hybrid interaction assays the MATCHMAKER Two-Hybrid
System 2 (Clontech, Palo Alto, USA) was used. The yeast
strain Y190 was transformed by the LiAc method with the
pAS2-ZEB plasmids according to the manufacturer's proto-
col. After reconfirmation of ZEB expression by Western
blotting, these yeast clones (and as control one expressing
human lamin C or none) were transformed with the indi-
cated pACT2-Tip60 clones. The protein—protein interaction
was measured by a quantitative (liquid) or qualitative (col-
ony lift) LacZ assay following the manufacturer's protocol.

RESULTS

Tip60 Augments in HeLa and Inhibits in Jurkat Cells the
HIV-1 Tat Transcriptional Activity—To characterize Tip60
function in a different cellular context, we transfected
HeLa and Jurkat cells with the HTV-LTR-luc reporter con-
struct. Upon cotransfection with a HTV-1 Tat expression
construct, the activity of the reporter gene was increased by
62-fold in HeLa cells (Fig. 1A) and 3.2-fold in Jurkat respec-
tively (Fig. IB). Cotransfection of the Tip60 expression plas-
mid pCIneo-Tip60 enhanced the promoter activity dose-de-

pendently in HeLa cells (Fig. LA). By contrast, overexpres-
sion of Tip60 in Jurkat T cells resulted in a dose-dependant
inhibition of reporter activity up to 4.3-fold (Fig. IB). The
coactivator p300 had only a minor additive effect on the
reporter activity in both cell lines. This prompted us to fur-
ther investigate Tip60 function in Jurkat T cells on a T
cell-specific promoter.

Tip60 and ZEB Have, an Additional Inhibitory Effect on
CD4-Enhancer/Promoter Activity—We decided to test
Tip60 function in Jurkat T cells on the CD4-enhancer/pro-
moter, since it is a well characterized T cell-specific gene
regulatory element. We have reported earlier that the CD4-
enhancer/promoter is a target of the zinc finger E box bind-
ing protein ZEB (22). ZEB belongs to the zinc finger home-
odomain protein family and is known to be an active re-
pressor of transcription (23). Therefore we tested whether
Tip60 would have an additional effect on the inhibitory
function of ZEB.
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Fig. 1. Effect of Tip60 on the HIV-LTR promoter in HeLa and
Jurkat cells. Tip60 augments HIV-LTR transcriptional activity in
HeLa but inhibits it in Jurkat cells. Tip60A2 shows no functional dif-
ferences at the HIV-LTR as compared to Tip60. (A) HeLa cells were
transfected with 2 p.g of pHIV-LTR-Luc and 1 \xg of pSV40-Tat
(+Tat), 3 fig of pCMV-p300 (+p300) and 1.5,3,6 jj.g of pCIneo-Tip60
(+Tip60) or 6 |ig pCIneo-Tip60A2 (A2) as indicated. Cells were har-
vested 24 h posttransfection and assayed for relative luciferase ac-
tivity. (B) Jurkat cells were transfected by the same method and
with the same amounts of plasmid DNA as in (A). The percentage of
luciferase activity is shown relative to the reporter activity enhanced
by cotransfection of pSV40-Tat in HeLa (62-fold induction), and in
Jurkat (3.2-fold increase), which is set to 100%.
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The Tip60 expression plasmid was cotransfected with a
CD4-enhancer/promoter luciferase (CD4-E/P) reporter in
Jurkat cells. As shown in Fig. 2A, Tip60 had only a minor
inhibitory effect on the CD4-E/P activity. Overexpression of
ZEB alone resulted in a repression to 52% of the promoter
activity. However, Tip60 and ZEB together inhibited the
CD4-E/P activity to 23% (Fig. 2A). To further test the
hypothesis of a ZEB-dependent inhibitory function of
Tip60, we mutated the ZEB recognition site of the CD4-E/P,
converting it into an E-box not recognized by ZEB as previ-
ously described (22). As shown in Fig. 2B, the Tip60 protein
had no inhibitory effect on the activity of the mutated CD4-
E/P (CD4-E/P M) when overexpressed alone or with ZEB.
This indicates that the inhibitory function of Tip60 at the
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Fig. 2. Effect of Tip60 on the transcriptional repression of the
CD4-enhancer/promoter by ZEB. (A) Tip60 and ZEB have an ad-
ditional inhibitory effect on CD4-enhancer/promoter activity Both
Tip60 variants augment ZEB repressor function at the CD4-en-
hancer/promoter in Jurkat cells. Jurkat cells were transfected with
2 u.g of pGLB-CD4E/P-Luc and 3 ng of pCIneo-flag-ZEB (ZEB), 3 jig
of pCIneo-Tip60 (Tip60), or pCIneo-Tip60Al (Al) or pCIneo-Tip60A2
(A2) as indicated. The percentage of luciferase activity is shown rel-
ative to the reporter activity when cotransfected with the control
plasmid pCIneo (-), set to 100%. (B) To test for ZEB specificity of
the transcriptional repression, the cotransfection experiment was
performed as descibed in (A) with a mutated ZEB recognition site in
the reporter construct (pGLB-CD4E/PM-Luc). The transcriptional
activity of the mutant CD4-E/P reporter construct could not be in-
hibited by cotransfection of ZEB, Tip60, or both. The basal activity of
CD4-E/PM was increased 1.55-fold compared to the wild-type en-
hancer.

CD4-E/P is ZEB-dependent. Taken together, these results
suggest that Tip60 may function as corepressor of ZEB at
the CD4-enhancer/promoter in Jurkat cells.

Identification of Two Variants ofTip60 Expressed in Jur-
kat T Cells—To further investigate functional differences of
Tip60 in HeLa and Jurkat cells, we tried to isolate the
endogenous expressed Tip60 from Jurkat cells. Tip60 cDNA
was retrieved by PCR amplification with Tip60-specific
primers of the published cDNA sequence. We identified two
new variants of Tip60 (Fig. 3). Both cDNA clones, Tip60Al
and Tip60A2, contain an in-frame deletion of nucleotides
527 to 682 (corresponding to amino acids 96-146) between
the chromo and the zinc finger domains. No function is yet
known for this region of the protein. The second clone,
Tip60A2, contains an additional second in-frame deletion of
nucleotides 1299 to 1676 (amino acids 353^77), thereby
losing the entire histone actyltransferase domain (HAT).
Since HAT domains are known for their transactivation
function, the two variants might possess different functions
in Jurkat cells.

Tip60A2 Shows No Functional Differences at the HIV-
LTR Enhancer as Compared to Tip60—Because Tip60
showed the opposite activity at the HTV-LTR enhancer in
HeLa and Jurkat cells, we asked whether the activity of
the HAT domain could cause these differences. Therefore
we examined the activity of the HAT deletion variant
Tip60A2 at the HTV-LTR enhancer in both cell lines. As
shown in Fig. 1, A and B, Tip60A2 augmented the HTV-LTR
activity in HeLa and repressed it in Jurkat cells to the
same extent as Tip60. Thus, the Tip60A2 variant showed
no functional differences compared to Tip60, demonstrating
that the HAT domain is not required for either activation
or repression of the HW-LTR activity by Tip60.

Both Tip60 Variants Augment ZEB Repressor Function at
the CD4-Enhancer / Promoter in Jurkat Cells—To test the
variants of Tip60 for functional differences on a T cell-spe-
cific promoter, Tip60Al and Tip60A2 were each cotrans-
fected again with the CD4-E/P reporter plasmid in Jurkat
cells. Like Tip60, Tip60Al had only a minor inhibitory
effect on the CD4-E/P activity (Fig. 2A). Tip60A2 repressed
the reporter activity to 63% compared to the reporter alone.
Furthermore, overexpression of one of the Tip60 variant
proteins with ZEB augmented its inhibitory activity about
twofold, which is similar to the effect of full-length Tip60.
Again the inhibitory effects of the Tip60 variants were
ZEB-dependent, since they did not influence the reporter
activity of CD4-E/P M (Fig. 2B). Because Jurkat cells pre-
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Fig. 3. Structure of the full-length and the variant Tip60 pro-
teins.
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sumably express endogenous Tip60 and ZEB as deter-
mined by mRNA expression (1, 24), the twofold
augmentation of ZEB repression seems to be a significant
effect of transcriptional repressor function at the CD4-en-
hancer/promoter. Therefore these data further support the
idea that Tip60 is a potential cofactor of ZEB-repression in
Jurkat cells.

Tip60 Interacts with ZEB in the Yeast Two Hybrid Inter-
action Assay, Which Is Correlated with Its Repressor Func-
tion—Since the Tip60 protein contains no functional DNA-
binding domain (29) and its inhibition of the CD4-E/P ac-
tivity is ZEB-dependent, we tested the possibility that
Tip60 interacts with the ZEB protein. Thereby, Tip60
would function as a potential corepressor protein in these
cells. We therefore transformed the yeast strain Y190 with
the vectors coding for the N terminal (nt 1-1692), the cen-
tral (nt 1033-2252), or the C terminal (nt 2170-3379) por-
tion of the ZEB protein as a Gal4DBD fusion. After re-
confirmation of protein expression by Western blotting, we
cotransformed the plasmid encoding a Tip60Al-Gal4AD
fusion protein in each of these yeast clones. The protein-
protein interaction was measured by the promoter activity
of the lacZ reporter gene in (3-Galactosidase units. This
quantitative two-hybrid interaction assay shows that the N
terminal portion of ZEB interacts with the Tip60Al protein
in vivo (Fig. 4). No interaction could be detected in a control
assay with the Gal4DBD or the unrelated protein human
Lamin C (data not shown). Furthermore, we found interac-
tion of Tip60Al with the corresponding N terminal region
of the chicken homolog of ZEB (8EF1), but not with the C
terminal half of either the human ZEB protein or 8EF1
(data not shown). Next, by testing various deletion mutants
of Tip60, the interaction domain was determined to be the
amino acids 255-484 of the Tip60 protein (Fig. 5A). This
domain has been reported to be highly conserved within
the MYST family proteins (6,20) and includes the zinc fin-
ger domain, possibly involved in substrate binding, and the
HAT domain (6). Next we tested the Tip60 deletion con-
structs for functional activity. The entire Tip60, which
interacted with the ZEB protein in the yeast assay, and

vector ZEB
N-term.

ZEB+Tip60Al
N-term.

Fig. 4. Tip60 and ZEB interact in the yeast two hybrid inter-
action assay. Yeast strain Y190 was transformed with plasmids en-
coding the N terminal (aa 1-564) portion of the ZEB protein as
Gal4DBD fusion and the Tip60>U-Gal4AD fusion protein or the con-
trol vector as indicated. After reconfirmation of ZEB expression by
Western blotting, the protein-protein interaction was assayed by the
P-Galactosidase activity in a liquid LacZ assay. fi-Galactosidase ac-
tivity, reported in Miller units, was measured in triplicate using a
least three independent colonies. This quantitative two-hybrid inter-
action assay shows that in yeast the N terminal portion of ZEB in-
teracts with the Tip60Al protein in vivo.

Tip60A2, but no mutated Tip60 construct, was able to
repress the CD4-E/P in concert with ZEB (Fig. 5B). The
failure of the C terminal portion of Tip60 to inhibit CD4-E/
P activity even though it interacts with ZEB in the yeast
assay could be explained by the absence of the entire N ter-
minal portion of the protein, which includes the chromo
domain. Thus, the protein-protein interaction and the re-
pressor function correlate well in these assays. Surpris-
ingly, the Tip60A2 variant did not interact with ZEB in the
yeast interaction assay, but had a functional activity at the
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Fig. 5. Interaction of different Tip60 deletion constructs and
their effect on the repressor activity of ZEB. (A) Interaction of
Tip60 deletion mutants detected by the yeast two-hybrid assay. The
yeast strain Y190 transformed with the Gal4DBD fusion of the N
terminal ZEB (N) or the Gal4DBD fusion of the C terminal ZEB (C)
was cotransformed separately with either the Gal4AD fusion of the
Tip60 or Tip60A2 or the corresponding deletion mutants (amino ac-
ids are indicated) and plated on selective medium. The protein inter-
action was determined by qualitative colony lift LacZ-assay of at
least 90 colonies per transformation. Left panel: Representative
yeast clones of each transformation plated on Trp/Leu/His + 3-AT
(25 mM) drop-out medium are shown. Right panel: The correspond-
ing qualitative Lac Z colony lift assay is shown. True positive pro-
tein-protein interaction is indicated by blue coloration of yeast
colonies in the LacZ assay. Note that only the yeast clones No. 2 and
No. 3 show positive interaction of the ZEB N terminus and not the
ZEB C terminus, narrowing down the interaction domain to the con-
served region of the MYST proteins in the C terminal part ofTip60.
Positive control: Gal4DBD p53 fusion cotransformed with Gal4AD
fusion of the SV40 large T-antigen. (B) Effect of the same Tip60 con-
struct as in (A) on the repressor activity of ZEB at the CD4E/P
Numbers of Tip60 clones correspond to numbers in (A).
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fflV-LTR (Pig. 1, A/B) and the CD4-E/P (Pig. 2A, see "DIS-
CUSSION").

Taken together, these results suggest that Tip60 may
function as a corepressor of ZEB in Jurkat cells. However,
we were not able to carry out coimmunoprecipitations due
to the inability to overexpress the full-length or the N ter-
minal portion of ZEB (which is required for Tip60 interac-
tion as determined by two-hybrid interaction assays) either
in bacteria, in reticulocyte lysates or in cultured cells in
appropriate amounts.

DISCUSSION

In this report, we have compared the function of the HAT-
protein Tip60 in HeLa and Jurkat human T lymphoma
cells. Tip60 weakly enhances transcriptional activity of the
Tat protein at the HIV-LTR in HeLa cells. In contrast, the
HTV-1 Tat activity is inhibited by Tip60 in Jurkat T cells.
Both effects of Tip60 are dose-dependent. Furthermore, the
Tip60 protein has an additive inhibitory effect when over-
expressed with the zinc finger E box binding protein ZEB,
which is a transcriptional repressor of the CD4 gene (22).
This function of Tip60 is ZEB-dependent, because it could
be abolished by a point-mutation introduced in the ZEB
recognition site of the CD4-E/P. In addition, we isolated two
new variants of the Tip60 protein (Tip60Al, Tip60A2) from
Jurkat cells. The Tip60A2 protein lacks the entire HAT
domain, and both variants contain a deletion in the N-ter-
minal region of the protein. Like Tip60, the variant
Tip60A2 was able to enhance Tat activity at the HIV-LTR
in HeLa cells and to inhibit it in Jurkat T cells to the same
extent, suggesting that the HAT domain is not necessary
for transcriptional activation and repression by Tip60.
Moreover, we showed that ZEB interacts specifically with
Tip60 or Tip60Al but not the Tip60A2 variant in the yeast
two-hybrid system.

Tip60 is a member of the growing family of proteins con-
taining a histone acetyltransferase (HAT) domain. Its HAT
domain has been shown to be functional in vitro {20). Tip60
has been identified as coactivator of the HTV-1 Tat protein
(1) and the nuclear hormone receptors (19). However, Tip60
itself contains no intrinsic transcriptional activity when
tethered to a promoter (19). Furthermore, Tip60 inhibits
the activation of CREB (cAMP response element binding
protein) by PKA (protein kinase A), thereby negatively reg-
ulating gene expression (18). Therefore, Tip60 may function
as both a coactivator and a coinhibitor of transcription fac-
tors. However, the mechanism of either activity ofTip60 is
not known. Our data showing a coactivation of HIV-1 Tat
activity by Tip60 in HeLa and an inhibition in Jurkat cells
confirm these findings and support a cell-type-specific regu-
latory mechanism. There are mainly two possible mecha-
nisms to consider. One would be the regulation of Tip60
activity by cell-type-specific postranslational modification.
The second possibility is the recruitment of cell-type—spe-
cific proteins to the transcription factor complex by Tip60.
The observation that, in addition to the conserved MYST
domain, Tip60 contains less conserved and unique se-
quences suggests a regulatory or protein-protein interac-
tion function for these regions (18, 20). As mentioned
before, Tip60 contains no intrinsic transcriptional activity
when tethered to a promoter (19). Therefore Tip60 needs
additional partners to function as part of a protein complex.

In this feature Tip60 is similar to the coactivator PCAF,
which is known to enhance transcription only in the pres-
ence of its cognate transcription factor (19). Brady et al.
have hypothesized that Tip60 may act in a similar way to
PCAF by recruiting factors necessary for the action of a
particular transcription factor. We postulate that Tip60
recruits cell-type-specific cofactors to the promoter, which
lead to a Tip60 dependent transcriptional activation in
HeLa and repression in Jurkat cells at the HTV-LTR pro-
moter. Thus, Tip60 may be an effective modulator of HTV
replication. However, we can not exclude the possibility
that Tip60 activity is additionally regulated by cell-type—
specific modification.

We found that the HAT activity of Tip60 is necessary for
neither its activator nor its inhibitor function on the HTV-
LTR enhancer. These data agree with the report by
Creaven et al. (25) that the Tip60 HAT activity is efficiently
inhibited by HIV-1 Tat protein interaction, even though
autoacetylation of Tip60 is not affected. Thus, the HAT
activity is dispensable for both the activation and inhibition
function of Tip60. This is further supported by the report
that the HAT activity of Tip60 is not required for inhibition
of CREB activity (18). Even though Tip60 failed to acety-
late nucleosomal histones (20), the recent report by Ikura et
al. shows that the Tip60 complex acetylates this substrate
(21). However, no function of the Tip60 HAT domain was
shown in transcriptional regulation, but instead, evidence
for its role in DNA damage—induced apoptosis was pre-
sented (21). Thus, a possible differential expression of the
naturally occurring HAT-less Tip60 variant (Tip60A2), de-
scribed here, may be of special interest in respect of apop-
totic processes, e.g., during T cell development. Because our
observations show, that Tip60 activity is cell-type-depen-
dent and the HAT activity is not primarily required for in-
hibition or activation of transcription, one could envision
the following hypothetical model for Tip60 function in anal-
ogy to the function of p300/CBP at nuclear hormone recep-
tors. Chen et al. (26) reported that the nuclear hormone
receptor coactivator ACTR as part of a cofactor complex is
acetylated by the recruited coactivator p300/CBP. Acetyla-
tion of ACTR attenuates hormone-induced activation and
promotes dissociation of ATCR from the nuclear receptor in
gel-shift assays. A similar mechanism is known for CBP at
the enhanceosome of the interferon-P promoter (27). Simi-
larly, gene regulation by Tip60 may first involve recruit-
ment of cell-type— and transcription-factor-specific cofac-
tors to enhance or repress transcription (see above). Subse-
quent acetylation of cofactors by Tip60 HAT activity would
decrease cofactor activity and lead to disruption of the com-
plex, thereby creating a negative feedback loop. This model
aggrees with two of our observations. First, the HAT-less
variant Tip60A2 has the same cell-type-specific activity as
Tip60 when overexpressed with the HIV-1 Tat protein at
the HIV-LTR (Fig. 1), due to the inhibition of Tip60 HAT
activity by Tat protein (25). This supports the idea that the
HAT activity is not primarily necessary for transcriptional
activation or inhibition function of Tip60, which may be
accomplished by cofactor recruitment. Second, the HAT-less
variant Tip60A2 has an increased repressor activity at the
CD4-E/P in Jurkat cells, because the lack of HAT activity
would prevent the downregulation of corepressor activity
by the generation of a negative feedback loop. However,
this hypothesis needs to be tested by experimental proce-
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dures. We are aware that full-length Tip60 and Tip60A2
exhibit differences in repressor activity only on the endoge-
neous ZEB protein, but not in the presence of exogeneously
expressed ZEB, which could be due to the overexpression of
the ZEB protein. An alternative explanation would be that
repression of the CD4-E/P activity to approximately 20% is
already the maximum repression of this promoter that can
be achieved in our cell culture model.

Mutation of the ZEB recognition site of the CD4-E/P,
which has been shown to abolish ZEB binding (22), blocks
the inhibitory effect of Tip60 (Fig. 2B). Therefore the core-
pressive function of Tip60 was associated with its ability to
bind ZEB-N terminus, which has been identified as a re-
pressor domain in hematopoetic cells (23, 28). However,
there was one exception indicating an additional functional
interaction between both proteins without direct binding:
Tip60A2, albeit not binding to ZEB in the yeast two-hybrid
assay, also demonstrated ZEB-specific repression on the
CD4-E/P. We thus speculate that both a direct binding of
Tip60 to ZEB and an indirect corepressive effect, also de-
pending on ZEB, are combined to exert the corepressive
activity of Tip60. The nature of this repressive mechanism
is part of ongoing investigations.

In conclusion, we have shown, that the function of Tip60
is cell-type-dependent. Tip60 inhibits transcription con-
trolled by the HTV-LTR in Jurkat cells, but activates it in
HeLa. This supports the hypothesis that Tip60 functions by
recruiting cell-type-specific cofactors to the promoter. Fur-
thermore, Tip60 inhibits the CD4-enhancer/promoter activ-
ity in concert with ZEB, possibly acting as corepressor. The
Tip60 variant without HAT domain, Tip60A2, shows no dif-
ference in activity as compared with the Tip60 protein at
the HTV-LTR. This suggests that the HAT domain is not
essential for either direct activation or inhibition by Tip60,
but may be important for modulating the activity of the
cofactor complex. Further work, including a characteriza-
tion of the differential expression pattern of the here de-
scribed variants, will also investigate the role of Tip60 in T
cell development.
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