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ABSTRACT Tumor-specific activation of the TALI gene is
the most common genetic defect acted with T-cell acute
lymphoblatic leukemia. The TALI gene products possess a
basic helix-oop-helix (bHLH) motif, a protein-dimerization
and DNA-binding domain found in several transcription fac-
tors. TALl polypeptid interact, in vitro and in vivo, with class
A bHLH proteins (e.g., E47) to form heterodimers with
sequence-specific DNA-binding activity. In this study, we show
that TALl can regulate the trnscription of an artificial
reporter gene that contains bdin sites for bHLH het-
erodimers involving TALL. Transcription of the reporter is
strongly induced by E47-E47 homodimers and moderately
induced by TALl-E47 heterodimers. Thus, in a cellular envi-
ronment that allows formation of E47-E47 hom es (e.g.,
in the absence of Id regulatory proteins) TALl can repress
tLnscription by iting E47 into bHLH complexes with ess
tranriptional activity (i.e., TAL1-E47 heterodimers). How-
ever, in other is TAL can activate tr ption because
TAL1-E47 heterodimers are more resistant to negative regu-
lation by Id pris. Hence, TALl can poenally regulate
ncriptn in either a positive or negative fashion.

Tumor-specific alteration of the TALI gene occurs in nearly
25% of patients with T-cell acute lymphoblastic leukemia
(T-ALL), and as such it represents the most common genetic
defect associated with this disease (1-10). These alterations
are mediated by chromosomal rearrangements that serve to
activate transcription of the affected TALI allele. During
normal development, TALI expression is observed in several
hematopoietic lineages with the apparent exception of T
cells. Thus, the gene alterations associated with T-ALL may
promote leukemogenesis by inducing inappropriate TALI
expression in T-lineage cells.
The TALI gene (also called TCL5 or SCL) encodes at least

two protein products: a full-length species containing amino
acid residues 1-331 (pp42TLl) and a truncated species con-
taining residues 176-331 (pp22TALl) (11). Both products
contain the basic helix-loop-helix (bHLH) motif, a protein-
dimerization and DNA-binding domain found in several
transcription factors (12-14). An etiologic role for TALI in
leukemia is supported by its relationship with TAL2 and
LYLI, distinct bHLH genes that were also identified on the
basis of chromosomal rearrangement in T-ALL patients (15,
16). Although >60 bHLH proteins have been identified to
date, the bHLH domain of TALl is most closely related to
those encoded by TAL2 and LYLI. Thus, TAL1, TAL2, and
LYLl constitute a unique subgroup ofbHLH proteins, each
ofwhich is a potential mediator of T-cell leukemogenesis (9).

Protein dimerization is required for DNA recognition by
many transcription factors, including those that harbor the
bHLH motif (12, 17). TALl polypeptides do not have intrin-

sic DNA-binding activity, presumably because they cannot
self-associate to form bHLH homodimers (18-20). However,
they do have the potential to interact in a stable manner with
certain other bHLH proteins. For example, TALl polypep-
tides have been shown to associate with each of the known
"class A" bHLH proteins, including both products (E12 and
E47) of the E2A gene (19). The resultant heterodimers
(TAL1-E12 and TAL1-E47) specifically recognize DNA
sequences that contain the E-box motif (CANNTG), a cis-
acting element found in a variety of eukaryotic transcription
enhancers (19).
TAL1-E2A complexes with DNA-binding activity have

been detected in leukemic T cells derived from T-ALL
patients (19, 20). Therefore, it is conceivable that the leuke-
mic, and perhaps the normal, properties of TALl are medi-
ated through its putative function as a transcription factor.
However, transcriptional regulation by TALl has not as yet
been demonstrated. In this study, we show that TALl
polypeptides can potentially modulate transcription of a
single target gene in either a positive or negative fashion.

MATERIALS AND METHODS
Plasmid Cones. Complementary oligonucleotides that con-

tain two copies of the preferred sequence for DNA recogni-
tion by TAL1-E2A heterodimers (TCGAACAMAIGTTCA-
CACGACCAICTQGTGGG and TCGACCCACCAlAIQ}-
GTCGTGTGAACATCTGT) were annealed and ligated into
the Sal I site of the ElbTATA-CAT reporter plasmid (21);
ElbTATA-CAT derivatives with one (ElbCAT-E2), two
(ElbCAT-E4), or three (ElbCAT-E6) copies of the oligonu-
cleotide insert were used in subsequent studies. The E47
expression vector (pCDM8-E47) (22) was kindly provided by
Anna Voronova (DNAX). An expression plasmid encoding
Idl (Idl/pCMV4) was generated by transferring a 0.9-kbp
Sma I fragment from pE:Id(S) into the pCMV4 vector (23,
24). The TALl expression plasmid (TAL1/pCMV4) has been
described (11). An expression plasmid (TAL1-B2mut/
pCMV4) encoding the mutant TALl (R188G;R189G) poly-
peptide was generated by site-directed mutagenesis of
TAL1/pCMV4 (25).
DNA Transfections and Chbramphenicol Acetylraserase

(CAT) Assays. Approximately 3 x 10U C3H/10T½ fibroblasts
were seeded onto each 100-mm plate and cultured in 10 ml of
growth medium. After 2 days, the adherent cells were treated
with the calcium phosphate transfection system (GIBCO/
BRL). Unless otherwise indicated (i.e., see Fig. 2), each
100-mm culture was transfected with 5 ug of the ElbCAT-E6
reporter plasmid, 5 pg ofthe pRSV-Pgal control plasmid, and
expression plasmids encoding E47 (1 pg), TALl (10 ug), or
Idl (10 pg); where necessary pCMV4 plasmid DNA was
added to provide a constant DNA mass (31 jug) for transfec-

Abbreviations: bHLH, basic helixlcoop-helix; T-ALL, T-cell acute
lymphoblastic leukemia; CAT, chloramphenicol acetyltransferase;
EMSA, electrophoretic mobility shift assay.

5947

The publication costs of this article were defrayed in part by page charge
payment. This article must therefore be hereby marked "advertisement"
in accordance with 18 U.S.C. §1734 solely to indicate this fact.



Proc. Natl. Acad. Sci. USA 91 (1994)

tion of each 100-mm culture. After 24 h, the adherent cells
were washed twice in TBS buffer (11) and cultured in fresh
growth medium for an additional 24 h. Nuclear extracts were
prepared from each culture as described by Lee et al. (26); the
postnuclear supernatant ("cytoplasmic extract") obtained
by this procedure was normalized for (3-galactosidase activ-
ity, and equivalent aliquots were examined for CAT activity
by using [14C]chloramphenicol and n-butyryl-coenzyme A.
Each reaction mixture was then fractionated by thin-layer
chromatography, and the conversion of [14C]chlorampheni-
col into its butyrylated forms was measured using a Beta-
scope 603 (Betagen, Waltham, MA).
Western Blot Analysis and Electrophoretic Mobility Shift

Assays (EMSAs). The protein content of each nuclear lysate
was determined by the Bradford assay (Bio-Rad), and equiv-
alent amounts (25 jig) were subject to Western blot analysis,
which was performed by enhanced chemiluminescence (Am-
ersham) with a rabbit serum (no. 1080) specific for the
N-terminal 121 residues of TALl (19). EMSAs were per-
formed with a 32P-labeled double-stranded oligonucleotide
probe containing the preferred sequence for DNA-binding by
TAL1-E47 heterodimers (underlined; sense strand, ACCT-
GAACAQAIGTCGGCT) (19). Each EMSA shown in Figs.
1B and 4C was conducted with 25 Mug of nuclear extract.
EMSAs of in vitro-translated polypeptides (see Fig. 3) were
conducted with reticulocyte lysates containing E47S (2 PI),
TALl (5 pd), and Idl (2-8 p1); where necessary, unpro-
grammed reticulocyte lysate was added to provide a constant
volume (15 pl) of lysate in each EMSA. The plasmid tem-
plates for in vitro transcription/translation of E47 (pE47S)
and TALl (talT7pGEM) polypeptides have been described
(12, 18); the template for Idl (IdO.9-T7/pGEM4) was gener-
ated by transferring a 0.9-kbp Sma I fagment from pE:Id(S)
into the pGEM-4 vector (23).

RESULTS
Transcriptional Activity of E47-E47 Homodimers and

TAL1-E47 Heterodimers. Natural target genes for transcrip-
tional regulation by TALl have not as yet been identified.
Therefore, an artificial reporter was constructed from
ElbTATA-CAT, a plasmid vector that contains the bacterial
CAT gene under the control of a promoter from the adeno-
virus Elb gene (21). Previous experiments had shown that
TAL1-E2A heterodimers preferentially bind a consensus
DNA sequence (AACAiAMIGT) that includes the E-box
motif (CANNTG) (underlined) commonly recognized by
bHLH proteins (19). Therefore, oligonucleotides containing
this sequence were inserted immediately upstream of the Elb
promoter in ElbTATA-CAT to generate reporter constructs
with multiple copies of the preferred TAL1-E2A-binding
site. CAT reporters containing zero, two, four, or six copies
of the binding site were then cotransfected into C3H1OTY2
fibroblasts along with expression plasmids encoding either
full-length TALl or full-length E47 polypeptides. The cells
were harvested 48 h after transfection, and cell lysates were
evaluated for CAT activity. As expected, TALl polypep-
tides, which do not have intrinsic DNA-binding activity (18,
19), did not induce expression of CAT from any of the
reporter constructs. In contrast, E47 readily induced CAT
expression from the ElbTATA-CAT derivatives containing
two, four, or six copies ofthe TAL1-E2A-binding site but not
from the parental ElbTATA-CAT reporter (data not shown).

Further studies were conducted with ElbCAT-E6, the
derivative of ElbTATA-CAT that harbors six copies of the
TAL1-E2A-binding site. C3H1OTY2 fibroblasts were cotrans-
fected with the ElbCAT-E6 reporter and various combina-
tions of expression plasmids encoding E47 and TALL. After
48 h, the cells of each transfected culture were harvested for
the preparation of cytoplasmic and nuclear extracts. Fig. 1A
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FIG. 1. Transcriptional activation by E47-E47 homodimers and
TAL1-E47 heterodimers. (A) Trans-activation of ElbCAT-E6, a
CAT reporter gene with multiple binding sites for TAL1-E47.
C3H1OTY2 fibroblasts were transfected with the E1bCAT-E6 re-
porter, a P-galactosidase expression plasmid (RSV-gal), and plas-
mids encoding E47, wild-type TAL1, or mutant TAL1 (denoted as
TAL1*). Cytoplasmic and nuclear extracts were prepared from each
cell culture 48 h after transfection. The cytoplasmic extracts were
evaluated for P-galactosidase activity, and CAT enzyme assays were
then performed using equivalent amounts (0.5 x 10-4 P-galacto-
sidase unit) of each extract. (B) EMSAs of the corresponding nuclear
extracts. Each extract was subjected to EMSA after incubation with
a 32P-labeled double-stranded oligonucleotide containing the pre-
ferred recognition sequence for TAL1-E47. Protein-DNA com-
plexes representing E47-E47 homodimers and TAL1-E47 het-
erodimers are marked with arrows. (C) Western blot analysis of the
corresponding nuclear extracts (lanes 1-5 correspond to lanes 1-5 in
B). Equivalent aliquots of each extract were fractionated by SDS/
PAGE, transferred to a nylon filter, and examined by immunoblot
analysis with a TALl-specific rabbit antiserum.

illustrates that transcription of the ElbCAT-E6 reporter, as
measured by CAT activity in the cytoplasmic extracts, is
induced by E47 (lane 2) but not by TAL1 (lane 3). Transcrip-
tion of ElbCAT-E6 was also apparent upon coexpression of
E47 and TAL1 (lane 4); in this case, the CAT levels obtained
were nearly 20-fold lower than those induced by E47 alone.
Significantly, however, coexpression of E47 and TAL1 did
not induce detectable CAT production from ElbTATA-CAT,
the parental reporter that is devoid of TALl-E2A-binding
sites (data not shown).
To identify thebHLH complexes responsible for transcrip-

tion ofElbCAT-E6, the corresponding nuclear extracts were
evaluated in an EMSA with a radiolabeled oligonucleotide
probe containing the preferred TALl-E47-binding sequence.
As illustrated in Fig. 1B, protein complexes that bound the
radiolabeled probe were observed in nuclear extracts from
cells containing E47 alone (lane 2) and both E47 and TAL1
(lane 4) but not TALl alone (lane 3). The electrophoretic
mobilities of these complexes are consistent with the forma-
tion of E47-E47 homodimers (lane 2) and TAL1-E47 het-
erodimers (lane 4). Moreover, the presumptive TAL1-E47
complex is disrupted by rabbit antisera specific for either
TALl or E47, whereas the E47-E47 complex is only dis-
rupted by E47-specific antisera (data not shown).
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It is noteworthy that E47-E47 complexes are not observed
in cells that express both E47 and TALl (e.g., Fig. 1B, lane 4).
This is consistent with in vitro studies that show preferential
formation of TAL1-E47 heterodimers over E47-E47 ho-
modimers (18, 19). Hence, the transcription of ElbCAT-E6
observed in cells expressingboth TALl and E47 (Fig. 1A, lane
4) is likely to be mediated by the abundant TAL1-E47 com-
plexes present in these cells (Fig. 1B, lane 4), rather than by
residual E47-E47 homodimers. Additional evidence to sup-
port this conclusion was obtained by evaluatng ElbCAT-E6
transcription in response to TAL1(R188G;R189G), a mutant
TALl polypeptide with two amino acid substitutions in the
basic region of the bHLH domain. Myogenic bHLH factors
(e.g., MyoDl and myogenin) bearing similar mutations have
been shown to interact with E2A proteins to form aberrant
bHLH heterodimers that no longer bind DNA (27, 28). Like-
wise, cells expressing both E47 and mutant TALl lackbHLH
heterodimers with DNA-binding activity (Fig. 1B, lane 5).
Homodimeric E47-E47 complexes are also absent from these
cells, indicating that the E47 polypeptides are assembled into
aberrantbHLH heterodimers with mutant TALL. As shown in
Fig. 1C, equivalent levels of wild-type (lanes 3 and 4) and
mutant (lane 5) TAL1 polypeptides are generated upon trans-
fection of C3HlOT½2 cells with their respective expression
plasmids. Nevertheless, transcription of the ElbCAT-E6 re-
porter is not detected in cells expressing both E47 and mutant
TALl (Fig. 1A, lane 5). This result confims that the
ElbCAT-E6 transcription observed in cells expressing both
E47 and wild-type TALl (Fig. 1A, lane 4) is mediated by
TAL1-E47 heterodimers.
The experiment presented in Fig. 1 demonstrates that

transcription of the ElbCAT-E6 reporter can be induced by
either E47-E47 homodimers or TAL1-E47 heterodimers.
However, the latter are clearly less potent activators of
ElbCAT-E6 transcription. Since heterodimer formation is
favored over homodimer formation, cells containing both
E47 and TALl produce CAT levels significantly lower than
cells containing E47 alone; a mean 15.2-fold reduction was
observed in four experiments (SEM = 3.1). Moreover, as
shown in Fig. 2, TALl polypeptides with proline substitu-
tions in helix 2 of the bHLH region (A232P or K234P) do not
reduce transactivation by E47 (lanes 2-5). These mutations
eliminate heterodimer formation between TALl and E47
(data not shown), presumably by destabilizing the TALl
bHLH domain. Thus, the ability of TALl to influence

mutants
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transcriptional activation by E47-E47 homodimers appears
to be dependent upon its dimerization potential.
The data indicate that TALl can repress transcription of a

target gene by reducing the formation of E47-E47 homo-
dimers. It should be noted, however, that the degree of
TALl-mediated repression is influenced by the relative levels
of E47 and TALL. The experiments presented above were
conducted under conditions in which the cellular quantities of
E47 were limited with respect to TALl; that is, cotransfec-
tions were performed with 1 pg ofthe E47 expression plasmid
and 10 ,ug of the TALl expression plasmid. Since the
recruitment ofE47 polypeptides into heteromeric TAL1-E47
complexes occurs stoichiometrically, the degree of TAL1-
mediated repression is diminished at higher ratios of E47 to
TALl (Fig. 2, lanes 6-8). Nevertheless, in a cellular envi-
ronment that allows stable assembly of E2A homodimers,
expression ofTALl can potentially modulate transcription in
a negative fashion.
The Effect of Id on Formation of E47-E47 Homnodimers and

TAL1-E47 Heterodimers. The transcriptional activities of
bHLH proteins are often subject to regulation by the Id
polypeptides, a small family of HLH proteins that lack the
basic region ofthe bHLH domain (23, 29-34). Changes in the
cellular levels of Id polypeptides are associated with various
physiologic events, including cell differentiation and growth
factor induction. When Id levels are high, the transcriptional
activity of some bHLH polypeptides is repressed because
they preferentially associate with Id to form heterodimers
that lack DNA-binding activity (23). Previous studies have
shown that the Idl and Id2 polypeptides interact avidly with
the E2A gene products but not with TALl (23, 31). In light of
the evidence that TAL1-E47 heterodimers are more stable
than E47-E47 homodimers, we sought to determine whether
the formation of these complexes is influenced differentially
by the presence of Id polypeptides. Therefore, bHLH com-
plexes assembled from in vitro-translated polypeptides were
evaluated by EMSA with a radiolabeled probe containing the
preferred TAL1-E2A-binding sequence. As illustrated in
Fig. 3, E47-E47 homodimers with DNA-binding activity are
present in reticulocyte lysates programmed to produce a
truncated E47 polypeptide (lane 2) but not in unprogrammed
lysates (lane 1) (12). However, formation of the E47-E47
complex is completely disrupted by the addition of in vitro-
translated Idl (lane 3). In contrast, the formation of TAL1-
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FIG. 2. Effect ofTAM on the transcriptional activity ofE47-E47
homodimers. C3H1OT½ cells were transfected with the E1bCAT-E6
reporter (5 Ag), the RSV-fgal control plasmid (5 Ag), and expression
plasmids encoding E47 plus either wild-type (lanes 3 and 6-8) or
mutant (lane 4, K234P mutant; lane 5, A232P mutant) TALL. The
transfections were conducted using 10 jig (lanes 3-5), 2 pg (lane 6),
0.4 jpg (lane 7), or 0.08 pg (lane 8) of TALl expression plasmid.
Cytoplasmic and nuclear extracts were prepared from each cell
culture 48 h after transfection. Cytoplasmic extracts were evaluated
for P-galactosidase activity, and CAT assays were performed using
equivalent amounts (0.5 x 10-4 P-galactosidase unit) ofeach extract.
The corresponding nuclear extracts were evaluated by immunoblot
analysis as described in Fig. 1 (data not shown).
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FIG. 3. Effect of Idl on DNA binding by E47-E47 homodimers
and TAL1-E2A heterodimers. A 32P-labeled probe containing the
preferred recognition sequence forTAL1-E47 was incubated with an
unprogrammed reticulocyte lysate (lane 1), lysates containing in
vitro-translated E47S (lanes 2-5), or lysates containing in vitro-
translated E47S and TALl (lanes 6-9). Some binding reaction
mixtures were supplemented with 2p (lanes 3 and 7), 4 pA (lanes 4
and 8), or 8 pA (lanes 5 and 9) ofa lysate containing in vitro-translated
IdM. Reaction products were then analyzed by EMSA. Protein-DNA
complexes representing E47-E47 homodimers and TAL1-E47 het-
erodimers are indicated.
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the ElbCAT-E6 reporter and various combinations of ex-
pression plasmids encoding E47, TAL1, and Idl. As shown
in Fig. 4C, Idl expression results in the complete elimination
of E47-E47 complexes from the nuclear extracts of trans-
fected C3H1OTY2 cells (compare lanes 2 and 3). This loss is
accompanied by a dramatic 100-fold decrease in the tran-
scription ofElbCAT-E6, as represented by CAT levels in the
corresponding cytoplasmic extracts (Fig. 4A, lanes 2 and 3).
In contrast, Idl expression only produces a modest diminu-
tion in both the formation ofTAL1-E47 complexes (Fig. 4C,
lanes 5 and 6) and the activation of ElbCAT-E6 transcription
by these complexes (Fig. 4A, lanes 5 and 6). Therefore, the
transcriptional activity of TAL1-E47 heterodimers is rela-
tively resistant to repression by Idl. To better assess the
effect of Idl on ElbCAT-E6 transcription, CAT assays were
also performed using larger quantities of each cytoplasmic
extract (Fig. 4B). Although these assays are beyond the linear
range of CAT conversion for extracts containing E47-E47
homodimers (Fig. 4B, lane 2), they clearly demonstrate that
Idl expression has only a marginal effect on the transcrip-
tional activity of TAL1-E47 heterodimers (lanes 5 and 6).
Moreover, given the presence of Idl polypeptides, expres-
sion of TALl results in a net increase in ElbCAT-E6 tran-
scription (Fig. 4B, compare lanes 3 and 6); three separate
experiments yielded a mean increase of 4.53-fold (SEM =
1.01). Thus, in the presence of Id polypeptides TAL1 can
potentially modulate transcription in a positive fashion.
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FIG. 4. Transcriptional activation by TALl in the presence ofIdl
polypeptides. (A andB) Trans-activation ofthe ElbCAT-E6 reporter
gene. C3H1OT½ fibroblasts were transfected with the ElbCAT-E6
reporter, the RSV-fgal control plasmid, and expression plasmids
encoding E47, TAL1, or IdM. Forty-eight hours later cytoplasmic
extracts of each culture were prepared and evaluated for ,-galacto-
sidase activity; CAT enzyme assays were then performed on the
equivalent ofeither 0.5 x 10-4 -galactosidase unit (A) or 2.5 x 10-4
unit (B) of each extract. (C) EMSAs of the corresponding nuclear
extracts. Each extract was subjected to EMSA after incubation with
a 32P-labeled probe containing the TAL1-E47 recognition sequence.
Protein-DNA complexes representing E47-E47 homodimers and
TAL1-E47 heterodimers are indicated.

E47 heterodimers is unaffected by the presence of an equiv-
alent level of Idl (lane 7), and it is only modestly diminished
by 4-fold higher levels (lane 9). This result suggests that the
transcriptional activity ofE47-E47 homodimers may be more
susceptible to down-regulation by Idl than that ofTALl-E47
heterodimers.
The Effect ofId on the Transciptiona Activities ofE47-E47

Ho in and TAL1-E47 Hete rs. To ascertain
whether Id polypeptides have a differential effect on the
transcriptional activities ofE47-E47 homodimers andTAL1-
E47 heterodimers, C3H1OTY2 cells were cotransfected with

DISCUSSION
Tumor-specific rearrangement of the TALI gene is the most
common genetic lesion observed in T-ALL patients (1-10).
These rearrangements result in what appears to be inappro-
priate expression of TALI in T-lineage cells. It is not under-
stood why the unscheduled appearance of TAL1 should
promote T-cell leukemogenesis. Nevertheless, TALl poly-
peptides are believed to function as transcriptional regulatory
factors based on two criteria: the presence ofabHLH domain
and their ability to form protein complexes (e.g., TAL1-E2A
heterodimers) that bind DNA in a sequence-specific manner
(18-20). However, evidence of transcriptional activity by
TALl polypeptides has not been reported, perhaps in part
because natural target genes subject to TALl regulation have
yet to be identified.

Binding-site selection studies show that bHLH het-
erodimers involving TALl (e.g., TAL1-E47) preferentially
recognize a subset ofE-box elements that can be represented
by the consensus DNA sequence AACAQAi&QGT (19).
Therefore, an artificial reporter gene (ElbCAT-E6) contain-
ing multiple copies of this sequence was used to evaluate the
transcriptional regulatory functions of TALL. These studies
show that transcription of ElbCAT-E6 can be activated by
either TAL1-E47 heterodimers of E47-E47 homodimers.
TALl polypeptides do not self-associate to form bHLH

homodimers; hence, both the DNA-binding potential and
transcriptional activity of TALl are contingent upon inter-
action with other bHLH polypeptides such as E47. Three
additional factors influence whether TALl modulates tran-
scription in a positive or negative manner. (i) E47-E47
homodimers are far more potent activators of ElbCAT-E6
transcription than are TAL1-E47 heterodimers. (ii) In the
presence of TAL1, E47 polypeptides preferentially form
heteromeric TAL1-E47 complexes rather than E47-E47 ho-
modimers. (iii) E47-E47 homodimers are more readily dis-
sociated by the presence of Id polypeptides than are TAL1-
E47 heterodimers. As a consequence ofthese considerations,
the effect of TALl on transcription of a given target gene
(e.g., ElbCAT-E6) will depend on the cellular environment.
In a setting that permits formation of E47-E47 homodimers
(e.g., in the absence of Id polypeptides), expression ofTALl
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can repress transcription by recruiting E47 polypeptides into
bHLH complexes with less transcriptional activity (i.e.,
TAL1-E47 heterodimers). Since the recruitment of E47 into
TAL1-E47 complexes occurs stoichiometrically, the degree
of TALl-mediated repression will be influenced by the rel-
ative quantities of E47 and TAL1 polypeptides. Conversely,
in the presence of Id proteins TAL1 expression can activate
transcription because the resultant TAL1-E47 heterodimers,
albeit less potent activators than E47-E47 homodimers, are
relatively resistant to dissociation by moderate levels of Id.
Thus, TALl may potentially exert either a positive or neg-
ative effect on transcription of a given target gene depending
on the presence or absence of Id.
At least three distinct genes encoding Id polypeptides have

been identified in mammals (23, 31-33). Although the ex-
pression patterns of these genes have not been fully defined,
changes in the levels of Id polypeptides have been observed
during cell differentiation and in response to growth factor
induction (23, 31, 32, 34). Indeed, fluctuations of Id levels
occur in developmental settings that may be relevant to
TALl function. In particular, the levels of Idl and Id2
transcripts rapidly decrease as erythroid cells, the sites of
normal TALl expression, are induced to differentiate (23,
31). In light of the influence that Id polypeptides exercise
over TALl-mediated transcriptional activity, it will be im-
portant to also establish the status of Id expression during
normal T-cell development and in the leukemic cells of
T-ALL patients.
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