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ABSTRACT

The Id proteins are a family of related mammalian
helix—loop-helix (HLH) proteins which can interact
with other HLH proteins but lack a basic region and are
thus not thought to bind to DNA. Instead, they are
hypothesized to act as dominant negative regulators of
DNA-binding basic HLH (bHLH) proteins, by forming
inactive heterodimers with these proteins. All four Id
family proteins possess related HLH dimerization
domains and can interact with similar bHLH proteins,

although with differing affinit ies. The functions of the

largely unrelated N- and C-terminal regions of the
proteins are unknown. In this study, we have identified

a novel transcriptional activity of the mammalian Id

proteins. We show that when fused to the heterologous

GAL4 DNA-binding domain, all four of the mammalian
Id proteins can activate GAL4-dependent transcription.

The HLH domain is necessary for the transactivation
activity observed, suggesting that interaction with a

cellular HLH protein is required. Co-transfection with

exogenous Class A bHLH proteins (E-proteins) greatly
potentiates the tran  sactivation, which is abolished upon
co-transfection with Class B bHLH proteins. These
results are consistent with the idea that the Id proteins

have a transcriptional activity when present in a
DNA-binding complex.

INTRODUCTION

some of the Class B bHLH proteir.(Since the Id proteins do

not possess a basic region, dimers containing them are not thought
to be able to bind DNA. Thus, they are hypothesized to act as
dominant-negative regulators of interacting bHLH protein-mediated
transcription. Although the four members of the mammalian Id
protein family are related at the amino acid sequence level
throughout the HLH domain (69—79% identity), the other parts of
the proteins are not very related. It has been proposed that this
group of proteins function mainly as negative regulators of bHLH
protein-mediated transcriptional activity, by forming non-DNA-
binding heterodimers with bHLH proteins and preventing their
DNA binding and transcriptional activitiegh)( Many of the
assays which are used to determine Id protein activity measure
only binding to E-box sites or transactivation of E-box-dependent
promoters, thus they cannot detect other activities that Id proteins
might possess. We have investigated the possibility that the Id
proteins can function in other ways besides merely titrating out
the E-proteins in a cell. Here we report a novel activity of the
mammalian Id family proteins; a transactivation activity observed
when they are bound to DNA through fusion with the DNA-binding
domain of the yeast transcriptional regulator GAL4. This activity
requires an HLH region and thus probably depends on the ability
of the Id proteins to interact with other HLH proteins in a cell.
Addition of ectopic E-proteins increases transcriptional activation by
the Id proteins, suggesting that E-proteins may be relevant
dimerization partners mediating this phenomenon in cells. These
results support a hypothesis that Id proteins may play roles other
than just as dominant negative regulators of bHLH protein
function.

The helix—-loop—helix (HLH) protein class of transcription factors
are important regulators of cellular development and differentiatioM ATERIALS AND METHODS

in a number of cell typesl). The HLH domain mediates

Plasmid construction

interactions between members of this class of proteins, many o

which function as heterodimers between a widely expressédammalian GAL4 fusionsGAL4—-Id1 was constructed by
(Class A) and a tissue-specific (Class B) basic HLH (bHLH)nserting a 900 bplindlll fragment containing full-length mouse
protein. The heterodimers bind to DNA through basic DNA-bindindd1 cDNA into theHindlIl site of pM3 6). GAL4—Id1 13-88
domains, usually to a related binding site called an E-box. Aontains only amino acids 13-88 of Id1 and was constructed by
separate class of HLH proteins does not possess a basic regionsufatloning @st fragment into pM2%). GAL4ACTId1 contains

is thus not thought to bind to DNA)( The four mammalian

the C-terminal amino acids 99-148 from Id1 inserted into pM3,

members of this family (Id1-Id4) can, however, interact stronglyhile GAL4ACTId1 contains amino acids 1-99 inserted into
with DNA-binding Class A bHLH proteins and more weakly with pM3. GAL4—-1d2 was constructed by fusing the full-length coding
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region of mouse 1d2 cDNA to the GAL4 DNA-binding domain RESULTS AND DISCUSSION
of pM3. For construction of GAL4-Id3, the full-length coding ) o B
sequences of mouse Id3 was produced by PCR and inserted i§t@roteins have transactivation activity

the BanHiI site of the pSG424 vectob) GALA-Id3 deletion |y ¢amily proteins are thought to act as negative regulators of
constructs were produced by inserting the appropriate truncatgfh) .y nroteins and their transcriptional activities. It has been
fragments generated by PCR into pSGA424. GMNIMI3 lacks oo ;med that the non-HLH portions of Id proteins are largely

the N-terminus of 1d3 and has amino acids 2-40 deletefljqhonsapie for their activity, although a few reports have

GAL4ACId3 lacks the C-terminus of Id3 (amino acids 82—-119 arg, ; : ;
) , ggested that the non-HLH regions may contribute to Id protein
deleted), while GALAHLHIdS3 lacks the HLH region of 1d3 4o (14,15). Interestingly, we have found that when the

(amino acids 41-81). GAL4HLHId3 contains only the HLH i jength coding regions of the Id proteins are fused to the

region of 1d3 (amino acids 41-81), while GALACTIA3 containg,eterologous GAL4 DNA-binding domain, they activate transcrip-
only the C-terminus of 1d3 (amino acids 82-119). GALA-ld4;, ot o GAL4-responsive reporter gene. Human 293 cells were
contains the full-length coding region of 1d4 in pM3. GALAE1A ., angfected with the reporter plasmids GSTKCAT (TK promoter
was described previously)( with five GAL4 binding sites upstream, GAL4-responsive) or
Other plasmids CMVMyoD (8) and the reporter constructs BL2CAT (TK promoter without the GAL4 sites, non-GAL4-
GS5E1bCAT ), G5E1bLUC @), GSTKCAT and BL2CAT {0) responsive), along with the GAL4—Id protein fus_|ons (GAL4—Id1,
were described previously. For construction of CMVAnMEL1, th&AL4-1d2, GAL4-Id3 or GAL4-1d4). Co-expression of GAL4-ld

bHLH region and C-terminus of ME1 was generated by PCR al Hsion proteins With the reportgr_plasmid'la'lcking GAL4 binding
inserted into pPCEP4F(—EBNA)). sites caused very little transcriptional activity (Riy.However,

co-expression of the GAL4-Id fusion proteins with the
GAL4-responsive reporter plasmid (G5TKCAT) significantly
Cell culture increased activation of the reporter gene (Bigrhe transactivation

. I : activity of the GAL4—Id proteins was comparable with that of the
293 human embryonal kidney cells were maintained in low quco§§AL A-E1A fusion protein (Figl), which contains a strong

Dulbecco’s modified Eagle’s medium (DMEM) supplemented with_ .~ " . ; ; : .
103 filhovine serm (FES) and 109 o peiclin and o domln dered fon he adenovius E1A prodyn (
streptomycin. CV1 African green monkey kidney cel(ljs WEr€ 21223 of E1A, which contains conserved regions 2 and 3 and
grown in OPTI'MEM.(.G!bCO BRL) supplemented with 5% FBSposesses strong transactivation activity {Me also observed
and 10Qug/ml of penicillin and streptomycin. similar transactivation activities with a GAL4—E2A fusion which
contains the E2A coding region fused to the GAL4 DNA-binding

Transient transfection assays domain (data not shown). Although the GAL4-Id1 fusion protein

] ) . ~_ appears to activate GAL4-dependent transactivation more
All transfections were done using a calcium phosphate precipitatigfrongly than the other GAL4 fusion proteins; this may reflect the
kit (5'-3', Boulder, CO). 293 cells were plated at@P cells/35 mm  higher ievel of expression of this construct following transfection.
plate (24 h prior to transfection. CV1 cells were plated at 3yestern blot analysis of cellular extracts prepared from transfected
density of 2« 1°in 60 mm plates. Each plate was co-transfectegel| cultures indicated that GAL4-Id1 is expressed at higher
with luciferase or CAT reporter plasmid, cDNA expressioneyels than GAL4—Id2, GAL4—Id3 and GAL4—Id4 (FigB).
construct(s) and RSPgal (12). Cells were harvested 36 h after GAL4—Id1 is expressed at the highest level, followed by
transfection and assayed for luciferase (Luciferase Assay SystegaL4-Id4; GAL4-Id2 is expressed, but at a low level. We were
Promega Corp.) or CAT activitiesd). B-Galactosidase activity ynable to detect the expression of either GAL4—EIA or
was measured using a kit (Galacto-Light, Tropix Inc.); luciferasgal4—1d3 in this experiment, although they possess strong
or CAT activities were normalized to tBeyalactosidase activity in - transactivation activity. Our attempts to immunoprecipitate the
the same sample to control for differences in transfection efficienagal 4 fusion proteins using this antibody were not successful,

Each transfection was repeated a minimum of four times. thus we treated the cells with a proteasome inhibitor to attempt to
increase the amount of fusion protein present. 293 cells were
Western blot analysis transiently transfected and treated before harvest witfv&Sla

covalent, irreversible inhibitor of the 26S proteason@tjefore
293 cells were transfected and harvested as described abowvestern blot analysis. As shown in Figur€, under these
After analysis of luciferase or CAT reporter activity, the cellconditions GAL4—-Id1, GAL4-Id2 and GAL4-1d4 proteins were
lysates and pellet were combined and lysed further in 1% SDfadily detectable, but GAL4-E1A and GAL4-1d3 proteins were
Protein concentrations were determined @f@ug of each was not, despite their strong transactivation activity. We conclude that
electrophoresed. In some experiments, cells were treatedpdith 5 they are present at low levels only detected by the sensitive
Z-L3VS proteasome inhibitor 24 h after transfection and harvestedporter assays.
24 h later. Cells were harvested and lysed inpl@d 100 mM The GAL4 DNA-binding domain fusion assay has been used
Tris, pH 7.5, and 10(l of 1% SDS. For all western blof0ug  extensively to define the transcriptional activation domains of
of protein were loaded onto 10-12% SDS gels, transferred tmmerous proteinsL{,18). There are many examples of trans-
nitrocellulose and detected with 0.@/ml anti-GAL4 DNA-  criptionally active proteins which need to be tethered to DNA
binding domain antibody (Santa Cruz Biochemical, Santa Cruthrough their fusion to or interaction with a protein containing a
CA). Detection of antigen—antibody complexes was performeBNA-binding domain. A well-known example of this is the VP16
using alkaline phosphatase (Kirkegaard & Perry Laboratorieprotein of herpes simplex virus (reviewed B). Although VP16
Gaithersburg, MD) according to the manufacturer’s protocol. does not strongly bind to DNA on its own, it possesses a very
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Figure 1. Id proteins have transactivation activity)(293 cells were
co-transfected with 219 of G5TKCAT or BL2CAT and lug pRSVfgal
reporter plasmids, together with 1u§ of the indicated GAL4 DNA-binding
domain plasmids (GAL4-ld1, GAL4-1d2, GAL4-ld3, GAL4-ld4 or
GAL4-E1A). An aliquot of 1.5ug of pBluescript KS DNA was added to bring
the amount of DNA in each transfection tpdg GAL4, GAL4 DNA-binding
domain (DBD) alone, not fused to anything. To correct for differences in
transfection efficiency, CAT activities were normalize | activities in the . . AT . .
same extract. CAT aztivities are presented as the mg;gg of duplicate sample&€quired for the ability of 1d3 to inhibit muscle cell differentiation
the standard deviation. Results of a representative experiment are shown; each4). We have recently found that the C-terminus of Id3 interacts
transfection was repeated a minimum of four timBs\Vestern blot analysis

of cell extracts from 293 cells transfected as described in (A). The cell lysate

were prepared as described in Materials and MethodSéndj of protein was

strong activation activity when fused to the DNA-binding domain
of GALA4. In cells, VP16 interacts with the widely expressed Pou
homeodomain protein Octl and to a host cell factor; this
interaction changes the specificity of the Oct1 DNA bindirg. (

The finding that the Id proteins can activate transcription when
tethered to DNA via the GAL4 DNA-binding domain was
surprising, since this class of proteins was originally postulated to
function solely by interacting with and repressing DNA-binding
of bHLH proteins, although some evidence suggests that they
possess other activitiesl520,21). The observation that Id
proteins possess a transcriptional activation capability of their
own implies that they may perform more complicated functions
than previously suggested.

HLH domains of Id1 and 1d3 are necessary for
transactivation function

To determine which domains of 1d1 and 1d3 are necessary for the
observed activation activity, we fused different portions of 1d1 or
Id3 to the GAL4 DNA-binding domain and tested the ability of these
fusion proteins to activate transcription of the GAL4-dependent
reporter gene G5E1bLUC or G5TKCAT. As shown in Fidike

the HLH region and the C-terminus of 1d3 are required for its
transactivation activity, as deletion of either of these domains
abolishes transactivation. Deletion of the N-terminus of 1d3 did
not affect its ability to activate transcription, suggesting that the
N-terminus is not necessary for this activity. In contrast to 1d3, a
GAL4-Id1 fusion protein lacking the 1d1 C-terminus was still
able to activate transcription, although to a reduced extent relative
to full-length 1d1 protein (Fig2B). A GAL4—Id1 fusion protein

in which the N-terminus, HLH domain and C-terminus were all
disrupted (GAL4-Id1 13-88) did not activate transcription to an
appreciable extent (FigB). The Id1 C-terminus alone produced
no significant activation of the reporter gene. To confirm that the
above results reflected the differences in the transactivation
activity of the various GAL4—Id1 mutants and not lack of protein
expression, we analyzed the cellular extracts of cells transfected
with the GAL4—Id1 mutants by direct western blotting. We were
unable to perform similar analysis with GAL4—Id3 mutants since
we could not detect GAL4—-Id3 using the anti-GAL4 antibody.
Figure 2C shows that all GAL4-Id1 derivatives are detectably
expressed; GAL4—-Id1 13-88 appeared to be expressed at the
lowest level. Taken together, these results suggest that the HLH
regions of the Id proteins are important for their ability to activate
transcription. Other regions of the proteins also appear to
contribute, at least in the case of 1d3, where the C-terminus is
required as well. Interestingly, the C-terminus of Id3 is also

with a putative coactivator protein (M.A.Bounphesy al,
Thanuscript submitted), which may contribute to its activation

loaded in each lane and electrophoresed on a 10% SDS-PAGE gel, thé?pt_ential- However, the current resu'FS S_hOW th?t_ an intact HLH
transferred to nitrocellulose. GAL4 fusion proteins were detected usingregion is also necessary for transactivation activity by Id3. This
anti-GAL4 DBD antibody (0.2ug/ml). (C) 293 cells were transfected as  gyggested to us that the Id proteins may be activating transcription

described in (A) and treated withu of the proteasome inhibitor, Zs\/S, . . . . .
for 24 h before harvest. Approximately|s@of protein was loaded in each lane throth interactions with another HLH protein containing a

and electrophoresed on a 12% SDS—PAGE gel, transferred to nitrocellulose affgnsactivation domain, by bringing it into proximity with the
incubated with anti-GAL4 DBD antibody as described above. GAL4-responsive promoter.
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A @ Figure 2. The HLH domain is necessary for the transactivation activity of
GAL4-Id1 and GAL4-1d3 fusion proteinAY CV1 cells were co-transfected
with 2 ug of GSTKCAT and Jug of pRSVggal reporter plasmids, along with

2 pg of the indicated GAL4—Id3 fusion protein expression constructs. GAL4,
GAL4 DNA binding domain alone; GAL4-Id3, full-length 1d3 coding region
fused to the GAL4 DBD. GALANId3, GAL4ACTId3 and GALAHLHIA3

are fusions between the GAL4 DBD and the truncated 1d3 coding region as
described in the text. To correct for differences in transfection efficiency, CAT
activities were normalized fdgal activities in the same extract. CAT activities
are presented as the means of duplicate sampiesstandard deviation. The
results of a representative experiment are shown; each transfection was
repeated a minimum of four timeB) (293 cells were co-transfected witjpid
G5E1bLUC and pRSYsgal reporter plasmids, together withpg of the
indicated GAL4—-d1 fusion protein expression constructs. GAL4-Id1, full-length
Id1 coding region fused to GAL4 DBD; GAL4-Id1 13-88, GAMETId1 and
GAL4-CTId1 are fusions between the GAL4 DBD and the truncated ld1
coding region as described in text. Luciferase activities were normalized to
B-gal activities in the same extract to control for differences in transfection
efficiency. Results of a representative experiment are shown; each transfection
was repeated a minimum of four time3) (Vestern blot analysis of cell extracts
from 293 cells transfected with GAL4-Id1 derivatives. Approximatelud0

of each protein sample was fractionated on a 10% SDS-PAGE gel and
transferred to nitrocellulose. GAL4 fusion proteins were detected with the
anti-GAL4 DBD antibody at a concentration of @@ml.
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with GAL4-Ids transfected alone was due to their ability to
complex with the endogenous activator proteins. In transfected
cells, such proteins would be present in a limiting amount relative
to the exogenous GAL4-Id protein and thus the observed
activation activity would be low. It has been demonstrated
previously that the mammalian Id proteins can interact with the
widely expressed bHLH proteins belonging to the E2A protein
family (E-proteins) 8). These proteins, possessing transcriptional
activities of their own, can bind DNA as homodimers or as
heterodimers with tissue-restricted bHLH factdjslfitially, we
tested the ability of the GAL4—Id fusion proteins to interact with
a member of the E-protein class, ME1, using the mammalian
two-hybrid assay. ME1 (also known as Alf-1 and HEB/REB) is
a bHLH protein which is highly expressed in the nervous system
C & (18,22-25). The ME1 gene gives rise to two alternatively spliced
3 . variants, ME1la and ME1b. MEla and ME1b, which have some
2 differences in transcriptional activity, differ by the presence of a
. £ T4 24 amino acid ankyrin repeat domai3) However, both
& s yys versions have been found to activate as well as repress
i e (e o B transcription, depending on the promoter conte3@).( All
q GAL4—Id fusion proteins tested were able to interact with a partial
G ‘ = ME1 cDNA fused to the VP16 activation domain in the
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| — mammalian two-hybrid assay (data not shown). We tested the
ability of ME1a and ME1b to affect transcriptional activation of the
GAL4—d1 or GAL4-Id3 fusion proteins. In this assay, the ME1
proteins are not fused to the VP16 transactivation domain. As shown
in Figure3A, co-transfection of either MEla or ME1b along with
GAL4-1d1 increased the GAL4-dependent transcriptional activ-
ation[B- to 10-fold. No significant differences in activity in this
assay were detected between MEla or MElb. Two other
E-proteins (E12 and E47) were also tested in this assay and gave
similar results to those obtained with ME1 (data not shown). Both
If the observed transactivation activity of Id proteins is at least dUgl2 and E47 were able to increase GAL4-Id1 activation by
in part to their ability to interact with other HLH transcription 20—60-fold; E12 appeared to be the strongest activator of
factors that supply a transactivation domain to the complex, th&AL4—-Id1 transcription (data not shown). These results are
it should be possible to increase the transactivation activity of kcbnsistent with a model in which the Id family proteins activate
proteins by adding an exogenous ld-interacting transactivattianscription when bound to DNA by virtue of complexing with
protein to the cells. It is possible that the activity that we observethother transcription factor which contains a transcriptional

Augmentation of GAL4—Id protein transactivation activity
by E-proteins
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fused to the GAL4 DNA-binding domain, this part of ME1 was
unable to activate GAL4-dependent transcription (data not
shown). Since this construct contains the bHLH region, it should
be able to interact with Id proteins and therefore was predicted to
act as a dominant negative regulator of GAL4—-Id activity.
Following co-transfection of the truncated ME1 along with
GAL4-Id1 into the cells, a decrease in GAL4-dependent
transactivation is seen (FigB). When both the full-length and
the truncated MEL1 constructs were co-transfected together with
GAL4-Id1 and the GAL4-responsive reporter gene, the truncated
MEL1 suppressed the augmented activation of the full-length ME1
(Fig. 3B). Thus, these results are consistent with our hypothesis
that the Id proteins can activate transcription when tethered to
DNA by virtue of interaction with transcriptional activator
proteins. Addition of a transcriptionally inactive ME1 inhibits the
ability of GAL4—-Id1 to activate transcription, presumably by
competing with available E-proteins (transfected or endogenous)
for binding to GAL4—Id1. Similar results were obtained when
truncated ME1 was co-transfected along with the GAL4—-1d2,
GAL4—-1d3 and GAL4-1d4 proteins (data not shown).

The HLH domain of Id1 or Id3 is necessary for the
augmented activation by E-proteins

Using deletion mutants of GAL4—Id1 and GAL4-Id3, we tested
whether the HLH region was required for the increase in
transactivation seen upon co-transfection of ME1. As shown in
FiguredA, co-transfection of ME1 augmented the transcriptional
activation mediated by GAL4-Id1 (full-length 1d1) and
GAL4ACTId1 (C-terminus deleted), both of which contain intact
HLH domains. Co-transfection of ME1 did not augment activation
mediated by GAL4—Id1 13-88 or GAL4CTId1, neither of which
contain intact HLH domains. Similarly, MEla was able to

augment transactivation only of those GAL4-Id3 fusions which
contain an intact HLH domain. As shown in FiguB,
co-transfection of ME1a increased transactivation by GAL4-Id3
(full-length 1d3) and GALANId3 (N-terminus deleted), both of
protein. 293 cells were transiently co-transfected wilg BSE1bLUC, along  Which contain intact HLH domains. Co-transfection of ME1a did
with 1.5ug each of the indicated expression constructs agdof pRSVBgal. not augment transactivation by GAMAL HIA3 (HLH deleted)
MELL5; acdion of any o the Clacs A £-proteins ncreased e amount of GALO! oA-4C1d3 (C-terminus alone), neither of which contains
; ion n - H : H
4-dependent activati)(/)n. MEla or MElpb alone did not activate the GAL4-HLH domains. In the case Of_|d3, the C_termmus of the pro_teln
responsive promoteBJ Addition of a non-activating mutant ME1 protein does 8IS0 appears to be required, since co-transfection of ME1a did not
not increase activation by GAL4-Id1 and can inhibit augmentation by theStimulate transactivation by GAKIMETIA3, which has the
wild-type MEL1 protein. Luciferase activities were normalized toffiml  C-terminus of the protein deleted. These data, along with the data
act|V|ty|nthQ same sample to cqrrectfordlfferen(;es|ntransfect|0n efficienciesghown in Figure®B, support our hypothesis that the Id proteins
At least four independent experiments were carried out for each sample; results - . . - .
of a representative experiment are shown. are able to activate transcription by interacting with a bHLH
protein, most likely a member of the E-protein family. This
implies that when Id proteins are complexed with proteins which
contain DNA-binding domains, they may not act solely in a
activation domain and brings that activation domain into theominant negative fashion.
proximity of the GAL4-dependent promoter. This suggests the Alternative explanations for the ability of the Id family proteins
possibility that although the Id proteins do not possess ta activate transcription and the ability of the E-proteins to
recognizable DNA-binding domain, they might be present imugment this activation also exist. One possibility is that the Id
DNA-binding protein complexesn vivo, thereby affecting proteins can activate transcription by virtue of interacting with a
transcription. coactivator protein or by interacting directly with the basal
If GAL4-Id proteins are activating transcription by interactingtranscriptional machinery. Thus far, no direct interactions between
with and bringing to the GAL4-responsive promoter a factotd proteins and the basal transcriptional machinery have been
which possesses a transcriptional activation domain, then deletiordgfmonstrated. However, we have recently isolated a c-Jun
the activation domain of that protein should abolish its ability t@oactivator protein using the yeast two-hybrid screen with the 1d3
augment GAL4-Id activation activity. We tested this by consprotein as bait (M.A.Bounphergal, submitted for publication).
tructing an ME1 protein which lacked the N-terminus. WherThis coactivator protein can interact specifically with the 1d3 and

Figure 3. Addition of E-proteins increases activation by GAL4-Id1 fusion
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Figure 4. The HLH domain of the 1d3 and Id1 proteins is necessary for
augmentation of transactivation by E-proteins. 293 cells were transiently
co-transfected with gg of GSE1bLUC and fig of pRSVfgal reporter genes,
along with 1.5ug each of ME1 and the indicated full-length or truncated
GAL4-Id1 or GAL4-Id3 constructs (described in text). At least four
independent experiments were carried out for each sample; results of
representative experiment are showk). GAL4-1d3 fusions. B) GAL4-Id1
fusions. GAL4, GAL4 DNA-binding domain (DBD) alone; CMV, CMV
expression vector alone.

Figure 5. The Class B bHLH protein MyoD inhibits the transactivation activity
%f GAL4—Id fusion proteins and the augmentation of activation activity by
E-proteins. 293 cells were transiently co-transfected wity @f GS5E1bLUC
and 1ug of pRSVBgal reporter plasmids, along with 1. each of the
indicated cDNA expression plasmids and GAL4—Id fusion protein expression
plasmids. At least four independent experiments were carried out for each
sample; results of a representative experiment are shay@.oftransfection
Id1 proteins in mammalian cells, but does not interact with 1d2 owith MyoD abolishes GAL4-dependent transactivation by any of the GAL4-Id

d4 protein. It remains to be seen whether interactions witfusion proteins.E) Addition of MyoD inhibits the augmentation of GAL4-Id1
sion transactivation by the E-protein ME1. Addition of a different Class B

coactlvat_ors can eXp".”‘.‘” the current observatlons._ An al_tematl g—iLH protein, Mash-1, also abolishes GAL4-dependent transactivation by
explanation for the ability of co-transfected E-proteins to increasgaL4-1d1, but the leucine zipper transcription factor CEBP (which does not
Id protein activation activity is that they can increase the stabilitynteract with the Id proteins) does not.

of GAL4—Id proteins. Further experiments are in progress in our

laboratory to clarify this issue.

- : : mediated by an interaction between Id proteins and the endogenous
Adition of the Class B bHLH protein MyoD abolishes E-proteins. Addition of a large amount of such a bHLH protein

activation by Id proteins should compete with Id protein for interacting with endogenous
If the Id proteins need to interact with the widely expressed bHLIE-protein. In Figure5A, we show that co-transfection of
factors to activate transcription, then addition of a bHLH proteifcAL4—Id fusion proteins with the bHLH protein MyoD abolishes
which can compete with Id proteins for binding to an E-proteirthe ability of all four GAL4—Id proteins to activate transcription.
should inhibit the augmented activation which is presumablyhese data support our notion that the ability of the GAL4-Id
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proteins to transactivate might require interactions with E-proteinsaanuscript. This work was supported by grant R29HD29850
Although Id proteins interact weakly with MyoD family proteins, from the National Institutes of Health, grant 1-FY96-0126 from
MyoD and the related proteins strongly interact with thehe March of Dimes Birth Defects Foundation and grant 98G-345

E-proteins 27-29). MyoD may thus inhibit the activity of from the American Heart Association, Texas Affiliate.

GAL4-Id proteins by sequestering endogenous E-proteins. As

predicted, MyoD can also inhibit both the CMV-MEla andReFERENCES
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