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Thyroid hormone (T;) induces gene regulation programs nec-
essary for tadpole metamorphosis. Among the earliest
responses to T; are the up-regulation of T; receptor 8 (TRf;
autoinduction) and BTEBI1 (basic transcription element-bind-
ing protein 1). BTEBI is a member of the Kriippel family of
transcription factors that bind to GC-rich regions in gene pro-
moters. The proximal promoter of the Xenopus laevis TrBA
gene has seven GC-rich sequences, which led us to hypothesize
that BTEB1 binds to and regulates TrBA. In tadpoles and the
frog fibroblast-derived cell line XTC-2, T; up-regulated Btebl
mRNA with faster kinetics than TrBA, and Bteb1 mRNA corre-
lated with increased BTEB1 protein expression. BTEB1 bound
to GC-rich sequences in the proximal 7rBA promoter in vitro.
By using chromatin immunoprecipitation assay, we show that
BTEBI associates with the Trf3A promoter in vivo in a T and
developmental stage-dependent manner. Induced expression of
BTEBI1 in XTC-2 cells caused accelerated and enhanced autoin-
duction of the Trf3A gene. This enhancement was lost in N-ter-
minal truncated mutants of BTEB1. However, point mutations
in the zinc fingers of BTEB1 that destroyed DNA binding did not
alter the activity of the protein on 7rA autoinduction, suggest-
ing that BTEB1 can function in this regard through protein-
protein interactions. Our findings support the hypothesis that
BTEBI1 associates with the Tr3A promoter in vivo and enhances
autoinduction, but this action does not depend on its DNA bind-
ing activity. Cooperation among the protein products of imme-
diate early genes may be a common mechanism for driving
developmental signaling pathways.
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Autoinduction of nuclear hormone receptors is a common
but poorly understood phenomenon in animal development
(1). The autoinduction of thyroid hormone (T;)* receptor
genes (7T7) during amphibian metamorphosis is a dramatic
example of this form of gene regulation (1). All vertebrates pos-
sess two Tr genes designated Tra and TrfB (also known as
NR1A1 and NR1A2, respectively); Xenopus laevis has two Tra
and two TrB genes each designated A or B because of its
pseudotetraploidy (2). Thyroid hormone is the primary mor-
phogen controlling tadpole metamorphosis, and TRs areligand-
dependent transcription factors. One of the earliest gene regu-
lation events during amphibian metamorphosis is the
up-regulation of 7rB genes by T, (3). This regulation depends
on TRs binding to thyroid hormone-response elements (TREs)
present in the 7rf promoters (receptor autoinduction; see
Refs. 2, 4). It is hypothesized that autoinduction of 77 genes is
essential for metamorphosis (1). The gene regulation programs
induced by the T;'TR complex that lead to tissue morphogenesis
have been characterized in several tadpole tissues (5-12).

Basic transcription element-binding protein 1 (BtebI) is an
immediate early gene induced by T; in most tadpole tissues
during metamorphosis (there are two BtebI genes in X. laevis
designated “a” and “b”; see Refs. 6, 13, 14). The direct regulation
of the X. laevis Btebl genes by T, is explained by one or more
TREs located upstream of the transcription initiation sites (6,
14). BTEB1 is a member of the Kriippel family of transcription
factors (KLF; also known as KLF-9 (15) and first isolated in a
screen for proteins that bind to a GC-rich (GC box) sequence in
the promoter of the rat cytochrome P-450IA1 gene (designated
the basic transcription element or BTE (16, 17)). BTEBI pos-
sesses a DNA binding domain (DBD) consisting of three Cys,-
His, zinc finger domains (18, 19). Kriippel-like proteins are dis-
tantly related to the specificity protein (Sp) family members,
including Sp1 (18, 19). The BTEB1 DBD shares 72% sequence
similarity with rat Spl (17), and the two proteins bind with
similar affinity to the BTE sequence (20). Although Sp1 and
BTEBI have very similar DNA binding domains, and they bind
to similar or identical consensus DNA sequences, the two pro-

*The abbreviations used are: T, 3,5,3'-L-triiodothyronine; TR, T; receptor 3;
TRE, thyroid hormone-response element; UTR, untranslated region; RT,
reverse transcription; ChIP, chromatin immunoprecipitation; EMSA, elec-
trophoretic mobility shift assay; DBD, DNA binding domain; RTqPCR, quan-
titative real time PCR; BTE, basic transcription element; ANOVA, analysis of
variance; NF, Nieuwkoop and Faber.
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