
ments designed to test this three-cell model 
for tolerance induction are under way. At 
present, none of the above models c k  be 
ruled out. 

Three other aspects of the data warrant 
comment. First, the minute quantities of 
cells (CD8' cells) required to induce Mlsa 
tolerance contrast with the relatively massive 
numbers of cells (5 x lo7 spleen cells) need- 
ed to induce MHC tolerance in the classic 
system of Billingham et a l .  (2). The simplest 
explanation for this discrepancy is that toler- 
ance to Mlsa and MHC antigens is con- 
trolled by different cells: whereas Mlsa toler- 
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ance is controlled by a common cell type 
(CD8' cells), full induction of MHC toler- 
ance probably requires contact with dendrit- 
ic cells, a relatively rare cell type (1). What- 
ever the explanation, the - 1000-fold differ- 
ence in cell numbers required for Mlsa ver- 
sus,MHC tolerance indicates that the rules 

Cloning of a Transcriptionally Active Human TATA 
Binding Factor 

governing MHC tolerance induction do not 
necessarily apply to other antigens. Second, 
the finding that CD8' cells are highly effec- 
tive at inducing Mlsa tolerance but are non- 
stirnulatow for mature T cells indicates that 
the cell types controlling tolerogenicity and 
irnmunogenicity can be distinctly different. 
Third, the potency of CD8' cells in mediat- 
ing Mlsa tolerance supports the view (19) 
that these cells may play a critical role in 
inducing tolerance to various self compo- 
nents. 
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Transcription factor IID (TPIID) binds to the TATA box promoter element and 
regulates the expression of most eukaryotic genes transcribed by RNA polymerase 11. 
Complementary DNA (cDNA) encoding a human TFIID protein has been cloned. The 
human TFIID polypeptide has 339 amino acids and a molecular size of 37,745 
daltons. The carboxyl-terminal 181 amino acids of the human TFIID protein shares 
80% identity with the TFIID protein from Saccharomyces cerevisiae. The amino 
terminus contains an unusual repeat of 38 consecutive glutamine residues and an X- 
Thr-Pro repeat. Expression of DNA in reticulocyte lysates or in Escherichia coli yielded 
a protein that was competent for both DNA binding and transcription activation. 

I NITIATION OF TRANSCRIPTION IN EU- 

karyotes by RNA polymerase I1 is a 
complex process that requires the or- 

chestrated b c t i o n  of several factors (1). 
The binding of a protein, TFIID, to the 
TATA box promoter element is the first step 
in the assembly of the transcription complex 
at the promoter (2). Because it has been 
difficult to purify, the mammalian TFIID 
protein has been poorly characterized. 
However, the gene from S. cerevisiae that 
encodes the yeast TFIID protein (YIID) has 
been cloned (3-4, and the YIID protein can 
substitute for mammalian TFIID in tran- 
scription assays conducted in vitro in HeLa 
nuclear extracts (7). 

YIID consists of 240 amino acids with a 
molecular size of -27 kilodaltons (kD). The 
carboxyl terminus has a partially repeated 
sequence between amino acid residues 67 to 
131 and 157 to 222 (6, 8), which may form 
a helix-turn-helix structure (5) .  Nearly per- 

fect direct repeats occur between amino acid 
residues 109 to 127 (PK'ITALIFASGKM- 
VVTGAK) and 200 to 218 (PKIVLLIF- 
VSGKIVLTGAK) (3, 9). 

Although YIID can substitute for mam- 
malian TFIID in an in vitro transcription 
assay, it is unclear why YIID responds to 
upstream activator proteins for some pro- 
moters (lo), but not others (11). To under- 
stand fully the function of TFIID in regulat- 
ing transcription in mammalian cells, we 
cloned and expressed the gene that encodes 
a mammalian TFIID protein. 

Our approach for isolating the human 
TFIID gene was to identify regions in the 
protein that are highly conserved in evolu- 
tion by determining the sequence of the 
TFIID gene from several species. We then 
designed oligonucleotide primers based on 
the conserved regions and used these prim- 
ers to amplify a fragment of the human 
TFIID gene by the polymerase chain reac- 
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A. J. Berk, Department of Microbiology, Molecular digested human, mouse, Drosophila, and 
Biology Institute, University of California, Los Angeles, Lemna genomic DNA (12), and no specific 
CA 90024-1570. 
R. Pei. De~artment of Bioloeical Chemistw. Molecular sequences were We 
~ i o l o 6  ~nstitute, University z f  California, i b s  Angeles, next looked for cross-hybridizing sequences 
CA 90024-1570. in more closely related species of budding 
T o  whom correspondence should be addressed. yeast. All 13 shecies that-we examined had 

SCIENCE, VOL. 248 



Fig. 1. The sequence of S. cerevisiae (S. @Klo) - - - - - - - 0 
< - - - - - - - @K11) 

c.) TFIID residues 120 to 213 (3). The < - - - - - - - 
arrowsin~ca~esequencestowhicholi- S. c. KMWTGAKSEDDSK~SRKYARIIQKIGFAAKFTDFKIQNIVGSCDVKFPIRLEG~FSHGTFSSYEPELFPGLIY~PKIVLLIFVSGKIV 

gonucleotide primers were synthesized K. s 
as well as the orientation of the prim- i: A L  N 

L  N 
Y A 

ers. The residues from K, lactis (K. I . ) ,  I SK HN I 

P, heedii ( P .  h.), N. crassa (N. c.), D. D' R A  RA L P  L T  M H VHA CNL R R 

melanogaster (D. m.) between BKlO 
and BK12 that have diverged from YIID are indicated. DNA sequences and clones are available upon request. 

cross-hybridizing sequences, but the fila- 
mentous h g u s  Neurospora cvassa did not. 
The hybridizing sequences from Pichia heedii 
and Kluyvevomyces lactis were cloned and 
sequenced (13). The predicted amino acid 
sequences revealed that the NH2-terminal 
60 amino acids of Pichia and Kluyvevomyces 
TFIID proteins diverged considerably from 
the 5.  cerevisiae YIID gene and from each 
other. However, the COOH-terminal 180 
amino acids were greater than 95% identi- 
cal. We designed oligonucleotides to several 
absolutely conserved regions. Two oligonu- 
cleotides, BKlO and BKl l  (Fig. 1) (14) ,  
designed from the amino acid sequences of 
the direct repeats were included because 
these sequences were conserved among the 
three yeast species. We focused our efforts 
on BKlO and BKl l  after we learned that 
the direct repeat is conserved between the 
human and yeast TFIID proteins (15). 

Oligonucleotides BKlO and BKl l  were 
used in PCR reactions (16) to amplify DNA 
fragments from Neurospova genomic DNA 
and from a Drosophila cDNA library. The 
PCR fragments were cloned and sequenced 
(17), and the predicted amino acid se- 
quences had more than 80% identity to 
YIID (Fig. 1). However, with BKlO and 
BK11, we could not amplify by PCR a 
similar fragment from human cDNA. Com- 
parison of the amino acid sequences en- 
coded by the Neurospor'a and Drosophila PCR 
fragments and the three yeast TFIID genes 
revealed a highly conserved region to which 
we designed a third oligonucleotide, BK12 
(Fig. 1). PCR reactions (16) were per- 
formed with BK10, BK11, and human 
cDNA. We then amplified a portion of the 
product with BKlO and BK12. The result 
was a 233-base pair (bp) fragment whose 
sequence encoded a polypeptide that was 
highly similar to YIID. 

The 233-bp fragment was used to identify 
six plaques from a lambda ZAP HeLa 
cDNA phagemid library (18). The inserts 
from four of these plaques had similar re- 
striction patterns, and sequencing con- 
firmed that they contained overlapping in- 
serts. The plasmid with the largest insert, 
pKB104, was sequenced (17). Its 1.7-kb 
insert contained a 1068-bp open reading 
frame (Fig. 2). Starting with the first me- 
thionine, the open reading frame, encoded a 
protein of 339 amino acids with a calculated 

molecular size of 37,745 daltons. 
To confirm that the gene we isolated 

encoded a functional TFIID protein, we 
expressed the protein in an in vitro transla- 
tion system (19). Transcription of mRNA 
with bacteriophage T3 polymerase from lin- 
earized pKB104 plasmid was translated in a 
rabbit reticulocyte lysate in the presence of 
[35~]methionine. A labeled protein with an 
apparent molecular size of 38 to 40 kD was 
observed (Fig. 3A, lane 2), which agreed 
with the predicted molecular size (37.8 kD). 
This polypeptide was not observed, in a 
control extract (lane 1). 

The TFIID protein translated in vitro was 
assayed for its ability to bind to a TATA 
box-containing oligonucleotide in a gel mo- 
bility shift assay (20). A nonspecific retarded 

band was observed regardless of the oligo- 
nucleotide probe used and whether or not 
the reticulocyte lysate contained in vitro- 
trmslated TFIID (Fig. 3B). However, a 
specific complex (B) was observed when 
reticulocyte extract programmed with 
TFIID message was incubated with 3 2 ~ -  

labeled oligonucleotides containing the E1B 
TATA box (TiB) or the E4 TATA box (T4), 
both from adenovirus type 2 (Fig. 3B, lanes 
2, 4, and 7). The specific retarded complex 
was greatly reduced when we used an oligo- 
nucleotide with a single base pair change in 
the E1B TATA box (T16C), converting the 
sequence TATATAA to TACATAA (lane 
6). Furthermore, the specific' complex with 
TIB was competed by a large molar excess of 
unlabeled T I B  (lane 8) and T4 (lane 9), but 

L 

MDQNNSLPPY AQGLASPNGA MTPGIPIFSP MMPYGTGLTP QPIQNTNSLS Hs 

, 5 1  
' ILEEQQRQQQ QQQQQQQQQQ QQQQQQQQQQ QQQQQQQQQQ QQQQQAVAAA HS 

M SC 
Fig. 2. Analysis of the 
human TFIID protein 1.01 
sequence. (A) Compari- AVQQSTSQQA TQGTSGQAPQ LFHSQTLTTA PLPGTTPLYP SPMTPMTPIT HS 

son of the amino acid DEERLKEFKE ANKIVFDPNT RQWENQNRD GTKPA TFQS EEDIKRATPE SC 

sequence of YIID (Sc) 151 
and the predictea amino PATPASESSG IVPQLQNIVS TVNLGCKLDL KTIALRRRNA EYNPKRFAAV HS 
acid sequence of human SEKDT AT T A T R v HA sc 
(Hs) TFIID. The initiat- 
i;lg hethionine for YIID 
is at position 99. Posi- 
tions at which YIID di- 
verges from human 
TFIID are shown. The 
nucleotide sequence of 
the human TFIID gene 
can be found in Gen- 
Bank under the acces- 
sion number M34960. 
The sequence is also 
available upon request. 
(6) A linear plot of the 
hydrophobic and hydro- 
philic regions of the hu- 
man TFIID protein by 
the algorithm of Kyte 
and Doolittle in the 
DNA Stryder sequence 
analysis program (32). 
(C) The amino acid 
charge profile of human 
TFIID. A, distribution 
of acidic residues; B, dis- 
tribution of basic resi- 
dues. Short bars denote 
amino acids D or K, 
while tall bars denote E 
or R (9). 

2 0 1  
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was competed to a lesser extent with T16C 
(lane 10). Thus, the polypeptide encoded 
by our human cDNA done bound with 
high specificity to the E1B and E4 TATA 
boxes. 

We next fbund that human recombinant 
TFIID expressed in Escherichia coli (21) can 
footprint a TATA box. A specific region of 
the E1B promoter that contained the TATA 
box was protected from deoxycibonudease 
(DNase) I digestion by both YIID (Fig. 3C, 
lanes 2 to 4) and recombinant human 
TFIID (lanes 5 to 7). This protected region 
was not observed with the LS-301-23 E1B 
promoter probe, which contains a linker- 
scanning mutation in the E1B TATA box 
(lanes 9 to 16). Unlike YIID, human TFIID 
showed a hypersensitive DNase I cleavage 
site at approximately nudaotide 73 (arrow) 
and more extensive protection 5' to the 
TATA box (lanes 3 and 6). Because human 
TFIID has an extended amino terminus, 
we speculate that the amino terminus of 
the protein protects the sequence 5' to the 
TATA box. At high YIID and human 
TFIID concentrations, protection of the re- 
gion near -90 was also observed on both 
the wild-type E1B and LS-301-23 probes 
(lanes 4, 7, 12, and 15). This footprint is 
centered over the AATAAA dcavage-poly- 
adenylation signal of the upstream E1A 
manscription unit and was observed previ- 
ously at high YIID concentrations (3). Also 
at high protein concentration, human 
TFIID partially protected sequcnccs u p  
strean of the LS-301-23 linker insertion 
(lane 15). The DNase I fbotprint d t s  
demonstate that the polypeptide translated 
from pKB104 can b i d  specifically to the 
E1B TATA box sequence. 

The reticulocyte-translated TFIID protein 
was functional in in vim d p t i o n  mc-  
tions (Fig. 3D). Phosphodulose B and C 
fractions of a HeLa cell n u b  extraa that 
contained RNA polymerase 11 and general 
d p t i o n  factors and was depleted of 
TFIID activity wece used to reconstitute 
transaiption from the a d e n o h  E1B pro- 
moter (22). Specific transaiption was not 
detectable in the absence of exogenously 
added TFIID. However, d p t i o n  was 
restored by addition of a partially p d e d  
human TFIID fiaction (3), purified YIID 
(Fig. 3D, lanes 1 and 2), or in vitro- 
translated recombinant human TFIID (lanes 
3 and 4), but not by addition of reticulacyte 
lysate without TFIID protein (lanes 5 and 
6). These data demonstrate that human 
TFIID made in reticulocyte lysates is aan- 
scriptionally active. We also observed that 
human TFIID expressed in E. coli was active 
in in v im d p t i o n  reactions with the 
E1B promoter (23). 

The E1B promoter used in the in vim 

manscription reactions (Fig. 3D) has a 
TATA box and a single GC box, which is a 
binding site for the manscription factor, Spl 
(9,24,25). The pAdlBLS-481-39 plasmid 
(9), which contains a substitution in the GC 
box, was also used as template for the 
manscription assay- (Fig. 3D). When tran- 
scription from the mutant was compared to 
the wild-type E1B template, we consistently 
observed a higher amount of transaiption 
from the wild-type template. Transcription- 
al stimulation by the GC box was observed 
whether we used partially purified human 
TFIID &actions (9), highly purified YIID, 
or the in vitm-tcamlated or E. coli-cx- 
p d  human TFIID. It seems likely that 
the higher level of d p t i o n  observed 
with the wild-type promoter was a result of 
activation by Spl present in the partially 
purified preparations of RNA polymerase 11 
and general manscription factors. However, 
it is also possible that the higher aanscrip 
tion observed with the wild-type template 

Fig. 3. Functional activi- 
tyofinvi-latui 
human TFIID. (A) Rab- 
bit rcticulocytc lysate 
programed with in vi- 
acMansaibcd RNA 
from plasmid pKB104 
(lane 2) or with no exog- 
cnous RNA (lane 1) 
WCK compared on a 
15% SDS-polyaaylam- 
ide gel. [l4C]mol& 
size markers are indicat- 

C TFIID 

multed fiom other factors interacting with 
the GC box. 

The predicted amino acid sequence of 
human TFIID was compared to that of 
YIID (Fig. 24. The N&-tenninal 158 
amino acids in the human TFIID protein 
were not similar to the YIID protein. The 
last 181 amino acids, however, wece 80% 
identical to YIID. The divergent N&-ter- 
d l 5 8  amino acids of the TFIID protein 
contained several interesting mot&. First, 
there ace only a few charged amino acids in 
the hydrophobic NHz-terminus (Fig. 2, B 
and C). Between amino acids 55 and 95 is a 
glutamine-rich region, which contains 38 
consecutive glutamine residues. The glum- 
mine-rich region is followed by a string of 
seven residues which ace either alanine or 
valine. The sequence between residues 125 
and 160 is rich in secines, tlueonines, and 
prolines. The sequence X-Thr-Pro, where X 
represents methionine, isoleucine, or ala- 
nine, is repeated four consecutive times be- 

C wild type E l  B LS-30 1-23 
1 

ed in kilodaltons. (B) 
Gel mobility &if? assay 
with the in v i a c ~ a n s -  
lated human TFIID. 

T4 T 1 6 ~  T 1 ~  
1 2 3 4 5 6  7 B 9 1 0 1 1  1 2 1 3 1 4 1 5 1 6  

Rabbit**q1y- m T q r + + + + l T F n D  
sates pmgmnmed with 
RNA firom pKB104 (+) - .. , TIB T4 TTSC Comp 
or with no exogamdy D Y n D  TFI ID C 
added RNA (-) WCK 
incubated either with - - E 

'-+"-+II_ GCBOX 

TIB, T4, or TI~c .  A 500- a fold molar a c e s  of un- - Y O N  
l a w  competitor 
(Camp) TIB, T?, qrT16~ 
were added as m&cated. -* 
The fm probe (P) and 
swcaUy tmund (B) 
TFIID-oligonucleotide 
complex and a nonspc- 
&c complex (NS) are 
indicated by Urows. (c) 4 5 6 7  
DNase I footprint analy- 

m d  
1 2 3 4 5  6 

sis of human TFIID. Ei- 
ther the wild-type E1B or the LS-301-23 probes war used YIID and TFIID dcnotc d o n s  whm 
highly pun6ed YIID or putiay. punlied recombinant human TFIID, rcs@vely, war incubated with 
probes. YIID and TFIID wae added at dure concentrations of 112,1, and 2 hotprint units. NP, no 
protcin added. The position of the TATA box is indicated. The numbers denote the nuclwtidc 
sequence of the E1B promoter and war derived by a DNA sequence ladder run in the same arpcriment 
(33). The arrow indicates a hypersensitive DNasc I cleavage site in d o n s  containing human TFIID. 
(D) Prima atension analysis of RNA synthaizcd by in viao d p t i o n  conducted with human 
TFIID and YIID. The adcnovim wild-type (+) E1B and pM1BLS-481-39 (-) tanplates wac used 
to assay TFIID activity. Reaction contained either highly pun6ed YIID protein (6 ng) arprased in E. 
coli, rabbit rcticulocytc bate  (2 4 )  programmed with RNA uanscribcd from pKB104 (TFIID), or 
control r c t i c u l q  lysatc (2 4 ) .  An arrow indicates the expected atension product. 
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tween residues 143 and 154. In YIID, an X- 
Thr-Pro sequence is found only once at the 
junction between the conserved amino acids 
and the divergent NH2- terminus (3-6). It is 
possible that the X-Thr-Pro motif functions 
in the folding and activity of TFIID. Be- 
cause the NH2- terminus of human TFIID 
has diverged h m  that of YIID, it may 
interact specifically with the mammalian 
transcriptional machinery. 

In the conserved COOH-terminal half of 
TFIID, only 36 of the 181 amino adds 
diverged between the yeast and human pro- 
teins, and most of the differences do not 
alter the charge of the amino acid. This high 
degree of conservation explains why YIID 
can substitute for the human TFIID protein 
in in vitro transcription assays. 

Curiously, the structure of the human 
TFIID protein resembled Spl. For example, 
both proteins have serine- and threonine- 
rich domains. The most striking similarity is 
that human TFIID has one long glutamhe- 
rich region while Spl has two short gluta- 
mine-rich domains in its N&-termbus 
(25). Deletion of both polyglutamine-rich 
regions in Spl results in an inability to 
activate transcription (26). It is thus 
tempting to postulate a similar role for the 
TFIID glutamine-rich region. However, it 
is also possible that the glutarnine-rich 
sequence may serve some other regulatory 
function. 

Glutamine repeats have been noticed in 
the opa repeat f d y  of genes, which in- 
dudes the Drosophila notch (27) and zeste (28) 
genes. Several homeotic genes also have an 
opa repeat, including the &hi taram, bith- 
rorax, and antennapedia genes from hsophi- 
la, and the mouse mopa fragment (27, 29). 
Other than the glutamine-rich repeats, com- 
puter-assisted DNA sequence analysis did 
not reveal extensive sequence similarity be- 
tween TFIID and the opa repeat gene f d y .  

We used restriction fragments of pKB104 
insert to probe digested human chromo- 
somal DNA and purified HeLa cell poly- 
adenylated RNA (30) (Fig. 4). A highly 
enriched 2.2-kilobase (kb) RNA was detect- 
ed (Fig. 4B). At moderate stringency washes 
(12) only one restriction fragment was de- 
tected in human genornic DNA digested 
with two different sets of resmction en- 
zymes (Fig. 4A, lanes 2 and 3). In genornic 
DNA derived from K562 cells, the c-abl 
gene is present at approximately four to 
eight copies per genome (31). A parallel blot 
hybridized with a c-abl probe yielded a band 
that was five times as intense as the TFIID 
band (Fig. 4A, lane l), indicating that there 
is one copy of the TFIID gene per genome. 

In summary, we have cloned a gene that 
encodes a transcriptionally active TFIID 
protein. Biochemical characterization of the 

Fig. 4. Gcnomic Southern and Northern analyses 
of the TFIID gene. (A) DNA (10 pg) from a 
human lymphocytic cell linc, K562, digested with 
Eco RI and Hind 111 (lanes 1 and 3) or with Eco 
RI (lane 2). Lane 1 was probed with a c-abl probe 
(2 x 10' cpm). Lana 2 and 3 were probed with 
the 233-bp PCR fragment (2 x lo7 cpm). M 
denotes the position of the molecular size markers 
in kilobases. (B) Total cytoplasmic RNA (20 9) 
purified from Hela cells (lane 1) and poly(A) - 
enriched RNA (10 pg) (lane 2). The probe was a 
l-kb internal resmction fragment of pKB104 that 
docs not contain the poly(A) or the polygluta- 
mine sequences. The faint band of approximately 
4 kb may be partially p d  TFIID mRNA. 

human TFIID protein will aid in under- 
standing the complex process of gene regu- 
lation in mammalian cells. 
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A cDNA for a Protein That Interacts with the Human 
Immunodeficiency Virus Tat Transactivator 

The human immunodeficiency virus (HIV) tat protein (Tat) is a positive regulator of 
virus gene expression and replication. Biotinylated Tat was used as a probe to screen a 
Xgt l l  fusion protein library, and a complementary DNA encoding a protein that 
interacts with Tat was cloned. Expression of this protein, designated TBP-1 (for Tat 
binding protein-1), was observed in a variety of cell lines, .with expression being 
highest in human cells. TBP-1 was localized predominantly in the nucleus, which is 
consistent with the nuclear localization of Tat. In cotransfection experiments, expres- 
sion of TBP-1 was able to specifically suppress Tat-mediated transactivation. The 
strategy described may be useful for direct identification and cloning of genes encoding 
proteins that associate with other proteins to modulate their activity in a positive or 
negative fashion. 

u NLIKE MOST OTHER RETROVI- cient to bring about transactivation remains 
ruses, HIV gene expression and unclear, in part because of the lack of an in 
replication is dependent on the vitro model to examine Tat function. 

exmession of both viral-encoded and cellular Since Tat interacts with TAR RNA. and 
1 

transacting regulatory proteins. One such 
viral regulatory protein, referred to as Tat 
(I), is a positive regulator of HIV gene 
expression. Tat functions through a se- 
quence known as TAR (2), which is located 
between nucleotides + 1 to +43 in the long 
terminal repeat (LTR) (3). In this context, 
TAR is present in both DNA and the 5' 
untranslated region of all viral messages. 
Although the mechanism for transactivation 
remains unclear, with both transcriptional 
(2-5) and posttranscriptional (6, 7) compo- 
nents being considered, recent studies indi- 
cate that Tat interacts with TAR RNA (8). 
Whether this interaction, in itself, is suffi- 
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also elicits a clear transcriptional effect on 
gene expression, it has been suggested that 
TAR may function as an RNA enhancer (9).  
We therefore speculated that cellular factors 
interact with Tat, which in turn mediates 
transcriptional effects through other interac- 
tions within the LTR. With this in mind, we 
investigated whether a human cDNA en- 
coding a protein that interacts with Tat 
could be identified. Our approach was sirni- 
lar to that employed for in situ detection of 
sequence-specific DNA binding proteins 
(10) or fusion proteins that interact with a 
specific antibody (1 1). Specifically, purified 
Tat protein was used as a probe to screen a 
cDNA library. Escherichia coli-derived Tat, 
which was previously shown to be fully 
functional (12), was biotinylated and used as 
a probe to screen a Xgtll fusion cDNA 
library prepared from human Jurkat T-cell 

cDNA (Clonetech). Proteins expressed from 
the phage were adsorbed onto nitrocellu- 
lose, and phage-encoding proteins able to 
interact with biotinylated Tat were identi- 
fied by subsequent addition of a streptavi- 
din-coupled alkaline phosphatase conjugate 
plus a color indicator (13). Approximately 
2 x lo6 phage were screened, and ten were 
identified that expressed proteins that inter- 
acted with Tat. Tat did not bind to a filter 
containing a random mix of phage from the 
library (Fig. l ) ,  but showed preferential 
binding to one of the ten enriched phage 
isolates. After enrichment of the ten clones, 
their cDNA inserts were amplified by the 
polymerase chain reaction (PCR) (14), with 
flanking primers derived from the hgtll  
sequence, and cloned into the appropriate 
expression vectors. 

Examination of the PCR products by 
Southern (DNA) blot analysis revealed that 
six of the independent isolates actually rep- 
resented two different clones (that is, each of 
these two clones was independently isolated 
three times) demonstrating the specificity 
and reproducibility of the screening strate- 
gy. A clone from one group, designated 
TBP-1, for Tat bindhg protein-1, was sub- 
jected to further analysis. 

The 1341-nucleotide cDNA was found to 
contain an open reading frame (ORF) of 
404 amino acids (Fig. 2). Visual inspection 
of the TBP-1 ORF revealed no obvious 
features common to previously character- 
ized transcriptional or translational regula- 
tory factors. The sequence information sug- 
gested that TBP-1 protein was produced 
from its own AUG codon present at nucleo- 
tide 63, suggesting that the full-length 
cDNA was obtained. Reverse transcription 
of cellular TBP-1 mRNA followed by prim- 
er extension of the cDNA product provides 
further support that the full-length cDNA 
was obtained (15). The coding capacity of 
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