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Abstract 

Tax, is essential for human T-cell lymphotropic virus type I (HTLV-I) virus replication and transformation. We have identified and 
characterized a Tax, binding protein, TRX, by cDNA screening of a Jurkat T-cell cDNA library. TRX mRNA is ubiquitously expressed 
in human tissues tested and cell lines analyzed. 
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The T-cell lymphotropic virus type-I, HTLV-I, is asso- 
ciated with an aggressive malignancy of mature CD4+ 
T-cells, adult T-cell leukemia (ATL), and tropical spastic 
paraparesis/HTLV-I-associated myelopathy (TSP/HAM) 
[ 1,2]. HTLV-I encodes a 40-kDa protein, Tax ,, which 
plays a key role in viral replication, transformation and 
gene regulation. Tax 1 is a .potent transactivator of viral and 
cellular promoters [3-91. Tax, mediates its transcriptional 
activity through association with cellular transcription fac- 
tors [ 10-131. Several Tax, binding proteins have been 
characterized through experiments designed to identify 
cis-acting elements and DNA-binding proteins, through 
which Tax, regulates transcription [14-161. Tax, binding 
proteins, which play an important role in cellular prolifera- 
tion and transformation, may have been missed by this 
approach. To circumvent this problem, we have used 
purified, biologically active, recombinant Tax, to screen a 
T-lymphocyte hgtll cDNA expression library. We now 
report the characterization of a cDNA clone that encodes a 
protein, TRX (Tax Reactive protein X), which physically 
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interacts with Taxi. The TRX cDNA encodes a 221 amino 
acid open reading frame, producing a 27 kDa protein. TRX 
mRNA is ubiquitously expressed in normal human tissues. 

TRX was originally identified following the screening 
of a human Jurkat T-cell cDNA library in a hgtll vector. 
A total of 5 X 10’ phage plaques were transferred to 
nitrocellulose filters (Schleicher and Schuell, BA38), incu- 
bated with bacterially expressed purified Tax, protein, 
washed, and further incubated with a cocktail of four 
monoclonal antibodies against Tax, (TAbs) (AIDS Re- 
search and Reference Reagent Program, Division of AIDS, 
NIAID, NIH). The filters were then probed with sheep 
anti-mouse monoclonal antibodies conjugated to alkaline 
phosphatase (SAM-API. The location of positive plaques 
was visualized using chromophore precipitation with NTB 
and BCIP [17] (Fig. lA, left). These positive plaques were 
picked, replated, and subjected to three additional rounds 
of screening and purification until a homogeneous clone of 
the Tax 1 binding protein was identified (Fig. 1 A, right). To 
demonstrate the specificity of the interaction between Tax 1 
and the positive clone, additional control experiments were 
performed. The filters were cut into quadrants and each 
was subjected to a different assay (Fig. IB, left). Quadrant 
1: Tax ,, followed by TAbs and SAM-AP. Quadrant 2: 
Mock HBlOl extract followed by TAbs and SAM-AP. 
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Quadrant 3: TAbs followed by SAM-AP. Quadrant 4: 
SAM-AP antibody alone. A negative control wild-type 
hgtll phage stock was used in parallel (Fig. lB, right). 

To further test the interaction of our clone with Tax ,, 
the purified phages were grown to near confluence and a 
plate lysate was prepared [17]. The proteins were concen- 
trated using TCA precipitation, separated by SDS-PAGE 
electropheresis and transferred to a nitrocellulose filter. 
Following a denaturation/renaturation step, the blot was 
incubated with purified Tax, or HBlOl extract, washed 
and incubated with TAbs. Tax, was shown to specifically 
interact with the 132 kDa P-galactosidase/TRX fusion 
protein (Fig. 2, lane 1). Tax, did not interact with any 
proteins in control hgtll phage plate lysate (Fig. 2, lane 
2). 

A 2O 

Next, the insert of a single positive plaque was cloned 
into a pCRI1 vector (Invitrogen). An in vitro translation 
reaction using this plasmid resulted in the synthesis of the 
23 kDa TRX protein (Fig. 3, lane 1). Tax, protein, puri- 
fied from baculovirus or Escherichia coEi (E. coli), was 
used to coimmunoprecipitate the 35S-labelled TRX protein 
from solution (Fig. 3). TRX was precipitated only in the 
presence of Tax, or anti-Tax antibody TAb 172 (Fig. 3, 
lanes 3 and 5). Control IgG,, sera did not precipitate TRX 
(Fig. 3, lanes 2 and 4). 

Following isolation and sequencing of the full-length 
cDNA clone, computer analysis of the sequence revealed a 
221 amino acid open reading frame within the insert (Fig. 
4A). The 340 bases downstream of the TGA stop codon 
contain Alu repetitive elements (data not shown). Fig. 4B 

Fig. 1. (A) Secondary and tertiary screens of the Jurkat T-cell library using purified Tax, (5 pg/ml). lo3 plaques/plate were transferred to each filter. 
Following an incubation with Tax,, the filters were washed twice and probed with 1:7500 SAM-AP. The filters were developed using 3.3 ~l/ml and 4.4 
PI/ml of BCIP and NTB respectively [17]. Positive plaques are identified by the dark chromophore staining of the periphery of the plaque. (B) Quatemary 
screens of TRX and control hgtl 1 phage. Each quadrant was subjected to a different control assay. Ql: Tax, + TAbs + SAM-AP. 42: HBlOl (mock Tax, 
extract) + TAbs + SAM-AP. 43: TAbs + SAM-AP. Q4: SAM-AP. 
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represents a computer-generated hydrophilicity plot of the 
TRX protein. TRX is predominately hydrophobic in its 
N-terminus and hydrophilic in its C-terminus. 

The expression pattern Iof TRX was analyzed using a 
multiple tissue Northern blot (Clonetech, Palo Alto, CA). 
An anti-sense oligonucleotide corresponding to the first 
fifty bases of the TRX sequence was used as a hybridiza- 
tion probe to analyze a multiple tissue Northern blot as 
described [18]. A predominant 3.5 kb band was observed 
in all the tissues. Minor RNA species of 9.5 and 2.3 kb 
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Fig. 2. Far Western blot. Phage Iproteins from a TKX plate lysate were 
TCA concentrated, electrophoresed through a 7% acrylamide gel and 
subsequently transferred to a nitrocellulose filter overnight. Following 
denaturation for 30 min in 6 M guanidinium-HCl/X-50 (50 mM Hepes, 
pH 7.9, 20% glycerol, 50 mM KCl, 1mM EDTA, 1 mM D’IT, 0.5 mM 
PMSF), renaturation for 30 min in 3 M guanidinium-HCl/X-50 and 30 
min in X-50/5% non-fat dry milk Western blot buffer [17], the filters 
were incubated in 5 pg/ml of purified Tax, or HBlOl mock extract, 
washed twice, and probed with 1:lOOO TAbs. The immune complex 
representing the interaction of Tax with the pgalactosidase/TKX fu- 
sion protein was visualized using I “1 Protein A. Lane 1: TRX phage 
lysate+Tax,. Lane 2: hgtll phage lysate +Tax,. Lane 3: TRX phage 
lysate+HBlOl. Lane 4: hgtll phage lysate +HBlOl. 
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Fig. 3. Coimmunoprecipitation of TKX with Tax,. Five microliters of 
“S-1abelled TRX was diluted in 200 ~1 of X-50/0.2% NP-40 and 
incubated with 2 Kg of purified Tax, for 3 h. Immunoprecipitations were 
performed using an anti-Tax, antibody, TAb 172 (lanes 3 and 51, or a 
control antibody (lanes 2 and 4). Input TKX is found in lane 1. 

were also detected, possibly indicative of unspliced and 
multiple spliced forms of the TRX mRNA, respectively 
(Fig. 5A). The same blot was re-probed for actin (Fig. 5B) 
[19]. Interestingly, Western blot analysis revealed that 
stable TRX protein expression is limited to lymphocytes 
and lymphocytic-derived cells lines (data not shown). 

We have isolated and characterized a novel Tax, bind- 
ing protein, TRX, whose mRNA is ubiquitously expressed 
while the protein expression is restricted to lymphocytes. 
The specificity of the Tax,/TRX interaction was demon- 
strated by three different assays, including cDNA screen- 
ing, far Western blotting and coimmunoprecipitation. A 
search against GenBank failed to identify any proteins 
with complete homology to TRX. Recent evidence sug- 
gests that TRX forms a complex with the cdc2/cyclin B 
kinase complex (data not shown). Experiments are in 
progress to establish the functional relevence of this inter- 
action. 

The authors would like to thank Drs. Gilbert0 Fragoso 
and William Whalen for their help with the computer 
programs and Dr. Ravi Dhar for many helpful discussions. 
The sequence of TRX was submitted to GenBank under 
the following accession number: U25801. 
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ATQCCCGQCAQTTCATCATCTCCTQGATCCTQQTTCTQQAQTCQQTQCCAQA A _____+_________+_________+_________+_________+______+ 
TACGQGCCQTCMQTAQTAQAGQACCTAGQACCAAQACCTCAQCCACGGl'CT 
YPGSSSSPGSWFWSRCQT 

CATTMCCTQCTGGA’ITACTGCCGGAGAGTCCTQQATQQACTCTTCCAQAQTCCTGGG~ 
241 _________+_________+_________+_________+________+________+~OO 

GTAATTGQACGACCTAATGACGGCCTCTCAGGACCTACCTQAQAAQQTCTCAQQACCCAC 
LTCWITAGBSWYDSSRVLGD 

ACMTQGCAAAGAGATTC GCAAMiTGTGTGAQGTTGTTCTTGQAQAATTCTTAMAGAM 
,301 _________+_________+_________+_________+________+_-______+~~O 

TGTTACCGTTTCTCTAAGCGTTTTACACACTCCAACMQMCCTCTTAAQMTITTCTTT 
NGKEIRKMCEVVLQEPLXEI 

TTAAGAAQMCCCCTCCAGTGTGAAGTTTCCTQAQATGQCCMCATCCCGQTQATCCACT 
361_________+_________+_________+_________+_________~________+~~0 

AATTCTTCTTGQQQAQQTCACACTTCAMGQACTCTACCQQTTQTAQQQCCACTAQGTQA 
KKNPSSVKFPEYANIPVIHC 

GCCAGACMCAGATGACCTCATCCAGCT~~GCCATOTOCC 
421_________+_________+_________+_________+_________+________+4*0 

CGGTCTDTTGTCTACMGAGTAOOTCOACTOTC~CTGTCGGTACACQACCTAC~CCTCMGTA~ 
QTTDDLIQLTAMCWMRBFIQ 

AGCTGOCOOOCCOCGTCATGCTOCCTTACTTACTCC~C~~TCCTGACT~TGTCTT~CCT 
4*1___-_____+________-+_________+_________+_________+_______+S~~ 
TCGACCGCCCGGCGCAGTACGACGGAATGAGGAGGCCCTAGGACTGACGACAGAACGGGA 

LAGRVMLPYSSGILTAVLPC 

QCTTQQCCTACGATGACCGCAAGAAMQCATCMAGAAGTGQCCMCGTGTQCMCCAQA 
54~____-____+_________+_________+_________+_________+_______+~~~ 

CGMCCQQATQCTACTQQCGTTCTTTTCGTAGTTTCTTCACCQGTTQCACACGTTGQTCT 
LAYDDRKKSIKEVANVCNQS 

CGGACTACTTCQACCAGTQGQGGCTCCTGCTQCTCQACCTACTCGACTC~CCCGTCT 
LYKLVTPEDDELDELRPGQR 

QQCAGGCAQAGCCCACCCCTGACGATGCCCTGCCAMQCAGQAGGGCACAGCCAGTQGGT 
661_________+_________+________-+_________+_________+_______+,~Q 

CCGTCCGTCTCQQQTGGGGACTGCTACGQGACGQlTTCQTCCTCCCQT@lW3GTCACCCA 
QAEPTPDDALPKQEGTASGC 

QCACTGAGGCQC!ACGACTTCCGTQACATCCCTCCAATGATGCGCAACTCCCTACTCGTQA 
~21___-____-+_________+_________+_________+_________+_______+,*0 

CQTQACTCCGCGTGCTGMQQCACTGTAGGQAQQTl'ACTACQCGTTGAQQQATQAGCACT 
TEAHDFRDIPPHMRNSLLVR 

GMMCGTGAQACCMCCCAMCGGQQAGACACTCTOCAOA 
~S1_________+_________+_________+_________+_________+______-+S~Q 

CTTTTQCACTCTQQTTQGGTTTQCCCCTCTGTQAGACGTCTCACTGGTCQCQMQTTTTC 
KRETNPNQETLCRVTSASKV 

TGTCAAGTTTATGA 
a41_________+_ 

ACAGTTCAMTACT 
s s L * 

Hydrophilicity Plot of the TRX Protein 

Amlo Acid 
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Fig. 5. (A) The mRNA expression pattern of TRX in a variety of human 
tissues. A 50-base oligonucleotide corresponding to the 5’ end of TRX 
was used as a probe in this northern blot. A predominant 3.5 kb mRNA is 
observed in all the tissues, whil’e a smaller 2.3 kb species is seen in 
samples taken from human lung, liver, skeletal muscle and kidney. The 
latter two samples also contain a 9.5 kb mRNA. (B) The above filter was 
stripped and re-probed for actin. 
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Fig. 4. (A) The DNA and amino acid sequence of the TRX open reading frame (Program Manual for the Wisconsin Package, Version 8.0, Genetics 
Computer Group, Madison, Wisconsin). (B) Computer generated hydrophilicity plot of TRX. 


