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Immunochemical Proof That a Novel Rearranging 
Gene Encodes the T Cell Receptor 6 Subunit 

The T cell receptor (TCR) 6 protein is expressed as part of a heterodimer with TCR y, 
in association with the CD3 polypeptides on a subset of functional peripheral blood T 
lymphocytes, thymocytes, and certain leukemic T cell lines. A monoclonal antibody 
directed against TCR 6 was produced that binds specifically to the surface of several 
TCR y6 cell lines and immunoprecipitates the TCR y6 as a heterodimer from Triton 
X-100 detergent lysates and also immunoprecipitates the TCR 6 subunit alone after 
chain separation. A candidate human TCR 6 complementary DNA clone (IDP2 O- 
240/38), reported in a companion paper, was isolated by the subtractive library 
approach from a TCR 76 cell line. This complementary DNA clone was used to direct 
the synthesis of a polypeptide that is specifically recognized by the monoclonal 
antibody to TCR 6. This complementary DNA clone thus corresponds to the gene that 
encodes the TCR 6 subunit. 

T CELL RECEPTC>R (TCR) cx and P 
genes rearrange in T cells and encode 
the variable part of the TCR ap- 

CD3 complex. Unexpectedly, another gene, 
TCR y ( I ) ,  that rearranges specifically in T 
cells was also found. The search for the 
protein product of this gene led to the 
identification of a second T cell receptor 
composed of the TCR y polypeptide, the 
CD3 proteins, and a previously unidentified 
polypeptide called TCR 6 (2). This receptor 
is expressed on the cell surface of a subpop- 
ulation of functional peripheral blood lym- 
phocytes (3, 4), thymocytes (5-7), and oth- 
er cell types (8-10). To understand better 
the structure, diversity, and function of 
TCR y6, we sought to characterize the TCR 
6 subunit. The TCR 6 protein is serological- 
ly distinct from the TCR y protein since it is 
not recognized by antisera raised against 
TCR y-encoded sequences (2, 6). More- 
over, the tqptic peptide map of TCR 6 is 

distinct from that of TCR y protein isolated 
from the same cell line (1 1 ) . 

We generated a monoclonal antibody 
(mAb) that is specifically reactive with the 
TCR 6 subunit and we determined the size 
and extent of glycosylation of the TCR 6 
polypeptide. We present immunochemical 
evidence that a novel complementary DNA 
(cDNA) clone encodes the 6 subunit of the 
T cell receptor. 

The TCR y 6 C D 3  complex from the 
PEER cell line (4, 12) was used as irnmuno- 
gen in the production of antibody-secreting 
hybridoma cell lines (Fig. 1). Hybridomas 
were screened both by surface binding in 
cytofluorographic analysis and by irnmuno- 
precipitation in SDS-polyacqlamide gel 
electrophoresis (SDS-PAGE) analysis of 
PEER cells. Two hybrldoma supernatants 
(5A6 and 4A1) bound to the surface of 
PEER cells. After subcloning, one mAb 
(5A6.E9) was characteri7xd further. This 
mAb bound to the surface of TCR y6 

H. Rand, F. Hochstenbach, J. McIxan, S. Hata, M. S. l ~ m ~ h " c ~ t e s  (l'EER and but 
Krangel, Division of 'i'umor Virolog, Dana-Farbcr to react with TCR alp cells (HPB-MLT or 
Cancer Institute, Harvard Medical School, Boston, M A  JURKAT) or with n o n - ~  leukocytes ( ~ i ~ ,  
02115. 
M. R. Rrenner, Division of Tumor Virolo Dana- 1). Although the imnlunogen was co111- 
Farber Cancer Institute, and Department of Edi1mato1- 
ogy and Immunologv, Hrigham and Wo111en's Hospital, 

posed of a complex of TCR y6 and CD3, 
Harvard Medical ~ c ~ o o l ,  Roston, M A  021 15. the differential reactivity on TCK y6 cell 

mined in immunoprecipitation studies LUI- 
der conditions that affect the association of 
the chains constituting the complex. For 
example, when '2S~-labeled IDP2 cells are 
solubilized in CHAPS detergent, TCR y 
and 6 and CD3 y, 6, and E subunits remain 
part of an associated complex imnlunopreci- 
pitated by an antibody directed against CD3 
(Fig. 2, lanes 3, and 4). However, if radiola- 
beled IDP2 cells are solubilized in 2% TX- 
100 detergent, TCR y6 and CD3 are largely 
dissociated, and imm~moprecipitation with 
a mAb to CD3 results in selective isolation 
of the CD3 chains (Fig. 2, lane 5). Corre- 
spondingly, under these conditions mAb 
5A6.E9 imrnunoprecipitates TCR y6 as a 
heterodimer, without associated CD3 
chains (Fig. 2, lane 6). This observation 
provides the first direct evidence that TCR y 
and TCR 6 exist as a heterodimer even in 

Control Anti-CD3 Anti-TCRG 

PEER 

Jurkat 

Fluorescence intensity 

Fig. 1. Cytofluorographic analysis of T ccll lines 
with atxi-TCK 61. TCK y6 cell lines PEEK and 
IDP2 or TCK cxp ccll lines HPB-MLT and 
JURKAT were stained with anti-TCR 61 (Ig G l )  
culture supernatant, then with fluorescein isothio- 
~~anate-conjugatcd goat antiserum to mouse Ig  
P(ab)IZ fragmcats, and then analyzed on an Ortho 
cytofluorograph as described carlicr (2). Control 
was the mAb secreted by P3X63.Ag8 hybridoma 
(P3), and the mAb to CD3 was anti-Leu 4 (18). 
The mAb to TCR 6 was made as follows. PEER 
cells (1 g) were solubiliied in 50 rill of 0.3% 
CHAPS (3-[(3-cholamidopropyl) dimethylam- 
moniol-1-propanesulfonate) detergent and were 
immunoprecipitated with 1 p1 of UCHT1 (19) 
ascites, 500 pl of mAb 187.1 culturc supernatant, 
and 125 p1 of a 10% suspension of fixed Staphylo- 
coccus aureus Cowan I strain for each i~mn~u~iza-  
tion. Four intraperitoneal injections at 6-week 
intervals were carried out and were followed by a 
final boost of TCR y6 (without CD3) isolated by 
selective elution from the immune complexes with 
2.5% TX-100 in 0.65M NaCI. Aftcr dilution to 
isotonic salt concentration, the eluted materid 
was administered both intravenously and intra- 
peritoneally, and 4 days after this final injection, 
the mice were Wlcd and fusion was carried out as 
described carlicr (20). 
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C e  c o r n  IT [T X B  B 5  " 0 ,  
ed (Fig. 2, lane 9). On the basis of these Fig. 3. N-linked glycosy- 

0 0  0~ - - 5 % :  biochemical and surface-binding studies, lation of the TCR 8 8 
C - - - -  - 

C C C C  C 
m 

~ H D  < < a <  < mAb 5A6.E9 will hereafler be referred to as E!*~+&,~ $pi - o A 

anti-TCR 61. mock-incubated corn- (? 
Mr In addition to PEER and IDP2, anti- paredtoN-glycand- Z 

-68 TCR 61 also reacts with other TCR y6 cell gated TCR 6. '251-la- 
lines, including MOLT-13 and PBL line 2. z$g:2 zUS 2; Whether anti-TCR 61 reacts with a determi- CHAPS and were im- r 

P -&"ant encoded by a C O ~ . . O ~ ~ Y  used TCR 6 munoprecipitated with - 68 
T C R ~  [ V-gene segment or with a TCR 6 C-gene anti-leu 4 and resolved 

segment is unknown. However, the ob- SDS-PAGE. TCR 6 

served binding clarities the existence of the %elg,"edfrOr t.9;: 
-30 TCR 6 polypeptide even in instances when SDS with 0 . w  2-mer- 

cell-surface-labeled species are not clearly captoethanol followed 
visualized. Similarly, the use of anti-TCR 61 by N-gl~canase (pcptide 
may help reevaluate the existence of TCR yy ~ ~ ~ ~ ~ ~ ~ ; @ u c ~

~ a n e 1 2 3 4  5 6  7 8  9 homodimers suggested as present in some (Genzyme) h e s -  - 46 

N R N R  N N  N R N  cases (3,8,13,14). Moreover, the serologi- aon (10 u/rnl) m 0.17% 

Fig. 2. Imrnunochemical analysis of the specificity cal cross-reactivity suggests a relatedness SDS, 1.25% TX-100, 

of  anti-^^^ 61. surface 12q-labeled IDp2 among TCR 6 proteins from different cell 0.2M phosphate 
buffer, pH 8.6, in a 30- were immunoprecipitated with control mAb P3 he, a fact borne out by the results of reahon for 21 hours 

(lanes 1 and 21, anti-leu 4 (lanes 3 to 51, anti- peptide mapping studies (15). at 37°C (21). The digest- 
TCR (lanes to 8), Or antiserum to cy (lane 9, Complementary DNA clones (for exam- ed or mock-incubated 
and by and visud- p+ IDP2 0-240138) isolated by the sub- TCR 8 were then re- 
ized by autoradiography. In CHAPS detergent, solved by SDS-PAGE 4 

TCR y8 and CD3 remained associated and were tractive approach from the IDP2 cell line (10% acvlamide) 0 

immunoprecipitated as a complex by anti-leu 4 correspond to a candidate gene that may v,ualizcd by autoradi- 
(lanes 3 and 4). Howwer, after d ~ b k t i o n  in encode the TCR 6 subunit (1 6). Genes ography. 
2% TX-100 detergent, anti-TCR 81 immunopre- cross-hybridizing with IDP2 group 0 cipitated TCR y8 as a dimeric complex without 
CD3 (lane 6), and anti-leu4 immunoprecipitated cDNA are and rearranged 30 
CD3 as a trimeric complex without TCR y8 (lane in TCR y6 lymphocytes but are typically not 
5). After separation of the TCR y M D 3  compo- expressed and are often deleted in TCR a@ 
nent chains, anti-TCR 81 immunoprecipitated cells. Moreover, by sequence comparison 
TCR 'lone (Iancs and '1, whik antiserum with TCR genes, these cDNA clones Cy immunprecipitated TCR y alone (lane 9). For 
hain separation experiments (lanes 7 to 91, appear to be composed of novel V, D (?), J, fiom the T7 promoter. Transcripts generat- 
immunoprecipitates with anti-Leu 4 from and C gene segments. The IDP2 group 0 ed in v im with T7 RNA polymerase were 
C E I A ~ S - s ~ l u b i i  IDP2 cells were boiled in 1% composite DNA sequence predicts a p ly-  then used in a rabbit reticulocyte lysate 
SDS and were then diluted with 10 volumes of peptide with two potential 2% TX-100 and immunoprecipitated with anti- system to direct the synthesis of protein in 
TCR 81 or andxrum to cy .   hi^ follows prme- linked glycosylation sites and a peptide the presence of [35~]methionine. After in 
dures used earlier (2). N, nonreducing con&- backbone of 3 1.3 kD (16). To determine the vitro transcription and translation, the reac- 
tions; R, reducing conditions. peptide backbone size and number of aspar- tion products were boiled in 1% SDS, dilut- 

agine-linked carbohydrates that are present ed with ten volumes of 2% TX-100, and 
the non-disulfide-linked form. To deter- on the cell-surface IDP2 TCR 6 polypep- then immunoprecipitated with either an iso- 
mine whether mAb 5A6.E9 reacts with tide, we either treated gel-purified TCR 6 type-matched control mAb or with anti- 
TCR y, TCR 6, or a combinatorial determi- with N-glycanase or mock-incubated it and TCR 61. Anti-TCR 61 specifically immuno- 
nant, we performed immunoprecipitation reexamined it by SDS-PAGE (Fig. 3). Re- precipitated a predominant species (34 kD) 
on separated chains. An immunoprecipitate moval ofN-linked carbohydrates resulted in (Fig. 4, lane 4). No such band was observed 
obtained fiom radiolabeled CHAPS-solubi- a 5-kD decrease in size (from 40 to 35 kD). in immunoprecipitates when control mAbs 
lized IDP2 cells by using an antibody to This result is suggestive of the presence of were used (Fig. 4, lane 3), when RNA 
CD3 was washed and boiled in 1% SDS to two (2.5 to 3 kD) N-linked glycans on the transcripts were omitted (Fig. 4, lanes 1 and 
dissociate the individual species (TCR y, IDP2 TCR 6 and correlates with the num- 2), or when TCR y constructs were used. 
TCR 6, and the CD3 subunits). After dilu- ber of N-linked glycans predicted by the Thus, the radiolabeled species immunopre- 
tion with ten volumes of 2% TX-100, mAb cDNA sequence (Fig. 3). The observed cipitated by anti-TCR 61 corresponds to a 
5A6.E9 specifically immunoprecipitated the peptide size is in general agreement, but polypeptide whose synthesis was specifically 
40-kD (TCR 6) species (Fig. 2, lane 7). differs from that predicted by the D N A  directed by the IDP2 0-240138 cDNA 
When a pomon of the same immunopre- clone by 3.7 kD. clone. This 34-kD polypeptide is similar in 
cipitate was analyzed under reducing condi- In view of the reactivity of anti-TCR 61 size to the N-glycanasetreated IDP2 TCR 
tions (Fig. 2, lane 8), a dramatic shift in on IDP2 cells, the specificity for the TCR 6 6 chain (35 kD). The IDP2 0-240138 clone 
SDS-PAGE mobility was observed, as previ- polypeptide, and the recognition of partially lacks a natural ATG initiation codon as well 
ously reported to be characteristic of TCR 6 denatured (SDS-boiled) TCR 6, we tested as the leader sequence. There are two poten- 
on the IDP2 and PEER cell lines (4). In the possibility that this mAb would recog- tial internal ATG codons (at residues 12 and 
contrast, when the separated chains were nize directly the polypeptide encoded by the 44) withim the V region of this clone (Fig. 
immunoprecipitated with antisera to Cy, candidate TCR 6 cDNA clone. Thus, cDNA 4 4 .  Use of these codons to initiate synthe- 
the 55-kD species (TCR y), but not the 40- clone IDP2 0-240138 was subcloned into sis could result in more than one polypep- 
kD species (TCR 6), was immunoprecipitat- the pGEM-3 expression vector downstream tide species, possibly accounting for the 
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Fig. 4. Recognition of in v i m  translated product 
of cDNA done IDP2 0-240138 by anti-TCR 61. 
(A) pGEM3-0-240138 construct used for in v i m  
transcription and translation. IDP2 0-240138 
cDNA done (1.3 kb) begins within codon 7 of 
the composite group 0 sequence and includes the 
remaining coding region and most of the 3' 
untranslated region (16). This insert was cleaved 
as a single Eco RI-Eco RI fragment from XgtlO 
arms by partial Eco RI digestion to prevent 
cleavage of the internal Eco FU site. This fragment 
was subdoned into the Bluescript+ vector (Stra- 
tagene). The clone was deaved as a single Bam 
HI-Sal I fragment (ends are from the Bluescript 
vector plylinker) and was then directionally 
doned into @EM-3 (Promega Biotec) down- 
stream from the T 7  promoter to generate 
pGEM3-0-240138. (B) Samples were immuno- 
precipitated with control mAb P3 (lanes 1 and 3) 
or with anti-TCR 61 (lanes 2 and 4). Translations 
contained no RNA (lanes 1 and 2) or pGEM3-O- 
240138-derived RNA template (lanes 3 and 4). 
pGEM3-0-240138 plasmid was linearized with 
Sal I, and capped transcripts were synthesized 
with the use of T7 polymerase (11, 22, 23). 
Integrity and size of the transcripts were checked 
on a pomon of the reaction mixture to which "P- 
labeled adenosine mphosphate had been added. A 
single RNA species of 1.3 kb was obtained. In 
vitro translation in the presence of [3SS]methion- 
ine was perfonned in a rabbit reticulocyte lysate 
(24). After in vitro translation, the samples were 
boiled in 1% SDS with 2 mM dithiothreitol 
followed by the addition of 10 volumes of 2% 
TX-100 in ms-buffered saline, pH 8.0. The sam- 
ples were then immunoprecipitated with the 
above antibodies and analyzed by SDS-PAGE 
followed by fluorography (25). 

minor species noted (Fig. 4, lane 4). 
Taken together, the correlation between 

predicted and determined extent of glycosy- 
lation and peptide size, the selective expres- 
sion and rearrangement in TCR y6 cells, and 
the direct serological recognition of the 
polypeptide encoded by IDP2 0-240138, are 
compelling evidence that this candidate 
cDNA represents the gene encoding the 
IDP2 TCR 6 subunit. The constant region 
of this cDNA clone is 79% identical at the 
nucleotide level to the recently described 
murine Cx gene (13, which may therefore 
correspond to the murine TCR 6 equivalent. 
Cloning of both TCR y and 6 make it 
possible to more M y  elucidate the expres- 
sion, rearrangement, and diversity of the 
receptor. Moreover, mAbs against TCR 6 

that bind to the surface should facilitate 16. S. Ham ct al., Scicncc 238, 678 (1987). 
17. Y.-H. Chien ct al., Nutwe (Lmula) 327, 677 functional studies and move us closer to (1987). 

understanding the role these cells play in the 18. J. A. mbcmr ctal., J.  Exp.Mcd. 153,310 (1981). 
immune system. 19. P. C. Bevcrky and R E. Callard. E w .  J .  In#nnd. 

11,329 11981). 
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The Adenovirus Major Late Transcription Factor 
Activates the Rat ?-Fibrinogen Promoter 

The major late transcription factor (MLTF) is a 4dkilodalton polypeptide that 
specifically binds to and activates transcription h m  the major late promoter of 
adenovirus. The presence of this promoter-specific transcription factor in d e c t e d  
HeLa cell extracts suggests that MLTP is also involved in the tmmcription of cellular 
genes. This report demonstrates that MLTP specifically stimulates transcription of the 
rat y-fibrinogen gene through a high-Wty binding site. Stimulation of transcription 
by MLTE was not dependent on the exact position of the MLTF binding site with 
respect either to the transcription initiation site or to adjacent promoter elements. 
These results suggest that one of the cellular functions of MLTP is to control y- 
fibrinogen gene expression. 

WEALTH OF BIOCHEMICAL AND GE- A netic evidence in eukaryotic cells 
suggests that the regulation of tran- 

scription initiation by RNA polymerase 11 is 
mediated by the interaction-of multiple se- 
quence-specific DNA-binding proteins with 
the promoter elements of these genes. One 
of these sequence-specific DNA-binding 
proteins, the major late transcription factor 
(MLTF or USF), was originally identified 
by its ability to selectively bind to and 
s&ulate transcription fiom the adenovirus 
major late promoter (MLP) (14) .  Since 

this promoter-specific factor was found in 
extracts of uninfected HeLa cells, it was 
presumed that MLTF would also selectively 
stimulate transcription of cellular genes con- 
taining an appropriately positioned MLTF- 
binding site. We report here that MLTF 
selectively stimulates transcription from the 
rat y-fibrinogen (7-FBG) promoter. 

Fibrinogen, an essential blood coagula- 
tion factor, is a 340-kD protein composed 
of two sets of three polypeptides (a, P, and 
y), which are produced in the liver. These 
polypeptides are encoded by three separate 
genes whose transcription is coordinately 

L. A. Chodosh, Center for Canccr Research and De art 
regulated (5). ~ ib r ino~en  genes are alsb 

ment of B i o l a  Massachusetts ~IIStitute of ~echnoL& coordinately redated along with a ~ ~ b e r  
021:$139, and H m a d  Mdcal S c h 4  of other genes in the mammalian liver dur- 

R. W. carthew and P. A. sham. center for cancer ing the acute phase response to infection, 
- - - ~  - 

Research and Department of ~ich&&~assachusetts h a t i o n ,  -and ti& injury. Recendy, 
Institute of Tcchnolo Cambridge, 02139. 
J. G. Mo an and G%. Crabtree, Stanford University the promoter the fibrinogen 
School of%cdicine, Stanford, CA 94305. genes have been genetically identified in 
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