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Identification of Putative Human T Cell Receptor 6 
Complementary DNA Clones 
SHINGO HATA, MICHAEL B. BRENNER, MICHAEL S. KRANGEL 

A novel T cell receptor (TCR) subunit termed TCR 6, associated with TCR y and CD3 
polypeptides, was recently found on a subpopulation of human T lymphocytes. T cell- 
spacific complementary DNA clones present in a human TCR y6 T cell complementary 
DNA library were obtained and characterized in order to iden* candidate clones 
encoding TCR 6. One cross-hybridizing group of clones detected transcripts that are 
expressed in lymphocytes bearing TCR y6 but not in other T lymphocytes and are 
encoded by genes that are rearranged in TCR y6 lymphocytes but deleted in other T 
lymphocytes. Their sequences indicate homology to the variable, joining, and constant 
elements of other TCR and immunoglobulin genes. These characteristic., as well as the 
immunochemical data presented in a companion paper, are strong evidence that the 
complementary DNA clones encode TCR 6. 

T HE ANTIGEN-SPECIFIC RECEPTOR 
on the surface of most peripheral 
blood T lymphocytes is a &sulfide- 

linked heterodimer composed of a and P 
subunits (40 to 50 kD), noncovalently asso- 
ciated with CD3 polypeptides (1-3). The 
TCR a and TCR P polypeptides are en- 
coded by immunoglobulin-like variable (V), 
diversity (D), joining (J), and constant (C) 
gene segments that rearrange to form a 
functional gene during thymic T cell matu- 
ration (4-8). The TCR y gene was identi- 
fied as an additional immunoglobulin-like, 
T cell rearranging gene (9). Recently, 40- to 
55-kD polypeptides encoded by functionally 
rearranged TCR y genes were identified as 
one component of a heterodimer, associated 
with CD3 polypeptides, on populations of 
peripheral blood T lymphocytes (lo), thy- 
mic T cells ( l l ) ,  and dendritic epidermal 
cells (12). The second component of the 
heterodimer appeared distinct from TCR y 
and was proposed as a novel TCR subunit 
termed TCR 6. 

S. Ham and M. S. Krvlgel, Dis ion of Tumor Virology, 
Dana-Farber Cancer Institute, Harvard Medical School, 
Bosmn, MA 02115. 
M. B. Brrnner, Division of Tumor Virolo Dana- 
F* cancer Institute, and ~ e p m e n t  of &knatol- 

and Immunolo~  B r i p  and Women's Hospital, 
arvard Medical Sc ool, oston, MA 021 15. 

Although little information is available 
concerning the biochemistry of the TCR 6 
protein, it might be supposed that it bears 
structural homology with other TCR sub- 
units. This supposition leads to the predic- 
tion that TCR 6 may be encoded by a gene 
that displays s iwcan t  sequence homology 
to members of the immunoglobulin gene 
supcrfamily, that rearranges during T cell 
maturation, and that is expressed specifical- 
ly in TCR y6 T cells. Guided by these 
assumptions, we sought to obtain and 
characterize T cell-specific complementary 
DNA (cDNA) clones generated fiom mes- 
senger RNA (mRNA) of the human TCR 
y6 cell line IDP2 (10). 

A T cell-specific cDNA probe was gener- 
ated by synthesizing 32~-labeled first-strand 
cDNA of high specific activity from IDP2 
polyadenylated [poly(A)+] RNA, and sub- 
jecting this material to two cycles of hybrid- 
ization with poly(A)+ RNA from the hu- 
man B cell line JY followed by hydroxylapa- 
tite chromatography (13). The twice sub- 
tracted single-stranded material was used to 
probe 40,000 plaques of an IDP2 AgtlO 
cDNA library (14), and 391 (1%) hybridiz- 
ing plaques were obtained. Subsequent anal- 
ysis organized these clones into 14 cross- 
hybridizii groups, composed of as many as 

139 and as few as 2 members. Three groups 
were identified as encoding TCR y (10 
members), TCR P (20 members), and CD3 
6/e (7 members), as judged by hybridization 
with appropriate probes. Representative 
members of the remaining 11 groups 
(A,B,C,D,E,G,I,K,M,O,R) were labeled 
with 3 2 ~  and used to probe Northern blots. 
One group (0,  consisting of six members) 
detected transcripts expressed in IDP2 and 
the TCR y6 cell line PEER (15-17) but not 
expressed in JY and the TCR ap  cell line 
HPB-ALL. On the basis of this result, two 
group 0 clones (0-240 and 0-254) were 
selected for further study. 

Northern blot analysis of a larger panel of 
RNA samples with 0-240 as a probe (Fig. 
1A) revealed the expression of cross-hybrid- 
izing transcripts in four TCR y6 cell lines 
[IDP2, PEER, Molt-13 (18), and PBL L l  
(1 6)]. Four distinct transcripts, of 2.2, 1.7, 
1.3, and 0.8 kb (arrows in Fig. lA), were 
detected. However, transcripts were unde- 
tectable in B cell line JY, myeloid cell line 
HI.60, the TCR ap-bearing T cell line 
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Fig. 1. Northern blot analysis of group 0 hybrid- 
izing transcripts. (A) Total RNA samples (5 pg) 
were electrophoresed through 1.5% agarose gels 
containing 2 . N  formaldehyde, transferred to 
nitrocellulose, and probed with nick-translated 0 -  
240 or chicken actin (Oncor). Filters were washed 
with l x  SSC and 0.5% SDS at 23°C and then 
with 0.1 x SSC at 50°C. RNA sources are: JY, B 
cell line; HMO, myeloid cell line; HPB-ALL and 
SKW3, TCR ap and surface TCR- T cell lines, 
respectively; fresh PBMC and PHA PBMC, fresh 
and 2-day PHA-activated peripheral blood mono- 
nuclear cells; IDP2, PEER, Molt-13, and PBL- 
L1 [identical to WT31- PBL line (16)] TCR y8 
T cell lines. (B) IDP2 RNA treated as above was 
probed with nick-translated 0-240, a 240-bp Eco 
RI-Sca I fragment of 0-240138 (V probe; see 
Fig. 3A) labeled by hexanudeotide priming, or a 
550-bp Hae I11 fragment of 0-240 (3' UT, see 
Fig. 3A) labeled by nick-translation. Washing was 
as in (A). Arrowheads mark the positions of the 
four major transcripts detected; 18s and 28s 
ribosomal RNA served as markers. 
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HPB-ALL, and T cell line SKW3, which 
does not express a surface TCR. Transcripts 
were barely detectable in RNA fiom fresh or 
phytohemagglutinin-activated peripheral 
blood mononudear cells (PHA-PBMC), of 
which only a small fraction express TCR y8. 

Analysis of genomic DNA digested with 
various enzymes revealed no evidence for 
rearrangement of 0-240 hybridizing se- 
quences in TCR y8 T cells. However, al- 
though a 9.5-kb Xba I fragment (and a 9.0- 
kb polymorphic fragment) was detected in B 
cells, myeloid cells, and TCR y8 T cells, this 
fiagment was deleted on both chromosomes 
in all other T cells examined (Fig. 2A). This 
likely represents somatic deletion rather than 
polymorphism, since pairs of B and T cell 
lines derived from the same individual were 
analyzed (SB and HSB; 8392 and 8402). 
These results suggest that deletion of se- 
quences detected by 0-240 may accompany 
rearrangement at either the TCR a or TCR 
p locus. 

Initial sequence analysis of clones 0-240 
(1.5 kb) and 0-254 (0.7 kb) indicated that 
they both extended from a natural Eco RI 
site at the 5' terminus through a poly(A) tail 
and an Eco RI linker at the 3' terminus. 
These clones derived from a cDNA library 
constructed without methylation of Eco RI 

sites. Information 5' to the natural Eco RI 
site was obtained by using 0-240 to probe 
an Eco RI methylated IDP2 AgtlO cDNA 
library. Two clones that spanned the Eco RI 
site, 0-240138 (1.3 kb) and 0-240147 (1.4 
kb), were selected for detailed study. Nota- 
bly, a probe derived fiom the 5' end of O- 
240138 detected discrete rearrangements in 
both Eco RI and Pvu I1 digests of genomic 
DNA fiom five of five TCR y8 cell lines 
(Fig. 2B). Of the three g e d i n e  fragments 
in each digest detected by this probe (arrows 
in Fig. 2B), rearrangements of the 3.3-kb 
Eco RI and 23.0-kb Pvu I1 fragments ap- 
peared to be similar in the five TCR y8 cell 
lines, whereas rearrangements of the 6.6-kb 
Eco RI and 2.0-kb Pvu I1 fragments distin- 
guished the different cell lines. In contrast to 
these discrete rearrangements, a heteroge- 
neous smear of rearrangements was detected 
in Eco RI digests of two samples of fetal 
thymus DNA. 

The comparative organizations, partial re- 
striction maps, and sequencing strategies 
used to characterize clones 0-240, 0-254, 
0-240138, and 0-240147 are presented in 
Fig. 3A. The composite sequence (Fig. 3B) 
presents a long open reading frame of 293 
amino acids and is clearly composed of V-, 
J- and Glike elements similar to those of 

Eco RI Pvu II 

Fig. 2. Southern blot analysis of grou 0 hybridizing genomic DNA. (A) High molecular weight 
genomic DNA samples (5 ug) were igested with Xba I, electrophoresed through 0.7% a p s e ,  
transferred to nitrocellulose, and probed with nick-translated 0-240. Filters were washed with 1 x SSC 
and 0.5% SDS at 23°C and then with 0.1 x SSC and 0.1 x SDS at 68°C. DNA sources are: B cell lines 
SB and 8392; myeloid cell line HL60; TCR ap T cell lines 2B5 (35), 2D6 (35), Anita, Jurkat, and 
HPB-MLT, surface TCR- T cell lines Molt-4, CEM, 8402, and HSB; fresh peripheral blood 
mononuclear cells PBMC; and TCR y8 T cell lines Molt-13, IDP2, PEER, and PBL L1. PBMC and 
PBL L1 are derived from the same individual. The diminished signal in PBMC presumably results from 
deletion in most T cells in the sample. The remaining signal (largely B cells and monocytes) serves as a 
germline control for PBL L1. On this basis, the 9.0-kb fragment is interpreted as a polymorphism rather 
than a rearrangement. A A Hind 111 digest was used as markers. (B) Genomic DNA samples digested 
with Eco RI or Pvu I1 were analyzed as above and probed with the 430-bp 5' Eco RI fragment of done 
0-240138 (VJC probe; Fig. 3A) labeled by nick-translation. Filters were washed with l x  SSC and 
0.5% SDS at 23°C and then with 0.2x SSC and 0.1 x SDS at 55°C. PBL C1 is a TCR y8 T cell done 
(16); FET LIV 2 and FET THY 2 are f d  liver and thymus samples from the same fetus; FET THY 4 is 
from another fetus; other DNA samples are as in (A). Germline bands in each digest are marked by 
arrowheads. 

TCR and immunoglobulin genes. Striking- 
ly, the putative Gregion sequence is 79% 
identical at the nucleotide level, and 73% 
identical at the amino acid level, to the 
sequence of a novel murine TCR constant- 
region gene (&) recently reported by Chien 
ct  al. (19) to reside within the TCR a locus. 
The high degree of sequence identity indi- 
cates that the group 0 clones reported here 
define the human homolog of murine &. In 
this light, the deletion of this sequence in 
TCR ap T cells is suggestive that the human 
constant region, like its murine counterpart, 
maps 5' to Ca within the human TCR a 
locus. 

The 5' ends of 0-240138 and 0-240147 
define a partial putative leader (L) sequence 
and a V-region sequence. The precise pro- 
cessing point between these segments that 
defines the amino terminus of the mature 
protein is uncertain. However, processing of 
the TCR a chain in HPB-MLT has been 
suggested to lie between Ala(-1) and 
Gln(+ l),  since the amino terminus of TCR 
a is blocked (8). By analogy, we have tenta- 
tively assigned the processing point to this 
location in our sequence, since in the region 
from -4 to + 8  the two sequences are 
identical in 11 of 12 residues. 

The putative V region displays 57% ami- 
no acid sequence identity with a human Va 
sequence [PGA5 (8)], 26% identity with a 
human Vp sequence [YT35 (4)],  and 21% 
identity with a human Vy sequence [Vy2 
(20)l. Comparisons among Va subgroup 
sequences and among Vp subgroup se- 
quences can be used to identifj consensus 
residues that occur in 50% or more of Va or 
Vp subgroups. The V-region sequence re- 
ported here matches the Va consensus in 
75% of these residues (30 of 40) (Fig. 4 4 .  
By contrast, it only matches the Vp consen- 
sus in 49% of these residues (17 of 35). For 
comparison, the randomly selected Va se- 
quences 1.1, 6.1, and 12.1 match the Va 
consensus in 70, 73, and 73% of these 
positions, respectively, whereas the VP se- 
quences 2.2, 5.4, and 8.1 match at 40, 53, 
and 60%. Thus this V region is clearly Va- 
like, since it is as close to the consensus as 
other Va sequences. 

Amino acids 112 to 125 display signifi- 
cant homology to human TCR consensus J- 
region sequences (Fig. 4B) and with the J 
region associated with murine Cx (Fig. 3B). 
However, amino acids 94 to 11 1 are ho- 
mologous to neither V nor J sequences, and 
homology with the murine clone is minimal 
in this region as well (Fig. 3B). Whether and 
how much of this area might be encoded by 
a separate D element or might result from so 
called N-region diversity (21) remains to be 
determined. In any event, the coding se- 
quence remains in h e  across the V(D)J 
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Fig. 3. Organization and nucleotide sequence of 
group 0 cDNA clones. (A) Nucleotide sequences 
of clones 0-240, 0-254, 0-240138, and 0-2401 
47 were determined using the dideoxy chain 
termination method via the outlined strategy. 
Partial restriction maps and the locations of 
probes V, VJC, and 3'UT (hatched bars) are 
presented. Poly(A) tails are noted. (B) The com- 
posite nucleotide and deduced amino acid se- 
quences of the group 0 cDNA clones are present- 
ed. Amino acid residues are numbered from the 
presumed amino-terminal processing point, as 
described in the text. Cysteine residues are boxed, 
potential N-linked glycosylation sites are bracket- 
ed, and polyadenylation signals used in 0-240 
and 0-254 are underlined. 0-240138 begins 
within codon 7 of the composite sequence, 
whereas 0-240 and 0-254 begin within codon 
150. Within the coding region, sequences agree at 
all positions except for codon 161 (GTG in O- 
254 and 0-240138, TTG in 0-240). This discrep- 
ancy is presumed to result from a reverse tran- 
scriptase error in 0-240. The composite nucleo- 
tide sequence is compared with that of the coding 
region of murine cDNA clone DN-4 (19). A dash 
denotes identity and an asterisk denotes a gap. 

junction, and hence the IDP2 group 0 
cDNA clones correspond to transcripts from 
a productively rearranged gene. - 

The putative constant-region sequence in- 
cludes an immunoglobulin-like region with 
two cysteine residues separated by 5 1 amino 
acids, a connector region carrying a cysteine 
residue that is typically thought to mediate 
interchain &sulfide bonds between TCR 
chains, and an intramembraneous region. 
Two potential sites of N-linked glycosyla- 
tion are situated immediatelv amino termi- 
nal to the first cysteine and carboxyl terminal 
to the second cysteine. Within the first 91 
amino acids of the constant region, amino 
acid sequence identity is highest with Cy 
(22) and Ch (23) (22 and 20%, respectively) 
and lower with Ca (24) and CP (25) (15 
and 11%, respectively). The connector re- 
gion shares elements with each of the other 
TCR chains. However, the 40 amino acids 
including and flanking the presumed trans- 
membrane region show a significantly high- 
er number of identities with the homolo- 
gous region of Ca (30%) than with either 
Cp (8%) or Cy (13%) (Fig. 5A). These 
relationships are dramatically underscored 
by comparison of the number and distribu- 
tibn of charged and uncharged residues 
throughout this region (Fig. 5B). Like Ca, 
this constant region appears to have at least 
two positively charged residues that may be 
buried within the membrane. Such charged 
residues are thought to be important in 
mediating interactions with CD3 compo- 
nents, which display acidic residues within 
their transmembrane regions (26-28). Also 
as in Ca, an intracellular tail, if it exists at all, 
is extremely short. Whereas CP and Cy 
display putative intracellular tails that are 
highly charged, the IDP2 group 0 sequence 
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50 60 70 
E M I F L I R Q G S D E Q  N A K S G R Y S V N F K K A A K  
GAG ATG ATI TIC CTI ATI CGC CAG GGT TCT GAT GAA CAG ?*'I* AAT GCA AAA AGT GGT CGC TAT TCT GTC AAC TIC AAG AAA GCA GCG AAA 
C-- G-- -C. C-- G-C - - -  -T- --A -AA G-A T-C A-G --- TAT --- ---  -CG n A  AAC --- -TC --. .-G ---  --- C-- ---  ---  --T --G 

80 100 
S V A L T I S A L Q L E D S A K Y F  
TCC GTC GCC TIA ACC ATI TCA GCC ITA CAG CTA GAA GAT TCA GCA AAG TAC m --- T-- AG- C-G GAG --C --C -A- -CG --- --G -GG - - -  G-T --G -C- --T --C 

110 t--- J 120 - C - 130 
N G G Y A V F P S D K L I F G K G T R V T V E P R S Q P H T  
AAT GGG GGA TAC GCG GTC TIT CCA TCC GAT AAA CTC ATC m GGA AAA GGA ACC CGT GTG ACT GTG GAA CCA AGA AGT CAG CCT CAT ACC 
.CG C-A *%W "&< ?&&< ?&<* ?&:ic GG. A-- --C --- --- G-- --- ---  C-- - - -  ..- -)J, --- --- ---  ---  .-. -A- --C ---  --- -CG G-- 

150 160 
K P S ~ F ~ M K I ~ ? T Y I N ~ A  L V K E F Y P K D I R I N L V  

AAA CCA TCC GTI m GTC ATG AAA AAT GGA ACA AAT GTC GCT CTG GTG AAG GAA TIC TAC ccc AAG GAT ATA AGA ATA AAT CTC GTG 
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TCA TCC AAG AAG ATA ACA GAG TIT GAT CCT GCT A n  GTC ATC TCT CCC AGT GGG AAG TAC AAT GCT GTC AAG CTI GGT AAA TAT GAA GAT 
..- --- --- ---  --T GTG --A --C --C - - -  ---  --A ---  --- --C --- --C --- ---  --. -G- - - -  ---  --. --- ---  C-G --- -G- .-- 

200 210 220 
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TCA GTI CAA CAC GAC AAT AAA ACT GTG CAC TCC ACT GAC m GAA GTG AAG ACA GAT TCT ACA GAT CAC GTA - - -  - - -  --G --- A-- .G- G-- --- - - --- --G ..- --- --- --- CCA T-T G-- A-- ---  TTC A-- A-T -A- 

230 240 250 
K P K E T E N T K Q P S K S  H K P K A I V H T E K V N M M  

AAA CCA AAG GAA ACT GAA AAC ACA AAG W CCT TCA AAG AGC CAT AAA CCC AAA GCC ATA GTI CAT ACC GAG AAG GTG AAC ATG ATG --- -T- CCA - - -  C-- --- --T GAC -CA -.- AT- --- G-- CCT T-- GGC --A -G- -T- -C- .-- --C --T --. -.- .-A .-- --- ---  

displays a single basic residue followed by 
four hydrophobic amino acids. The corre- 
sponding Ca sequence is of equal length. 
Regardless of how the membrane proximal 
sequences are disposed relative to the lipid 
bilayer and to CD3 components, it appears 
likely that this portion of the constant re- 
gion is involved in interactions highly analo- 
gous to those of Ca. 

The 3' untranslated (3'UT) sequences 
indicate the use of alternative polyadenyla- 

tion sites. Whereas the 0-240 3' UT ex- 
tends some 1050 bp through an A?TAAA 
polyadenylation signal, that of 0-254 ex- 
tends only 260 bp, with polyadenylation 
following the sequence TATAAA. Both se- 
quences differ from the consensus AATAAA 
by a single nucleotide. Potential for addi- 
tional heterogeneity exists, since the se- 
quence TATAAA occurs twice more within 
the 0-240 sequence (19 bp on the 3' side of 
the signal used in 0-254 and 133 bp on the 

SCIENCE, VOL. 238 



Va consensus 

Va consensus 

Vpconsensus 

Fig. 4. Amino acid sequence comparisons to consensus 
B human TCR V and J region sequences. (A) The deduced O- 

composite V-region amino acid sequence is compared to Va 
and Vp subgroup consensus sequences. Consensus residues 
were assigned on the basis of their appearance in 50% or 
more of Va or Vp subgroups, with the use of data compiled 
in (36). Blanks indicate no consensus assignment at that 
position. A dash indicates a gap. Identities between the 0 -  

composite sequence and consensus residues are boxed. (6) The deduced 0-composite J-region amino 
acid sequence is compared to Ja, Jp, and Jy consensus residues. Consensus residues were assigned on 
the basis of their appearance in 40% or more of the Ja, JP, and Jy sequences compiled in (36) and (37). 

5' side of the signal used in 0-240). Varia- 
tion in the site of polyadenylation is at least 
partially responsible for the transcript het- 
erogeneity observed on Northern blots (Fig. 
1B). Whereas the 2.2- and 1.3-kb transcripts 
are selectively detected by a V-region probe, 
an 0-240-specific 3' UT probe detects only 
the 2.2- and 1.7-kb transcripts. Thus in 
IDP2, PEER, and PBL L1 the two most 
abundant species (2.2 and 1.3 kb) represent 
differentially polyadenylated transcripts. The 
minor 1.7- and 0.8-kb species therefore 
represent transcripts lacking V regions and 
are presumably transcribed from partially 
rearranged genes. By contrast, TCR P 
mRNA heterogeneity primarily results from 
the latter mechanism (29). 

By all accounts, the group 0 cDNA 
clones appear to be good candidates to 
encode the IDP2 TCR 6 peptide. They 
detect transcripts that are expressed specifi- 
cally in TCR y6 T cells and are encoded by 
genes specifically rearranged in the same 
cells. Transcript levels correlate well with the 
level of expression of cell surface TCR 6 
polypeptide, which is lower in PEER than 
in IDP2, and lower still in Molt-13 (18). 
Furthermore, they are composed of V, J, 
and C elements that are homologous to 

those of other TCR and immunoglobulin 
genes. The cDNA clones derived from IDP2 
mRNA remain in frame across the V-J 
junction, indicating that they would encode 
a functional polypeptide in these cells. The 
cDNA sequence predicts a polypeptide 
backbone size of 3 1.3 kD, with two poten- 
tial sites for N-linked glycosylation. As dem- 
onstrated in the accompanying paper (30), 
these predictions agree well with the proper- 
ties of the TCR 6 peptide on IDP2 cells. 
Furthermore, it is demonstrated in that 
study by in vitro transcription and transla- 
tion analysis that clone 0-240138 encodes a 
polypeptide that is specifically recognized by 
a monoclonal antibody directed against 
TCR 6. 

Human TCR y and 6 peptides can be 
found either in a &sulfide-linked form or an 
unlinked form on different cell lines (1 431- 
33). This structural heterogeneity is con- 
trolled, at least in part, by TCR y C-region 
usage, since the Cy-1 gene encodes a cyste- 
ine in the membrane proximal connector 
region that is absent in Cy-2 (14, 17, 22). 
IDP2 uses the Cy-2 gene, lacks this cysteine, 
and displays a non-disulfide-linked receptor 
on the cell surface (14, 16). One might have 
predicted that the IDP2 TCR 6 peptide 

Fig. 5. Comparisons to human TCR C-region B 
transmembrane and intracytoplasmic sequences. '") L~~ +-+--coo- 
(A) The deduced ~-com~oslEe c-region amino ce gmX, % % s- coo- 
acid sequence from residues 240 to 279 is com- 

C~ 2 0 n 
pared to the analogous regions of Ca, Cp1, and v v E 3  coo- 

Cr. A dash indicates a aao. Identities are boxed. c, s s Z-L -. v c o o  

(B) The distribution o r  barged and uncharged 
amino acids in the region flanking and including the presumed transmembrane region of the 0 -  
composite sequence is compared with those of Ca, Cp2, and Cyl. 

would lack the analogous cysteine as well. 
However, our cDNA sequences predict that 
IDP2 TCR 6 carries a cysteine in the mem- 
brane proximal connector that would be 
available for disulfide linkage. Moreover, 
Southern blots (Fig. 2A) provide evidence 
for only a single TCR 6 C-region gene. 
Thus, it appears that a single TCR 6 gene 
produa could pair with TCR y peptides 
encoded by Cy-1 to form a disulfide-linked 
complex, or with TCR y peptides encoded 
by Cy-2 to form a nonlinked complex. 

In contrast to the large number of V gene 
segments available for TCR a and TCR (3, 
there are only a limited number ofhctional 
TCR y V gene segments (20). Thus the size 
of the TCR 6 V gene pool will be important 
in determining the number of antigens that 
may be recognized by TCR y6 lymphocytes. 
The V region used by IDP2 is clearly related 
to TCR a V regions, but whether TCR a 
and TCR 6 draw from the same or distinct 
pools of V genes is not known. Strikingly, 
nucleotide sequence analysis indicates that 
the IDP2, PBL C1, and Molt-13 TCR 6 
chains all use the same V gene (34), a 
conclusion consistent with genomic rear- 
rangement data (Fig. 2B). This result might 
suggest a limited TCR 6 V repertoire. The 
size and nature of the TCR 6 V gene pool 
will have intriguing implications for the 
relationship betwen the TCR ap  and TCR 
y6 repertoires and will be an important area 
for further study. 
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dissociated, and immunoprecipitation with Immunochemical Proof That a Novel Rearranging a m ~ b  to CD3 results in selective isolation 

Gene Encodes the T Cell Receptor 6 Subunit of the CD3 chains (Fig. 2, lane 5). Corre- 
spondingly, under these conditions mAb 

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 y6 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 RECEPTOR (TCR) a 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 4 ,  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 tryptic 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 y6CD3  complex from the 
PEER cell line (4,12) was used as immuno- 
gen in the production of antibody-secreting 
hybridoma cell lines (Fig. 1). Hybridomas 
were screened both by surface binding in 
cytofluorographic analysis and by immuno- 
precipitation in SDS-polyacrylamide gel 
electrophoresis (SDS-PAGE) analysis of 
PEER cells. Two hybridoma supernatants 
(5A6 and 441) bound to the surface of 
PEER cells. After subcloning, one mAb 
(5A6.E9) was characterized further. This 
mAb bound to the surface of TCR y6 

H. Band, F. Hochstenbach, J. McLean, S. Hata, M. S. l ~ m ~ h o c ~ t e s  (PEER and IDP2) but 
Krangel, Division of Tumor Virology, Dana-Farber to react with TCR a p  cells (HPB-MLT or 
Cancer Institute, Harvard Medical School, Boston, MA JURKAT) or with n o n - ~  leukocytes pig. 02115. 
M. B. Brenner, Division of Tumor Virolo Dana- 1). Although the immunogen Was COm- 
Farber cancer hstitute, and Department o f 8 ~ u m a t o 1 -  Of a complex of TCR y8 and C D ~ ,  ogy and Immunology, Bri ham and Women's Hospital, 
Harvard Medical School, ioston, MA 02115. the differential reactivity on TCR y6 cell 

5 ~ 6 . ~ 9  -&munoprecipitates TCR y 6 as a 
heterodirner, 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 

Fluorescence intensity 

Fig. 1. Cytofluorographic analysis of T cell lines 
with anti-TCR 61. TCR y6 cell lines PEER and 
IDP2 or TCR ap cell lines HPB-MLT and 
JURKAT were stained with anti-TCR 61 (Ig G1) 
culture supernatant, then with fluorescein isothio- 
cyanate-conjugated goat antiserum to mouse Ig 
F(ab)I2 fragments, and then analyzed on an Ortho 
cytofluorograph as described earlier (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 solubilized in 50 ml of 0.3% 
CHAPS (3-[(3-cholamidopropyl) dimethylam- 
moniol-1-propanesulfonate) detergent and were 
immunoprecipitated with 1 p,I of UCHT1 (19) 
ascites, 500 (*I of mAb 187.1 culture Supernatant, 
and 125 (*I of a 10% suspension of fixed Staphylo- 
mccw aureur Cowan I strain for each irnrnuniza- 
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 NaCl. After dilution to 
isotonic salt concentration, the eluted material 
was administered both intravenously and intra- 
peritoneally, and 4 days after this final injection, 
the mice were Mled and fusion was carried out as 
described earlier (20). 
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