
libition of a factor that is used by both the 
ain and the immune system. 
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Molecular Diversity of the Human T-Gamma 
Constant Region Genes 

The human T cell antigen-receptor y  chain, which is expressed on the surface of a 
subpopulation of CD3' T lymphocytes, exhibits size polymorphism and varies in its 
ability to form disulfide bonds with a second polypeptide. Analysis of both genomic 
and complementary DNA clones encoding the human y  polypeptide shows differences 
in lengths of the coding portions of the two constant region genes, C y l  and Cy2.  A 
single second-exon segment is always present in the C y l  gene. Cy2 alleles containing 
either duplicated or triplicated second-exon segments are present in the normal human 
population and are expressed as messenger RNAs. Furthermore, a cysteine residue, 
encoded by the second exon of C y l  and probably involved in interchain disulfide 
bridging, is absent in all Cy2 second-exon segments. These differences between C y l  
and the two alleles of Cy2 may explain the variability in molecular weight and disulfide 
bonding of y  molecules expressed in different cells. 

OST T LYMPHOCYTES EXPRESS AN 

antigen-receptor complex consist- 
. ing of polymorphic a and P T cell 

receptor (TCR) subunits in association with 
several nonpolymorphic chains designated 
as CD3 (1-3). A subset of T cells that lack 
the surface ap heterodimer express another 
receptor, known as y, in association with the 
CD3 complex (4-7). The TCR y molecules 
consist of variable (V), joining (J), and 
constant (C) regions, and, like immuno- 
globulins and the TCR a and P chains, are 
generated by somatic rearrangement of gene 
segments (8-12). Human cell lines repre- 
sentative of the subset containing TCR y 
express y chains of various sizes in associa- 
tion with another protein of 40 to 45 kD, 
designated 6 (4, 13-16). In some cell lines 
the components of the heterodimers are 
noncovalently associated, and in other lines 
they are linked by disulfide bonds. In con- 
trast, the murine y chain has been found in 
all cases to be disulfide-linked to a second 
chain of 45 kD (7). 

The human TCR y constant region is 
composed of two tandemly organized and 
highly homologous genes, Cy l  and Cy2 (9, 
12). Analysis of patterns of TCR y gene 

rearrangements in T cells has shown that 
both the Cyl  and Cy2 genes take part in 
recombination events (1 7). We now show 
that these constant regions are structurally 
distinct and there is an allelic polymorphism 
for the number of exons in the Cy2 gene. 
Taken together, these findings may explain 
the presence or absence of disulfide linkage 
as well as the size polymorphism of the 
human TCR y chains. 

Our experimental approach involved the 
isolation and characterization of several 
TCR y complementary DNAs (cDNAs) and 
genomic clones of the TCR y constant 
region locus. Three distinct cDNA libraries 
obtained from human T cells were screened 
with a mouse Cy cDNA probe. TWO cDNA 
libraries were prepared from the Fro 2.2 and 
PEER human T cell lines that display rear- 
rangements of the Cy2 gene (17, 18). The 
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third cDNA library was prepared from nor- 
mal human peripheral T lymphocytes. Sev- 
eral y cDNA clones were isolated from each 
library and characterized by restriction en- 
zyme mapping. Three cDNA clones, Ty5, 
Fy7, and Pyl  (Fig. l ) ,  were selected on the 
basis of the existence of polymorphism for 
Barn HI  sites in the constant region (see Fig. 
l ) ,  and their complete nucleotide sequence 
was determined. Seauences of the constant 
regions are shown in Fig. 2A. 

Comparison of the three cDNA clones 
reveals that all encode C regions that can be 
divided into three domains. The first do- 
main contains 330 nucleotides (or 310 for 
the truncated Ty5) encoding the immuno- 
globulin-like domain; in Ty5 this domain 
corresponds to the previously published se- 
quence of the first exon of Cy1 (19), where- 
as in both Py 1 and Fy7 it corresponds to the 
first exon of Cy2 (20). The third domain 
contains 571 nucleotides, encompassing 
coding regions for the transmembrke an2 
cytoplasmic segments of the protein and the 
3' untranslated region. The first and third 
domains are separated bv another domain 
that varies in length among the different 
cDNA clones and consists of multiple seg- 
ments of 48 nucleotides. Pyl has a iriplici- 
tion (144 nucleotides), Fy7 a duplication 
(96 nucleotides), and T y l  a single such 
segment (48 nucleotides) . Close examina- 
tion of these repeat sequences (Fig. 2B) 
shows that (i) the three repeated segments 
of Py 1 differ from each other by three to five 
nucleotide substitutions; (ii) the second and 
third of these segments in Pyl  are identical 
to the first and second repeats of Fy7; and 
(iii) the Ty5 segment is identical to the 3' 
repeat segments of Pyl  and Fy7 except for a 
single nucleotide substitution that results in 

a cysteine residue in Ty5. No cysteines are 
found in the other 48-bp repeats. 

To determine the basis for the expression 
of these different segments, we first charac- 
terized the exon organization of the human 
TCR y locus. Four distinct overlapping 
clones were isolated from a human placental 
genomic libray by using the Ty5 cDNA 
clone as a probe. These clones span a region 
of approximately 30 kb of human DNA 
containing all y constant region sequences 
(Fig. 3A). The exon organization and the 
location of the Jy2 and Jx2 regions have 
been determined by hybridization of the 
genomic clones with specific cDNA probes 
derived from the Pyl and Fy7 cDNA 
clones. The restriction map of the Cy l  gene 
was identical to that reported by LeFranc 
and Rabbitts (9) and will not be described in 
detail. The Cy2 gene was 6 kb longer than 
Cyl, spanning approximately 12 kb of ge- 
nomic DNA. This difference in length is due 
to the presence of five distinct exons in the 
Cy2 gene compared to only three in the Cy l  
gene. The constant region exons were iden- 
tified by hybridization of the genomic 
phages to specific cDNA probes corre- 
sponding to the first and third C region 
domains (which correspond to distinct ex- 
ons I and 111) or to the entire constant 
region derived from the Pyl and Fy7 
clones. Subsequently, a genomic probe con- 
taining the 48-bp repeat and 100 bp of the 
3' flanking region (pE2, Fig. 3A) of Cy2 
exon IIb was used to identi9 three of the 
exons (IIa, IIb, and IIc) as homologous to 
each other and to the Cy 1 second exon. The 
restriction maps and the hybridization pat- 
terns of the Cy l  and Cy2 genes are consist- 
ent with the presence of a single second exon 
in Cyl  and triplication of this exon in Cy2. 

1 d 

CI 

l k b  - 
~ d 7  B B  P 

v C I  

6 Hp B B B P  

v I J  I C I  CII Clll 

Fig. 1. Schematic representation of human TCR y cDNA clones; cDNA libraries prepared from human 
peripheral blood T lymphocytes, from the Fro 2.2 leukemic cell line, and from the PEER cell line were 
screened according to established procedures (25) with a mouse y cDNA clone. Three y cDNA clones, 
representing the spectrum of constant region polymorphisms seen to date, are shown. Ty5, Fy7, and 
Py 1 were isolated from the T cell, Fro 2.2, and PEER cDNA libraries, respectively. The Py 1 cDNA 
clone represents a full-length transcript from a functionally rearranged TCR y allele which resulted from 
recombination between the Vy8 gene segment (24) and the Jy2 joining region segment (11, 18). The 
Fy7 cDNA clone represents a full-length transcript from an aberrantly rearranged TCR y allele which 
resulted from recombination between the 5' portion of the Vyl  gene segment [at nucleotide position 
377 (24)] and a putative J region, Jx2, located approximately 3 kb 5' to the Jy2 segment (21) (see Fig. 
3A). The Ty5 cDNA clone represents a truncated TCR y transcript containing virtually the entire y 
constant region. The locations of relevant Barn H I  (B), Hpa 1 (Hp), and Pst 1 (P) sites are indicated. 

This finding correlates with the presence of 
a single 48-bp unit in the Ty5 cDNA clone 
and of three repeating units in the Pyl  
cDNA clone. Moreover, sequencing of the 
genomic clones confirmed that the second- 
exon sequence in Cy l  is identical to the 
second-exon sequence in Ty5 and that exons 
IIa, IIb, and IIc of the Cy2 gene are identi- 
cal in seauence and in transcii~tional orien- 
tation to the three 48-bp repeats within the 
Pyl cDNA clone. These findings confirm 
that Pyl represents the transcri~t of a nor- . L 

ma1 Cy2 gene. Furthermore, ribonuclease 
protection experiments have shown low lev- 
els of expression of a TCR y transcript with 
a triplicated second exon in at least one 
other cell line, RPMI 8402 (21). 

The means by which the 48-bp repeats are 
expressed cannot be explained by the differ- 
ences between the two genomic loci that we 
have sequenced, since ;he Fy7 and the re- 
ported HPB-MLT Tiy cDNA clones (19) 
each contain only nvo 48-bp second-exon 
repeats (IIb and IIc in Fy7; IIa and IIc in 
HPB-MLT). Several hypotheses can be pro- 
posed to explain the origins of these 
cDNAs. First, other human y constant re- 
gion genes may exist; second, there may be 
allelic variants of the Cy2 gene; and, third, 
different cDNA clones mav result from alter- 
native splicing of messenger LVA products 
of the Cy2 gene. We tested the first hypoth- 
esis by hybridizing in low stringency condi- 
tions a series of human y cDNA or genomic 
probes to human DNA digested with differ- 
ent restriction enzymes in order to identify 
related Cy loci. In all cases. all of the result- 
ing hybridizing bands could be accounted 
for by the Cyl  and Cy2 genes already 
described (21). Considering the high level of 
homology benveen the coding sequences of 
the constant region of all TCR y cDNAs, we 
conclude that both Fy7 and HPB-MLT are 
products of the previously identified Cy2 
gene. We also tested the hypothesis of the 
existence of allelic variants for the TCR y 

constant region gene by Southern blot anal- 
ysis of a large collection of normal human 
DNAs. for which we used a DNA probe 
representing one of the 48-bp repeats (Cy2 
exon IIb, clone pE2). Representative data 
are shown in Fig. 4. Using Eco RI and Hind 
I11 restriction enzymes, we consistently ob- 
served one of two patterns with respect to 
the number of bands hybridizing to the pE2 
probe. Approximately 50% of the cases 
(25152) displayed four hybridizing frag- 
ments. whereas the rest disDlaved three h i -  

A ,  

bridizing fragments with both enzymes. The 
four-band patterns seen with Eco RI and 
Hind I11 digestion coincide with the expect- " 
ed fragments as derived from the genomic 
clones we isolated. The assignment of each 
band to the corresponding fragment in the 
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genomic map is indicated in Fig. 4. The 
bands absent in the three-band pattern after 
Hind I11 and Eco RI digestion correspond 
to exon IIa of the Cy2 gene (22). Taken 
together, these data strongly argue for the 
existence of a Cy2 allele lacking the first of 
the 48-bp repeats. According to this inter- 
pretation, the four-band pattern is present in 
individuals who are either heterozygous or 
homozygous for the triplication. On the 
basis of these results, approximately 70% of 
the alleles in our test population contain the 
duplication within Cy2, and 30% contain 
the triplication. While this manuscript was 
in preparation, Lefranc et al. (20) reported 
the isolation of a Cy gene allele that sup- 
ports this interpretation. We therefore con- 
clude that the Fy7 cDNA clone represents 
the transcript from this allelic variant of the 
Cy2 gene. The derivation of the HPB-MLT 
cDNA clone remains to be ascertained. In 
view of the above results it probably repre- 
sents the product of an alternative splicing 
event occurring in the primary transcript 
from a Cy2 allele having a triplicated con- 
stant region second exon. However, the 
possibility of a third allele of Cy2 cannot be 
eliminated. 

In conclusion, we have shown evidence 
that the human C r l  and C r 2  constant 
region genes are stActurally distinct and 
that both are transcribed in T cells. In 
addition, the Cy2 gene displays an allelic 
polymorphism resulting in either four or 
five exons. These findings may explain re- 
cent results indicating that the human y 
product can exist either as a disulfide-linked 
comoonent of a cell surface heterodimer or 

I 

as a noncovalentlv associated member of a 
receptor complex and that the size of the y 
chain can differ among T cell lines (4-6,13- 
16). This study shows that a cysteine residue 
is encoded by the Cy l  second exon but not 
by the second-exon segments of either allele 
of the Cy2 locus. There are no other extra- 
cellular Gsteines except for those involved in 
intrachain disulfide bonds within the irnmu- 
noglobulin-like domains. In mouse T cells, 
the expressed Cy genes encode a cysteine in 
a position similar to that in human Cy 1, and 
the murine TCR y is expressed as a subunit 
of a cell surface disulfide-linked heterodimer 
(7, 8). The human Cy 1 product is perhaps 
similarly utilized in disulfide-linked hetero- 
dimers on the surface of T cells. Such heter- 
odimers have been observed in association 
with CD3 on the surface of cell lines derived 
from a subset of T3'T4-T8- T lympho- 
cytes (13-1 6). Non-disulfide-linked y chains 
of 55 to 60  kD have also been found on 
peripheral T cells and on the surface of the 
PEER cell line from which the Py l  cDNA 
was obtained (4, 6, 14). In addition, smaller 
non-disulfide-linked chains have also been 

T f i  --- --- --- -- --- -- --- --- --- --- --A --- --- --- --- -G -- -- --- --- --- -- 4 --- --- -- -- 
Lvs 61n LWJ Asp Ala kp 1'11 Ser h o  Lys R o  Thr I l e  Phe Leu R o  Ser I l e  Ala 61u Thr Lvs Leu Gln Lys Ala Gly Thr Tyr Leu Cys LEI~ Leu 

203 
Pyl WO WA TTT TIC EA GAT ATT ATT M 6  ATA CPT Tffi C#i W PAO tA3 AGC PAC C 6  ATT CT6 GM TCC Cffi UIO OGG PlRC IEC AT6 M K T  IdC 6EE ACA 
Ffl --- -- --- --- --- -- --- --- --- --- -- -- - - --- --- --- -- --- --- -- - --- - -- - -- --- - --. -.- -- - - 
T p  --- --- -- - -.I --- G- -- --- --- -- --- -- - -- --- -- -- --- -- --- -- - -- - --- -- --- - --- -- -- --- - 

6111 Lvs b e  Phe Pro Asp I l e  I l e  Lys I l e  HIS Trp 610 61u Lys Ly5 Ser k Thr I l e  Leu 61y Ser 61n 61u 61y k n  Thr kt Lys Thr kn Ay, Thr 
I 

505 
W I  T E  AT6 IW TTT M4 Tffi TTA ACG GT6 CCPl 644 WO TCA CTG W: ARA W CAC RO(I TOT ATC 6TC MA OT 6A6 MT AT1 W W W bTT WT WI W 
Fy7 -- - --- --- --- - -- --- - - -- -- - - --- --- - - - -- - - --- - - - --- --- - - - -- - - 
T)5 

-- -- -- -- --- --- --- - --- --- -- A-- -- --- --- -- -- -- - -- -- - -- 4- -- - - - - - 6- -- - -- 
Tyr kt Ly5 R e  Ser Trp LEU Thr Val R o  Glu Sku Ser Leu Asp Lys 61u His kp Cys l l e  Val kg His 61u Rsn ktI Lys kn 61y I l e  Rsp 6111 61u 

t I 

Extn I 1  407 
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Ff7 -- - -- --- --- - -- --- - [ 1- - - - - - - - - - 
11'5 -- -- - -- --- --- -- -- -[ 

I l e  I l e  R e  R o  R o  I l e  Lys Thr kp Val Thr Thr Val Rsp R o  Lys Asp Sw Tyr Ser Lys Asp Ala ktI Rsp Val Thr Thr Val Rsp R o  Lys Tyr Rsn 

Lxm 111 w 
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Tyr Ser Lys kp AIa kn Asp Val I l e  Thr kt kp Pro Lys Asp P a  Trp Ser Lys Asp Ala Rsn kp Thr Leu Leu Leu 61n LEU Thr AYI Thr Ser M a  
+ + 

611 
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Tyr Tyr kt Tyr LEU Leu LEU Leu Leu Lys Ser Val Val Tyr Phe Ala I l e  I l e  Thr Cys Cy5 Leu Leu 61y kg Thr Ala Phe Cys Cys EM Gly 61u Lys 
I f 

B 
Val Thr Thr Val Asp Pro Lys i kp  Ser Tyr Ser Lys kp Ala Rsn 

P i la  AT 6TC liCC iiCA 616 I T  CCC PAil GAC R T  TAT TEA ilAR MT GCA WIT 6 

Fig. 2. Nucleotide sequences of the TCR y cDNA constant regions. DNA sequence analysis was 
performed on restriction fragments subcloned into the pGEM3 plasmid vector (Promega Biotec, 
Madison, Wisconsin). The sequences were determined by use of the double-strand (ds) sequencing 
system, as recommended by Promega Biotec. (A) Nucleotide and putative amino acid sequences of the 
Pyl  constant region and nucleotide substitutions in Ty5 and Fy7 are shown. Sites resulting in amino 
acid substitution are indicated by *. (B) Nucleotide and amino acid sequences of each exon I1 48-bp 
repeat segment are shown. 
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Flg. 3. Organization of the human TCR y 
genomic locus. A human placental bacteri- 
ophage Charon 4A library was screened by 
standard techniques (25). Four overlapping 
doncs, Ty2.0, Ty2.2, Ty2.6, andTy2.4, wcrc 
isolated. (A) The restriction map and exon 
organization shown were determined by hy- 
bridization with specific cDNA probes de- 
scribed previously (17). Restriction sites are 
indicated for Hind I11 (H), Eco RI (R), Sst I 
(S), and Bam H I  (B). J1 and J2 represent 
previously described TCR y joining regions 
(11). Jx2 represents a putative joining region 
(21). The two constant region genes, Cyl and 
Cy2, are underlined. Constant region exons I, 
11, and I11 are shown by open squares. The 
trivlicated exons I1 of Cv2 are identified as 

€3 
i i c i  ~ ~ ~ R G T R C T T ~ F T C T C R T T C ~ C T A G  AT mc AX WI nrs WT m wn EX M r  161 m wn WT a M T ~  srPnscrrrrsrmnr~mn:m 
115 AT 6TC RTC RCR AT6 GAT M W MT 161 TW WI WT 837 MI6 

Asp Val I l e  lhr kt Rsp Ro Lvs Ikp Am Cy. Sa Lvs Asp Rlr kin 

TJC% W X ~ T T G ~ C T R G I R E T T C T C T C A ~ C ~  RT GTC RCC PUI GTG WT IW W fGl TIIT Ti3 M WT 83 M E  ~ ~ T T ~ T S T ~ R T ~ ~ ~ A X  
Plla ATflCmPUIGTGWTmIWEXfGlTATTWMWTMMT6 

Ikp Val R r  Thr Val Ikp Ro Lys (kp SR T r  Sa Ly5 (kp Rla Rul 

I I ~  IIb, and IIc. A polymbrphic Hind I11 site 
is indicated by *, and the approximate borders MZC ~ ~ R ~ T R C T T ~ C T U ~ T T C ~  RT GTC ATC RUI RE 6 1 ~ 1  ccc RWI EX MT 766 TW M  AT ax MTG kmmmmmmcmm 
of the DNA fragment not present in the other FK fiT6TCRTCRUIAEWTaMWMTWTWWWT837M16 

RT 61C RIC WI RT6 WT CM: WI WC MT 166 TUI RlYL EAT 83 All6 
Cy2 allele (see text) are indicated by the Ikp Val I l e  Thr Ikt kp Ra L ~ S  (kp h Trp Sa L ~ S  (kp Rlc kin 
broken line. (B) Nucleotide and amino acid 
sequences of genornic TCR y exon 11 frag- 
ments. Sequences are shown with 5' and 3' flanking sequences containing messenger RNA splice sites. The cDNA second-exon 48-bp repeats 
are shown below the corresponding genomic fragments. 

Prot 
Restrlction enz) 

)(? pE2 
rme Eco 

Flg. 4. Southern blot analysis of TCR y constant region genes in normal human DNA. Genomic DNA 
was extracted from normal Wctionated human peripheral blood, digested with (A) Eco RI or (B) 
Hind III, electrophorrsed in a 0.8% agarose gel, and blotted onto nitrocellulose according to standard 
procedures (25). Filters were hybridized to the pE2 DNA probe shown in Fig. 3. 32P labeling of the 
probe was performed by nick translation (26). Hybridiziig bands are labeled according to size and to 
the corresponding exon I1 fragment in the genomic map. Polymorphism can be seen for the Cy2 exon 
IIa segment. 

seen (23). At least one of these non-disul- 
fide-linked chains has a nonglycosylated size 
of 40 kD (as compared to 31 kD for the 
disulfide-lied form) and, like the TCR y 
product in PEER, appears to be the product 
of the Cy2 locus (14). The size polymor- 
phism may be due, at least in part, to the 
presence of either two or three second-exon 
repeats, each of which encodes 16 amino 
acid residues, in the Cy2 gene; in addition, 
both delic forms of the Cy2 gene encode 
five potential sites for N-linked glycosyla- 
tion, as compared to four potential sites 
encoded by the shorter Cyl locus. Whether 
these structural differences have conse- 
quences on the yet unknown functions of 
the y8 receptor remains to be ascertained. 
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