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ABSTRACT Antigen receptors on the T-cell surface are
noncovalently associated with at least four invariant polypep-
tide chains, CD3-y, -8, -¢, and -{. The mouse CD3-y gene,
consisting of seven exons, was found to be highly homologous
to the CD3-6 gene described earlier. Both the high level of
séquence homology and the exon/intron organization indicate
that the CD3-y and -6 genes arose by gene duplication.
Surprisingly, murine and human genomic DNA clones could be
isolated that contained elements of both the CD3-y and CD3-6
genes. In fact, the putative transcription start site of the mouse
CD3-vy gene is less than 1.4 kilobases from the transcription
initiation site of the mouse CD3-6 gene. Common elements that
regulate the divergent transcription of the two genes are
therefore proposed to be located in the intervening 1.4-kilobase
DNA segment. This might contribute to the coordinate expres-
sion of the CD3-y and -6 genes durlng mtrathymlc maturation
of T lymphocytes.

Several types of T-cell receptors (TCRs) for antigen (and
major histocompatibility complex proteins) have been de-
scribed (1, 2). In addition to variable proteins (TCR-a, -8, -y,
or -8), antigen receptors contain a set of invariant proteins—
CD3-vy, -6, -¢, and -{ (3-5)—when isolated from the plasma
membrane of T lymphocytes. A fifth, intracellular protein,
CD3-w, binds transiently with members of the complex
during biosynthesis (6, 7). Expression of the TCR and CD3
genes appears to be confined to thymus-derived lympho-
cytes. CD3 mRNA and cytoplasmic protein are detected in
the earliest recognizable thymocytes, whereas transcription
of TCR-a, -B, -y occurs after further maturation within the
thymus gland (8-10). A detailed study of the CD3 genes and
the regulation of their tissues-specific expression has, there-
fore, been undertaken. Earlier, the genes coding for the
CD3-6 and -¢ proteins were isolated and mapped to band q23
on the human chromosome 11 and to mouse chromosome 9
(refs. 11,13, and 14; H.C., S. Dunlap, H.S., T. Wileman, and
C.T., unpublished results) Here we report the cloning of the
mouse CD3-y gene% and demonstrate that the CD3-y and
CD3-8 genes are closely linked. The putative 5’ end of the
mouse CD3-y gene was located 1.4 kilobases (kb) from the
transcription start site of the CD3-8 gene. Transcription of the
two genes therefore takes place in opposite directions. Since
a close linkage was also found for the human CD3-y and
CD3-8 genes, the existence of common transcription regula-
tion factors acting on sequences present in the DNA segment
between the two genes is highly likely.

The publication costs of this article were defrayed in part by page charge
payment. This article must therefore be hereby marked ‘‘advertisement’’
in accordance with 18 U.S.C. §1734 solely to indicate this fact.
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MATERIALS AND METHODS

For isolation, subcloning, and sequence analysis of the
genomic DNA, published methods were used (11, 15). The
mouse cDNA clone pT134 (16) was used as a probe to screen
a BALB/c liver genomic DNA library made with partial Mbo
I fragments in bacterlophage EMBLS3. Positive bacterio-
phages AT3-v1 (insert size 11.5 kb) and AT3-y2 (insert size 12
kb) were isolated, the exon-containing fragments were sub-
cloned in plasmld vectors, and nucleotide sequences were
determined according to Maxam and Gilbert (17).

A 0.7-kb EcoRI-Acc I fragment from pTM-82 (originally
called pMT-2, ref. 11) was subcloned in bacteriophage M13
mp8 or mp9. Single-stranded templates were prepared from
these subclones and sequence determination was done by the
dideoxy chain-termination procedure of Sanger et al. (18),

From a genomic DNA library made with'a partial Mbo 1
digest of human leukocyte DNA and the bacteriophage
EMBL3, § x 10° bactenophages were screened with the
human CD3-y cDNA pJ6T3-y-2 (19) as a probe after labeling
with [a-*2P]dGTP by the random-priming technique (20). Of
the two bacteriophages thus isolated, one, \TWL-v1, hybrid-
ized with a 26-mer synthetic' oligodeoxynucleotide comple-
mentary to the 5’ end of that CD3-y cDNA (GCCAGGC-
CCTTCCCCTGTTCCATGTC) (19) and therefore contained
the first exon of the human CD3-y gene. A\TWL-y1 was then
used for restriction enzyme mapping by standard techniques
(12). In addition to the two probes mentioned above, the
human CD3-8 cDNA pPBGC-9 (11) and a human CD3-8
genomic DNA segment covering the transcription start site
[made by cleavage with HindIIl and BstEII (at positions
—354 and +57, respectively)] were used.

RESULTS AND DISCUSSION

Among a collection of T-lymphocyte-specific cDNA clones
isolated by subtractive hybridization techniques (21), group
K (22), which included nine independently isolated clones,
was identified as the mouse counterpart (16) of the human
CD3-y cDNA after comparison of the respective nucleotide
sequences (19). As was shown with the human CD3-y and
CD3-8 polypeptide chains, the primary amino acid sequence
of the mouse CD3-v chain (16) deduced from the nucleotide
sequence showed strong homologies with the mouse CD3-6
chain (23). To further characterize the evolutionary relation-
ship of these two genes, we isolated genomic DNA clones

Abbreviation: TCR, T-cell receptor.
The sequence of the mouse CD3-y gene is being deposited in the
EMBL/GenBank data base (Bolt, Beranek, and Newman Labora-

~ tories, Cambridge, MA, and Eur. Mol. BlOl Lab., Heldelberg)

(accessnon no. J03590).
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FiG. 1. Partial restriction map of the area covering the mouse CD3-y and CD3-8 genes. The mouse CD3-vy gene spans 14.5 kb and contains
seven exons (filled boxes). The mouse CD3-8 gene was found to span 5 kb and contain five exons (open boxes) (11). Bacteriophages AT3-y1
and AT3-92, which contain the mouse CD3-y gene, were isolated from a genomic DNA hbrary made from BALB/c liver DNA. pTM-é81 and
pTM-82 are plasmids containing a 2.7-kb EcoRI fragment and an 8-kb Pst I fragment of genomlc DNA, respectively (11) Restriction enzyme
sites are indicated as follows: E, EcoRI; K, Kpn I; P, Pvu II; X, Xba 1; S, Stu 1. bp, Base pairs.

containing the mouse CD3-y gene from a BALB/c mouse
liver DNA library. Two overlapping bacteriophage clones,
AT3-y-1 and AT3-y-2, spanned a 14.5-kb segment of mouse
genomic DNA and contained the entire CD3-y gene (Fig. 1).
By a combination of restriction enzyme mapping, Southern
blot (24) hybridization, and comparison of the nucleotide
sequence with the CD3-y cDNA sequerice (16), seven exons
enicoding the mouse CD3-y chain were detected (indicated
schematically in Fig. 1).

Seveéral corclusions can be drawn from the nucleotide
sequences of the seven CD3-y exons and their flanking re-
gions (Fig. 2). A comparison of the exons encoding the CD3-y
chain and the five exons encoding the mouse CD3-4 chain (11)
indicated that the exon/intron organization (i.e., the size of
each exon and the codon usage in the splice sites) of the two
genes was very similar (Table 1). The major differences are
that the CD3-y gene contains a 24-bp exon (exon 2), which
does not have a counterpart in the CD3-6 gene, and that exon
3 of the CD3-vy gene contains a 9-bp insertion as compared to
exon 2 of CD3-6 gene. Moreover, the mouse CD3-y gene
contains a separate exon encoding the 3’ untranslated region.
The similarity in exon/intron organization as well as the high
level of primary sequence homology (19) between the CD3-y
and -8 genes strongly suggests that these two genes arose by
a gene-duplication event.

Because the CD3-y and -8 genes appear to be expressed
coordinately in all thymus-derived lymphocytes (8-10), we
searched for similarities of putative regulatory sequences in
5’ regions of the CD3-vy and -6 genes. Surprisingly, we found
that about 350 bp of the 5’ sequence of the mouse CD3-y gene
were perfectly complementary to the 5’ sequence of the
mouse CD3-8 gene. By comparing the restriction maps of the
CD3-y and -6 genes, the 5'-most EcoRI site of the NT3-y-1
clone was found to coincide with the EcoRlI site up to the 5’
of the first exon of the mouse CD3-8 gene (Fig. 1). Although
the precise transcription initiation site of the CD3-y gene has
not been determined, a comparison of the genomic and
¢DNA sequences indicated that the initiation site is no more
than 1175 bp from the EcoRI site. Since the transcription
initiation site of the CD3-8 gene is within 200 bp (11) on the
other side of the EcoRlI site, the distance between the two
genes is not more than 1400 bp. This finding suggests (i) that
regulation of expression of the mouse CD3-y and CD3-8
genes may indeed be coordinated via elements located in the
intérvening segment between their respective promoters and
(if) that transcription occurs in opposite directions.

Having determined the close proximity of the mouse
CD3-vy and -8 genes, we then investigated a possible close
linkage between the human genes. A human CD3-y cDNA

clone (19) was used to isolate bacteriophages coding for the
CD3-y gene from a genomic DNA library made from human
lymphocytes. To ensure the presence of the 5'-most exon of
CD3-y gene in the bacteriophage isolates, the positive ge-
nomic DNA clones were further analyzed with a synthetic
oligonucleotide probe complementary to the 5’ end of the
human CD3-y ¢cDNA (GCCAGGCCCTTCCCCTGTTCCA-
TGTC) (19). One bacteriophage, A\TWL-y1, was thus select-
ed and its =~20-kb-long insert was mapped by restriction
enzyme analysis and Southiern blotting with the human
CD3-ycDNA pJ6T3y-2 (19), the 5’ synthetic oligonucleotide,
the human CD3-6 cDNA pPBGC9 (25), and a genomic DNA
segment covering the human CD3-8 transcription initiation
site (11) used as hybridization probes. As shown in Fig. 3, the
first exon of the human CD3-6 gene and the putative first exon
of CD3-y were located on a 2.6-kb Sal I-BamHI fragment of
the 20-kb insert in A\TWL-y1. Since the CD3-8 exon 1 begins
0.4 kb upstream of the BamHI site (11), and assuming that the
human CD3-vyexon 1is similar in size to its mouse equivalent,
the transcription initiation sites of the two genes are at most
2 kb apart. As in the case of the mouse genes, the exon
localization provides sufficient evidence for a model in which
transcription occurs in the opposite directions.

Based on comparisons of the nucleotide sequences of the
human CD3-y and -8 cDNAs, Krissansen et al. (19) reasoned
that these genes had arisen after a gene duplication. The
descriptions of the human and murine CD3-vy and -6 genes not
only support that reasoning but add that this gene duplication
occurred before human/mouse divergence. Although in
terms of their exon/intron organization and sequence hoimol-
ogy the CD3-y and -8 genes are more different from the CD3-¢
gene than from one another (S. Dunlap and H.C., unpub-
lished data), all three CD3 genes are clearly related and must
have arisen from a common ancestor. The divergence of the
CD3-¢ gene from the CD3-y and -6 genes most likely occurred
before CD3-y diverged from CD3-8. This may also indicate
that their gene products play different roles in the signal
transduction that occurs after the T-cell receptor triggering.
Although CD3-y and CD3-6 are very similar in their cyto-
plasmic regions, only CD3-y becomes phosphorylated upon
T-cell activation (4, 5).

Protein sequence analyses and secondary structure pre-
dictions suggest that the CD3 genes constitute a subgroup of
the immunoglobulin gene superfamily (26). Previous work
(13, 14) showed that the CD3-6 and -& genes map close to each
other on human chromosome 11 (band q23) and on mouse
chromosome 9. The data presented here demonstrate that the
three members of the CD3 gene family map to the same
chromosome in humans and mice and that the CD3-y gene is
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....... TIGAAGATGCCTCCCITAC C TIG GGG GAG AAC AGC AAT CAG TAT CAG ACT AGC CAG AAT CCC GCT
G AAC CCC CIC TTIG TCG TTA GTIC ATA GIC TGA TCG GIC TTA GGG CGA
G Q P L V A I L I L 8 A L 1 G S

GIG TIC CAT CTTCCAGAGGGAATCA’IGCMCMATAGAGGCMGCCACAGGATGATCAGCCAGGGTTAGCACTATCC'ICCGCCAACAGACTCA'IG
CAC AAG GTA
E M (T3-§) -—
GGTA'I'I‘CAGAAAAAGGAAGAGTGGGGGAGGMCTAGAAGAAATCTGCQICTCTACCTTCTGCCTTTGATGGTqTMGACTGTCAMGCMCAGTGGGCTA

A
GGTGTGGGGTAAGACACAAACAGGTGCAAACTGCTCT TTCTGAAGCAAAGAGT TTGGGATGATTGATACAAAGCAGAGACTATGAGGAAAGTTTGTTCAG

AATTCTAGGAAGTGTAAGGGAATTTAGAATAGCCTTTCCTGGTAACAAAAAACAAATAGCAATAGTCACTGGTAACAAACAAAGAAGATTTTGGGCTTCC

TATGAACAATACAACTACATTTACTCACAAACAAGGAAGTGCCACCTCTTTAGATCCACTGAGAGAAACTATTACACAAGCCACATTAGCAGATCCICTT

GTTTCTGATCAGICTCAGGACCCE TCACAGGACACTCTGGGA%CCACATCMGCTGCTTCTAGCCAGTGGGMGATGGACTTGAGAAGCCCTCATCCAG

ACATCGGAATCCTAGGTCCAGCACATAGTACCCATGCATGGAGTGICTCAGAGCTTGTCTCCCTCAGCATCACTCTAAGGATTGGGGGAGGAGTGTTIGC

ATCATGCCAGCCACATTAAGCCATCTCAGTATGAGAGTCTTCTTAACAATATAATCAATCCACTCATTTGTAGAATCGATCCTCCCCAGGAGACAATAGA
CTTTICTACCATGTGCTGIGGGGATCTAACTTTCCACACTGCTATAATCAGAAGGTCATCTGTCTGGGGACAAAATTATCCTTTGTGCCTGGAATCACAT
AGGAATTCTGTGAATTICTGTTATGCATTIGACTGGCTAAAGGAGACAATAGCCTGAGACCCTGGAACTAGCCCAGGGTCATACACCAAGAAATAAGCTAG
TTGTCCCGTTGGGATGTTICTCTTCTAGGTGGGTACCACT TAGATGTTCTCAAAAGAACAGTGTCAAAAATCTCTTAAGGAAGGTCTACTCTAAGATGCTT
TTCCATTCAGAACTCCAGTCTCATACATGGAAAAGTTCTGCCTAAACCCATGAGT TCTGGGATCAAGTGACAAACAAGTCCAGACCTAGCCAGAAGAACA
GGCAGGAACATTCATCACTGTCATCGAGAAAAAGGCTCAGTGGAGTCTTCAACCTATTGCGCATAGAGGT TCTAGTGGTAAAGGGGT TTCCAAGTGGGAA
TCTAGAACCTCATCCCCTGCCACCTGCTATCCTGCAAGCCTTAACAACAACAAAAGAGAAAACGAGATAAGTCAGAGCATCAACACCCCTGCTGGGGCCC
CTGCTGCCCACACTCTACAGGAGAGGGCGGAGACACCTGGTATTGCCTCTACTCAGAGTCCCAGCTCAATGCATGC TGGGTGGAGCCAGGCCAGCTGCTIG
- (T3-7) M E Q R K
CACAGGCTGTCTGGGTGGCTGGCGTGGCTGGGTGGCTAAGGGACTCTCAATACTTCTACTGGAGAAGCAAAGAGACTGAC ATG GAG CAG AGG AAG

G L A G L F L VvV 1 8§ L L
GGT CTG GCT _GGC CTC TTC CTG GTG ATC TCT CTT CTT CAA G GTAAGAGTTTACTTGAGICTCTGACCACACIG..........

T V A Q T K A
Exon 2 ...... CAGTCCATGCCCGGCTGATCCTTTCICTTICTGTTTTCCAG GC_ACT GTA GCC CAG ACA AAT AAA G GTAAGAGA
GATGGTTTCTTTICTATTCTCAAATICT. ...

K N L vV Q VvV D G § R

Exon 3 ...... TACAMGACCTGTMCAGAGCCACGCCITTTCCCTTTTCAG %A AAG_AAT TTG GTA CM GTG GAT GGC AGC CGA
G G S L L T L K G

GGA GAC GGT_TCT GTA CTT _CIG ACT TGT GGC by (<] ACT GAC MG ACT ATC MG TGG CTT AAA GAC GGG AGC
I 1 § P L XN A T X N T W N L G N N A K D P R G
ATA ATA AGT CCT CTA AAT GCA ACT AAA AAC ACA TGG AAT CTG GGC AAC AAT GCC AAA GAC CCT CGA GGC

T Y Q C Q G A KX E T § P L Q V Y Y R M
ACG TAT CAG TGT CAA GGA GCA AAG GAG ACG_TCA AAC CCC CTG CAA GTG TAT TAC AGA A GTATGTAACCIC
TTCACTGTGICTGITGGGAATCCAGGCG. . . .

cC E N C I E L K I G
Exon & ...... CTGAAAGAGGTTTGTCCCTGCCTGTGCCTCGITCCCCACAG IG TGT GAA AAC TGC ATT GAG CTA AAC ATA GGC
T 1 s 6 F I F A E Vv 1 s 1 F F L A L G V X 1
ACC_ATA TCC GGC TTT ATC TTIC GCT GAG GIC ATC AGC ATC TTC TTC CTT GCT CTT GGT GTA TAT CIC ATT

A G Q D G V R Q § R A
GCG _GGA CAG GAT GGA GTT CGC CAG TCA AGA G GTAAAAGAATCCAGATGIGGTGGTTCTIGCAAGGC.....

s b X Q T L L Q N E
Exon 5 ...... TATATATTTTGICTGTTTICTTTITGTGTGCGTGIGTGCAG CI _TCA GAC AAG CAG ACT CTIG TTG CAA AAT GAA
L Y .

P L X D R E Y D Q Y S
Exon 6 ...... TGACAGMCMTMGTTGATGCTGCTATTGTCCTCTTCAG CCC _CTC AAG GAC CGG GAA TAT GAC CAG TAC AGC
K

BE L Q G Q L R K
CAT CIC CAA GGA MC CAA CTG AGG AAG AAG ‘IGA ACTCAGCAGGACTCAGG GTACGTGTGATCCTCAACGCTGAT.
Exon 7 ...... TGAGCTTTCTGACCAGTTGCAAATTTITCTTTCTCGITCTAG GTGTCCCCCCTTCTATCCAGCACCCAGAATCAAAACAATGCA

TTTGGAGAGAGCCCAGTAGAGAGATTTTCAACCCTACAGGTAGACTGCAAGCAGAGAGGAAGAACTGTCAAAGAAATTTIGGTCTTITTTT
TTTTTTTCAAAATAAAATAAAAGCTTGGAGGAGCCAGTGGTATGACTCAGAAGTGGAGCACTTIGTCAACCTTIGTTIGGGGTTCTCAGCAC

CCCACCCCCAGACCCCCCAAAAAAATTCAGTGAAGGAAAACAAGCACAGCGTGGTGTTTACAGAGTGCCCCCTACTGGGAAAATIGT . | ..

Proc. Natl. Acad. Sci. USA 84 (1987)
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FiG. 2. Partial nucleotide sequence of the mouse CD3-y and CD3-8 genes. The complete sequence of the DNA segment between the CD3-8 and
CD3-vy (T3-8 and T3-y) genes is presented. Since the transcription start site of the CD3-y gene is not known, only the 5’ end of the cDNA pT134 (16)
is indicated. Arrowhead shows the transcription initiation site in the CD3-8 gene. The segment underlined twice was sequenced two times using both
AT3-y1 and a EcoRI-Acc I fragment of the plasmid pTM-82 (11). The sequence above the twice-underlined sequence was published previously (11),
and the amino acid sequence encoded by the first exon of the mouse CD3-8 gene is shown. The nucleotide sequences of the CD3-y exons are underlined
and are based upon the available cDNA sequences (16). The distances between the exons are given in Table 1. Predicted amino acid sequences are
given in standard one-letter amino acid symbolism above the corresponding nucleotide sequences. Methods of subcloning and sequencmg by the
dideoxy chain-termination and chemical-modification techniques have been published (11, 15, 17).

Table 1. Comparison of the exon/intron organizations of the
mouse CD3-y and -6 genes

No. of amino

located at 1.4 kb from CD3-8. Preliminary results of pulsed-
field gradient electrophoresis have shown that the CD3-y and
-8 genes are within 400 kb of the CD3-¢ gene (H.C.,
unpublished data). More important than their close proximity
is the indication that the CD3-y and -8 genes are divergently

Exon Size, bp acids encoded Intron size, kb transcribed. Since the two genes are expressed in all thymus-
CD3-y CD3-85 CD3-y CD3-§ CD3-y CD3-8 CD3-y CD3-8 derived cells, including the earliest detectable cells in T-cell
ontogeny, their transcription may be regulated coordinately.

1 1 >159 153 18  18%  ~56 ~3.0 An analysis of the nucleotide sequence in the segment

2 24 8 0.780 between the CD3-y and -8 genes showed that both genes lack

3 2 228 219 76 B 0.525 0.413 the “TATA” and ““CAAT boxes’’ in their promoter regions.

4 3 132 132 4 44 ~2.3 0.322 Two short segments of high homology were found in the

5 4 4 4 4% 4% 0476  0.171 promoter and 5’ flanking regions of the CD3-8 and - genes

g 5 S 22233 151 2(1) 21 0.772 (H.C., unpublished data). Two of these regions are relatively

close to the transcription start site of the human CD3-6 gene
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Partial restriction map of the human CD3-8 and CD3-y genes. A partial restriction map of the 20-kb insert of A\TWL-y1 was made

Proc. Natl. Acad. Sci. USA 84 (1987)

kb,

to determine the distance between the first exons of the human CD3-8 and CD3-y genes. The four probes used in this experiment are described
in the text. The human genomic DNA probe covering an area that contains the transcription start site (—354 to +57) is indicated by a bar.

Restriction sites: B, BamHI; S, Sal 1.

(positions —434 to —415 and —66 to —41) (H.C., unpublished
data). If one or more of these regions play a role in
transcriptional regulation, they may affect transcription of
both genes. A very close linkage of genes that are divergently
transcribed is a rare event (27-31) and in several of those
instances it could be shown that regulatory elements exist in
the area between the transcription start sites. In preliminary
experiments, a tissue-specific enhancer element in the 3’
flanking region of the mouse CD3-8 gene was detected in an
area where a DNase hypersensitive site was also found
(K.G., unpublished data). Since enhancers can act over
relatively long distances, this element might also affect the
transcription of the CD3-y gene, which is =6 kb from the
enhancer area. The finding that the CD3-y and the CD3-8
genes are in close proximity both in humans and in mice may
therefore help in elucndatmg general pnncnples of T-cell-
specific gene expression.
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