The Genomic Structure of Human V36 T Cell
Antigen Receptor Genes
By Yixin Li, Paul Szabo, and David N. Posnett

From the Department of Medicine, Cornell University Medical College, the Immunology
Graduate Program, and the Department of Cell Biology and Genetics, Comell University
Graduate School of Medical Sciences, New York, New York 10021

Summary

Six genomic clones were characterized containing members of the human V36 subfamily of T
cell antigen receptor genes. There were four major findings. (¢) New V3 genes were discovered,
including V36.10, VB313.4, VB13.5, and VB5.5. (b) Members of the V313, V36, and VS5
subfamilies cluster together in the V)8 locus and may have evolved through multiple duplication
events of an ancestral cassette containing V313-VB6-V35 genes. These V3 subfamilies are used
by an estimated one-third of T cells in humans and probably represent a highly useful component
of the V3 repertoire. (c) The promoters of V313, V36, and V35 genes contain conserved decamer
motifs, but discrete differences were observed between promoters of different V3 subfamilies,
raising the question of different transcriptional control depending on V3 subfamily usage. (d)
The new V[36.10 gene is probably a pseudogene, which may have been inactivated due to retro-
transposition of Alu elements into its promoter region, a mutation affecting a highly conserved
cysteine residue or mutations of the 3' recombinase signal sequence.

he o/ TCR is responsible for recognition of the antigen/

MHC complex of APC and is expressed by ~95% of
human peripheral blood T cells. To create sufficient diversity
for recognition of a huge number of different antigenic
specificities, several mechanisms are used (1). First, two sets
of genomic gene segments are available to each T cell en-
coding VB, DB, JB, CB, Va, Ja, and Cor segments. The
V gene loci contain approximately >50 Vo and >57 V3 gene
segments (2-9). Second, V-D-J gene rearrangement medi-
ated by recombinase provides considerable combinatorial diver-
sity. Third, junctions at which gene segments are joined are
characterized by nucleotide loss and addition of nucleotides
by terminal deoxy-transferase, thus creating what is termed
“N-region” diversity.

Because most TCR gene sequences are obtained from rear-
ranged cDNA clones, very little is known about the germ-
line structures of V gene segments. These are of particular
interest because each V gene is preceded by its own individual
promoter, which will control the expression of the mature,
functionally rearranged, 8 chain (10-12). In contrast, TCR
o and 3 enhancers are located 3' to the respective C regions
(13-17) and can therefore be used by every T cell. Moreover,
genomic sequences of V gene segments can provide useful
information on the existence of possible pseudogenes, on in-
trons, on signal sequences for recombinase, and on allelic forms
of V genes. The latter question is of some importance, since
allelic variations of V gene segments are apparently a common
finding (18-21), and could possibly be related to disease sus-
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ceptibility, although there are no conclusively established ex-
amples yet (18).

Materials and Methods

Probes.  The following probes were used for screening 2 genomic
library, for restriction mapping, and for Southern blot analyses:
(a) a 108-bp EcoR1/BstXI fragment derived from the cDNA clone
OT1 (20), designated OTV, which represents the 3’ end of the
V[36.7a gene sequence; (b) probe Vph79 derived from the cDNA
clone ph79 (4), containing 249 bp of V36.7a 5' to the internal
BamHI site of V[36.7a (20); (c) an intron probe derived from clone
GL-PA (20) containing a 149-bp HinfIl fragment corresponding
to the intron sequences of V[36.7b; (d) probe Vph5 derived from
the cDNA clone ph5 (4), covering 276 bp of the coding sequence
of V6.3, from the ATG codon to the internal BamHI site; (e)
two additional V8 probes derived from the cDNA clone pCEM-1
(22) (VB13.2) and from the clone p12A1 (23) (V(5.3), kindly
provided by Drs. A. Duby and J. Leiden, respectively; (f) the UAS-2
clone, kindly provided by A. E. Hinkkanen and J. T. Epplen (Max-
Planck-Institute for Immunology, Freiburg, Germany), containing
a rearranged V[36.7a gene segment (24).

Southern Blotting. Human genomic DNA was isolated from
EBV-transformed B lymphoblastoid cell lines, digested with BamHI
or other restriction enzymes, separated by 0.7% agarose gel elec-
trophoresis, and then transferred to charge-modified nylon-66 filters
(Gelman Sciences, Inc., Ann Arbor). After baking in a vacuum
oven for 2 h, the blot was prewashed at 65°C 0.1x SSC in 0.5%
SDS for 1 h, and prehybridized at 42°C in 5x SSPE, 5x Den-
hardt’s, 50% formamide, 100 ug/ml denatured salmon sperm DNA,
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and 0.1% SDS. Specific probes for hybridization were labeled with
%P, using a random primer extension labeling kit {Boehringer
Mannheim Biochemicals, Indianapolis, IN). Hybridization was per-
formed in the prehybridization buffer with labeled probes at 10°
cpm/ml. After hybridization, blots were washed twice with 2x
SSC, 0.5% SDS for 20 min each, followed by two washes with
0.1x SSC, 0.5% SDS for 20 min each at 68°C. The filters were
then exposed to Kodak XAR-5 film at —70°C with an intensifying
screen. Blots were rehybridized, after removing the original signal,
by incubating the blot in the prehybridization buffer at 65°C for
30 min followed by prehybridization at 42°C overnight.

Screening of the Human Genomic Library. A human genomic li-
brary consisting of placental DNA, partially digested with Sau3A,
and ligated into the BamHI site of A-EMBL3 (Clontech Laborato-
ries, Inc., Palo Alto, CA) was obtained. The titer of the library
was 3 x 10°/ml. Approximately 10’ phage were screened on
150-mm plates at a density of 5 x 10° plaques per plate. Repli-
cate nitrocellulose filters (Schleicher & Schuell, Inc., Keene, NH)
were baked under vacuum at 80°C for 2 h, prewashed with 0.1x
SSC, 0.5% SDS at 65°C for 30 min, prehybridized with 5x SSPE,
5x Denhart's, 50% formamide, 100 pug/mi denatured salmon sperm
DNA, 0.1% SDS at 42°C for 6 h, then hybridized overnight with
32p-labeled VB probes (at 5 x 10° to 1 x 105 cpm/ml). The filters
were washed first at room temperature with 2x SSC, 0.5% of
SDS, and then twice at 65°C, followed by two washes in 0.1x
SSC 0.5% SDS at 65°C, for 20 min each. After washing, filters
were dried and exposed to Kodak XAR:5 film at ~70°C with
an intensifying screen. After the first round of screening, positive
phages were selected and soaked out of the agar gel plugs into SM
buffer (100 mM NaCl, 80 mM MgSO,, 50 mM Tiis-Cl, pH 7.5).
These phages were further purified until homogeneous. A DNA
was prepared from the positive clones by liquid culture and the
cesium chloride banding method (25).

Subcloning and Restriction Mapping of Genomic Clones. Purified
A DNA samples from positive clones were digested first by Sall
and run on a 0.6% agarose gel. The average length of inserts in
V36-positive clones was ~v15 kb. Each insert was subcloned into
the Sall site of a plasmid vector PIBI31. After transformation into
the host bacteria DH5¢, the plasmid DNA was isolated from 25-50
ml bacterial culture suspension by the boiling method (25). For
restriction mapping, the enzymes BamHI, EcoRI, Kpnl, and Sacl
were used in single or double digestion reactions. The restriction
maps were constructed and confirmed by Southern blot analysis
using the probes as described above.

The transcriptional orientations of the V3 genes were deter-
mined by Southern blotting and sequences analysis. For instance,
specific probes corresponding to the 5' and 3' portions of V(36.7a
or VB13.2 were used to delineate the location and orientation of
the V(36.7a and V313.2 gene segments in clone 5-2. In clone 11,
a 3.9-kb Kpnl fragment spans the V36.10 and V313.3 genes. By
subcloning and sequencing this fragment the otientation of both
genes could be determined. The same strategy was used for V6.1
and V5.5 in clone 9. For clone 4-1, a Pvull site located in the
coding region of Vf313.4 (not shown) was used to determine the
orientation of V(13.4.

Sequencing. Relevant restriction fragments were subcloned into
PIBI31. The plasmid DNA was isolated from transformed DH5c
and the sequence determined by the dideoxy chain termination se-
quencing method of Sanger et al. (26), using the universal T3 and
T7 primers, as well as specifically synthesized oligonucleotide
primers. Both strands were completely sequenced. The computer
program used to align sequences and compute homologies was
“genalign” using the “clustered pair-wise region method” (27). Pro-
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moter sequences were analyzed by D. Ghosh (National Center for
Biotechnology Information, NIH, Bethesda, MD) with “SITES,
table of release 3.0 of TFD” (28). The identical match (IM) proba-
bility is the probability that the SITES data base sequence would
match with 100% identity somewhere in a random sequence with
equivalent length to the sequence being analyzed.

Results

Genomic Organization of V36 Genes. Six genomic clones
were isolated from a human placental DNA library using
VB6.7a and V(36.3 cDNA probes. The restriction enzyme
maps of these clones are shown in Fig. 1. From these data
it is clear that three clones (clones 9, 3, and 13) represent
overlapping clones of the same locus. All three clones con-
tain the V(36.1 gene, which was confirmed by sequence anal-
ysis of subcloned coding and flanking regions. Moreover, the
V36.1 gene is adjacent to two new V3 genes, termed V313.5
and V35.5, which were found ~3 kb upstream and ~4 kb
downstream, respectively (Fig. 1). The other three genomic
clones each represent a separate locus: clone 4-1 contains the
V6.3 gene, clone 5-2 contains the V36.7a gene, and clone
11 contains a new V@3 gene, termed V[36.10. Each of these
VB6 genes is associated with a V313 gene located at variable
distances upstream. Two of these V313 genes are newly de-
scribed genes, termed V313.3 and 13.4. Analysis of large re-
striction enzyme fragments by pulsed field gel electropho-
resis, analysis of deletion variants of the TCR S locus, and
analysis of cosmid clones have indicated that V313, V36, and
V5 genes are often found in close proximity to each other
(29). Fig. 1 demonstrates that members of these three subfa-
milies are probably contained within a cassette with a con-
served order of V genes (5’ VB13-VB6-VB5 3'). At all four
loci, V36 genes are preceded by an upstream V313 gene. Our
data are consistent with those of Lai et al. (29), and the com-
bined data suggest that multiple duplication events of such
a cassette characterize the evolution of the TCR 3 locus. Clones
4-1, 5-2, and 11 (Fig. 1) lack a V35 gene by Southern blot-
ting (with a V(35.3 and a V85.5 probe) and by PCR with
primers common to all known V85 sequences. However,
clones 4-1 and 5-2 may not extend far enough downstream
to include a putative VB5 gene. It is therefore not possible
to absolutely exclude a V35 gene associated with these loci.
Moreover, the cassette alluded to above may not necessarily
be complete in every instance. This would explain the vari-
able total number of V genes in each of these subfamilies,
estimated at five V313 genes, 8~10 V36 genes, and five V35
genes (8).

Nucleotide Sequences of V36, V313, and V35 Genes. V36
is the largest human V{3 subfamily. At least 12 different se-
quences are known (2, 20) (Li, Y., and D. Posnett, unpub-
lished data). Differences between some sequences are minor.
For instance, there is only one silent nucleotide difference
between the coding regions of V(36.6 and V(36.7a (2). Such
minor differences may represent allelic forms of the same gene
rather than two different genes. Two allelic forms of V36.7
(VB6.7a and V[36.7b) have been described in detail and en-
code expressed 3 chains that differ at two amino acid posi-

Structure of Human V86 T Cell Antigen Receptor Genes



K KB

E B BB B
CLONE 11 ——O— =D L - .
VB13.3 VB 610
K KB Bke
CLONE 5-2 Soeoi &£ = 18
Y8 13.2 VB 67
KB
3 £ E
CLONE 4-1 oy £ €
VB13.4 vBe3
B X e K& es e 8 K g g
CLONE 9
VBI3.5 VB6.1 VBS.S
CLONE 3 ® £ B e e & ae Figure 1. Restriction enzyme
VB13.5 vB6a map of six genomic clones hybrid-
izing with 2 V36.7a probe. Clones
9, 3, and 13 are overlapping at the
g K K VB13.5VB6.1 V5.5 locus. The
CLONE 13 L3 £ ods- E och e 3 boxes represent the exons of the V
Ve veet genes (their size is enlarged and out
of scale for clarity). B, BamHI, K,
1Kb Kpnl, E, EcoRI.
<leader > <intron
1 Vb6.3 ATCGOCACCACCCTCCTCTGCTOEG gt tTCCTal0CaCAG GTGAGTCCTCAGAACACCAAGEAGTETCATT tTTTCTGTETGTagG
2 Vb6.1 A TCCTCCCOCCAG GIGAGTCCTCAG ACACCAACCAGTCTCATTIC
3 Vb6.7a ATCCGCACCACCC TCCTCTTC TGGGTOCCCTTCTGTCTCCTOO000CAG CTGAGTCCTCAG 'gTGIGICTGCIGIGICTCICTICICIGIGTIGCTCTG
4 Vb6.7a-UAS2 Ammcmmmmmhg GIGAGTCCTCAG mmmﬂ% TGIGIGIGIGIGIGIGIGIGIGICTCIC
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4 TCICICTCICICIG TACCOGTGGCCTGICTOCATTICGTGTGATGACTARAATTATTTTCCTCATTCTGTTCCCAACTT TGTCTCCACAG ATCACACACGGAGCTCGAGTCTCCCAGTCCCCCAGT
5 TGIGIGIGIGICIG
6
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Figure 2.

Genomic sequences of V36 genes. The clones are described in Fig. 1. UAS2 (24) and V36.7b (20) were used for comparison. The former

is a rearranged clone and the latter was obtained by PCR amplification from genomic DNA. Sequences corresponding to leader, intron, GT repeats,
V region, and 3' hepatamer and nonamer (shaded) are indicated. Spaces were introduced in the introns to optimize alignment, and on either side of
the intron for clarity. Capital letters indicate sequence identity with aligned residues above or below.
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tions (18, 20). It remains possible that there are additional
alleles of V36.7. The V[36.7 gene contained in clone 5-2 has
an identical coding region sequence to the prototypic UAS2
(VB6.7a) sequence, but differs in the intron (Fig. 2). Both
sequences are also identical over ~v200 bp of promoter se-
quence upstream of the ATG codon (see Fig. 8). Thus, the
sole difference between the two sequences is the number of
GT repeats found in the intron: (GT)z for UAS2 and
(GT)24 for the V36.7a gene of clone 5-2. Previous analysis
of (GT), repeats has shown that these sequences can be very

5-2-derived sequence by a lower case letter and consider it
another allele encoding the V[36.7a peptide sequence.
The genomic sequences shown in Figs. 2-4 demonstrate
that the V86, V313, and V35 genes have a similar structure.
The first exon encodes NHz-terminal leader peptide residues
and the second exon encodes the rest of the leader and the
V segment sequences. The introns reveal the most conspic-
uous differences between these three V gene subfamilies. V36
subfamily members all contain (GT)a repeats in the intron,
while these repeats are lacking in the V313 and the Vf35.5

polymorphic (30, 31). Since the two alleles do not differ in

genes. In each case, the (GT), sequence appears at almost
peptide sequence, we have opted not to distinguish the new

the same position in the intron, beginning at position 28-31

<leader
Vbl3.5
Vb13.3
Vb13.2 ATGAGCcTCGOGCTCCTGTCCTGIGGGGCCTTTICTCTCCTGTGGGCAG GTGGGTCCTCCgGGEGCCCCTIGTGTGGA
Vbl3.4 ATGAGCATCGGGCTCC
Vbl3.1

GGCTCCAG

TTTCAAGGCCCATCCCCTTTCCACTCCaCCTIGEAG
TGIGCTGIGECCCCTTTICTCTCCTGTCECagG GICCETCCTCCataG  COCTTe GIG ATGTCAAGGCC ATCCCCTTTCCACTGGGCCTGCAG
ATGAGCATCOGGCCTCCTGTGCTGIGeaGCCTTgTCTCTCCTGIGGGCAG

W

> <leader><V region
CATtgGCTTTIGTTCTect TCTCTGTAG GTCCAGTGAL TCCTCGga TCACCCAGGCaCCAACATctCAGATCC TGgeagCABGACgGeCCATCGACAC TCagaTGTaCCCAGCGATATGAgaCATAAL g
CATCAGCTTIGTICT  TCTCTGCAG GICCAGTGAATGCTGGIGTCACTCAGACCCCAAAATTCCAGGTCCTGAAGACACGACAGACCATCACACTCCaGTGCTOCCCACCATATGAACCATAACT

é
:
:

TTCCAca TCCTGARGACACGACAGAGCATGACACTCCAGTGTGCCCAGGATATGARCCATGGAT
gTCCTGAAGACACCGACAGACCATGACACTCCAGTGTCCCCAGGATATGAACCATGAAT

CCATGTACTOGTATaGACAAGALCACGac TOOCGCTaAGCCTCATccATTAL TCAaa TaCTCcaGGTACCACTCgCARACGAGAAGTCCCE gATCCE TALAGTGTC TCCAGAGCANACACAgatGA
CCATGTACTGGTATCGACARGACCCAGGCATCCGaC TGAGCC TGAT TEATTAC TCAGC TEC TGAGGC TACCAC TCaCAAACCACAAGTCCC ca ATGGC TACAATGTC TCCAGA T TARACAAAC oGGA

GATCOCTACAATGTCTCCAGATTAAASARACAGAA
TGGCTACAATGTaTCCAGATCAAACACAGAGGA
"¢ TCCAGATCARCCACAGAGGA

>__Tmer_ — Smer__
£TTCeCeCTCAcGE TOCeGTCEGCTGEaCCCTCECAGACATCTGIGTACTTCTGTCCCAGCAGTCAC t CCACAGECCTCCAcaGCCaTCTCCTCTCTGEACATAAALG
TCCC'

TCCALCGCCCGTCTCCTCTCTCCACALAAACG
TC

8
8
:
E

TTTCCCGCTCARGC TG tGTCgECTCCTCCCTCCCAGACATCTGTgTACTTICTGTGCCAGCAGT

<leader > <intron
1 Vb5.5 ATCEECeCCqOOCTeCTCTGC TO0GaaCTCCTTTaTCTCCTOOCACCAG atgagtectgtgeacagaacagcagecccattetecagattteccaccectgtgtectecacttt
2 Vb5.1 ATGCCCECCACGGCTCCTCTGTTGOGTCCTCCTTTGTCTCCTGGGAGCAG
3 Vb5.4 CAGGCgGCaCTGTTGOGTCCTCCTTTGTCTCCTaGGAGCAG
4 Vb5.3
5 Vb5.2
> <leader><V region
% acactggggaggacctccaggetgtetgetgtgetcatectecatetgettttcccacag 'ggACGCTCGAGTCACCCAAAGTCCcACACACCTGATCAARACGAGACGACACCAMGTCA
TGGAGTCACTCAAACTCCAAGALATCTCATCAAANCGAGAGGACAGCAAGTGA
3 GCCCyeTARGOGCTCGgGTCACTCAAAC TCAAMACGAGACGACRGCARGTGA
g gCagChctgCAcCTGATCAAANCGAGAGGACAGCACGTGA

CACCAaGTGA

CtCTGAGa TCCTCt CCTATCTCTCCCCACAGCAGTGCTgTCCTCGTACCAACAGGCCCCgOGECABCCgCecCAGTTtaTCTTTGAATAt got Aa TCGAGE tAagGAGAL cagAACGAAACTTCCC Taa
CACTGAGC TOCTCCCCTATC TCTCOCCATACGAG TG TATCC TOGTACCAACAGACCCCACGACACCCCCTTCAGTTCC TC TTTGAATAC TTCAGTGACGACACAGAGAAACARACGAAAC TTCCCTCG

CAC TGCTCCCCTATCTCTCCCCATACGAGTGTATCCTGGTACCAACAGACCCTACGACACCGCCTTCAGTTCCTCTTTGAATACT TCAGTGAGACACAGAGAAACAAAGGAAACTTCC L TCG

U Wk

TCCGCCCTgTATCTCTGTGCCAGCAGC
TCGATTCTCACGTCaCCAGTTCCCTAACTATACCTaTGAGC TGAATCTCAACCCCTTGTTCC TOGCCEACTCOCCCC TE TATC TCTGTGCCAGCAGT

|
|
§
|
:
é

—Smer__
1 ctgtgcactaatc

Figure 4. Genomic sequences of the V5.5 gene. This sequence was obtained from clone 9 (Fig. 1) and is compared to cDNA sequences from
the literature: V35.1, clone HBP51 (2, 7); V5.2, clone PL2.5 (6); V5.3, clone 12A1 (58); V5.4, clone Ph24 (4). Sec also legend to Fig. 2.
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from the 5’ end on the intron (Fig. 2). In the three V6.7
sequences shown in Fig. 2, the (GT), repeat differs each time
by a multiple of two nucleotides (n = 24 for V[36.7a from
5-2; n = 21 for VB6.7a from UAS2; n = 15 for VB36.7b).
Similar simple repeats capable of assuming non-B secondary
DNA configurations are observed in the introns of several
human and murine TCR V gene segments (18). Such mini-
satellite repeat sequences may serve to promote recombina-
tion events such as homologous recombination and gene con-
version. Alternatively, they may serve as enhancer elements
and play a role in gene expression (32-35), but their exact
function remains unknown.

The 3' flanking sequences of V36, V313, and V5.5 gene
segments contain the conserved heptamer and nonamer signal
sequences for recombinase-mediated VD] recombination sepa-
rated by 23 bp of nonconserved sequence (Figs. 2-4) (36).

However, the nonamer sequence was absent in V36.10 (Fig.
2), while the heptamer was found at the expected position.
These data suggest that the V36.10 gene may not be able
to recombine into a functional 8 chain gene.

The V5.5 gene (Fig. 4) represents the sole example of
a genomic sequence from this V3 subfamily. The intron begins
with an AT rather than the more usual GT dinucleotide. How-
ever, the intron ends with the typical AG sequence.

All V3 sequences from the genomic clones were compared
for homology by considering exon sequences, intron sequences,
and promoter sequences (see Fig. 8) separately. Homology
matrices expressed in percentages are shown in Table 1. Overall,
homology is highest in the coding region. Homologies were
lower among the intron sequences and the promoter sequences.
As expected, homologies were greatest within a V3 subfamily.
The new V[36.10 gene is most closely related to V36.7a. The

Table 1. Scoring Matrices for Exon, Intron, and Promoter Sequences

Vb6.1  Vb6.7a  Vbuas2  Vb6.10  Vb6.3  Vb55  Vb13.2  Vb13.3  Vbid4  Vb135
1 2 3 4 5 6 7 8 9 10
A.Exon 1 89.3 89.5 85.6 81.0 46.4 43.6 45.1 422 436
2 100.0 88.5 83.9 46.1 45.6 47.1 44.2 45.3
3 88.5 83.9 461 45.6 47.1 44.2 45.3
4 81.8 449 442 45.1 41.6 433
5 53.1 45.3 46.2 44.8 44.8
6 52.0 52.5 49.9 49.1
7 91.0 89.8 79.4
8 90.4 80.5
9 80.8
1 2 3 4 5 6 7 8 9 10
B. Intron 1 58.2 62.7 32.7 50.9 31.8 35.2 30.2 26.5 326
2 96.1 42.9 47.4 28.2 33.0 33.7 31.3 30.3
3 42.9 46.7 31.5 29.5 30.2 28.9 326
4 29.2 25.0 27.3 29.1 30.1 32.6
5 36.3 30.7 30.3 34.9 326
6 34.1 25.6 28.9 24.7
7 76.7 65.1 33.0
8 69.9 69.8
9 42.2
1 2 3 4 5 6 7 8 9 10
C. Promoter 1 69.5 69.5 79.7 62.7 25.8 31.4 33.9 30.1 26.7
2 100.0 64.0 61.0 20.8 25.1 28.8 30.1 27.5
3 64.0 61.0 20.8 25.1 28.8 30.1 27.5
4 57.6 258 28.7 31.8 29.7 29.7
5 25.0 24.6 19.5 26.7 24.6
6 23.1 22.9 24.2 23.7
7 79.1 60.7 60.2
8 59.5 58.9
9 64.0
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——————— leader--—---1

Percent homology matrix

&0 70 80 S0

MGTRLLcWaAiCLLGADHTGAGVSQS1rhKVakKGKDVaLRyDPISGHRALYWYRQSLGQGLEFpIYFOGkdAaDKSGLPr DRFSAQR seGSiSTL fORTQQgDIAVYLCASS
0 20 30 40 50

Vb6.5 Vb6.8 Vb6.3 Vb6.1 Vb6.7a Vb6.10
Vbe. 5 90.6 70.8 66.0 65.1  62.3
VLE.8 68.4 62.3 6l.4  62.3
Vb, 4 72.8 73.7 71.1
Vbé.l 83.3 78.1
vbe. 7a 78.9
* _CDRI_ %% * _CDRII . g e
VL13.2  MSIGLLCCgAFSLLWAGPVNAGVTQTPKFrVLKTGQSMTL1CAQDMNHeYMYWYRQDPGMGLRLIRYSVGEGTTAKGEVP gLESAAPSQTSVYFCASS
Vo133 MSIGLLCCVAFSLLWASPVNAGVTOTPKFQVLKTGOSMTLOCAQDMNHRSMYWYRQDPGMGLRLIyYSasEGTTDKGEVY RLESAAPSQTSVYFCASS
Vb13.1  MSIGLLCCaAlSLLWAGPVNAGVTQTPKFOVLKTGQSMTLQCAQDMNHeYMSWYRODPGMGLRLIHYSVGAGITDGGEVP RL1SAZ ;
vbl3.4  MSIGLLCCVAFSLLWeGPVNAGVTQTPKFhILKTGQSMTLQCAQDMNHGY 1SWYRQDPGMGLRr IHYSVaAGITDKGEVP LRLeSAAI /
Vbl3.5  MrIrLLCCVAFSLLWaGPViAGiTQaPtSqlLaaGrrMTLrCtQDMrHnamyWYRQD1G1GLR1IHYSntAGETGKGEVF FPLtLaSAVPSQTS
-===-=---leader------ 1 10 20 30 40 50 60 70 80
Percent homology matrix
Vbl3.2 Vb13.3 Vbl3.1 Vbl3.4 Vbl3.S
vb13.2 85. §2.3  8l.4  68.1
Vbl3.3 83.2 82.3 69.9
vb13.1 88.5  69.0
Vb13.4 70.8
Figure 6. V{313 protein sequences. Sequences are derived from the genomic clones in Fig. 1 except for V813.1 (22). See legend of Fig. 5 for symbols.

V(313 genes examined are closely related to one another, with
the exception of V[313.5, which shows least homology with
the other V313 members (Table 1).

Translated Sequences of V36, V313, and V35 Genes. In Figs.
5-7, the peptide sequences of the V genes encoded by our
genomic clones are aligned with some reference sequences
from the same V@ subfamilies. The location of the CDR1
and CDR2 loops is based upon comparisons of V gene se-
quences with Ig V gene sequences and modeling of the TCR
structure on the known Ig three-dimensional structure (37,
38). CDR1 and CDR2 are thought to interact with MHC
antigen-presenting molecules (1). V36 peptides are one amino
acid longer than V313 and V85 peptides as described previ-
ously (37, 38). This is probably due to differences in the size
of the CDR2 loop. Amino acid residues that are highly con-

* CDRI LR

QqVTLRCSPKSGHAEV SWYQQa LGQGPQF I FOYYEeEERQRGNFP DRFSghQFPNYSYELNVNALLLGDSALYLCASS

GVTQSPTHLIKTRGOhVTLRCSPISGHKSVSWYQQVLGOGPQF IFQYYEKEERGRGNFP DRFSaRQFPNYSSELNVNALLLGDSALYLCASS

LLyLLGAGPVeAGVTQSPTHLIKTRGQQVTLRCSPISGHS SV SWYQQaPGOGPQF IFEYanE1rRseGNFP nRFSGRQFhdccSEMNVSALELGDSALYLCArS

JLC CLLGAGPVKAGVTQTPRYLIKTRGQQVTLSCSPISGHRSV SWYQQTPGOG LOFLFEYFSETORNKGNFP GRFSGRQFSNSRSEMNVSTLELGDSALYLCASS

RrhCWVLLCLLGAGP1rAGVTQTPRhLIKTRGQOVTLGCSPISGHRSVSWYQQT1GOGLOFLFEYFSETORNKGNF1 GRFSG R? Esnsa smmars':‘L ELGDSALYLCASa
0 20

MGpgLLCWe
MGSRLLC

leader-----1 1 30

Percent homology matrix

vb5.2 Vb5.3 VbS5.5 VbS.1 VbS.4
5.9 71.8 67.9 66.6
76.1 70.7  70.7
77.0 71.8
90.9
Figure 7.
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served and contribute to the Ig domain structure (37, 38)
are indicated by an asterisk in Figs. 5-7, and residues that
define V3 subgroups (8, 37, 38) are identified by the pound
sign. All these residues are conserved within the new V@3
sequences reported herein. There is one significant exception
in the V36.10 gene sequence where C? is replaced by Y.
Thus, the disulfide bond between C2 and C%, which is es-
sential for an Ig domain structure, cannot be formed by the
V36.10 gene product.

Peptide homology matrices (Figs. 5-7) indicate that within
the V86 subfamily, V36.1, V[36.7a, and V36.10 are closely
related to one another. V36.5 and V[36.8 represent a different
example of closely related V36 genes. V36.3 is least homol-
ogous with the tested sequences. Within the V313 subfamily,
VB13.1 and VB13.4 are most homologous, while V§13.2

CDRII LL * L i

40 50 60 0 90

V5 protein sequences. The V85.5 sequence is from clone 9 (Fig. 1). Other sequences are as described in Fig, 4. See legend of Fig. 5 for symbols.
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, . X ) . ) ) .
3 AAAACA.GTAGT.G..ACC........ Coverenrennnnnns Teverenn Ao e CnnoCovoernnnns vane Arrrrrnnnns A

-450 -400 -350
2 TIGGGCACGTGTGACT mmmmmmmwmmmmcmcmmm
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-300 -250
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S - A, AA..A.CA....A.AT.T... . AA.G....... T
9 CG.TCA....C Coo JChAuiin T A ... A..C...AOCC..

2

3

4 .

5

6 TCACACAAATGTGTTCTTC

7 AAG.CTTAT.TCA.G.A.CA...... C...CCAA ... .C.iiiiiinininrnnassrenes JCuin o G.AG..CA.........TC..C... ALT...Go AL A

8 CA..G.T...G....TG.CA...... C...CCAA. .C..ivvvinnnnns G..C...A...... Coviiiniinnes C..C ................ Gl ittt
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tata decamer_

-50 -10 +1
1 mmmmmmmmmmm CCCATCC 1. Vb6.3 promoter
2 CIG.TCTG. ..CAG. . ...vvuns C 2. Vb6.1l promoter
JCITCICTIG. . ..v vvvnnnss 3. Vb6.10 promoter
4 ....T..G...MG... G 4. Vb6.7a promoter
5....T..G...;MG... G 5. UA-52 promoter
__decamer_
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i Y S - R P 7. Vbl3.5 promoter
8 ....A ................. G.oovuns 8. Vbl3.2 promoter
|- I P N Citrevenanes Ao, R o - CTA.. 9. Vbl3.3 promoter
TRE
10 CCCATCAGGAAAATCAACGCCCAGAACTCACTIGOCCCTTCCCCAGGAGGACCAACCCCTGAATCAGATGCAGTGCTGCCTOCCCCCACTGTOCCATG 10. Vb5.5 promoter

Figure 8. VJ promoter sequences. Promoter areas were sequenced from the clones shown in Fig. 1. The promoter of the rearranged clone UAS2
(VB6.72) was also sequenced. Sequences are arranged by V gene subfamily and dots indicate sequence identity with the top sequence of the respective
subfamily. Within a V gene subfamily, the entire promoter region is conserved. The locations of the consensus decamer and a TRE motif in the V5.5
promoter are indicated, as are possible locations of TATA sequences. The site of the transposon insertion within the V6.10 promoter sequence (sequence
no. 3) is indicated by two arrows. There are two variants of the V313.5 promoter, which differ at marked residues (*). One is represented by genomic
clones 3 and 9 and contains G at —268 and C at —53. The other is represented by clone 13 and contains A at ~268 and G at —53. Thus, the genomic

clones 3, 9, and 13 may represent different alleles.

and V313.3 are more similar to one another. V313.5 has least
homology with the other V313 sequences. Within the V35
subfamily, V85.2 and V35.3 are closely related, as are V35.1
and V(35.4. The new gene, V35.5, is similarly related to both
of these subgroups of V3 genes (Fig. 8).

Promoter Sequences.  Fig. 8 shows the 5' flanking sequences
for the VB genes described in Fig, 1. Approximately 200 bp
of 5' flanking sequence obtained in our laboratory from the
clone UAS2 (V36.72) are also included for comparison. Pro-
moter sequences were analyzed with the SITES program de-
scribed by Ghosh (28). A previously described TCR decamer
motif and a TRE-like motif were observed (Fig. 8) with iden-
tical match probabilities ranging between 1.74 and 7.04 x
10-3. The conserved decanucleotide consensus sequence, 5’
AGTGATGTCA 3, was found at variable positions (—80 to
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—106) in reference to the ATG codon. A similar decamer
was observed in the 5 flanking region of the human V8.1
and several murine VB genes (12). This decamer sequence
displays a degree of dyad symmetry reminiscent of the common
features of other regulatory factor binding sites. Usually these
begin with TGA and end with TCA. The numbers of nucleo-
tides inserted between TGA and TCA are variable. For ex-
ample, TGACTCA has been identified as a TRE-like motif,
and may represent the binding site for Ap-1 (39). Another
example is TGACGTCA, a palindromic sequence that has
been associated with the cCAMP response element (40, 41).
Both motifs can be recognized by members of the fos/jun
family (42). The decamers in Fig. 8 show 2 two-nucleotide
insertion mode, NNTGATGTCA in the V36 gene subfamily,
and NNTGACATCA in the V35.5 gene segment. An addi-



k=" 5' GAGTTTGAGACC 3’
ol III target sequence

Alu LEFT UNIT
Alu LEFT UNIT

cAAM{c?Emcr. _.Alu RIGHT EH

TTTT TT TTT TT TTTT‘GAGACAGA. ..Alu RIGHT UNIT

< ARAACGAACAAACAA

-193 +1
CAMIAACTCATAAATATTTAA. . .ATG

5'....CATTGATGTTGTTAARAMIGA vB6.10
. . .CATTAACGTTGTTTACARAGGA GCTTATAAATATTTAA...ATG  VP6.7a

. ...CATTGATGTTGTTTAAAAGGA GCTAATAAATATCTAA...ATG  VB6.1

.. .CATTGATAGTGGTAAAAA GCTGATACATATTTAR. ..ATG  VP6.3

Figure 9. Transposon in the V(36.10 promoter. The flanking direct
repeats are shaded. The 3’ Alu sequence represents a sense sequence, while
the 5’ Alu element is a reverse complement sequence. Both are homolo-
gous to consensus Alu sequences.

tional TRE-like motif is present in the V(35.5 promoter with
a single nucleotide insertion sequence, TGAATCA. In con-
trast, a novel four-nucleotide insertion decamer sequence,
TGAAGTCTCA or TGAGGTCTCA, was found in all V313
genes. Extensive homology surrounding these consensus
decamer sequences was observed. Each decamer is preceded
by a purine-rich sequence 10-20 bp long. DNAse footprint
analysis in the promoter region of human V8.1 (11) indi-
cated that one of the protected areas contains the decamer
motif, suggesting that this conserved motif represents a pro-
tein binding site.

A typical transposon-like insertion element was found in
the 5' flanking region of the V[36.10 gene segment (Fig. 9).
This is a 549-bp insertion at position —193 (Figs. 8 and 9).
Homology between V[36.10 and V36.1 is maintained (at 84%
over 200 bp) both upstream and downstream of this inser-
tion. The features of this insertion element include the fol-
lowing. A 5-bp direct repeat (AAGGA) flanks the insertion
on ecither side. The entire insertion is characterized by two
imperfect inverted repeats. The stem origin of the insertion
contains a 5' run of poly(T)is and a 3’ run of poly(A)ss in-
terrupted by some nucleotides (Fig. 9). Finally, the insertion
element contains two Alu sequences head to tail. Although
unusual, similar head-to-tail Alu sequences have previously
been described (43). The 3' Alu sequence contains a perfect
polIII target sequence, 5 GAGTTTGAGACC 3/ in its shorter
(L-handed) monomer unit (Fig. 9). Thus, this insertion ele-
ment contains all the characteristics of Alu sequences (44, 45).

1544

Discussion

Six genomic clones are described, each containing a V36
gene segment. Several findings were made with these clones.
(a) Several new human V8 genes were discovered, including
VB36.10, VB13.4, VB13.5, and V35.5. (b) Members of the
V36, V13, and V5 subfamilies cluster together in the V3
locus. These three subfamilies probably evolved by repeated
duplications of a cassette containing V313-VB6-VB5 genes.
(c) The promoter regions of all the genes belonging to these
three subfamilies contain conserved motifs, such as the decamer
motif, probably representing binding sites for trans-acting regu-
lators. The promoter regions were conserved within subfam-
ilies but less so between subfamilies. (d) The V36.10 gene
is most likely a pseudogene, since it lacks a conserved recom-
binase signal sequence, it contains a mutation of the highly
conserved Cys® necessary for formation of an Ig-like do-
main, and it contains a 549-bp insertion of Alu sequences
in its promoter, which may interfere with promoter activity.

In a recent reevaluation of the total number of VB gene
segments (8), minimal estimates were made of five V35 genes,
eight V36 genes, and five V313 genes. These estimates are
based on counting bands on Southern blots, which is un-
reliable because the results depend strongly on the probe used.
These estimates were also based on counts of genes on avail-
able cosmid clones (29), but they remain minimal estimates,
since the entire V3 locus has not been characterized. With
this caveat in mind, it seems never the less likely that the
newly described V5.5 gene represents the last member of
the VB5 subfamily. The V5.5 peptide sequence is only
70.7-76.1% homologous to other V35 sequences (Fig. 7).
It is thus unlikely that it represents an allelic form of a previ-
ously described V35 sequence, in particular since these have
each been cloned from different sources and the sequences
are usually identical for each VG5 gene (2,3).

The same argument applies to the V313.3, V313.4, and
VB13.5 genes (Fig. 6). Moreover, these gene products, which
are 68.1-88.5% homologous to the previously known V13.1
and V313.2 gene products, are clearly derived from distinct
genes at different loci (Fig. 1). Thus, the V313 subfamily
now contains five known members as previously predicted
(8). A recent publication describes a PCR-derived V313 cDNA
clone called IGRb14, which is 100% homologous to our
V313.3 coding sequence (9). It is still unclear whether other
new sequences described in this paper represent new loci or
allelic variants of known V@ genes.

VB6 is the largest human V3 subfamily. There are >10
previously published sequences, of which two are definitely
allelic forms of the same gene and are named V(36.7a and
V36.7b (20). The V36.6 sequence differs only by a single
silent nucleotide change in the coding region from the V[36.7a
sequence and probably represents another allele, although this
has not been formally proven. Also, shown herein is the
sequence of V(36.7a derived from the clone UAS2. This se-
quence differs from the 5-2-derived V36.7a nucleotide se-
quence in the intron, where the former contains a (GT)z
repeat and the latter a (GT)z repeat. All coding sequences
and promoter sequences are alike. Thus, we chose to refer
to both clones as encoding V36.7a genes. These data imply

Structure of Human V@36 T Cell Antigen Receptor Genes



that V genes with (GT), repeats (or similar repeats) in their
introns will be characterized by numerous allelic forms (18,
30, 31). The majority of these alleles will be distinguished
only by the number of dinucleotide repeat units. Occasion-
ally, other mutations will be associated with a given allele,
and a fraction of these will result in different peptides, as
is the case for V36.7a and V36.7b (20), but not for V36.6.
The availability of genomic clones of V6.7, such as clone
5-2, will facilitate a more extensive analysis of the allelic poly-
morphisms associated with this gene. It will be of interest
to compare this polymorphism with that of the adjacent up-
stream gene, V313.2, since V(36 introns all contain (GT),
repeats and V(313 introns do not.

The new V36 gene, V36.10, has greatest homology with
V[36.7a and V6.1 (Table 1). Yet, all three sequences repre-
sent separate genes (Fig. 1). V/36.10 is probably a pseudogene.
The conserved nonamer in the 3' UT region, which is con-
sidered a recombinase signal sequence, is missing. Since V(36.10
has not been isolated from cDNA libraries, it is probable that
this V gene cannot undergo V-D-J recombination. Moreover,
the highly conserved Cys? residue, which is necessary for
formation of an Ig-like domain and forms a disulfide bond
with Cys%, is changed to a Tyr®® in VB36.10. Thus, it is
questionable whether a V[36.10-encoded 3 chain could fold
into an Ig-like domain. Lastly, the V(36.10 promoter con-
tains a 549-bp insertion element at position —193 (Fig. 9)
consisting of two head-to-tail Alu sequences. Such sequences
are classified as nonviral retroposons and are thought to de-
rive from processed 7SL RNA (44-46). These elements are
transcribed by RNA polymerase III initiating at the 5’ end
of the left unit and transcribing through the 3’ terminal
poly(A) tract. Reverse transcription is then primed on the
poly(A) tract, providing a mechanism for retrotransposition
(44, 45).

Little is known about the significance of mobile genetic
elements in humans, and Alu sequences in particular, which
frequently insert in introns or flanking sequences of genes,
but generally not in exons. In certain cases, retrotransposons
may have acted as insertional mutagens, resulting in inactiva-
tion (47) or activation (48) of a cellular gene. In fact, retro-
transposition has been directly demonstrated in human lung
carcinoma cells transfected with a target gene. These cells
were screened for insertion mutations, resulting in inactiva-

tion of the gene. A newly transposed Alu sequence was
identified by these means (49). In other instances, retrotran-
sposons have inactivated genes relevant to human disease, such
as the factor VIII gene in hemophilia A (50) or the c-myc
gene in breast carcinoma cells (51). Retrotransposons have
been associated with a high percentage of murine actin pseu-
dogenes (52) and with homologous recombination in humans
(53). The Alu sequences inserted in the V36.10 promoter
may have resulted in inactivation of this gene by interference
with promoter function. The resultant V36.10 pseudogene
would then have undergone further mutation for lack of selec-
tive evolutionary pressures. It remains possible that the in-
serted Alu sequences upstream of V{36.10 are not present in
all haplotypes and that V36.10 may be a functional gene in
some individuals.

The significance of a genomic cassette containing members
of the VB13-VB6-VB5 subfamilies remains hypothetical.
Clearly, these three V3 subfamilies represent the largest V3
subfamilies and together account for at least 18 V3 genes,
ie., ~v32% of the V{3 repertoire assuming a total of ~57
VB genes (8). One may estimate the usage of certain V3 genes
with mAbs specific for VB gene products. Thus, the mean
frequencies of V3 usage are 3.2% for V(35.1/5.4, 2.8% for
VB35.2/5.3, and 4.5% for V(6.7 (54-56, and our unpub-
lished results). Moreover, V(313 gene usage has been estimated
by quantitative PCR at 9.0% for V313.1, 2.7% for V313.2,
and 7.8% for V36.1-3. Thus, a minimal estimate of expres-
sion of VP13, V6, and V35 genes is 30%, and these data
are incomplete because of the absence of data for several genes
in these three subfamilies. Therefore, we would propose that
the V3 genes encoded by the three V3 subfamilies represent
particularly useful V3 genes to humans, and probably arose
through multiple gene duplications of the basic cassette
structure.

Lastly, the promoter sequences shown herein demonstrate
strong conservation within a V3 subfamily, but not between
subfamilies (Table 1 C). Moreover, the consensus decamer
discussed above demonstrates some discrete differences in lo-
cation and sequence between V3 subfamilies. Thus, one could
postulate that control of transcription may differ in T cells
depending on what V8 subfamily is used. This could have
relevance to observed differences of V3 usage at different de-
velopmental stages of T cells (57).
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Note added in proof: The new sequences described herein can be retrieved from EMBL with the following
accession numbers: X61439 (TCR V35.5); X61440 (TCR V6.1); X61441 (TCR V36.3); X61442 (TCR
V36.7a); X61443 (TCR. V56.7b); X61444 (TCR V36.10); X61445 (TCR V313.2); X61446 (TCR V(313.3);
X61447 (TCR Vp13.4); X61653 (TCR VB13.5).
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