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Cytotoxic T lymphocytes (CTL) play an important role in recovery from a number of viral infections. They
are also implicated in virus-induced immunopathology, as best demonstrated in lymphocytic choriomeningitis
virus (LCMV) infection of adult immunocompetent mice. In the present study, the structure of the T-cell
receptor (TCR) in LCMV-specific CTL in C57BL/6 (B6) mice was investigated. Spleen T cells obtained from
LCMV-infected mice were cultured in vitro with virus-infected stimulator cells and then stained with anti-TCR
VP antibodies. A skewing of V, usage was noticeable in T cells enriched for their reactivity to LCMV,
suggesting that particular V segments are important for the recognition of LCMV T-cell epitopes in B6 mice.
To gain more detailed information on the structure of the TCR specific for LCMV epitopes, we studied CTL
clones. It has been shown that approximately 90% of LCMV-reactive CTL clones generated in H-2b mice are
specific for a short peptide fragment of the LCMV glycoprotein, residues 278 to 286, recognized in the context
of the class I major histocompatibility complex molecule, Db. Four CTL clones possessing this specificity were
randomly selected from a collection of clones, and their TCR genes were isolated by cDNA cloning or by the
anchored polymerase chain reaction. All four clones were found to use V. gene segments belonging to the Va,4
subfamily. By RNA blot analysis, two more clones with the same specificity were also shown to express the Va4
mRNA. In contrast, three different V,, gene segments were used among the four clones examined. J,32.1 was
used by three of the clones. Although amino acid sequences in the V(D)J junctional regions were dissimilar,
aspartic acid was found in the Va.J and/or V,3D,J3 junctions of all four of these clones, suggesting that this
residue is involved in binding the LCMV fragment. Restricted usage of V, and possibly J, segments in the CTL
response to a major T-cell epitope of LCMV raises the possibility that immunopathology in LCMV infection
can be treated with antibodies directed against such TCR segments. Thus, similar analysis of the TCR in other
virus infections is warranted and may lead to therapeutic strategies for immunopathology due to virus
infections.

T cells recognize foreign antigen in the context of self
major histocompatibility complex (MHC) molecules (58). In
general, cytotoxic T lymphocytes (CTL) recognize antigens
in association with class I MHC molecules, whereas helper T
cells see antigens associated with class II MHC molecules.
The processed or degraded antigen peptides appear to be
bound to MHC molecules in a groove between the a-helices
of the polymorphic domains of MHC molecules (8, 9, 50).
The complex of a peptide fragment and an MHC molecule
thus formed is recognized by a membrane-bound T-cell
receptor (TCR) composed of ao and ,B chains (16). The TCR
at and 1B chains are encoded by discontinuous variable (V),
diversity (D), joining (J), and constant (C) gene segments
(13, 22, 42, 56). The V, D, and J gene segments are
rearranged during T-cell ontogeny to form a functional,
continuous V-region gene, which is then posttranscription-
ally spliced to C-region sequences. As with immunoglobulin
genes, this mechanism of rearrangement in TCR genes can
generate the high degree of receptor diversity required to
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recognize and respond to a virtually limitless universe of
antigens (16).

Several groups have examined the relationship of TCR
structure to function by characterizing the TCR sequences of
T-cell clones and hybridomas with related antigen specifici-
ties. In some cases, such as for pigeon cytochrome c-specific
clones, the majority of the T cells with the same antigen and
MHC specificity were found to use the same a- and ,B-chain
gene segments (19, 24, 54). In the response to arsonate, most
T cells use a particular a-chain V-gene segment (V,,a3),
independent of the MHC restriction elements used (49). In
other cases, however, the TCR sequences are more hetero-
geneous (25, 46, 47). On the basis of analysis of TCR
sequences, intervention in the immune response has been
attempted by using TCR-specific antibodies. For example,
the vast majority of the T-cell clones causing autoimmune
encephalomyelitis in PL and B10.PL mice were found to
have the same V. and V,3 gene segments, and an antibody to
the V. segment expressed by these T cells was successfully
used to prevent the development of autoimmune encephalitis
(1, 51). A similar treatment, however, was not successful in
a different strain of mouse (SJL), in which the response to
myelin basic protein is more complex (43).

In this report, the structure of the TCR in virus-specific
CTL was studied. We chose the T-cell response to lympho-
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cytic choriomeningitis virus (LCMV) as a model system.
LCMV is a member of the arenaviruses (bisegmented am-

bisense RNA viruses) (7). The short (S) RNA encodes two
major structural proteins, glycoprotein (GP) and nucleopro-
tein (NP), which are primarily responsible for induction of
protective humoral (33) and cell-mediated (35) immunity.
When the virus is injected intravenously or intraperitoneally,
adult mice eliminate virus and recover. In contrast, when the
virus is injected intracerebrally, the mice develop severe

meningitis and ventriculitis and die 7 to 10 days later.
Because death is attributable to the mouse's own vigorous
cell-mediated immune response to virally infected lepto-
meningeal and ventricular cells, it can be prevented by
immunosuppression (11, 29, 38). Both virus clearance (im-
munity) and virus-induced immunopathology are mediated
by CD8+ LCMV-specific class I MHC-restricted CTL (11,
57). T-cell epitopes and restricting MHC molecules have
been characterized in detail in the CTL response to LCMV
(32, 45, 52, 53), making this model system suitable for the
study of TCR. Analysis of the TCR in virus-specific T cells
should provide important information not only on the struc-
ture-function relationship of T-cell recognition but also on

the potential for manipulation and abrogation of the harmful
immune response to viral infections.

MATERIALS AND METHODS

Virus stock. The Armstrong CA1371 strain clone 53b
(ARM) of LCMV was used for this study (17).

Mice. Male C57BL/6 (B6) mice, 6 to 8 weeks of age, were

obtained from the breeding colony at the Research Institute
of Scripps Clinic. LCMV infection was induced by intraperi-
toneal injection of 2 x 105 PFU.
CTL clones. Isolation and maintenance of LCMV-specific

CTL clones used in this study were described previously (12,
32, 52).

Antibodies and cell staining. The following murine TCR

V3-specific antibodies were used in these experiments:
MR9-4 (V35), RR4-7 (VI36) (27), KJ16 (V38.1 and V38.2) (37),
F23.1 (VA8) (48), MR10-2 (V,9), and RR3-15 (V11) (6).
KJ16 and F23.1 were obtained from P. Marrack, National
Jewish Center for Immunology and Respiratory Medicine,
Denver, Colo., and M. Bevan, Research Institute of Scripps
Clinic, La Jolla, Calif., respectively. MR9-4 and MR1O-2
were generated by one of us (0. Kanagawa, unpublished
data). Other antibodies used were 30-H12 (Thyl.2),
YTS169.4 (CD8), and YTS191.1 (CD4). MR9-4, F23.1, and
MR10-2 are mouse immunoglobulin G, and the others are rat

immunoglobulin G.
Immunofluorescence staining was carried out by following

a standard protocol. Briefly, 3 x 105 to 5 x 105 cells were

washed with medium containing 2% serum and incubated at

4°C for 30 min with an individual antibody (100 ,ul of culture
supernatant from an antibody-producing hybridoma). After
being washed three times, the cells were incubated with
fluorescein isothiocyanate-labeled anti-immunoglobulin (an-
ti-rat immunoglobulin or anti-mouse immunoglobulin de-
pending on the first antibody used) at 4°C for 30 min, washed
three times again, and resuspended in phosphate-buffered
saline. Fluorescein isothiocyanate-labeled anti-immunoglob-
ulin antibodies were purchased from Boehringer Mannheim,
Indianapolis, Ind. Fluorescence-activated cell sorter analy-
sis was performed on a FACS-IV machine.

In vitro enrichment of LCMV-specific CTL. Spleen cells
were taken from B6 mice infected with 2 x 105 PFU of

LCMV 7 days or 3 months previously. These spleen cells

were stimulated with syngeneic peritoneal exudate cells
(PEC) infected with LCMV (used 48 h postinfection at a
multiplicity of infection of 2) and subjected to 2,000 rads of
irradiation. Then 8 x 106 spleen cells and 1.5 x 105 infected
and irradiated PEC were placed in each 16-mm well of
24-well Costar plates in 2 ml of RPMI 1640 medium supple-
mented with 10% fetal calf serum, 1 mM glutamine, 5 x 10-5
M P-mercaptoethanol, penicillin, and streptomycin (12).
After in vitro culture, the spleen cells were depleted of B
cells and stained with antibodies. The B-cell depletion was
done by a panning method with a plate coated with anti-
mouse immunoglobulin (55). This method depleted more
than 95% of B cells as revealed by fluorescence-activated
cell sorter analysis. Some of the spleen cells were further
stimulated weekly for another 3 weeks and in the presence of
T-cell growth factor for the last 2 weeks. T-cell growth factor
was prepared by treating Lewis rat lymphocytes with con-
canavalin A. CD8+ T cells were enriched from B-cell-
depleted spleen cells taken from uninfected mice by using
the panning procedure described by Nikolic-Zugic and
Bevan (31).
cDNA library construction, isolation of TCR genes, and

nucleotide sequencing. Cytoplasmic RNA was extracted from
the T-cell clones, and double-stranded cDNA was synthe-
sized from 10 p.g of total RNA by the method of Gubler and
Hoffman (21). The ends of cDNA were blunted with mung
bean nuclease and the large fragment of DNA polymerase I
(20). cDNA larger than 500 bp possessing EcoRI linkers was
ligated to EcoRI-digested A gtlO. After in vitro packaging,
recombinants were plated onto a lawn of bacteria and
screened with 32P-labeled DNA probes of TCR a- and
,B-chain C regions (25) (generously provided by T. W. Mak,
Ontario Cancer Institute, Toronto, Canada). cDNA inserts
of positive clones were isolated from A gtlO-cDNA recom-
binants and subcloned into a plasmid vector, pUC18. Nucle-
otide sequences of the cDNA inserts were determined by the
dideoxy-chain termination method (44).
Anchored polymerase chain reaction. The polymerase

chain reaction (PCR) procedure described by Loh et al. (30)
was followed with some modifications. The first-strand
cDNA was synthesized from 10 ,ug of total RNA by using
reverse transcriptase and oligo(dT) primer. [3H]dGTP was
included in the reaction to trace the synthesis of the cDNA.
To eliminate the oligo(dT) primer, which is inhibitory in the
next step of the reaction (tailing), we electrophoresed
cDNA/mRNA hybrids in low-melting-point agarose. cDNA/
mRNA hybrids greater than 500 bp were recovered from the
gel, purified, and then precipitated in ethanol. A poly(dG)
tail was added to the 3' end of the cDNA with terminal
deoxynucleotidyltransferase (TdT) and dGTP (28). [3H]
dGTP was also included in the reaction to enable the length
of the dG tail, which should be 10 to 20 G residues, to be
ascertained. The product was then amplified by the PCR (40)
by using the TCR C-region primer (C,a or C,3) and another
oligonucleotide consisting of a poly(dC) tail attached to a
sequence containing convenient restriction sites, termed the
anchor (AN). The AN primer [without the attached poly(dC)
tail] was also included to overcome the potential problem of
generating progressively longer stretches of poly(dG)-
poly(dC) with each cycle of the PCR (30). The AN poly(C)
primer (5'-CCTCGAGATCCTGCAGAATTCCCCCCCCCC
CCCC-3') and the AN primer (5'-CCTCGAGATCCTGCA
GAATTCC-3') contain XhoI, XhoII, PstI, and EcoRI re-
striction sites. The Ca primer (5'-GCTCGAGGATCTTTT
AACTGGTACA-3') and the C,3 primer (5'-ACTCGAGTCA
CATTTCTCAGATCCT-3') possess the XhoI site, which
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TABLE 1. TCR V. usage in C57BL/6 mouse spleen T cells enriched for reactivity to LCMVG

5%o V,3 usage in spleen cells from % V3 usage in spleen cells taken % V, usage in spleen cells taken
Ai uninfected mice

from mice infected 7 days previ- from mice infected 3 mo previ-Antibody ously; in vitro stimulation at: ously; in vitro stimulation at:

Unfractionated CD8+ enriched 1 wk 4 wk 1 wk 4 wk

Thy-1 91.4 96.2 94.1 96.3 98.1 94.7
CD8 25.2 88.6 36.4 97.7 88.2 98.7
CD4 58.2 5.7 34.2 0 11.1 0.4
Immunoglobulin 1.3 1.8 1.3 1.6 2.2 1.4
V35 6.5 11.9 6.9 0 4.1 0
VP6 5.3 7.3 7.3 8.8 6.2 1.9
V 8 (F23.1) 16.9 NDb 19.1 ND 21.0 ND
VP8 (KJ16) 14.5 14.3 16.2 21.8 18.2 9.2
V39 1.9 3.5 1.6 1.5 4.1 13.1
VE11 4.3 9.7 6.0 0.7 6.3 2.9

a When anti-mouse immunoglobulin was used as the second antibody, the percentage shown in the table was obtained by subtracting the frequency of
immunoglobulin-positive cells (B cells) from that of the cells positively stained with a given first antibody.

b ND, Not done.

was created by modifying the respective authentic se-
quences. Amplification was carried out for 30 cycles. The
product was electrophoresed in 1% low-melting-point agar-
ose, and the amplified DNA fragment (ca. 550 bp) was
recovered. The purified DNA was digested with the restric-
tion enzymes EcoRI and XhoI and then cloned into the
plasmid vector, pUC18 digested with EcoRI and SalI. Nu-
cleotide sequences of inserts were determined by the dide-
oxy-chain termination method (44).
RNA blot analysis. Total RNA isolated from cultured cells

(10 ,ug each) was treated with glyoxal and electrophoresed
through a 1% agarose gel in 10 mM sodium phosphate buffer
(pH 7) (20). After the RNA had been transferred to nitrocel-
lulose filters, hybridization was carried out in 50% formam-
ide-5x SSC (lx SSC is 0.15 M NaCl plus 0.015 M sodium
citrate)-lx Denhardt solution-10% dextran sulfate-250 p.g
of denatured salmon sperm DNA per ml-1 x 106 cpm of
32P-labeled V, 4 probe per ml at 42°C for 20 h. The VO, 4 probe
used was a 270-bp Sau3A fragment derived from the TCR
a-chain gene of HL228. The filters were washed twice in 1 x
SSC at 50°C for 15 min each and autoradiographed with
X-ray film and intensifying screens.

RESULTS

V. usage in the bulk T-cell response to LCMV. To deter-
mine whether there is any correlation between the TCR
structure and the specificity for LCMV, and whether the
T-cell response to LCMV is homogeneous or not, we gen-
erated in vitro cultures enriched for LCMV-specific T cells.
We enriched virus-specific CTL from spleen cells of acutely
infected mice (infected 7 days previously) as well as from
spleen cells of immune mice (infected 3 months previously).
Spleen cells harvested from LCMV-infected B6 mice were
cultured in vitro together with LCMV-infected irradiated
macrophages as stimulator cells. After in vitro culture,
lymphocytes were depleted of B cells and stained with
anti-TCR VP antibodies. In these experiments, we used only
anti-Va antibodies specific for certain V] subfamilies, as
antibodies are not available against all V,3 subfamilies and no
V. subfamily-specific antibodies have yet been described.
When the in vitro culture was initiated for the spleen cells
harvested from B6 mice infected 7 days previously, no
skewing of V. usage was evident following 1 week of
culture. However, the proportion of CD8+ cells was moder-

ately increased (Table 1). The picture became very different
following weekly stimulation with LCMV-infected macro-
phages for another 3 weeks. At this time almost 100% of
cultured cells were CD8+; the percentages of V.5+ and
V311+ cells were greatly reduced (Table 1). The experiment
was repeated with spleen cells harvested from B6 mice
infected 3 months previously. In this case, enrichment of
CD8+ cells was already prominent after 1 week of culture.
The percentages of V.5' and V.11' cells were again greatly
reduced following 4 weeks of stimulation. In addition, the
proportions of V36' and V.8' cells were similarly reduced,
while in contrast, the percentage of V39' cells was increased
fourfold compared with that in CD8+ spleen cells from
uninfected mice. (Since there are some differences in V,3
usage between CD4+ and CD8+ T cells, V, usages in both
unfractionated and CD8+-enriched spleen T cells from un-
infected B6 mice are presented in Table 1 as controls.) The
skewed V,3 usage observed in these cultures suggests the
presence of predominant T-cell clones specific for LCMV in
B6 mice, although the incomplete availability of TCR V
segment-specific antibodies precludes the identification of
those clones.

Structure ofTCR in LCMV-specific CTL clones. To further
characterize the structure ofTCR involved in the recognition
of LCMV, we randomly chose four LCMV-specific CTL
clones, HL31, RG9, HL228, and HL39 (52), for the deter-
mination of TCR sequences. These clones are derived from
three independent cloning experiments (HL31 and HL39 are
derived from the same set of experiments) and were shown
to have different patterns of gene rearrangement of the TCR
,B chain (26). Reactivities of these clones have been reported
previously (32, 52) and are summarized in Table 2. All of the
clones recognize the LCMV GP amino acid residues 278 to
286 in association with the class I MHC molecule, Db. It has
been shown that approximately 90% of CTL clones gener-
ated in the H-2b haplotype are specific for this GP fragment
and are restricted by Db (32, 52). Although these clones are
all specific for the same nine amino acid residues of GP, the
reactivities to peptides with single-amino-acid substitutions
at position 278 are different among these four clones (32)
(Table 2). HL228 failed to respond to target cells coated with
the peptide having the valine 278-to-serine or threonine
substitution, whereas the other clones retained the reactiv-
ity. The valine 278-to-phenylalanine substitution caused
HL39 to lose its reactivity. All of the clones either lost

VOL. 64, 1990



5922 YANAGI ET AL.

TABLE 2. Reactivities of LCMV-specific CTL clones

Target cells Reactivity of:
inoculated with: HL31 RG9 HL228 HL39

H-2b target
LCMV + + + +
VV-GPa + + + +
VV-NP' _ - _ _

Peptide GP 1 to16 - - - -
Peptide GP 278 to 286 + + + +
Peptide GP 272 to 293 + + + +
Peptide GP 272 to 293 with single

substitution at position 278b
V-L, I, orA + + + +
V S orT + + - +
V -F + + - -
V Y, D, or E + +

H-2d target
LCMV - - - -
' VV-GP and VV-NP are vaccinia virus recombinants expressing the

LCMV (GP) residues 1 to 363 and the LCMV NP residues 1 to 558,
respectively.

b Leucine (L), isoleucine (I), alanine (A), serine (S), threonine (T), phenyl-
alanine (F), tyrosine (Y), aspartic acid (D), or glutamic acid (E) is substituted
for valine (V) at position 278 of the LCMV GP 272 to 293 peptide.

reactivity or had reduced reactivity to the peptide when
valine 278 was substituted by tyrosine, aspartic acid, or
glutamic acid.
A cDNA library was constructed from cytoplasmic RNA

of HL228, and genes encoding TCR a and 3 chains were
molecularly cloned. The TCR genes of the remaining CTL
clones were obtained by using the anchored PCR (30) in
which the first-strand cDNA was tailed by using TdT and
oligo(dG) and then V-region genes were amplified by using
oligo(dC) and TCR C-region primers. Nucleotide sequences
of cloned TCR genes were determined and compared with
the reported TCR sequences. At least three independent
clones of each TCR gene were sequenced to verify nucleo-
tide sequences and in-frame gene rearrangements. We found
only one type of mRNA for each gene from all the CTL
clones analyzed. The results are summarized in Table 3.
RG9 and HL228 share the same a-chain sequence,
Va4.HL228, Ja.HL228 (Fig. 1). Va4.HL228 has not been
reported previously and has a 99.4% similarity at the nucle-
otide level to Va4.DA33 (47). There are two nucleotide
differences between these sequences, both of which lead to
an amino acid substitution. Since no sequences of the
corresponding genomic DNA are available, we cannot rule
out the possibility that the differences are due to somatic
mutations or allelic differences (even though T-cell clones
from which the TCR genes were isolated are both derived
from B6 mice). Ja.HL228 also has not been previously
reported. HL31 and HL39 have the same Va (Va4.TA65) (3),
but use different Je, segments (3, 54). Thus, all of the CTL
clones examined here use gene segments belonging to the
Va4 subfamily. In contrast, three different V,3 gene seg-

TABLE 3. TCR sequences of LCMV-specific CTL clones

CTL clone TCR a-chain sequence TCR 13-chain sequence

HL31 Va,4.TA65 J,,a.TA31 V137 J 2.1
RG9 V,,a4.HL228 J,X.HL228 V,1O J42.1
HL228 Va,,4.HL228 Ja,,.HL228 Vf39 J,2.1
HL39 V(,4.TA65 J,,.14.4 Vf1O JP2.6

< Leader
M N N S P A L V T V M L P I L G R

ACACTGAAGATGAACAATTCCCCAGCTTTAGTGACTGTGATGCTGTTTATACTTGGGAGG

_|_+sVa4 .HL228
T H G D S V I Q M Q G Q V T L S E N D F

ACCCATGGAGACTCAGTGATCCAGATGCAAGGTCAAGTGACCCTTTCAGAAAACGACTTC
Sau3A

L F I N C T Y S T T G Y P T L F W Y V Q
TTATTTATAAACTGCACTTATTCAACCACAGGGTACCCGACTCTTTTCTGGTATGTCCAA

Y S G E G P Q L L L Q V T T A N N K G S
TATTCTGGAGAAGGTCCACAGCTCCT TCTGCAAGTCACAACTGCCAACAACAAGGGAAGC

S R G F E A T Y D K G T T S F H L Q K T
AGCAGAGGTTTTGAAGCTACATATGATAAAGGAACCACTTCCTTCCACTTGCAGAAAACC

Va4. HL228----.1--p.-Jz. HL228
S V Q E I D S A V Y Y C A M S D L S G S

TCAGTGCAAGAGATAGATTCGGCTGTGTACTACTGTGCTATGAGTGATCTTTCTGGTAGC
Sau3A

Ja. HL228-o-1f-.CcL
F N K L T F G A G T R L A V C P Y I Q N

TTCAATAAGTTGACCTTTGGAGCAGGGACCAGACTGGCTGTGTGCCCATACATCCAGAAC

60

120

180

240

300

360

420

FIG. 1. Nucleotide and predicted amino acid sequences of the
TCR a chain from LCMV-specific CTL clones, HL228 and RG9.
The boundary between the V,, and J>, segments cannot be assigned
unequivocally as nucleotide sequences of the genomic DNA encod-
ing V,,4.HL228 and J..HL228 are not available. Nucleotides that
differ from the corresponding nucleotide in V,a4.DA33 are under-
lined. The Sau3A restriction sites used to prepare the Va4-specific
probe are indicated.

ments, V.7, V,39, and V.10 (5, 41), are used among the four
clones. V,310 is used by RG9 and HL39. Three clones use
J.2.1, and the other (HL39) uses J.2.6 (14). Four of the five
highly variable amino acid residues for 12 J. segments are
shared by J.2.1 and J.2.6 (Fig. 2). J32.6 is missing alanine
and has a conservative phenylalanine-to-tyrosine substitu-
tion in comparison with J32.1. Otherwise, J,32.1 and J42.6 are

362.1
2.2

N Y A E Q F F G P G T R L T V L

.T G Q L Y . . E . S K....

2.3 S A E T L Y .S.... . .

2.4 S Q N T L Y. . A . . . .S

2.5 .Q D T . Y . . . . . . . L

2.6 S. .Y

1.1

1.2

N T .V. . . K ..... V

N S D Y T . . ... L . I

1.3 S G N T L Y . . E . S . . I . V

1.4 S N E R L . . . H . . K . S . .

1.5 Q PA P L . . E. . .. S ..

1.6 Y N S P L Y . A A .... . . T

FIG. 2. Comparison of amino acid sequences among the 12 Jp
regions. Symbols: *, residues identical to the corresponding residues
in J.2.1; *, highly variable residues. The first amino acid residues
shown are often replaced by other residues depending on how the J3
gene segments are joined to the D,, gene segments.
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o chain

Vax --_---

C A L G
HL31 TGTGCTCTGGGC

Ja '.~- Cm

Y G N E K I T F G A G T K L T I K P N I Q
TATGGAAATGAGAAAATAACTTTTGGGGCTGGAACCAAACTCACCATTAAACCCAACATCCAG

C A M S D L S G S F N K L T F G A G T R L A V C P Y I Q
RG9 TGTGCTATGAGTGATCTTTCTGGTAGCTTCAATAAGTTGACCTTTGGAGCAGGGACCAGACTGGCTGTGTGCCCATACATCCAG

C A M S D L S G S F N K L T F G A G T R L A V C P Y I Q
HL228 TGTGCTATGAGTGATCTTTCTGGTAGCTTCAATAAGTTGACCTTTGGAGCAGGGACCAGACTGGCTGTGTGCCCATACATCCAG

C A L G D L S N Y N V L Y F G S G T K L T V E P N I Q
HL39 TGTGCTCTGGGT GATCTGTCTAATTACAACGTGCTTTACTTCGGATCTGGCACCAAACTCACTGTAGAGCCAAACATCCAG

3 chain

VB -f.--DB + N F----J13

C A S S S T R D S Y A E Q F
H L3 1 TGTGCTAGCAGTTCAACCCGGGACAGCTATGCTGAGCAGTTC

C A S S Y W G D Y A E Q F
RG9 TGTGCCAGCAGCTACTGGGGCG ACTATGCTGAGCAGTTC

C A S S S G G N Y A E Q F
HL228 TGTGCTAGCAGTAGTGGGGG TAACTATGCTGAGCAGTTC

C A S S S G L G G Y E Q Y
HL39 TGTGCCAGCAGCTCTGGACTGGGGGGG TATGAACAGTAC

FIG. 3. Nucleotide and predicted amino acid sequences around the V(D)J junctional region of the TCR a and L chains from four
LCMV-specific CTL clones. Complete sequences are shown for the J. region, whereas only partial J. sequences are shown, as the rest of
the amino acid sequences are identical between J32.1 and J 2.6. N sequences (N) added without templates during gene rearrangement are also
indicated. Note the consistent presence of aspartic acid (D) in the VaJ, and/or VD3J junctions of each CTL clone.

identical. Thus, the sequence in the J,3 region may also be
restricted in the CTL clones specific for this epitope of
LCMV. Nucleotide and predicted amino acid sequences in
the V(D)J junctional regions of the four clones are shown in
Fig. 3. On the basis of sequence similarities with immuno-
globulin, it has been proposed that the tertiary structure of
the TCR a, heterodimer is very similar to that of the
immunoglobulin Fab fragment, that complementarity-deter-
mining region 1 (CDR1)- and CDR2-equivalent regions on V.
and V. contact the side chains of the MHC a-helices, and
that the centrally located CDR3-equivalent regions contact
the bound peptide (15, 16). The CDR3-equivalent regions
correspond to the V(D)J junctional regions of the TCR: the
Va,Ja junction and the beginning of the Ja region in the a
chain and the Vg-D, and D,-J, junctions, the D, region, and
the beginning of the Jl3 region in the ,3 chain (16). Although
no particular pattern(s) of amino acid residues was apparent
in the V.Ja and V,Df,JU junctional regions, the consistent
presence of aspartic acid in the junctions was notable (at
position 93 of the a chain for RG9, HL228, and HL39 and at
position 98 of the I chain for HL31 and RG9). This amino
acid residue might be important in binding the LCMV
peptide fragment. The length of the V,3D,J, junctional region
is almost the same among the clones (HL31 has the junction
one residue longer than the others), whereas the length of the
VaJ, junctional region is more variable (up to a three-residue
difference).
To confirm whether members of the Va4 subfamily are

frequently used among CTL clones specific for the LCMV
GP 278 to 286 epitope in the H-2b haplotype, we analyzed
two more CTL clones with this specificity, HL232 and HL36
(26, 52), for their Va usage by RNA blot analysis. These
clones also expressed the Va4 mRNA like the four clones
analyzed above, whereas other CTL clones specific for the

LCMV NP and L', HD8, and HD32 (53), did not express the
Va4 gene (Fig. 4).

DISCUSSION
In this paper we report that six independent CTL clones

specific for the immunodominant T-cell epitope of LCMV in
the H-2b haplotype all use gene segments of the V.4 sub-
family. Three of four CTL clones examined in detail use
J32.1, and the other uses J.2.6. Thus, the gene usage for V.
and possibly J13 seems restricted among CTL clones specific
for this epitope of LCMV. Pircher et al. reported that an
LCMV-specific Db-restricted CTL clone (P14) used V 2,
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FIG. 4. RNA blot analysis of LCMV-specific CTL clones in an
examination of the expression of the Va4 mRNA.
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Jo.TA31, V38.1, and J.2.4 (34), although they did not define
the epitope recognized by this clone. In addition to GP 278 to
286, we have mapped two other CTL epitopes of LCMV in
the H-2b haplotype. These include an epitope at GP 34 to 42,
restricted by Db, and an epitope at NP 397 to 407 (M. B. A.
Oldstone and A. Tishon, unpublished results). It is possible
that P14 is specific for either of these two epitopes, and not
for GP 278 to 286. In contrast to the consistency of Va4
usage, V, usage was more variable and was not restricted
among the CTL clones. In the bulk population of LCMV-
reactive T cells, the percentages of V,35' and V311+ cells
were greatly reduced (Table 1), allowing T cells with other
V,3s to compensate for their underrepresentation. V.7 and
V.10 used in the three LCMV-specific CTL clones might be
used by such T cells. This can be tested directly when
antibodies specific for V.7 and V,310 become available. V, 9+
cell numbers were increased in in vitro stimulated spleen
cells taken from mice infected 3 months previously. This is
consistent with our finding that one of the CTL clones uses
V39. Thus, it is possible that the V. usage is partially
restricted to a few particular V.s. This possibility is cur-
rently under study, using a larger number of CTL clones.
During the preparation of this paper, we became aware that
another group also analyzed the TCR of Db-restricted CTL
clones specific for LCMV GP 275 to 289. Although they have
determined nucleotide sequences of the TCR for only one
CTL clone, they found by RNA blot analysis that all five
CTL clones examined expressed Va4 and V1310 genes (2).
Our results agree with theirs for the restricted usage of the
Va4 subfamily, but disagree for the restricted usage of V.10.
The reason for this discrepancy in V. usage is not known.

It has been proposed that CDR1- and CDR2-equivalent
regions on Va and V,3 segments are responsible for binding
the MHC molecule, whereas CDR3-equivalent regions com-
posed of the V J. and V,DpJ, junctional regions account for
binding the antigenic peptide fragment (15, 16). Then, the
consistent usage of the Va4 subfamily in the CTL clones
examined might suggest that Va4 has a preferential affinity
for the class I MHC molecule, Db. However, a survey of
reported TCR genes from Db-restricted or Db-reactive T
cells indicates otherwise. Such cells are reported to use Va1
(25), Va2 (34), Va3 (10, 25), VaS (4), and Va8 (39). Therefore,
the Va4 segment itself cannot account for the specificity for
Db. However, it is possible that the Db molecule complexed
with the specific viral peptide, LCMV GP 278 to 286, forms
a structure that best binds the Va4 segment. The four CTL
clones examined had dissimilar amino acid sequences in the
V(D)J junctional regions of their ot and P chains (Fig. 3). This
variability may be the molecular basis of the different
reactivities of these four Va4+ CTL clones to LCMV GP 272
to 293 peptides with single-amino-acid substitutions at posi-
tion 278 (Table 2). Hedrick et al. have reported the presence
of a highly selected junctional-region residue, found at
position 100 of the P chain, in TCRs from pigeon cytochrome
c-specific T-cell clones (23). Using site-directed mutagene-
sis, they have also shown that this conserved amino acid
residue plays a key role in determining the specificity for the
antigenic peptide (18). Closer examination of V(D)J junc-
tional regions of the CTL clones studied here shows that
aspartic acid is present at position 93 of the TCR at chain
from RG9, HL228, and HL39. HL31 does not contain
aspartic acid in the VJ0, junction, but does have that residue
in the V,3D,3J, junction. The conserved presence of aspartic
acid within V(D)J junctions of these clones suggests that this
amino acid residue is important in binding the LCMV
antigenic fragment.

Finally, an important finding that may have immunother-
apeutic implication is that six Db-restricted CTL clones
reactive to the major T-cell epitope of LCMV use a partic-
ular Va subfamily. Therefore, it might be possible to manip-
ulate the T-cell response to LCMV in B6 or H-2b mice by
administering antibodies against the Va4 segment if Va4'
cells indeed play a major role in the in vivo CTL response.
Interestingly, Rodewald et al. recently reported a similar
situation of restricted TCRs specific for murine cytomegalo-
virus, wherein the CTL precursors specific for the immedi-
ate-early protein pp89 of murine cytomegalovirus in BALB/c
mice are three- to fivefold more frequent in V.8' T cells than
in V8- T cells (36), again presenting the potential for
possible intervention of the immune response by using TCR
V segment-specific antibodies. This specific immune inter-
vention would be of extreme importance in a variety of viral
diseases, in which the main clinical manifestations are due to
the virus-specific T-cell response rather than to damage
directly caused by the virus and for which no specific
therapeutic regimen exists. To test this contention, we are
now preparing anti-V.4 antibodies to examine whether treat-
ment of LCMV-infected mice with those antibodies will
prevent them from developing a usually lethal virus-induced
immunopathologic disease.
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