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MRC OX-2 antigen: a lymphoid/neuronal membrane glycoprotein
with a structure like a single immunoglobulin light chain
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The MRC OX-2 antigen is a rat cell surface glycoprotein of
mol. wt. 41 000-47 000 found on neurones, thymocytes, B
cells, follicular dendritic cells and endothelium. We now
report the amino sequence for this antigen as deduced from
the nucleotide sequence of cDNA clones detected by use of an
oligonucleotide probe. The sequence contains 248 amino acid
residues of which 202 residues are likely to be outside the cell
with two domains that show homology with immunoglobul-
ins. The N-terminal domain fits best with Ig V domains and
Thy-1 antigen while the C-terminal part is like an Ig C do-
main. Thus the structure overall is similar to an Ig light chain
or the T cell receptor (3 chain. Three glycosylation sites are
identified on each of the MRC OX-2 antigen domains.
Key words: MRC OX-2 antigen/thymic antigen/neuronal an-
tigen/membrane glycoprotein/immunoglobulin superfamily

Introduction
The MRC OX-2 mouse monoclonal antibody was raised
against rat thymocyte membrane glycoproteins (McMaster
and Williams, 1979) and binds to rat thymocytes, neurones,
follicular dendritic cells of lymphoid organs, vascular en-
dothelium, some smooth muscle and B lymphocytes (Barclay,
1981; Webb and Barclay, 1984). The thymocytes and brain
forms of the antigen have been purified by monoclonal an-
tibody affinity chromatography and are highly glycosylated
proteins of apparent mol. wts. 47 000 (thymocyte OX-2) and
41 000 (brain OX-2). The antigenicity and amino acid com-
positions of these forms were indistinguishable and the size
difference is probably due to known differences in the car-
bohydrate structures (Barclay and Ward, 1982).
The finding of OX-2 antigen on neurones and thymocytes

was reminiscent of Thy-I antigen which is also found on these
cell types. Furthermore, both Thy-I and OX-2 antigens are
found on diverse cell types without an apparent functional
correlation. The function of neither antigen is known but the
structure of Thy- I antigen is of particular interest because it is
homologous to Ig V domains (Williams and Gagnon, 1982).
Rat Thy-I antigen has an apparent mol. wt. of 25 000 on SDS
gels and contains a polypeptide sequence of Ill amino acids
(Campbell et al., 1981).
On the basis of the tissue distributions and molecular char-

acteristics it seemed possible that OX-2 and Thy-I antigens
may be related in evolution and to evaluate this the OX-2 an-
tigen has been sequenced. Tryptic peptides were prepared
from the pure glycoprotein and their sequences used to iden-
tify a region suitable for the synthesis of an oligonucleotide
probe which was used to screen a cDNA library prepared
© IRL Press Limited, Oxford, England.

from rat thymocyte mRNA. From a number of cDNA clones
the full sequence of the coding region for the OX-2 glycopro-
tein has been determined.

Results
Partial amino acid sequence of OX-2 antigen
OX-2 antigen was purified from rat brains and after reduc-
tion, alkylation and succinylation, was digested with trypsin.
The peptides were fractionated and sequenced as described in
Materials and methods. The sequences of five peptides are
shown in Table I. They were all unambiguous except at the
first position of T2 where small amounts of Lys, Tyr and Trp

Table I. Amino acid sequences of OX-2 tryptic peptides

Peptide Sequence Position in
cDNA

Ti No sequence obtained. Thus is presumably blocked 1 -10?
at N terminus. Composition (Glx)3(Val)2(Arg),
(Asx)1(Thr),(Gly)1(Ser)1

T2 GLLHTTASLR 11-20
T3 C S L K T T Q E P L I V T W Q K K K A V G P 21-48

ENMVTY
T4 PAPA ISWKGTGSG I E (-)STE S... 136-155
T5 V K D P K T Q V G K E V I C Q V L Y 171-188
T6 G E S S Q G M Q R 238-246

A dash (-) indicated no phenylthiohydantoin amino acid derivative was
determined at this position. The residue is likely to be glycosylated
asparagine as this peptide contained carbohydrate. The dotted line (...) in-
dicates that T4 was not sequenced to the end of the peptide. The region of
peptide T3 used to design the oligonucleotide probe is underlined. Peptides
T3 and T5 ended at a tyrosine residue. This type of cleavage has been
observed before (Campbell et al., 1981).
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Fig. 1. Composite OX-2 mRNA structure and the three clones used to
derive the sequence. (A) Structure of OX-2 mRNA. The hatched portion
of the bar represents protein coding region, and the open portions
represent non-coding regions. MET shows position of the initiator
methionine and POLY A the beginning of the poly(A) region. (B) The
three overlapping cDNA clones used to determine the sequence. The
numbers refer to the nucleotide position in the composite sequence (Figure
2). Solid lines indicate those regions of the clones that have been
sequenced, dashed lines those not sequenced. Cloning artifacts are marked
00000: double ligated insert, V position of deletion, (X: position of
inversion.
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were identified together with the predominant Gly residue.
The N terminus of OX-2 is blocked because intact OX-2 gave
no sequence when analysed by automated Edman degrada-
tion. Peptide Ti also gave no sequence and is probably the
corresponding N-terminal tryptic peptide. Its composition is
given in Table I.

28S

OX2 _------o

18S

Fig. 2. Northern blot analysis of thymocyte RNA. 20 ug total rat
thymocyte RNA was fractionated on an agarose gel in formaldehyde and
transferred to Gene Screen membrane. The blot shown here was hybridised
with the coding region probe of clone pX2/13 (5' end of clone to XbaI
site). This fragment contains - 360 bases of extraneous DNA other than
OX-2 coding sequence (see text) but an identical result was obtained when
the same filter was stripped and probed with a fragment from the coding
region only of clone pX2/11 which does not contain this extra sequence.
Size markers are rat ribosomal 18S and 28S RNA.

Isolation and characterization of OX-2 cDNA clones
The amino acid sequence of the C-terminal portion of peptide
T3 was used to design a 17 residue long oligonucleotide probe
consisting of all 64 possible sequences complementary to the
OX-2 mRNA as shown below:

A A

PROBE: 3' CT TTTATAC CA TG GATC G C C
T T

5'

A rat thymocyte cDNA library was constructed and screen-
ed with this probe and 30 positive cDNA clones isolated from
a total of 150 000 clones. Twelve clones examined in detail all
contained characteristic XbaI and BglII sites (see above,
Figure 1). The nucleotide sequence was determined from
three cDNA clones as shown in Figure 1 and all of these
showed some cloning artifacts. Clone pX2/13 has apparently
undergone a double ligation as 360 nucleotides of uniden-
tified cDNA have become joined to the 5' end of the OX-2
cDNA. This clone also has a 5-bp deletion in the coding
region. The other two clones both have an inversion at their
5' ends, involving the first 75 nucleotides of pX2/1 1, and the
first 605 nucleotides of pX2/24. Similar inversions and dele-
tions have been reported before (Anson et al., 1984; Belt et
al., 1984). In view of these artifacts, the sequence of the
coding region has been determined on both strands of the
DNA and on more than one clone.
The coding sequence (see below) contained 834 nucleotides

and this was followed by a long 3'-non-coding region of
- 1300 nucleotides as determined by sizing restriction enzyme
fragments on agarose gels. After this a poly(A) tail was iden-
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GTCTTACTGCGGCCCAGAGCAAGGATGGGCAGTCCGGTATTCAGGAGACCTTTCTGCCATCTGTCCACCTACAGCCTGCTCTGGGCCATAGCAGCAGTAGCGCTGAGCACAGCTCAAGTG
120

DOMAIN I
20 40

E V V T Q D E R K L L H T T A S L R CE S L K T T Q E P L I V T W Q K K K A V G P
GAAGTGGTGACCCAGGATGAAAGAAAGCTGCTGCACACAACTGCATCCTTACGCT2TTCTCTAAAAACAACCCAGGAACCCTTGATTGTGACATGGCAGAAAAAGAAAGCCGTAGGCCCA

240

60 80
E N M V T Y S K A H G V V I Q P T Y K D R I ] I T E L G L L 2 T S I T F W i T T

GAAAACATGGTCACTTACAGCAAAGCCCATGGGGTTGTCATTCAGCCCACCTACAAAGACAGGATAAACATCACTGAGCTGGGACTCTTGAACACAAGCATCACCTTCTGGAACACAACC
360

100 120
L D D E G C Y M I L F N M F G S G K V S G T A C L T L Y V Q P I V H L H Y N Y F

CIGGATGATGAGGGTTGCTACATGT TCTCTTCAACATGTTTGGATCTGGGAAGGTCTCTGGGACAGCTTGCCTTACTCTCTATGTACAGCCCATAGTACACCTTCACTACAACTATTTT
480

DOMAIN II
140 160

E D H L I T PC S A T A R P A P A I S W K G T G S G I E MN S T E S H S H S J G T
GAAGACCACCTAAACATCACGT CTCTGCAACTGCCCGCCCAGCCCCTGCCATCTCCTGGAAGGGCACTGGGTCAGGAATTGAGAATAGTACTGAGAGTCACTCCCATTCAAATGGGACT

600

180 200
T S V T S I L R V K D P K T Q V G K E V I (C Q V L Y L G N V I D Y K Q S L D K G

ACATCTGTCACCAGCATCCTCCGGGTCAAAGACCCCAAAACTCAGGTTGGAAAGGAAGTGATCT CCAGGTTTTATACTTGGGGAATGTGATTGACTACAAGCAGAGTCTGGACAAAGGA
720

TRANSMEMBRANE CYTOPLASMIC
220 240

F W F S V P L L L S I V S L V I L L V L I S I L L Y W K R H R N Q E R G E S S Q
TTTTGGTTTTCAGTCCCACTGCTGCTGAGCATTGTTTCTCTGGTAATTCTTCTGGTCTTGATCTCCATCTTATTATACTGGAAACGGCACCGAAATCAGGAGCGGGGTGAGTCATCACAG

840
XBA 1

248
G M Q R M K *

GGGATGCAAAGAATGAAATAAGAGCTCTAGA

Fig. 3. Composite nucleotide sequence of the coding region of a thymocyte cDNA clone with its corresponding amino acid sequence. Q = Cys residues
believed to participate in the conserved disulphide bond within each domain. [ = Asn residues in potential glycosylation sites.
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Sequence of MRC OX-2 lymphoid/neuronal membrane glycoprotein

tified by sequencing clone pX2/13 from the 3' end. Thus the
coding and non-coding regions total -2200 nucleotides and
this is consistent with a size of - 2500 nucleotides determined
for the mRNA by Northern blot analysis (Figure 2).

Sequence of the coding region
The sequence shown in Figure 3 is a composite from the
clones in Figure 1 and is strongly supported by the peptide
data. One large open reading frame extends from a potential
initiator methionine codon at nucleotide 25 contained within
the consensus sequence A/G NNATG A/G found around
most eukaryotic initiator methionine codons (Kozak, 1983).
The first sequence established by peptide data is at amino
residue 11 (peptide T2 Table I) and the other peptides occur
throughout the sequence until residue 246 out of 248 where
peptide T6 ends (Table I). The end of the protein is defined by
a stop codon after residue 248. In the peptide data there is on-
ly one discrepancy, namely the first residue of peptide T2
which is a Gly in the peptide sequence compared with a
predicted Lys in the cDNA sequence. Small amounts of Lys
were found with the Gly in peptide T2 (see above) but the
data were most consistent with the Gly designation shown in
Table I. The other nine residues of T2 fitted with the
nucleotide sequence and the inconsistency could thus be due
to a polymorphism in the antigen; a difference between OX-2
of brain (peptides) and thymus (cDNA) or an artifact in the
protein sequencing. Further confirmation of the coding
region is shown by the good agreement in the amino composi-
tion determined for the glycoprotein compared with that
predicted from the coding sequence minus leader sequence
(Table II).

In Figure 3 a leader sequence extending to 30 amino acids is
suggested with the protein sequence thus beginning at a Gln
residue. If this Gln existed as a pyroglutamic acid residue then
the blocked N terminus of OX-2 glycoprotein would be ac-
counted for. Also the composition of peptide T1 which is
believed to be the N-terminal peptide (Table I) fits reasonably

Table II. Comparison of experimentally determined amino acid composi-
tion of thymocyte OX-2 with that deduced from the nucleotide sequence of
the thymocyte cDNA

Residue Determination Prediction

Asx 21.3 19
Glx 26.0 24
His 8.0 8
Lys 15.0 16
Arg 10.0 9
Thr 22.8 23
Ser 20.8 22
Pro 8.7 8
Ala 10.9 8
Cys 5.2 6
Gly 18.4 16
Tyr 8.4 9
Val 18.6 21
Ile 13.1 16
Leu 25.0 27
Phe 6.7 6
Met 3.4 5
Trp 5.2 5

The figures for the experimentally determined composition are taken from
Barclay and Ward (1982) and are expressed as residues per 248 amino
acids.

well with a tryptic peptide predicted by residues 1- 10. There
is a discrepancy in the presence of Gly and Ser in Tl composi-
tion but this could be due to small amounts of contamination
with peptide T6 and also the Tl composition cannot be ac-
counted for elsewhere in the OX-2 sequence. The putative
leader sequence is similar to leader sequences of other
glycoproteins with the only unusual point that it is longer
than the average (von Heijne, 1983; Watson, 1984).
The mature protein as shown in Figure 3 contains 248

amino acids and amongst these only one segment is seen that
seems likely to span the lipid bilayer. This is found at residues
203 -229 and contains predominantly hydrophobic amino
acids with no charged residues or amides. The latter residues
are virtually never seen in transmembrane segments
(Komaromy et al., 1983; Kaufman et al., 1984). The
moderately hydrophobic amino acids Thr and Ser are com-
monly found in membrane-spanning segments and the se-
quence 203 -229 contains four Ser residues. To the
C-terminal side of residue 229 is found a stretch of basic
residues and this is a typical feature of sequences on the
cytoplasmic side of a membrane spanning piece. Thus it
seems likely that residues 230-248 are inside the cell and that
the sequence 1-202 is outside.

Carbohydrate structures have only been found on the
extracellular parts of membrane glycoproteins and OX-2 se-
quences suitable for N-glycosylation are found at residues 65,
73, 80, 127, 151 and 160. At position 151 the peptide data
(Table I) shows that glycosylation has occurred since no
amino residue was detected in the sequencer at this position in
peptide T4 (the expected result for Asn residues that have car-
bohydrate attached).

Homology of OX-2 glycoprotein with immunoglobulins,
Thy-I glycoprotein and the poly Ig receptor
Inspection of the sequence for OX-2 glycoprotein showed ob-
vious homologies with the immunoglobulin superfamily with
the N-terminal and C-terminal parts looking like Ig V and C
domains respectively. This is shown in Figure 4a for V do-
main homologies and Figure 4b for the Ig C domains. In both
cases the segments that form fl-strands in the Ig domains are
identified with letters and can be seen in the folding pattern
for Ig domains shown in Figure 7a. In both domains I and II
of the OX-2 sequence are found Cys residues that could form
the conserved disulphide bonds between f-strands B and F
and the tryptophan residue that is highly characteristic of f-
strand C in Ig domains is also present in both OX-2 domains.
Most Ig sequences are also characterised by a pattern of alter-
nating hydrophobic residues in f-strands E and the sequence
Ser Ile Thr Phe in OX-2 domain I fits well with this as does
the Ile Leu Arg Val of domain II.
With regard to the V-like domains, identities are particular-

ly seen around the Cys of f-strand F (residue 91) and this is a
region that shows strong homologies in Ig V domains, Thy-I
antigen and the poly Ig receptor. At positions 6 and 4 residues
before the Cys in fl-strand F almost all Ig V domains have
Asp and Ala or Gly, respectively, and OX-2 fits with this. The
Asp residue may be conserved because it forms a salt bridge
with a conserved Arg (more rarely Lys) residue near the base
of f-strand D (position 63) (R. Poljak, personal communica-
tion; Williams et al., 1984) and in this position an Arg is seen
in the OX-2 domain I sequence.
The numbers of identities and conservative substitutions
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Fig. 4. Alignment of OX-2 sequence with immunoglobulin domains. (A) Alignment of OX-2 domain I sequence with rat Thy-I (Campbell et al., 1981),
poly Ig receptor domain IV (Mostov et al., 1984) mouse MOPC 104E VX, VH NEW M (Kabat et al., 1983). (B) Alignment of OX-2 domain II sequence
with rabbit x B9, mouse MOPC 315), IgG EU CH3 and HLA-B7 C2 (Kabat et al., 1983). In the comparisons with V-type domains (A) or C-type domains
(B), residues identical with OX-2 are boxed and dashes show gaps in the sequence inserted to maximize the alignment. The bars with letters A, B, C, C', D,
E, F and G below the sequences indicate residues involved in forming strands as shown in Figure 7a.

between all the sequences shown in Figure 4a are given in
Figure 5 where it can be seen that the scores for OX-2 with the
other sequences are at least as convincing as are the scores
within the Thy-1, poly Ig R and V domain sequences.
The OX-2 domain II sequence clearly aligns well along the

length of the Ig light chain C domain and heavy chain CH3
domain sequences shown in Figure 4b. Fewer identities are
seen with the Ig-like domain of HLA-B7. In Figure 5 the
scores amongst all the sequences shown in Figure 4b are given
and it can be seen that OX-2 domain II fits well with these Ig
C domain sequences as does the HLA-B7 sequence.
One other homology of interest is that between mouse

Thy-I residues 2-10 and OX-2 residues, 100-107, namely:
rat OX-2 K V - G TA C L
mouse Thy-I KV I LS L TACL|
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The full Thy-I sequence fits best with the OX-2 domain I
sequence but the above identities are between the beginning
of the Thy-I sequence and the junction of the OX-2 domain I
and II sequences. In the book of short sequences (Dayhoff et
al., 1978b) there are 3708 sequences containing Cys residues
but only one TACL sequence (in bacteriophage 4X174 gene
D protein). Thus the above patches of identity may not have
occurred by chance but might indicate a gene duplication
event of a Thy-i like sequence occurring long ago.

Discussion
The sequence data on the OX-2 glycoprotein shows that this
molecule is a member of the Ig superfamily along with the
other structures shown in Figure 6. The OX-2 molecule looks
like a T receptor chain or an Ig light chain with a membrane
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Sequence of MRC OX-2 lymphoid/neuronal membrane glycoprotein
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Fig. 5. Identities and conservative substitutions between MRC OX-2
sequence and Ig V and C domain sequences. The two numbers in each
square give the number of amino acid identities and identities plus
conservative substitutions respectively between the sequences indicated in
Figure 4. Conservative substitutions are those that occur more frequently
than random chance would predict and are those with a score of 1 or more
in Figure 84 in Dayhoff et al. (1978a). For comparisons other than those
involving the OX-2 sequence the alignments were altered from those in
Figure 4 if adjustments, without excessive insertion of gaps, improved the
scores. Thus in all cases the scores are for optimal adjustments as far as
could be judged.
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Fig. 6. Shows models for molecules in the Ig superfamily. Circles marked
V are like an Ig V domain while those marked C are more like Ig C
domains. Intrachain disulphide bonds are shown by symbols (s) interchain
bonds by (s-s) and N-linked carbohydrate structures by ( I ). The figure is
modified from Williams et al. (1984). Data are from: mouse T cell receptor
(Hedrick et al., 1984; Saito et al., 1984). Class I and Class II MHC
(Ploegh et al., 1981; Kaufman et al., 1984). IgM (Kehry et al., 1980).
Thy-1 (Williams and Gagnon, 1982). Poly Ig R (Mostov et al., 1984).

Fig. 7. (A) a strand folding pattern of Ig domains, modified from Amzel
and Poljak (1979). The pattern for a C domain is shown by a dashed line
directly connecting strands C and D. V domains have an extra loop of
sequence in the middle of the domain, indicated here as strand C'.
Positions of asparagine-linked carbohydrate are indicated as circles (0) for
OX-2 domain I and squares (U) for OX-2 domain I1. (B) A model for
OX-2 at the cell surface. The stippled areas show how carbohydrate might
cover most of the exterior surfaces of the molecule. The layer of
carbohydrate would be thicker than drawn here.

integration segment. In Figure 6 we divide the Ig-related
molecules into two categories based on whether or not they
are involved in antigen recognition. The T receptors and im-
munoglobulins directly mediate this function and the MHC
antigens are somehow co-recognised with foreign antigen by
the T cell receptor. The poly Ig receptor clearly has no role in
antigen recognition and the functions of Thy-I and OX-2
glycoproteins are unknown. However it is very difficult to im-
agine that these latter molecules are in any way directly in-
volved in the specificity of antigen recognition. A more likely
possibility is that they are involved in mediating cell-cell in-
teractions on various cell types (Cohen et al., 1981; Williams,
1982; Williams et al., 1984).
The Thy-I and OX-2 glycoproteins are of considerable in-

terest with regard to the evolution of the Ig superfamily since
these are the two simplest structures shown in Figure 6. All of
the structures shown are ultimately believed to have come
from a primordial single domain structure and Thy-I is the
only known contemporary molecule that exists in this way

(f2M is a single domain structure but is found associated with
the large chain of Class I MHC antigens). Furthermore all of
the molecules involved in antigen recognition were probably
derived from a primordial precursor like an Ig L-chain and
OX-2 glycoprotein is a contemporary molecule with these
properties. It is interesting that both Thy-I and OX-2 are
found on neurones and in the case of Thy-I this is the tissue
on which this molecule is conserved between various species.
It is thus possible that the Ig-related molecules first evolved to
function in cell-cell interactions on sensory cells and this idea
is discussed in detail elsewhere (Williams, 1982; Williams et
al., 1984).

In Figure 6 we show the OX-2 glycoprotein as an extended
two domain structure at a cell surface but in reality interac-
tions may occur between the domains. A relevant point here
is the position of the N-linked carbohydrate structures in rela-
tion to the predicted Ig-like folding pattern for the OX-2 do-
mains. This is shown in Figure 7a where it can be seen that in
both domains the three glycosylation sites are in very similar
positions. Furthermore they are found on the same face of
the Ig-fold in both domains I and II. This can be contrasted
with Thy-I glycoprotein which has three N-linked glycosyla-
tion sites predicted to be on 3-strands B, E and G and thus on
the faces of both f-sheets of the domain. The proposed
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restriction of carbohydrates to one side of each OX-2 domain
suggests that the domains may interact via the non-
glycosylated fl-sheets. The faces that would be exposed might
then in large part be covered by carbohydrate. A possible
model for OX-2 glycoprotein taking these ideas into account
is shown in Figure 7b.

Materials and methods
Purification of OX-2 antigen and sequencing of tryptic peptides
5 mg OX-2 antigen was purified from 750 g wet weight of frozen Sprague-
Dawley rat brains by solubilisation with sodium deoxycholate, affinity
chromatography with MRC OX-2 antibody and gel filtration as described
previously (Barclay and Ward, 1982). After removal of sodium deoxycholate
by dialysis against 0.1 M NH4HCO3, OX-2 antigen (2 mg protein;
-70 nmol) was reduced, alkylated, succinylated and digested with trypsin as
described by Campbell et al. (1981). Peptides were purified by gel filtration
and h.p.l.c. and sequenced on a Beckman spinning cup sequencer as in Camp-
bell et al. (1981) and Williams and Gagnon (1982).
Screening the rat thymocyte cDNA library
The oligonucleotide mixture (see Results) was synthesised using the solid
phase phosphotriester method developed by Gait et al. (1980) and purified by
polyacrylamide gel electrophoresis. This probe was radiolabelled by
phosphorylating the 5' ends using T4 polynucleotide kinase (Maniatis et al.,
1982) and [ry-32P]ATP and used to screen a rat thymocyte cDNA library. This
library which will be described in details elsewhere (M. Thomas and A. N.
Barclay, in preparation) was prepared from cDNA made by the loopback
procedure and fractionated on sucrose gradients to give a >1 kb fraction
which was blunt end-ligated into the pAT 153/PvuII/8 vector (Anson et al.,
1984). A complexity of - 160 000 clones was achieved.
The cDNA library was transferred to Whatman 541 filter papers and

chloramphenicol amplified as described by Gergen et al. (1979). The filters
were screened with the oligonucleotide probe essentially as described by
Wallace et al. (1981) employing a hybridisation temperature of 38°C and a
washing temperature of 42°C.
DNA sequencing
Large mol. wt. fragments spanning the coding region of the cDNA clones
were prepared by restriction enzyme digestion and purification by agarose gel
electrophoresis and electro-elution (Girvitz et al., 1980). The majority of these
fragments were further digested with restriction enzymes and labelled at their
3' termini by the Klenow fragment of Escherichia coli DNA polymerase I and
the appropriate 32P-labelled deoxynucleotide triphosphate and then frac-
tionated on polyacrylamide gels or strand separated (Maniatis et al., 1982).
The sequence was determined by the chemical degradation method of Maxam
and Gilbert (1980). A small proportion of the sequence was established by
dideoxy sequencing of cDNA fragments subcloned into M13mp8 (Sanger et
al., 1977; Messing, 1983).
Northern blot analysis
Total thymocyte RNA was fractionated on a 1.507o agarose gel containing for-
maldehyde (Lehrach et al., 1977). Transfer to Gene Screen membrane,
hybridisation and washing followed the procedure recommended by the
manufacturer (New England Nuclear, Boston, USA). Probes from the
pX2/11 and pX2/13 cDNA clones were prepared by purification of the
fragments extending from the 5' end of the cDNA to the XbaI site (Figure 1).
These were labelled with 32p using a nick translation kit from Amersham In-
ternational.
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