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Structure of the murine Thy-i gene
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We have cloned the murine Thy-1.1 (AKR) and Thy-1.2
(Balbic) genes. The complete exon/intron structure and the
nucleotide sequence of the Thy-1.2 gene was determined. The
gene contains four exons and three intervening sequences. The
complete transcriptional unit gives rise to a tissue and develop-
mental stage-specific mRNA of 1850 bp. The 5' end of the
gene has multiple initiation sites and a non-TATA box pro-
moter. The 3' end shows a single polyadenylation site after
a very long untranslated region.
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Introduction
The Thy-l antigen is a small glycoprotein found in large amounts
at the cell surface of brain cells and rodent thymocytes, and in
lesser quantity on a number of other tissues (Campbell et al.,
1981). In many of these tissues, the level of expression of Thy-I
has been shown to vary during differentiation (Owen and Raff,
1970; Schachner and Hammerling, 1974; Bash and Berman,
1982). In the mouse, Thy-I occurs in two allotypic forms refer-
red to as Thy-1. 1 (AKR) and Thy-1.2 (Balblc and others) (Reif
and Allen, 1964) encoded by a gene that maps on chromosome
9 (Blankenhorn and Douglas, 1972). Structural and sequence

homologies between the Thy-I glycoprotein and immunoglobulin
(Ig) domains and other members of the Ig superfamily (Cohen
et al., 1981; McNicholas et al., 1982; Mostov et al., 1984; Clark
et al., 1985) have led to the suggestion that Thy-I may repre-

sent the primordial Ig domain (Williams and Gagnon, 1982) lend-
ing support to the argument that the immune system may have
evolved from the nervous system. Thus, the study of the Thy-l
gene is interesting, both from the point of view of its structure
and the mechanisms which control its tissue-specific expression.
We describe here the isolation of the mouse Thy-1.1 and

Thy-1.2 genes. We present the complete exon/intron organiza-
tion of the mouse Thy-1.2 gene, including the structure of its
5' end exon and flanking promoter region. The results show that
the genomic organization of the Thy-I gene is similar to that of
the other members of the Ig superfamily. The exceptions are the
5' end exon and the promoter region which are different from
those of the Ig superfamily and from the majority of previously
studied eukaryotic genes.

Results
Isolation of the genomic fragment encoding the mouse Thy-l.2
gene

To isolate the mouse Thy-1.2 gene, we used a rat Thy-I cDNA
(Moriuchi et al., 1983) to screen a mouse cosmid library con-
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structed from a partial MboI digestion ofWEHI 3B cell line DNA
ligated to the vector pTCF (Grosveld et al., 1982b). Approx-
imately 4 x 105 recombinants were screened, and we isolated
one clone that hybridized strongly to the rat Thy-I cDNA pro-
be. This clone, pMTI, contains a 40 kb insert which was map-
ped using conventional restriction enzyme double digests. Only
the EcoRI restriction map is shown in Figure 1. Hybridization with
the rat cDNA showed that the mouse Thy-1.2 gene was located
on a single 8.2-kb EcoRI fragment. To facilitate sequence analysis
and study of the expression of the mouse Thy-1.2 gene, the 8.2-kb
EcoRI fragment was subcloned into the expression vector pBSV
(Grosveld et al., 1982a), giving rise to the plasmid pBSTI, to
allow expression from the Thy-I promoter in the presence of
an SV40 enhancer.
We then established that the 8.2-kb EcoRI genomic fragment

contains the entire functional Thy-1.2 gene by sequence analysis
(see below) and DNA-mediated gene transfer. Human HeLa cells
were transfected with the subclone pBSTI, collected 2 days later
and assayed for the presence of the Thy-1.2 antigen on the cell
surface using a monoclonal antibody against Thy-1.2 (Lake,
1979). The HeLa cells show 30% of the binding seen with the
positive control BW5174, the T-cell lymphoma cell line (Goldsby
et al., 1977, data not shown). The results indicate that the HeLa
cells express the mouse Thy-1.2 antigen very efficiently on the
cell surface when transformed with pBST1. If we assume a
transformation efficiency of 20-40% (Banerji et al., 198 1), the
transformed HeLa cells actually express the Thy-I antigen at the
same level as the positive control BW5174. Since it is known
that the introduced gene is usually transcribed from its own pro-
moter in this system (Banerji et al., 1981), it is very likely that
the 8.2-kb EcoRI fragment contains the entire transcriptional unit
of the mouse Thy-1.2 gene.

Nucleotide sequence and complete exon/intron stnrcture of the
mouse Thy-1.2 gene.
To study the intron/exon organization of the Thy-1.2 gene we
obtained additional cDNA clones from a rat thymocyte cDNA
library (Clark et al., 1985) because the pT64 cDNA (Moriuchi
et al., 1983) represents only part of the Thy-I mRNA transcript.
One of the new cDNA clones, pT2, with the longest insert (1600
bp) was selected for complete sequence analysis. At the same
time we isolated all the mouse Thy-1.2 genomic fragments from
pBST1 which hybridized to pT2. The strategy used to sequence
these fragments, which contain the entire transcriptional unit as
well as 600 bp of 5'-flanking sequences, is shown in Figure 1.
Comparison of the genomic pBSTI sequence with the sequence
obtained from the pT2 cDNA permitted the precise identifica-
tion of the exon/intron boundaries; all the splice sites are of the
type 1 as in the other genes of the Ig superfamily (Sharp, 1981)
and in agreement with the consensus sequence at exon/intron
boundaries (Benoist et al., 1980). The 3' end of the pT2 sequence
agrees with a polyadenylation signal at position 6122 (Figure 2)
and represents the 3' end of the mRNA (see below). Lastly, in
contrast to the previously reported structure of the gene (Evans
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Fig. 1. Organization and sequencing strategy of the genomic clone pMTl containing the Balblc mouse Thy-1.2 gene. Only the restriction sites used for
sequencing are marked. The arrows indicate the direction and extent of the fragments sequenced. Exons are depicted as boxes, introns and flanking regions as

lines. 5'UT, 5'-untranslated region; SS, signal sequence peptide; E, extracellular domain; TM, transmembrane-like domain; 3'UT, 3'-untranslated region.

et al., 1984; Seki et al., 1985), the first 27 bp at the 5' end of
the pT2 sequence indicate the existence of at least one more ex-

on 2.6 kb upstream to bring the total number to four exons (see
5' end analysis below).
The exon/intron organization of the mouse Thy-1.2 gene cor-

responds approximatively to the functional domains of the pro-

tein, and is similar to the other members of the Ig superfamily
(Hood et al., 1985). The exception is the 5'-untranslated region
of the mRNA which is encoded by two exons, exon 1 and part
of exon 2 which also contains the signal peptide. Exon 3 codes
for the external domain of the protein. Exon 4 codes for a

transmembrane-like domain and an unusually long 3'-untranslated
region.

3' End analysis of the mouse Thy-1.2 gene

On the basis of their first analysis of a rat Thy-1 cDNA, Moriuchi
et al. (1983) proposed that the Thy-1 gene could be subject to
differential polyadenylation. For a complete Si analysis of the
3' end of the Thy-I mRNA, we used two different probes deriv-
ed from genomic DNA. The first one (Figure 3B) is a 344-bp
Hinfl fragment extending from nucleotide 5932 to 6276 (see
Figure 2 for numbering) and covers the polyadenylation signal
AATAAA located at position 6122. The second is an exon/in-
tron border probe which corresponds to an 805-bp fragment ex-

tending from a BstEII site located at position 4255 in the third
exon to an ApaI site situated in the fourth exon (Figure 3C), and
covers the proposed polyadenylation signal AATAAA at posi-
tion 4543 (Moriuchi et al., 1983). These probes were hybridiz-
ed to total RNA from BW5147 cells, the heteroduplexes were

digested with SI nuclease, and the length of the protected
fragments was determined on a denaturing 5% polyacrylamide
gel. As shown on Figure 3A, the HinfI probe generates two pro-
tected fragments of -210 nucleotides, which would situate the
polyadenylation site - 12-15 bp downstream the polyadenyla-
tion signal at position 6122. This is in agreement with the se-

quence of the rat Thy-1 cDNA clone pT2 (Figure 4B), which
puts the polyadenylation site 12 bp from the sequence AATAAA.

A single protected fragment of 310 nucleotides in length is observ-
ed when the BstElIApaI probe is used (Figure 3A, lane 4), which
corresponds exactly to the border between exon 3 and intron 4.
We did not detect any bands at 300 nucleotides, corresponding
to the poly(A) site in the third exon as suggested by Moriuchi
et al. (1983). Our results are in agreement with the finding that
only one species ofmRNA of - 1850 nucleotides is detected with
a mouse Thy-I probe on a Northern blot of total RNA from
BW5147 cells (Figure 5) or brain and thymus mRNA (not
shown). Interestingly, the same mRNA is developmentally regu-
lated in F9 embryonal carcinoma cells. Figure 5 (lanes 2 and
3) shows that the Thy-I mRNA is undetectable before differentia-
tion but switched on after differentiation of the F9 cells with
retinoic acid (Hogan et al., 1981). Consequently it appears that
the same transcriptional unit is utilized in different tissues and
in early development since it is active in F9 cells, which are

thought to represent early embryonic cell types giving rise to
parietal and visceral endoderm (Hogan et al., 1981).
5' End analysis of the mouse Thy-1.2 gene

The sequence analysis revealed that the only sequence which mat-
ches the first 27 bp of the rat Thy-I cDNA clone pT2, is located
2.6 kb upstream from the exon containing the initiation codon
methionine (Figures 2 and 4A). In order to define the precise
5' end of the mouse Thy-I mRNA, we have used a 5'-labelled
3 1-nucleotide HinfI/HhaI fragment which is part of the putative
first exon as a primer for extension. The result of this analysis
(Figure 6A) shows three major extension products; the longest
corresponding to an A residue at position 594 in Figure 2, the
two other bands correspond to a G and an A residue at position
595 and 597, respectively. Overexposure of the film to the gel
reveals additional weak bands corresponding to 5' end positions
indicted by open triangles in Figure 2. To exclude the possibili-
ty that the extended products seen by primer extension corres-

pond to strong stops for the reverse transcriptase, we confirmed
the 5' end with an S I nuclease protection experiment using total
RNA from BW5147 cells. A 520-nucleotide PstI fragment
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(,TTTCCCUTAACAGGGCCAAGTGTTTTGAGTAACTGAAG(; TGGo,CAT(;,AT(,C CTAGC,AAGCCGAMkACAAGCCCAAG(,AGATGCACCCCTTGCCUTTTCTTCCGA

AGGGCCTGCAGTAGCATGGAAAAGATGGAAAACAACCAAT('CATTCCCTTTG(3TGATATAMCA(GCCTCCAAACCCAAACCTGrTCACTGGCAGGCTCAAGAG

CAGATCTCCAGCCAAGAGGCAAAGGAATGG0GGAAGCTGCkGGCCTCCCTCTGGTTATCCAGGCTTCTGAAGGTTCAAGCAAAGAAAGGGTTACAACCT

TAAAAGGAGAGCGTCCCGGGGCTATGGGTAGAAGA CTG,CTCCACCCCGACCCCCAGG,GTCCCTAMACCGTCTTTTCCTTG,GCGAGTCAGCC CAATCACAGG

ACTGAGAGTGCCTCTTTAGTAGCAGCAAGCCACTTCGGACACCCAAATGGAACACCTCCAGTCAGCCCTCGCCGACCACCCCACCCCCTCCATCCTTTTC
0 0OS S

CCTCAGCCTCCGATTGGCTGAATCTAGAGTCCCT CCCTGCTCCCCCCTCTCTCCCCACCCCTGGTGAAAACTGCGGGCTTCAGCGrCTGGGTGCAGCAACT

GGAGGCGTTGGCGCACTAGGAGGAGGCTGC AGCTAGGGGAGTCTAGQICAGAGCAGGCCCGACGGGAGGGACCCGCACATGCAAGGACCGCCGCAGGGCGG

GATGCAAGCCTTCCCCAGCTACAGTTTTGG,GAAAGGATACTAAGGCGCT CCTATATGGGGG,CGCGGGCAACTTGG,GGAAAGAAGGTGCT CCCAAGTCGAGG

TGGCAGAGGAAGGCAGTGCGGCGTCACGGGCTTTCTCCCTGCTAACGGACGCTTTCGAAGAGTGGGTGCCGGAGGAGAACCATGAGGAAGGACATCAAGG

5'UT

CCATAACCCACTGTTATCAAATCTAAGTCATTTGCCACCCAACAACCATCAGGAGGCGGAAGCAGACGGGAGGAGTTTGAGATCAACTTGGGCTACATCA

CGAGTTCCAAGCTCACCAAGGCTTCTTAAGGAGACCTTGTCTCTAAAATTAATTAATTAATTAATTAATAGTCCCCTTTCTCTGC CACAGAACCTTGGGA

TCTGGCTCCTGGTCGCAGCTCCCCCCACCCCAGGCTGACATTCACTGCCATAGCCCATCCGGAAATCCTAGTCTATTTCCCCATGGATCTTGAACTGCAG

1800 GACAGCCTGCCGGTGTGTTGAGCTAGGGCACTGTGGGG......................About 1 .4 Kb.
-19
MetAsnProAlaIleSerValAlaLeu

3300 ... CACCTGTCCTACCAGCTGGTTGACCTGTAGCTTTCCCCACCACAGAATCCAAGTCGGAACTCTTGGCACCATGAACCCAGCCATCAGCGTCGCTCTC
-10_ _
LeuLeuSerV S S

3400 CTGCTCTCAGGTACTGGGCAAGGGTCAGGGCTGGCATTCTAAGGAATT...............about0.6 Kb.. ................

4100 ..........ACCAATACCTCAAGGGCGAGTGCAAACCCCACATCCCCCCAGCTCAAGTCTACTTTTCCTGCAGGTGGGAGGCCCCGGGTCTGTGTCTCCC
-1 1 10

alLeuGlnValSerArgGlyGlnLyaValThrSerLeuThrAlaCysLeuValAsnGlnAsnLeuArgLeu
4200 CAAATTCAGAGAAGGCACTGCTGTGCCAGTCTTGCAGGTGTCCCGAGGGCAGAAGGTGACCAGCCTGACAGCCTGCCTGGTGAACCAAAACCTTCGCCTG

20 30 40 50
AspCysArgHi AGluAsnAAnThrLysAspAanSerIlelInHiaGluPheSerLeuThrArgGluLyRArgLysHisValLeuSerGlyThrLeuGlyI

4300 GACTGCCGCCATGAGAATAACACCAAGGATAACTCCATCCAGCATGAGTTCAGCCCTGACCCGAGAGAAGAGGAAGCACGTGCTCTCAGGCACCCTTGGGA
60 70 80

leProGluHiiThrTyrArgSerArgValThrLeuSerAnnGlnProTyrIleLyaValLeuThrLeuAlaAanPheThrThrLyaAspGluGlyAspTy -
4400 TACCOGAGCACACGTACCGCTCCCGCGTCACCCTCTCCAACCAGCCCTATATCAAGGTCCTTACCCTAGCCAACTTCACCACCAAGGATGAGGGCGACTA

90 100
rPheCyeGluLeuGlnValSerGlyAlaAanProMetSerSerAsnLyeSerI leSerValTyrArgA

4500 CTTTTGTGAGCTTCAAGTCTCGGGCGCGAATCCCATGAGCTCCAATAAAAGTAT CAGTGTGTATAGAGGTGAGACTGGTTCCCAGAGAGATAAAATGTCT

4600 AGGTTAGCTAGGCTGGGGTAGCCAATAAAAtAAAAAAAAACGGGCACCTCCATTACCCTTCCCCTAACTGCTGGTCTCCTGGGAAACTGCTGCTGTCT

4700 ATGTGAGTGGGGCAAGATTAGGGG .........About 0.16 Kb .......... CCGCCTGAGTCCTGATCTCCCCTCCGCCCGGCACCCCTTCTCTA
110 120 130

apLyALeuValLysCysGlyGlyIleSerLeuLeuVqlGInAAnThrSerTrpMetLeuLeuLeuLeuLeuSerLeuSerLeuLeuGInAlsL T
4900 TCCACAGACAAGCTGGTCAAGTGTGGCGGCATAAGCCTGCTGGTTCAGAACACATC CTGGATGCTGCTGCTGCTGCTTT CCCTCTCCCTCCTCCAAGCCC 1 v

140 143 T
euAspPheI leSerLeuTERI

5000 TAGACTTCATTTCTCTGTGACTGGTTGGGCCCAAGGAGAAACAGGAGCCCTCGAGGTCCTTCCTCTGCAGAGGTCTTGCTTCTCCCGGTCAGCTGACTCC

5100 CTCCCCAAGTCCTTCAAATATCTCAGAACATGGGGAGAAACGGGGACCTTGTCCCTCCTAAGGAACCCCAGTGCTGCATGCCATCATCCCCCCCACCCTC

5200 GCCCCCACCCCCGCCACTTCTCCCTCCATGCATACCACTAGCTGTCATTTTGTACTCTGTATTTATTCTAGGGCTGCTTCTGATTATTTAGTTTGTTCTT

5300 TCCTTGGAGACCTGTTAGAACATAAGGGCGTATGGTGGGTAGGGGAGGCAGGATATCAGTCCCTGGGGCGAGTTCCTCCCTGCCAACCAAGCCAGATGCC

5400 TGAAAGAGATATGGATGAGGGAAGTTGGACTGTGCCTGCACCTGGTACAGTCACACTCTGTTGAAAGAATCATCGGGGAGGGGGGGGGCTCAAGAGGGG

5500 AGAGCTCTGCTGAGTCTTTGTGGACCATCCAATGAGGATGAGGGCTTAGATTCTACCAGGTCATTCTCAGCCACCACACACAAGCGCTCTGCCATCACTG |IT

5600 AAGAAGCCCCCTAGGGCCTTGGGCCAGGGCACACTCAGTAAAGATGCAGGTT CAGTCAGGGAATGATG(;GGAAAGGGGTAGGAGGTGGGGGAGGGAT CAC x

5700 CCCCTCCTCTAAAACACGAGCCTGCTGC CTCCAAAGGCCTCTGCCTGTAGTGAGGGTGGCAGAAGAAGACAAGGAGCCAGAACTCTG;ACTCCAGGATCTA

5800 AGTCCGTGCAGGAAGGGGATCCTAGAACCATCTGGTTGGACCCGGCTTACCAAGGGAGAGCCTTTATTCTTCTTTTCCCTTGCCCCTCTGTGCCAGCCCC

5900 TCTTGCTGTCCCTGATCCCCCAGACAGCGAGAGTCTTGCAACCTGCCTCTTCCAAGACCTCCTAATCTCAr.GGGCAGGCGCTGGAGTGAGATCCGGCGTG

6000 CACACTTTTTGGAAGATAGCTTTCCCAAGGATCCTCTCCCCCACTGGCAGCTCT(;CCTGTCCCATCACCATGTGTAATACCACCACTGCTACAGCGTCTC

61 00 ACCGAGGAAAGAAAACTGCACAATAAAACCAAGC CTCTGGAGTGTGTCCTGGTGTCTGTCTCTTCTGTGTCCTGGCGTCTGT CTCTTCTCGTGTT(,TTCCA

6200 AGGTCAGAAACAAAAACC ACACACTTCAACCTAGATGGCTCGGCTGAGCACTTCTGTCTGCAGAAGGTCCAACCGA CTCTGGGTACCCGGCCCTCCCTAT

6300 TCCCTTGCCTCCTGTCTCCC(;CTTTTTATAGCTC CCTATG;CTG(GGCTT CTCTGGAGAGTCAAATCTTTGCCCAAATCAATGCGCATTCTCTCTGCTGAGT

6400 CATCTGGCGACAGCAGTTTG;AGTT CACCCGCCAAACACATGGGCCCAGCTATGTAG

Fig. 2. DNA sequence of the mouse Thy-1.2 gene. The amino acid sequence is shown above the DNA sequence. The splice signal dinucleotides GT and AG
and the polyadenylation signal AATAAA are underlined. The location of the mRNA cap sites as determined by SI nuclease and primer extension analysis are
indicated by circles and triangles, respectively. Open symbols indicate weak bands on the autoradiographs.
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leotide kinase, sion analysis. It should be noted that the characteristic TATA
tment with the (and CAAT) box usually present in eukaryotic promoters are ab-
ved on the gel sent in the region upstream of these putative cap sites, instead,
36 nucleotides it contains an A-rich sequence at -26 and several CG-rich areas
ther bands cor- as found in other non-TATA box promoters, in particular, the
primer exten- hexanucleotide CCTTGGTG at -34 which is also found in the

mouse dihydrofolate reductase (DHFR) promoter (Crouse et al.,
1982).
To show that these sequences can initiate transcription, the

520-bp PstI fragment containing the Thy-I gene 5' end was clon-
ed in front of the chloramphenicol transferase (CAT) gene with
HindlII linkers to yield the plasmid pBr.Tl.CAT. In addition
to pBr.Tl .CAT, we made a further construct (pBr.Tl .SV.CAT)
by inserting the SV40 enhancer element at the 3' side of the CAT
gene (Figure 7). Both of these constructs and the control plasmids
pSV2CAT and pSV1CAT (Gorman et al., 1982) were introduced
into L-cells by calcium phosphate precipitation (Wigler et al.,
1979) and in BW5147 cells (not shown) with DEAE dextran
(Deans et al., 1984). After 60 h the cells were harvested and
analyzed for CAT activity (Gorman et al., 1982). The L-cell
result (Figure 8) shows that the Thy-I promoter (pBr.Tl .CAT)
is comparable with the SV40 promoter (pSV l.CAT) without
enhancer (lanes 2 and 4, Figure 8). The Thy-1 promoter is
stimulated to efficient expression by the insertion of the SV40
enhancer 3' to the CAT gene (pBr.Tl.SV.CAT, lane 3), and
is comparable with the SV40 promoter plus enhancer
(pSV2.CAT, lane 1). A similar result is obtained with the
BW5174 cells at a much lower efficiency due to a very ineffi-
cient rate of transformation. The stimulated transcription with

--- the SV40 enhancer is in agreement with the observed efficient
expression of the whole Thy-I gene (see above) in the expres-
sion plasmid pBSV which also cotains an SV40 enhancer
(Grosveld et al., 1982a).
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Fig. 3. Mapping the polyadenylation site at the 3' end of the Thy-I mRNA.
Total BW5147 cells RNA (25 itg, lanes 2 and 4) or yeast tRNA (10 Itg,
lanes 1 and 3) was annealed to 3' end-labelled probes and RNA/DNA
hybrids were digested with SI nuclease (Weaver and Weissman, 1979). The
autoradiogram is shown in panel A. The HinfI 3' end probe shown on
panel B was used in lanes 1 and 2, the BstEHI/ApaI exon 3/intron 4
junction probe shown on panel C was used in lanes 3 and 4. The markers
were pBR322 x HinfI. P indicates the positions of the input probes and
arrows the positions of the protected fragments.

Comparison of the mouse 7hy-1.] gene and Thy-1.2 gene
Southern blot analysis of several different mouse strains showed
restriction fragment length polymorphisms (RFLPs) for the Thy-1
gene, most notably between the Thy-1.2 (Balblc) gene and the
Thy-1.1 (AKR/j) gene. The product of these genes has been
reported to differ by a single amino acid at position 89 (Figure
2; Cotmore et al., 1981; Williams and Gagnon, 1982). However,
of the fragments generated by treatment with restriction enzymes
tested, only the EcoRI fragments were very similar (data not
shown). To analyze this in more detail, the Thy-1. 1 gene from
AKR/j mice was cloned as an 8.2-kb EcoRl fragment in X phage

A
Cap Intron 1

Mouse Thy-1 .2 gene

Rat Thy-1 cDNA

B

Mouse Thy-1 .2 gene

Rat Thy-1 eDNA

GCAGCAACTGGAGGCGTTGGCGACTAGGAGGAGGCTGC-AGCTAGGGGAGTCTAG ........ AATCCAAGTCGG
I I I I

AGGAGGCTGCAAGCTAGGGGAGCCCAG ........ -ACCCAGGACGG

Polyadenylation site

AGGAAAGAAAACTGCACAAT ACCAAGCCTCTGGAGTGTGTCCT
IA I

AAGGAAGAGAACTGCACAAT CAAAGCCTGTGGAAAA AAAAAAAAAAA

Fig. 4. Comparison of the mouse Thy-1.2 genomic DNA sequence with the rat Thy-i cDNA clone pT2. (A) exon I of the mouse Thy-1.2 gene as compared
with the 5' end of the rat cDNA. (B) sequences polyadenylation signal at the 3' end of the cDNA and the mouse Thy-1.2 gene. (I) indicates nucleotide
differences.
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Fig. 5. Northern blot analysis of the Thy-i mRNA. Lane 1, 25 ug total
BW5147 cell RNA. Lanes 2 and 3, 10Lg poly(A)+ RNA obtained from
undifferentiated and differentiated F9 cells, respectively. The probe used to
hybridize these blots is the BstEHIApaI restriction fragment shown in Figure
3, panel C. Size markers are mouse ribosomal 28S and 18S RNA and 4S
tRNA.

641 (Murray et al., 1977). Twelve positive in 105 plaques were
identified and the 8.2-kb insert was subcloned in the expresison
vector pBSV. As expected, sequence analysis showed a single
base pair substitution (A- G) at the amino acid 89 position chang-
ing the Gln to Arg, to account for the two different allotypes
of the murine Thy-I antigen. In addition to this, both sequence
and restriction enzyme mapping showed additional differences
between the genes (Figure 9); a 30-bp and 200-bp deletion/in-
sertion at 1100 bp and 800 bp upstream from the CAP site,
respectively, a 160-bp insertion/deletion in the first intron, a 13-bp
insertion/deletion in the third intron and, finally, an 1 -bp in-

sertion in the last exon. Moreover, a number of restriction sites
(KpnI, NcoI, XbaI) have changed in the first intron. All of these
changes have been confirmed by genomic blotting data (not
shown). Inerestingly, when the Thy-l. I gene from AKR/j is com-
pared with the partial sequence of the Thy-1.2 gene from
C57.BL/6 (Seki et al., 1985), the homology is higher than the
homology found between the Thy-1.2 gene from C57.BL/6 and
the Thy-1.2 gene from Balbic.

Discussion
We have cloned the genes encoding the two allotypic forms of
the mouse Thy-i antigen and the structure of the mouse Thy-1.2

520 nt

Fig. 6. Mapping the sites of transcription initiation by primer extension and
SI nuclease analysis. Panel A shows the result of the primer extension
analysis using a 31-nucleotide primer complementary to the position
612-643 (see Figure 2) and 25 itg of total RNA from BW5147 cells (ane
2) or 10 yig yeast tRNA (lane 1). Panel B shows the result of the SI
nuclease analysis. Total RNA from BW5147 cells (25 jsg, lane 2) or yeast
tRNA (10 ;tg, lane 1) was annealed to a 5' end-labelled probe and subjected
to SI nuclease digestion. Panel C shows the PstI 5' end probe used for the
S1 nuclease analysis. Exon 1 of the mouse Thy-1.2 gene is represented by
an open box. P indicates the position of the input primer or the input probe.
M indicates the pBR322 x HinJI marker fragments. Arrows indicate the
major extended product or protected fragment in the respective experiments.

gene has been determined. The gene consists of four exons, which
correspond approximately to the functional domains of the pro-
tein. The transcription unit of the mouse gene spans 6 kb of
genomic DNA of which the coding and non-coding regions total
1700 bp after processing. This is consistent with a size of 1850
nucleotides determined for the Thy-I mRNA on Northern blots
(Figure 5), assuming a poly(A) tail of - 150 nucleotides (Sawiki
et al., 1977). Using primer extension and SI nuclease mapping
assays, we have defined the borders of the transcriptional unit.
The Thy-I mRNA has multiple sites of transcription initiation
at the 5' end, and a single polyadenylation site at the 3' end of
the gene. This last finding contradicts Moriuchi et al. (1983),
indicating a cloning artefact rather than their suggestion that the
Thy-I gene is subject to differential polyadenylation.
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Fig. 7. Construction of CAT expression vectors containing the 5' region of the Thy-I gene and the SV40 enhancer. pBR CAT was constructed as described
(Walker et al., 1983). The 520-bp PstI fragment containing the Thy-I promoter was obtained from pBSTI. The PvuII/NcoI restriction fragment containing the
SV40 enhancer was obtained from pSV2-CAT (Gorman et al., 1982). Arrows indicate the direction of transcription. Enzymes used: H, HindlII; B, BamHI;
P, PstI; N, NcoI; Pv, PvuII; RT, reverse transcriptase.

*E

Ac3

Acl

Cm

1 2 3 4

Fig. 8. Assay of CAT activity in mouse L-cells transfected with CAT
expression vectors. Cells were transfected with 10 itg of DNA and assayed
60 h later for CAT activity. Lane 1, pSV2-CAT; lane 2, pSVI-CAT; lane
3, pBRTI-SV-CAT; lane 4, pBRTI-CAT. CM, chloramphenicol; Acl,
1-acetylchloramphenicol; Ac3, 3-acetyl-chloramphenicol.

Although the physiological role of Thy-I is still not clear, the
analysis of its exon/intron structure fully confirms its homology
with the Ig superfamily of proteins (Williams and Gagnon, 1982),
the different functional domains of the protein are encoded on

separate exons with the exception of the 5' leader sequence of
the gene which is divided over two exons. This property is shared
by ,32-microglobulin, the only other published protein in the Ig
superfamily that contains a single extra cellular domain. Thy-I
might therefore be more closely related to (32-microglobulin than
was suggested by Hood et al. (1985). Comparison of the Thy-I
genes from different mouse strains shows that the Thy- 1 . 1 gene
is more similar to the C57BL/6 Thy-1.2 (Seki et al., 1985) than
is the Balblc Thy-1.2 gene. At present we do not know whether
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this indicates a high degree of polymorphism of the Thy-I gene
or whether this represent a very limited number of variant genes
propagated by inbreeding.
The mouse Thy-I glycoprotein is expressed in a developmen-

tal stage- and tissue-specific manner, its highest levels being found
at the cell surface of thymocytes and brain cells. Recently, re-

introduction of a cloned Thy-1.2 gene into different cell lines
showed that the resulting transformants express up to 50-fold
more cell surface Thy-1.2 antigen when the cell lines transformed
already expressed the Thy-I antigen at its cell surface (Evans
et al., 1984). Although no data on the levels of the Thy-I mRNA
were presented, these results suggest that the Thy-I gene might
be subject to cell-specific transcriptional control. Thus, analysis
of the mouse Thy-I gene structure is a crucial first step toward
studying the mechanisms which regulates its expression. In-
terestingly, sequencing analysis reveals that the Thy-I promoter
is unusual. The immediate 5'-flanking region of the putative cap
site contains a relatively high G/C content (68%) and lacks the
conserved TATA and CAAT boxes normally found in the ma-

jority of eukaryotic promoters (Corden et al., 1980). Few pro-
moters which share these unusual characteristics have been
described. They include viral promoters (Baker et al., 1979;
Baker and Ziff, 1981) the human ,B-tubulin gene (Lee et al., 1983)
as well as the genes encoding different 'housekeeping' enzymes
(Crouse et al., 1982; Melton et al., 1984; Reynolds et al., 1984;
Valerio et al., 1985). For most of these genes, the absence of
a conserved TATA box produces mRNAs whose 5' termini are

heterogeneous, a phenomenon also observed for the Thy-I
mRNA. Short regions of homology have been observed between
certain of these promoters, especially with the sequence
CCGCCC present in the SV40 early transcriptional unit
(Reynolds et al., 1984; Melton et al., 1984). However, only one

strong region of homology could be detected when the Thy-i
promoter was compared with the above-mentioned genes at posi-
tion -34 with the corresponding region of the mouse DHFR gene
(Crouse et al., 1982). This makes the Thy-I promoter unique
and deletion mutant studies are in progress to identify sequences
responsible for the correct initiation of the Thy-I mRNA per se.

Thy-1 5' region

p

Exon 1
-

pI
520 bp
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Fig. 9. Comparison of the Thy-i locus in different mouse strains. Open boxes indicate exons. Different size triangles show different size DNA insertions and
(I) indicates the presence of a restriction site. N, Ncol; K, KpnI.

In addition, preliminary results suggest that more than just the
5' end of the gene is required to obtain tissue-specific expres-
sion (Giguere, unpublished).

Previous studies (Stemet al., 1975) have shown that the Thy-I
antigen can be detected on differentiated embryonal carcinoma
cells. This observation is confirmed for F9 EC cells at the level
of Thy-i mRNA (Figure 5). At present we cannot distinguish
between the two possible mechanisms for the increase of the
mRNA; either stabilization of Thy-I mRNA (which was rapidly
turned over before differentiation) or alternatively, a transcrip-
tional activation. Either way, since F9 EC cells can be transform-
ed by DNA-mediated gene transfer and give rise to regulated
expression of exogenous genes (Rosenthal et al., 1984), this
should provide an interesting system to study the early expres-
sion of Thy-l.

Materials and methods
Isolation ofThy-i genomic clones
The murine Thy-1.2 gene was isolated from a cosmid pTCF library of a Balb/c
WEHI 3B (Warner et al., 1969) cell line DNA as described by Grosveld et al.
(1982b). The library was screened with a Thy-1.2 cDNA insert as a probe
(Moriuchi et al., 1983). One positive clone was isolated and mapped by stan-
dard double restriction enzyme digests. The murine Thy-i. 1 gene was cloned
from AKR DNA which was enriched for the presence of the 8.2-kb Thy-I EcoRI
fragment by preparative gel electrophoresis. The purified material was cloned
into X 641 (Murray et al., 1977) to yield a partial library of 105 recombinant
phage plaques. Twelve positives were picked after hybridization with a BstEll-
ApaI Thy-1.2 third exon probe. The 8.2-kb Thy-I containing EcoRI fragments
were isolated by gel electrophoresis and recloned in the expression vector pBSV
(Grosveld et al., 1982a) by standard procedures.

DNA-mediated transfection and CAT assay
The recombinant DNA construct, either with pBSV or the CAT plasmids were
introduced into eukaryotic cells by calcium phosphate co-precipitation (Wigler
et al., 1979) or by DEAE-dextran as described by Deans et al. (1984). After
transfection of HeLa cells with the pBSTl (Thy-I pBSV) the cells were harvested
after 2 days in culture (ca MEM 10% NBCS) and analyzed for the presence of
the Thy-I antigen on the cell surface with a monoclonal anti-Thy-I antibody by
standard procedures. After transfection with the CAT gene constructs the mouse
L-cells were grown for 72 h in ca MEM 10% NBCS and prepared for CAT assays
as described by Gorman et al. (1982).
Analysis of the Thy-1.2 mRNA
Total RNA was isolated from cells in culture by the guanidium/caesium chloride
method (Glisin et al., 1974; Ullrich et al., 1977). Northern blot analysis was
performed as described by Thomas (1983). SI nuclease analysis was performed
as described (Berk and Sharp, 1977; Weaver and Weissman, 1979) using probes
end labelled by T4 polynucleotide kinase or reverse transcriptase to a specific
activity > 107 c.p.m./4g.
For primer extension analysis, a 474-bp XbaI/BstEII restriction fragment was

purified on agarose gel, cut with Hinfi, end-labelled by T4 polynucleotide kinase,
recut by HhaI and repurified on an 8% polyacrylamide-7 M urea gel. The single-
stranded 31 nucleotide long Hinfl-HhaI primer was eluted from the gel and its
purity confirmed by sequencing. We suspended 25 /sg of total RNA and -0.2
pmol of 32P-labelled primer in 10 ytL of buffer containing 400 mM NaCI, 10 mM
Pipes pH 6.4. The mixture was sealed in a glass capillary, denatured at 90°C
for 2 min, and allowed to hybridize overnight at 500C. To initiate primer exten-
sion, the glass capillary was broken and its contents delivered into reactive mix-

ture containing 50 mM Tris HCI pH 8.2, 10 mM DTT, 6mM MgCl2, 0.5 mM
of each dNTP, 2.5 ug actinomycin D and 10 units of reverse transcriptase. The
reaction was incubated at 41°C for 1 h and the extended products analyzed by
electrophoresis on 8% polyacrylamide-7 M urea gel followed by autoradiography.
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