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ABSTRACT The mouse Thy-1.2 gene was isolated from a
C57B1/6 cosmid library and its nucleotide sequence was
determined from an 8-kilobase-long EcoRI fragment. The
predicted amino acid sequence indicates that the mouse Thy-i
molecule contains a 19 amino acid leader peptide and the 112
amino acids reported previously from protein sequence analy-
sis, plus 31 extra amino acids at the carboxyl terminus. These
31 amino acids contain a stretch of 20 amino acids, at positions
124-143, which is highly hydrophobic. RNA transfer blot
analysis ofRNA from mouse tissues indicates that the sequence
coding for these 31 amino acids is present on poly(A)-containing
RNA of brain and thymus tissues. This hydrophobic segment
very likely provides the basis for integration ofThy-i within the
plasma membrane. The entire coding sequence of Thy-i is
distributed among three exons, encoding amino acid residues
-19 to 8, -7 to 106, and 107 to 143, respectively. Comparison
of the mouse and rat Thy-i genes shows that both have a similar
gene organization and encode a highly conserved transmem-
brane segment.

The Thy-1 antigen was originally defined in mice as a cell
surface alloantigen of thymus and brain with two allelic
forms, Thy-L. and Thy-1.2 (1). Subsequently, the Thy-L.
determinant was identified in rats (2). In both species, Thy-i
is present in large amounts on the surface ofthymus and brain
cells, with about 600,000 molecules per cell on rat
thymocytes and equivalent amounts on brain cells. Thus,
Thy-i is probably the most abundant surface glycoprotein of
both cell types (3). In rodents, Thy-i is also expressed in
small amounts on fibroblasts (4), epidermal cells (5), mam-
mary glands (6), and immature skeletal muscle cells (7). In
many of these tissues the level of Thy-i expression changes
dramatically during cell differentiation.
The molecules expressing the Thy-i antigenic determinant

have been isolated from rat and mouse brain cells (8, 9).
Thy-1 has been shown to have a molecular weight of 17,500,
one-third ofthe molecule being carbohydrate and the remain-
der being a polypeptide of 111 amino acids in rat (10) and 112
amino acids in mouse (11).

Glycoproteins that are structurally related to rat and mouse
brain Thy-i have been purified from the brain ofhumans (12),
dogs (13), chickens (14), and frogs (15), and even from
invertebrate squid (11). Although the expression of Thy-i
seems to be conserved in neuronal cells and fibroblasts, its
expression on lymphoid cells varies remarkably between
species (16). For example, Thy-i is present on peripheral T
cells of mice but absent from T cells of man and rats.
Furthermore, of these three species, only rats express Thy-i
in bone marrow cells (17). Thus, Thy-1 represents an interest-
ing model for studies of differential tissue expression of
membrane molecules.

The Thy-i molecule was previously thought to have an
unusual mode of integration in the membrane. Although
Thy-i can be heavily labeled in the thymocyte membrane by
an affinity label that reacts only with the hydrophobic region
ofmembrane proteins (18), biochemical studies have failed to
demonstrate any extended sequence of hydrophobic amino
acids that might function as a transmembrane segment.
However, based on the observation that the COOH-terminal
peptide displays hydrophobic properties, it has been pro-
posed that Thy-i is anchored to the membrane through a
hydrophobic glycolipid attached to the carboxyl-terminal
cysteine residue at position 111 (10). We have recently
isolated rat Thy-i cDNA and genomic clones and the results
indicate that Thy-i is in fact a molecule of 142 amino acids,
31 amino acids longer than proposed previously (19). Within
these extra 31 amino acids there is a hydrophobic segment of
20 amino acids, which appears to function as a transmem-
brane component anchoring Thy-i to the cell surface.

In this study, we report the isolation of mouse Thy-i
genomic clones from a C57B1/6 cosmid library and the DNA
sequence analysis of the mouse Thy-I gene. In addition, the
predicted amino acid sequences and organization of the
mouse and rat genes are compared.

MATERIALS AND METHODS
DNA Cloning. A cosmid library of mouse C57B1/6 DNA

was constructed in the cosmid vector c2RB as described (20)
with minor modification. The mouse C57B1/6 DNA was
partially digested with Sau3A to an average size of about 40
kilobases (kb) and then dephosphorylated before ligation
with BamHI- and Sma I-digested c2RB DNA. A high ATP
concentration was used during the ligation reaction to pre-
vent thejoining ofthe Sma I blunt ends. The ligatedDNA was
packaged in vitro and used to infect Escherichia coli strain
1046. The mouse library was screened by using the insert of
the rat Thy-i cDNA clone (21) as a hybridization probe. The
DNA of putative Thy-l-positive clones was purified by using
a minipreparation procedure (see below). The DNA was
cleaved with EcoRI and other appropriate restriction en-
zymes and electrophoresed on a 0.6% agarose gel for South-
ern blot analyses. Confirmed Thy-i-positive cosmid clones
were then digested with EcoRI and subcloned into the EcoRI
site of pBR322. The subcloned DNA was used to transform
E. coli strain HB101 and the colonies were screened with the
original Thy-i probe. The general procedures for the growth,
screening, and analysis of cosmid libraries, as well as
nick-translation and Southern blot analyses, were performed
as described (22, 23).
DNA Preparation. The preparation of DNA from putative

Thy-i clones was performed by using the alkaline-extract
method (24) with some modifications. A single bacterial
colony was cultured (40 ml) overnight without any amplifica-
tion. The bacteria were pelleted and resuspended in 50 mM

Abbreviations: kb, kilobase(s); bp, base pair(s); UT, untranslated.
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glucose/10 mM EDTA/25 mM Tris HCl, pH 8.0, without
lysozyme. The cells were lysed by the addition of 2 vol of 0.2
M NaOH/1% NaDodSO4, and the cellular DNA was precip-
itated by addition of 0.5 vol of 3 M potassium acetate (pH
5.2). The plasmid DNA remaining in the supernatant was
precipitated with 0.6 vol of isopropanol. The DNA was
resuspended in 10 mM Tris.HCl/1 mM EDTA, pH 8.0,
treated with DNase-free RNase, phenol extracted, and then
precipitated with 2.5 vol of ethanol. The DNA isolated by this
procedure can be used for endonuclease restriction enzyme
digestion and ligation for subcloning. Large-scale DNA
preparation was performed as described above, except that
CsCl gradient centrifugation was used for purification of the
plasmid DNA prior to RNase treatment and phenol extrac-
tion.
DNA Sequence Analysis. The Thy-i-positive subclones

pcT108 and pcT34 were subjected to nucleotide sequence
analyses. The entire genomic clone was cleaved at selected
sites with restriction endonucleases and fragments cor-
responding to the insert were purified by agarose gel elec-
trophoresis and electroelution or electrophoresis on low-
melting-point agarose (Bethesda Research Laboratories) and
extraction with 0.3 M NaOAC (pH 5.2)-saturated phenol.
Fragments were dephosphorylated with calf intestinal alka-
line phosphatase and end-labeled with T4 polynucleotide
kinase. Only one of the fragments was end labeled by filling
in with DNA polymerase I. Double-end-labeled fragments
were digested with restriction enzymes, separated on agarose
gel or low-melting-point agarose, and eluted from gels. The
appropriate fragments were then subjected to partial chemi-
cal degradation sequence analysis as described (25).
RNA Analysis. Total RNA from mouse tissues was isolated

as described (26). The poly(A) fraction was purified on an
oligo(dT) column (27) and RNA transfer blot analysis was
performed as described (28). Mouse poly(A)-RNA was elec-
trophoresed on a 1.2% formaldehyde/agarose gel, blotted
onto a nitrocellulose filter, and hybridized with the 32P_
labeled fragment Pv3 in 50% formamide at 42°C.

RESULTS
Isolation and Characterization of Mouse Thy-i Genomic

Clones. Mouse C57BI/6 DNA, partially digested with Sau3A
to an average size of 40 kb, was used to construct a cosmid
library in the vector c2RB (20). The library was screened with
a 32P-labeled insert of the rat thymocyte Thy-i cDNA clone
pT64 (21). After screening 175,000 clones, 3 independent
clones, CT10, CT34, and CT5F, were isolated. Southern blot
analysis of EcoRI-digested DNA using rat Thy-i as a probe
showed that each clone had only one hybridizing band but
only clone CT10 had an 8-kb EcoRI-hybridizing fragment.
This corresponded to the size of the Thy-i hybridizing
fragment obtained by Southern blot analysis of EcoRI-
digested mouse cellular DNA. Partial restriction enzyme
mapping of all 3 clones indicated that they were overlapping
and that clone CT10 shared only 4 and 2 kb of its 3' end with
clones CT34 and CT5F, respectively (Fig. 1A). The total
insert of all 3 clones spans -75 kb of the mouse genome. The
Thy-i-hybridizing EcoRI fragments of clones CT34 and CT10
were subcloned into the EcoRI site of pBR322 and the
resultant subclones, pcT34 and pcT108, were analyzed by
restriction enzyme mapping (Fig. 1B) and subjected to DNA
sequence analysis by using the protocol illustrated in Fig. 1C.

Structure of the Mouse Thy-i Gene. The nucleotide se-
quence of the mouse Thy-i gene and the predicted protein
sequence of mouse Thy-i are shown in Fig. 2. The
intron-exon organization of the gene was established by
comparison of its sequence with the nucleotide sequence of
a rat Thy-i cDNA clone, which contains the entire coding
sequence ofthe mature protein (19), and by comparison ofthe
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FIG. 1. Restriction enzyme maps of Thy-i genomic clones. (A)
Partial EcoRI digestion maps of Thy-I-containing clones CT10,
CT34, and CT5F are shown. Clone CT10 shares only 4 and 2 kb of
the 3' end of the Thy-i gene with CT34 and CT5F, respectively,
making the total insert of these clones span 75 kb ofDNA along the
mouse genome. (B) Partial restriction map of the Thy-i-containing
genomic clone pcT108 and the intron-exon organization ofthe mouse
Thy-i gene. The boxed areas denote the coding regions of Thy-l. The
amino acids were numbered relative to the amino terminus of the
protein sequence as determined. (C) The strategy for sequencing the
Thy-i gene. The pBR322 clones containing the EcoRI insert of Thy-i
were cleaved at selected sites with restriction endonucleases as
indicated. The fragments were isolated and 5' end-labeled with T4
polynucleotide kinase or 3' end-labeled by filling in with DNA
polymerase I. Double-end-labeled fragments were digested with
restriction enzymes, separated on the agarose gel, eluted, and then
subjected to DNA sequencing by the method of Maxam and Gilbert
(25). The extent of sequence determined from each fragment is
indicated by the length ofthe arrow. The solid circle and vertical lines
at one end of each arrow indicate labeling at the 3' or 5' end,
respectively. The DNA sequence was completely determined by
sequencing either both complementary strands or the same strand at
least twice, starting with different cleavage sites.

predicted protein sequence with the protein sequence re-
ported previously for mouse Thy-i (11). The coding sequence
is divided into three exons by introns with sizes of 590 base
pairs (bp) and 386 bp, respectively. The first coding exon
[actually the second exon ofthe gene since the 5' untranslated
(UT) region is interrupted by a large intron, see below]
encodes the first 12 amino acids of the signal peptide,
whereas the second coding exon encodes the remaining 7
amino acids of the signal peptide and amino acid residues
1-106 ofthe rat Thy-1 protein. The third coding exon encodes
the remainder of the Thy-i protein, amino acids 107-143,
followed by a termination codon. The 1106 nucleotides
between the termination codon and the first poly(A) signal
are believed to be part of the 3' UT region based on analogy
with the rat Thy-i gene, which also has a long 3' UT region
of 1056 bp (19). Thus, the mouse Thy-i gene is organized
identically to the rat Thy-i gene, with the only significant
difference being in the size of the introns (Fig. 3). The
predicted protein sequence indicates that the gene we have
cloned is the Thy-1.2 gene since the only difference between
the two mouse allelic forms, Thy-L.i and Thy-1.2, is amino
acid residue 89, which in Thy-l.i is arginine and in Thy-1.2 is
glutamine (11). This is consistent with the Thy-1.2 designation
of C57BI/6 mice based on serologic determinations.
The mouse Thy-i gene has an intron within the 5' UT region

based on alignment of its sequence with the nucleotide
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50 100 150
TTCTG.TvAGACAWCG TOATCCATCCCTOCCTCTOCCTCTCTOCCTCTCTGCCTCTCTOCCTCTCTCTC CTCTCTCTCTCT CCTOCCCCTCC CTC TCTCTOCCCCTCTCT aCXCCCTCTCGC;CT

200 250 300
TOCC CIC TGCCOTCTOCGCCCCTCaOGCCTCTaCCCCCTCTC TC aO CTCTOCCTCTTAGTQCS OTCAaASCS TOAGCCSO GTOGSCSTsAASTCCAUAOsAAGTUAGATSCACCC

350 100 450

-19 -8
500 550 MtAunPreAlaIl.SrValAlaLouLouLourT 600

COAT~aCTSCUAOaSTOCCWAAs=CCCACCTOTCTACC~AGCGSACSTSxGTTCCCCCCACsCOaU TCC~AiSATCOGACTCTCACCACTCC^OCCATCAOCSC CCTOCTCTCAGOTACTCW

650 700 750
uAWSGN AODOCTOGCATTAOATCTOOCTCOCTCCCTCCCCOM sTACOS^OCATTCTC~AOOCCAC^TOOTCTO OUOC AAS~~~sCsCCTCACC~ATOTCSTTTOACA

800 850 900
TATTAAACTCCATATOm&CATTMCTCCTCTOCTOSWT~OTTTTOTWTsACACCCTTTsTTACCTAAuA(TcroccavocvsCkAsOaTWAMMATCT(;AcAOCCA ~CTACAUaT CA kcC

950 1000 1050
sAUGCTATTCTC"UTAUUAnTCCCTTTCTTUAM CCATTTA AACAAACAAOACACACTCCTTTCATCTCCTOMTTCTUACAsCCATTOTACCCA CTCAGT~AArT'GTOaGAAGTTACTCTCAAGT

1100 1150 alLuAlMnalberArgGl
OCTQGAACATCCCACCAATACCTCAvAWCGMA~AACCCC&CATCCCCCAOCTCAAOCTCACTTTTCCTOCAOGTOOG OGCCCOWaTC7TaOaTCTCCCCAATTCAUUG&AOCACTOCTGTOCAGTCTTOCAaaTOTCCCGAWa

1 20 40
yLyoVaThr~orL uThrAlaCyL ualseleLnu"LouftpC>py^rgll s~luW~AxohrLyn~mpJnuorIldlnaimcaufthrL uThr~rgluLy urLysBiahlLeu~rflyThrL uMl
OCAGAUOGTGACCAOW TGACA TUC AACCATAACCTTaCWXACTCC OCCATaGAGTATACACCAAOGACTCCATCC~ACATGvAOTTCAOCCTUCCCUvvUaaUAG AGCACGTGCTCTCAOGCACCCTTN

51 70 90
ynolrlu~lsThrTyrftorftealrhrL uftrlAMntTyrnle~s^1L uThrL uAla~ahfeThr~hrLym~p~lu~lyJspTyrPh-Cy alWuL~GlnTal~or~yAlasonPrdlttor~or~mLy
CATACCCGWAsCACOTACCOCCOCMiCUCCTCTCCCCAW=TATCUAATCCTTACCCTAOCCAACTTCACCACCAA TAOOC^XA~CTACTTTCT CTTC~AATCOCCa&AACCCATa^GCTCCAATA

101
s3orl.eorlalTyrArgA 1550 1600 1650
AAGTATCAGTGATAGTUUTOTCA~GTAATOTCTAO^CWTCCkUTGTAOCTATCT^QaTTAGCCATIAIASAACUTAAAAAAAAAAAACACAC^ ACTCCCCCTTCCCCTAACTOCTWOTCTCCTOW

1700 1750 1800
AAACTGCTOCTGTTATTG~AOTiGGOCAAGATTAOCOGCCkAsGAAGOUGCCTTOTvATAAAAGCACAOTTGAOUUCTA"TOasasAAAAC;TACATGTGATTCTTOTaGTCTOaGAGTTCTaTTACAGCATCCGTOGAOCC

1850 1900 spLyJALuhalLyuCy5GlylyIleerLuLeuValGlnAof
OCTAAG^TG~AGGCOCCAOCTvACTGCCTTGAACAGCTCACACCTG;TCTTTGCCCOCCTGAGTCCTGATCTCCCCTCCTCCCOGCACCCCTTCTCTATCCACAGACAAGCTaGTCAAGTGTWV.CCATAAGCCTGCTOGTTCAU&AC

122 1#0
Thr~orTrp~stLuLiuLauLauL uS~rL uSsrLeuLIulnAlaoLuAspP'hfIlerL u * 2050 2100
ACATCCTOGA =GG TTT CTTTCCCTCTCCTCCTGCCAACCCTOCTTCATTTCTCTGTGACT&GTTG WCsCAOGAGAACA GWOaaCscaavCCTCUWACCCCG TCCTTCCTCTCCAGUGGTCTTOCTTCTCCCGCTC

2150 2200 2250
sA=CTGCCCCTCCCCAAGTCCTTCCA-ATATCTCAGAACATMWAaGWsCaGGACCTTGTCCCTCCTAvAGAACCCCkAOTCTOCATOCCATCAkTCCCCCCCACCCITCOCCCCCACCCCCOCCACTTCTCCCTCCATGCATACCACTA

2300 2350 2400
GCcToTCArTCTGTAcm~aATTATTGGCT&oc~aTTCTGATATTTA- TTTCCTCUCCTGTTAGUAAAGCATAACGTGCTA TOTvAGCAOGCAOGATATCAGTCCCATTWCAGCTCCCCTCCAAOGAA

2450 2500 2550
GCCCAGATCCTGAAsAUUATGATCATWJATTOGACTOTaCACTCTACCTGMCOCTACTCTGTOCGAATCSATCTGAWWMTsTGCTCGASGAGWAUCTCTGCTAGCCMGAC SCCAsTCAvAMAOTGAG

2600 2650 2700
aGCTTAC&tTCACCAaGTCATTCTCAOCCCCACAtACAAcc^GoCACTCATGCAOAAGCCCTuAOGOCCTTOCCvAaaCO aCACACTCAOTAGATOAGTTAaC;TCAGGATGATWWuAAATG TGGAWaTOGGAs

2750 2800 2850
OGGATCACCCCCTCCTCTAACACGAGCCTGCTGTCTCCAAWCCTCTOCCTGTAGT&GAGGTOCA~UAGAAuGACAGACCAGAACTCTGACTCCAOGATCTAACaAGGCGCAauAWAaTCCTAUAsCCATCCGGTTOGACC

2900 2950 3000
CAGCTTACCuAAGsAGACCTTTATTCTTCTTTCCCTCTOCCCCTCTGTGCCAOCCCCTCTTCTC;TCCCTGCCCCAACAGACGAGAGTCTCACAGCCTGTTCC0GACCTCCTA03CTCA10WCA0GC31TG5GCTGAG0

3050 3100 3150
TCCOGCdTGCACACTTTTTaaTTGATAGCTTCCAAG&ATCCTCTCCCCCACTOOCAOCTCCTOC~TCCCATCACCATG;TATAATACCACCAC; CTACAGCATCTCACCG~rAAAAAAAu~AsTCACCAAGCCTCTOGA

3200 3250

FIG. 2. Sequence of the mouse Thy-1.2 gene. The nucleotide sequence and predicted protein sequence (three-letter amino acid code) of the
Thy-i gene are shown. The initiation codon and the A-A-T-A-A-A sequence are boxed. The termination codon is indicated by an asterisk.

sequence ofa previously defined rat Thy-i cDNA clone, pT64
(21), which contains part of the 5' UT region, and the rat
Thy-i genomic sequence (Fig. 4). The size of this intron can
be estimated by hybridizing a nearly full-length mouse Thy-i
cDNA clone (a gift from M. Davis, Stanford) to a Southern
blot of EcoRI-HindflI-digested DNA from clone pcT108
(Fig. 1B). Both fragments of the Thy-i insert hybridize,
indicating that the remainder of the 5' UT region extends

2A6968 AR h7bp1.5 401Ibp
Rat -

Mouse

beyond the HindIII site of the insert, which is -1.5 kb 5' to
the initiation codon (Fig. 1B). Furthermore, the 1-kb Sst I
fragment ofthe insert (Fig. 1B) fails to hybridize to this nearly
full-length cDNA clone, whereas the Xha I-HindIII fragment
hybridizes strongly (data not shown). Thus, the size of the
intron interrupting the 5' UT region is at least 1.5 kb in length,
with the remainder ofthe 5' UT lying beyond the HindIII site.
The lack of restriction enzyme sites within a large segment of

b AAIAAA1056 bp

i AAIAAA
1110 bp

FIG. 3. Comparison of the gene organization of mouse and rat Thy-l. Coding regions are indicated by the boxed areas. 5' and 3' UT regions
that are part of exons are indicated by thick lines and introns are indicated by thin lines.

GTWMCTWT(;TCTGTCTCTTCTGMCCTWCGTCTGTCTC CAAGOTCAGAAAC"AAACCACACACTTCGCCTOGATTWCTCGGCTGAG
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-45
CTGCAAGCTA

RAT CAAGCCCTCCCCGTAAATGGGGACCCCTCCCTCCTATCACGGGGCTGACATTCAGCTTAC
MOUSE CAAGCCCTCAAGGTAAATGGGGACCCACCTGTCCTACCAGCTGGCTGACCTGTAGCTTTC

-30 -10 1 25
cDNA GGGGAGCCCAGACCCAGGACGGAGCTATTGGCACC hiACCCAGTCATCAGCATCACTC
RAT CCCA-CTGCAGACCCAGGACGGAGCTATTGGCACC 4ACCCAGTCATCAGCATCACTC

MOUSE CCCACCACArATCCAAGTCGGAACTCTTGGCACC £PACCCAGCCATCAGCGTCGCTC

FIG. 4. Comparison of the 5' nucleotide sequences of rat cDNA and mouse and rat genomic DNA. The sequence of the rat cDNA (top line),
starting from position -45 upstream from the initiation codon, ATG, is compared to the sequences of rat and mouse genomic clones (middle
line and bottom line, respectively). The initiation codon is boxed, and the putative splicing points are marked by arrows.

cDNA

this intron, presumably due to the presence of highly repeti-
tive sequences, has made it difficult to sequence this region.
The Nudeotide Sequence of Thy-i Predicts the Presence of a

Hydrophobic Segment at the Carboxyl Terminus. The pre-
dicted protein sequence of the mouse Thy-i gene indicates
the presence of an additional 31 amino acids at the carboxyl
terminus previously not detected by conventional protein
sequence analysis. RNA transfer blot analysis indicates that
the DNA sequence encoding these extra 31 amino acids is
also present in the mature mRNA. When a blot of poly(A)-
RNA from mouse brain, liver, spleen, and thymus is hybrid-
ized with aPvu II fragment, Pv3, which codes for amino acids
107-143 (Fig. 1B), only one species ofRNA is detectable (Fig.
5). No other band was observed when the same blot was
hybridized 2 months later with the entire insert of the Thy-i
clone pcT108. We have observed previously that a rat Thy-i
cDNA and a genomic clone also possess an additional 31
amino acids not described previously (19). These 31 amino
acids are highly conserved in both rat and mouse (Fig. 6) and
show only 9.7% divergence (3 of 31 residues), in contrast to
the remainder of the molecule, which is 19.1% (25 of 131
residues) divergent. Within these 31 amino acids there is a
highly hydrophobic stretch of 20 amino acids starting at the
tryptophan residue at position 124 and ending with the
leucine residue at the carboxyl end. It is intriguing to note that
this is a sufficient number of amino acids to traverse the lipid
bilayer of the membrane and may, therefore, form the mo-

c D

m J 1

28S -

18S--

I.9kb-- 6

lecular basis by which Thy-1 integrates within the mem-
brane.

DISCUSSION

We have isolated three cosmid clones spanning 75 kb of the
C57BI/6 mouse genome and containing the Thy-1.2 gene. The
Thy-i gene is -4.6 kb long. By comparing the nucleotide
sequence of the mouse Thy-i gene to previously isolated rat
Thy-i cDNA and genomic clones (19) we have been able to
deduce the intron-exon organization. This comparison re-
veals that the coding sequence is divided into three exons,
one encoding the first 12 amino acids of the signal peptide, a
second encoding the remaining 7 amino acids of the signal
peptide and 106 amino acids ofthe mature protein, and a third

-19 -10
Mouse Met AMn Pro Ala Ilie Ser Val Ala Leu Leu Leu Ser Val Leu Gln
Rat ------------Val---------Ile Thr----------------------------

-1 1 10
Mouse Val Ser Arg Gly Gln Lys Val Thr S8r Leu Thr Ala Cys Lou Val
Rat Met-----------------Ar;-----lie----------------------------

20
Mouse Ann Gln Ann Leu Arg Leu Asp Cys Arg His Glu Mn AMn Thr Lys
Rat --------------------------------------------------------.An

30 40
Mouse AMp Ann 8cr IIe Gln His Glu Phe Ser Lou Thr Arg Glu Lys Arg
Rat Leu Pro --------------------------------------------Lye

50
Mouse Lys His Val Leu 8cr Gly Thr Leu Gly Ilie Pro Glu His Thr Tyr
Rat ------------------------------------Val--------------------

60 70
Mouse Arg 8cr Arg Val Thr Lou 8cr Mn Gln Pro Tyr IIe Lys Val Leu
Rat ----------------An-----Phe 8cr Asp Arg Phe----------------

80
Mouse Thr Leu Ala Mnn Phe Thr Thr Lys asp Glu Gly sp Tyr Phe Cys
Rateot----

90 100
Mouse Glu Leu Gln Val Ser Gly Ala Asn Pro Met Ser 8er AMn Lys 8or
Rat --------Arg------------Gln---------Thr-----------------Thr

110
Mouse Ile 8er Val Tyr Arg Asp Lys Lou Val Lys Cys Gly Gly 11 Ser
Rat ----nn-----Ile--------------------------------------------

120 130
Mouse Leu Leu Val Gln Asn Thr SerrTrp Met Leu Leu Leu Leu Leu Ser
Rat ------------______ --- Leu------------------------

140
Mouse Leu 8cr Leu Leu Gln Ala Leu Asp Ph* Ii* Ser Lou1
Rat --------Phe-------------Thr--------------------I

FIG. 5. RNA transfer blot analyses ofRNA from mouse tissues.
Poly(A)-containing RNA was isolated from mouse brain, liver,
spleen, and thymus and subjected to RNA transfer blot analysis.

FIG. 6. Comparison of the predicted amino acid sequences of
mouse and rat Thy-l. Only sequence differences are indicated. The
20 amino acid hydrophobic segment that represents a putative
transmembrane region is bracketed.
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encoding the remaining 31 amino acids, which contain a
transmembrane-like hydrophobic segment. By analogy to the
rat Thy-i gene, we have inferred that the last coding exon also
contains a very long (1110 bp) 3' UT region. The three exons
containing the protein coding sequence are separated by two
moderate-sized introns of 590 bp and 386 bp. In contrast, the
intron interrupting the 5' UT region is very large. Compari-
sons of the 5' ends of the rat and mouse cDNA and genomic
clones (Fig. 4) and Southern blotting of the mouse Thy-i gene
and hybridization with a nearly full-length mouse Thy-i
cDNA clone indicate that the 5' UT region is interrupted by
an intron that begins 25 bp upstream from the initiation codon
and is -1.5 kb in length. This is consistent with the size of the
5' intron of the rat Thy-i gene, where we have found a
promoter-like "TATA box" -1.5 kb upstream from the
initiation codon (unpublished data). The lack of restriction
enzyme sites within a large portion of this intron, presumably
due to the presence of repeating sequences, has made it
difficult to sequence the entire intron. The organization of the
mouse Thy-i gene is identical to that of the rat Thy-i gene
except for differences in the size of the introns (Fig. 3).
Furthermore, the Thy-i gene is organized in a fashion similar
to that of other membrane proteins to which it is structurally
homologous-i.e., histocompatibility antigens and mem-
brane-bound immunoglobulin (29, 30), in which the exons
encoding the signal peptide and a hydrophobic transmem-
brane segment are separated by introns from the major
exon(s) encoding the domain(s) of the protein.

Previous studies by other investigators using conventional
biochemical techniques have suggested that the mouse Thy-1
molecule is only 112 amino acids in length and lacks a
hydrophobic protein segment normally found in other mem-
brane proteins 4nd whose function is to anchor the molecule
in the plasma membrane (11). However, these investigators
have proposed, based on studies indicating unusual hydro-
phobic properties for the protein and some of its peptide
fragments, that Thy-1 is anchored to the cell surface through
a hydrophobic glycolipid attached to the carboxyl-terminal
cysteine residue at position 112. We now report that both the
rat and mouse Thy-i genes in fact encode a molecule of 142
and 143 amino acids, respectively, 31 amino acids longer than
reported previously. Furthermore, the nucleotide sequence
of a rat Thy-i cDNA clone (19) and RNA transfer blot
analysis using a probe encoding primarily this extra protein
segment (Fig. 5) indicate that these 31 additional amino acids
are also present in mature poly(A)-RNA. In addition,
biosynthetic experiments indicate that at least a portion of
this 31 amino acid segment (up to the tryptophan residue at
protein 124) is translated and is part of the mature Thy-1
molecule present at the membrane (19). We believe that the
differences observed between the protein and DNA data may
be due to proteolytic digestion of the Thy-1 molecule during
purification. Within the extra amino acids predicted from the
DNA data there is an extremely hydrophobic stretch of 20
amino acids starting at position 124 and ending with the
carboxyl-terminal leucine residue that resembles a transmem-
brane segment. The length of this segment is sufficient to
traverse the lipid bilayer of the membrane but not sufficient
to contain an intracytoplasmic tail. Accordingly, there are no
basic amino acids at the carboxyl end characteristically found

at the beginning of intracytoplasmic tails. The hydrophobic
segment very likely provides the means by which Thy-1 is
attached to the cell membrane, making it analogous to the
mode of attachment of other membrane glycoproteins. How-
ever, the lack of an intracytoplasmic portion is quite unusual
and may represent an important functional difference.
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