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ABSTRACT Three TIa region-specific probes have been
generated from the BALB/c genomic cosmid clone C6.3. One
probe, pTL1, corresponds to 3' sequences ofa thymus leukemia
(TL)-encoding gene, whereas pTL2 and pTL3 detect noncoding
flanking sequences. The TL specificity of pTL1 was demon-
strated by studies of RNA from thymocytes of TL' and TL-
mouse strains and from TL' and TL- leukemias; pres-
ence/absence of pTL1+ transcripts correlated with pres-
ence/absence of TL antigens detected serologically. Nine TIa
haplotypes were dermed by restriction fragment polymorphism
with pTL1, and the number of TL genes has been estimated to
be 24 in TlaV, Tl and Tk mice, 23 in Tid' mice, and 22 in
Tib and TMI mice. A TL-encoding gene (C25.1) from the
C57BL/6 TL+ leukemia ERLD has been cloned and sequenced,
and the exon/intron organization of C25.1 has been deduced
from the structure of pTL1+ cDNA clones and from the known
organization of H-2 genes. The major structural differences
between TL and H-2 genes are in exons coding for the
cytoplasmic domain.

TL (thymus leukemia) antigens are cell-surface differentia-
tion antigens restricted to thymocytes in normal mice (1). Not
all mouse strains express TL, permitting strains to be
classified as TL+ or TL-. TL antigens are determined by the
Tla locus, closely linked to the H-2/Qa loci, on chromosome
17. Six different Tla haplotypes can be distinguished (1-3).
TL antigens resemble class I major histocompatibility com-
plex antigens, being glycoproteins with the Mr 45,000 asso-
ciated with /32-microglobulin (4, 5). A striking feature of TL
is the appearance of TL+ leukemias in TL- mice (6). This
anomalous expression indicates that TL structural informa-
tion is universal in the mouse and that regulatory genes
control expression vs. nonexpression of TL antigens. The
cloning of Tla-region genes by Steinmetz et al. (7) and Weiss
et al. (8) allows detailed analysis of the structure and
regulation of TL genes. In this study, we have generated and
characterized a TL-specific probe and used it to ask ques-
tions about TL.

MATERIALS AND METHODS

Mice and Leukemias. Mice were obtained from our breed-
ing colonies at Memorial Sloan-Kettering Cancer Center or
from The Jackson Laboratory. The TL+ and TL- leukemia
cells selected for study were derived from C57BL/6 (B6), A,
AKR, and BALB/c mice.

Class I Probes and Tla Region Clones. Probes for class I
genes, pH-211a and pH-21I1, were derived by Steinmetz et al.
(9). BALB/c X17.3 and C6.3 (refs. 7 and 10) were provided
by Leroy Hood (California Institute of Technology,
Pasadena, CA) and B10 Tla region cosmids H11, H10, S14,

LSK14, B2.7, and H6 (ref. 8) were provided by Richard A.
Flavell and Karen Fahrner (Biogen Research, Cambridge,
MA).

Transfection. Ltk- cells in culture were co-transfected with
DNA from genomic clones and the cloned HSV tk gene, using
the calcium phosphate precipitation method (10, 11).

Serological Analysis. TL antigens were detected by
cytotoxic/absorption assays and erythrocyte rosetting as-
says using conventional TL typing sera for TL specificities
TL1, -2, -3, and -4 and mouse and rat monoclonal TL
antibodies (1, 3).
Enzymes. Enzymes were purchased from Bethesda Re-

search Laboratories, Boehringer Mannheim, New England
Biolabs, or Life Sciences.

Preparation of DNA and RNA. Plasmid and cosmid DNA
was isolated by the cleared lysate method (25), and mouse
genomic DNA was prepared by the proteinase K-sodium
dodecyl sulfate procedure (26). Total RNA was isolated from
normal and leukemic tissues by using guanidine thiocyan-
ate/CsCl (27), and poly(A)' RNA was prepared by oligo(dT)-
cellulose chromatography (28).

Southern and RNA Dot Blot Analysis. DNADNA hybrid-
ization was performed according to the method of Southern
(12) and RNA dot blot tests, following the method ofThomas
(13).
Cosmid Library. A cosmid library was constructed using

the pTL5 vector (14), following the method of Steinmetz et al.
(7).
cDNA Library. cDNA libraries were constructed using

dG-tailed pBR322 according to Villa-Komaroff et al. (15).
DNA Sequencing. DNA was sequenced by the method of

Sanger et al. (16) using phage M13 mpl8 or mpl9 (17).

RESULTS AND DISCUSSION
TL Expression in L Cells Transfected with X17.3. X17.3 is

derived from BALB/c (Tiac) mice. BALB/c thymocytes
have a TL1-2+3-4- phenotype, whereas BALB/c leukemias
are TL1+2+3-4- or TL1+2+3-4+. L cells transfected with
X17.3 expressed TL1 and -2 but not TL3 or -4. Mouse and rat
monoclonal antibodies specific for TL antigens also reacted
with X17.3-transfected cells, confirming the results of
Goodenow et al. (10). X17.3 is known to contain two class I
genes (10), and subcloning, transfection, and serological
analysis have shown that one of them, R2, contained in a
HindIII 8.7-kilobase (kb) fragment, codes for TL1 and -2.

Generation of a TL-Specific Probe from C6.3. C6.3 is a
cosmid clone derived from BALB/c mice that contains the
two class I genes of X17.3 (7, 10). C6.3 was subcloned in
pBR322 or pUC9 using a variety of restriction enzymes (Fig.
1). Three Tla region-specific probes were derived. pTL1 is a
600-base-pair (bp) Pvu II/Pst I fragment from the 3' coding
region of R2. pTL2 and pTL3 are 800-bp HindIII/Pst I and

Abbreviations: TL, thymus leukemia; bp, base pair(s); kb, kilo-
base(s); B6, C57BL/6.
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FIG. 1. Generation of Tla-region probes. BALB/c C6.3 was subcloned in pBR322 or pUC9 using a variety of restriction enzymes, and the

resulting 26 clones were tested for restriction polymorphism by Southern blot analysis with DNA from Tla/Qa region congenic strains. Three
hybridization patterns were observed: T, Tla-region specific; C, multiple bands with patterns similar to class I pH-2IIa and pH-2111 probes; and
R, smear, indicative of repetitive sequences. Restriction enzyme sites are identified as follows: B, BamHI; E, EcoRI; G, Bgl II; H, HindIII;
P, Pst I; S, Sst I; U, Pvu II; X, Xba I. Location and orientation of class I genes in C6.3, X17.3, and R2 were determined by reactions with the
pH-2IIa and pH-211 class I probes.

500-bp Pst I fragments from the 3' flanking region of the
second class I gene of C6.3 (Fig. 1). These probes showed
Tla-region specificity (and low copy number) by restriction
polymorphism analysis ofDNA from Tla/Qa region congenic
strains. Three patterns were observed by usingDNA digested
with restriction enzyme BamHI, EcoRI, or HindIII. One
related to the Tlaa haplotype (A, B6-Tlaa), one to the B6 TIab
haplotype (B6, A-Tlab), and one to the AKR TIab haplotype

pTL1

(AKR, B6.K1, B6.K2). Southern blot analysis of these
probes with DNA digested by BamHI is shown in Fig. 2.
pTL1, pTL2, and pTL3 were also analyzed by RNA blotting
with RNA from TL' cells; only pTL1 hybridized. In order to
define the TL specificity of pTL1, RNA from the following
TL' and TL- cell types was tested: (i) thymocytes from 14
TL' and 11 TL- mouse strains; (ii) thymocytes, spleen, liver,
and kidney cells from strain A mice; and (iii) 13 TL' and 7
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FIG. 2. Tla region specificity of pTL1, pTL2, and pTL3 by Southern blot analysis with DNA from Tla/Qa region congenic strains. Each
lane contains 15 ,g of DNA digested with BamHI. Hybridization was performed at 650C and filters were washed at 53TC. H-2D/Qa-2/Tla
genotypes of the seven mouse strains are as follows: A, H-2DII/Qa-2a/Tlaa; A-Tlab, H-2DIY/Qa-2a/Tlab (Tlab derived from B6); B6, H-2Db/Qa-
2a/Tlab; B6-Tlaa, H-2Db/Qa-2a/Tlaa (TIa derived from A); B6.K1, H-2Db/Qa2/Tlab (Tlab derived from AKR); B6.K2, H-2Db/Qa-2a/Tlab
(Tlab derived from AKR); AKR, H-2Dk/Qa-2b/Tlab.
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FIG. 3. Dot blot hybridization ofRNA from TL+ and TL- cells with pTL1. TL+ thymuses: A, B6-Tlaa, BALB/c, and 129. TL- thymuses:
B6 and AKR. Strain A TL+ tissue: thymus; strain A TL- tissues: spleen, liver, and kidney. TL+ leukemias: ASL1, RADA1 (strain A origin),
ERLD, B6XA, B6XC, B6XE (B6 origin), AKSX, AKM1 (AKR origin), RV1, RLd 1, RLY 3, and RL Y 6 (BALB/c origin). TL- leukemias: EL4
(C57BL origin), AK2A (AKR origin), and RL Y 7 (BALB/c origin).
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FIG. 4. Southern blot analysis ofBamHl-digested DNA from 26 mouse strains using the pTL1 probe. Tlaab cd ef refer to serologically defined
haplotypes. Restriction fragment length polymorphism indicates nine distinct haplotypes.

TL- mouse leukemias. pTL1 detected RNA transcripts in all
TL+ cells but not in any TL- cell type. Examples ofRNA dot
blot tests are shown in Fig. 3. From these studies, we
conclude that pTL1 has TL specificity.
How Many Tla Haplotypes? Six TIa haplotypes have been

described by serological methods (1-3). Southern blot anal-
ysis using the pTL1 probe and BamHI-digested DNA from 26
mouse strains indicated that at least nine Tla haplotypes
could be identified (Fig. 4): one pattern for Tlaa (7 strains),
three for Tiab (prototypes B6, AKR, and HRS/J), two for Tiac
(prototypes BALB/c and STS/A), and one each for TIad,
Tlae, and Tlaf.
How Many TL Genes? Winoto et al. (18) assigned five

clusters to the Tla region of BALB/c and Weiss et al. (8)
assigned 13 genes to the Tla region of B10. However, the
number of genes coding for TL structural information is not
known. We estimate on the basis of the following data that
there are at least 4 TL genes in Tlaa, Tiac, and Tlae; 3 in Tlad;
and 2 in Tlab and TlVr mice. Digestion of DNA by EcoRI
yields four pTL1-hybridizing fragments in A (Tlaa) and
BALB/c (Tiac) and two in B6 (TIab). When the DNA of these
mice was digested with Pst I, pTL1 hybridized to only one
common 900-bp fragment, implying that this fragment is
conserved in the TL genes of these haplotypes. Sequential
digestion with EcoRI and Pst I also yields one 900-bp
fragment (indicating no EcoRI site within the Pst I fragment)
(Fig. 5). Therefore, each EcoRI fragment represents distinct

TL genes. Similar results were obtained with the other mouse
strains, with the exception of A.CA and 129 where an
additional Pst I fragment, also not cut by EcoRI, was
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FIG. 5. Estimation of the number of TL genes in A, BALB/c, and
C57BL/6 (B6) mice. DNA was digested with Pst I (P), EcoRI (E), or
Pst I followed by EcoRI. Results indicate 24 TL genes in strain A and
BALB/c mice and 22 TL genes in B6 mice.
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FIG. 6. Structure and restriction map of C25.1. Exon/intron assignments were determined by comparison with the structure of TL cDNA
clones (19) and the H-2Kb gene (20). UT, 3' untranslated region; B1 and B2, Alu-like repetitive sequences; AATAAA, first of three
polyadenylylation signals. Restriction enzyme sites are identified as follows: A, Ava I; E, EcoRI; G, Bgl II; P, Pst I; S, Sst I; U, Pvu II.

observed. The conclusion that B6 has two TL genes is
consistent with our finding of two pTL1+ genes (Ti and T3)
in the B10 TIa region library of Weiss et al. (8).
How Many TL Genes Are Transcribed? As a first step in

CLONE 25. 1

EZON 1
---GATCCTCCTGGCTGCCTCACAAGOCCAGACCCAGACCTOCCCAGOTGAGTGCTOGATOAGOAGOGAAA

IleLeuLeuUlaAlaSerGlnGlyGlnThrGlnThrCyaProG

determining the number of TL genes transcribed, we have
constructed cDNA libraries from ASLi (a TL+ leukemia of
A strain) and from ERLD (a TL+ leukemia of B6). Twelve
pTL1+ clones from ASLi and six clones from ERLD were

sACAGCCCTTTTAGGGGAGGGCCGGAGGTTCCACCCTCCACCAGACCCTCCACCACTTCTCCACTCAAGGC(

EXON 2
TAGACCTCAGTCCTTCTACTTCCCTGACCTGCGCACCTGaCCGcGTT~CGGAGAAGGTCACAGTCTCACCACATGCcTGcCCCCAGCcTCACACTCGCTGAGCTACTTCACACQGCCTTGTCCOGACCTGCAACAGCG

lySerHisSrLouArgTyrPheTyrThrAlaLeuSerArgProAla*1 !eSrG

AACCGTGGTACATAGCTGTGGGCTACCTGQATaACACTCAGTTCGTGCGCTTCAACAGCTCAQGGAGACcTGCGACTATATAACTAAGToGCCCATIGGGTGOAGCAAGAaGGGCCQGAGTATTGGGCGAGaGAGACAGAG
lProTrpbyrIlenlaVallyTyrLsuAspbepThrClnebeValArgPbeAaSerSerGlyGluTbrAlasbrTyrLyaL uSorAlaProTrphalGluGl nGluGlyrProGl uTyrTrpAlaArgGl unlbGlu

ATCGTCACAAGCAATGCACAGTTTTTCCGCGGAcATCTCGcACcTATGCTOGACACTACTAcACTAGTCAcAAAATaGTGAGGAACCsCCCAAATCTAAGAGCGTccCCCCACTCCrCGTCCCTCTTATICcAAGCCACCTA
I1eValThrSerAsnAlaGla PhbeArgGluAsnLmuGlnThrHqtL uAspTyrTyrAsnLeuSerGlnAanG

E31 3
ATCATGGGGTGCAAAAGGGAACG(;TTCCCTTTCAGTTeGaAGAATTCTAGGGTGGGCGGCCTGACTACGAGACGGGGGGCCAGGCTCTCACACCATCCAGGTGATGTATCGCTTGAGGSCAGTTCTTCGOGAGCCTCT

1ySerHisThrIl GlnVallNtTyrGlyCyGluYaalGluhelPhGl ySerL~uP

TCCGCGCTTATGAGCAGCATGGCTATGATGGCCGCCATTACATTGCCCTCAATGAAGATCTGAAAACOTGGACAGCAGCAGACACGGCAGCAGAGATCACCAGAAGCAAGTGOGiGiCAGGCTGOTTATACAGAGCTCCGT
heArgAla~yrGluGln~ilsGlyTyr~ppolyArgAapTyrIleAlaLoeuAsn~luAspLouLyeThrTrpThlrAlaAlaAspThrA aAlaCl u~llThrArgS*rLy^TrpcluGl SlaGlyTyrlbrGl uL~uArg

AGGACCTACTTG;GAGCGCCCATGCAAGGATTCCCTGCTCAGATrACCTGaAGAACAGAAAAAAGACACAGGAGTOCACAGGTGCaTGGCTGCAGACAACTCCATCTCCCTTTCGCCTCTCTACTG GTCACTCCAGAGAGA
ArgThrTyrLeuGluGlyProCyaLysAspSerLeuLsuArgkyrLuGluAanArgLysLysThrGlnGluCysThrA

GCAGCAAACTCACCTAGG;TGGGAAAACTCCCATCTCTTST~wwwwT TTii7A MOaCTTmOMlGG1T1771TiTAATTTAATT AAGGTGACAAACAGAAAA^TAACGTTAGAAAATTACACAAACCA
ATGGCTATACACAGCTCAGTTGACGTTTOTTAAACAGTTAGAACTGCACTrSMACCAGTAGAGAACATGAATTACATATTCCATTAATATACTCATGCTATCCAACATCGACCATGCAOCAGGAGAGAGAGACAGA
GACAGAGACTCACAGACACAGAaAGACAGAaGCAGAaGCAGAAGOATGAOAGACAGAAACOAGAAATCAGTGGCAGAA.TTAGAAGTAGCTATCAATTATTCCCTGCCATTATCCATCGTGTACTTACCTACATTAGC
CTTGCTCATCTCCAAATATTAGCCTTTCCTGATTCATTATGTCATOTTO aCAAOTAACAACAGGTAC~iTTTCT AACAAGTATACG&-mmi~IT CTTTTGTTTGTTC~iijiTTT'GiICTASAATTACCTC
TATGAGCAAAAAAGACTGCAGTTTACTTCCTGTTTTOTTCTAGATATOOOTGACTTCGTTAATATTGTATATTCAAAGTTCATCA&TTTT~jCCTAGATAATTIGTGTGiTTACATMTGCTAGCAACAGGATwrCA
CTTTATATATATCCACATTTTGTTAGTCACTTAAGTCAATAATOGOTTCTTTACTGCAATAOCTAAGATGTCACACTCCATATCAAGGAAAGAGTAGTAGACTOACTGAAG TTCISm "AGAT"AT
TTATTTATTTACTTTATTATAACATAA0TACGCTGTAG-O---------S800FP--.-----CTCTTT CCTCCTGGACACATAOCCTCCTCCTGGCACAACGT'TCGGAATTTCAGAOCAGTATTAACCT

EION 4
ACTGGGAAATTTGACCCTTGTTCCAGTCATTCCTTCCCAGTGGCCTCACAGACACTTCTGAGATCACCAGGAAAGATATTGATGCCCAAACTTTCCAACTCTICTCCTCAGATCCTCCAAAAACACACGMCCtCAT

apProProLysTbrHlaValThrHl&H

ACCCCAGACCTGAAGGTTATGTCACCCTGAGATGCTGGGCCCTGCGCTTCTACCCTGCTGACATCACCCTGACCTGGCAGTTGAATOGGaAGAA^TtGATTCAGGACACGGAGCTTIGTGGAGACCAGGCTGCAGGOGAT
isProArgProGluGlyTyrValThrLeuArgCysTrpAlaLeuArgPbeTyrProAlaAsplleThrLouThrTrp~lnL uAsnGlyGluGluLouIleGlnAspThrGluLeuVal~luThrArgPro~laGlyAsp

GGAACCTTCCAGAAGTGGGCAGCTGTGGTCGTGCCGCTTaGOAAGGAGCAGAAATACACATGTCASTGOTACCATGAGOGGCTGCCTGAGCCCTCTCACCCGGCA7CGOCGTAAGGAGCGTGTGGCTCAGAGCTGGGGTC
GlyThrPhleGlnLy3TrpAlaAlaValValValproLouGlyLyo~lu~lnLyaTyrThrCyaHls~alTyr~igGlusl yLouProGluProLouThrLou~lrg~rpG

ZION 5
AGGGAAACCTGGACGCCTTCTGAAGACCCTCAGCTGGTCAGAGTTaGGAATTGAGATCATUTTGCTCAwTrTTTCCCTCCTGTCCTTACCCTTCCCTTCCCAGAGCTTCCTCAGACCAGTATICCCAACAGACCrACTGTT

luL uPraGlnThrSerotProhnnArgor~brtaI

CGTGCC CTCCTTGGAGCTAkTGATCATCTTACGTTTTATOAGCGGAAGTGTTATCATGTGOAGASCOAsAAACAATGWTAMOaAGAGTC'TG~GCI'GOGTGCCTTATCATluTAAACCA ATACACAMCACTCtTA'CAA

14t

2BC

42C

56C

700

sa0

980

1120
1260
1400
iS4O
1680
1820
1928

2068

2206

23a8

24a8

2628
ArgAlaLeuLouGlyAlaMetlle IleLeuGlyPhoMet~eralySerValMets tTrpsetergLyeAsnJsnO
AAGAATTGCCTATCTCTGGGTCTGTTTGCAGACACTCACCTTACAATAAAAGACAGATTCATAATOGTAATaOCGCGTTCTCGCACOAGGATTCTAAAATAOCCTGTCAAGTAAGGCAAGCTCAt% ATATAACACTACAG 2768

EXON 6
ATCTCAGGCTGGCCTTGTTTCATCCCCTGCATATAATGTCCATGGCACAGAACTTTCCTTGGTCTCTCATATCiTIlmTTAAACAGGTGaAAACGGAGACGASAACACtG;CTGCATATC~AAAMAGAGGGAACAC 2908

ly0lyAsnGlyAspAapA~s'TarAlaAl TyrGlnAanGluArgGlul~s
TTGTCCCTGACGCCTCGGGCTGAATCTGAGOCACTCGGGGTGGAJAICTGGGATGAAGGATCTTCCTTCTGOCCCACCATTXTCTCCTGACAAt'GTCTTSTTACTTCTTCTACTGCAGCGA AGGACAGCTTCTCTCT'MT 304 8
LeuSerLeuThrProArgAlaGluSorGluAlaLeuGlyValaluAlaGlytbtLysAspL uPro8erAlaProProLeuValSer

CTCTGGATACTTGAAAAGGTGACACCTGGGAGCCTGGGATTGGGGCTOAGOCAAACTGAaAAGGACT~aGOTCACTGGCCTTTCCTATTTAAACCTTr AACAOAGAGAAaGCCTIaAGATGTTTlCACAtTMACSGCC 3188
CTGACTCTTGTTCT.TCATCTTGGGACAOCT%;.CCACATGGGACTGAGTCACTAOTTCTOACTTCTGAACkATGOAATCACTTTOGGCAOCCGTGCTCOTTTTATGCTTTSGACTATOCATACAATGGGAAATCTGaAGAG 3328
CACAGCCTGCCCCTGCACACCAAGACTCAGACCCTACATTAGCT aTCATCCCTTGCACAGCCAACCTTCCTO TCCTCAOGCATGGOACATCx ATCCMTCAGCTCCACGCTOTCCTGGCG TOTGTCCTCCTCAC t468
ACGCACAGTGTGTCTACTCATTCCCCACTGAACATGAGAATCAAA^TOTGGATGTCAGOCAGTOTGG~aACAOOCCATTAATCCTAGCACTTOGAGGAGAGCAaGGCCAG aATTTTAOTTCGAOCOCAGCCMTaltTA 3608
CAGAGTGAGTTCCAGGACAGACAGGGCTACACGOAGAAACTCTATCTTGaGGGaAAAAAAAAGAC~AAAAGAAAAAAAAsAvOATCTOAA7'GTOGAGOCTGOAGAGAAGTCTCACTOCTTAACAOCACTCAOTTCtTM 374 8
CTGAGGCCCTGAATTCAATCCCCAGCAACCACATGGTGCTCACAACCATATOTAATAOCATOCAATOCTTCTTCTGOTOTGleAA^^oTCACCTACAOTOTACTCACCTACATakAAATA&OA&ATCSTTA~AAAAAGTAT 3688
GAGTGTGAACTCCTTGACCTGAGCAGTTCACTTGTOWoTAAATTAAAaaGTTGaAGAATATCTGOaTATTGTGGAGOAAATAAATOOCAGCASTiOAGOACCTTCCkAAAcTCMeTlTTTCTSATOCTAGNTIGTCACGGTG 4028
GCAGGAGTCCTCTGGCATCTGCOTGTGAATOaaCTOTGCCAGOTOGAOCTCAGTCCAATGTGAACIDTCCCTGCTGOTCAGGTCATTCCTCAOCTATACCTCCT700TACTaTG~CACTTAkSATASC&CTGATaCA'GA&C 4 168
TCTGATCATAGGAACACAGCATGOCCTTAOCTTTCTCTTATGACCAGOaACTATAGOCCCCTAAGTCTOTACTAGOCCTOTAOTOCAOCTOvAGAACTGACATTACC~A TGAAGAATTIGGAAGAASIt6GTCAACAC 4306
ATTTAATCCCAACATTCAGGAGACAGACAAGAGAACCACTTOATTCCAGOCCATCCTGOACACTCAGGGTGACACkAGAGAACCCTOTCTCCAAACTOOTACCTIOGAaOCAQGOTATCCCTOTTOCCAGCCTMuACCG 4448
TGCACATGATTGGCAGGATGTAGATTTTGGGTTTTGGATTAGAAGAACGTTGCATOCATCAAGCAAGOCTTAAAT~ACCAAGC'rAnOMOAOGCOTN X54 ^

FiG. 7. DNA sequence of C25.1, a TL gene of C57BL/6 origin. The deduced amino acid sequence is shown below the DNA sequence. The
TGA termination codon is at position 2996 and followed by a 900-bp 3' untranslated region. The B1 and B2 Alu-like repeats are at positions
3523-3701 and 3702-3884. Polyadenylylation signals are at positions 3864 (AATAAA), 3928 (ATTAAA), and 3965 (AATAAA). Position numbers
on the right have not been adjusted for DNA segments that have not been sequenced (represented by dashes).
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isolated with inserts of 200 bp to 1.8 kb. Sequencing data
indicate that at least three TL genes are transcribed in ASLi
and two in ERLD (19).

Structure of TL Genes. Two pTL1+ clones (C25 and C250)
were derived from a cosmid library constructed from ERLD.
A major 24S mRNA detected by pTL1 was found in L cells
transfected with C25, and TL1 and -2 antigen expression was
demonstrated by absorption analysis. C25 contains four class
I genes, only one of which is pTL1+. This pTL1+ gene

(C25.1) was subcloned and transfection and serological
analyses showed that C25.1 codes for TL1 and -2.

Structure and restriction maps of C25.1 are shown in Fig.
6 and its DNA sequence is shown in Fig. 7. Exon/intron
assignments were determined by comparison with TL cDNA
clones (19) or, in the case of exon 1, intron 1, and the
beginning of exon 2, by comparison with the structure of the
H-2Kb gene (20). With the exception of intron 3 and exon 6,
there is a close similarity between the structure of C25.1 and
H-2Kb. Sequence homology between C25.1 and H-2Kb is 64%
in exon 1, 69% in intron 1, 73% in exon 2, 60% in intron 2, 76%
in exon 3, 91% in exon 4, 77% in intron 4, 63% in exon 5, and
38% in intron 5. Intron 3 of C25.1 and H-2Kb have similar
sizes but little sequence homology. With regard to exon 6,
C25.1 has a distinctly different structure from the corre-
sponding region of H-2Kb and other class I genes (20, 21). In
C25.1, exon 6 consists of a single 140-bp coding sequence
followed by a 900-bp untranslated region. In H-2Kb, this
region is divided into exons 6, 7, 8 with a 424-bp 3'
untranslated sequence and two introns (20). Sequences
similar to exon 7, exon 8, intron 6, and intron 7 ofH-2Kb were
found in the 3' untranslated region of C25.1, although the
homology is rather low. In C25.1 two tandemly arranged
Alu-like repetitive sequences, B1 (22) and B2 (23), are also
found in the 3' untranslated region. Two consensus poly(A)
signals (AATAAA) and one variant signal (ATTAAA) are
found 900-1000 bp downstream from the stop codon of exon
6 of C25.1. The R2 TL gene of X17.3/C6.3 has been partially
sequenced and shows strong homology with C25.1. This
indicates that C25.1 isolated from a TL+ leukemia arising in
a TL- strain has not undergone gross structural rearrange-
ments. The deduced amino acid sequence coded by C25.1 is
also shown in Fig. 7 and it indicates that C25.1 can code for
a polypeptide of Mr 41,000 with two interchain disulfide
bridges and up to four carbohydrate chains. This primary
structure is similar to the H-2Kb product (24).

We thank Patricia Day and Nicole Golet for technical assistance.
This research was supported by the Samuel Freeman Charitable
Trust and a grant from the National Cancer Institute (CA-08748).

1. Old, L. J. & Stockert, E. (1977) Annu. Rev. Genet. 11,
127-160.

2. Flaherty, L. & Rinchik, E. (1980) Immunogenetics 11,
205-208.

3. Shen, F.-W., Chorney, M. J. & Boyse, E. A. (1982) Im-
munogenetics 15, 573-578.

4. McIntyre, K. R., Hammerling, U., Uhr, J. W. & Vitetta, E. S.
(1982) J. Immunol. 128, 1712-1717.

5. Yokoyama, K., Stockert, E., Old, L. J. & Nathenson, S. G.
(1982) Immunogenetics 15, 543-549.

6. Old, L. J., Boyse, E. A. & Stockert, E. (1963) J. Natl. Cancer
Inst. 31, 977-986.

7. Steinmetz, M., Winoto, A., Minard, K. & Hood, L. (1982) Cell
28, 489-498.

8. Weiss, E. H., Golden, L., Fahrner, K., Mellor, A. L., Devlin,
J. J., Bullman, H., Tiddens, H., Bud, H. & Flavell, R. A.
(1984) Nature (London) 310, 650-655.

9. Steinmetz, M., Frelinger, J. G., Fisher, D., Hunkapiller, T.,
Pereira, D., Weissman, S. M., Uehara, H., Nathenson, S. &
Hood, L. (1981) Cell 24, 125-134.

10. Goodenow, R. S., McMillan, M., Nicolson, M., Taylor Sher,
B., Eakle, K., Davidson, N. & Hood, L. (1982) Nature
(London) 3-0, 231-237.

11. Wigler, M., Silverstein, S., Lee, L.-S., Pellicer, A., Cheng,
Y.-C. & Axel, R. (1977) Cell 11, 223-232.

12. Southern, E. M. (1975) J. Mol. Biol. 98, 503-517.
13. Thomas, P. S. (1980) Proc. Natl. Acad. Sci. USA 77,

5201-5205.
14. Lund, T., Grosveld, F. G. & Flavell, R. A. (1982) Proc. Natl.

Acad. Sci. USA 79, 520-524.
15. Villa-Komaroff, L., Efstratiadis, A., Broome, S., Lomedico,

P., Tizard, R., Naber, S. P., Chick, W. L. & Gilbert, W.
(1978) Proc. Natl. Acad. Sci. USA 75, 3727-3731.

16. Sanger, F., Nicklen, S. & Coulson, A. R. (1977) Proc. Natl.
Acad. Sci. USA 74, 5463-5467.

17. Norrander, J., Kempe, T. & Messing, J. (1983) Gene 26,
101-106.

18. Winoto, A., Steinmetz, M. & Hood, L. (1983) Proc. Natl.
Acad. Sci. USA 80, 3425-3429.

19. Chen, Y.-T., Obata, Y., Stockert, E. & Old, L. J. (1985) J.
Exp. Med., in press.

20. Weiss, E., Golden, L., Zakut, R., Mellor, A., Fahrner, K.,
Kvist, S. & Flavell, R. A. (1983) EMBO J. 2, 453-462.

21. Hood, L., Steinmetz, M. & Malissen, B. (1983) Annu. Rev.
Immunol. 1, 529-568.

22. Krayev, A. S., Kramerov, D. A., Skryabin, K. G., Ryskov,
A. P., Bayev, A. A. & Georgiev, G. P. (1980) Nucleic Acids
Res. 8, 1201-1215.

23. Krayev, A. S., Markusheva, T. V., Kramerov, D. A.,
Ryskov, A. P., Skryabin, K. G., Bayev, A. A. & Georgiev,
G. P. (1982) Nucleic Acids Res. 10, 7461-7475.

24. Nathenson, S. G., Uehara, H. & Ewenstein, B. M. (1981)
Annu. Rev. Biochem. 50, 1025-1052.

25. Davis, R. W., Thomas, M., Cameron, J., St. John, T. P., Sherer,
S. & Padgett, R. A. (1980) Methods Enzymol. 65, 404-411.

26. Blin, N. & Stafford, D. W. (1976) Nucleic Acids Res. 3,
2303-2308.

27. Chirgwin, J. M., Przybyla, A. E., MacDonald, R. J. & Rutter,
W. J. (1979) Biochemistry 18, 5294-5299.

28. Aviv, H. & Leder, P. (1972) Proc. Natl. Acad. Sci. USA 69,
1408-1412

Immunology: Obata et al.


