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The size of the second largest PCR product (no. 2) corresponds
to that expected from the transcript that gave rise to the variant
pTcrd clone (1,153 nucleotides).

To verify that the PCR product did indeed have the same
structure as pTcrd, the blot was rehybridized sequentially with
two oligonucleotides that define the two variant regions of this
clone. The first oligonucleotide (VII - IX) is complementary to
sequences on both sides of the variant exon VII-exon IX junc-
tion found in pTcr4. Positive hybridization to PCR product no.
2 with this splice-specific oligonucleotide (Fig. 2a, lane 2)
demonstrates that exon VIII has been spliced out from the
corresponding transcript. The second region-specific oligo-
nucleotide (IXB) is complementary to a 21-nucleotide sequence
present in the 3’ portion of exon IX which is also spliced out
from pTcr4. The IXB oligonucleotide is not allele-specific and
cross-hybridizes to products from other Tcp-10 genes. This
oligonucleotide fails, however, to hybridize with PCR product
no. 2 (Fig. 2a, lane 3). Together, the size determination and
PCR hybridization data indicate that PCR product no. 2 has

FIG. 2 PCR analysis of Tcp-10 transcription. g, Analysis of
PCR-amplified Tcp-10 RNA from whole testes with oligonu-

cleotide probes. All oligonucleotides are described in Table a

1. Lanes 1-3 represent the amptified products from t*5/¢*18
testicular RNA sequentially hybridized with oligonucleotides
specific for (1) Tep-10b7, (2) the variant VIi- IX splice junc-
tion, and (3) the 3’ end of exon IX (defined below). Lanes 4-9
represent the ampiified products of +/t*° testicular RNA
sequentially hybridized with each of the allele-specific
oligonucleotides as indicated above each lane. The smallest
echo band present in each lane is not observed in PCR
amplifications from oligo(-dT) primed cDNA (see Fig. 2¢), and
seems 1o be an artefact generated during cDNA priming. The
major product of the Tep-10a* allele (lane 5), which is smailer
than those from the other Tcp-10 alleles, and is similar but
not identical in size to the Tcp-10b' variant product, is
associated with an unrelated deletion in the 5" end of the
transcript (nucleotides 116 - 175). b, Schematic representa-
tion of the exon-intron structure corresponding to the two
alternatively spliced forms of the primary Tcp-10b° tran-
script. (All intron-exon borders have been determined by D.
Bullard and J. Schimenti, personal communication). Coding
regions associated with each transcript type are shaded.
Locations of the two PCR primers used for amplification are
indicated by arrows (see Tabie 1). These primers correspond
to nucleotide sequences shared by all members of the Tep-10
gene family on both wild-type and ¢t haplotype chromosomes.
The ViI>IX oligonucleotide is complementary to an 18-
nucleotide sequence extending across the variant splice junc-
tion between exons VIl and IX. Only transcripts that have
spliced out exon VIII will hybridize to this oligonucleotide. [
Oligonucleotide 1XB derives from the 3’ portion of exon IX

which can be eliminated by alternative splicing. ¢, PCR analysis

of Tep-10 splicing patterns during germ cell differentiation.

Enriched germ cell populations were obtained from +/t*5

testes. Germ cell stages are indicated above each lane (Pachy,

pachytene spermatocytes; Round, round spermatids; Eiong,

elongating spermatids). PCR products were hybridized

sequentially with the Tep-10b* and Tep-10a*-specific oligo-

nucleotides.

METHODS. First strand cDNA was produced from total tes-

ticular RNA and amplified as described above. The PCR prod-

ucts were electrophoresed through 1.2% agarose (Seakem,

FMC Bioproducts) and transferred to Genescreen (Dupont) by

standard methodologies. The blots were probed with oligonu-

cleotides labelled at their 5’ ends (see Table 1). Isolated

testicular germ cells were fractionated by unit gravity
sedimentation over a 2-4% linear BSA gradient™® using a

Celsep apparatus (Dupont). Individual fractions were

assessed microscopically, and pooled. The purity of the pools

was assessed after staining with Mayer's haematoxylin (Sigma). The
pachytene spermatocyte fraction was 72% pure, and was primarily contami-
nated with muitinucleate round spermatids. The round and elongating sper-
matid fractions were 75% and 56% pure respectively, and were primarily
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the same structure as the variant Tcp-10b’ clone, pTerd.

To determine whether this alternatively spliced product is
associated solely with transcripts derived from the Tcp-10b*
allele, total Tep-10 PCR products from a +/t heterozygous
mouse were sequentially hybridized with allele-specific oligo-
nucleotides corresponding to each of the three functional mem-
bers of the gene family present in both wild-type and ¢ chromo-
somes. The variant transcript corresponding to the pTcr4 clone
is produced uniquely by the Tcp-10b* allele (Fig. 2a).

To investigate whether the variant Tep-10b° transcript is
expressed in a stage-specific manner, spermatogenic cells were
fractionated into pre-meiotic and post-meiotic fractions by unit
gravity sedimentation before RNA purification and analysis.
With a Tcp-10b° allele-specific oligonucleotide, one can demon-
strate the expression of the variant transcript only in the haploid
cell fractions (Fig. 2¢). This observation indicates that changes
in the splicing machinery must occur during sperm differenti-
ation. As the wild-type Tcp-10 genes do not undergo a temporal
change in splicing patterns (Fig. 2¢), it seems that Tcp~10b’ is
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contaminated with each other. Pooled pachytene spermatocytes, round
spermatids and elongating spermatids were lysed by boiling in H>0 in the
presence of diethylpyrocarbonate, and the clarified lysate was reverse-
transcribed with oligo(dT) as a primer, and PCR-amplified as described above.
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TABLE 1 Oligonucleotides and primers

Target Nucleotide no.* Corresponding ¢cDNA sequence’
Tep-10a’  107->115/176>187f  GGCTGCAGA/ACAAATACCTCC
Tep-10b° 349 368 GATTCCGAGAAGACAACCTC
Tep-10c® 416438 CAATGGCCACCAGAGGAACAGAC
Tep-10a™ 512530 GAAGCTTGGGCAGAATGTC
Tep-10b™ 444464 GATGAAATGTTGTCTTTTAC
Tep-10c™  —44§ CAAGAATGCACGAGCCTTCCC
VIl IX 675->684/784>792 GTGGGTGCAG/GTGGAGCGG
Exon IXB 892912 GACATGAAGAAGATCAAGTCC
5 primer ~-162~ —-141 CCCTCTCAAGGCCCTGTTCACCTC
3’ primer 1203-1221 CCCAGATGGCACCACCAAG

* Location of each oligonucleotide relative to the first ATG of the conserved open
reading frame (previously nuclectide 421 in Schimenti et al.®).

T Allele-specific base changes are undertined.

% Crossing the Tcp-10a° allele-specific deletion.

§ 21 nucleotides of an allele-specific 30-base pair insertion at the 5’ end of exon
Il (SH.P. et al, manuscript in preparation).

using a process that has evolved for other purposes. The implica-
tion is that changes in the splicing machinery occur normally
to alter other patterns of protein expression during spermato-
genesis. Two unanswered questions raised by these results are:
(1) what is the nature of the trans-acting factors that regulate
the Tcp-10b' splicing switch; and (2) what are the cis-acting
elements within the Tep-10b* primary transcript that distinguish
it from the products of the other Tcp-10 genes and allow it to
follow this change in splicing pathway?

The putative polypeptide encoded by the variant Tep-10b°
transcript has a structure strikingly different from that of the
polypeptide produced by the full-length mRNA (Fig. 15). The
removal of exon VIII causes the in-frame deletion of 33 amino
acids that seem to form a single, hydrophilic domain. The
removal of the 3’ end of exon IX changes the reading frame,
resulting in the elimination of 145 amino acids from the C
terminus of the protein product, and its replacement with an
unrelated stretch of 45 amino acids. In previous studies, we
found that the C terminus of the full-length polypeptide is
composed of 20 repeats of a basic 9-residue motif*. We have
compared mouse and human homologues of Tep-10, and found
that this repeating motif region is the most highly conserved
portion of the polypeptide (S. D. Istam, S.H.P., C.L.D. and
L.M.S., manuscript in preparation).

These changes in TCP10Bt protein structure are likely to have
dramatic effects on protein function. This would be consistent
with current views of the action of the Ter' product which is
thought to ‘protect’ t-bearing spermatids from the deleterious
effects of the Ted® products®. It has been proposed that Tcd'
products interact unfavourably with the Ter™ product causing
the dysfunction of +-spermatids. If the variant TCP10Bt product
did indeed function as the Tcr' effector, its action could be
accounted for within the context of this model by hypothesizing
that it is unable to bind Ted® products as a result of its altered
structure, although it retains the ability to perform the normal
Ter* role in spermatogenesis. d
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DURING thymocyte development, progenitor cells bearing both
CD4 and CDS8 coreceptor molecules mature into functional T
lymphocytes that express these proteins in a mutually exclusive
way’. Although T-cell specificity is determined primarily by the
structure of the T-cell antigen receptor (TCR) heterodimer®, a
developmentally regulated process acts to ensure that cells bearing
class Il-restricted TCRs are CD4™ and those bearing class I-
restricted TCRs express only CD8 (ref.3). To investigate this
maturation process, we have engineered transgenic mice in which
CD4 is expressed in all thymocyte subsets and in all peripheral
T celis. Peripheral CD4*8" T lymphocytes from these mice react
with both class I and class II alloantigens. Moreover, expression
of the CD4 transgene disrupts the positive selection of doubly
transgenic thymocytes bearing a class I-restricted TCR specific
for the male (H-Y) antigen. Hence the CD4 coreceptor participates
directly in T-cell repertoire selection.

To augment expression of CD4 in thymocytes, a murine CD4
minigene was fused to the proximal promoter of the murine Ick
gene (Fig. 1). The proximal Ick promoter is expressed at high
levels in the thymus*® and a 3.2-kilobase fragment of this
promoter directs thymocyte-specific expression of heterologous
genes in transgenic mice’ . Two independent lines of lck-CD4
transgenic mice were established that express high levels (15-30
times normal) of CD4 on thymocytes. In general, this alteration
in CD4 expression does not grossly affect thymocyte develop-
ment (see below).

To determine whether the repertoire of mature CD8" T cells
can be altered by expression of the CD4 transgene, CD4 trans-
genic mice (line 727) were mated with mice expressing a trans-
genic e TCR specific for the H-Y antigen presented by H-2D"
class 1 molecules!®. Thymocytes and lymph node cells from
female B and doubly transgenic «f/727 mice were analysed
by three-colour staining with monoclonal antibodies directed
against CD4, CD8, and either the « (T3.70; refs 11, 12) or the
B (F23.1; ref. 13) TCR transgene product. In @8 transgenic
mice, the B transgene product is expressed by all T cells, whereas
the a transgene product is expressed preferentially on CD478"
T lymphocytes. This preferential expression results from
intrathymic positive selection by H-2D" class I molecules'’**.

In accord with previous reports (refs 11, 12), mature CD4~8"
T cells were overproduced in the thymuses of af transgenic
mice (47% of thymocytes as compared with 3% for normal mice;
see Fig. 2). Positive selection of CD8" T cells was substantially
reduced in «fB/727 thymuses—only 11% of thymocytes were
mature CD8"* cells. Note that during the transition from
immature thymocytes to mature T cells, the expression of the
lck-CD4 transgene is reduced by ~15-fold (unpublished data).
This is consistent with the finding that the proximal Ick promoter
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