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refill the docking sites. Their interaction with the cytoskeleton
supposedly is mediated by fodrin, as anti-fodrin antibodies
introduced into detergent-permeabilized chromaffin cells par-
tially inhibit exocytosis'’. The rapid depolymerization of sub-
membranous actin filaments observed on stimulation'® might
liberate vesicles tethered in the cytoskeletal meshwork and allow
their advance and docking to the plasma membrane.

Our results establish a functional role for the plasma mem-
brane-located 51K CGBP in exocytosis in PC12 and adrenal
chromaffin cells. Although the inhibition experiments reported
here do not reveal the precise biochemical function of the CGBP,
they indicate that the 51K CGBP is part of an intracellular
recognition site for chromaffin granules on the plasma mem-
brane. The search for molecules on the chromaffin granules
complementary to 51K CGBP could lead to identification of an
intracellular receptor-ligand pair suggested by Palade® to be
involved in exocytosis. O
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THE search for the genes encoding the T-cell receptor (TCR) a-
and B-subunits revealed a third gene y which shares with the a-
and B-genes several properties including somatic rearrangement’-2,
This gene, together with a fourth rearranging gene 6%, encodes
a second type of T-cell receptor, TCR y8>®. Although TCR
yd-bearing T cells constitute a relatively minor subpopulation in
the thymus and in peripheral lymphoid organs®®, they are the
major lymphocytes of epidermis (dendritic epidermal cells or
DEC)" and of intestinal epithelium (intestinal intraepithelial
lymphocytes or IEL) in mice'"'?, suggesting that at least some
v6 T cells are important in the surveillance of a variety of
epithelia®. It was recently reported, however, that the TCR &
on DEC has essentially no structural diversity, implying that the
putative ligand is monomorphic'®. As this finding, if generally
applicable, poses severe restrictions on the origin of the ligand,
we investigated the diversity of the TCR on the second major
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epithelium-associated yé T cells, namely IEL from mice. We
report here that by contrast with the DEC y4, the IEL y6 TCR
are structurally diverse.

To synthesize DNA encoding the V-J or V-D-J junctional
regions of TCR y- or 8-chains, RNA extracted from IEL was
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FIG. 1 Detection of TCR y and TCR & RNA in IEL by Southern blot analysis
of PCR-amplified cDNA. cDNA synthesis was initiated with a C, - or Cs-primer.
The sequence of the C, primer is shared by all three functional C,-gene
segments (C;, C,, and C,; refs 2, 23 & 24). For the subsequent PCR we
added a variety of V-specific primers listed in Table I. V,; was not used
because it rearranges only to the non-functional C_;-gene segment?; V.
was also not used because the IEL y protein {(relative molecular mass
(M, 34-35K)***? was clearly different from the V,;-C,, protein (M, 37-
42K)1°25 4 5 RNA. The Southern blot of y-PCR products was hybridized
with random-primed C,, cDNA (SfaNi-SfaNl, 650 base pairs (bp)). The
controls (lanes C) were RNA fragments extracted from the following
hybridomas: V., and V,,, KN6 (ref. 18); V, 5, KI129 (ref. 26); V 5, KN25
(ref. 18); and V,,, KN106 (ref. 18). The products from IEL RNA were run in
lanes i. b, 8 RNA. The Southern blots of -PCR products were hybridized
with oligonucleotide probes for Js;, or Js, as indicated on the left side of
the blots. For the controis (lanes C), RNA fragments extracted from the
following hybridomas were used: Vs, , KI129 (ref. 26); V;,, KN12 (ref. 18);
Vss, KN106 (ref. 18); Vyq, 66-33B (gift of I Ishida); Vy;, KN25 (ref. 18). For
the V;5 control, 0.1 ng of Z68 cDNA*® cut with EcoRl was used. The products
from IEL RNA are shown in lanes |I.

METHODS. IEL were isolated from adult (15-20-week-oid) C57BL/6) mice
as described by Petit et a/2® and RNA from the lymphocytes in the 50%
Percoll fraction was extracted by the guanidinium isothiocyanate/CsCi
method®”. 10 ug of RNA was incubated with 0.5 uM C-primer, 0.5 mM
deoxynucleotides, 50 mM Tris-HCI (pH 8.3),10 mMMgCl,, 8 mM dithiothreitol,
2 units of human placental ribonuclease inhibitor (Amersham) and 15 units
of reverse transcriptase (Seikagaku) in a total volume of 20 wl. After 45 min
at 43 °C, 2.5 ul of the mixture was brought to 25 ul in 50 mM KCl, 10 mM
Tris-HCI (pH 8.4), 2.5 mM MgCl,, 1 uM V-primer, dNTPs at 250 pM and 0.5
units of Taq polymerase (Perkin Eimer Cetus). PCR cycles were run essentially
as described by Saiki et a/*® with 1 min at 92 °C, 2 min at 50 °C and 3 min
at 72°C. A 10-pl aliquot of the reaction mixture was applied to a 1.5%
Agarose gel in 1 xTBE?’, and Southern transfers were performed, as
described previously?” on Nitro-plus 2000 cellulose nitrate membranes
(MSI). The J;, probe was the oligonucleotide 5'~-CTACCGACAAACTCGTCTTT-
GGACAAGGAACCCAAGTGACTGTGGAACCA-3', labelled by Klenow enzyme
with the primer 5-TGGTTCCACAGTCAC-3". The Js, probe was the oligonu-
cleotide 5'-CTCCTGGGACACCCGACAGATGTTTTTTGGAACTGGCATAGAGCTC-
TTTGTGGAGCCCC-3', labelled by Klenow enzyme with the primer 5'-
GGGGCTCCACAAAGAGCT-3'. After standard hybridization and washing?’, an
autoradiogram was generated using the Fujix BA10O Bio-image analyser
(Fuji Photo Film Co., Ltd) after exposure for 15 min®®.
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subjected to the polymerase chain reaction (PCR)!’ (see Table
1 for the synthetic primers used), and subsequently analysed by
agarose gel electrophoresis (Fig. 1). Concordant with a previous
RNA blotting analysis'', the V,,-primer gave a strong DNA
band of the expected length. DNA bands of appropriate lengths
were also observed with the V,,- and V,,-primers, but not with
the V,s- or V ¢-primers. As all IEL y-chains are N-glycosidase-
sensitive (data not shown), the y2 chain (V,,J,,C,,) which
lacks the site for N-linked carbohydrates' was not analysed. In
the case of TCR 8-chains, a given V; segment can rearrange to
either J;, - or J;,-gene segments*: strong PCR bands correspond-
ing to Vsu-Js1, Vse-Js,, and Vy,-J;, rearrangements and faint
bands corresponding to V,s-Js; and Vj;,-J5, rearrangements
were detected (Fig. 15).

Both the y and 8 PCR products from the IEL RNA were
cloned into a plasmid and their nucleotide sequences determined
(Fig. 2). Of the 13 DNA clones obtained from the V,, PCR

products, 10 had in-frame V-J joints, and three had out-of-
frame joints (Fig. 2a), all with N-nucleotide additions'®. Addi-
tionally, the joining ends of both the V,;- and J,-gene segments
varied among clones. Although the V,, PCR products also
exhibited high junctional variability, all three in-frame clones
had a translational termination codon (TAG) indicating that
they cannot code for the surface-expressed y chains. This is
consistent with our previous immunoprecipitation analysis''.
The nucleotide sequences of the § PCR products show all but
one, pd5-100, to be joined in-frame and therefore have the
potential to be expressed on the IEL surface (Fig. 2b). It is
evident that all mechanisms responsible for the junctional diver-
sity of TCR 8-genes are utilized in IEL 8 chains, namely the
use of two known Dj gene segments, the use of D, gene segments
in all three reading frames, the occurrence of N nucleotides in
most junctions, and the imprecise joining'’ of the V; and Js
gene segments.

FIG. 2 V-J junctional sequences of y and & transcripts a Vy N Iy In frame?
from IEL. &, V,;,-J,, and V,4-J,,. The V-J junctional DNA v T 1 r _
sequences are aligned with V, germline sequence (Y.T, germline Vy; -TGT GCC TCC TGG GCT GG cacaatg....... TCA GaT
unpublished observations) or germline J,, sequence®3 N-  987mine dyp cactgtg AT AGC -
regions due to nucleotide additions are shown with normal g7- 19 -TGT GCC TCC TGG GC CCGAT AT AGC TCA GGT- Yes
letters, germline coding sequences are shown in bold letters g7- 30 -TGT GCC TCC TGG G GGAGGGGGT AT AGC TCA GGT- Yes
and heptamer sequences for recombination are indicated 9;- ‘g -;g; ggg ;gg lgg g(c: GGﬁ/T\T :I :gg }g: gg}' ;95
P _ - : g7- - - es
in italics. b, Vs—Jss . Junctional DNAlgsequences are aligned g7- 52 -TGT GCC TCC TGG G TTCTAT AT AGC TCA GGT- Yes
with published germline sequences™ for D5y, D2, and Jsy g7- 70 -TGT GCC TCC TGG GCT GG CCACGG T AGC TCA GGT- Yes
and published V; sequences with estimated boun- g7- 97 -TGT GCC TCC TGG GCT GG C AGC TCA GGT- Yes
O dvregons 0, e ord N coronaing o e 9140 TECICIMETG g gamen e
. e A g7- - - es
pucleot!de additions at _VD, DD 'and DJ junctions are showp 97-134 TGT GCC TCC TGE GOT G o7 AGC TCA GGT- Vs
in normal letters, germlme coding sequences are shown in g7- 56 “TGT GCC TCC TGG GCT GG TAT AT AGC TCA GGT- No
bold letters and germiine heptamer sequences are shown g7- 57 -TGT GCC TCC TGG GCT ACGGAT AT AGC TCA GGT- No
in italics. pd6-92 has the same V; sequence as M23 (ref. g7- 91 -TGT GCC TCC TGG CCCTAT AT AGC TCA GGT- o
4). pd7-30 and pd7-33 both have V-region sequences that ., . Vyg -TGT TCC TAC GGC TAA AG cacagca.......
are slightly d|fferfent from the other V;; sequences. germline dyy Lo cactgtg AT AGC TCA GGT-
METHODS. Ampiified cDNA from IEL (see Fig. 1) was treated
with kinase, purified by 1.5% agarose gel electrophoresis 92 - 2; -;g} ;gg mg ggg R GA/?G :gg ;g: gg- ;es
: : g4- - - es
and cloned into the Smal site of the pUCL3 vector. After g4- 25 -TGT TCC TAC GGC TA GCGG AGC TCA GGT- Yes
transformatlon into £ coli cells, ampicillin-resistant g4- 16 _TGT TCC TAC GGC TAA A CCAGATAAGG CA GGT- No
colonies were screened with labelled V,; or V,, probes g4- 21 -TGT TCC TAC GG AG GGT- No
described previously'®, and plasmid DNA from positive 92- gg -;g ;gg ;:g ggg }AA EQEEXC AGe ;g: gg;- xc
; ; 27 e g4- - - 4
colonies was squenced.by the dideoxy method“ using g4- 70 TET TCC TAC GGC TAA A TAGACC TCA GGT- No
Sequenase (U.S. Biochemical).
b Vs Ny Bsy N, Ds, Ny s In frame?
A 1f 1 L 1T "~
germline Vs4-TGT GCT CTC ATG GAG CG
pd4-203 -TGT GCT CTC ATG GAG CG CGGGC GCATAT  TGGGC  CGGAGGGATACGAG A ACC GAC AAA- Yes
pd4-213 -TGT GCT CTC ATG GAG C ACACA TGGC TCTCAAT ATCGGAGGGATACGA CCCTC CT ACC GAC AAA- Yes
pd4-276 -TGT GCT CTC ATG G GAGG GGAGGGATACG CC GAC AAA- Yes
pd4-305 -TGT GCT CTC ATG GAG ATCGGAGGGATA AAG ACC GAC AAA- Yes
pd4-318 -TGT GCT CTC ATG GAG C TA CAT ATCGGAGGG CA T ACC GAC AAA- Yes
germline Vg5-TGT GCC TCG GGG TAT
pd5- 17 -TGT GCC TCG GGG TAT 766 ATATC GAGGGATACGAG CTTGG CC GAC AAA- Yes
pd5- 86 -TGT GCC TCG GGG TAT cce GCAT CGGAGGGA G CT ACC GAC AAA- Yes
pd5-100 -TGT GCC TCG GGG CTC CATAT  GGCA ATCGGAGGGATAC AGG ACC GAC AAA- No
pd5-187 -TGT GCC TCG GGG GAA ATAT GG CCCT CT ACC GAC AAA- Yes
pd5-238 -TGT GCC TCG GG CTTC GAGGG CCCCA CT ACC GAC AAA- Yes
germline V56-TGC GCT CTC TCG GAA CT
pd6- 32 -TGC GCT CTC TCG GAA CT TGGA ATAT ATCGGAGGGATACG T CT ACC GAC AAA- Yes
pd6-138 -TGC GCT CTC TCG GAA CT G ACC AGGG CT ACC GAC AAA- Yes
pd6-201 -TGC GCT CTC TCG GAA C GTGGGAGGCACCA CATATC GG AGGGATACGAG CTGGG C GAC AAA- Yes
pd6-203 -TGC GCT CTC TCG G TC T  ATCGGAGGGATACGAG CT ACC GAC AAA- Yes
pd6-204 -TGC GCT CTC TCG GAA CT G TCGGAGGGATACG GGG CT ACC GAC AAA- Yes
pd6- 92* -TGT GCT CTC TGG GAG C T TAT ATCGGAGGGATACG GA CT ACC GAC AAA- Yes
germline Vs7-TGT GCT ATG G
pd7- 37 -TGT GCT ATG G ATC C  ATCGGAGGGATACGAG CTGACG GAC AAA- Yes
pd7- 43 -TGT GCT ATG G AAC GTGG G CGGAGGG AC ACC GAC AAA- Yes
pd7- 51 -TGT GCT A GGAGGG ATATC GGAGGGATACGAG CT ACC GAC AAA- Yes
pd7-152 -TGT GCT ATG GTGG G CGGAGGGATACGAG  AGG CT ACC GAC AAA- Yes
pd7- 30# -TGT GCT AT A GGAGGGATACGA T C GAC AAA- Yes
pd7- 33# -TGT GCT A GA ATCGGAGGGATAC ACC CT ACC GAC AAA- Yes
germline Bgp vovvevineniiieniinnneninan. cactgtg GTGGCATATCA cacaggt.......
germline Dgp veueununsnsuesniuennenrnenasniarnsnneanenenns caccgtg ATCGGAGGGATACGAG cacagtg.......
GEIMITAR U gy wneene ittt ettt ittatretentaeesasnesnesaesasnetosonesncnesaonssnens agctgtg CT ACC GAC AAA-
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TABLE 1 PCR primers

Region Name Sequence 5'-3' Position Ref.
c, STP. 120 CTTATGGAGATTTGTTTCAGC 139-145 1
Voo STP.121 CGGCAAAAAACAAATCAACAG 37-43 1
Vs STP. 073 TGTCCTTGCAACCCCTACCC 49-56 29
Vs STP. 094 TGTGCACTGGTACCAACTGA 35-42 23
Ve STP. 107 (GGAA)TTCAAAAGAAAACATIGTCT 55-62 23
V.7 STP. 102 AAGCTAGAGGGGTCCTCTGC 18-24 30
Cs STP. 110 CGAATTCCACAATCTTCTTG 158-165 3
Ve STP. 111 (GGA)ATTCAGAAGGCAACAATGAAAG 79-86 4
Vsa STP. 119 TTCCTGGCTATTGCCTCTGAC 65-72 19
Vsa STP. 075 CCGCTTCTCTGTGAACTTCC 61-68 18
Vss STP. 082 CAGATCCTTCCAGTTCATCC 42-49 18
Vse STP. 113 TCAAGTCCATCAGCCTTGTC 72-78 3
Vs, STP. 076 CGCAGAGCTGCAGTGTAACT 18-25 18

The position of the nucleotide sequence of the primer is indicated by the corresponding amino-acid number counted from the putative N-terminal cleavage
site in each reference. For the Vg primer, a sequence common to pA12, Z53 and Z49 was chosen. The 3’ 15 bases of this primer are also common to

M23 (ref. 4).

The amino-acid sequences deduced from the junctional
nucleotide sequences indicate that IEL y§ TCR would have a
high degree of structural diversity in the V-J junctional regions
(data not shown); but diversity is not limited to these regions
because the V,;-coded y-chain can pair with either the V,, Vs,
V, or V, 8-chain. This diversity of the IEL y6 TCR is reminiscent
of that observed for the y8 TCR expressed on the thymocytes
of adult mice'®'®. The IEL 6 TCR, however, clearly comprise
a unique subset distinct from those on adult thymocytes which
use V,, and V;s gene segments predominantly.

The y8 TCR expressed on DEC, the other known epithelium-
associated y8 T-cell subset, utilize a single V,, (V,5) and a single
Vs (Vs,) gene segment and have no junctional diversity'®. This
suggests that the ligand for DEC y8 TCR is monomorphic unlike
those of a8 TCR'. By contrast, IEL certainly have the capacity
to recognize structurally diverse ligands with their highly diverse
¥8 TCR. This, plus the fact that IEL are CD8-positive®™”'
strongly suggests that their ligand is composed of a structurally
variable peptide presented by a class I or class I-like protein of
the major histocompatibility complex (MHC). The high level
of diversity concentrated in the V-(D)-J junctions is consistent
with the recognition of variable peptides, if the folding of
polypeptide chains is similar for TCR y8 and immunoglobulin
molecules®. The origin of the postulated peptides is a matter
of speculation. One possibility is that they originate from a
relatively large set of self proteins whose syntheses are induced
when the epithelial cells are under stress. Another possibility is
that the peptides arise from viruses, bacteria and other microor-
ganisms that are prone to infect the intestinal epithelium cells.
The preferential usage of the V,, segment may reflect its affinity
for a limited number of class 1 or class I-like protein(s) that
may be expressed on intestinal epithelial cells.
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IN addition to having profound effects on embryonic pattern
formation' >, retinoic acid (RA) has striking effects on differenti-
ation and maintenance of epithelial cells in vivo and in vitro
(reviewed in refs 6 and 7). Skin is a major target organ for retinoids
both in its normal®® and pathological states'’. The discovery of
two human nuclear receptors for RA (hRARa and hRARB) acting
as transcriptional RA-inducible enhancer factors''~'# has provided
a basis for understanding how RA controls gene expression'*'®,
To investigate the specific role that RARs might play during
development and in adult tissues, we have cloned the mouse RAR«
and RARB (mRAR«a and mRARp). Their amino-acid sequences
are much more homologous to those of hRARa and hRAR(,
respectively, than to each other, which suggests strongly that RAR
«- and B-subtypes have different functions. Most interestingly we
have discovered a novel RAR subtype (mRARYy) whose expression
in adult mouse seems to be highly restricted to skin, whereas RARa
and RARP are expressed in a variety of adult tissues. Furthermore,
both mRARa and mRARy RNAs are readily detected in
undifferentiated F9 embryocarcinoma (EC) cells, whereas mRARB
messenger RNA is induced at least 30-fold in RA-differentiated
F9 cells.
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