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SUMMARY: Using mouse 8 opioid receptor (DOR) cDNA sequence to probe genomic libraries
in bacteriophage A and P1 vectors, clones traversing the entire DOR coding sequence and 5' and 3'
flanking regions were isolated. Genomic sequence encoding mature DOR message, including 5
and 3' untranslated sequence, is divided by two introns of 26 kb and 3 kb, resulting in the gene
occupying 32 kb of chromosomal DNA. Multiple putative transcription initiation sites were
located, by RNase protection assay, in TATA-less G+C rich sequence between 390 and 140
nucleotides upstream from the ATG translation start codon. A polyadenylation site was located
1.24 kb downstream from the TGA translation stop codon. Examination of 1.3 kb of 5’ flanking
sequence revealed potential binding sites for several known transcription factors including: Sp1,
Ap-2, NF‘KB, NF’IL6, and NGFI'B. © 1995 Academic Press, Inc.

Pharmacological effects of exogenous opioid alkaloids and endogenous opioid peptides,
e.g. antinociception, depression of respiratory and gastrointestinal functions, inhibition of immune
responses, and psychological euphoria (1), are all known to initiate through G-protein coupled cell
surface receptors (2). Although opioid receptors were identified in mammalian brain over two
decades ago, molecular characterization of a functional opioid receptor remained an elusive goal
until two years ago, when two independent laboratories reported the isolation of a cDNA encoding
a & opioid receptor (DOR) from mouse NG108-15 neuroblastoma X glioma cells (3, 4).
Subsequent to these discoveries, molecules encoding the three major pharmacologically defined
opioid receptor types, 6, k, and y, have been isolated from rodent and human cDNA libraries (5-
15). Other novel cDNAs, sufficiently homologous to be included in the opioid subfamily of seven-
transmembrane G-protein coupled receptors, but with as yet undefined ligands, have also been
isolated (16, 17). Genomic structure of a mouse y receptor gene has been reported (18), and two
splice junctions in the human k and p receptors have been identified (5, 19). In addition, a splice
junction in an orphan receptor gene has been identified by the discovery of a differentially spliced
mRNA (16, 17).

To begin experiments designed to elucidate mechanisms regulating expression of opioid
receptor genes we have obtained mouse opioid receptor genomic clones. We report here the exon-
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intron structure, possible transcription initiation sites, and 5' flanking sequence, of mouse DOR

genomic DNA.

MATERIALS AND METHODS

Isolation and analysis of genomic clones. The ADOR11 clone was isolated from a
library constructed in Lambda Dash II BamHI arms (Stratagene, La Jolla, CA, cat. #247211),
using 18-23 kb Sau3A fragments from a partial digest of DNA isolated from the liver of an adult
C57 Black/6 female. The primary library was screened by in situ plaque hybridization, using 32P-
labeled mouse DOR-1 ¢cDNA (3) containing the entire DOR coding sequence. The P1-1178
genomic clone was isolated from a ¢129 embryonic stem cell library by Genome Systems, Inc.
Library Screening Service (St. Louis, MO). The library was screened for phage hybridizing to a
206 bp DNA fragment, selected from sequence in ADOR11 spanning the intron-exon junction at
the upstream border of DOR exon 2 (Fig. 1).

RNase protection assay. Total RNA was prepared from NG108-15 cells using the
Totally RNA kit (Ambion, Austin, TX). Poly(A)* RNA was prepared from C57 Black/6 mouse
brains using the Fast Track mRNA Isolation Kit (Invitrogen, San Diego, CA). To generate an
antisense RNA probe for RNase protection analysis, the 1.3 kb Sacl/Ncol 5' flanking mouse
DOR genomic DNA fragment (Fig. 2) from phage P1 1178 (Fig. 1), was blunted at the Ncol end,
by filling in using Klenow enzyme and all four deoxyribonucleotides, and subcloned into
Sacl/EcoRV digested pBluescript II SK (+) (Stratagene). 0.5 pug of the resulting plasmid,
pRPD3N, was linearized by Spel digestion and transcribed in vitro using T7 RNA polymerase and
[{0-32P]CTP to make anti-sense riboprobe. This 32P-labeled RNA was treated with RNase-free
DNasel, to digest the plasmid DNA template, and made 5M in guanidine isothiocyanate. An aliquot
of anti-sense riboprobe (5 x 105 cpm) was hybridized to NG108-15 total RNA or mouse brain
poly(A)* RNA, as well as to yeast RNA used as a negative control, in 5M guanidine isothiocynate
solution as described previously (20). The mRNA-32P-labeled antisense RNA hybrids were
diluted 1:40 with RNase buffer and digested with various concentrations of an RNase A/RNase T1
mixture (RPAII kit, Ambion). After ethanol precipitation, fragments protected from RNase
digestion were electrophoresed on a 6% polyacrylamide/7M urea denaturing gel along side dideoxy
nucleotide sequenced DNA for size estimation (Fig. 2).

Reverse transcriptase-polymerase chain reaction (RT-PCR) analyses of §'
and 3' ends. Mouse brain poly(A)* RNA (1 pug) was used as template in RT-PCR assays using
components of 5' and 3' RACE systems (GibcoBRL, Gaithersburg, MD, cat. nos. 18374-025 and
18373-019). In 5' assays, templates were reverse transcribed with Superscript II RNase H™ reverse
transcriptase at 42 °C, 50°C, or 55°C, using primers complementary to DOR-1 ¢cDNA (3) (bases
33-55 or 375-395, numbered relative to the +1-ATG translation start codon). In one assay the
RNA template was equilibrated in S mM methyl mercuric hydroxide for 5 min. at room temperature
prior to being diluted to 2 mM in a 42 °C reverse transcription reaction with the 33-55 base
primer. After removal of excess nucleotides and primer on a GlassMax spin column (GibcoBRL),
the purified cDNAs were homopolymeric tailed with either dCTP or dATP using terminal
deoxynucleotidyl transferase. Tailed cDNA was then amplified by PCR using the oligo-dC or
oligo-dA specific primers provided in the RACE kits, and a nested gene specific primer
complementary to DOR-1 cDNA bases 4-25 or 267-288. In the 3' assay, the RNA template was
reverse transcribed using the oligo-dA specific primer at 42 °C. The resulting cDNA was PCR
amplified twice using the amplification primer supplied in the kit and two DOR 3' untranslated
region specific primers: first with a primer homologous to bases 1761-1777, and then with a
nested primer at bases 2107-2125. Amplified PCR products were cloned in the pAMP1 plasmid
vector using the Uracil DNA glycosylase/CloneAMP system (GibcoBRL), analyzed for insert size
by restriction endonuclease digestion, and selected clones were sequenced to determine 5' or 3'
ends. In some 5' assays, transformants were screened by colony hybridization with 32P-end-
labeled oligonucleotide probes specific to the 5' end of DOR-1 cDNA. Plasmids from positive
colonies were further characterized by DNA sequencing to determine transcription start sites.

RESULTS
Exon-Intron Structure of the DOR Gene. An initial genomic clone, ADOR11
(Fig. 1), containing part of the DOR gene was obtained by screening 106 bacteriophage A plaques

from a primary mouse genomic library using a 1.8 kb fragment of mouse cDNA containing the
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Figure 1. Structure of the mouse DOR gene. The center (bold) line represents mouse genomic
DNA encompassing the DOR gene from 390 bp upstream of the ATG translation start codon in
exon 1 to 1.24 kb downstream of the TGA translation stop codon in exon 3. The 1.8-kb DOR-1
c¢DNA molecule (3) is drawn above the DOR gene, relative to a fully spliced, undegraded DOR
message (top line). Portions of genomic inserts from the two DOR phage clones isolated in this
study (ADOR11 and P1 1178) are drawn to scale relative to the genomic DNA, with the DOR
gene Kpnl (K) and Sacl (S) restriction map indicated on the P1 1178 insert.
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entire DOR-1 coding sequence. Southern blot hybridization of DOR-1 cDNA to restriction
endonuclease digests of ADOR11 DNA, and subsequent DNA sequencing, revealed exon-intron
junctions corresponding to DOR-1 cDNA nucleotides 255/256 (amino acid #76) and 605/606
(amino acid #193) (Fig. 1).

To walk upstream from the ADOR11 genomic sequence, a 206 bp probe was generated
from mouse genomic DNA by polymerase chain reaction using a primer pair consisting of one
primer homologous to intron sequence upstream from DOR-1 nucleotide 255 and a second primer
complementary to sequence from 275-294 in DOR-1 exon 2. This probe was used to screen a
bacteriophage P1 mouse genomic library. A clone was obtained, P1-1178 (Fig. 1), containing
approximately 100 kb of mouse genomic sequence. Restriction endonuclease mapping, and
Southern blot hybridization of DOR-1 ¢cDNA coding sequence to Kpnl and Sacl digested P1-1178
DNA, indicated P1-1178 homology to the mouse genomic sequence contained in the ADOR11
clone, and to upstream DOR-1 ¢cDNA sequence not contained in the ADOR11 clone. Subsequent
DNA sequencing identified the remaining 5' DOR-1 ¢cDNA sequence contained in a single exon
located 26 kb upstream of exon 2 (Fig. 1).

To determine the downstream end of exon 3, mouse brain poly(A)* mRNA was subjected
to 3' RACE using gene specific primers located within the 3' untranslated region of previously
reported DOR cDNA sequence (4). All of sixteen RACE clones examined contained an
approximately equal 3' untranslated restriction fragment length, and each of five clones selected for
sequencing differed only in the length of their poly A tracts. Polyadenylation began within a group
of four A residues located 1240-1243 bp downstream from the TGA stop codon. A canonical
5'-AATAAA polyadenylation signal is located 11 bp upstream from this site, and the four A
residues are followed by a short G+T rich sequence usually found immediately downstream of
polyadenylation sites (21).

Both introns have consensus GT/AG splice donor/acceptor boundaries. The amino acid
coding portions of the exon sequence determined from P1-1178 and ADOR11 is 100%
homologous to three (4, 15, 22) of the four mouse 8 opioid receptor cDNA sequences currently in
GenBank, however there are a number of differences among the four reported cDNAs in sequence
flanking the coding sequence. We have carefully sequenced both DNA strands of the sequence we
are reporting to the database.

Determination of the Transcription Initiation Site. RNase protection analysis of
the 5' ends of mouse brain poly(A)* RNA and NG108-15 total RNA resulted in identical patterns
of multiple protected fragments (Fig. 2). The protected fragments suggest the DOR gene is
transcribed from initiation sites spanning 250 bp between 140 and 390 nucleotides upstream from
the start of translation. Two of the protected fragments, representing putative start sites
approximately 142 bp and 324 bp upstream from the ATG translation start codon, appeared 5- to
10-fold stronger than the others. Attempts to confirm the RNase protection results and more
accurately locate the initiation sites by 5' RACE have failed repeatedly. This is most likely due to
premature reverse transcriptase termination in the extremely G+C rich sequence at the 5’ end of this
gene. The 350 bp immediately upstream of the ATG translation start codon are 80% G+C. The 5'
end of the longest 5' RACE product we have obtained is located 84 bp upstream of the start
codon.
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Figure 2. RNase protection analysis of transcription initiation sites. Autoradiograph of
electrophoresed RNA protected from RNase digestion by a uniformly labeled antisense RNA probe
generated from the Ncol/Spel mouse DOR 5 flanking genomic DNA fragment indicated in figure
3. Mouse brain protected fragments are indicated to the right of the autoradiograph by bullets (<,
minor) or asterisks (*, major). The two major bands are numbered relative to the ATG translation
start codon. The RNA source is indicated above each lane: Yeast and NG108-15 are total RNA;
Brain is poly(A)* mouse brain RNA.The amounts of RNA and dilution of stock RNase,added in
equal volume to each reaction, are indicated below each lane. Fragment sizes were estimated
relative to a dideoxynucleotide-sequenced DNA ladder (data not shown).

Nucleotide Sequence Analysis of the 5' Flanking Region. To identify sequence
elements in the DOR promoter region that might be involved in regulation of transcription, we
sequenced 1.3 kb of DNA upstream from the ATG translation start codon and compared this
sequence to the Transcription Factors Database (23) at 100% homology. There are no CCAAT or
TATA boxes in the promoter region, however there are numerous potential Sp1 (24) binding sites
located throughout the region of transcription initiation identified by RNase protection (Fig. 3).
Also located within this region, clustered about the two major transcription start sites observed in
the RNase protection experiment, are a number of potential binding sites for the cAMP responsive
transcription enhancer AP-2 (25). A site for NF-xB (26), a ubiquitous gene activator that is
induced in response to various extracellular signals, is located at -163 immediately upstream of a
strong transcription initiation site. A site for the nerve growth factor induced transcription activator
NGFI-B (27) occurs at -817. Two sites for NF-IL6 (28), a factor that activates transcription of
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Sacl
-1300 GAGCTCCCTGCTGTGACCCTGGCTGTCTTCAGTCTTTTTGACTTGTAGGACCTTTATATATGTTTT

NF-IL6
-1234 TCTTTTTTCTAGAAGGCTCTTCCTATTTCTTCCCTAAATTAGTTCCCCCACCTCTAAATCCACACA

NF-IL6
-1168 ACACCTCAAGTGTCATTTCTITTAGGAATATTCTCCTGACCCTACCATGCCCCGACATTCCTTGAA

-1102 TAGGACTTCATTGTGTTTTTTTTAGAATCGATGCATCTCTTCTGGTCTGAGCTGTAAGCTCTTGGG
-1036 AGCCGGGCCTTGGTCTGATTATGCACACCGATGTACCTGGCTCTTTTGTTAGGCGCCCTCAGAGTG
-970 AATGTGGAGCTAGTGAACTGGGCGCAGGAAAGTGTGGCTGATAACGGATGTTTGTGGTTTTATTTA
-904 TCGCTCAAGCAGCCTGCTAGCTCAGAGCATAGAGCCAGACAGGAAAGTTGTGTCTCTAATAACATA

NGFI-B
-838 CACACATCTATCCAGATAGGTGIGACCTTTTTCAGCTTGATGTAGTGAGATGGTTAGTGACCTTGA

=772 TTGCGGCTTATGTCTGCCATGTCCGGTGCCAAGCTGTACAGACCCAGGTGGGCTTATTTCCAGTGT
-706 CTCCCCTTGAGGTTGTAGCTGATCATATTA;?;;ICTTCATCCGGAGCCTTTGGGGGAACTGGACG
-640 GTTTTGTTTTTGTTTCTTGGTCAGGAATCACTTGGCAGTTCTAGAAGACACGGCAAGGAGCAGAGC
-574 GCACACAGTACACGGGGGTGGTGGTGGTGGTGGTGCTGGTGGAAATCTGAGTTCTTTACTCCGTTG

-508 TCTTCATCTCCCCAARACCCTCTGAAGGCGGCAGGAGATTTTCTTCATCGTGCAGTCACAGAGAAT

Spl Spl
-442 GAACTTGAGAGTGCTTAAGCGGCTCGCTCAAGGTTACTCCCATCGTCCGTGAAGAGGCGGGAGGCG
A

AP2 Spl AP2

-376 GGATTCGCATCCAGGTTCTTCTGACTCCGAAGTGGCACGGGGGTGGGEGECGGGAGGCCGGGCCEEGT
A w
AP2 AP2
-310 TGGGGGCACCTGGAGTCAGCGGAGCCCAGGCAGGGAGCGCGCELGAGGCCTCTCTGGCCCAGCTCG
A
Spl
-244 GAGCCCGGTGGTGCAGCGLLCGCCCCCGATCGCGGGCGCAGACTGCGGCCGCTCCGGACCACGTGG
A A A
NF-KB
AP2 AP2 AP2 spl spl
-178 TGCGCGCAGCGGECTCGEEGCTCCCCGEEGCTTGEGCGAGCACTGCEGGCGGTCGACCGGGCGGAGGA
A A * A
spl

-112  GGCGGGACGAGCGCTGCAGCCTGCGCGTCGGGGCCGTGGCCTCCGTTTTCCGCGCGCCACTCGCTG

AP2 Ncol
-46 GGTCCCTGCGCCCAGGGCGCACGGTGGAGACGGACACGGCGGCGCCATRG

Figure 3. Nucleotide sequence of DOR gene 5’ flanking region. Sequence is numbered relative
to +1 representing the A nucleotide in the ATG translation start codon, indicated by bold type and
dotted underline. The Ncol, Spel, and Sacl restriction sites used to subclone and linearize the
RNase protection probe template are indicated centered at +1, -675, and -1298, respectively.
Positions of minor transcription initiation sites determined from estimates of RNase protected
fragment sizes are indicated with bullets (A). The two strongest transcription start sites are
indicated by asterisks (*) at positions -142 and -324. Sites of consensus sequence for possible cis-
acting transcriptional regulatory elements are underlined and labeled above the sequence.
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cytokine genes involved in immune responses and hematopoiesis, are located at -1149 and -1207
relative to the ATG translation start codon.

DISCUSSION

To describe the genomic structure of the mouse DOR gene we have: determined all
exon-intron junctions, identified a 3' polyadenylation site, and examined 5' flanking sequence for
transcription initiation sites and potential recognition sequences for known transcription factors.

The DOR gene spans 32 kb from transcription start sites located between 140 bp and 390
bp upstream of the ATG translation start codon to a polyadenylation site located 1.2 kb
downstream of the TGA stop codon. The amino acid coding sequence is divided into three exons,
with splice sites in Arg-76 and Asp-193. The first splice occurring at the N-terminal end of the first
intracellular loop, and the second at the N-terminal end of the second extracellular loop. The
location of these splice sites are the same as those reported for the mouse W opioid receptor (18)
and the human x and y opioid receptors (5, 19). The Asp-193 splice junction also coincides with a
differential splice site in a rat orphan opioid receptor gene {17). This suggests that an ancestral
opioid receptor gene may have acquired these two introns prior to, or simultaneous with, it's
divergence into multiple genes.

The identification of a polyadenylation site 1.2 kb downstream from the TGA translation
stop codon dictates that a completely spliced and polyadenylated DOR mRNA molecule will not be
much longer than 3 kb. However, Northern blot analysis of mouse brain poly(A)* RNA has
indicated major DOR mRNAs at 8 kb and 12 kb with little or no signal in the 3 kb range (22).
Perhaps additional 3' RACE experiments using primers located in exon 2 or downstream from the
polyadenylation site identified in the present study will reveal additional exons or alternative
polyadenylation sites.

The 80% G+C rich sequence encompassing transcription initiation sites in the DOR
promoter contains an abundance of CpG dinucleotides, suggesting that this promoter may be
subject to regulation by developmental and/or tissue specific methylation (29). In this context the
existence of potential AP-2 binding sites may be significant, given the recent observations of CpG
methylation inhibition of proenkephalin gene transcription through interference with AP-2 binding
(30), and the increased expression of AP-2 in mouse embryonic neural crest cell lineages (31).The
potential binding site for NGFI-B, a member of the steroid-thyroid hormone receptor superfamily
known to be induced by nerve growth factor in neural crest cells (27), suggests this transcription
factor may act in concert with AP-2 to promote neuron specific developmental expression of DOR.
The involvement of AP-2 in cAMP-dependent signal transduction pathways affecting
transcriptional activation (25), may provide a feedback mechanism by which activated delta opioid
receptors, through inhibition of adenylyl cyclase, repress their own expression at the level of
transcription. Other combinations of transcription factors with putative binding sites in the
promoter may account for the recently reported expression of DOR in lymphocytes (32), e.g.
NF-xB and NF-IL.6 act synergistically in response to extracellular signals to induce cytokine gene
expression in lymphocytes (33), and Sp1 is involved in regulating tissue specific gene expression
in developing hematopoietic cells (34). The results of this study will facilitate the testing of these
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hypotheses through construction of chimeric reporter genes to analyze expression from the DOR

promoter in tissue culture and transgenic mice.

ACKNOWLEDGMENTS: The authors wish to thank Ms. Diane Augustin for her assistance

with the graphic representations in this manuscript, and Ms. Gabrielle Fleming for technical
assistance. This research was supported by National Institute of Health Grants DA00564,
DAOQ1583, DA056935, and KO5-DA70554 and the F. & A. Stark Fund of the Minnesota Medical
Foundation.

10.
11.

12.

13.

14.

15.

16.

17.

18.

REFERENCES

Olson, G. A., Olson, R. D., and Kastin, A. J. Endogenous opiates: 1992. (1993)
Peptides 14, 1339-1378.

Loh, H. H., and Smith, A. P. Molecular characterization of opioid receptors. (199Q)
Ann. Rev. Pharmacol. Toxicol. 30, 123-147.

Evans, C. J.,, Keith Jr,, D. E,, Morrison, H., Magendzo, K., and Edwards, R. H.
Cloning of a delta opioid receptor by functional expression. (1992) Science 258, 1952-
1955.

Kieffer, B. L., Befort, K., Gaveriaux-Ruff, C., and Hirth, C. G. The 3-opioid receptor:
isolation of a cDNA by expression cloning and pharmacological characterization. (1992)
Proc. Natl. Acad. Sci. USA 89, 12048-12052.

Minami, M., Toya, T., Katao, Y., Maekawa K., Nakamura, S., Onogi, T., Kaneka, S.,
and Satoh, M. Cloning and expression of a cDNA for the rat x-opioid receptor. (1993)
FEBS Lett 329, 291-295.

Chen, Y., Mestek, A, Liu. J,, Hurley, J. A,, and Yu, L. Molecular cloning and functional
expression of a n-opioid receptor from rat brain. (1993) Mol. Pharmacol. 44, 8-12.
Knapp, R. J., Malatynska, E., Fang, L., Li, X., Babin, E., Nguyen, M., Santoro, G.,
Varga, E. V., Hruby, V. J,, Roeske, W. R., and Yamamura, H. I. Identification of a
human delta opioid receptor: cloning and expression. (1994) Life Sciences 54, 463-469.
Mansson, E., Bare, L., and Yang, D. Isolation of a human x opioid receptor cDNA from
placenta. (1994) Biochem. Biophys. Res. Comm. 202(3), 1431-1437.

Wang, J. B,, Imai, Y., Eppler, C. M., Gregor, P., Spivak, C. E., and Uhl, G. R.
Opiate receptor: cDNA cloning and expression. (1993) Proc. Natl. Acad. Sci. USA 90,
10230-10234.

Thompson, R. C., Mansour, A., Akil, H., and Watson, S. J. Cloning and
pharmacological characterization of a rat mu opioid receptor. (1993) Neuron 11, 903-913.
Fukuda, K., Kato, S., Mori, K., Nishi, M., and Takeshima, H. Primary structures and
expression from cDNAs of rat opioid receptor 8-and p-subtypes (1994) FEBS Lett.
327(3), 311-314.

Chen, Y., Mestek, A, Liu, J., and Yu, L. Molecular cloning of a rat x opioid receptor
reveals sequence similarities to the g and 8 opioid receptors. (1993) Biochem. J. 295,
625-628.

Li, S., Zhu, J., Chen, C., Chen, Y. W, Deriel, J. K., Ashby, B., and Liu-Chen, L. Y.
Molecular cloning and expression of a rat x opioid receptor. (1993) Biochem. J. 295, 629-
633.

Meng, F., Xie, G. X., Thompson, R. C., Mansour, A., Goldstein, A., Watson, S. J.,
and Akil, H. Cloning and pharmacological characterization of a rat x opioid receptor.
(1993) Proc. Natl. Acad. Sci. USA 90, 9954-9958.

Yasuda, K., Raynor, D., Kong, H., Breder, C. D., Takeda, J., Reisine, T., and Bell, G.
1. Cloning and functional comparison of x and § opioid receptors from mouse brain.
(1993) Proc. Natl. Acad. Sci. USA 90, 6736-6740.

Wick, M. ], Minnerath, S. R., Lin, X., Elde, R,, Law, P. Y., and Loh, H. H. Isolation
of a novel cDNA encoding a putative membrane receptor with high homology to the cloned
W, 8, and x opioid receptor. (1994) Mol. Brain Res. in press.

Wang, J. B, Johnson, P. S., Imai, Y., Persico, A. M., Ozenberger, B. A., Eppler, C.
M, and Uhl, G. R. cDNA cloning of an orphan opiate receptor gene family member and
its splice variant. (1994) FEBS Lest. 348, 75-79.

Min, B. H., Augustin, L. B., Felsheim, R. F,, Fuchs, J. A., and Loh, H. H. Genomic
structure and analysis of promoter sequence of a mouse L opioid receptor gene. (1994)
Proc. Natl. Acad. Sci. USA 91, 9081-9085.

118



Vol. 207, No. 1, 1995 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

19.

20.
21.

22,

23.
24,

25.

26.
27.
28.

29.
30.
31.

32,

33.

34

Wang, J. B, Johnson, P. S., Persico, A. M., Hawkins, A. L., Griffin, C. A., and Uhl,
G. R. Human | opiate receptor cDNA and genomic clones, pharmacologic characterization
and chromosomal assignment. (1994) FEBS Lett. 338, 217-222.

Thompson, J., and Gillespie, D. Molecular hybridization with RNA probes in
concentrated solutions of guanidine thiocyanate. (1987) Anal. Biochem. 163, 281-291.
Brocard, M. P., Rousseau, D., Lawrence, J. J., and Khochbin, S. Two mRNA species
encoding the differentiation-associated histone H1°® are produced by alternative
polyadenylation in mouse. (1994) Eur.J. Biochem. 221, 421-425,

Bzdega, T., Chin, H,, Kim, H,, Jung, H. H,, Kozak, C. A,, and Klee, W. A. Regional
expression and chromosomal localization of the 8 opiate receptor gene. (1993) Poc. Natl.
Acad. Sci. USA 90, 9305-9309.

Ghosh, D. Status of the transcription factors database (TFD). (1993) Nuc. Ac. Res.
21(13),3117-3118.

Briggs, M. R,, Kadonaga, J. T., Bell, S. P., and Tjian, R. Purification and biochemical
characterization of the promoter-specific transcription factor, Spl. (1986) Science 234, 47-
52.

Imagawa, M., Chiu, R., and Karin, M. Transcription factor AP-2 mediates induction by
two different signal-transduction pathways: protein kinase C and cAMP. (1987) Cell 51,
251-260.

Grilli, M., Chiu, J. J. S., and Lenardo, M. J. NF-xB and Rel: participants in a multiform
transcriptional regulatory system. (1993) Int. Rev. Cytology 143, 1-62.

Wilson, T. E., Fahrner, T. J., Johnston, M., and Milbrandt, J. Identification of the DNA
binding site for NGFI-B by genetic selection in yeast. (1991) Science 252, 1296-1300.
Akira, S., Isshiki, H., Sugita, T., Tanabe, O., Kinoshita, S., Nishio, Y., Nakajima, T.
Hirano, T., and Kishimoto, T. A nuclear factor for IL-6 expression (NF-IL6) is a member
of a C/EBP family. (1990) EMBO J. 9(6), 1897-1906.

Christophe, D., and Pichon, B. DNA methylation and gene activity: towards the end of the
debate? (1994) Mol. and Cell. Endocrin. 100, 155-158.

Comb, M. and Goodman, H. CpG methylation inhibits proenkephalin gene expression
and binding of the transcription factor AP-2. (1990) Nuc. Ac. Res. 18(13), 3975-3982,
Mitchell, P. J., Timmons, P. M., Hebert, J. M., Rigby, P. W. J., and Tijian, R.
Transcription factor AP-2 is expressed in neural crest cell lineages during mouse
embryogenesis. (1991) Genes and Dev. 5, 105-119.

Chuang, L. F., Chuang, T. K., Killam Jr., K. F., Chuang, A. J., Kung, H., Yu, L., and
Chuang, R. Y. Delta opioid receptor gene expression in lymphocytes. (1994) Biochem.
Biophys. Res. Comm. 202(3), 1291-1299.

Kunsch, C., Lang, R. K., Rosen, C. A., and Shannon, M. F. Synergistic transcripional
activation of the IL-8 gene by NF-kB p65 (RelA) and NF-IL-6. (1994) J. Immunol. 153,
153-164.

Saffer, J. D., Jackson, S. P., and Annarella, M. B. Developmental expression of Sp!l in
the mouse. (1991) Mol. and Cell. Biol. 11(4), 2189-2199.

119



