jonophores can increase resorption in
fetal rat long bones cultured in vitro. We
believe this resorption, like that pro-
duced by PTH, is osteoclast mediated,
since PTH, A23187, and Ionomycin all
increase formation of multinucleated gi-
ant cells in bone and increase release of
B-glucuronidase, an enzyme produced
by activated osteoclasts (9). However,
there are important differences between
the action of calcium ionophores and
PTH. For example, PTH had small ef-
fects on thymidine incorporation, where-
as A23187 and Ionomycin markedly in-
hibited DNA synthesis. In addition, un-
like PTH, both ionophores did not stimu-
late bone resorption at high concenira-
tions. The effects of the ionophores on
thymidine incorporation are similar to
those observed by Dietrich and Paddock
(2) in rat calvaria but differ from the
effect of A23187 on lymphocyte cultures
where DNA synthesis is increased (10).

The effects of high concentrations of
ionophores on DNA and protein synthe-
sis in bone could explain the inhibition of
resorption observed by Dziak and Stern
(/) and ourselves, as well as the inhibi-
tory effects found by Ivey er al. (3) in
mouse calvaria. Alternatively, these in-
hibitory effects on resorption could be
due to a toxic action of the ionophores
on mitochondrial function or adenosine
triphosphate production (/7). Feldman et
al. (I12) have recently shown that, in
response to PTH, cultures of newborn
mouse calvaria incorporate preexisting
mononuclear precursors into functioning
osteoclasts. Our results suggest that in
cultures of fetal rat long bone, function-
ing osteoclasts can form without DNA
synthesis and that divalent cation iono-
phores, like PTH, activate osteoclasts by
stimulating precursor fusion through an
effect which is probably mediated by an
increase in intraceliular calcium. The ab-
sence of any stimulatory effect on re-
sorption by calcium ionophores in mouse
calvaria could represent a species or
tissue-specific difference from the rat
long bone in the mechanism of osteoclast
activation, particularly if mouse calvaria
cultures were more dependent on cell
replication for measurable osteoclastic
bone resorption to occur.

Although our data do not rul€ out the
possibility that ionophores cause an ear-
ly initial stimulation of osteoclast precur-
sor cell multiplication before inhibiting
DNA synthesis, we expected that such
an effect wotild also stimulate resorption
in mouse calvaria. Moreover, in lympho-
cytes the mitogenic response produced
by A23187 is not seen for 24 to 48 hours
after treatment (/0). It is also possible
that multiplication of only a selected
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population of osteoclast precursors is
necessary for resorption and that these
cells are resistant to the inhibitory ef-
fects of calcium ionophores; however,
this hypothesis seems unlikely because
A23187 inhibited thymidine incorpora-
tion within 24 hours but did not produce
resorption until 48 hours. At this time,
A23187 at 1.0 uM could still stimulate
resorption, yet had reduced thymidine
incorporation below our limit of detec-
tion. Thus, our results call into question
the concept that cell replication is impor-
tant for the stimulation of osteoclastic
bone resorption by hormones, at least
for fetal rat long bones. Not only did
stimulation of resorption occur when
DNA synthesis was inhibited by iono-
phores, but PTH had little stimulatory
effect on thymidine incorporation in this
system. We have also observed that the
ability of PTH to stimulate bone resorp-
tion is not diminished in the presence
of other inhibitors of DNA synthesis
13).

JosepH A. LORENZO

LAWRENCE G. Raisz
Division of Endocrinology and
Metabolism, University of Connecticut
Health Center, Farmington 06032

References and Notes

1. R. Dziak and P. H. Stern, Biochem. Biophys.
Res. Commun. 65, 1343 (1975); Calcif. Tissue
Res. 22, 137 (1976); Endocrinology 97, 1281
(1975).

2. J. W. Dietrich and D. N. Paddock, Endocrinol-
ogy 104, 493 (1979).

3. J. L. Ivey, D. R. Wright, A, H. Tashjian, Jr., J.
Clin. Invest. 58, 1327 (1976).

4. T. J. Hahn et al., Abstracts, 60th Annual Meet-
ing of the Endocrine Society, Washington, D.C.
(1978), p. 320.

5. C.-M. Liu and T. E. Hermann, J. Biol. Chem.
253, 5892 (1978).

6. L. G. Raisz, J. Clin. Invest. 44, 103 (1965); P. H.
Stern and L. G. Raisz, in Skeletal Research: An
Experimental Approach, D. J. Simmons and A.
S. Kunin, Eds. (Academic Press, New York,
1979), p. 21.

7. J. A. Lorenzo and L. G. Raisz, Calcif. Tissue
Int. 28, 149 (Abstr.) (1979).

8. A. J. Barrett, in Lysosomes: A Laboratory
Handbook, J. T. Dingle, Ed. (North-Holland,
Amsterdam, 1972), p. 46.

9. Gé;;;aes, Exerpta Med. Int. Congr. Ser. 159, 318
(1978).

10. W. C. Greene, C. M. Parker, C. W. Parker,
Cell. Immunol. 25, 74 (1976); V. C. Maino, N.
M. Green, M. J. Crumpton, Nature (Londonj}
251, 324 (1974). )

11, P. Jensen and H. R. Rasmussen, Biochim.
Biophys. Acta 468, 146 (1976). ;

12. R. S, Feldman, N. S. Krieger, A, H. Tashjian,
Jr., Endocrinology 107, 1137 (1980).

13.J. A. Lorenzo and L. G. Raisz, Clin. Res. 29,
413 (Abstr.) (1981).

14. We thank P. Sherline and B. Kream for helpful
comments and H. Simmons for technical assist-
ance. Bovine PTH (1-84) was obtained from the
NIH Hormone Distribution Program. A23187
was purchased from Calbiochem-Behring Corp.,
La Jolla, Calif. Ionomycin was a gift from E. R.
Squibb & Sons, Inc., Princeton, N.J. Supported
by NIH grants AM 18063 and AM 07290.

21 November 1980; revised 22 January 1981

DNA Sequence of Two Closely Linked
Human Leukocyte Interferon Genes

Abstract. A single recombinant lambda bacteriophage isolated from a human
genome library contains two closely related human interferon genes of the leukocyte
or a type. The two genes are separated by 12 kilobase pairs and are oriented in the
same direction with respect to transcription. Comparisons of the DNA sequences of
these two genes and interferon complementary DNA clones indicate that the two
interferon genes lack intervening sequences.

The human interferon multigene fam-
ily consists of approximately ten leuko-
cyte interferon (LelF, IFN-a) genes (I-
3) that have approximately 85 to 95 per-
cent DNA sequence homology in their
protein coding regions, and at least one
fibroblast interferon (FIF, IFN-B) gene
that is only about 50 percent homologous
with the LelF genes (4-6). The study of
related gene families aliows comparative
analysis of nucleotide and amino acid
sequences, which can help to identify
features of importance for gene expres-
sion and protein function and can help
elucidate modes of evolution of related
genes. We therefore have determined the
nucleotide sequence of eight distinct
LeIF complementary DNA (cDNA)
clones (/) and initiated DNA sequence
analysis of LelF genes isolated from a
library of bacteriophage lambda clones
containing overlapping fragments of the
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human genome. We now report the DNA
sequences of two linked LelF genes.
The phage A Charon 4A recombinant
library of the human genome constructed
by Lawn et al. (7) was screened for
leukocyte interferon genes (7, &§) with
a radioactive probe derived from the
cDNA clone LelF A (9). Restriction
endonuclease digestion and hybridiza-
tion by the blot technique revealed that
the recombinant designated AHIL.elF2
contains an insert of 19 kilobase pairs
(kb) of human DNA which, upon diges-
tion with either of the restriction endo-
nucleases Eco RI, Xba I, or Hind III,
produces two fragments that hybridize to
LelF c¢DNA sequences. Subsequent
analysis revealed two distinct LelF
genes in this 19-kb segment of the human
genome (see below). A map indicating
the location of the cleavage sites of
several restriction endonucleases is pre-
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Fig. 1. Restriction endonuclease cleavage map of AHLeIF2. The recombinant bacteriophage
AHLeIF2 was selected from a human genome library (7, 8) with a radioactive probe derived
from fragments of LelF clone LelF A (/) labeled to = 10® cpm/ug with **P (Amersham) by
DNA polymerase (New England Biolabs) extension of small, random calf thymus DNA primers
(21). The restriction map depicts all the cleavage sites of Eco RI, Hind III, and Xba I within the
human genome derived portion of \HLeIF2. Bam HI does not cut the 19-kb human insert in this
clone. One each of the several cleavage sites of Hpa II and Bgl 11 are also included in the map,
as their location was employed in orienting the LelF genes with respect to the direction of
transcription. This map was derived chiefly by digestions of A\HLeIF2 with restriction enzymes
singly or in combination, followed by electrophoresis in agarose and polyacrylamide gels (7) and
by isolation of single-enzyme digestion fragments by electroelution from gel slices and
subsequent cleavage again, with different enzymes. The genes were oriented with respect to
transcription by restriction endonuclease mapping and DNA sequencing. Restriction endonu-
clease sites within the human DNA portion of the recombinant DNA (horizontal line) are
indicated as follows: (¥) Eco RI, (A)Hind III, (O) Xba I, (X) Hpa II, and (®)Bg! II. Restriction
sites within the flanking ACh 4A ‘*‘arms”’ (wavy lines) are not shown. A size scale in kilobases
(kb) is shown above the map. The position of two interferon genes is indicated by the hatched
box; arrows above these boxes indicate the direction of transcription of these genes.

sented in Fig. 1. The genomic clone
MHLeIF2 contains two complete leuko-
cyte interferon genes located 12 kb
apart. The genes are located on 2.0- and
6.0-kb Eco RI fragments that were sub-
cloned into pBR32S5 (/10) for DNA se-
quence analysis. Both genes are orient-
ed in the same direction with respect to
transcription,

The complete DNA sequence (17, 12)
of the two interferon genes in AHLeIF2
is shown in Fig. 2. The two gene se-
quences were aligned by introducing
several deletions in the flanking regions
to produce a best fit. The two genes are
91 percent homologous in the coding
region, 71 percent homologous in the §'
noncoding region from the presumed cap
site to the initiator codon of the preinter-
feron gene, and 93 percent homologous
in the 3’ noncoding region from protein
termination to the presumed sites of
polyadenylation (each deletion has been
counted as equal to a single base
change). These values fall within the
range of homology found among the se-
quences of eight distinct LelF ¢cDNA
clones - derived from messenger RNA
(mRNA) of cultured myeloid cells (7).
The DNA sequence of the two genes
becomes markedly divergent upstream
of the vicinity of position minus 130. No
deletions were introduced for alignment
purposes preceding this location (Fig. 2).
In contrast, the 3’ flanking regions of the
two genes are very homologous for at
least 580 nucleotides following the stop
codon.

When the A2h and A2¢; gene se-
quences were compared to eight LelF
cDNA clones (), it was found that the
A2h gene corresponded to the c¢cDNA
clone LelF H, and that A2c; most close-
ly resembled LeIF C. The differences
between the genes and the message-de-
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rived clones are indicated in Fig. 2. The
sequence of the gene A2h differs by only
one nucleotide from the sequence of the
c¢DNA clone LelF H, corresponding to
one amino acid difference in the predict-
ed protein sequences. The A2c; gene
differs in 18 nucleotides in the coding
region from the LelF C cDNA resulting
in ten amino acid substitutions. The
DNA sequences of the genes and the
corresponding mRNA derived c¢cDNA
clones are colinear in the protein coding
region and in the §' flanking region that
are contained in the cDNA clones. Thus
these two LelF genes contain no introns
in those regions. The minor differences
in the 3’ noncoding regions are not likely
to represent intron sequences (see be-
low). The only remaining site for a possi-
ble intron would be in the region be-
tween the true 5' terminus of the mRNA
and the 5’ terminus of the corresponding
cDNA clone. Experiments proposed to
directly sequence this region of the cor-
responding mRNA’s were complicated
by the fact that the cell line used contains
a mixture of at least eight related LelF
mRNA sequences. When a synthetic do-
decanucleotide corresponding to the first
12 nucleotides of the mature protéin se-
quence of most LelF cDNA’s was used
to prime dideoxy sequencing of mRNA,
a characteristic, readable sequence was
not obtained. From the termination of
the mixed sequencing ladder it was,
however, possible to determine the dis-
tance of the 5’ end of the LeIF mRNA’s
from the primer position (data not
shown). This placed the presumed cap-
ping site within two nucleotides of posi-
tion minus 69 (Fig. 2). This region con-
tains the dinucleotide AG (A, adenine;
G, guanine), which corresponds to the
presumed cap site of the LeIF gene
described by Nagata et al. (2). The AG

dinucleotide is found in a sequence of 16
nucleotides which are exactly conserved
in the A2h and A\2¢, genes. If this indeed
represents the 5 terminus of the RNA'’s,
these genes could only contain an intron
within a limited region of about 20 nucle-
otides from the 5’ end of the message.
The likelihood of this occurrence is re-
duced by the observation that the A2h
and A2c; gene sequences are colinear
(although not identical) to the one report-
ed LelF mRNA sequence (2) from $'
terminus to the initiation codon. It is
thus probable that these two LelF genes,
like the one described by Nagata et al.
(2), contain no introns. This is in marked
contrast to all other vertebrate nuclear
genes examined so far.

Homology exists between the 5’ flank-
ing regions of A2h and A\2cy, but is less
than that found in the coding regions, as
is the case with other related pairs of
genes. Located approximately 30 bases
upstream from the putative cap site of
the two genes [as well as the gene IFN-
al of Nagata et al. (2)] is the sequence
TATTTAA (T, thymine). This may be a
variant of the TATAAA or Goldberg-
Hogness box (13), which is located about
this distance upstream of the cap site in
many eukaryotic genes and is postulated
to play a role in the initiation of tran-
scription by RNA polymerase II (13).

The sequence of the 3’ untranslated
regions of gene A2h is identical with that
of LelF H ¢cDNA (/) and contains the
sequence ATTAAA shortly before the
site of polyadenylation, as does the gene
A2c¢y. The hexanucleotide AATAAA pre-
cedes the site of polyadenylation of most
eukaryotic genes (/4); this particular
variant has been reported in several cas-
es (I, 15). Similar sequences can also be
located in Fig. 2 further downstream
from the polyadenylate [poly(A)] sites.

Gene A2c; closely resembles its cDNA
analog LeIF C in the 3’ untranslated
region, except that it contains a stretch
of 13 extra nucleotides approximately
260 base pairs after the protein termina-
tion codon. It seems unlikely that this
represents an intron, since the sequence
that is composed wholly of deoxyade-
nylate (dA) and deoxythymidylate (dT)
bears no resemblance to any other in-
trons at its possible ‘‘splice’’ junctions
(16). In addition, these 13 nucleotides in
A\2¢y, which are absent in LeIF C, can be
found at a homologous location in other
LelF cDNA clones (). Rather than indi-
cating an intron, this sequence difference
between A2¢; and LelF C more likely
represents a polymorphism or variation
in the C type LelF gene. The continued
close sequence homology between A2h
and A2¢; beyond the poly(A) sites may
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reflect recent gene duplication or con-
version events such as those postula-
ted for human «- and vy-globin genes
{7.

The interferon genes comprise a mul-

A2cy
A2¢)

aZh
a2¢y

A2h
A2¢)

a2h
xcy

A2h
A2cy

Fig. 2. DNA sequence of interfer-

.on genes. The DNA sequences of 2n
the A2h and A2¢,; LeIF genes con- :2:1
tained in the recombinant phage
AHLeIF2 are shown with several
deletions introduced to achieve
maximal sequence homology. No  ,,,
alignment for homology is at- A2cy
tempted for regions preceding mi-
nus 130. The initiator codon of
precursor interferon, the codon
for the initial amino acid of the AZn
mature protein, and the termina- %1
tion codon are enclosed in boxes.
Vertical arrows mark the putative
capping site and polyadenylation 2n
sites of the corresponding igc1
mRNA’s represented in cDNA
clones LeIF H and LelF C. The
5’ extent of those cDNA clones is
indicated by asterisks, and nucle- a2h
otides which differ at correspond- AZcy
ing positions in those cDNA
clones are underlined if there is a
base substitution, or marked by a
small circle underneath if a base is
deleted in the ¢cDNA sequence.
The possible 5’ Goldberg-Hog-
ness box is underlined twice. The
predicted amino acid sequence for 32h
gene A2h is shown above its nu- A2¢]
cleotide sequence, and for A\2¢;
below its nucleotide sequence.
Predicted amino acids that differ azh
from the respective cDNA clones azey
are underlined. DNA sequencing
was performed as described (11, a2h
12). Synthetic DNA primers were A2cy
prepared as described in (22).

azh
Adcy

azh
A2¢1]

a2h
A\2cy

a2h
a2¢y

a2h
A2¢y

a2h
a2y
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tigene family. Their characterization gene duplication and divergence. Inter-
should contribute to the understanding ferons of slightly different protein se-
of gene control and functional relations quence may respond differently to vari-
between related genes and proteins, as  ous inducers, modulate various second-
well as of the processes of evolution by  ary responses, be expressed preferential-

~601
AGCTTCATACACTAAGAGAAAAATTTTAAAAAATTATTGA

~501
TTCTTATTTTCAGGAGTTTTGAATGATCAGGTATGTAATTATATTCATATTATTAATGTGTATTTATATAGATTTTTATTTTGCACAGGTACTTTGATAC

~401
GGTCCCAGTCCCAT
ARAATTTACATGAACAAATTACACTAAAAGTTATTTCACAAATATACTTATCAAGT TAAGT TAAATGCAATAGCTTTARACTTAGATTTTAATTTAACTT

=301
TTGGTCATTCTTAACACTATGTTAAATAAAAAGATTAAACTTTACACTCCTTATAAATAGATATGTACAGTATATCAACAAATATATGGTATGTCTGTGT
TTTCTATCATCATTCTTTACATTAAATAAAAAAAGCARACTTTATAGTTTTTATCTATAAAGT AGAGGTATACATAGTATACATAAATACATATGCCAAA

-201
TATTAAAATTTAATGGGACTTTGAATTTAGAAAGARATTTCTAAAAAGCCCATGGGGXGGGAAAGATGAGGTAATACTGAAAATAAAAGTGGTTGAGAAA
TCTGTGTTATTAAAACTTCATGAAGATTTCGATTACAAAAARATACCGTAAAAGACTTTGAGTGCAGAAGAAAAATGGGCAAT GATGAAAAACAATGAAA

-101
CTGCTCTACACCCATGTAGACAGGACATAAAGGAAAGCCAAAAGAGAAGT AGAAAAAAACATGAAGACGCTTCAGAAAATGGAAGCTAGTATGTTCCTTA
AACATTCTTAAACACATGTAGAGAGT GCAAAAAGAAAGCAAAAACAGACATAGAAAGTAAAACTAGGRCATTTAGAAAATGGAAATTAGTATGTTCACTA

y * -1
TTTAAGACCTATGCACAGAGCAAGGTCTTCAGAAAACCTACAACCCAAGGTTCAGTGTTACCCCTCATCAACCAGCCCAGCAGCATCTTCAGGGTTCCCA
TTTAAGGCCTATGCACAGAGCAAAGTCTTCAGAAAACCTAGAGGCCAAAGTTCAAGGTTA CCCATCTCAAGTAGCCTAGCAACATTTGCAA CATCCCA

*

+1
MetAlaLeuProPheAlaLeuMetMetAlaLeuValValleuSerCysLysSerSerCysSerLeuGlyCysAsnLeuSerGinThrHisSerl euAsnA
CATTGCCCTTTGCTTTAATGATGGCCCTGGTGGTGCTCAGCTGCAAGTCAAGCTGCTCTCTGEG! AATCTGTCTCAAACCCACAGCCTGAATA
CCCTGTCCTTITCTTTACTGATGGCCGTGCTGGTGCTCAGCTACAAATCCATCTGTTCTCTAGE GATCTGCCTCAGACCCACAGCCTGGGTA
etAlaLeuSerPheSerLeuleuMetAlavalteuValleuSerTyrLysSerlleCysSerLeuG1yCySAspleuProGInThrHisSerl euGliyA

+101

snArgArgThrLeuMetLeuMetAlaG1nMetArgArgl 1eSerProPheSerCysLeul ysAspArgHisAspPheG 1uPheProG1nGluGluPheAs
ACAGGAGGACTTTGATGCTCATGGCACAAATGAGGAGAATCTCTCCTTTCTCCTGCCTGAAGGACAGACATGACTTTGAATTTCCCCAGGAGGAATTTGA
ATAGGAGGGCCTTGATACTCCTGGCACAAATGGGAAGAATCTCTCCTTTCTCCTGCCTGAAGBACAGACCTGACTTTGEACTTCCCCAGGAGBAGTTTGA
snArgArgAlaleul leLeuLeuATaGInMetGiyArglleSerProPheSerCysLeul ysAspArgProAspPheGlyleuProGinGluGuPheAs

+201

pG1yAsnG1nPheGinLysAlaGInAlal 1eServalleuH isGluMetMetG1nGInThrPheAsnLeuPheSerThrLysAsnSerSerAiaAlaTrp
TGGCAACCAGTTCCAGAAAGCTCAAGCCATCTCTGTCCTCCATGAGATGATGCAGCAGACCTTCAATCTCTTCAGCACAAAGAACTCATCTGCTGCTTGG
TGGCAACCAGTTCCAGAAGACTCAAGCCATCTCTGTCCTCCATGAGATGATCCAGCAGACCTTCAATCTCTTCAGCACAGAGGACTCATCTGCTGCTTGE
pG1lyAsnGinPheGInlysThrGInATal leSerValteuHisGluMetI 1eGInG InThrPheAsnleuPheSerThrGluAspSerSerAlaAlaTrp

+301

AspGluThrLeul euGlulysPheTyrl TeGlul euPheGinGInMetAsnAspieuGluAlaCysVall1e61nGIuValGlyValGluGTuThrProL
GATGAGACCCTCCTAGAAAAATTCTACATTGAACTTTTCCAGCAAATGAATGACCTGGAAGCCTGTGTGATACAGGAGGTTGGGGTGGAAGAGACTCCCL
GAACAGAGCCTCCTAGAAAAATTTTCCACTGAACTTTACCAGCAACTGAATAACCTGGAAGCATETGTGATACAGGAGGT TGGGATEGAAGAGACTCCCT
GluGInSerLeuleuGluLysPheSerThrGluLeuTyrGInGInLeuAsnAsnLeuGluAtaCysVallieGinGluvalGiyMetG1uGTuThrProl

+401

euMetAsnGluAspSerlleLeuAlaVallysLysTyrPheGInArglleThrLeuTyrLeuMetGlulysLysTyrSerProCysAlaTrpGluvaiva
TGATGAATGAGGACTCCATCCTGGCTGTGAAGAAATACTTCCAAAGAAT CACTCTTTATCTGATGGAGAAGAAATACAGCCCTTGTGCCTGGGAGGTTGT
TGATGAATGAGGACTCCATCCTGGCTGTGAGGAAATACTTCCAAAGAAT CACTCTTTATCTAACAGAGAAGAAATACAGCCCTTGTGCCTGGGAGGTTGT
euMetAsnGluAspSerIleLeuAlaValArglysTyrPheGInArglleThrieuTyrLeuThrGluLysl ysTyrSerProCysAlaTrpGluvalva

+501

TArgAlaGlulleMetArgSerl euSerPheSerThrAsnieuGInL ysArglLeuArgArgl ysASpEND
CAGAGCAGAAATCATGAGATCCETCTCTTTTTCAACAAACTTGCAAAAAAGAT TAAGGAGGAAGGA AAGTGGTTCATCATGGAAATGATTCTCAT
CAGAGCAGAAATCATGAGATCTCTCTCTTTTTCAACAAACTTGCAAAAAATATTAAGGAGGAAGGATII GAAAACTGGTTCAACATGGCAATGATCCTGAT
1ArgATaG1ul TeMetArgSerLeuSerPheSerThrasnLeuGinLysITel euArgArgl ysAsp

+601
TGACTAATACATCATCTCACACTTTCATGAGTTCTTCCATTTCAAAGACTCACTTCTCCTATAACCACCACAAGT TGAATCAAAATTTTCARATETTTTC
TGACTAATACATTATCTCACACTTTCATGAGTTCCTCCATTTCAAAGACTCACTTCT  ATAACCACCACGAGTTGAATCAAAATTTTCAAATGTTTTC

+701 )
AGGAGTGTAAAGAAGCATCATGTATACCTGTGCAGGCACTAGTCCTTTACAGATGACCATGCTGATGTCTCCTTTCATCTATTTATTTARATATTTATTT
AGCAGTGTAAAGAAGCGTCGTGTATACCTGTGCAGGCACTAGTACTTTACAGATGACCATGCTGATGTCTCTATTCATCTATTTATTTARATATTTATTT

+801
ATTTAACTATTTTTATTATTTAAATTATTTTTT ATGTAATATCATGTGTACCTTTACATTGTGGTTAATATAACAAA TATGTTCTTCATATTTAGCCA
ARTT ATTTTTAAGATTTAAATTATTTTITIATGTAATATCATGTGTACCTTTACATTGTGGTGAATGTAACAATATATGTTCTTCATATTTAGCCA

+901 Y-poly(A)

ATATATTAATTTCCTTTTTCATTAAATTTTTACTATACAAAATTTCTTGTGTTTGGTTATTTTTTAAGATAAAAAGT CAAGCCTGACTGTACAACCTGAT

ATATATTAATTTCCTTTTTCATTAAATTTTTACTATAEAAA?\T'([T()ITTGTGTTTGTTTATTCTTTAAGATAAAATGTCGAGGCTGACTTTACAACCTGAC
~poly(A

+1001
TTCAAAATAGATGATTTAATCAAGTTACCTATCATAATTTTATTCAAGTTATAGAAAAAT CAATTTTCTATACCAGGTTATATGTTGCCTTAAGGATGTA
TTAAAAATATATGATTTAATTAAGTTATCTATCATAATTTTATTCAAGT TATTAAAAAAACATTTTTCTGTTACTGGTTATATGTTGCCTTCAAGATATA

+1101 .
AACATGAATATAAAAAATACAGCTCCTGTTCTCTTGTATCTTTGATTTTTGTCAGGAAATAAATCTAAAAACAATAATAATGCTGAATTAATATCAGTTA
AACGTGAACATAAAATATACAGTCCCTGTTCTCTTGTATCTTTGATTTTTGT CAGGAAAGAAATCTAAAAACAAT AATAATGCTGAAT TAATATCAGTGA

+1201

TACAAACTGCTGTA
TGCTAACTGCTATAATGTGAGGAAGTAAAATACAATGAATTC
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ly in certain cells, or recognize different '

target cell types. The last-mentioned
possibility is consistent with the findings
that cloned human interferon proteins
display varied activity in different ani-
mals and on cultured cells derived from
various organs (I8).

The interferon gene family appears to
be genetically linked. The fibroblast in-
terferon gene and all of the approximate-
ly ten LelF genes detectable by DNA
cross-hybridization have been localized
to human chromosome 9 by blot hybrid-
ization to DNA derived from mouse-
human hybrid cell lines (/9). At least
some of these genes are closely linked.
The ANHLeIF2 clone described here con-
tains two LelF genes separated by 12 kb,
while the clone NHLelIF1 (20) contains
two other LelF genes 5.0 kb apart. Na-
gata er al. (2) have also reported two A
clones isolated from the same human
genome library which apparently contain
two linked LelF genes each. It remains
to be seen whether all members of the IF
gene family are clustered. Continued
studies of interferon genes and their
products may help to clarify the nature
of interferon gene organization and
expression and of interferon protein ac-
tivity.

RicHARD M. LAWN, JOHN ADELMAN

TroMAS J. DuLL, MITCHELL GROSS
DAviD GOEDDEL, AXEL ULLRICH
Department of Molecular Biology,
Genentech, Inc.,
South San Francisco, California 94080
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Corticosterone Increases the Amount of Protein 1, a

Neuron-Specific Phosphoprotein, in Rat Hippocampus

Abstract. Corticosterone increased the amount of the neuron-specific phosphopro-
tein protein 1 in the hippocampus, a brain region rich in corticosterone receptors, but
not in several brain regions that contain relatively few corticosterone receptors.

Steroid hormones influence a variety
of functions in the nervous system (/).
The molecular mechanism of action of
steroid hormones in nervous as well as in
nonnervous system tissue appears to in-
volve an increase or decrease in the
synthesis of specific tissue proteins (2).
Identifying those proteins in the nervous
system that are regulated by steroid hor-
mones may help elucidate the mecha-
nism by which steroid hormones regulate
various nervous system functions, in-
cluding behavior.

One protein that is specific to nervous
tissue and found throughout the central
and peripheral nervous systems is a
phosphoprotein referred to as protein 1
(3-6). Protein 1, which is present only in
neurons (3-5), is concentrated in most,
and possibly all, presynaptic nerve ter-
minals (5, 7), where it appears to be
associated predominantly with neuro-
transmitter vesicles (5, 8). This associa-
tion suggests that protein 1 plays an
important role in the functioning of those
vesicles.

Protein 1 is a prominent endogenous
substrate in nervous tissue both for cy-
clic AMP (adenosine 3',5'-monophos-
phate)-dependent (3) and for calcium-
dependent (9) protein kinases. Phospho-
rylation of protein 1 is stimulated in in-
tact cell preparations by a variety of
agents that regulate the cyclic AMP and
calcium systems of neurons. For exam-
ple, depolarizing agents, which induce
the movement of calcium into nerve end-
ings, phosphodiesterase inhibitors, which
increase cyclic AMP levels, and deriva-
tives of cyclic AMP stimulate the phos-
phorylation of protein 1 in the rat cere-
bral cortex (/0). Serotonin and dopa-
mine, neurotransmitters that increase
cyclic AMP concentrations, increase the
state of phosphorylation of protein 1 in
well-defined regions of the central (11)
and peripheral (/2) nervous systems.

Since steroid hormones appear to act |

at least in part by altering the amount of

0036-8075/81/0605-1162800.50/0 Copyright © 1981 AAAS

specific proteins in target tissues, and
since protein 1 may play an important
role in the physiology of the synapse, we
studied the possibility that steroid hor-
mones might regulate the total amount of
protein 1 in regions of the nervous sys-
tem that contain steroid receptors. We
report that corticosterone increases pro-
tein 1 in the rat hippocampus.

The ability of steroid hormones to
regulate protein 1 in the brain was tested
by treating adrenalectomized and ovari-
ectomized rats with either corticosterone
or estradiol under conditions that are
known to elicit various physiological and
behavioral responses (/). The effect of
such treatment on protein 1 in four brain
regions, measured by radioimmunoassay
(13), is shown in Table 1. Corticosterone
significantly increased protein 1 in the
hippocampus, a brain region known to
concentrate *H-labeled corticosterone in
vivo (14) and to contain the highest con-
centration of cytosolic and nuclear corti-
costerone receptors in the brain (15). In
contrast, corticosterone did not alter the
amount of protein 1 in the preoptic area,
medial basal hypothalamus, or parietal
cerebral cortex, brain regions that con-
tain relatively few corticosterone recep-
tors. Estradiol did not alter the amount
of protein 1 either in the preoptic area
and medial basal hypothalamus, brain
regions rich in estradiol receptors (/), or
in the hippocampus and parietal cerebral
cortex, brain regions that contain rela-
tively few estradiol receptors.

The effect of corticosterone on protein
1 in the hippocampus and cortex is
shown as a function of the duration of
exposure in Fig. 1. A significant increase
in protein 1 in the hippocampus was first
apparent after 1 day. The amount was
maximal after 7 days, at which time the
protein 1 content of the hippocampus of

_corticosterone-treated rats was about 30

percent greater than that of control rats.
After 14 days of exposure to corticoster-
one, protein 1 decreased somewhat but
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