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ABSTRACT

The mammalian N-ras gene is believed to play a role
in cellular proliferation, differentiation, and
transformation. While investigating N-ras, we isolated
cDNA'’s that originate from a closely linked upstream
gene. RNase protection assays reveal that this gene,
unr, is transcribed in the same direction as N-ras and
that its 3’ end is located just 130 base pairs away from
the point at which N-ras transcription begins. The close
spatial relationship between the two genes is
conserved in all species from which the N-ras gene has
been isolated. An open reading frame, potentially
encoding a 798 amino acid protein, is contained within
the unr cDNA. Neither the primary protein structure nor
the nucleic acid sequence of unr is homologous to any
other known gene, including N-ras. Unr transcripts are
detected in mouse, rat and human cells, and Southern
analysis indicates that the unr locus found immediately
upstream of the N-ras gene is transcriptionaly active
in the mouse since only a single copy of unr is detected
in this species. Unr produces multiple transcripts that
differ in their 3' ends and are apparently created
through the differential use of multiple polyadenylation
sites located in the 3’ untranslated region of the gene.
Both unr and N-ras are expressed in all tissues
examined. In the testis, both genes are developmentally
regulated, with an increase in expression occurring
upon testicular maturation. Thus the two genes may
be coordinately regulated, at least in certain
circumstances. Our findings suggest that a thorough
analysis of the relationship that exists between the two
genes could potentially provide insights into the
regulation and/or function of N-ras.

INTRODUCTION

Ras genes comprise a gene family that is represented in all
eukaryotic organisms from yeast to man, and whose members
exhibit a high degree of interspecies homology at both the nucleic
acid and protein levels (1, 2 for reviews). This finding suggests
that ras proteins perform an essential cellular function. Although
it is known that ras proteins localize to the inner surface of the
plasma membrane (3) and are able to bind, exchange, and
hydrolyze guanine nucleotides (4), their precise function remains

unknown. However, similarities in structure, biochemical
properties, and intracellular location between ras and G proteins
have been noted (5). G proteins are a class of proteins known
to play a role in signal transduction and thus ras too is thought
to be involved in this process whereby cells can undergo specific
intracellular modifications as orchestrated by extracellular signals.

In mammals, three different functional ras genes (N-ras, c-
Ki-ras-2, c-Ha-ras-1), and a number of ras-related genes have
been identified (reviewed in 2). The protein products of the ras
genes have been implicated in the processes of cellular
proliferation, differentiation, and transformation. The proteins
encoded by each of the three mammalian ras genes are very
similar, but not identical, and thus are likely to exhibit some
functional differences. Differences between the ras genes also
exist at the level of gene expression. Although all mammalian
ras genes are expressed in a wide variety of tissues and have
promoters characteristic of housekeeping genes (6, 7, 8), they
exhibit different patterns of expression during pre and postnatal
development, and certain adult tissues preferentially express one
of the ras genes over the others (9). The observation that the
ras genes are differentially expressed is consistent with the
hypothesis that the different genes may perform specialized
functions and thus may be needed in different amounts at different
times. It is important to investigate the mechanisms that regulate
the expression of each of the ras genes, to define the factors
responsible for their differential regulation, and to identify other
functionally related proteins since such studies could provide
insights that may lead to a more thorough understanding of the
functions of the different ras genes. The study of ras gene
expression is also important from the standpoint of cancer
research since an increase in the expression of normal ras proteins
has been shown to transform cells in culture (10, 11).

Our lab has been studying the N-ras promoter with the hope
of identifying the elements that are important for its expression.
Recently, an active transcription unit called unr has been
discovered in the 5’ flanking region of the N-ras gene (12). In
this report, we describe the initial characterization of this
upstream gene. The analysis of the relationship that exists between
unr and N-ras may ultimately lead to a better understanding of
the way in which the N-ras gene is regulated. In addition, the
observation that these two genes are found closely linked in a
variety of mammals (guinea pig, mouse, rat, human) raises the
possibility that their protein products may be functionally related,
as has been shown for the products of other linked genes (13).
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MATERIALS AND METHODS
c¢DNA cloning

An adult rat testis Agt11 cDNA library (generously supplied by
A.R. Means, Department of Cell Biology, Baylor College of
Medicine, Houston, Texas 77030), was initially screened by
standard methods (14) using as the probe a mouse genomic N-
ras 1.5 kilobase (kb) Pst-I/Sac-I fragment that spanned from the
5’ flanking region of the gene to the beginning of the second
intron. In the subsequent screen, the probe was a rat unr 1.5
kb cDNA fragment that had been obtained in the initial screen.
cDNA inserts were removed from the phage by EcoRI digestion
and run on 1% agarose gels. The gels were either subjected to
Southern analysis, or were used to obtain cDNA fragments for
subcloning into the PGEM-3Z plasmid (Promega).

Southern blotting

Southern blotting of high molecular weight DNA was performed
as described by Southern (15). Electrophoresis was performed
on a 1% agarose gel using 10 ug of HindIII digested DNA/lane.
Probes were labeled with [a-32P] dCTP by random priming
(Boehringer Mannheim). The blot was hybridized at 37°C and
washed at 55°C to .2X SSC (1 x SSC contains 150 mM NaCl
and 15 mM sodium citrate at pH 7.2).

Northern blotting

Northern blotting was performed using total cellular RNA (14).
Total RNA was isolated from the cell lines (figure 5) and from
the mouse testis (figure 8) by guanidinium isothiocyanate lysis
followed by centrifugation through a CsCl cushion (16). All other
samples were isolated by the acid guanidinium thiocyanate-
phenol-chloroform extraction method (17). Electrophoresis was
performed on a 1.2% agarose-formaldehyde gel using 15 pg of
total RNA/lane. Probes were labeled by random priming. Blots
were hybridized at 37°C and washed at 55°C to .2Xx SSC.

Primer extension

Primer extension analysis was performed following established
protocols (14) using two oligonucleotides, one a 30 mer (5'-GGA-
TCAAAGCTCATCTCGCAGTGATAATCG-3") which is the
inverted complement of nucleotides (nt) 96—125 of the unr
cDNA, and the other a 17 mer (5-ATATTGCACTTT-
CAGTA-3’) which is the inverted complement of nt 78 —94 of
the unr cDNA. Each primer was end labeled with [y-32P] ATP,
annealed to 5 pg of poly(A)* RNA at 30°C, and extended with
Moloney murine leukaemia virus reverse transcriptase. Poly(A)
* RNA was isolated by oligo(dT)-cellulose affinity
chromatography (14) from total RNA that had been obtained by
guanidinium isothiocyanate lysis followed by centrifugation
through a CsCl cushion (16). The samples were analyzed on a
6% denaturing polyacrylamide gel.

RNase protection

To produce internally labeled antisense RNA probes, cloned
fragments of the mouse N-ras gene and its 5’ flanking sequence
were inserted into vectors containing an Sp6 promoter (18). The
442 nt Ava-II/Ava-1 probe complementary to the 3' region of
unr and the 5’ region of N-ras was produced from an Sp6—5
vector (Promega) that contained the Pst-I/Ava-I fragment (see
figure 4B). This vector was linearized at the Ava-II site prior
to transcription. The 291 nt Ava-II/Hinf-I probe complementary
to the 3’ region of unr was made from a PGEM vector that

contained the Ava-II/Hinf-I fragment. This vector was linearized
at the polylinker BamHI site prior to transcription. The assays
were performed according to the Promega protocol using total
RNA that had been isolated by guanidinium isothiocyanate lysis
followed by centrifugation through a CsCl cushion (16).
Hybridization temperatures of 50—55°C were chosen and
digestion with RNase A and T1 was performed at 30—-37°C.
The samples were analyzed on an 8% denaturing polyacrylamide
gel.

Sequencing

c¢DNA fragments were subcloned into the PGEM-3Z plasmid and
both strands of DNA were sequenced entirely. The chain
termination method of sequencing (19) using the sequenase
enzyme (United States Biochemical Corporation) was performed
according to the manufacturer’s protocol. Samples were analyzed
on a 6% denaturing polyacrylamide gel. To determine the
orientation of the 3 fragments produced by EcoRI digestion of
the 2.5 kb unr cDNA, the phage DNA was digested with
Kpnl/Sac-I and a 3.4 kb fragment that contained nearly the entire
intact cDNA insert was released. This fragment was either
sequenced directly or subcloned into the Bluescript plasmid
(Stratagene) for subsequent sequencing. By using appropriately
selected synthetic oligonucleotides as primers, it was possible
to sequence through the two internal EcoRl sites, and in doing
so the orientation of the fragments that are produced by EcoRI
digestion became apparent.

Computer analysis

The SOAP program, which is based on the method of Kyte and
Doolittle (20), was used to plot the hydrophobicity along the
protein sequence. The PSIGNAL program, which is based on
the method of von Heijne (21), was used to locate possible
secretory signal sequences in the protein. Both of these programs
are licensed by Intelligenetics, Inc. Access to nucleic acid
(Genetic Sequence Databank—Genbank; European Molecular
Biology Laboratories—EMBL) and to protein (Protein
Identification Research—PIR; Swiss-Prot.) data banks was
obtained through the BIONET national computer resource for
molecular biology.

RESULTS
Isolation and initial characterization of unr cDNA’s

In the course of screening a rat testis cDNA library to obtain
N-ras clones, we isolated a clone that contained a 1.5 kb insert
that did not react with probes specific for either N-ras exon (—1)
(which represents a noncoding exon that lies at the most 5’ end
of the N-ras mRNA) or N-ras exon (1) (which lies adjacent to
exon (—1) and represents the first coding exon of the N-ras
mRNA). This was puzzling since the probe that we used to screen
the library spanned the area from the 5’ flanking region to the
beginning of the second intron of the murine N-ras gene, and
thus all of the N-ras clones that we isolated should have contained
either one or both of these exons. We subcloned the cDNA into
PGEM-3Z and sequenced the insert. To our surprise, the 3’ end
of the polyadenylated clone was highly homologous (90—95%
over 450 bases) to the 5’ flanking regions of the N-ras genes
that had previously been isolated from the mouse (22), the guinea
pig (23), and the human (6) (see figure 1). A polyadenylation
consensus sequence (AATAAA) was present 16 nucleotides (nt)
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Figure 1. Arrangement of rat unr cDNA'’s relative to each other and to N-ras.
The 1.5 kb unr cDNA was isolated using a probe that contained mouse N-ras
5’ flanking sequences. The last 450 bp of this cDNA (shaded region) are 90—95%
homologous to the 5’ flanking sequences of the N-ras genes isolated from several
mammalian species (also shaded). The 2.5 kb unr cDNA was isolated using the
1.5 kb cDNA as a probe. This clone contains two internal EcoRI (Eco) sites
which cause it to be released in three fragments from its phage vector upon EcoRI
digestion. The arrow in the N-ras gene represents the location at which transcription
begins in the mouse (see figure 4) and in the guinea pig (12). Although it is known
that the last 450 bp of the unr gene and its cDNA are collinear (i.e. contains
no introns), the intron/exon structure of the remainder of the unr gene is unknown.
Only the cDNA’s have been drawn to scale.

upstream of the poly(A) tail. Thus it seemed likely that an active
transcription unit was positioned just upstream of the N-ras gene.
By aligning the sequence of the cDNA with that of the 5’ flanking
region of the N-ras gene, it was evident that transcription from
the upstream gene took place on the same strand of DNA as the
N-ras gene, and gave rise to transcripts whose 3’ ends terminated
very close to the point at which N-ras transcription began. This
transcription unit has also been detected by others and designated
unr for upstream of N-ras (12).

The sequence of the 1.5 kb unr insert indicated that this clone
represented only a partial cDNA since the 5" end of the clone
contained an unfinished open reading frame. To obtain a longer
clone, the rat testis cDNA library was rescreened using the 1.5
kb unr cDNA insert as a probe. From the screening of 375,000
plaques, about 100 positive clones (.03 %) were identified. Some
of the clones were chosen for further analysis and the most
interesting one contained an insert of 2.5 kb which was released
from the phage in three fragments of 1.5, .8, and .2 kb upon
EcoRI digestion. Hybridization studies revealed that only the .2
kb fragment reacted with the original 1.5 kb unr cDNA probe.
Sequencing revealed that the .2 kb fragment was completely
homologous to the 5’ end of the original 1.5 kb unr cDNA, while
the other two fragments represented new information on the unr
gene (see figure 1). The orientation of the fragments relative to
each other was determined by sequencing through the junctions
of the EcoRI sites present in the 2.5 kb insert (see sequencing
section of materials and methods).

Analysis of the 5’ ends of unr transcripts

In order to verify that our overlapping unr cDNA'’s represented
a full length cDNA, primer extension analysis was performed
using two independent primers (a 30mer and a 17mer) that were
specific for regions close to the 5’ end of the unr cDNA that
we had isolated (see figure 2). Products of 118 nt using the 30mer
and 87 nt using the 17mer were expected if the cDNA was indeed
full length. The results obtained correspond quite closely with
these predictions, with the 30mer yielding a product of 120—127
nt and the 17mer giving rise to a product of 85—92 nt. Thus,
we believe that the overlapping cDNA’s that we have isolated
represent a full length clone.

Analysis of unr cDNA sequence information

The combined sequence (3755 nt) of the two overlapping cDNA’s
that we have isolated is presented in figure 3. Studies on the
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Figure 2. 5’ end analysis of unr transcripts. Primer extension using two separate
oligonucleotides was performed. One primer was 30 nt long and it corresponded
to the inverse complement of nt 96— 125 of the unr cDNA, while the other primer,
a 17mer, corresponded to the inverse complement of nt 78 —94 of the unr cDNA
(see figure 3 for the location of the primers in the cDNA). The primers were
end labeled, annealed to 5 ug of Fisher rat fibroblast poly(A)* RNA, extended
with reverse transcriptase, and analyzed on a 6% denaturing polyacrylamide gel.
A sequencing reaction run on the same gel provided molecular weight markers.

initiation of protein synthesis have revealed that translation begins
at the most upstream AUG in 90—95% of all mRNA’s examined,
although sequences in the immediate vicinity of this AUG can
influence it’s translational strength (see 24 for review). From
a survey of vertebrate mRNA’s, a consensus sequence
(GCCGCC(A/G)CCAUGG) for translation initiation has
emerged. A purine located three nucleotides upstream of the AUG
is the most highly conserved nucleotide in the vicinity of the start
codon, and mutational analysis has shown that as long as there
is a purine in this position, deviations from the remainder of the
consensus sequence only marginally impair initiation. The first
ATG in the unr cDNA is at nt 112, and continuing from this
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GAATTCCTTTTTTTTTTAATACTAGCAACTTTCATTCTTTGGAACT TGTGCTGAAAAAAAGAAGAGTCAGCAAATACTACTGAAAGTGCAATATTCGATTATCACTGCGAG 111
ATG AGC TTT GAT CCA AAC CTT CTC CAC AAC AAT GGA CAC AAC GGG TAC CCC AAT GGT ACT TCT GCA GCA CTC CGT GAA ACT GGG GTT ATT GAA AAA 207
met ser phe asp pro asn leu leu his asn asn gly his asn gly tyr pro asn gly thr ser ala ala leu arg glu thr gly val ile glu lys

CTG CTG ACC TCT TAT GGA TTT ATT CAG TGT TCA GAA CGG CAA GCT AGG
Jeu leu thr ser tyr gly phe ile gln cys ser glu arg gln ala arg
GTA GGA GAT GAT GTG GAA TTT GAA GTA TCA TCT GAC CGG AGG ACT GGG
val gly asp asp val glu phe glu val ser ser asp arg arg thr gly
GAA GAA CGA ATG AAT GGA CAA GTT GTG TGC GCT GTT CCT CAC AAC TTA
glu glu arg met asn gly gln val val cys ala val pro his asn leu
TGC TAC GAA CGT AAT GGG GAA GTA TTT TAT CTG ACT TAC ACC TCT GAA
cys tyr glu arg asn gly glu val phe tyr leu thr tyr thr ser glu
GTA ATT GAT AAC AAT AAA CAC ACT GGT GCT GTA AGT GCT CGT AAC ATT
val ile asp asn asn lys his thr gly ala val ser ala arg asn ile
ATG AAG GAG GCG TTT GGC TTT ATT GAA AGA GGT GAT GTT GTA AAA GAG
met lys glu ala phe gly phe ile glu arg gly asp val val lys glu
CCT GGA GAT GAC GTG GAA TTC ACA ATC AAG GAC AGA AAT GGT AAA GAA
pro gly asp asp val glu phe thr ile lys asp arg asn gly lys glu
GAT ATC AGC ATT GAA CAT TTT GAA GGA ACT GTA ACC AAA GTT ATC CCA
asp lle ser ile glu his phe glu gly thr val thr lys val ile pro
GTT GAC TTT GTG ATT CCT AAA GAA CTT CCC TTT GGA GAC AAA GAC ACA
val asp phe val ile pro lys glu leu pro phe gly asp lys asp thr
TCA ACA GAC CGA CGT GAC AAA TTA GAA CGA GCA ACC AAC ATA GAG GTT
ser thr asp arg arg asp lys leu glu arg ala thr asn ile glu val
ATT GCT GCC ATG AGA GAT GGT TTT GGC TTC ATC AAG TGT GTG GAC CGT
1le ala ala met arg asp gly phe gly phe ile lys cys val asp arg
CTC CAC ATT GCA GAT GAA GTG GAG TTT ACT GTG GTC CCT GAT ATG CTC
leu his ile ala asp glu val glu phe thr val val pro asp met leu
ACG GTT TCA TTC CAT TCC CAT TCA GAT CAT CGT TTT CTG GGC ACC GTA
thr val ser phe his ser his ser asp his arg phe leu gly thr val
GGC AAA GAC AAG GAG GCA GAA GAT GGC ATT ATT GCT TAT GAT GAC TGT
gly lys asp lys glu ala glu asp gly ile ile ala tyr asp asp cys
ACT TCT CCT CAA ATA GGA GAT AAG GTT GAA TTT AGT ATT AGT GAC AAA
thr ser pro gin ile gly asp lys val glu phe ser ile ser asp lys
AAT TCT AAT TCC AAA AGG CTC TTG GGT TAT GTG GCA ACT CTG GAT
asn ser asn ser lys arg leu leu gly tyr val ala thr leu asp
CAT TAT AGT GAG TTC TCT GGT GAT GTT GAT AGC CTG GAA CTG GAC
his tyr ser glu phe ser gly asp val asp ser leu glu leu asp
GAG AAA GTA AAC AAA ACT CAC TCA GTG AAT GGC ATC ACT GAG GCA
glu lys val asn lys thr his ser val asn gly ile thr glu ala
GAT CCA ACA CAG ATT GAA TAC CAA GGA ATG ATT GAG ATT GTG GAG
asp pro thr gln ile glu tyr gln gly met ile glu ile val glu
AAC AAA GGG GAT TGC CTA CAG AAA GGG GAG AGT GTT AAG TTC ™6
asn lys gly asp cys leu gln lys gly glu ser val lys phe gla leu
CTT CGT AGG GCT ACT GTG GAG TGT GTG AAA GAT CAG TTT GGC ATT
leu arg arg ala thr val glu cys val lys asp gln phe gly phe ile
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TTC TTC CAC TGT TCA CAG TAT AAT GGC AAC CTC CAG GAC TTA AAA 303

phe phe his cys ser gln tyr asn gly asn leu gln asp leu lys

CCT ATT GCT ATT AAA TTG GTG AAG ATA AAA CCA GAA ATA CAT CCT 399

pro ile ala ile lys leu val lys ile lys pro glu ile his pro

AGT AAA TCT CCA GCT GCC CCG GGT CAG AGT CCA ACA GGG AGT GTA 495

ser lys ser pro ala ala pro gly giln ser pro thr gly ser val

GTG GAA GGG AAC GTT CAG CTG GAA ACT GGA GAC AAA ATT AAC TTT 591

val glu gly asn val gln leu glu thr gly asp lys ile asn phe

CTG TTG AAA AAG AAA CAA GCT CGC TAT CAA GGA GTA GTT TGT GCC 687

leu leu lys lys lys gln ala arg tyr gln gly val val cys ala

TTC TTT CAC TAT AGT GAA TTT AAA GGT GAT CTA GAA ACC CTG CAG 783

phe phe his tyr ser glu phe lys gly asp leu glu thr leu ¢gln

GCA ACA GAT GTC AGA CTA TTG CCT CAA GGA ACA GTC ATT TTT GAA 79

ala thr asp val arg leu leu pro gln gly thr val ile phe glu

GTA CCC AGT AAA AAC CAG AAT GAC CCA TTG CCA GGA CGA ATC AAA 975

val pro ser lys asn gln asn asp pro leu pro gly arg ile lys

TCC AAA GTG ACC CTG CTG GAA GGT GAC CAT GTT AGG TTT AAT ATT 1071
ser lys val thr leu leu glu gly asp his val arg phe asn ile

TCA AAT ACA TTT CAG TTC ACT AAT GAA GCC AGA GAG ATG GGT GTG 1167
ser asn thr phe gln phe thr asn glu ala arg glu met gly val

GCT CGT ATG TTC TTC CAC TTC AGT GAG ATT CTC GAT GGG AAC CAG 1263
ala arg met phe phe his phe ser glu ile leu asp gly asn gln

GCC CAA AGA AAT CAT GCT ATT AGG ATT AAA AAA CTT CCC AAG GGC 1359
ala gln arg asn his ala ile arg ile lys lys leu pro lys gly

AAA GAA GCC ACT TTT TCT AAT CCT AAA ACT ACA AGC CCA AAT AAA 1455
lys glu ala thr phe ser asn pro lys thr thr ser pro asn lys

GTG AAA CTG ACT ATT GCT TTT CAA GCC AAG GAT GTG GAA GGA TCT 1551
val lys leu thr ile ala phe gln ala lys asp val glu gly ser

AGG CCT GGA CAG CAG ATT GCA ACT 7GT GTG AGA CTT TTA GGT CGT 1647
arg pro gly gln gln ile ala thr cys val arg leu leu gly arg

TTT GGA TTT ATT GAA ACA GCT AAT CAT GAT AAG GAG ATA TTT TTC 1743
phe gly phe ile glu thr ala asn his asp lys glu ile phe phe

GTT GAA TAC AGC TTG TCC AAA GGC AAA GGC AAT AAA GTC AGT GCT 1839
val glu tyr ser leu ser lys gly lys gly asn lys val ser ala

TCT GGT AAA GTC ATT CGT CCT CTG AGA GGC GTT 1935
ser

GAA

CCC ACC ATC TAC

pro thr ile tyr gly lys val ile arg pro leu arg gly val

GAT ATG AAA GGT GTG TAT CCT TTT GGC ATA GTT GGG ATG GCC 2031
asp met lys gly glu val tyr pro phe gly ile val gly met ala

GTA CTT GGC CAA AAT GCA CAA ACT ATG GCC TAC AAC ATC ACA CCC 2127
val leu gly gln asn ala gln thr met ala tyr asn ile thr pro
TAT GAA GTA GGA GAT AGC AAG AAG CTC TTT TTC CAT GTG AAG GAA 2223
tyr glu val gly asp ser lys lys leu phe phe his val lys glu

GTT CAG GAT GGC ATT GAG CTA CAG GCA GGA GAT GAG GTG GAA TTC TCA GTG ATC CTT AAT CAG CGC ACT GGG AAA TGT AGC GCC TGT AAT GTT TGG 2319

val gln asp gly ile glu leu gln ala gly asp glu val glu phe ser
CGA GTC TGT GAA GGC CCC AAA GCT GTT GCA GCT CCT CGA CCT GAT CGG
arg val cys glu gly pro lys ala val ala ala pro arg pro asp arg
CGT CTA ATG GTT CTT CGT CAG CCA AGG GGA CCA GAT AAC TCA ATG GGA
arg leu met val leu arg gln pro arg gly pro asp asn ser met gly

val
TG
leu
T
phe

ile leu asn gln arg thr gly lys cys ser ala cys asn val trp
GTT AAT CGC TTA AAG AAC ATC ACC CTG GAT GAT GCC AGT GCT CCA 2415
val asn arg leu lys asn ile thr leu asp asp ala ser ala pro

GGT GCA GAA AGA AAG ATC CGT CAA GCT GGT GTC ATT GAC TAA CCA 2511
gly ala glu arg lys ile arg gln ala gly val ile asp

CGTCCACAAAGCACATCATTAATCCACTATGGTCAAGT TGGGGGGATTCTGGTGAAGGGTTCTGAATATCTTCCTCTTCATCCCTCCCAAAATCTGGAATACTTATICTATTGAGCTATTACACCAG 2638
TTTTAACACCTTCCTCGTGTTATGTTTAAAGAAAARATAAATAAATTTAAGAAACCATTTTAAAAT TATGCACAGT TGCAGCCTGGAAAACTTAAGGTGGCGCCTTATAGTGTCAATITAGGAGCTT 2765
TATTTGOTGCATTTAACGCAACTGGTAAT TGCAAATTCCACTTGGCCTGTGTAAGTGAACAAAACAGACTGTTACTTTGTTGGCCCTATGAAATTCTGCACTCTAGTCAGTATATATACTCTACCTT 2892
CATGACTTAATACTCAGCTGCATTCTTTTCCTTTTTICCCTCTGTICATTATGCTTTAATTCTGAGGACCATATGAAGGTAGAATATATTACCTTTAAAAATTGCAAAATTTATATAGCAMACGATT 3019
TTCTTAAGTTGATGGCCAAATGTTAAAATGTTATTTTCATATCATTTATAATCTTGTCACAATCCACT TAACGAAGTTTGATTACATTTCAGTGAAAATTATCTTCCATAATAGGT TTTTITTTICC 3146
TTCCTGGGATGGGGGGCARATAACTT TACTACAATTAGTATGTATGGTGCAGAATTTCATGCAAATGAAGTGTGCCAGCAGTGTGATAATTTAAACATATTTAAACAAAAGACGAATGCACAAMATY 3273
GCTGCTGCTTAGATCACTGCAGCTTCTAGGACCCAGTTTCTTTTACTGATT TAAAAACAAAATGAAAAAAAAATAATAAAAAAGT TGTGCCTGAAATGAATCCTGTTTTTTTTATAAGTAGCCCCCT 3400
GGTTCCAGTGCCCTGTTGAATACAGGCACTTGATCCTTGGTGCAGCTTICTGTTCAACTTTGTATCACGGGAACGGATTGGCCTGATTTCTTGGCCTTCCTCTTGAATTGGCCCCAAACAGGGTCCCT 3527
GGCAAGTGGAGTGAAGGCTTTTTGTCTAAAGATGACAAGGGTCAGCTCAGGGGTTGTGGGGGAGGGCGTTTTCATCT TCCCCGTTGTCACTTGAGGTTTTGAACTCTGGGTAAGAGGCCGTTTATC 3654
TTTGTAAACACAAAACATTTTTGCTTTCTCCGGTTTCATGTTAATGGCGAAAGAATGGAAGCGAATAAAGTTTTACTGATT TTTGAAAAAAAAAGGAATTC 3755

Figure 3. The nucleotide and deduced amino acid sequence of the rat unr cDNA. Nt 2263 —3755 are derived from the original 1.5 kb cDNA and the remainder
of the sequence from the 2.5 kb cDNA that was subsequently isolated. The EcoRI sites (GAATTC) at the ends of the sequence are from a synthetic polylinker
that was ligated to the cDNA’s during cloning. The three polyadenylation sites in the 3’ untranslated region of the gene that match the (AATAAA) consensus signal
are underlined. Polyadenylated cDNA’s utilizing the signals at nt 3348 and nt 3718 have been isolated. For the cDNA shown, the signal at nt 3718 was used and
the tract of (A’s) from nt 3741 —3748 represents a short poly(A) tail. Another cDNA utilizing the nt 3718 polyadenylation signal but differing in the location at
which the poly(A) tract was added has also been isolated. This cDNA ended with the sequence (GATTTTTGAGACACTAAAAAAAAGGAATTC). The locations
of the primers that were used for primer extension analysis are indicated with arrows.

point is the largest open reading frame in the unr cDNA,
extending to nt 2505. This ATG in the unr cDNA contains a
purine (guanosine) at the appropriate upstream location, and thus
is likely to be competent for translation initiation. An in frame
stop codon (beginning at nt 52) exists upstream of this ATG.

If, as would be predicted, the first ATG is used to initiate
translation in the unr cDNA, then the cDNA sequence predicts
an 111 nt 5" untranslated region followed by a 239 nt open reading
frame, and a 1250 nt 3’ untranslated region. The protein encoded
by the open reading frame is 798 amino acids long with a
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Figure 4. Determination of the unr/N-ras boundary. An RNase protection assay
using two different probes was performed in (A) and the probes used are shown
in (B). The probes were derived from the mouse N-ras gene, and its 5’ flanking
region (which contains part of the unr gene). The Avall/Aval probe is a 442
nt fragment covering the 3’ region of unr and the 5’ region of the N-ras gene.
The Avall/Hinfl is a 291 nt fragment covering the 3’ region of unr but none
of the N-ras gene. Total RNA obtained from a C57BL/10 thymoma cell line
was used with the Avall/Aval probe and normal murine thymocytes from a CD-1
hybrid mouse were the source of the RNA used with the Avall/HinfI probe. The
products were analyzed on an 8% denaturing polyacrylamide gel.

predicted molecular weight of 88,894. Overexpression of the unr
c¢DNA in COS cells yields a protein product of the predicted size
upon immunoprecipitation with anti-unr antibodies (data not
shown). Computer assisted analysis has indicated that the protein
does not possess any long stretches of hydrophobic amino acids
and thus is probably not secreted or integrally associated with
a membrane. A search of nucleic acid and protein data banks
revealed no significant homology between unr and other known
genes or their protein products.

The unr/N-ras spatial relationship

In order to accurately define the spatial relationship that exists
between unr and N-ras, we performed an RNase protection assay
using fragments of the mouse N-ras gene and its 5’ flanking
region as a probe to analyze unr and N-ras transcripts from mouse
cells (figure 4). This technique allowed us to delineate the 3’
end of the unr transcription unit and the 5’ end of the N-ras gene
in the mouse. The first probe that was used covered both genes,
and two major groups of protected fragments were detected (see
figure 4A; Avall/Aval probe). We believed that the lower
molecular weight group of fragments (80—100 nt) was being
protected by N-ras transcripts, and that the larger molecular
weight group of fragments (214—235 nt) represented unr-
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Figure 5. Unr expression in mouse, rat, and human cells. 15 pg of total RNA
from each sample were electrophoresed on a 1.2% agarose-formaldehyde gel,
transferred to nitrocellulose, and hybridized to a unr probe which contained the
entire unr cDNA depicted in figure 3. The blot was washed to .2 X SSC at 55°C
and exposed for 7 hours. The thymus sample is from a CD-1 hybrid mouse. Mouse
3T3 is a fibroblast cell line; NRK is a normal rat kidney fibroblast cell line; HeLa
is a human epithelial-like tumor cell line.

protected fragments. To verify this hypothesis, the probe was
shortened at its N-ras proximal end such that it should no longer
be protected by N-ras transcripts. As predicted, the lower
molecular weight group of protected fragments was not detected
with this probe, while the higher molecular weight group of
fragments was still detected (see figure 4A; Avall/HinfI probe).
Similar results were obtained when this experiment was repeated
on mouse fibroblast RNA (not shown). When the 442 nt
Avall/Aval probe was used, the major unr-protected fragment
was 230 nt in length and the major N-ras protected fragment
was 82 nt in length. Thus in the mouse, the 3’ end of unr is
located 130 nt (442 — (230 + 82)) away from the point at which
N-ras transcription begins. This experiment also verified that unr
and N-ras are transcribed from the same strand of DNA since
transcripts from both genes protected the same single stranded
probe.

Unr expression in different mammalian species

Our unr clones had been isolated from a rat testis cDNA library
so we were initially interested in seeing whether unr expression
was limited to that particular species or tissue. The Northern blot
presented in figure S represents RNA from mouse, rat, and
human cells that was probed with the unr cDNA. From this blot,
it is evident that different species and cell types express multiple,
and similarly sized, unr transcripts. These transcripts are
approximately 4.2, 3.8, and 3.2 kb in size, but the two largest
transcripts do not always resolve well.

Analysis of the 3’ end of unr transcripts

We were interested in understanding the mechanism responsible
for producing the three transcripts from the unr gene. A number
of genes have been shown to produce multiple transcripts through
the differential use of multiple polyadenylation sites located in
the 3’ untranslated region of the gene (25 for review). We
therefore searched for such sites in the 3’ untranslated region
of unr and located four sites that matched the consensus sequence
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Figure 6. 3’ end analysis of unr transcripts. The probes used for the analysis are shown in (B). In this figure, the unr cDNA that was shown in figure 3 is now
schematically represented. 5’ and 3’ untranslated regions are shown as thin lines and the unr protein coding region is shown as an open box. The three (A’s) depicted
in the 3’ untranslated region represent the polyadenylation consensus sequences located in this region of the cDNA. From left to right, their precise locations are
nt 2674, nt 3348, and nt 3718 (also see figure 3). Probe X is a 324 nt Sau3A fragment extending from nt 3431 to nt 3755. Probe Y is a 1017 nt Narl fragment
from nt 2738 to nt 3755. Probe Z is a 1492 nt EcoRI fragment from nt 2263 to nt 3755. In (A), 15 ug of total RNA from an adult RF/J testis were electrophoresed
on a 1.2% agarose-formaldehyde gel, transferred to nitrocellulose, and sequentially hybridized to probe X, Y, and Z. After each hybridization, the blot was washed

to .2X SSC at 55°C and exposed for 1—2 days.
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Figure 7. Unr and N-ras expression in mouse tissues. 15ug of total RNA from each tissue sample were electrophoresed on a 1.2% agarose-formaldehyde gel
and transferred to nitrocellulose. In (A), the blot was hybridized to a unr probe which consisted of the entire unr cDNA depicted in figure 3 and exposed for
seven hours. In (B), the same blot was stripped and rehybridized to an N-ras probe (9) and exposed for four days. Blots were washed to .2 x SSC at 55°C.
Samples from the ovary, spleen, and gut were derived from a female CD-1 hybrid mouse, and all other samples from a male CD-1 hybrid mouse.

for polyadenylation (AATAAA). One signal at nt 3718 and nt
3348, and two overlapping signals beginning with nt 2674 were
located (see figure 3 and 6B). The appropriate nucleic acid
sequence data was not available to check for the conservation
of the signal at nt 2674 between different organisms, but the other
two polyadenylation signals that we detected were found to be

conserved in the mouse (22), guinea pig (23), and human (6).
If these signals were in fact used to generate transcripts, then
the differences in the sizes of the transcripts would be about .4
kb between the largest and the midsized transcript, and about
1 kb between the largest and the smallest transcript. This was
in very close agreement with the different sized unr transcripts



Figure 8. Unr expression during murine testicular development. Total RNA was
isolated from the testis of 13 day old immature (I) and 49 day old mature (M)
B10T6R mice. 15 pg of each RNA were electrophoresed on a 1.2% agarose-
formaldehyde gel and transferred to nitrocellulose. In (A), the blot was hybridized
to a unr probe that consisted of nt 1 -804 of the cDNA shown in figure 3 and
exposed for 2 hours. In (B) the same blot was stripped, rehybridized to an N-ras
probe (9), and exposed for 8 hours. In (C) the same blot was stripped again,
rehybridized to a K-ras probe (9), and exposed for 20 hours. Blots were washed
to .2X SSC at 55°C. The ethidium bromide stained RNA prior to transfer is
presented in (D).

we had in fact observed via Northern blotting (4.2, 3.8, and 3.2
kb).

To gain evidence in support of our hypothesis, we generated
three overlapping probes corresponding to the 3’ untranslated
region of unr (see figure 6B). All of the probes went to the very
end of the unr cDNA, but each began at a different location in
the 3’ untranslated region of the gene. Probe X contained within
it the polyadenylation signal at nt 3718 but neither of the other
two signals and thus, if our hypothesis is correct, should detect
only the largest unr transcript. Probe Y included the
polyadenylation signals at nt 3718 and nt 3348, but not the one
at nt 2674 and thus should detect the largest and the midsized
unr transcripts. Probe Z included all three polyadenylation signals
and thus should detect all three unr transcripts. The Northern
blot in figure 6A represents mouse testis RNA that was
sequentially hybridized to probes X, then Y, and then Z. The
results obtained are consistent with our predictions.

Additional support for this hypothesis has been obtained from
the sequencing of unr cDNA clones which has allowed us to
directly identify polyadenylated clones utilizing the signals at nt
3348 and nt 3718.

Unr and N-ras expression in various tissues

We were next interested in examining the tissue distribution of
unr more closely and comparing it with the tissue distribution
of N-ras. For this experiment, a Northern blot containing RNA
from a variety of mouse tissues was probed with unr, and then
stripped and rehybridized with an N-ras specific probe (see figure
7). With regard to qualitative unr expression, it is clear that all
3 transcripts (4.2, 3.8, 3.2 kb) can be detected in all of the tissues
examined, with a small amount of a 3.0 kb transcript appearing
only in the testis. Differences in the level of unr expression among
the tissues examined are evident. Within a particular tissue, an
equal ratio of the two largest transcripts is always seen and the
amount of the smallest transcript is usually less than that of either
of the larger transcripts (the testis represents an exception).
When the blot was hybridized with the N-ras probe, expression
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Figure 9. Unr and N-ras gene copy number and linkage in murine and human
genomes. 10 g of DNA from a B10 mouse (A) and a single human subject (B)
were digested with HindIIl, electrophoresed on a 1% agarose gel, and transferred
to nitrocellulose. The blot was hybridized with a unr 3’ probe and then stripped
and rehybridized with an N-ras 5’ probe (the probes are described in detail in
the text). After the unr hybridization, the blot was washed to .2 x SSC at 55°C
and exposed for 1—2 days. After the N-ras hybridization, the blot was washed
to .5% SSC at 37°C and exposed for 1—2 weeks.

was detected in all tissues (see figure 7B). Consistent with our
previous report (9), transcripts of 5.0, 2.4, and 1.3 kb were
observed. Thus, both unr and N-ras are expressed in all of the
tissues that we investigated. The overall expression of both genes
was found to be the highest in the testis, and the smallest transcript
of each gene was more pronounced in this tissue than in any other.

Unr expression during testicular development

Previous reports have shown N-ras to be developmentally
regulated in the testis, with an increase in expression being
observed upon testicular maturation (9, 26). We therefore were
interested in seeing whether the same pattern of expression existed
for the unr gene. To investigate this possibility, RNA was isolated
from sexually immature (day 13) and mature (day 49) mouse
testis. A Northern blot was prepared with these RNA samples
and hybridized first with a unr probe and then stripped and
rehybridized with an N-ras probe (see figure 8). The results of
this experiment indicate that both genes are indeed
developmentally regulated in the testis, with an increase in
expression occurring upon maturation. If a general upregulation
of all genes occurs upon testicular maturation, then the coordinate
upregulation of unr and N-ras would be of little significance.
To dismiss this possibility, we stripped the blot, rehybridized
it with a K-ras probe, and found the expression of this gene to
be lower in mature than in immature mouse testis (see figure
8C). This represented a pattern of expression opposite to that
of unr and N-ras. Thus not all genes, and in particular not all
ras genes, exhibit upregulation during testicular development,
as do both N-ras and its upstream neighbor unr. A photograph
of the ethidium bromide stained gel is included to demonstrate
that RNA of comparable quality and quantity was used for each
sample (see figure 8D).
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Analysis of unr gene copy number and linkage to N-ras

We wanted to determine the number of unr genes present in
human and murine genomes, and to find out whether each unr
gene detected was linked to N-ras. To this end, a Southern blot
containing mouse and human HindIII digested DNA was first
hybridized with a unr probe, and then stripped and rehybridized
with an N-ras probe. The probes used corresponded to the 3’
end of the unr gene and to the 5’ end of the N-ras gene.
Specifically, the unr probe contained the last 324 bp of the rat
unr cDNA (see probe X, figure 6B). Sequence comparisons
revealed that this probe was highly conserved (>90%) among
the species being studied. The N-ras probe was a 151 bp Hinf-
I/Ava-l fragment derived from a mouse genomic clone (see figure
4B) and it contained most of exon (—1) of N-ras. This stretch
of DNA is 80—85% conserved between humans and mice but
is not well conserved between the different ras genes, and thus
should be N-ras specific. Using published sequence information
(6, 22), a restriction enzyme (HindIII) that did not cut within
or between the region of the genome covered by the probes was
selected. Thus, each band detected on a Southern blot by either
probe should represent a distinct locus.

In the mouse, a single band of 8.5 kb was detected by the unr
probe and this same band hybridized to the N-ras probe as well
(figure 9A). This finding has been verified in another strain of
mice (RF/J) and with a different restriction enzyme (EcoRI) (data
not shown). Thus, the mouse most likely contains a single copy
of unr per haploid genome, and it is linked to N-ras. The 5.5
kb band recognized by N-ras but not by the unr probe represents
a previously characterized N-ras cDNA-like pseudo gene that
lacks unr sequences in its 5’ region (22). In the human, the unr
probe recognized 2 bands, only 1 of which hybridized to the N-
ras probe (figure 9B). The size of the band that was recognized
by both probes (3.9 kb) is consistent with expectations based on
the restriction map of the human N-ras gene (27). These results
were verified with different human DNA samples and with a
different restriction enzyme (EcoRI) (data not shown). Thus, it
is likely that there are two copies of unr per haploid human
genome, only one of which is linked to the solitary N-ras gene.
It remains to be determined whether both of these genes are
transcriptionally active.

DISCUSSION

We have identified and characterized a gene, unr, that is located
in the immediate upstream region of N-ras. The close association
between these two genes is conserved in all of the species from
which N-ras has been isolated. A number of other genes have
previously been mapped to the region of the chromosome in the
immediate vicinity of N-ras, and these genes, along with N-ras,
form a linkage group that has been conserved between man
(chromosome 1) and mouse (chromosome 3) (28). The unr gene
can be considered a new member of this linkage group that is
structurally unrelated to the other members. The area of the
genome in which this linkage group is located is of special interest
since abnormalities in this region have been reported in certain
human cancers (29).

The sequence of the unr cDNA indicates that the gene is
transcribed from the same strand of DNA as N-ras, and that the
3" end of unr lies very close to the 5’ end of N-ras. RNase
protection data verified these assertions and indicated that the
genes were a mere 130 bp apart. This is one of the most closely

apposed pair of mammalian genes reported to date. The RNase
protection data also revealed microheterogeneity with respect to
unr 3" and N-ras 5' end formation. The unr 3’ end was formed
at different locations covering a 21 bp stretch of DNA. A certain
degree of microheterogeneity at the unr 3’ end was also detected
directly via cDNA sequencing (see legend to figure 3). This
finding is somewhat unusual since most mRNA cleavage and
polyadenylation occurs at a single site downstream of any given
polyadenylation signal (30 for review). The significance of this
observation is, however, unknown. The 5’ end of the N-ras
transcripts was formed at different locations covering a 20 bp
stretch of DNA. This is not an unusual finding since N-ras
possesses a GC-rich housekeeping type of promoter (6, 12, R.P.
and A.P. manuscript in preparation) and this class of promoter
often produces transcripts that exhibit 5 end microheterogeneity
6, 7, 8, 12, 31, 32). Unr apparently also produces transcripts
that exhibit 5' end microheterogeneity since a broad band
spanning 8 nt was detected when primer extension analysis was
performed on the 5’ end of unr transcripts.

Sequencing of cDNA’s has shown that a protein of 798 amino
acids, that is not structurally related to any known protein, can
potentially be produced by unr transcripts. Although the function
of this protein remains unknown, it will be of interest to search
for a functional relationship between the N-ras and the unr
proteins in future investigations. Other linked genes have been
found to be functionally related (13) and thus the physical
proximity of unr and N-ras may be suggestive of a functional
relationship. In addition, our finding that the expression of unr
and N-ras is coordinately regulated, at least in the developing
testis (see below discussion), may also be suggestive of a
functional relationship between the products of these two genes,
since other coordinately regulated genes have been found to share
a functional relationship (33).

Unr produces three transcripts of 4.2, 3.8, and 3.2 kb in rat,
mouse, and human cells. Based on an analysis of the 5" and 3’
ends of unr transcripts, we believe that the cDNA that we have
isolated is a full length representative of the largest unr transcript.
The finding that our cDNA of 3755 nt seems to be shorter that
the longest unr transcript is most likely due to differences in the
length of the poly (A) tail that is present on the unr transcript
as compared to that found on our cDNA (which is only 8 A’s
in length) and/or minor inaccuracies in our determination of the
unr transcript size.

All three unr transcripts were detected in all mouse tissues
examined (an additional 3.0 kb species was detected only in the
testis) and thus unr, like N-ras (9), is apparently ubiquitously
expressed. We have determined that the unr transcripts differ
in the length of their 3’ untranslated region and are apparently
created via the differential use of multiple polyadenylation signals
that are present in the gene. The ratio of the two largest unr
transcripts is approximately equal in all tissues, while the smallest
transcript is usually at a lower level than the larger species. A
notable exception is in the testis where the smallest unr transcript
reaches a level of expression equal to or greater than that of either
of the two larger transcripts. Curiously, N-ras exhibits a similar
testis associated expression of its smallest (1.3 kb) transcript.
Tissue associated changes in the ratios of different transcripts
have been reported by others (34). One possible explanation for
our finding is that the polyadenylation signals which give rise
to the smallest unr and N-ras transcripts share some feature that
enables them to be more efficiently used in the testis than in other
tissues. It is also possible that the smallest unr and N-ras
transcripts are somehow preferentially stabilized in the testis.



As has been previously noted, a small amount of a 3.0 kb unr
transcript is detected in the testis, but not in any other tissue.
Other genes that have been reported to produce testis specific
transcripts include c-abl (35) and pim-1 (26). The mechanism
responsible for the generation of testis specific transcripts from
unr or these other genes is not known.

It is also notable that the overall expression of both unr and
N-ras is higher in the testis than in any other tissue, and that
the expression of both genes is subject to developmental
upregulation in this tissue while other ubiquitously expressed
genes, for example H-ras (26) and K-ras (26, this paper) are
not. These findings suggest that wunr and N-ras may be
coordinately regulated, at least in this tissue. Genes that are not
physically linked may accomplish the task of coordinate regulation
by possessing similar transcriptional regulatory elements in their
promoters (36). However, the close proximity of unr and N-ras
could conceivably allow a single regulatory element, such as a
testis responsive enhancer, to be shared between the two genes.
The utilization of a single regulatory element by a set of linked
genes has been described for the 3-globin locus, where a single
cis-acting control region is believed to play a role in the tissue
specific expression of all five of the genes that reside in the cluster
(37). It is possible that cis-acting elements that play a role in the
regulation of N-ras reside within unr. Situations have previously
been described in which sequences involved in the regulation of
a downstream gene have been found in the 3’ region of an
upstream gene (38), and we have recently obtained evidence that
such an arrangement exists within the unr/N-ras gene cluster
(R.P. and A.P. manuscript in preparation).

Southern blotting has shown that unr is probably a single copy
gene in mice, and that this copy is linked to the murine N-ras
gene. This indicates that in mice the unr locus in close association
with N-ras is transcriptionally active. Transcription from the unr
locus lying immediately upstream of N-ras presents an interesting
transcriptional scenario since available evidence in eukaryotes
indicates that transcription will generally proceed through
functional polyadenylation signals and terminate anywhere from
hundreds to thousands of nucleotides downstream of the last
polyadenylation signal (39 for review). If these finding hold true
for unr, then transcription will continue past the polyadenylation
signals present in the 3 untranslated region of the gene, and
terminate either somewhere in the short segment of DNA (130
bp) that exists between unr and N-ras, or somewhere within the
N-ras gene. If transcription from unr does proceed into N-ras,
it could potentially have some effect on N-ras transcription.
Although one may expect that the most likely effect of unr
transcription would be to decrease N-ras transcription via
interference (40), our expression studies do not support this
expectation since we have found that both unr and N-ras may
be expressed at relatively high levels in the same tissue, for
example the testis, and in fact may be coordinately regulated in
this tissue.

Since unr is not found in the 5’ flanking region of H-ras or
K-ras, any role that unr plays in the regulation of N-ras is likely
to be specific for this member of the ras family. Thus, an
examination of the transcriptional relationship that exists between
unr and N-ras may advance our understanding of how, and
perhaps why, the ras genes are differentially regulated. In
addition, it is important to understand the role that unr may play
in the regulation of N-ras since a perturbation of the
transcriptional relationship that may exist between these two genes
could potentially lead to deleterious alterations in N-ras gene
expression.
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