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The mouse surfeit locus is unusual in that it contains a number of closely clustered genes (Surf-i, -2, and 4)
that alternate in their direction of transcription (T. Williams, J. Yon, C. Huxley, and M. Fried, Proc. Natl.
Acad. Sci. USA 85:3527-3530, 1988). The heterogeneous 5' ends of Surf-i and Surf-2 are separated by 15 to
73 base pairs (bp), and the 3' ends of Surf-2 and Surf4 overlap by 133 bp (T. Williams and M. Fried, Mol. Cell.
Biol. 6:4558-4569, 1986; T. Williams and M. Fried, Nature (London) 322:275-279, 1986). A fourth gene in this
locus, Surf-3, which is a member of a multigene family, has been identified. The poly(A) addition site of Sur -3
lies only 70 bp from the poly(A) addition site of Surf-i. Transcription of Sur-3 has been studied in the absence
of the other members of its multigene family after transfection of a cloned genomic mouse DNA fragment,
containing the Surf-3 gene, into heterologous monkey cels. Surf-3 specifies a highly expressed 1.0-kilobase
mRNA that contains a long open reading frame of 266 amino acids, which would encode a highly basic
polypeptide (23% Arg plus Lys). The other members of the Surf-3 multigene family are predominantly, if not
entirely, intronless pseudogenes with the hallmarks of being generated by reverse transcription. The role of the
very tight clustering on regulation of expression of the genes in the surfeit locus is discussed.

The MES-1 (mouse expression sequence) element was
isolated by its ability to restore expression to a test gene
lacking its 5' regulatory sequences, using the expression
selection technique (2). More recently, MES-1 has been
found to display enhancerlike activity with heterologous
genes in both long- and short-term expression assays (17). In
its chromosomal location in the mouse genome, MES-1 has
been found in a highly transcribed region called the surfeit
locus (22). MES-1 lies between the 5' ends of two closely
spaced divergent transcription units, Surf-] and Surf-2,
whose heterogenous 5' ends are separated by only 15 to 73
base pairs (20). Another transcription unit, now referred to
as the Surf4 transcription unit, lies downstream from Surf-2
with the 3' end of one of its processed transcripts overlap-
ping the 3' end of the converging processed Surf-2 mRNAs
by 133 bp (21). In this communication, we describe the
structure and location of the Surf-3 transcription unit, which
is also located in this very tight gene cluster. Figure 1 shows
the organization of the four identified genes (Surf-i to 4) in
the surfeit locus,
We have studied Surf-3 transcription independent of other

members of the mouse multigene family to which it belongs
after DNA transfection of a cloned mouse DNA fragment
into monkey COS cells. The Surf-3 mRNAs are highly
expressed, and the putative Surf-3 translation product is a
highly basic polypeptide. The poly(A) addition site of Surf-3
lies only 70 bp away from the poly(A) addition site of Surf-l.
The other members of the multigene family are shown to be
predominantly, if not entirely, processed pseudogenes.

* Corresponding author.
t Present address: Department of Biochemistry, University of

California at Berkeley, Berkeley, CA 94720.

MATERIALS AND METHODS

Southern and Northern (RNA) blotting. Mouse BALB/c
3T3 DNA was digested with BamHI or Hindlll or EcoRI,
fractionated by electrophoresis on a 0.8% agarose gel, and
transferred to nitrocellulose as described previously (5). For
Northern blotting, total cellular RNA was prepared from
BALB/c TS-A-3T3 cells (14) by the guanidinium-CsCl
method and poly(A) selected on oligo(dT)-cellulose.
The isolation of poly(A)+ RNA and analysis by Northern

blotting was essentially as described previously (9).
Poly(A)+ RNA was fractionated on a 1% agarose-formalde-
hyde gel and transferred to nitrocellulose after partial alka-
line hydrolysis. Hybridization conditions were identical for
Southern and Northern blotting, and both types of blots
were washed in 0.5x SSC (lx SSC is 0.1 M NaCl plus 0.015
M sodium citrate) at 68°C. Probes were labeled by nick
translation.

Sequencing. DNA was sequenced by the dideoxy method
(15) after appropriate restriction fragments had been sub-
cloned into either M13mpl8 or M13mpl9 (23).
cDNA and genomic libraries. The cDNA was made as

described previously (4), except that after second-strand
synthesis, the cDNA was repaired with T4 DNA polymerase
and ligated into XGT10 (Strategene) after the addition of
EcoRI linkers. To construct the genomic DNA library,
BALB/c 3T3 DNA was digested with EcoRI, ligated into
XGT10 (Strategene), and packaged in Gigapack Gold (Stra-
tagene).

Transfection of COS cells. One day prior to transfection,
1.5 x 106 to 3.0 x 106 COS-1 cells were seeded onto 15-
cm-diameter tissue culture dishes. These cells were trans-
fected with 40 ,ug of plasmid DNA by the method described
by Wigler et al. (19) with the following modifications. After
addition of the DNA-CaPO4 precipitate, the cells were
grown overnight at 32°C and then glycerol shocked by the
addition of 3 ml of 15% (vol/vol) glycerol in DMEM plus
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FIG. 1. Map of the mouse surfeit locus. Genomic DNA is shown
as a solid bar with distances in kilobase pairs marked underneath.
The direction and extent of the Surf-i to -4 transcription units are
shown as solid arrows above the genomic DNA, with the thickness
of the arrows representing the steady-state level of the mRNAs. The
133-bp overlap of Surf-2 and -4 (21), the 15 to 73 bp between the 5'
ends of Surf l and -2 (20), and the 70 bp between the 3' ends of
Surf-3 and -J (Fig. 6) are indicated. Underneath the genomic clone
there is an expanded diagram of the Surf-3 transcription unit, with
the exons of Surf-3 shown as solid boxes and the introns as a
connecting line (Fig. 5). The 3' exon of Surf-1 is also shown.

+

a) >, >,

0 oa
EL a.

b) _. m
O E
0L CZ

23.1 -
9.6-

6.6 -

4.4.

1.0kb- a

C) r
=

C3 ._S co
w x m

23.1-
9.6-

6.6-!

4.4-..

2.3- _
2.0-

2.3 -
2.0 -

0.1% (wt/vol) glutamine for 60 s. The cells were washed
twice with DMEM plus 0.1% (wt/vol) glutamine, refed,
grown for 48 h, and then harvested for RNA. The RNA was
prepared as described above and treated with RNase-free
DNase I before poly(A) selection.

RESULTS

Identification of the Surf-3 transcription unit. A 19-kilobase
(kb) EcoRI fragment containing MES-1 and the Surf-i and
Surf-2 transcription units has previously been isolated from
mouse cellular DNA (20). Subsequently, sequences located
directly downstream from Surf-i have been found to hybrid-
ize to a discrete abundant poly(A)+ RNA species of about
1.0 kb. In order to study the transcription from this region in
more detail, cDNA clones derived from poly(A)+ RNA from
mouse A31 BALB/c 3T3 cells hybridizing to the unique
sequence in the 1.6-kb BgII-BamHI mouse DNA fragment
located directly downstream of the 3' end of Surf-1 were
isolated. One cDNA clone (MY3), containing a 0.85-kb
insert homologous to this region, was studied in greater
detail. A discrete abundant mRNA of about 1.0 kb was
detected in mouse poly(A)+ RNA when MY3 was used as a
probe (Fig. 2a). The region from which these transcripts are
derived is termed the Surf-3 transcription unit (Fig. 1).

Surf-3 is an expressed member of a multigene family. To
ascertain whether the Surf-3 transcription unit represented a
single-copy sequence in the mouse genome, the MY3 cDNA
was used to probe Southern blots of endonuclease-restricted
mouse DNA. MY3 hybridized to multiple bands in mouse
DNA digested separately with a number of different restric-
tion enzymes (Fig. 2b). This indicates either that MY3
contains a repetitive element or that it is derived from a
multigene family of about 15 to 30 genes. Therefore, MY3
was subdivided into three fragments of approximately 300 bp
and each was used individually as a probe for Southern
blotting (Fig. 3; probes A, B, and C). All three probes were
found to hybridize to multiple bands in mouse cellular DNA
digested separately with a number of different restriction
enzymes (Fig. 3a). Thus, it appears that the Surf-3 transcrip-
tion unit present in the 19-kb clone is a member of a
multigene family. Consequently, MY3 may be derived from
an mRNA transcribed from any member of this family and
not necessarily the copy present in the 19-kb clone contain-
ing the surfeit locus. In addition, Surf-3 also appears to be a

FIG. 2. (a) Northern blot showing Surf-3 mRNA. Poly(A)+ RNA
(1 pLg) or 20 ,ug of Poly(A)- RNA from mouse TS-A-3T3 cells (14)
were fractionated, and the blot was probed with the cDNA MY3.
The size of the mRNA detected was calculated from the positions of
the 18S and 28S rRNAs. (b) Southern blot of mouse BALB/c 3T3
DNA cut with EcoRI or BamHI and probed with Surf-3 cDNA
MY3. (c) Southern blot of mouse BALB/c 3T3 DNA cut with EcoRI,
HindIII, or BamHI and probed with the third intron of Surf-3. The
numbers on the left indicate the size in kilobases of the six largest
HindII fragments of A phage DNA used as size markers.

member of a multigene family in both monkey and human
DNA (Fig. 3b).

In order to analyze the expression of Surf-3 in the absence
of possible related transcripts derived from elsewhere in the
mouse genome, the previously cloned 19-kb EcoRI fragment
(20) containing sequences from the four Surf genes was
introduced into the heterologous monkey COS cells (3). COS
cells contain the simian virus 40 (SV40) replication protein
large T antigen and are capable of replicating DNA mole-
cules containing the SV40 origin of replication. Two plas-
mids containing the 19-kb clone were constructed (Fig. 4a).
Plasmid p19 contains the 19-kb EcoRI fragment cloned into
pAT153 and is not capable of efficient replication in COS
cells, while pSV19 also contains the SV40 origin of replica-
tion, in addition to the 19-kb fragment, and can replicate in
COS cells.

Poly(A)+ RNA was isolated from COS cells 48 h after
transfection with either pAT153, p19, or pSV19 and ana-
lyzed by Northern blotting by using the Surf-3-specific
1.6-kb BglII-BamHI fragment as a probe (Fig. 4b). This
probe hybridizes to the abundant Surf-3 mRNA species of
1.0 kb in TS-A-3T3 mouse fibroblast and undifferentiated F9
teratocarcinoma mouse cells but also identified similarly
sized transcripts in the COS cells transfected with pAT153
alone (Fig. 4b). This indicates that mRNAs with some
homology to the Surf-3 transcript are also present in monkey
cells. In cells transfected with p19 the level of the Surf-3
transcripts was increased approximately three- to fivefold
above the background level of the pAT153-transfected COS
cells (Fig. 4b). In contrast, cells transfected with pSV19
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FIG. 3. Southern blots of genomic DNA probed with Surf-3 cDNA sequences. (a) Genomic DNA isolated from mouse TS-A-3T3 cells was
digested with EcoRI, HindIII, or BamHI and probed with probe A, probe B, or probe C (see map below). (b) Monkey or human cellular DNA
digested with EcoRI, HindlIl, or BamHI and probed with the complete Surf-3 cDNA MY3. Beneath the blots is a map of the Surf-3 cDNA
MY3 showing the three probes, A, B, and C used above. The numbers on the left indicate the size in kilobases of the six largest HindIII
fragments of A phage DNA; the relative positions of these markers in the six gels are shown by the connecting lines.

produced large amounts of a 1.0-kb Surf-3 transcript (Fig.
4b). Thus it appears that Surf-3 is correctly transcribed and
processed in monkey cells. Therefore, the Surf-3 transcrip-
tion unit is likely to be a bona fide gene, rather than a
nonexpressed pseudogene. In addition, it implies that the
sequences required for efficient transcription of Surf-3 are
also present within the 19-kb EcoRI fragment.

Analysis of Surf-3 cDNAs. To obtain further information on
the Surf-3 transcripts produced by the 19-kb fragment, a
cDNA library was constructed from poly(A)+ RNA isolated
from pSV19-transfected COS cells. Approximately 200,000
recombinant lambda clones were screened by using the
1.6-kb BglII-BamHI fragment as a probe, and 24 mouse-
specific positive clones were isolated and subcloned into
plasmid vectors. The eight positives containing the largest

cDNA inserts were analyzed in further detail and found to
have similar restriction maps to the MY3 cDNA isolated
from mouse cells (data not shown). The 5' ends of five of
these cDNAs were sequenced and found to have 100%
identity with sequences at the 5' end of MY3 and to end
within a couple of nucleotides from the 5' end of the mouse
MY3 cDNA clone (Fig. 5). One of the cDNAs, C2C, derived
from the transfected monkey cells was sequenced and found
to have complete identity with sequences of the 19-kb clone
specifying Surf-3 exons (Fig. 5). The sequence of C2C
differed from the mouse cell-derived MY3 cDNA at only one
nucleotide of the 850-bp sequence (Fig. 5). This single-base
difference could be due to the presence of a base change in
the other mouse chromosomal allele of Surf-3 from which
MY3 is derived. Alternatively, it could be the result of a
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FIG. 4. Expression of Surf-3 in COS-1 cells. (a) Plasmids used to
transfect COS-1 cells. Vector sequences (_), genomic sequences
(Izz), and the SV40 origin region ( mmn) are shown. P19 has the
previously cloned 19-kb EcoRI mouse cellular DNA fragment (20)
inserted as shown, with the arrow indicating the direction and extent
of the Surf-3 transcription unit. PSV19 has, in addition to the 19-kb
EcoRI fragment, the SV40 origin of replication. The SV40 origin is
contained in a HindIII-to-EcoRI fragment taken from the plasmid
pSVOD (11) and corresponds to SV40 nucleotides 5171 to 160. (b)
Northern blot of RNA from transfected and control cells probed
with the 1.6-kb BamHI-BgII fragment. Starting from the left, the
lanes contain: 1.2 ,ug of poly(A)+ RNA from COS cells transfected
with pSV19, 4.5 ,ug of poly(A)+ RNA from mouse BALB/c TS-A-
3T3 cells, 4.5 jig of poly(A)+ RNA from mouse F9 cells, 1.5 ,ug of
poly(A)+ RNA from COS cells transfected with p19, and 1.5 ,ug of
poly(A)+ RNA from COS cells transfected with pAT153 as indi-
cated.

mutation generated during the in vitro synthesis of the MY3
cDNA or its growth in bacteria. In Fig. 5 is presented the
DNA sequence and potential translation product of the
Surf-3 mRNA. The Surf-3 transcript contains a large open
reading frame of 266 amino acids which would code for a
basic protein containing 61 arginine and lysine residues
(23%) distributed over the entire polypeptide chain. A com-
parison of the cDNA sequence with the sequence of the
19-kb genomic clone has located the positions of eight exons
in the Surf-3 gene (Fig. 1). Each of the Surf-3 intron-exon
boundaries conforms to the consensus sequences for splice
junctions (Table 1). Furthermore, when endonuclease-re-
stricted mouse cellular DNA is hybridized with a probe from
intron 3 of Surf-3, single-copy restriction fragments charac-

teristic of the surfeit locus (e.g., 19-kb EcoRI fragment,
2.4-kb HindlIl fragment, and 3.0-kb BamHI fragment) are
detected (Fig. 2c), showing that there is only one copy of the
Surf-3 intron in the mouse genome.
The Surf-3 poly(A) addition site, as determined from the

cDNA, is 12 bp downstream from the variant poly(A)
addition signal AAUAUA (12, 16). The Surf-3 poly(A)
addition site is on the opposite strand and only 70 bp away
from the poly(A) addition site of the converging Surf-i
transcription unit (20) (Fig. 6).
The other members of the Surf-3 multigene family are

predominantly, if not entirely, intronless pseudogenes. In
order to investigate the nature of the other members of the
Surf-3 multigene family, a library of EcoRI fragments from
mouse cellular DNA was constructed by using the lambda
gtlO vector. A total of 10 positives were detected from a total
of 50,000 plaques screened with a probe containing the 300
nucleotides from the extreme 5' end of the Surf-3 MY3
cDNA. Eight of these positive clones were analyzed further
after subcloning of the EcoRI inserts into bluescript plas-
mids. All eight clones were found to be positive when
screened with a probe with the extreme 3' end of the MY3
cDNA. A restriction enzyme analysis indicated that the
sequence hybridizing to the 5' and 3' MY3 cDNA probes in
each of the eight clones was contained in about 1.0 kb of
DNA (data not shown) as opposed to 2.5 kb containing the
Surf-3 transcription unit (Fig. 1). This result indicates that
the eight clones might be intronless pseudogenes of Surf-3.
The presence of pseudogenes was confirmed by sequencing
three of the clones (Fig. 7). All three are intronless pseudo-
genes and show 87 to 95% identity to the Surf-3 cDNA as a
result of additions, deletions, and base changes which alter
and prematurely terminate the Surf-3 reading frame. In one
of the pseudogenes, the Surf-3 ATG start codon is also lost
by mutation (Fig. 7). Each of the pseudogenes has the
hallmarks of being generated as a result of reverse transcrip-
tion. In addition to the loss of introns, each pseudogene
contains a different direct repeat of 13 to 15 bp at its 5' and
3' ends. The 3' repeat is preceded by a run of A residues
which begins at the site of polyadenylation of the Surf-3
cDNAs (compare Fig. 6 and 7), indicating that a poly(A)-
containing Surf-3 niRNA was used as the template for the
reverse transcription.

DISCUSSION

The Surf-3 transcription unit, located in the mouse surfeit
locus (22), has been identified and characterized. The anal-
ysis of Surf-3 is complicated by its being a member of a
mouse multigene family estimated to consist of 15 to 30
genes. To overcome this complication, we have studied
Surf-3 transcription in the absence of other members of the
multigene family. This was accomplished by transfection of
a cloned fragment of mouse DNA containing Surf-3 into
heterologous monkey cells. Transcription and cDNA analy-
sis of the transfected monkey cells has demonstrated that a
1.0-kb mRNA is encoded by the Surf-3 transcription unit
which is identical (except for a single base) to the sequence
of the mRNA produced in mouse cells.
By cloning, restriction enzyme mapping, and DNA se-

quence analyses, the other members of the Surf-3 multigene
family have been shown to be predominantly, if not entirely,
intronless pseudogenes, whereas there is only one copy of
the Surf-3 third intron in the mouse genome. The Surf-3
pseudogenes have the hallmarks of being created by reverse
transcription. From a comparison of the sequence differ-
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* 1 jLntron 1 33
TTCTTTCTCCAGCAGCCGAGCAAGATGCCCAAAGGGAAGAAGGCCAAGGGGAAGAAG

METProLysGlyLysLysAlaLysGlyLysLys
90

GTGGCCCCGGCCCCCGCCGTCGTCAAGAAGCAGGAGGCCAAGAAGGTGGTCAACCCT
ValAlaProAlaProAlaValValLysLysGlnGluAlaLysLysValValAsnPro

intron 2 14 7
CTGTTCGAGAAGAGGCCCAAGAACTTCGGCATTGGACAGGACATCCAGCCCAAAAGA
LeuPheGluLysArgProLysAsnPheGlyIleGlyGlnAspIleGlnProLysArg

204
GATTTAACGCGCTTCGTCAAATGGCCCCGCTACATCAGACTGCAGCGGCAAAGAGCT
AspLeuThrArgPheValLysTrpProArgTyrIleArgLeuGlnArgGlnArgAla

261
ATCCTCTACAAGCGGCTCAAAGTCCCTCCTGCCATTAACCAGTTCACCCAGGCCCTG
IleLeuTyrLysArgLeuLysValProProAlaIleAsnGlnPheThrGlnAlaLeu

intron 3 318
GACAGGCAGACAGCTACTCAGCTGCTTAAGCTTGCCCACAAGTACAGGCCAGAGACA
AspArgGlnThrAlaThrGlnLeuLeuLysLeuAlaHisLysTyrArgProGluThr

375
AAGCAAGAGAAGAAGCAAAGGCTACTGGCCCGTGCTGAGAAGAAAGCTGCTGGCAAA
LysGlnGluLysLysGlnArgLeuLeuAlaArgAlaGluLysLysAlaAlaGlyLys

intron 4 432
GGCGACGTCCCAACTAAGAGACCACCTGTCCTCCGAGCAGGAGTCAATACAGTCACC
GlyAspValProThrLysArgProProValLeuArgAlaGlyValAsnThrValThr

489
ACCTTGGTGGAGAACAAGAAGGCTCAGCTGGTGGTGATTGCCCATGACGTAGACCCC
ThrLeuValGluAsnLysLysAlaGlnLeuValValIleAlaHisAspValAspPro

intron 5 546
ATTGAGCTGGTGGTTTTCCTACCTGCTCTGTGTCGAAAGATGGGGGTGCCCTACIGC
IleGluLeuValValPheLeuProAlaLeuCysArgLysMetGlyValProTyrCys

603
ATCATCAAGGGAAAGGCCAGGCTGGGGCACCTGGTCCACAGGAAGACATGCACCACC
IleIleLysGlyLysAlaArgLeuGlyHisLeuValHisArgLysThrCysThrThr

intron 6 660
GTTGCCTTCACACAGGTTAACTCGGAAGACAAGGGTGCTCTGGCTAAGCTGGTGGAA
ValAlaPheThrGlnValAsnSerGluAspLysGlyAlaLeuAlaLysLeuValGlu

intron 7 717
GCTATTAGGACCAATTATAATGACAGATATGACGAdATCCGTCGCCACTGGGGAGGC
AlaIleArgThrAsnTyrAsnAspArgTyrAspGluIleArgArgHisTrpGlyGly

774
AACGTCCTGGGTCCTAAGTCTGTGGCTCGAATTGCCAAGCTGGAAAAAGCAAAGGCT
AsnValLeuGlyProLysSerValAlaArgIleAlaLysLeuGluLysAlaLysAla

831
AAAGAACTCGCCACTAAATTGGGTTAAATGTACACTAAATTTTCTGTACCTAAATAI
LysGluLeuAlaThrLysLeuGly

844
AATTACAAAATTA

FIG. 5. Sequence of Surf-3 mRNA and its potential translation product (266 amino acids). The top line indicates the DNA sequence
derived from cDNA and genomic sequences, and the line underneath shows the potentially coded protein starting at the first ATG. The cDNA
MY3 contains a C instead of the T at position 544. The T is found in the genomic DNA and cDNA C2C. The AATATA poly(A) addition signal
is underlined, and the position of each intron is indicated (see also Fig. 1). Numbering is from the A of the initiation codon, and * indicates
the 5' end of cDNA MY3.

ences between Surf-3 and the pseudogenes, it can be esti- mRNAs present in the germ line and subsequent integration
mated that the pseudogenes were formed 10 to 25 million into the chromosomal DNA of the germ line to become
years ago (6). It is interesting to note that multigene families incorporated into the species (for a review, see reference
with homology to mouse Surf-3 are also found in monkey 18).
and human DNA (Fig. 3b) and are presumably also mainly The putative translation product of Surf-3 is a highly basic
composed of pseudogenes. Surf-3 has the properties of a protein (23% Arg plus Lys) (Fig. 5), suggesting that the
housekeeping gene, being abundantly transcribed in all dif- function of the Surf-3 gene product might be to interact with
ferentiated cell types tested (22). This is consistent with the nucleic acids. Surf-3 does appear to be highly conserved in
detection of a large multigene family (15 to 30 genes), other species (J. Yon and M. Fried, manuscript in prepara-
primarily composed of processed pseudogenes which were tion). We cannot find any extensive homology of Surf-3 with
presumably derived from reverse transcription of abundant any other genes in the Surfeit locus or any other DNA or

MOL. CELL. BIOL.
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TABLE 1. Splice junctions in Su_ff3a
5' junction Size (bp) of intron 3' junction

1bAAGATGI GTGAGT 174 CTCTTCCGTACAGI CCCAA
2 GCATTGI GTAAGG 311 CTTAACTTCCCAG I GACAG
3 AGACAGI GTGAGG 431 ATGTGTTTTCCAGI CTAC T
4 GAGCAGI GTCAGT 199 TTGTATGTTCCAGI GAGTC
5 ATTGAGI GTAGGT 225 TGTTTGCTTCTAGI CTGG T
6 TAACTCI GTGAGT 185 ATTGCCTTTCCAGI GGAAG
7 GACGAGIGTGAGT 262 TCTGTCATTTC A GI A T C C G

Consensus

AAG GTAAGT TTTTTTTTN TAG lGcAGGAAG ccccccccNcA G
a See Fig. 5 for the positions of each intron in the mRNA. The splice junction consensus sequences are taken from Mount (13).
b Intron.

protein sequence in the EMBL, GenBank, or PIR data
bases. Two candidate gene groups to which Surf-3 might
belong are the ribosomal proteins and the HMG, or high-
mobility group proteins. The mRNAs specifying members of
both of these groups of nucleic acid-binding proteins are
highly abundant, and the genes for these proteins are mem-
bers of processed pseudogene-containing multigene families
(1, 7, 8). We are presently attempting to produce anti-peptide
antibodies against the putative Surf-3 translation product in
order to be able to study the protein in greater detail.
The genes in the surfeit locus are very tightly clustered

(Fig. 1). The heterogeneous 5' ends of the divergent Surf-i
and Surf-2 transcription units are separated by only 15 to 73
bp (20), and the 3' ends of the convergent Surf-2 and Surf4

processed transcripts overlap by 133 bp (21). The location of
Surf-3 is in keeping with the clustered nature of the genes in
this locus. The poly(A) addition site of Surf-3 lies only 70 bp
away from the poly(A) addition site of the converging Surf-i
transcription unit (Fig. 1 and 6). The clustered organization
of the surfeit locus, which may contain more than the four
genes already identified, is conserved in other mammalian
species, suggesting some sort of cis interaction between the
Surf genes (22). Transcription termination has not been
clearly defined in mammalian cells, but it is clear that
polyadenylated mRNA is derived by processing of a much
longer precursor RNA transcript. It might be expected that
abundant transcription of the Surf-3 gene would interfere
with Surf-i gene expression. This might occur either through

SURF-3

TAAATTGGGTTAAATGTACACTAAATTTTCTGTACCTAAATATAATTACAAAATTAtctt

atttaacccaatttacatgtgatttaaaagacatggatttatattaatgttttaatagaa

gactgcctttggttatttgggttggcgcgagtgtgccctgtaaaacggtttcagactgag

ctgacggaaaccaataaacccaaccgcgctcacacgggacattttgccaaagtctgactc

ccatggtttttacatagcaagatctttattttatggttgttgggaacaggctccttactt

ggtaccAAAAATGTATCGTTCTAGAAATAAAATACCAACAACCCTTGTCCGAGGAATGAA

SURF-Ib1"%
FIG. 6. DNA sequence spanning the 70 bp between the 3' ends of Surf-3 and Surf1. The two converging genes are shown as solid arrows,

and the coding strand of each gene is shown as capital letters. Each poly(A) addition signal is underlined twice, and the TG-rich sequences
seen downstream of many poly(A) sites (10) are underlined on the appropriate strand for each gene.
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TCCCCCACAATTCCCTCTTCTTTCTTTCTCCAGCAGCCGAGCAAGATGCCCAAAGGGAAGAAGGCCAAGGGGAAGAAGGT
CAGTCT G ...--C.... ......--. .. .. ...A.I.A

TATTTAAATAAAAA 'GC----------------------------------------^^^^^^^^-
ACAGATTTTAAATCTTAATTGC-C------C----A---------A--------A--------G------------A-

GGCCCCGGCCCCCGCCGTCGTCAAGAAGCAGGAGGCCAAGAAGGTGGTCAACCCTCTGTTCGAGAAGAGGCCCAAGAACT
----------------A----------------A-------------------------------------T--------
-^----------T---A-T---------------A----------A----------------------------------
------AA-------T------------T-----------------AC-------T----TA------------------

TCGGCATTGGACAGGACATCCAGCCCAAAAGAGATTTAACGCGCTTCGTCAAATGGCCCCGCTACATCAGACTGCAGCGG
--A--------------------------------C----A-----------------------------G-------A-
------C-----------------T----------------------A----------------------G---------
-T--GCAAT^^^^^^^^---------------A--C----AT------------ T----------I ;------

GCATT

CAAAGAGCTATCCTCTACAAGCGGCTCAAAGTCCCTCCTGCCATTAACCAGTTCACCCAGGCCCTGGACAGGCAGACAGC
--------C--------------------------A-------- --------------TG-----------------
-----c----------------------------------- ---------------G---C-------------

*000
-C------c------- T----T---A------A-----------------------------T---A------CA-----

TACTCAGCTGCTTAAGCTTGCCCACAAGTACAGGCCAGAGACAAAGCAAGAGAAGAAGCAAAGGCTACTGGCCCGTGCTG
------- -- --- -- -- -- --c -------_--- ----- --- ---- --- --- ---- --- ---

--------------------T-------^--------C-----------------------------------G-----^
---------------A----T-----------T-----------------------------------------------

AGAAGAAAGCTGCTGGCAAAGGCGACGTCCCAACTAAGAGACCACCTGTCCTCCGAGCAGGAGTCAATACAGTCACCACC
------------A-_^-----------A--------- --- ---- --- ----------------------------------
----------------------T--T---------------------------T----------------------^A..

A
----------------------GT--A----TGCAGGG^^^^^^^^--------AT-----G--------G-----^---

TTGGTGGAGAACAAGAAGGCTCAGCTGGTGGTGATTGCCCATGACGTAGACCCCATTGAGCTGGTGGTTTTCCTACCTGC
-A----------------------------C---------T-----------------------------------
---- C -------_--- - - - - - - - - - -------------- -------------

------------------------------------------------A-----A^-----T-------------G-T---

TCTGTGTCGAAAGATGGGGGTGCCCTACTGCATCATCAAGGGAAAGGCCAGGCTGGGGCACCTGGTCCACAGGAAGACAT
C-C--------------A---------------------------------T-----------A----------------

CG-----------------A--------------------------------------TG--------------------

GCACCACCGTTGCCTTCACACAGGTTAACTCGGAAGACAAGGGTGCTCTGGCTAAGCTGGTGGAAGCTATTAGGACCAAT
-------T--------------------------------A---------------------------------------
CG-----T----------T-------------------------------------T-----------------C-----
-------T------------A----G-------------------------A---T--C----------

TATAATGACAGATATGACGAGATCCGTCGCCACTGGGGAGGCAACGTCCTGGGTCCTAAGTCTGTGGCTCGAATTGCCAA
-------------------------A-A---------------------------------
--------G----------------------G-----------------------------C--------
-G----------------AG------C----------------G--------------------------AC--------

GCTGGAAAAAGCAAAGGCTAAAGAACTCGCCACTAAATTGGGTTAAATGTACACTAAATTTTCTGTACCTAAATATAATT
-----------------T---------T--------G-----------A------ -G----------------------

----------------------------A---------------G--------T---G----------------------
________-^^^^^------------------------------------------CG----------A-----------

ACAAAATTAN
-.-----AAAAA r-riifiiJ CCTGTGAATT
------- TAZAr-nTCATTCCCTCAATC
-------A GTCTTCAAAATTCCC

FIG. 7. Comparison of Surf-3 and three of its pseudogenes. The top line shows the sequence of Surf-3 (Fig. 5). Underneath are shown three
different pseudogenes. Bases which are the same as those in Surf-3 (-) and deletions (^) are indicated. Additions and changes are marked by
the relevant bases. The first AUG of each gene is indicated by underlining, and the first in-frame termination codon is indicated by asterisks
above. The 13- to 15-bp terminal repeats are underlined twice, and the poly(A) stretch preceding the 3' repeat is indicated by dots beneath
the sequence. The AN at the 3' end of Surf-3 indicates the poly(A) tract.
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the production of an excess of anti-sense RNA to the less
abundant Surf-i transcript in the form of the very abundant
Surf-3 primary transcript or via polymerase interference
from the abundant Surf-3 transcription with the Surf-i pro-
moter which lies only 3.1 kb downstream from the 3' end of
the Surf-3 gene. Alternatively, the presence of a transcrip-
tion termination signal in the 70 bp that separates Surf-i and
Surf-3 might prevent readthrough of Surf-3 into Surf-l. A
further study of the transcriptional and posttranscriptional
events involving the genes in the surfeit locus is required to
determine the role of the very tight clustering in their
expression.
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