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Tissue-Specific Processing of the
Surf-5 and Surf-4 mRNAs
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The mouse surfeit locus is an unusually tight cluster of at least six “housekeeping” genes that do not share
any sequence homology and whose gene organization may play a role in gene expression. The transcription
of each of the five well-characterized genes (Surf-1 to -5) alternates with respect to its neighbor(s) and no
more than 159 bp separates any two adjacent genes with the Surf-4 and Surf-2 genes overlapping at their
3’ ends by 133 bp. In this work, the expression of the Surf-5 and Surf-4 genes has been examined in
various mouse tissues. In addition to the ubiquitously expressed 3.5-kb Surf-5 mRNA, a second alterna-
tively spliced Surf-5 mRNA, Surf-5b, was discovered that was highly expressed in the brain, heart, testis,
and skeletal muscle. The alternative splice donor site of the Surf-5b mRNA is similar to splice donor sites
found in neuron-specific mRNAs. Surf-5b encodes a unique protein, which, like the ubiquitous Surf-5
protein, has been found to be primarily located in the soluble fraction of the cytoplasm. The expression of
the Surf-5b protein was also found to increase in embryonal carcinoma cells differentiated into neuronal
cultures. Although the Surf-5 gene is highly conserved through evolution, the presence of the Surf-5b
alternative splice may be restricted to higher vertebrates. The Surf-4 gene was ubiquitously expressed in
eight different mouse tissues; however, the ratios of the three previously reported Surf-4 mRNAs (two of
which are known to derive from different sites of polyadenylation) altered dramatically between tissues.
The use of different forms of mRNA processing for regulation of tissue-specific expression of ubiquitously
expressed genes is discussed.
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THE mouse Surfeit locus (Fig. 1) is a very com-
pact cluster of at least six “housekeeping” genes
with unique properties that define a novel type
of gene cluster (10). The 5’ end of each gene is
associated with a CpG-rich island. The five char-
acterized genes (Surf-1 to -5) are unrelated by se-
quence homology. A maximum of 159 bp sepa-
rates any of the adjacent well-characterized
Surfeit genes (Fig. 1). More specifically, the het-
erogeneous 5’ ends of the Surf-1 and Surf-2 genes
are separated by only 15-73 bp (25), the heteroge-
neous 5’ ends of the Surf-5 and Surf-3 genes are
separated by 159 bp (6), the 3’ ends of the Surf-3
and Surf-1 genes are separated by 70 bp (11), and
the 3’ ends of the Surf-2 and Surf-4 genes overlap
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by 133 bp (23) (see Fig. 1). This extremely close
juxtaposition of genes suggests that gene expres-
sion may be regulated by mechanisms involving
the sharing of 5’ regulatory elements, promoter
occlusion, and possible antisense regulation. One
well-characterized example of shared regulatory
elements within this locus is the regulation of the
expression of the Surf-1 and Surf-2 genes by a
bidirectional promoter (7,12,13). Both the organi-
zation of the Surfeit locus and the juxtaposition
of the Surfeit genes are conserved between man,
mouse, and chicken (4,24,26).

Examination by Northern blot analysis of the
expression of the mouse surfeit genes in a variety
of tissue culture cell lines indicated that the Surf-1
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FIG. 1. Map of the mouse surfeit cluster. The genomic DNA at the top is represented as a solid
bar with the distances between adjacent CpG islands (black boxes) indicated below. The direc-
tions of transcription of the surfeit genes (Surf-1 to -6) are indicated with arrows and the
intergenic distances given in base pairs. The Surf-5 region has been expanded to show the intron/
exon structure of the Surf-5 and Surf-5b transcripts and its relationship to the Surf-3/rpL7a gene
and a potential pseudogene (¥) located near its 3’ end (6). Noncoding Surf-5 exon sequences are
indicated by a thicker black box whereas Surf-5 coding sequences are shown as speckled boxes.

to -4 genes were ubiquitously expressed (24). The
downregulation of Surf-4 expression in undiffer-
entiated but not differentiated F9 cells (24) indi-
cated that the expression of Surf-4 may be subject
to transcriptional control. In addition, the Surf-4
gene may be subject to posttranscriptional control
as three mRNAs of 2.8, 2.0, and 1.4 kb have been
identified for this gene (10). The 2.8-kb mRNA
has been cloned and sequenced (10) and encodes a
protein shown to be an integral membrane protein
associated with the endoplasmic reticulum (ER)
(18). The 3’ end of the less abundant Surf-4
2.0-kb mRNA was mapped and found to use an
alternative upstream polyadenylation signal (10).
The Surf-4 2.0-kb mRNA retains the same open
reading frame as the 2.8-kb mRNA, but has a
shorter 3’ untranslated region that would not
overlap the adjacent converging Surf-2 mRNA as
has been observed for the 2.8 kb Surf-4 mRNA
(23) (see Fig. 1). The structure of the minor 1.4-kb
Surf-4 mRNA has not yet been established.

The mouse Surf-5 gene has recently been char-
acterized (6) and found to express a single 3.5-kb
mRNA in fibroblast cell lines. The open reading
frame of the Surf-5 3.5-kb mRNA specifies a hy-
drophilic polypeptide product of 140 amino acids.
This Surf-5 protein product is primarily located in
the soluble fraction of the cytoplasm. The Surf-5
gene is highly conserved through evolution. In this
report we have examined the expression of the

Surf-5 gene in a variety of mouse tissues. We find
that in addition to the ubiquitously expressed
Surf-5 3.5-kb mRNA an alternatively spliced
1.5-kb Surf-5 mRNA (Surf-5b), which can specify
a 200-amino acid polypeptide, is expressed to a
high degree in the brain, heart, testis, and skeletal
muscle. The alternative splice acceptor site of
Surf-5b has the properties of a neuron-specific
splice. A ¢cDNA derived from the Surf-5b mRNA
was cloned and sequenced and the subcellular lo-
cation of the novel protein product expressed
from this mRNA was determined. In addition we
further examined the differential expression of the
three Surf-4 mRNAs in a variety of mouse tissues.
We found that the relative ratios of the three
Surf-4 mRNAs varied dramatically between dif-
ferent tissues.

MATERIALS AND METHODS
Cell Culture

Mouse NIH 3T3 and Neuro 2A cells were
grown in E4 medium supplemented with 10% fetal
calf serum. P19 embryonal carcinoma cells were
cultured as previously described (19). The differ-
entiation of P19 cells into enriched neuronal cul-
tures was in serum-free media as described by
MacPherson et al. (14).
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Isolation of Poly(A)* RNA and
Northern Blotting

Poly(A)" mRNA was isolated from NIH 3T3,
Neuro 2A cells, or mouse brain using the Fast
Track mRNA isolation kit (In Vitrogen). Total
RNA was isolated from P19 cells before and after
differentiation into neurons using the TRIzol re-
agent (Gibco/BRL). RNA was fractionated by
electrophoresis on a 1% agarose gel containing
formaldehyde essentially as described (20). The
RNA was transferred from the gel onto Hybond
N membrane (Amersham) by capillary transfer ac-
cording to the manufacturer’s instructions. The re-
sulting membranes and a multiple tissue Northern
blot obtained from Clonetech were hybridized
with appropriate probes in 5 x SSPE (0.9 M
NacCl, 50 mM NaH,PO,, 5 mM EDTA, pH 7.4),
10 x Denhardts (0.2% Ficoll, 0.2% polyvinyl-
pyrrolidone, 0.2 % bovine serum albumin, Pentax
Fraction V), 50% formamide, 2% SDS, and 100
pg/ml denatured herring sperm DNA at 42°C
overnight. Membranes were washed to a final
stringency of 0.1 x SSC, 0.1% SDS at 65°C. Sig-
nals from the hybridized membranes were quanti-
tated on a Molecular Dynamics phosphorimager
using MD Imagequant software (v3.0). Probes
used for the hybridization included a near full-
length probe, a coding region probe, and a 3’ un-
translated region probe corresponding to nucleo-
tide positions 154-3444, 227-649, and 2775-34444
of the Surf-5 mRNA, respectively.

Isolation and Sequencing of a Surf-5b cDNA

A mouse brain (BALB/C postnatal day 20,
whole brain) oligo (dT) primed cDNA library in
the Uni-ZAP XR vector (Stratagene) was plated
as recommended for Lambda ZAP (Stratagene).
Plaques were lifted onto Hybond N membrane
(Amersham) and then denatured for 2 min in 1.5
M NacCl, 0.5 M NaOH, neutralized for 2 min in
1.5 M NaCl and 0.5 M Tris, pH 7.4, and washed
for 2 min in 2 X SSC. After air drying, mem-
branes were hybridized as described for Northern
blots. Hybridizing plaques were plaque purified
and the cDNAs rescued on bluescript phagemids
as recommended for Lambda ZAP and sequenced
directly using Sequenase (United States Biochemi-
cal) following the manufacturer’s instructions.
The human cDNA was isolated from a fetal brain
(17-week-old embryo) oligo (dT) primed library
in the pSPORT!I1 vector (kindly provided by Dr.
Sebastian Meier-Ewert).

Analysis of DNA and protein sequences used

the Genetics Computer Group software (5), and
data base searches for protein homologies were
done using FASTA (17), Blast (1), and searches by
the method of Collins et al. (3). Prosite (2) and
Blocks (9) data bases were used to search for po-
tential motifs in the protein sequence.

Generation of Surf-5b Antibodies and
Western Blotting

An Aval fragment from the GST/Surf-5 ex-
pression vector, pGST-Surf-5 (6), which included
all but the most immediate 5’ sequence of the
Surf-5 gene, was replaced with a corresponding
Aval fragment from the Surf-5b ¢cDNA. The re-
sulting plasmid, pGST-Surf-5b, encoded the GST
open reading frame in-frame with the full open
reading frame of the Surf-5b gene. GST fusion
proteins were purified from bacteria harboring
this plasmid following induction with IPTG using
glutathione agarose (Sigma) following methods
previously described (21). The Surf-5b open read-
ing frame was transferred from pGST-Surf-5b on
an EcoR1/Xhol fragment to the vector pMal-cR1
(New England BioLabs) to allow the production
of a Surf-5b fusion with the maltose binding pro-
tein (MBP) as recommended by the manufacturer.
Purified GST/Surf-5b fusion protein (500 ug)
mixed 1:1 with complete Freund’s adjuvant was
injected at multiple subcutaneous sites into rabbits
followed by boosts administered in a similar fash-
ion except with incomplete Freund’s adjuvant ev-
ery 4 weeks. Test bleeds were taken 7 days follow-
ing any given immunization. Surf-5b antibodies
were purified from crude sera by affinity chroma-
tography on MBP/Surf-5b protein sepharose col-
umns. The column matrix was prepared by cova-
lent linkage of purified MBP/Surf-5b fusion
proteins to CNBr-activated Sepharose 4B (Phar-
macia) following the manufacturer’s recommen-
dations.

Protein fractions were purified from NIH 3T3
and Neuro 2A cells as follows. Confluent 100-mm
dishes of cells were washed two times in cold PBS,
scraped in 1 ml of cold PBS, and pelleted at 650
X g for 4 min. The cell pellet was resuspended in
10 mM Tris, pH 7.5, 1 mM EDTA, 3 mM CacCl,,
1 mM PMSF, 2 pg/ml leupeptin, 2 ug/ml pep-
statin, 5 pg/ml aprotinin, and rested on ice for 15
min. Cells were then lysed by 40 strokes of dounce
homogenization and nuclei pelleted at 650 X g
for 4 min. The supernatant (cytoplasmic fraction)
was retained for direct use in Western blot assays
for further fractionation. The nuclear pellet was
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resuspended in 800 pl of homogenization buffer
supplemented with NP40 to a final concentration
of 1% and incubated on ice for a further 5 min.
Nuclei were pelleted at 650 X g for 4 min. The
cytoplasmic fractions were further fractionated by
spinning at 30,000 X g for 30 min in a TLA-100.2
rotor. The pellet (P30) was retained for Western
blot analysis and the supernatant was centrifuged
at 100,000 x g for 3 h. The pellet (P100) and su-
pernatant (S100) were also analyzed by Western
blot analysis. The cytoplasmic fractions as de-
scribed above were similarly prepared for P19 cells
and neuronal cultures of differentiated P19 cells 8
days following treatment with retinoic acid.

Protein samples were separated on 15% PAGE
and then transferred onto Hybond C extra mem-
brane for Western blot analysis. Membranes were
blocked in TBS (150 mM NacCl, 20 mM Tris, pH
8.3) containing 5% skimmed milk powder for 30
min and then incubated with 1 ml of primary anti-
body (0.2 xg) in 5% skimmed milk powder, 0.5%
Tween 20 for 2 h. Following three washes in anti-
body buffer, the secondary antibody, HRP-
conjugated goat anti-rabbit (Tago Immunologi-
cals) was incubated for a further 2 h. Following
three washes as above and a final wash in TBS
alone, the signal was observed by chemilumines-
cence using the Amersham ECL detection re-
agents.

RESULTS

The Expression of the Mouse Surf-5 Gene in
Different Mouse Tissues

To analyze the expression of the Surf-5 gene in
different mouse tissues, a multiple tissue Northern
blot was hybridized with a near full-length Surf-5
c¢DNA. In addition to the 3.5-kb Surf-5 mRNA
previously identified (6), a 1.5-kb mRNA, Surf-
5b, was also found to be predominant in several
tissues (Fig. 2A). Based on phosphoimage analy-
sis, after correcting for mRNA sizes, the smaller
Surf-5b mRNA was found to be expressed at less
than 9% (spleen) to 210% (brain) relative to the
level of the 3.5-kb mRNA. In fact, the Surf-5b
mRNA was found to be the predominant mRNA
in the heart, brain, and skeletal muscle, and al-
most equivalent in amount to the 3.5-kb mRNA in
testis. The expression of the Surf-5b mRNA in all
other tissues was extremely low in comparison to
the 3.5-kb mRNA.

Isolation and Sequencing of a Surf-5b cDNA

To define the relationship of the Surf-5b tran-
script to the previously defined Surf-5 transcript,
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a mouse brain cDNA library in Lambda Zap was
plated out and 200,000 plaques screened with a
near full-length Surf-5 cDNA probe (see Materials
and Methods). Three positive clones were plaque
purified and analyzed following rescue of the
bluescript plasmids. All three cDNAs were derived
from the 1.5-kb Surf-5b mRNA and the longest
¢cDNA was sequenced fully on one strand and
compared to the sequence of Surf-5 cDNA pre-
viously reported (6).

The sequence presented in Fig. 3A shows the
sequence of the Surf-5b cDNA with additional 5’
sequences added to include sequence up to the lon-
gest mapped 5’ end of the Surf-5 gene as pre-
viously reported (6). Comparison of the Surf-5b
sequence with that previously reported for Surf-5
indicated that the Surf-5b mRNA results from the
use of alternative splice donor and acceptor sites
located in the last exon of the Surf-5 mRNA
at bases 640 and 2736, respectively. As this al-
ternative splice donor lies seven bases before the
termination codon of the Surf-5 mRNA, the open
reading frame of the Surf-5b mRNA continues
into sequence following the new splice junction
(Fig. 3B). As a result, the predicted protein se-
quence of Surf-5b has identical amino acid se-
quence with the first 137 amino acids of the Surf-5
protein sequence, but encodes an additional 63 C-
terminal amino acids distinct from the three re-
maining C-terminal amino acids encoded by
Surf-5 (see Fig. 1). Data base searches for related
sequences, or for motifs present in the Surf-5b
amino acid sequence, failed to identify any related
genes.

Conservation of the Surf-5b Differential Spliced
Transcript in Humans

The 140-amino acid protein encoded by the pre-
viously defined Surf-5 transcript is highly con-
served (98.5%) between the mouse and humans
(6). To see if the Surf-5b transcript was also highly
conserved between mouse and man, 100,000
clones of a human fetal brain cDNA library were
screened with a probe from the human Surf-5 cod-
ing region. Two positive clones containing an in-
sert of approximately 1.5 kb were isolated. DNA
sequence analysis revealed that both of these
clones specified the Surf-5b transcript containing
a splice join at the identical location of the mouse
Surf-5b transcript and encoding an additional 63
amino acids, which shows high homology to the
equivalent region of the mouse Surf-5b coding re-
gion (Fig. 4).
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FIG. 2. Multiple-tissue Northern blot. A multiple-tissue Northern blot was hy-
bridized with a Surf-5 near fuII-Ierégth cDNA probe (A) or a Surf-4 coding region

probe (B). Poly(A)+ mRNA (2 fi

isolated from the heart, brain, spleen, lung,

liver, skeletal muscle, kidney, and testis were separated on each lane. The sizes
(kilobases) and positions of molecular weight markers are shown.

Differential Expression of the
Mouse Surf-5b Transcript

To confirm the differential expression of the
Surf-5b transcript in the brain but not fibroblasts,
MRNA was isolated from mouse brain and NIH
3T3 cells and analyzed by Northern blot analysis
with a full-length mouse Surf-5 cDNA probe (Fig.
5A). Even on lengthy exposures, only the 3.5-kb
MRNA was evident in NIH 3T3 cells, whereas the
1.5- kb mMRNA appeared to be the predominant
species expressed in mouse brain. Based on the
high expression of the Surf-5b mRNA in the
brain, we sought to determine if this mRNA was
also expressed in the mouse neuroblastoma cell
line Neuro 2A. A Northern blot of mMRNA from
Neuro 2A cells was hybridized with a probe de-
rived from the coding region of the Surf-5 cDNA.
As shown in Fig. 5B, the Surf-5b mRNA also ap-
pears as the predominant mRNA in this neuro-
blastoma cell line.

Identification of the Surf-5b Gene Product

To verify that the Surf-5b transcript expressed
a stable protein, antisera were raised in rabbits to
GST fusions of the Surf-5b coding region to per-
mit the immunological detection of the Surf-5b
protein product. The Surf-5b antibodies were af-
finity purified on columns with MBP/Surf-5b fu-
sion proteins. The purified antibodies were used
to Western blot fractionated protein from mouse
cell lines. NIH 3T3 cells, which express only the
3.5- kb mRNA, and Neuro 2A cells, which express
both mRNAs, were used for comparison in this

assay (Fig. 6). The expression of the protein prod-
ucts paralleled the expression pattern of the
MRNAs. Whereas the Surf-5 protein was ex-
pressed in the cytoplasm of both NIH 3T3 and
Neuro 2A cells, the Surf-5b protein, which runs
with an apparent molecular weight of 26 kDa, was
expressed at detectable levels only in the Neuro
2A cells (Fig. 6A). Analysis of the cytoplasmic
fraction with antibodies to a nuclear protein re-
vealed no discernible cross-contamination (data
not shown). Further fractionation of the cyto-
plasmic fraction revealed that the Surf-5b protein
also resides in the soluble S100 fraction of the
cytoplasm as reported for the Surf-5 protein (Fig.
6B) (6). Unfortunately, the Surf-5b antibodies
were unable to immunoprecipitate the Surf-5b
protein product from cell lysates and gave incon-
sistent results when used in indirect immunofluo-
rescence experiments.

The Expression of the Surf-5b Protein Is
Regulated by the Differentiation of Mouse P19
Teratocarcinoma Cells Into Neuronal Cells

We determined whether the expression of the
two Surf-5 proteins might be regulated during dif-
ferentiation. We chose to examine the Surf-5
MRNAs and proteins expressed in undifferenti-
ated P19 teratocarcinoma cells and in neuronal
cultures derived from P19 teratocarcinoma cells
following differentiation induced with retinoic
acid. A Northern blot of total RNA from differen-
tiated and undifferentiated P19 cells was hybrid-
ized with a 3" Surf-5 UTR probe, which was fully
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FIG. 3. Sequence of the Surf-5b cDNA. (A) The sequence of the surf-5b cDNA was based on the sequence from the cDNA and
sequence previously reported for the 5 UTR of Surf-5 up to the most 5° mapped transcriptional start site. The position of the
introns are denoted by the bold v shape. (B) The region around the Surf-5b-specific splice is shown. The letters above the DNA
sequence indicate the amino acid sequence of the C-terminus of the Surf-5 protein and the letters beneath the DNA sequence indicate
the amino acid sequence around the third splice of the Surf-5b protein (see A). The capital and small letters of the DNA sequence
indicate the exon coding and intron regions of the Surf-5b protein, respectively.
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FIG. 4. A comparison of the amino acid sequence of Surf-5b in mouse and human. The
amino acid sequences of the mouse and human Surf-5b proteins are shown with homolo-
gous amino acids indicated by vertical lines, nonconservative differences by spaces, and
conservative differences by one or two dots. The first 137 amino acids are contained in the
Surf-5 protein.
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FIG. 5. Expression of the Surf-5b transcript in Neuro 2A cells.
Poly(A)+ RNA (2 /xg) isolated from NIH 3T3 cells (A, lane 1),
mouse brain (A, lane 2), or Neuro 2A cells (B) were separated
on a 1% agarose gel containing formaldehyde, transferred to
Hybond N, and probed with a full-length Surf-5 cDNA probe
(A) or a Surf-5 coding region probe (B). The positions of the
3.5- and 1.5-kb transcripts are indicated.

represented in both the Surf-5 and Surf-5b
mRNAs (Fig. 7A). Phosphoimage analysis re-
vealed that the Surf-5 and Surf-5b mRNA were
present at equal levels in the undifferentiated cells
whereas the Surf-5b mMRNA was expressed at four
times the level of the Surf-5 mRNA in the neu-
ronal cultures. In agreement with the Northern
blot data, Western blot analysis (Fig. 7B) showed
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that the Surf-5b protein became the predominant
species expressed in the differentiated neuronal
cultures.

The Expression of the Mouse Surf-4 Gene in
Different Mouse Tissues

The multiple mouse tissue Northern blot was
hybridized with a probe derived from the mouse
Surf-4 coding region. The results (Fig. 2B) re-
vealed the presence of the three previously re-
ported Surf-4 mRNAs of 2.8, 2.0, and 1.4 kb (10)
in all mouse tissues, but the ratios of the three
transcripts were found to vary dramatically be-
tween tissues. Based on quantitation using a phos-
phorimager, the 2.8-kb mRNA was the most pre-
dominant mMRNA in all tissues. The 2.0-kb mRNA
was expressed at levels ranging from 37% (spleen)
to 93% (kidney) of the level of the 2.8-kb mRNA.
Similarly, the 1.4-kb mRNA was expressed at lev-
els ranging from less that 5% (brain) to 30%
(liver) of the level of the 2.8-kb mRNA.

DISCUSSION

The mouse surfeit locus is a highly conserved
gene cluster (4,24,26) containing at least six genes
that do not share any sequence homology
(6,10,11,15,25). At present it is unclear whether
any of the genes have related functions. At least
five of the surfeit genes have remained associated
in the surfeit cluster throughout 600 million years
of divergent evolution (4). The conservation of
this cluster may be explained if the organization
of the genes plays an important role in the control
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FIG. 6. Subcellular regulation of the Surf-5 proteins. (A) NIH 3T3
and Neuro 2A (N2A) cells were fractionated into nuclear and cyto-
plasmic fractions and Surf-5 proteins detected by Western blot analy-
sis. (B) The cytoplasmic fractions from both cell lines were fraction-
ated by differential centrifugation to yield the S100, P100, and P30
fractions and Surf-5 proteins detected by Western blot analysis. The
positions and sizes in kilodaltons of prestained molecular weight

markers are indicated (A 4- B).
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Surf-5b

Surf-5

FIG. 7. Regulation of Surf-5b expression in differentiating P19 cells. (A) Total RNA from untreated
(— and day 8 retinoic acid-treated (+) P19 cells were separated on a 1% agarose gel containing
formaldehyde, transferred to Hybond N, and probed with a 3" UTR Surf-5 probe. The Surf-5 (3.5
kb mRNA) and the Surf-5b (1.5 kb) mRNAs are indicated. (B) Total cell lysates from untreated (—)
and 8 day retinoic acid-treated (+ ) P19 cells were analyzed by Western blot analysis for the expression
of Surf-5 proteins. The positions of the Surf-5 and Surf-5b proteins are indicated.

of their expression. In addition to possible forms
of regulation as a result of the gene organization
of the locus, other posttranscriptional mecha-
nisms appear to exist to regulate the expression of
at least Surf-5 and Surf-4.

One such posttranscriptional mechanism is the
control of alternative splicing (8). Here we report
that the recently characterized Surf-5 gene is also
differentially spliced to generate a 1.5-kb tran-
script in addition to the previously reported 3.5-kb
transcript (6). Although the smaller 1.5-kb tran-
script is undetectable in fibroblast cells and also
absent or very poorly expressed in the spleen,
lung, liver, and kidney, it is a major, often pre-
dominant, species in the brain, heart, skeletal
muscle, and testis. The 1.5-kb transcript, Surf-5b,
encodes a new Surf-5 protein that is 200 amino
acids in length and contains 63 amino acid resi-
dues not found in the Surf-5 protein. Based on the
subcellular fractionation of Neuro 2A cells, the
Surf-5b protein resides in the cytoplasmic S100
subcellular fraction (Fig. 6) as previously shown
for the Surf-5 protein (6).

In addition to being regulated in a tissue-
specific manner, the expression of the two alterna-
tive Surf-5 gene products was also regulated in
differentiating cells. The P19 cell line has been
used frequently as a model for developmentally
regulated events in neurogenesis and myogenesis
(16). We examined the expression of the two
Surf-5 proteins in differentiating P19 cells and
found that the expression of the Surf-5b mMRNA
and protein increases dramatically relative to the
ubiquitous Surf-5 mRNA and protein following
differentiation into neurons. P19 cells might pro-
vide a useful model for the study of the regulation
of alternative splicing of the Surf-5 gene.

The Surf-5b splice acceptor sequence deviates

from the consensus mammalian splice acceptor se-
quence in containing an A, instead of a C, at the
—3 position and being very purine rich, instead of
pyrimidine rich, in the preceding 10 bases pairs
(Fig. 3B). Based on these features the Surf-5b
splice acceptor site appears to be similar to splice
acceptor sites used for alternative splicing in neu-
rons (22) and thus may be responsible for the high
amount of Surf-5b mRNA in the brain. Alterna-
tive spliced mRNAs found in the brain can also be
found in heart and muscle tissue (22).

The Surf-5b splice is conserved in humans and
human Surf-5b cDNASs were easily isolated from a
library derived from human fetal brain mRNA.
Although there are only two amino acids differ-
ence between the mouse and human in the 140
amino acids that constitute the ubiquitous Surf-5
protein (6) there are six differences between mouse
and human in the 63 amino acids that are specific
to the Surf-5b protein (Fig. 4). The Surf-5 gene is
conserved in C. elegans (6). A Drosophila mela-
ganoster genomic Pl sequence containing se-
guences homologous to Surf-5 (accession number
L46826) as well as a C. elegans cosmid containing
the Surf-5 homologue (accession number Z49073)
have recently been placed on the DNA data base.
The Drosophila sequence contains 1.5 kb and the
C. elegans cosmid at least 20 kb downstream from
the Surf-5 homologous sequences. In neither of
these downstream DNA regions has any sequence
been detected that could specify a peptide homolo-
gous to the additional 63 amino acids found in
mammalian Surf-5b. This indicates that the
Surf-5b protein is specific to only certain differen-
tiated cells of higher vertebrates. An Arabidopsis
thaliana homologue of Surf-5 has recently been
deposited on the DNA data base (accession num-
ber H76340). This plant Surf-5 homologue se-
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quence is derived from a cDNA and only shows
homology to the 5’ end of the Surf-5 gene so, at
this time, it is not known whether a Surf-5b pro-
tein also exists in Arabidopsis thaliana.

A second important posttranscriptional mecha-
nism of gene regulation is alternative polyadenyla-
tion as found with Surf-4. Although the 2.8- and
2.0-kb Surf-4 transcripts encode the same protein
(10), only the former mRNA overlaps at its 3’ end
with the adjacent 3’ end of the Surf-2 gene (24).
The ratio of these transcripts varied almost three-
fold between different mouse tissues (Fig. 2B). If
transcriptional interference or antisense regulation
occurs between the Surf-4 and Surf-2 genes, then
the choice of 3’ polyadenylation signals used to
generate the 2.8- and 2.0-kb mRNAs may modu-
late this effect to different degrees in different cell
types.

The differential processing of the Surf-5 and
Surf-4 mRNAs in different cell types demonstrates
another form of regulation of these genes in a
cell-specific manner. In the case of the Surf-4
gene, which encodes a ubiquitously expressed inte-

gral membrane protein associated with the ER
(18), the coding capacity of the major 2.8- and
2.0-kb mRNAs with alternative polyadenylation
sites is the same. Differences in mRNA stability or
inability to be efficiently translated due to interac-
tion with the overlapping Surf-2 mRNA (23) (see
Fig. 1) may be overcome by the use of alterna-
tively processed mRNAs with the same coding ca-
pacity. In the case of the Surf-5 gene the ubiqui-
tous Surf-5 mRNA is expressed in all cell types.
The alternatively spliced Surf-5b mRNA, which
encodes a variant of the Surf-5 protein, appears to
be required in specific cell types of higher verte-
brates.
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