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Abstract: Myelin P, protein is a small (14,800 Da) protein
found in peripheral and central nervous system myelin. To
investigate the regulation of expression of this myelin protein,
a mouse genomic library was screened with a rabbit P, cDNA
(pSN2.2-2), and a single positive phage clone containing a
20-kb insert was obtained. This insert contained a single in-
ternal Sa/l restriction site and several EcoRI sites. The EcoR1
fragments from this insert were subcloned into Bluescript.
The rabbit P, cDNA (pSN2.2-2) hybridized with a 4-kb EcoRI
fragment, and this 4-kb fragment was then sequenced after
the creation of nested deletions. The mouse gene contained
four exons: exon 1 coded for amino acids 1-24, exon 2 for
amino acids 24-81, exon 3 for amino acids 82-115, and exon
4 for amino acids 116-131. The three introns were 1.2 kb,
150 bp, and 1.3 kb in length. Primer extension analysis re-
vealed two transcription start sites at +1 and +47, consistent

with the presence of two P, mRNAs, with the larger transcript
appearing more abundant. The amino acid sequences pre-
dicted from the mouse DNA indicate that the mouse protein
differs from the rabbit protein at 16 different positions, with
most of the differences located in exon 3. When the gene
structure of fatty acid binding protein (FABP) genes were
compared, the P, gene had the same overall structure as others
in the FABP family, suggesting a common ancestral gene for
members of this family. The 5'-flanking region contains can-
didate TATA and CAAT sequences, as well as two AP-1
binding sites that may be important in modulation of the
expression of this gene. Key Words: Myelin P, protein gene—
EcoRlI fragments—Fatty acid binding protein. Narayanan V.
et al. Structure of the mouse myelin P, protein gene. J. Neu-
rochem. 57, 75-80 (1991).

Myelin, a structure unique to the nervous system,
is a specialization of the plasma membrane of Schwann
cells and oligodendrocytes. It is composed predomi-
nantly of lipids, with proteins accounting for about
30% of its wet weight. Myelin obtained from the central
and peripheral nervous systems contains many different
proteins. Although the function of many of these pro-
teins has been open to speculation, only Py protein,
myelin basic proteins, proteolipid protein, and myelin-
associated glycoproteins appear to play important roles
in establishing and maintaining the lamellar structure
of compact myelin (Lemke, 1988; Filbin et al., 1990).

P, is a small (14,800 Da) basic protein found in my-
elin and in the cytosol of Schwann cells and oligoden-
drocytes and whose expression increases during my-
elination (Narayanan et al., 1988). The function of this
protein may be inferred from its amino acid sequence
and tertiary structure determined by x-ray crystallog-
raphy. P, bears a striking similarity in amino acid se-

quence to a family of fatty acid binding proteins
(FABPs) from various tissues, including the mouse
adipocyte FABP (aP,/422); rat liver, intestinal, and
heart FABPs; and the cellular retinol and retinoic acid
binding proteins (Narayanan et al., 1988). Crystallo-
graphic studies have revealed that the tertiary structures
of bovine myelin P, protein (Jones et al., 1988) and
rat intestinal FABP (Sacchettini et al., 1988) are very
similar to each other, each consisting of two layers-of
B-sheet structure enveloping a hydrophobic pocket in
which a fatty acid ligand is carried. Studies demon-
strating that bovine P, protein specifically binds oleic
acid, retinol, and retinoic acid support this idea (Uye-
mura et al., 1984).

Unlike other myelin proteins, the myelin P, protein
varies considerably in abundance in different species;
P, accounts for <1% of myelin proteins in rat or mouse
sciatic nerves but makes up 5-12% of myelin proteins
in human, bovine, and rabbit nerve roots (Greenfield
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et al., 1973, 1982). Another fact that remains unex-
plained is the tissue distribution of P, protein, with P,
protein most abundant in peripheral nerves and nerve
roots, less abundant in spinal cord, and least abundant
in the brainstem and cerebrum (Trapp et al., 1983).
Whether these species differences and the tissue distri-
bution within a single species reflect variations in fatty
acid metabolism is uncertain.

To investigate the mechanisms mediating the dif-
ferential expression of this protein in various parts of
the nervous system and the variability in protein abun-
dance among different species, we have cloned the
mouse myelin P; protein gene. In this report, we present
the structural characteristics of this gene and compare
it to other genes in the FABP family.

METHODS AND RESULTS

A genomic library was constructed in the bacteriophage
vector, A EMBL3, representing nuclear DNA extracted from
cultured mouse 3T3-L1 adipocytes (Ntambi et al., 1988). In
brief, genomic DNA isolated from cultured cells was partially
digested with Mbol and size-fractionated by sucrose density
gradient centrifugation to separate fragments about 20 kb
long (Maniatis et al., 1982). A EMBL3 arms, digested with
BamH]I, were obtained from Stratagene. Vector fragments
and Mbol-digested, genomic DNA were ligated, packaged in
vitro with Gigapack Gold packaging extract (Stratagene), and
titered with P2392 indicator cells. The library was amplified
once before screening.

This genomic library was screened with a pSN2.2-2, P,
c¢DNA probe (Narayanan et al., 1988) at reduced stringency
(0.1 X SSC/0.1% sodium dodecyl sulfate washed at 55°C; 1X
SSC is 0.15 M NaCl, 0.015 M Na;, citrate). A single positive
phage clone, designated L25-1, containing a 20-kb insert was
identified out of about 1 X 10° recombinants. The insert
contained a single internal Sa/l restriction site and several
EcoRI and BamHI sites (Fig. 1). Each of the fragments that
resulted when the phage DNA was digested with BamHI,
EcoRl, BamHI and Sall, or EcoRI and Sall was subcloned
into a plasmid (Bluescript, Stratagene). By a series of cross-
hybridization experiments with these subclones, overlapping
segments were identified, and the restriction sites were

mapped (Fig. 1). The rabbit P, cDNA clone (pSN2.2-2) hy-
bridized to a single 4-kb EcoRI fragment of the L25-1 phage
DNA. This segment, GPR-10, was sequenced entirely by cre-
ating nested deletions with exonuclease III (Henikoff, 1984),
starting at either end of the insert (Fig. 1). Comparing the
nucleotide sequence of the GPR-10 with the rabbit P, cDNA
sequence and a partial sequence of a murine P, cDNA clone
(Monuki et al., 1989 and sequence information provided by
G. Lemke) allowed us to distinguish between the coding re-
gion and introns. The mouse gene codes for a 131-amino
acid protein, differing from the rabbit P, at 16 residues, with
most of these differences occurring in exon 3. These amino
acid differences are indicated in Fig. 2. The nucleotide se-
quences at the splice junctions at the 3’ and 3’ ends of introns
1, 2, and 3 are all consistent with the 5-GT ... AG-3 rule
(Breathnach and Chambon, 1981).

We have identified two sites of transcription initiation by
primer extension analysis. Total RNA was extracted from
sciatic nerves of 10-day-old mice and adult mouse brain by
using the acid guanidinium isothiocyanate—phenol-chloro-
form extraction method (Chomcezynski and Sacchi, 1987). A
synthetic oligonucleotide MP2Pr-Ex (5-CTTTCATGT-
AGTCATCGA-3') complementary to the protein coding re-
gion of exon 1 of the mouse P, gene (Fig. 2) was end labeled
to a specific activity of 5 X 10® cpm/pmol using [y-*’P]JATP
(>6,000 Ci/mmol) and T, polynucleotide kinase (Maniatis
et al., 1982). Conditions for annealing the primer to the RNA
and for extension were as described previously by Ntambi et
al. (1988). Twenty micrograms each of yeast tRNA, mouse
sciatic nerve RNA, or mouse brain RNA was annealed to
0.1 pmol of ¥*P-labeled primer and extended with avian my-
eloblastosis virus reverse transcriptase. The reaction products
were analyzed on a 6% polyacrylamide, 7 M urea sequencing
gel, together with Sanger dideoxy sequencing reaction prod-
ucts of the genomic clone, GPR-10, as template and the
MP2Pr-Ex oligonucleotide as primer (Fig. 3). These data in-
dicate two transcription start sites and, thus, the presence of
two P, mRNAs, with the larger transcript perhaps being more
abundant, because it always gave a darker band on autora-
diograms after primer extension analysis. However, additional
studies will be required to confirm whether there are indeed
two P, mRNAs.

The two sites of transcription initiation lie within a 53-bp
direct repeat that immediately precedes the translation ini-
tiation ATG (Fig. 2). As indicated in Fig. 2, the 5'-flanking
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FIG. 1. Restriction map of L25-1 phage DNA and the mouse P exon/intron structure. A: Shown on the top line is the restriction map of
the L-25 phage DNA. R, EcoRl; B, BamHlI; S, Sall. Shaded and labeled GPR-10 is the 4-kb EcoRl fragment that contained the protein
coding segment of the gene. B: Details of the structure of the GPR-10 segment are shown here. Arrows indicated the various segments
of this clone that were sequenced. The exons and introns were identified by comparison with the rabbit P, cDNA.
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atatg; unactcmaalcgtg gLgtgcelgt g

1 g at aagatgaaccaaaaatalciiaaaggcaaaC AATacmcagngmngtgglmggaaacacaaggaczugzgugagganamcacccalggalzggcag(gucgacuaaga
oggu:zcaazgcmgggmcmGAAAAgagctg(gcaagau:u:agc:uCT CCCAGGCATCTGCTGCATCCCACCAGGAACTCTACTGA

Ser Asn Lys Phe leu Gy Thr Tm
ACTCTCTCATCATCTCCCAGGCATCTGCTGCATCCCACCAGGAACTCTACTGAACTCTCTCATCTGTCACA ATG . AGC . AAC . AAA . TTC . CTA . GGC . ACC. TGG.
-

lgaattaanagicagaagatac

ataatatatagaaggg
geeat geceggtegeegect!

lys Leu Val Ser Ser Glu Hs Phe Asp Asp Tyr Met Lys Aa Leu
AAG.CTT.GTC.TCC . AGT .GAG.CAC.TTC.GAT.GAC.TAC.ATG.AAA.GCT.CTA. G
—

3tg gCtiat agggaucuccaarac gtetg gg g2algtucggggctyagty g :;u g L

aumaatgcmggaacugaagacagungcaggmwrarmqmmewv actaltagaatltgagic atctg gy -vam.,‘,.‘.. grgg tcataagattargagts

awcaaacmammtgzczctgcutgagmgtctgma!maxgatcatcmgtgzglgaagcugacagalzacacamccmgatgaggugcugawczgr.gnxmqrr gag uarwgaxguglgagrxcmmcgtcccaccaalgc

ctg aglgtigagcaggg g gtglggiggagactuglicignuglicuciiaccaggeatagtatg. gaargicaaaaatatgan ga:umenuuguugm:ngmwccgugctacnazggacagaga

acggtl g vgmtg!ggalzqvaga!zq[myom geag z:lhnu:l gn-n-vnurm— g g rafatgggag geaacigiglag

nuatgcigtasacicguggcatcactgiiglaacag aaatgctgtg gcautictcicatgitgaaactigggaggaageccilggagyg guggmcactgumagmmauccwggaca(ggcu
aaalaaataaal ar acctgeutcag

Gy Val Gy Lleu Aa Asg Ag Lys lLeu Gy Asn Llew Ala Llys Po Th Val e le Ser Lys Lys Gy Asp
GT.GTG.GGG.’I'I‘A.GCC.AAC.AGA.AAA.CTG.GGA.AAC.'ITG.GCC.AAG.CCI'.ACT.GTG.ATC.ATC.AGC.A{%A.AAG.GGG‘GAT.

Tyr e Thr e Ag Thr Glu Ser Aa Phe Lys Asn T Gu lle Ser Phe lys leu Gy Gin Gu Phe Asp Gl
TAT . ATC. ACC . ATT . AGA . ACG . GAA . AGT . GCC . TTT . AAA . AAT . ACA . GAG . ATC.TCC . TTC . AAG . TTG . GGC . CAG . GAG . TTT . GAT . GAA .

Tar The Ala Aso Asn Ag Lys Ala Lys
ACC.ACA . GCT.GAC . AAC . AGA . AAA . GCC . AAG.

Ser lle
glaalitgtaatactgitmectgaaagetg glccaglggactactgagagetaggatgalcccticicagagliagggaccig gggaatgaat gtgaciigalgagacalctgicalggasactgagataagecaagealgigaacgtgctiegtag AGC . ATC .

Vol Thr Llev Gu Ag Gy Ser Lleu Lys Gin Val Gln Lys Tm Asp Gy lys Gu Thr Aa e A Amg  The
GTG . ACA . CTG . GAG . AGA . GGC . TCC . CTG . AAG . CAA . GTG . CAG . AAG . TGG . GAT . GGG . AAA . GAG . ACA .GCC . ATA . AGG . AGA . ACG.

leu Ley Aso Gy Amg Met Val Val
CTG . CTG . GAT . GGG . AGA . ATG . GTA . GTG .

aaaglcaagggitagigcligagigaaaaaccaitlaaaaancatgnigagicctacgtg
gnsigeccaatiatagaatangiaglaaaaacacgmiccggagiccat
actgantatacatacagiccict

gmagagcanmcagmcmgcagca;aaama[gccgmm[ancaug ctglgetigligcaaaatgiccettitcinggag agaca
gctagg gaitriaagiggiaglaiciaaacaat 22algaalgicacigllianaciiactge acnea
agt,azu:zmu:c::Aa:«:z:u:s;::::maaacaz:am.u:taag!:b:magcu:tgg:sg:u:crm.wLl:sg(:xszau:ag:\zu:gaggc:mag‘= alggacclaggggaguitaagactgigagietgl
1g1g g Tgagaltcatiactglgcaciggg iiageiClagelecacacagatgtataagagicaancaacacaagg gacg g gggagtatatiggclgcictiuggglaaggeaaalg igaaagccangaguagic
acmu.clccn:gtoacc:\gaqcc:xgcmaaaagcau:'Icagag;\gaagaacmangalcwmgnagagactgmcatcacggcagggngacaggaaggcngatgcngaggcagctggtg°lgcacanggggaaaggaaaa:ggacaclggca:ccag
CCCactgeCielgocttaggelaaggearglelggcalgiciclalgetagatgigcagg giicag giceeccaccleaanacctg gee gagacigeecelcacagacalgecgagaggiiggitglcimgigalagalgaclaacicccacaaagelgacaacea
acattgegcaliataaciargacaatittaliggaitiaaargcatclaaangrgearaaaaactgetgengalcalgiataataacacagcaaciclaalggimicic gaguctaggtaac g g aaclactagaaag tageatecg g grgaactaaag taalc gt
ggglicattgtaaac
Gu Cys e Met Lys Gy Vval val Cys Thr Amg e Tyr Gu Lys Val
tgctatatiaticcaastgiccigneicigactigattitasatgiccaacrenictencag GAG . TGT . ATA L ATG . AAG . GGT . GTG . GTC . TGC . ACC . AGA . ATT . TAT . GAG . AAA . GTC .

TGA . gaaaaaccaltggaicatccaaatgatgigaciaalccaagactggaaatarcageatgiccigaatc

FIG. 2. Nucleotide sequence of the mouse P, gene. Part of the nucleotide sequence of the GPR-10 cione is shown above. The translation
initiation ATG and termination TGA are underlined. Amino acid residues at which this differs from the rabbit P, protein are also underiined.
The position of the oligonucleotide primer, MP2Pr-Ex, used for primer extension analysis is shown by an arrow beneath the complementary
sequence in exon 1. The two sites of transcription initiation are marked by an asterisk under the corresponding nucleotide. The TATA and

CAAT sequences are overlined. Two potential AP-1 binding sites are boxed. n, ambiguous nucleotide.

sequence of this gene contains consensus CAAT-box elements
and an AT-rich segment, TTGAAA, which might serve as a
TATA box. Lying within 400 bp of this TATA element are
two potential AP-1 binding sites, 5-TGAGTCA-3'.

DISCUSSION

One goal of our research is a molecular biological
characterization of the events underlying myelination.
These events include (a) the surface interaction between
Schwann cell or oligodendrocyte and the axon; (b) the
extracellular signals that induce the synthesis of lipids
and myelin-specific proteins, which are then assembled
into the vast surface area of myelin membrane; and
(c) the intracellular messengers that mediate these
changes. These processes involve regulation of gene
transcription, mRNA translation, or posttranslational
events. For a better understanding of these events, we
have begun an analysis of the myelin P, protein gene
and its regulatory elements. We had earlier character-
ized a cDNA encoding rabbit myelin P, protein (Na-

rayanan et al., 1988). By using this as a probe, we have
isolated and characterized the protein coding segment
of the mouse P, gene.

We believe the gene we have characterized is the
myelin P, gene and not the closely related aP,/422 gene.
Direct comparison of the nucleotide sequences of the
two genes (Phillips et al., 1986; Hunt et al., 1986), ex-
amination of the sequence of the murine P, cDNA
clone (Monuki et al., 1989) with the exon sequence of
the mouse P, gene, and the results of the primer-ex-
tension experiments done with mouse sciatic nerve
RNA and a primer complementary to a segment in
the first exon in GPR-10 further support the contention
that this gene is the mouse myelin P; gene, The exon/
intron structure of this gene has been assigned by com-
paring the rabbit P, cDNA and the murine P, sequence
with the genomic sequence. This mouse P, gene is di-
vided into four exons by three introns, 1.2 kb, 150 bp,
and 1.3 kb in length. We have compared the sequence
of the mouse P, gene with that of the mouse aP,/422

J. Neurochem., Vol. 57, No. 1, 1991
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FIG. 3. Mapping the transcription initiation site. Shown above are
the results of primer extension analysis (see Methods and Results)
done with 20 ug of tRNA (lane 1), 20 ug of total RNA from mouse
sciatic nerve (lane 2), and 20 ug of total RNA from aduit mouse
brain (lane 3). The oligonucleotide, MP2Pr-Ex, that was used in
the primer extension experiment, was used to sequence the ge-
nomic clone, GPR-10, and the reaction products analyzed on the
same polyacrylamide gel. The sites of transcription initiation are
indicated by arrows. Shown to the left is the nucleotide sequence
of a segment of GPR-10 starting with the translation initiation site.

gene, the rat liver FABP (Sweetser et al., 1986), the
cellular retinol binding protein-II gene (Demmer et al.,
1987), and the cellular retinoic acid binding protein
gene (Shubeita et al., 1987) (Fig. 4). Each of these genes
has the same overall structure containing four exons,
but the sizes of the introns are quite different. The sites
of the exon/intron boundaries occur at similar positions
in the amino acid sequence in each of these genes. For
instance, the first splice site occurs at a glycine residue
(23, 24, or 25 depending on the numbering of the
amino acids), and the second occurs at a lysine residue
(80, 81, 82, or 84) in four of the five genes (Fig. 4).
This degree of similarity strongly supports the idea that
these various genes evolved from a common ancestral
gene.

We have also sequenced about 1 kb of the 5'-flanking
region of this gene, part of which is shown in Fig. 2.

J. Newrochem., Vol 57, No. 1, 1991

This 5'-flanking sequence contains an AT-rich region,
which is a candidate TATA element, and two CAAT-
box sequences, elements that are found in most eu-
karyotic promoters (Dynan and Tjian, 1985; Maniatis
et al., 1987). Also interesting, a 53-bp direct repeat oc-
curs immediately before the translation initiation site
(Fig. 2). The two transcription initiation sites for P,
mRNA lie at the 5’ end of this directly repeated se-
quence, and by primer extension analysis, the larger
transcript is perhaps the more abundant message. An-
other interesting sequence motif, 5-TGAGTCA-3, oc-
curring twice in this region, is a potential binding site
for proteins in the AP-1 family (Fig. 2). These proteins
that alter gene transcription are sequence-specific
DNA-binding proteins that interact with enhancer ele-
ments in various genes (Curran and Franza, 1988;
Turner and Tjian, 1989). The induction of specific
genes by phorbol esters appears to be mediated by the
binding of AP-1 proteins to these target sequences
(Angel et al., 1987; Lee et al., 1987). Also, at least two
oncogene products, Jun and Fos, belong to a family of
transcriptional factors that bind directly or indirectly
to the consensus AP-1 binding site (Curran and Franza,
1988; Turner and Tjian, 1989) and alter gene tran-
scription. When investigating gene expression in adi-
pocyte differentiation, Spiegelman and his colleagues
identified similarities in the sequences of the 5'-flanking
regions of three genes (Phillips et al., 1986). One of
these sequences, 5-CATGACTCAGAGGAAAAC-
ATAC-%, called the fat-specific element 2 (FSE-2), oc-
curs in the 5'-flanking region of the aP,/422 gene and
the glycerol-3-phosphate dehydrogenase gene. In the
aP,/422 gene, the FSE-2 element contains a consensus
AP-1 binding site and binds a protein complex con-
taining Fos (Distel et al., 1987; Rauscher 1II et al,,
1988). This protein complex appears to regulate aP,/
422 gene activity in preadipocytes (Rauscher et al.,
1988; Christy et al., 1989), although there is no similar
sequence to FSE-2 in the mouse P, promoter. Identi-
fication of two consensus AP-1 binding sites in the
mouse P, gene is of interest, because Monuki et al.
(1989) have shown that, in rat Schwann cells in vitro,
the induction of myelin Py and P, gene expression by
forskolin is preceded by a fall in intracellular c-jun
expression. This finding led them to speculate that the
Jun protein down-regulates the expression of myelin
genes by binding AP-1 binding sites. In preliminary
studies with nuclear extracts containing c-jun, the
mouse myelin P, promoter containing the AP-1 bind-
ing sites resulted in a shift of the labeled DNA fragment
by DNA mobility shift assay (data not shown, Naray-
anan and Tennekoon). Whether this binding results in
altering transcription is yet to be determined. Further-
more, comparison of sequence homologies in the 5
flanking region with other genes coding for FABPs or
for myelin proteins reveals no homologies. Currently,
we are attempting to study how the myelin P, gene is
regulated during myelinogenesis.
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FIG. 4. Comparison of the structures of FABP genes. The exon/intron structures of the mouse P,, aP,/422, rat liver FABP, cellular retinol
binding protein-Il (CRBP-II), and the cellular retinoic acid binding protein (CRABP) genes are shown above. The locations of the splice sites
are indicated by the number of the amino acid residue at which each occurs. Shown below are the residues on either side of the splice
site, in single letter amino acid code. The lengths of the introns, where known, are as indicated.
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