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Summary: The organization of the gene of the

human myelin basic protein has been established.

The gene contains seven exons distributed over
32—34 kb. The nucleotide sequences of the
seven exons, extensive parts at the 5’ noncoding
region and upstream and downstream regions
adjacent to the exons were sequenced. A com-
parison of the nucleotide sequence of the human
gene with mouse MBP cDNA and parts of the
gene structure of mouse MBP has been carried
out. There is a high degree of conservation in the
seven exons and the 5'-regulatory and part of
the 3'-noncoding region: the nucleotide se-
quence of the coding region of the human and

mouse gene show a 93 % homology. As far as
the reported 5'-noncoding and upstream regu-
latory regions of 478 bp are comparable these
regions are more than 80% homologous. Primer
extension experiments positioned the transcrip-
tion initiation sites at —55, —82 and —183. In
the 5'-regulatory region of MBP gene three
direct repeats were found, a nonameric at —401/
—416 and two octameric at —192/-216 and
—492/-508. A decameric sequence (—256 to
—265 from the translation start) is completely
homologous to a sequence of the human PLP
regulatory 5'-noncoding region.

Die Organisation des menschlichen basischen Myelinprotein-Gens.

Vergleich mit dem Mdusegen

Zusammenfassung: Die Organisation des mensch-
lichen Gens fiir das basische Myelinprotein
wurde ermittelt. Es enthilt sieben Exons, die
iber 32—34 kb verteilt sind. Nucleotidsequen-
zen der sieben Exons, grofie Teile der 5'-nicht-
kodierenden Region sowie die der den Exon-/
Introngrenzen benachbarten Regionen wurden
bestimmt. Ein Vergleich der Nucleotidsequenz
des menschlichen Gens mit der Maus-MBP-
spezifischen cDNA sowie der Genstruktur des
Maus-MBP wies einen hohen Grad an Homologie
in den sieben Exons und der 5'-regulatorischen
und 3'-nichtkodierenden Region auf: die
Nucleotidsequenzen der MBP-kodierenden
Exonsequenzen von Mensch und Maus sind zu

93% homolog. Soweit die berichteten 5'-nicht-
kodierenden und regulatorischen Regionen ver-
gleichbar sind, besteht eine mehr als 80%ige
Ubereinstimmung der Nucleotidsequenz. Primer-
Extension-Analysen legten potentielle Tran-
scriptions-Startpunkte bei —55, —82 und —183
fest. Die 5'-nichtkodierenden Regionen der MBP-
Gene von Mensch und Maus sind zu etwa 80%
homolog. In der 5'-regulatorischen Region des
MBP-Gens befinden sich drei direkte Repeats,
eine nonamere Sequenz bei —401/—416 und
zwei oktamere bei —192/—216 und —492/—508.
Eine decamere Sequenz (—256 bis —265) ist
vollig homolog zu einer Sequenz des mensch-
lichen PLP-5'"-regulatorischen Bereichs.

Abbreviations:

MBP, myelin basic protein; PLP, proteolipid protein; MAG, myelin associated glycoprotein; pMBP3, 603 bp cDNA
clone encoding the complete myelin basic protein sequence; NaDodSOy, sodium dodecyl sulfate; AMV, avian myelo-
blastosis virus; DDT, dithiothreitol; DM 20, PLP-derived isoform with apparent molecular mass 20 kDa.
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Oligodendroglia cells contribute mostly to the
process of myelination in the central nervous
system. This glial cell type and complementary
the Schwann cell in the peripheral nervous
system produce the unique and highly specialized
myelin sheath as extensions of the plasma mem-
brane targeting several axons. The tightly com-
pacted, spirally wrapped multilayer membrane
system consists of approximately 80% complex
lipids and cholesterol and 20% of protein. It is
formed in the developmentally regulated process
of myelinogenesis which in rodents — such as
mouse and rat — peaks around days 10 to 30
after birth.

This cell-specific unusual process programmed
in time and topology leads to the highly com-
pacted myelin sheaths around a large number
of axons. This insulation allows the rapid salta-
tory conduction of impulses with depolarization
limited to the small areas at the nodes of Ran-
vier. This insulating membrane system saves
considerable energy otherwise needed for the
repolarization of an unmyelinated axonal mem-
brane. Among the myelin-specific proteins pro-
teolipid protein and myelin basic protein con-
stitute approximately about 80—90%. In addi-
tion myelin associated glycoprotein (MAG) and
2’ 3"-cyclic nucleotide 3'-phosphodiesterase are
present as less abundant myelin proteins.

The protein structures of MBP and PLP of several
species have been elucidated. It has become clear
by immunochemicall?! and topochemical
studies!®>* that MBP is a peripheral membrane
protein and located in the cytosolic cleft. It
induces the apposition of the cytoplasmic sur-
faces of the plasma membrane processes whereas
the PLP is an integral membrane protein oriented
to both sides of the lipid bilayers, contributing
to the apposition of the extracytoplasmic sur-
faces!®!, The cytosolic cleft appears as main
dense line (MDL), the extracytosolic space
between the layers as intermediate dense line
(IDL).

Molecular biology has taken an enormous im-
pact recently on the study of gene expression of
these myelin proteins. We are now in the posi-
tion to answer questions addressing the assembly
of this specialized membrane, how the expres-
sion of the genes of these two main myelin pro-
teins is regulated and how myelinogenesis is
perturbed by alterations of these genes leading
phenotypically to dysmyelinating diseases!®!.

Cloned PLP from rat(®=8] mousel®!°! | bovine
brain!'!! and its DNA-derived amino-acid se-
quence confirmed the previously established
polypeptide sequence of bovine and human
PLP. Our amino-acid sequence analysis revealed
almost complete homology between bovine
and human PLP/*12] The complete homology
of the coding region of PLP was extended by
the cDNA-derived PLP polypeptide sequence
of rat brain. As a consequence the human pro-
teolipid gene organization and chromosomal
X-assignment was established!'*'% Remarkably
the individual hydrophobic sequences and the
adjacent hydrophilic loops are encoded by indi-
vidual exons.

Among the dysmyelinating genetic diseases of
the mouse the genetic trait of the jimpy
mouse! '] could be traced to a point mutation
at the splice acceptor site (A—G) of intron IV
which leads to the 74 bp loss of exon V with a
frame shift and thereby a missense amino-acid
sequence at the C-terminus with a shortened
243-amino-acid polypeptide chain/'®). Also the
DM 20 isoform of PLP results from an alternate
splicing within exon III and thereby deleting
amino-acid residues 116—150(1718]

Myelin basic protein (MBP), the peripheral
myelin membrane protein, has been sequenced
quite early!'%2% Again the screening of cDNA
libraries with protein-derived oligonucleotide
probes led to the isolation of mousel?22 and
rat!23] MBP-specific cDNA clones. MBP isoforms
were the translation products of different
mRNAs, five isoforms of mouse MBPI24 with
molecular masses of 21.5, 18.5, two of 17 and
14 kDa, and four isoforms of human MBP with
21.5,20, 18.5 and 17 kDal!_ All these
isoforms result from alternative splicing of the
primary transcript of the single mouse MBP gene
which is larger than 30 kb. In mouse and man
the MBP gene has been allocated to the distal
end of chromosome 1826271 The isoforms of
MBP in the myelin of mouse and rat and again
dysmyelinating mouse mutants, the shiverer(28l
and myelin-deficient mouse!2*3% could be
analysed on the molecular level after its gene
structure had been elucidated.

So far most of the structural studies were con-
fined to the mouse gene. Here we report on the
structure and organization of the human myelin
basic protein (MBP) gene. The 5' part was
derived from a clone isolated from the pcos2





















