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The capacity for synthesizing and maintaining a compact
myelin sheath is destroyed in a number of inborn errors of
myelin metabolism. One class of hypomyelinating mutations,
which displays an X-linked pattern of inheritance, is distin-
guished by marked disturbances in oligodendrocyte differ-
entiation. We have defined the molecular defect in one such
mutant that lacks mature oligodendrocytes, the X-linked jim-
py myelin synthesis deficient (jp™<) trait in mice. The struc-
ture of the gene encoding the most abundant myelin protein,
proteolipid protein (PLP), was determined by mapping and
partially sequencing genomic clones from jp™ and wild-type
mice. Jp™° mice have a single base change in PLP,a C -
T transition in exon 6 that would substitute a valine for al-
anine in both PLP and its alternatively spliced isoform, DM20.
The mutation was confirmed by polymerase chain reaction-
amplifying exon 6 from genomic DNA and then either se-
quencing the amplified DNA or directly probing exon 6 with
oligonucleotides designed to detect a single base mismatch.
The conservative amino acid replacement in PLP/DM20 of
jp™< mice results in a pleiotropic phenotype similar to that
observed for the allelic mutation jimpy, in which a splicing
defect has radically altered the PLP/DM20 protein. The ac-
celerated turnover of oligodendrocytes in both mouse mu-
tants suggests a function for PLP/DM20 in oligodendrocyte
differentiation distinct from the role of these proteolipid pro-
teins as structural components of the myelin sheath.

The structure of myelinated axons in the CNS depends on 2
types of support cells, the oligodendrocytes that enwrap axons
with an extension of their plasma membrane to form a myelin
sheath and the Type 2 astrocytes that contact axons between
the myelin segments at the nodes of Ranvier (ffrench-Constant
et al.,, 1986; Miller et al., 1989). Both of these cells originate
from a bipolar progenitor cell that rapidly differentiates to an
oligodendrocyte in the absence of any soluble signals or cell
contact (Temple and Raff, 1985). Oligodendrocyte differentia-
tion is disrupted in the jimpy mouse mutant. Despite the ex-
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cessive proliferation of oligodendrocyte progenitors in this
X-linked disorder (Privat et al., 1982; Skoff, 1982), few mature
oligodendrocytes are present (Kraus-Ruppert et al., 1973; Mat-
thieu et al., 1973; Meier and Bischoff, 1975; Skoff, 1976), and
the onset of myelination is accompanied by an unusual degree
of oligodendrocyte cell death (Knapp et al., 1986). The other
major support cell of the CNS, the astrocyte, displays marked
hypertrophy (Skoff, 1976, 1982; Dupouey et al., 1980). The
molecular defect in jimpy mice resides in a gene encoding pro-
teolipid protein (PLP), a transmembrane protein of oligoden-
drocytes that comprises half of the protein of the myelin sheath
(Macklin et al., 1987b; Nave et al., 1987b). A single point mu-
tation in a splice site for PLP creates aberrantly spliced PLP
transcripts in jimpy mice that would result in an abnormal
protein with an unusual cysteine-rich carboxy terminus (Morello
et al., 1986; Nave et al.,, 1986, 1987b; Hudson et al., 1987;
Macklin et al., 1987b; Ikenaka et al., 1988). Abnormal PLP has
been localized immunocytochemically to the rough endoplas-
mic reticulum of the few remaining oligodendrocytes in jimpy
mice (Roussel et al., 1987), where it is probably targeted for
destruction. Myelin sheaths can be assembled by these surviving
jimpy oligodendrocytes, but the myelin does not contain PLP
(Duncan et al., 1989). Whereas normal myelin consists of con-
centric membrane layers alternating between the apposition of
the extracellular faces of the oligodendrocyte plasma membrane
(intraperiod line) and the cytoplasmic faces (major dense line),
in jimpy mice the architecture of the spiral is disturbed. Myelin
sheaths synthesized by jimpy oligodendrocytes have lost the
2-nm gap characteristic of the intraperiod line (Duncan et al.,
1989). The much condensed intraperiod line in PLP-deficient
myelin sheaths is consistent with the observation that, in normal
oligodendrocytes, the majority of the PLP molecule resides on
the extracellular surface of the plasma membrane, the precursor
of the intraperiod line (Hudson et al., 1989b).

The elucidation of the molecular defect in jimpy mice has
suggested a function for PLP in the formation of the intraperiod
line of myelin. But identifying the lesion in jimpy mice has not
clarified why such a catastrophic loss of oligodendrocytes occurs
in this mutant. Could the overproduction of an aberrant mem-
brane protein derail all protein trafficking through the rough
endoplasmic reticulum? Or could PLP operate in myelinating
cells in 2 capacities, | as a structural component of the myelin
sheath and the other as a molecule necessary for either the
development or maintenance of a mature oligodendrocyte.

To define the basis for the pleiotropy exhibited by the mutant
PLP gene in jimpy mice, we have analyzed another X-linked
myelin synthesis deficiency in mice, jimpy myelin synthesis
deficient (jp™) mutant mice, which is allelic to jimpy (Eicher
and Hoppe, 1973). Jp™¢ has been extensively characterized by



118 Gencic and Hudson « Mutation in PLP Creates Dysmyelination

EB B £ E E B E 8 E
ﬁ I L e — 1 A 1
1 23 45 6 7
L A2 |
} |
|ASS __
— 1 kb
Figure 1. Structure of the murine PLP gene. Exons are numbered 1-

7, with coding regions shaded; restriction sites include BamHI (B) and
EcoRI (E). The positions of the 2 phage clones isolated from a jp™s
library are noted by a line.

Billings-Gagliardi and Wolf, who documented the lack of ma-
ture oligodendrocytes and other morphological features that
mimic the jimpy mutation (Billings-Gagliardi et al., 1980a, b;
Billings-Gagliardi and Adcock, 1981; Wolf et al., 1983). When
on the same genetic background, jp™¢ mice have noticeably
more myelin than jimpy mice (Wolf et al., 1983). Residual
amounts of myelin proteolipid proteins of normal size can be
immunostained from concentrated extracts of jp™ brain (Gar-
dinier and Macklin, 1988). The message for PLP and the alter-
natively spliced isoform DM20 was not detectably altered in
jp™¢ mice by RNA protection assays (Hudson et al., 1987).
However, mRNA levels for PLP as well as other myelin-specific
messages such as MBP were sharply diminished coincident with
the marked reduction of mature oligodendrocytes (Hudson et
al., 1987; Gardinier and Macklin, 1988). We report here that
the PLP gene of jp™¢ mice suffers a point mutation that results
in a conservative amino acid replacement in PLP.

This work was presented in part at a conference on Neuro-
logical Mutations of the Mouse, Jackson Laboratories, Bar Har-
bor, Maine, September 1988.

Materials and Methods

Construction and screening of bacteriophage libraries. A murine genomic
EMBL3 library constructed from a BALB/c mouse was obtained from
Dr. John Weis and was screened for PLP-containing clones with mouse
PLP cDNA probes (Hudson et al., 1987) nick-translated with [a?2P]-
dCTP (Amersham). From 10¢ plaques screened, 6 positive clones were
mapped in detail and subcloned into pTZ19R for sequencing of double-
stranded plasmid DNA with either Klenow or reverse transcriptase
(GEMSEQ; Promega Biotec) as described by the manufacturer. Plasmid
subclones containing portions of the wild type (BALB/c) PLP gene in-
cluded: pLH117, 3.1-kb EcoRI-BamHI fragment containing exons 2
and 3; pLH118, 4-kb BamHI-EcoRI fragment containing exons 4-6 and
a portion of exon 7; pLH119, 1.5-kb BamHI-BamHI fragment con-
taining portions of exon 1 and upstream regions (see Fig. 1 for the
positions of the EcoRI and BamHI restriction sites).

Genomic DNA was prepared from livers of jp™¢ mice provided by
Dr. M. K. Wolf; these mice were maintained by breeding heterozygous
females to (C57BL/6] x C3H/Hel)F, males. High-molecular-weight
jp™¢ DNA was partially digested with Sau3A (New England Biolabs),
ligated to BamHI digested EMBL3 arms (Stratagene), and packaged
using Gigapack (Stratagene). Of 750,000 plaques screened as above, 11
positive clones were subsequently screened with end-labeled oligonu-
cleotide probes corresponding to each of the 7 exons. Two of these
clones (\26, A55) were mapped in more detail by cos mapping (Rackwitz
et al., 1984); A26 contained the entire PLP locus, as diagrammed in
Figure 1. Plasmid subclones of A26 were constructed for sequencing all
exons, intron-exon junctions, and flanking regions of the jp™¢ PLP gene:
pSG1, 7.8-kb EcoRI-EcoRI fragment containing exons 2-6 and over
half of exon 7; pSG2, 3.8-kb EcoRI-EcoRI fragment containing exon 1
and upstream region.

Probing and sequencing PCR-amplified DNA. Genomic or phage DNA
corresponding to exon 6 of the PLP gene was amplified by the poly-
merase chain reaction essentially as described by Erlich and co-workers
(Higuchi et al., 1988; Saiki et al., 1988). Each 100-ul reaction mixture
contained ! ug of genomic DNA in 50 mm KCl, 10 mm Tris (pH 8.4),
2.5 mm MgCl,, each primer at 1 um, each dNTP at 200 um, 170 pg/ml

BSA, and 2 units of Taqgl polymerase (Stratagene). The primers, which
corresponded to intronic sequences located 50 bases upstream and
downstream of exon 6, were prepared on an Applied Biosystems syn-
thesizer. Thirty cycles of amplification were carried out, with each cycle
consisting of a 1-min, 95°C denaturation step, followed by a 2-min,
55°C annealing step, and finally a 70°C extension step for 2 min. The
206-bp amplified fragment was separated from primers and unincor-
porated deoxynucleotides on Centricon 30 filtration units (Amicon).

Following amplification, approximately one-tenth of each reaction
was subjected to electrophoresis on composite 3% Nu-Sieve agarose
(FMC)/1% Seakem nonmodified agarose gels and electrophoretically
transferred to nitrocellulose using the low-pH citrate-phosphate buffer
as described by Smith et al. (1984). A 40x stock of transfer buffer of
pH 3.0 was prepared by mixing 200 ml of 1 M monobasic sodium
phosphate with 55 ml of 1 M citric acid. Prior to transfer, gels were
stained with ethidium bromide and photographed under UV light and
then the DNA was denatured by treatment with 0.2 M NaOH, 0.6 m
NaCl for 30 min. Blots were incubated overnight at 42°C in hybridiza-
tion buffer containing 5x SSPE, 5x Denhardt’s, 1% SDS, 100 pg/ml
salmon sperm DNA, and 8 x 10¢ cpm/ml of a 19-mer oligonucleotide
phosphorylated with [A\*2P]-ATP to a specific activity of 2 x 108 ¢cpm/
ug. Blots were washed at stringencies designed to detect a single base
mismatch as detailed by Conner et al. (1983) and exposed to film.

Amplified fragments were sequenced by the method of Higuchi et al.
(1988) using a second set of internal primers phosphorylated with [y32-
P]-ATP (Amersham) by T4 polynucleotide kinase (New England Bio-
labs) to a specific activity of approximately 2 x 10% cpm/ug. Approx-
imately 0.4 pmol of microconcentrator-purified, amplified DNA was
mixed with 3 pmol of end-labeled sequencing primer (20-mer) in 13 ul
10 mm Tris (pH 8.0), | mm EDTA, incubated at 95°C for 10 min to
denature the template and then split into 4 tubes corresponding to the
4 termination mixes. The modified T7 DNA polymerase described by
Tabor and Richardson (1987) and supplied as Sequenase by U.S. Bio-
chemical was used with the reagents and conditions specified by the
manufacturer. After incubation at 37°C for 10~-15 min, samples were
loaded onto 8% acrylamide (20:1, acrylamide:BIS), 8 m urea gels in Tris-
borate-EDTA buffer and electrophoresed at 75 W for 2 hr. Gels were
fixed in 10% methanol, 10% acetic acid, dried, and exposed to film for
3 hr with an intensifying screen. To eliminate possible errors due to the
Taql polymerase, samples were amplified in duplicate and both samples
were sequenced.

Results

Structure of the PLP gene in jp™¢ mice

Genomic Southern blots revealed no differences in the pattern
of bands displayed by jp™¢ mice compared to wild-type mice
(data not shown). The PLP locus in jp™¢ mice was mapped in
detail with 2 X clones, 1 of which (A26) spanned the entire PLP
gene (Fig. 1). The structure of the PLP gene in jp™ mice was
indistinguishable from wild type (Fig. 1; Macklin et al., 1987a).
Moreover, the position and sequences of the junctions between
introns and exons were identical in jp™¢ and wild-type mice
(Fig. 2), eliminating the possibility that a splicing mutation was
the defect in jp™< mice.

Previous RNAase protection experiments had indicated that
the PLP coding region was unaltered in jp™ mice, suggesting
that these mice may have a mutation in a regulatory site (Hud-
sonetal., 1987). Toexplore that prospect, a kilobase of upstream
region bordering exon 1 was sequenced from jp™< and wild-
type subclones. This region contains the promoter and several
binding sites for nuclear proteins (L. D. Hudson, unpublished
observations). Not one base pair differed between jp™< and wild-
type mice for 883 bp 5’ to exon 1 (Fig. 3).

A point mutation in exon 6 of jp™ mice

Sequencing the entire coding region of PLP in jp™< mice dis-
closed a single base change that would substitute valine for
alanine at amino acid 242 (Fig. 4). To dismiss the possibility
that the C — T transition in jp™? was due to a cloning artifact,
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Figure 2. Splice junctions at the murine PLP locus. Exon sequences
are boxed and the invariant residues of the consensus sequence under-
lined. The jp™~ and wild-type junctions are identical, and differ from
the sequence published by Macklin et al. (1987a) for normal mice at 2
positions: 9 bases upstream of the exon 5 acceptor splice, Macklin et
al. have an additional T and 2 bases upstream of the exon 6 acceptor
splice, an additional A.

plasmid subclones from both A26 and A55 were sequenced. In
addition, exon 6 was amplified directly from genomic DNA by
the polymerase chain reaction (PCR) and sequenced as shown
in Figure 4. The single base change could also be detected with-
out sequencing by using an oligonucleotide probe specific for
either the wild-type or jp™ sequence (Fig. 5). A 19-mer synthetic
oligonucleotide corresponding to the jp™ sequence hybridized
only to PCR-amplified exon 6 from jp™< DNA (Fig. 5, middle
panel, lane 2). Substantially reduced hybridization was observed
with this probe for wild-type PCR-amplified DNA due to the
centrally located single base mismatch (Fig. 5, middle panel,
lane 3). Reciprocal results were observed for the wild-type-spe-
cific probe (Fig. S, right panel, lanes 2 and 3).

The jp™ strain used in this work is on the genetic background
of a cross between 2 inbred lines, C57BL/6J and C3H/He].
Since the normal PLP gene structure was deduced from a geno-
mic library that was constructed from a BALB/c mouse, exon
6 DNA from a (C57BL/6J x C3H/He])F, mouse was also ana-
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lyzed (Figs. 4, 5). No polymorphism is evident in the PLP coding
region of these strains of normal mice or in the NIH mice
originally used (Hudson et al., 1987) to obtain cDNA clones of
PLP.

Discussion

The PLP gene of jp™ mice displays a single point mutation, a
C - T transition in exon 6. This base change was not detected
by RNAase protection experiments (Hudson et al., 1987) since
a G:U base pair is not recognized as a mismatch in these assays.
The possibility that this is a secondary mutation arising in the
many generations since the jp™¢ mouse was first identified is
unlikely. There was no evidence for a regulatory mutation af-
fecting either the synthesis or processing of PLP message. Not
only was the sequence of the upstream, putative regulatory re-
gion of PLP unchanged (Fig. 3), PLP mRNA was produced at
levels commensurate with the number of mature oligodendro-
cytes surviving in jp™¢ mice (Hudson, unpublished observa-
tions). The PLP message was polyadenylated and correctly
spliced, as indicated by the presence of normal splice junctions
(Fig. 2) and an unaltered RNAase protection pattern for both
PLP and DM20 transcripts from oligo-dT selected mRNA
(Hudson et al., 1987). Moreover, the messages for PLP and
DM20 can be translated in vivo in jp™d mice, as proteins im-
munologically indistinct from normal PLP and DM20 comi-
grated with the authentic proteins on immunoblots of jp™d brain
homogenates (Gardinier and Macklin, 1988).

The substitution of valine for alanine at position 242 of PLP
is a conservative amino acid change that drastically affects oli-
godendrocyte maturation. The extreme conservation of the PLP
gene both between and within species (Fig. 6; discussed in Hud-
son et al., 1989a) and the presence of alanine at this position
in 4 inbred mouse lines (see Results, Hudson et al., 1987; Mack-
lin et al., 1987a; Nave et al., 1987a; Ikenaka et al., 1988), rat
(Dautigny et al., 1985; Milner et al., 1985), dog (Nadon et al.,
1988), cow (Naismith et al., 1985), and human (Diehl et al.,
1986; Puckett et al., 1987) indicate that the valine substitution
is not a polymorphism. The site of the valine substitution is in
1 of the 2 a-helical, hydrophobic domains of PLP that reside
on the extracellular face of the oligodendrocyte plasma mem-

CCCCCCCCCCCAACTCTGACTGCTGCTTTCCCAAACGCTCCTTCCGTCTCCT TAGCCTCATCTTCACTCTGATGGGAACACTATTTCCTG -793

GGAAGAGTTTTGACTAGCTGCTTGCCAGT TTGTGATAATGTCTTGTCTCAGAGT TCATT TTCCTTGAAAATTGCCTACATGGTCCACTCT -703

GGCCTTTTTGTCCCTTGTGACCTTGGCACAGGTCTTGCCCTCTCCTTTGTATCTCTGTTATCCAAATGTACTCTCATTGCACGTCTGGCT =613

TTTTTGAGCCTGGTCACACACAGTCTGTTCATAGAATCAGCAGCTGGTTCTATCTGCATTCTTCTAAAACCAAAGCT TTTGAAGAAATTA -523

TTTTAAATGACTTTTTTTCTTCCCCATTGTGTT TCCAGTGCCAGGARGAGARAGAATGCTTTTTTTGCT TACAGAGGAAAGGARAGGTTC -433

CATGGTCAAGGGCAACGAGCAGTGAGAGT TGGGTGCGGTGTGTTTGGTAGTATAGTAAGTAGGCTTTTGATTCAGACCCCCTTCTCATCA 343
GGGCTACTATTTCACATGACTTTACATGCTCAGACCCAGGTATGACACATTTAAATGGACCCAAGGATCATTTGGGAGGATTCAAGAACC -253
CCTCCATTTAATTTACACCCCTAATTCACACTTCCTGATTTATT TAAAGCAAAATGAAAT TCTAGAGAAGCTT TAGGGGGGARAAGAGAG -163
AGAAAGAARARAAACAATTGGGAGTGAAAAGGCATAAAGAGAAGATGGAGCCCT TAAAGAAGGGAGTATCCCARAGGAGGTGGGGACAAG ~73
. . . . . . ¢ — - .
GGGAGGAGAAGGGGAGGAGGAGAGGAGGAGGGAAACGAGCCTGTCT@GGGGGTTGGCTGTCAATCAGAAAGCCCTTTTCATTGCA 18

GGAGAAGAGGACAAAGATACTCAGAGAGAAAAAGTAAAGGACAGAAGAAGGAGACTGGAGAGACCAGGATCCTTCCAGCTGAGCAAAGTC 108

AGCCGCAAAACAGACTAGCCAACAGGCTACAATTGGAGTCAGAGTGCCARAGAC ATG G
Met

Figure 3. Upstream region of the mu-
rine PLP gene. Exon 1 and 883 bases
of upstream sequence are preserved in
jp™< mice. Wild type (BALB/c mouse)
was sequenced from pLH119 and mu-
tant (jp™<¢ mouse) was sequenced from
pSG2; no differences were detectable
between the 2, The TATA box is shown
as a boxed region and an inverted
CCAAT box is underlined. The tran-
scription initiation site is depicted with
an arrow. The initiator methionine, the
166 only amino acid encoded by the first
exon, is shown below the ATG codon.
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Figure 4. Sequence of PCR-amplified
exon 6. Genomic DNA from jp™ or
wild type (wt; F, of C57BL/6] x C3H/
HelJ) was amplified and sequenced, as
was phage DNA isolated from A55, the
phage containing exons 4-7 of the jpm
PLP gene. A, limits of exon 6; —, po-
sition of the C — T base change in jp™=,
The resulting valine at position 242 in
exon 6 is noted in parentheses below
the wild-type sequence of exon 6.

brane (Fig. 6). These domains have been proposed to participate
in homophilic interactions that may be critical to the formation
of a compact myelin sheath (Hudson et al., 1989b). An intro-
duced valine residue, which would be present both in the PLP
protein and in DM20, the other isoform of the PLP locus, may
interrupt these interactions although the a-helical structure
should not be disrupted (Fig. 6). Another valine substitution
that dramatically alters the structure of a membrane protein has

T

TTC CAA ATG ACC TTC CAC CTG TTT ATT GCT GCG
Phe Gln Met Thr Phe His Leu Phe Ile Ala Ala

{Val)

TTT GTG GGT GCT GCG GCC ACA CTA GTT TCC CTG
Phe Val Gly Ala Ala Ala Thr Leu Val Ser Leu

recently been constructed by Flavell and co-workers, who found
that replacing an aspartate with valine converted the cell-surface
glycoprotein Qa-2 from a phosphatidylinositol anchored form
into an integral membrane protein (Waneck et al., 1988).
DM20 is identical to PLP except for the deletion of residues
116-150 (Trifilieff et al., 1986; Hudson et al., 1987; Nave et al.,
1987a). Its structure probably resembles that of PLP, because
the deletion leaves intact the 4 hydrophobic a-helices that give



\)

wt
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PLP much of its character (Laursen et al., 1984; Stoffel et al.,
1984; Hudson et al., 1989b). However, DM20 can be selectively
extracted from myelin using methylene chloride : methanol (3:
7) without affecting PLP (Skalidis et al., 1986), which suggests
that DM20 is structurally distinct from PLP. Luu and co-work-
ers have described other physical parameters, including the poor
solubility of DM20 relative to PLP, which may have biased
earlier estimations of the abundance of this alternatively spliced
isoform (Van Dorsselaer et al., 1987). DM20 is manifest in early
development in vast excess of PLP (DM20:PLP, 12:1); in adults,
DM20 remains an abundant myelin proteolipid protein al-
though the DM20:PLP ratio becomes inverted (0.5-0.8:1) (Van
Dorsselaer et al., 1987). An intriguing aspect of the jp™¢ mu-

5'-TTATTGCTGCGTTTGTGGG-3"'

3'-AATAACGACACAAACACCC-5'
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Figure 5. Detection of a single base
change in PCR-amplified DNA. The
ethidium bromide-stained gel is shown
in the far left panel, with the resultant
Southern blot probed with the jp™ oli-
gonucleotide (center) or the wild-type
oligonucleotide in the far right. Lane 1,
@#X174-Hae I1I and AHindIII markers;
lane 2, PCR-amplified jp™¢ genomic
DNA; lane 3, PCR-amplified genomic
DNA from a (C57BL/6J x C3H/He])F,
mouse. The sequence of the 19-mer
probes is shown below the panels, with
arrows pointing to the difference be-
tween jp™ and wild type. The noncod-
ing strand was chosen for the jp™ probe
to maximize the mismatch between it
and wild type (A/C mismatch as shown
vs a G/T pairing if the coding strand
was used).

tation is the observation that although the point mutation is
present in both PLP and DM20 transcripts (Fig. 4), DM20
protein is not as dramatically reduced as PLP (Gardinier and
Macklin, 1988). A similar phenomenon was noted in the shaking
pup, another PLP mutation that results in an amino acid sub-
stitution in both PLP and DM20 (Nadon et al., 1988). DM20
and PLP protein were expressed in approximately equal, albeit
greatly reduced amounts in shaking pup, while the ratio in con-
trol animals was 0.06 (Yanagisawa et al., 1987). The appearance
of a DM20:PLP ratio characteristic of very young, normal an-
imals in these mutant models hints at the possibility that the
few surviving oligodendrocytes in jp™< and shaking pup are
blocked at an early stage of oligodendrocyte maturation.
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Figure 6. Structure of normal and
mutant PLP. The model for the ori-
entation of PLP in the oligodendrocyte
plasma membrane is adapted from
Hudson et al. (1989b). The amino (NH,)
and carboxyl (COOH) termini reside on
the extracellular face of the plasma
membrane; the 4 extremely hydropho-
bic regions (4-D) pictured as a-helices
may interact intramolecularly (4 with
B; C with D) as shown or intermolec-
ularly (not pictured). The valine sub-
stitution present in jp™< mice at posi-
tion 242 within the D region a-helix is
noted with an arrow. The amino acids
that distinguish dog (valine instead of
isoleucine at position 160) and cow PLP
(alanine instead of phenylalanine at po-
sition 188, threonine instead of serine
at position 198) from mouse, rat, and
human PLP are noted by dotted circles.

Lipid Bilayer

No amino acid polymorphism has been
found within a species. I-VI denote the Cytoplasmic
regions corresponding to the synthetic Face
peptides used to generate antibodies to

specific portions of PLP (Hudson et al.,

1989b).

How can a mutation in one of the structural proteins of the
myelin sheath disrupt oligodendrocyte differentiation? Certainly
not by preventing an oligodendrocyte from assembling a com-
pact myelin sheath, since shiverer mice, which suffer a deletion
in another abundant structural myelin protein (myelin basic
protein, MBP) (Roach et al., 1985; Molineaux et al., 1986), still
manage to produce mature oligodendrocytes that synthesize ab-
normal myelin (Matthieu et al., 1981; Frail and Braun, 1985).
Nor is the specter of a lethal PLP protein a likely possibility,
for several reasons. First, while the jimpy mutation would create
a grossly abnormal PLP (20% cysteine residues encoded by the
frame-shifted terminal exon) that at the high levels produced
in oligodendrocytes could potentially disrupt protein processing
(Hudson et al., 1987), it is unlikely that the distinct single amino
acid substitutions of PLP in jp™ (Fig. 4), shaking pup (Nadon
et al., 1988), and Pelizaeus-Merzbacher disease (Gencic et al.,
1989; Hudson et al., 1989a) could wreak such havoc. Second,
cultured or transplanted jimpy oligodendrocytes can be induced
to synthesize myelin (Gumpel et al., 1987; Bartlett et al., 1988),
which suggests that despite the continued production of mutant
PLP (Roussel et al., 1987), jimpy oligodendrocytes can attempt
myelination when presented with the proper signals. We have
proposed that PLP and its alternatively spliced counterpart
(DM20) have 2 distinct functions in myelinating cells (Hudson
et al., 1987; Puckett et al., 1987). As the major protein of the
myelin sheath, PLP/DM20 must play a structural role that in-
cludes maintaining the integrity of the intraperiod line where
the bulk of the protein is located (Hudson et al., 1989b). In
jimpy mice, the absence of PLP/DM20 is correlated with a much
reduced intraperiod line (Duncan et al., 1989). But perhaps more
important to the oligodendrocyte is the role PLP/DM20 must
assume in mediating oligodendrocyte differentiation. As mem-

brane-bound proteins with the majority of the molecule located
on the extracellular surface of the oligodendrocyte plasma mem-
brane (Hudson et al., 1989b), PLP/DM20 are suitably located
for signaling or receiving signals from surrounding astrocytes or
target neurons.

Both the time course and the amount of PLP/DM20 expres-
sion required for a differentiation function are likely to differ
from those needed for the assembly of a myelin sheath. The
role of PLP/DM20 in oligodendrocyte differentiation would pre-
cede myelination and would not demand the great quantities of
protein required for myelination. Indeed, transcripts originating
from the PLP locus are detectable in mouse brain at day 3
(Gardinier et al., 1986), well before the onset of myelination.
Moreover, analysis of another putative PLP mutation, the my-
elin-deficient (MD) rat, has revealed that MD rat optic nerve
cultures contain normal numbers of 0-2A progenitors that dif-
ferentiate into oligodendrocytes faster than controls (Zeller et
al., 1989). In these cultures, cell types can be distinguished by
their reactivity to an A,B; antibody, which recognizes specific
gangliosides on the surface of the 0-2A progenitor cells, and
galactocerebroside (GC) antibody, which binds to the surface
of young and mature oligodendrocytes. The effect of the lack of
PLP/DM20 is evident at early stages of oligodendrocyte devel-
opment in MD cultures, since the precursor cell (A,B;*, GC*),
the intermediate between the 0-2A progenitor (A,B,*, GC-) and
the oligodendrocyte (A,B,~, GC*), was reduced in numbers at
the expense of the more differentiated GC+ cell (Zeller et al.,
1989). These results are consistent with the notion that 0-2A
progenitor cells rapidly and constitutively differentiate into oli-
godendrocytes in the absence of signals (Temple and Raff, 1985).
In this case, the inability of PLP/DM20-deficient cells to signal
or receive signals might hasten their terminal differentiation.



A second function for PLP was also indicated by the curious
expression of this protein in glial cells of the PNS (Puckett et
al., 1987). Schwann cells synthesize PLP but exclude it from
their myelin sheaths. Even nonmyelinating Schwann cells, which
do not produce the myelin proteins that comprise a sheath,
feature cytoplasmic PLP (Ono et al., 1989). This seemingly nor-
mal PNS of jp™ mice (Billings-Gagliardi and Adcock, 1981) is
difficult to reconcile with a function for PLP in Schwann cells.
Nonetheless, PLP’s participation in glial cell maturation in the
PNS may be complemented by another Schwann-specific pro-
tein that can partially substitute for PLP in jp™¢ Schwann cells.
Such a scenario ensues when another abundant myelin protein,
MBP, is missing. MBP is normally incorporated into both CNS
and PNS myelin sheaths. In the shiverer mutation, the absence
of MBP leaves oligodendrocytes with loosely wrapped myelin
sheaths that lack a major dense line, while Schwann cells appear
to employ other basic proteins to assemble myelin that is nearly
indistinguishable from normal (Kirschner and Ganser, 1980).

The dual functions of the major myelin proteolipid proteins
may mirror the alternative splicing at the PLP locus, which
generates both PLP and DM20 transcripts. By analogy to other
alternatively spliced genes (reviewed by Breitbart et al., 1987),
PLP and DM20 may perform distinct roles in myelinating cells.
The early appearance of DM20 recommends this isoform for
the differentiation function of the myelin proteolipid protein.
Whether DM20 is the molecule mediating oligodendrocyte mat-
uration can now be addressed with the technology of transgenic
mice.
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