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Summary: The predominant integral membrane pro-
tein of the CNS myelin of amphibia, reptiles, birds
and mammals is proteolipid protein (PLP) and Py, the
main glycoprotein in PNS myelin. Alternative splic-
ing of the transcripts of the single genes of PLP and
myelin basic protein (MBP) is the underlying
mechanism by which the isoforms of the two main
proteins of the myelin membrane arise. DM20 is an
isoform of PLP in mammalian, avian and reptilian
myelin. It does not occur in the CNS myelin of am-
phibia. DM201acks an extended hydrophilicsequence
exposed on the extracytoplasmic surface of the lipid
bilayer as a result of the usage of a cryptic donor splice
site within exon III.

We report about comparative studies on PLP and its
DM20 isoform on the protein and DNA level of frog.
chicken, rat CNS and the Py-related IP proteins of the
CNS of trout. Chemical cleavage at tryptophan re-
sidues with N-chlorosuccinimide yields identical pat-
terns of PLP peptides which refers to a high conserva-
tion between amphibia, birds and mammals and is

totally different from the cleavage pattern of hydro-
phobic myelin proteins IP-1 and IP-2 of trout CNS
and that of P, of rat PNS.

The N-terminal 19 amino-acid residues of IP-1 of
trout CNS- and Pj of frog PNS myelin were sequenced
and proved to be homologous on one hand with the Py
analogue of CNS of the shark, a cartilage fish, and on
the other hand with P, protein of PNS of birds and
mammals.

The complete amino-acid sequence of chicken CNS
PLP was derived from its cDNA., Coding and noncod-
ing segments of the PLP gene of frog were sequenced:
there is a high degree of conservation between amphi-
bian and mammalian PLP within the hydrophobic do-
mains. Numerous mutations were found within the
part of exon III encoding the hydrophilic domain.
Base exchanges within the putative splice site in exon
III explain the absence of DM20 in the protein pat-
tern of amphibia CNS myelin. This result is being dis-
cussed in view of the membrane organization and the
function of PLP.

Zur Evolution der integralen Membranproteine des zentralen Nervensystems

Zusammenfassung: Das vorherrschende integrale
Membranprotein des CNS-Myelins der Siugetiere,
Vogel, Reptilien und Amphibien ist das Proteolipid-

protein (PLP), im PNS-Myelin das Ps-Glycoprotein.
Alternatives SpleiBen der Transkripte des jeweils ein-
mal vorliegenden Gens des PLP und des basischen

Enzyme:

Taq. Deoxynucleoside-triphosphate: DNA deoxynucleotidyltransferase. E.C. 2.7.7.7

Abbreviations:

CNS, central nervous system; DM20, PLP isoform with 241 amino-acid residues; MBP. myelin basic protein, a peripheral myelin
protein with molecular mass 18.4 kDa: IP, integral membrane proteins of trout CNS myelin; PAGE. polyacrylamide gel elec-
trophoresis; PLP, proteolipid protein of CNS myelin, a 276 amino-acid residues long integral membrane protein with molecular
mass 31 kDa; PNS, peripheral nervous system: SDS, sodium dodecyl sulfate.
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Myelinproteins (MBP) ist der Mechanismus, der zu
den Isoformen der beiden wichtigsten Proteine der
Myelinmembran fithrt. DM20 ist die Isoform des PLP
im CNS-Myelin von Sdugetieren, Vigeln und Repti-
lien, wihrend es im CNS-Myelin der Amphibien nicht
vorhanden ist. Im DM20 fehlt ein lidngerer hydrophi-
ler Sequenzbereich, der zur extrazytosolischen Ober-
flache der Lipiddoppelschicht gerichtet ist. Durch die
Aktivierung einer kryptischen Spleif-Donor-Stelle
innerhalb von Exon I1I kommt es zu seiner Deletion.

Wir berichten iiber vergleichende Studien auf der
Protein- und der DNA-Ebene zwischen dem PLP von
Frosch-, Huhn- und Ratten-CNS sowie den Pg-ver-
wandten IP-Proteinen des CNS der Forelle. Chemi-
sche Spaltung hinter Tryptophan mittels N-Chlorsuc-
cinimid ergab identische Verteilungsmuster von PLP-
Peptiden, die auf eine hohe Konservierung zwischen
Amphibien, Vogeln und Sdugetieren schlieBen lassen
und vollig verschieden vom Peptidmuster der hydro-
phoben Myelinproteine IP-1 und IP-2 des Fisch-CNS
und P, des Ratten-PNS sind.

Die N-terminalen 19 Aminosiuren von IP-1 aus Forel-
len-CNS-Myelin und von Pj aus Frosch-PNS-Myelin
wurden sequenziert und erwiesen sich als homolog
zum Pg-Analogon des CNS vom Hai, eines Knorpel-
fisches, und zum Py-Protein des PNS von Végeln und
Siugetieren.

Die vollstindige Aminosiuresequenz des Hiihner-
PLPs wurde aus der cDNA abgeleitet. Kodierende
und nichtkodierende Bereiche des PLP-Gens vom
Frosch wurden sequenziert: eine hohe Konservierung
innerhalb der hydrophoben Doménen wurden ermit-
telt. Zahlreiche Mutationen wurden innerhalb desje-
nigenTeils des Exons IIT gefunden, der die hydrophile
Domiéne kodiert. Basenaustausche an der hypotheti-
schen Spleifistelle in Exon III erkldren die Abwesen-
heit des DM20 im Proteinmuster des Amphibien
CNS-Myelins. Diese Ergebnisse werden unter dem
Gesichtspunkt der rdumlichen Anordnung und der
Funktion des PLP in der Myelinmembran diskutiert.

Key terms: PLP evolution, proteolipid protein isoforms. trout P, protein, frog PLP, chicken PLP.

Oligodendrocytes in CNS synthesize, assemble and
redistribute the components of the myelin membrane
into the processes of their plasma membrane which
spirally wrap different axons with up to 100 multi-
layered segments separated by Ranvier's nodes.
Mpyelination confers on these axons a rapid saltatory
conductivity, allows the compact structures of CNS
and reduces the energy needed for the repolarization
of axonal membranes!!l.

The advantageous structure of compact myelin is con-
fined to chordata. Myelinated axons appear only in
vertebrates from cartilage fish, bony fish, amphibia,
reptiles, birds to mammals?,

Two main protein components of CNS myelin are re-
sponsible for the compact myelin structure: myelin
basic protein (MBP), a peripheral membrane pro-
tein, for the close apposition of the cytosolic surfaces
of the plasma membrane processes of oligodendro-
cytes, and proteolipid protein (PLP), the integral
membrane protein, for the apposition of the external
surfaces of wrapping myelin processes due to its hy-
drophilic domains outside of the lipid bilayer. A group
of MBP isoproteins is present in CNS and PNS of all
species mentioned before. Proteolipid protein and Py
protein show a different distribution over CNS and

PNS in evolution®l: CNS myelin of cartilage and bony
fish and PNS myelin of all six vertebrate classes react
with antibodies raised against Py glycoprotein of rat
PNS. Antibodies against rat PLP recognize only anti-
gens in CNS myelin of amphibia, reptiles, birds and
mammals. PLP is therefore a recent protein in evolu-
tion with its first appearance in terrestrial tetrapods,
different from Py and related proteins, which already
occur in membrane structures of the nervous system
of annelides®) and represent the primitive progenitor
molecule of immunoglobulins!l,

We here report studies on the integral myelin mem-
brane proteins of CNS of members of four classes
ascending in evolution: fish (trout), amphibia (frog).
birds (chicken) and mammals (rat) a) on the protein
level and b) on the DNA level.

Protein patterns of CNS myelin or its chloroform-
methanol extract of trout, frog, chicken and rat show
bands with similar apparent molecular masses. PLP
and its isoprotein DM20 are present in rat and chick-
en. Frog CNS myelin contains only PLP, however,
and is devoid of the DM20 isoprotein. The two bands
in trout CNS myelin, IP-1 and IP-2, do not cross-react
immunologically with anti rat PLP antibodies!.
Comparison of the N-terminal amino-acid sequences
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of IP-1 from the CNS of trout and P from the PNS of
frog. strongly supports the continuous development
from fish Py analoga of central to Py of the peripheral
nervous system of mammals. Py glycoprotein of CNS
of fish is substituted by PLP in the evolutionary steps
(amphibia), following bony fish.

Amphibia are unable to express DM20 protein.
Genomic DNA sequencing unveiled the molecular
basis for the missing DM20: the coding sequence of
the hydrophilic domain of exon III shows multiple
mutations in the consensus sequence of the cryptic
splice donor sequence in exon III, thereby prohibiting
alternative splicing of the PLP transcript. Amino-acid
exchanges of frog and chicken PLP accumulate in the
extramembranal domains, not in the trans- and cis-
membranal helices. This result and the possible im-
pact for membrane stacking in myelin and the limits
of evolution of PLP is discussed.

Materials and Methods

Animals

Frogs (Xenopus laevis) were obtained from Kihler (W-2000 Ham-
burg, Germany), rats from Lippische Versuchstierzucht Hagemann
GmbH, W-4923 Extertal, Germany. Trouts (Salme gairdneri) and
chicken heads were purchased from local suppliers. The cDNA
Agt10 library of 40-days-old chicken brain (male) was purchased
from Clontech.

Mpyelin was prepared using a sucrose gradient according to Norton
and Poduslo!®). The hydrophobic membrane proteins were accumu-
lated by chloroform/methanol (2:1) extraction. Electrophoretic se-
parations were carried out after reductive carboxymethylation
using the PAGE system of Laemmli” (15% acrylamide).

Tryptophan cleavage: the hydrophobic membrane proteins were
cut out from the slab gel and incubated in a reaction system contain-
ing 15mm N-chlorosuccinimide in urea/acetic acid buffer’®, After
equilibration to appropriate conditions for SDS gel electrophoresis
the peptides were separated on a second gel system (20% acryl-
amide) and made visible by silver staining'“l.

Protein sequencing was carried out using automated Edman degra-
dation (Applied Biosystems 477 A Protein Sequencer).

Polymerase chain reactions of DNA sequences of frog PLP were
amplified using a DNAThermal Cycler (Perkin Elmer, Norwalk,
USA)ML

Oligonucleotides used as sense and antisense primers were synthe-
sized by phosphoramidite chemistry using the Applied Biosystems
Model 380A automated synthesizer according to the Applied
Biosystems directions. The oligonucleotides were desalted by
chromatography on Sepak as recommended by the manufacturer.
The resulting preparation was used without further purification.
The oligonucleotides were derived from the rat PLP DNAsequence
or, where indicated. derived from the results of the frog DNA se-
quence. Preparation of genomic frog DNA and blunt end cloning
into the Sma I site of the polylinker sequence of the pUC13 vector
and the screening of the chicken cDNA Agt10 library were carried
out according to Maniatis ef al. "),

Nucleotide sequences were determined by double strand sequenc-
ing!""3 with the chain termination method!"l.

Results

1) Protein-chemical analysis of CNS myelin of
hydrophobic proteins of fish, amphibia, birds and
mammalia

Myelin was prepared from trout, frog, chicken and

rat brains. Aliquots were extracted with chloroform-

methanol for PAGE! analysis.

Fig. 1 presents the SDS polyacrylamide gel elec-
trophoretic separation of total CNS myelin proteins,
lanes 1-4, and those present in the chloroform-
methanol extract, lanes 5 and 6.

The strong band at 29 kDa in frog, chicken and rat
myelin corresponds to PLP and the faster running
band to the DM20 isoprotein in which amino-acid
residues 116—150 are deleted. The bars indicate their
relative position. In the chloroform-methanol ex-
tracts the hydrophobic proteins PLP and DM20 are
accumulated. The extract of frog brain contains only
PLP.The protein patterns of trout, chicken and rat are
very similar, but the two bands with apparent molecu-
lar masses of PLP and DM20 in trout CNS myelin
show no immunological relationship to PLP. They are
referred to as IP-1 and IP-2! (bars in Fig. 1).

The purified 29 kDa proteins were chemically cleaved
with N-chlorosuccinimide!® at tryptophan residues
Fig. 2.

The peptide patterns of the bovine, chicken and frog
brain CNS PLP, although different in intensity, are
very similar (lanes 1-3) and resemble that of earlier
studies™™™, but differed completely from that of the
trout, IP-1 and IP-2 (lanes 5 and 6) of the trout brain
yielded tryptophan fragment patterns which compa-
red well with that of P, of PNS of rat (lane 4). The
three principal bands of the cleavage pattern of IP-1
and IP-2 (lanes 5 and 6) are shifted in their elec-
trophoretic mobility in parallel, which could be due to
the different degree of glycosylation of the peptides.

We sequenced the purified IP-1 of trout CNS and Py of
frog PNS and compared the sequence of the N-termi-
nal 19 amino acids of both with known sequences of Py
of bovine!", rat!" and chicken™ peripheral and
shark!™ central nervous system, Fig. 3.

Most of the amino-acid substitutions are conserva-
tive, some residues seem to be essential, e.g. Ile’,
Thr’, Leu" and the tripeptide Val* to Ser"*. A continu-
ous development of Py of the CNS of the shark to Py
of the PNS of mammals and thereby a relationship be-
tween myelin of PNS of mammals and CNS of fish is
apparent. The integral myelin proteins IP in CNS of
the trout are replaced in frog, chicken and human by
proteolipid protein with no homologies to Py glyco-
protein.
























