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Summary: Peptides according to amino-acid se-
quences of the N- and C-terminus of lipophilin
(proteolipid protein, PLP) (Gly!-Phe's = 1;
Thr?®'-Phe?”® = 6) and of the other four hy-
drophilic domains (Glu*’-Leu® = 2; Arg?”’-Leu'!?
= 3; Gly'"9_Gly'?" = 3A; Trp"**-Tyr'*¢ = 3B;
Lys'?1-Ala?®? = 4; Asn?*?-Phe?3? = §) have been
synthesized by the solid-phase Fmoc method,
linked covalently to keyhole limpet hemo-
cyanin (KLH) and used as antigens. Monospe-
cific antibodies against these antigens were iso-
lated by affinity chromatography.

Each antibody recognized its epitope in isolated
partially delipidated PLP with the ELISA techni-
que, western blot, thin sections of paraffin
embedded rat brains and in the plasma mem-
brane of appropriately fixed/permeabilized rat
oligodendrocytes in culture. After fixation with
formaldehyde antipeptide 3A antibody stained
intact non-permeabilized cells. Therefore the
epitope 3A must be located on the extracellular
surface of the membrane. This is in full support
of our previous biochemical results on the orien-
tation of lipophilin in the myelin membrane.

Topologie des Proteolipidproteins in der Myelinmembran des Zentralen Nervensystems —
Untersuchung mit Antikdrpern gegen synthetische Peptide

Zusammenfassung: Mit Hilfe der Fmoc-Fest-
phasensynthese wurden Peptide des Lipophilins
(Proteolipid-Protein, PLP) synthestisiert, die die
Aminosiuresequenzen des N- und C-Terminus
des PLP (Gly'-Phe'® = 1; Thr?*!-Phe®’® = 6) und
vier hydrophile Domiinen des PLP darstellen:
(Glu®-Leu®® = 2; Arg®’-Leu'*? = 3; Gly'"*-Gly'?’
= 3A; Trp'¥-Tyr'% = 3B, Lys'*!-Ala*® = 4;
Asn??2-Phe??? = 5). Sie wurden kovalent an
,keyhole limpet hemocyanin* (KLH) gekoppelt
und als Antigene eingesetzt. Monospezifische
Antikérper wurden gegen diese Antigene durch
Affinititschromatographie isoliert.

Alle Antikdrper erkennen ihre Epitope in iso-
liertem partiell delipidiertem PLP im ELISA
und Westernblot sowie an Paraffin-Diinnschnit-
ten von Rattengehirn. Oligodendrozyten in
Primirkultur liefen sich nach geeigneter Fixie-
rung/Permeabilisierung spezifisch markieren.
Antipeptid-3A-Antikorper reagieren als einzige
mit intakten, nicht-permeabilisierten Zellen
nach Fixierung mit Formaldehyd. Das ent-
sprechende Epitop 3A muf also auf der extra-
zelluldren Seite der Membran lokalisiert sein.
Dies ist in voller Ubereinstimmung mit unseren
fritheren biochemischen Ergebnissen.

Abbreviations:

CNS, central nervous system; PNS, peripheral nervous system; Fmoc, fluorenylmethyloxycarbonyl; KLH, keyhole
limpet hemocyanin; MBP, myelin basic protein; PLP, proteolipid protein, lipophilin; BSA, bovine serum albumin;
NaDod$S0,, sodium dodecyl sulfate; NCS, newborn calf serum; DMEM, Dulbecco’s modified Eagle’s medium;

PAP, peroxidase-antiperoxidase; DAB, diaminobenzidine; NaCl/P;, phosphate-buffered saline, pH 7.4; TBS, Tris-buf-
fered saline; ELISA, enzyme-linked immunosorbent assay; HPLC, high-performance liquid chromatography: MDL,
main dense line; IDL, intraperiod dense line; DCC, N.N'-dicyclohexylcarbodiimide.
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membrane topology.

Myelin is a multilayered, compacted membrane
system spirally wrapping the axons in CNS and
PNS. In CNS the oligodendrocyte synthesizes
during myelinogenesis the lipid constituents and
the proteins and sequesters them into the sheath-
like processes of its plasma membrane!?). The
Schwann cell shares this function in PNS. Ultra-
structurally the lamellae system reveals a

15—16 nm periodicity between two main dense
lines (MDL) in which two 5-nm lipid bilayers are
separated by a 3-nm intraperiod dense line
(IDL)13!. It is generally accepted that the MDL
represents the cytosolic cleft and the IDL the
apposition of the external surfaces of the plasma
membrane processes. In hypotonic, Ca**-free
solutions the extracellular space expands with
the abolishment of the IDL except the area of
the radial components!*=7!.

The two major myelin proteins in CNS are
myelin basic protein (MBP) and lipophilin
(proteolipid protein, PLP) comprising up to
90% of the total protein. MBP occurs as a peri-
pheral, water-soluble protein in up to four iso-
forms of 21.5, 18.5, 17.2, 14.5 kDa of which
the 170 amino-acid residues (18.5 kDa) con-
taining form is the predominant one. All isoforms
are expression products of one gene with seven
exons. Alternative splicing leads to the respective
transcripts!®= 1?1, PLP amounts to approximately
55%. The primary structure of this 276 amino-
acid residues containing, extremely hydrophobic
integral membrane protein with 30 kDa of
bovine and human myelin origin has been
established in this laboratory!!'=!4 (partial se-
quences reported by other laboratories! '6:!7)
confirmed our sequence data). It revealed clearly
separated domains. This suggested to us the
topology of PLP in the myelin lipid bilayer in-
dicated in Fig. 11'8)_ In this model the hy-
drophilic N-terminus (Gly'-Ala®) is positioned
together with the hydrophilic loops 3, 4 and 5
on the extracytoplasmic surface. Each of these
extracytoplasmic loops carries surplus positive
charges and most cysteine residues present in
hydrophilic loops. No cysteine residues are
located in loop 2 and the C-terminal sequence 6.

We tried to access this suggested structure in a
biochemical approach by tryptic cleavage of
hyposmotically dissociated myelin membranes.
PLP was cleaved into three large fragments"s"
which were sequenced. Trypsin, which does not
penetrate the myelin membrane, cleaved within
loops 3 and 4.

The tryptic treatment of the myelin membrane
also proved that MBP is protected by the lipid
bilayers in the cytosolic cleft, which is in agree-
ment with the electron microscopic immuno-
cytochemical localization of MBP in the MDL!'#!
and its synthesis on free ribosomes! '*).

In this paper we report the results of immuno-
cytochemical studies targeting the topology of
lipophilin in the myelin membrane and the
plasma membrane of oligodendrocytes in cul-
ture. Monospecific antibodies against synthetic
peptides with sequences within putative anti-
genic epitopes were obtained and the mono-
specific IgG fractions isolated by affinity chro-
matography. These epitopes are parts of hy-
drophilic domains protruding on the extracyto-
plasmic and cytosolic surfaces of the lipid bilayer
of the myelin membrane. The results provide
further important support for the molecular
arrangement of proteolipid protein in the
myelin membrane previously proposed in our
model!*s],

Materials and Methods

All immunochemicals were purchased from Sigma, Miin-
chen, Fmoc amino acids from Bachem AG, CH-4416
Bubendorf, Affigel 10 from Bio Rad, Miinchen, cell cul-
ture media and sera from GIBCO, D-7514 Eggenstein, all
other cell culture biochemicals from Sigma, Miinchen.

Peptide synthesis

Solid-phase peptide synthesis following the standard
procedurel2?] was carried out with 4-alkoxybenzy! resin
as solid phase (degree of derivatization 0.63 mmol/g)
and Fmoc protected a-amino acids!?!=23], The follow-
ing side chain-protected L-amino acids were used:
t-butylester of Asp and Glu, r-butylether of Ser, Thr,
Tyr, Mtr (4-methoxy-2,3,6-trimethylbenzolsulfonyl
derivative) of Arg, t-butyloxycarbonyl-protected Lys
and tritylthioether of Cys.

All amino acids were coupled with DCC in the presence
of l-hydroxybenzotriazol according to Stewart and
Youngl20] using the semiautomatic peptide synthesizer
SP640, Labortec AG, CH-4416 Bubendorf.

Peptides cleaved from the solid support were purified by
Biogel P2 chromatography with 0.1M acetic acid as sol-
vent and by isocratic reversed-phase HPLC with acetoni-
trile/water/0.1 % trifluoroacetic acid and detection at
220 nm.

The sequence of the peptides was confirmed by amino-
acid analysis, liquid-phase and gas-phase sequencing
using a Beckman peptide sequencer, Model 890C and an
Applied Biosystems Analyser Model 477 A respectively.
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Immunization

Peptides were coupled to keyhole limpet hemocyanin
(KLH)I24]_ Rabbits were immunized with 1.5 mg pep-
tide-K LH-conjugate dispersed in 750 !/ NaCl/P;, pH 7.4,
and 750 p! complete Freund's adjuvant. For production
of PLP-antisera reductively carboxymethylated protein
was used (500 ug protein for each immunization).
Animals were boostered at two-week intervals by an
intramuscular injection of the antigen suspended in
incomplete Freund's adjuvant. The titer was determined
7 days later and the blood taken by cardiac puncture,

Antibody purification

Antiserum was adjusted with (NHg4), S04 to 33% (w/v),
the precipitate collected after 30 min dissolved in
0.0175M phosphate buffer, pH 6.3, equivalent to half
the volume of the serum, and dialysed 23 days against
five changes of the same buffer. Antibodies were se-
parated by DEAE-Sephacel chromatograhy in the same

buffer, lyophilized, dissolved in NaCl/P; and chromato-
graphed on a peptide-Affigel 10 column. Unspecific
proteins were eluted with NaCl/P; , NaCl/P;/1m NaCl
and the monospecific antipeptide IgG desorbed with
0.1M glycine/6M urea, pH 2.8. The eluate was dialysed
against four changes of NaCl/P;.

ELISA

Falcon microtiter plates were coated with PLP (1 mg/m/
solubilized in 1% NaDodSO,4) or peptide at a concen-
tration of 10 ug/m! in borate-buffered saline (0.025M
disodium tetraborate, 0.9% NaCl pH 8.3) for 4 h at
room temperature or overnight at 4 °C. The plates were
then incubated with 1% BSA in NaCl/P; for 2 h at room
temperature, washed twice with phosphate buffer (0.1M
sodium phosphate pH 6.5, 1 % Tween 20) and incubated
with antiserum in the respective dilutions for 90 min

at 37 °C or overnight at 4 °C. Plates were washed three
times with phosphate buffer. A complex of alkaline
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Fig. 1. Proposed model for the molecular orientation and arrangement of lipophilin (proteolipid protein, PLP) in the

lipid bilayer of the CNS myelin membrane,

The hydrophobic lipid bilayer is indicated as stippled area, trans- and cis-membrane hydrophobic domains of PLP are
marked with Roman numbers, hydrophilic sequences with arabic numbers and sequences which were synthesized are

inserted in black boxes.






























