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Abstract The basic protein of myelin (called MBP) isan
extrinsic protein of the myelin membrane. Its structure and
function are still unknown. MBP has been extensively
studied in its water-soluble form, but it is also known in a
detergent-soluble form, whichispurified with endogenous
myelin lipids and should correspond to the native form of
the protein in the membrane. In order to acquire insight
intothestructureof MBP, wehavecarried out circular dich-
roism (CD) experiments on the protein both in the lipid-
free and in the lipid-bound form. Our data clearly show
that lipid-free MBPismainly disordered with only asmall
amount having a-helix and B-sheet motifs. On the other
hand, the lipid-bound form of MBP appearsto have a con-
sistent amount of ordered secondary structure. Theoretical
predictions, made using different computational methods,
substantially confirm the tendency of the protein to assume
an ordered secondary structure in accordance with our CD
results.
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Introduction

Myelin is the multilamellar membranous sheath sur-
rounding nerve axons and myelin basic protein (MBP) is
a mgjor protein of this membrane both in the central
(CNS) and peripheral nervous systems (PNS) (Marten-
son 1992; Smith 1992). MBP has been extensively stud-
ied as the autoantigen responsible for experimental auto-
immune encephalomyelitis (EAE), a model for multiple
sclerosis (Martenson 1992), and as the main agent in the
formation and compaction of CNS myelin (Riccio et al.
1986; Readhead et al. 1987). Attemptsto determine MBP
structure in compact myelin have failed. Spectroscopic
studies carried out on MBP purified in agueous solution
have shown that the protein probably has a substantially
disordered conformation, which is however prone to
changes in the presence of detergent and lipids (Marten-
son 1992). On these grounds, great interest has been de-
voted to understanding how the water-soluble, lipid-free
MBP (LF-MBP) interacts with lipids in the membrane
and how this interaction may influence MBP structure.
Using adifferent approach to the problem, MBP has been
extracted from the myelin membrane with detergents and
purified with bound lipids (Riccio et al. 1984, 1990,
1994). Lipid-bound MBP (LB-MBP) was found to differ
in several functional aspects from the corresponding
lipid-free form of the protein (Riccio et al. 1986; Bobba
etal.1991; Lolli etal. 1993; Massacesi et al. 1993; Liuzzi
etal. 1996; Vergelli et al. 1997; Mazzanti et al. 1998), but
a deep investigation of its structure has long been diffi-
cult because of the presence of detergent, lipids and pro-
tease inhibitors in the sample mixture. Using circular
dichroism (CD) on MBP preparations obtained at low de-
tergent concentrations and in the absence of interfering
additives, in this paper we demonstrate that the MBP co-
purified with all the myelin lipids possesses a more or-
dered structure than the lipid-free form of the protein.
Thisresult isin good agreement with theoretical predic-
tions and suggests that such a structure is a native prop-
erty of MBP in the myelin sheath.
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Materials and methods
Preparation of myelin

Myelin was prepared from bovine brain white matter
using two cycles of sucrose gradient plus osmotic shock.
Material floating on 0.8 M sucrose after the second gradi-
ent centrifugation was washed twice and stored at —70°C
(Riccio et al. 1994).

Purification of LF-MBP

MBPwaspurifiedinthelipid-free, denatured form accord-
ing to Deibler et al. (1972, 1984).

Purification of LB-MBP

MBP was purified in the lipid-bound, native-like form us-
ing the zwitterionic detergent 3-[(3-cholamidopropyl)di-
methylammonio]-1-propanesulfonate (CHAPS) (Boeh-
ringer, Mannheim) according to the procedure previously
described (Riccio et al. 1994), but in the absence of addi-
tives such as protease inhibitors, and in one step only.
Briefly, following a pretreatment of myelin with 0.5 M
NaCl and 20 mm Hepes, pH 7.4, LB-MBP was extracted
from the myelin residue using 2% CHAPS and 20 mwm
Hepes, pH 7.4, and applied to a hydroxyapatite column
equilibrated with 1% CHAPS and 20 mm Hepes, pH 7.4.
LB-MBP was collected from the non-adsorbed, pass-
through fractions, lyophilized and stored in a deep freezer
at —70°C until use. The minimum lipid content of MBP af-
ter dialysis was 1.5 mg phospholipids/mg protein. As as-
sessed by densitometric analysis of TLC plates (3 experi-
ments), the relative percentage of lipids bound to MBP
werethefollowing: cholesterol 26+ 2, cerebrosides6.5+ 2,
sulfatides 8.0+ 8.0; phosphatidylethanolamine 32.6+9.1;
phosphatidyl inositol 5.2+0.8; phosphatidylserine
4.3+1.3; phosphatidylcholine 15.60+ 0.04; sphingomyelin
3.50+0.04.

Purification of myelin lipids

Myelin lipids were extracted from bovine brain with 19
volumes of chloroform/methanol (2:1), as described in
the procedure for purification of LF-MBP. Proteins were
separated using the procedure of Folch et al. (1957).
The lipidic phase was dried under nitrogen and stored at
—70°C.

Absorption measurements

Absorption spectra were obtained using a Jasco 7850
UV-VIS spectrophotometer. The protein concentration
was evaluated assuming a molar extinction coefficient
£=10300 M~ cm™ at 276.4 nm (Liebes et al. 1975). In

the case of LB-MBP, where scattering was present, the ab-
sorption spectra were corrected in accord to Cavatorta
et al. (1986).

Fluorescence measurements

Fluorescence measurements were performed using a Per-
kin-EImer LS50 spectrophotofluorimeter. The lipid-free
protein was dissolved in 20 mm Hepes buffer, pH 7, and
the lipid-bound protein in the same buffer plus detergent,
immediately before use. The excitation wavelength was
kept at 295 nm, where only the single tryptophan residue
Trpl15 absorbs. The absorbance of the samplesat the same
wavelength never exceeded the value of 0.03, in order to
avoid inner filter effects.

Circular dichroism measurements

CD experimentswere carried out using a Jasco J715 spec-
tropolarimeter, calibrated with ammonium d-10-cam-
phorsulfonic acid. The measurements were performed in
the far-UV spectral region, where also the detergent ab-
sorbs. To minimize the inner filter effect caused by
lipids and detergent, the spectra were obtained using a
cell of 0.01 cm ogtical pathlength, at a protein concen-
tration of 2.5x10™ M. In these conditions the absorbance
of the samples in the presence of detergent was about
1 at 190 nm.

In order to reduce scattering artifacts, the cell was al-
ways placed immediately before the photomultiplyer.
However, moving the cell along the optical path in the cell
compartment did not cause any detectable variation in the
CD spectra.

The relative amounts of ordered secondary structurein
the proteins were evaluated by analyzing the spectra with
the convex constraint analysis (CCA) method, devel oped
by Perczel et al. (1991, 1992).

Theoretical predictions

The secondary structure of MBP was predicted with 10 of
the most used prediction tools by means of different web
servers. They are: the Gibrat method (Gibrat et al. 1987),
the Levin method (Levin et al. 1986), the double predic-
tion method (DPM) (Deleage and Roux 1987), the self-op-
timized prediction method from alignments (SOPMA)
(Geourjon and Deleage 1995), the PHD predict protein
(Rost and Sander 1994), the binary word method, com-
bined with the GOR and the neural network method (BW-
MGOR) (Kawabata and Doi 1997) the quadratic-logistic
(QL) (DiFrancesco et al. 1995), the neural network (NN)
method (Kneller et al. 1990), the Garnier-Osguthorpe-Rob-
son method, version 1V (GOR-1V) (Garnier et al. 1996)
and the predator method (Frishman and Argos 1995). The
sequence of bovine MBP was retrieved from the Swiss-
Prot databank (accession number: P02687).



Results and discussion

The fluorescence spectra of LF-MBP in buffer, LF-MBP
in 0.5% CHAPS and LB-MBP in 0.5% CHAPS are shown
in Fig. 1. The spectrum of LF-MBP in buffer (spectrum a)
shows an emission maximum at 355 nm, indicating that
the Trp115 residueis exposed to the solvent, in agreement
with previous reports (Cavatorta et al. 1988). The addition
of 0.5% CHAPS (spectrum b) causes an increase in fluo-
rescence intensity and a small but detectable blue shift
(1.5 nm) in the maximum wavelength. The interaction of
LF-MBP with detergents has been extensively investi-
gated (Smith 1992). In general, it has been suggested that
LF-MBP interactsstrongly with anionic detergents such as
sodium dodecyl sulfate (SDS) (Smith and McDonald
1979; Burnset al. 1981; Burnsand Campagnoni 1983) and
less strongly with non-ionic detergents that can, in some
cases, cause the formation of hexameric complexes of the
protein (Mendz et al. 1984, 1990). The fluorescence be-
havior of LF-MBP with CHAPS suggests that the deter-
gent micelles can bind to some sites of the protein, slightly
protecting the Trp fluorescence from the quenching effect
of the solvent.

The presence of the intrinsic lipids around MBP (LB-
MBP, spectrum c) causesafurther increasein theintensity
of the fluorescence emission spectrum and a blue shift of
7.5 nm of the maximum. This effect could be explained by
an increased shielding of the Trp residue from the solvent
and provides evidence that the lipids are bound to the pro-
tein.

Figure 2 contains the CD spectra of LF-MBP in buffer,
LF-MBPin 0.5% CHAPS and LB-MBP in 0.5% CHAPS,
and the best fits of the experimental data obtained with the
CCA method (Perczel et al. 1991, 1992). With thismethod
the percentage of secondary structure has been estimated
from the five pure component curvesthat can be attributed
tothe a-helix, antiparallel 3-sheet, 3-turn, random coil and
“other” structures (Table 1).

In order to seeif thelipids bound to the protein contrib-
ute to the CD spectra, we carried out a measurement on a
suspension of lipid extracted from myelin with the deter-
gent, at a concentration comparable to that present in the
protein sample. In the wavelength range used for the sec-
ondary structure analysis (195-240 nm), the lipids did not
show any detectable CD signal.

From the analysis performed on the CD spectra the
changes in the amount of secondary structure correspond-
ing to changes in the intensity of each pure component
curve can be seen. In particul ar, theincreasein the ordered
a- and antiparallel B-structures on going from a polar
(LF-MBP) to an apolar (LB-MBP) environment is quite
evident. Such an increase corresponds to aloss of the ran-
dom coil and, to a lesser extent, of the B-turn structures.
The “other” type of contributions totally disappear in the
LB-MBP spectrum. These results demonstrate that MBP
assumes a more ordered conformation in the lipid-bound
form. Thisisthefirst CD study carried out on MBP copur-
ified with bound myelin lipids as alipid-protein detergent
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Fig. 1 Steady-stateemissionspectraof LF-MBP (a), LF-MBP with
0.5% CHAPS (b) and LB-MBP with 0.5% CHAPS (c) in 10 mm
Hepesbuffer, pH 8. The emission maximum wavelengths are respec-
tively 355, 353.5 and 347.5 nm
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Fig.2 CD spectra of LF-MBP (circles), LF-MBP with 0.5%
CHAPS (sguares) and LB-MBP with 0.5% CHAPS (triangles) in
10 mm Hepes buffer, pH 8, and the best fits (solid line) of the ex-
perimental data obtained with the CCA method (Perczel et al. 1991,
1992)

Tablel Decomposition of MBP CD spectra by the CCA method

a-Helix Anti-  (3Turn Ran- Other
(%) parallel (%) dom structure
[B-sheet coil (%)
(%) (%)
LF-MBP 51 6.0 359 527 03
LF-MBP+CHAPS 8.6 7.2 324 517 01
LB-MBP 23.8 20.3 279 280 0.0

complex. A very large set of experimentson the MBP con-
formation has been already carried out, but upon adding
specific lipids to lipid-free MBP (for a review see Smith
1992). More recently, it has been shown that addition to
MBP of lipids extracted from myelin can actually induce
an increase in the secondary structure of MBP (Stuart
1996).
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Table2 Theoretical prediction of secondary structure of MBP?

1 10 20 30 40 50 60

| | | | | | |
ARQRRPSQRSKYLASASTMDHARHGFLPRHRDTGILDSLGRFFGSDRGAPKRGSGKDGHH
EHE. .. .HHEEEEHHHHHEHHHHE. EE Bl

MBP sequence
Gibrat method

Levin method
DPM method

AAAAAAAA H.HHH...HHHHEHHH..........HHH.H.H.........
Hooool EHH.H. .H.HHH........... EE..... E

SOPMA predict E.vvvann HHEHHHEEHHEHHHH
PHD N .

BW-MGOR e

QL HH.

PREDATOR

I IT
70 80 90 . 100 110 120
| \ \ \ | |
MBP sequence AARTTHYGSLPQRAQGHRPQDENPVVHFFRNIVTPRTPPP SL EGQ
Gibrat method EEEEEEE. .... HH.......... EHHEEE................

Levin method
DPM method
SOPMA predict
PHD

HE....E....H............ HHHHEHH.E....

PREDATOR
ITT v \%
130 140 150 160

| |
KPGFGYGGRASDYKSAHKGLKGHDAQGTLSKIFKLGGRDSRSGSPMARR
....EEE..E. .HHHHHHHHE. .HHHHHHHHEEEE. ......... EEEE
.......... HHHHHH.HH. ... .HHHHHHHEEE............EEE

MBP sequence
Gibrat method

Levin method
DPM method
SOPMA predict
PED

BW-MGOR

oL

NN

GOR-1V
PREDATOR

VI

VII

8 H=helix, E=extended (beta strand)

Following the CD experiments, the protein has also
been analyzed using computational predictive methodsin
order to give support to the results obtained by spectro-
scopic technigues. Computational analysis has also been
reported by Stoner (1984, 1990), Martenson (1986) and,
recently, by Ridsdale et al. (1997). The different kinds of
predictive methods have made it possible to identify seven
potentially structured segments (Table 2). Segments 1-V1I
are formed by residues 9-24 (1), 3543 (11), 6167 (I11),
85-93 (1V), 107-115 (V), 131-139 (VI) and 146-155
(VI1), respectively. The average flexibility of the protein,
as evaluated by Bhaskaran and Ponnuswamy (1984), is
high (data not shown), with all the peaks situated in corre-
spondence with the loops between the seven segments.
Thisresult confirms the quality of the prediction.

Itisvery interesting to note that five of the seven struc-
tured segments correspond exactly to the five putative
[-sheets proposed by Stoner’s model (Stoner 1984, 1990).
They are segments |, I, 1V, V and VII. Segments IV and
V are the only ones that are predicted strictly in the ex-
tended structure by almost all the predictive methods, and
it can be concluded that they are the most stablein the dif-
ferent environments. Segment | isthemost ambiguous seg-
ment, because the prediction shows a helix pattern at var-
iance with the (-sheet structure presented in the Stoner
model.

Segments |11 and VI arein the region of the two a-hel-
ices proposed in the same model. The prediction confirms

this fact, so segments |1l and VI can be considered as
a-helices. The hydrophobicity plot (Kyte and Doolittle
1982; Eisenberg et al. 1984) and the cal culation of the res-
idue accessibility (Janin 1979) indicate (data not shown)
that these two segments could be exposed on the surface
of the molecule.

The prediction givesthe potential structure of the mole-
cule. It is plausible that a lipid environment can stabilize
the ordered conformation of extrinsic membrane proteins,
so that the prediction could give the structure of the pro-
tein in the presence of itsintrinsic lipids (LB-MBP). Lip-
ids could shield the molecular structure also, stabilizing it
in an unfavorable environment.

When thistheoretical analysisis compared with the re-
sults obtained from the CD measurements, we can put for-
ward the following hypothesis:

1. In agueous solution the MBP is substantially unor-
dered, perhaps with a low amount of a-helix (5-9%)
and (-sheet (6-10%) that could correspond to segments
[11 and VI for helix and segments IV and V for 3-sheet
structures.

2. In the presence of intrinsic lipids the protein assumes
amore ordered structure, showing four 3-sheet regions
(segments 11, 1V, V and VII) and two a-helix regions
(segments 111 and VI). We suppose segment | is an
a-helix, in agreement with the theoretical prediction,
becausein thiscasethe amountsof a-helix (18.9%) and
[3-sheet (21.3%) fit well with theresults of the CD anal-
ysis (23.8% and 20.3%, respectively). However, the
possibility that segment | could have a 3-sheet struc-
ture, as predicted by Stoner and Martenson, cannot be
ruled out at this time. The prediction of SB-turns, ob-
tained with two different methods (Chou and Fasman
1978; Levitt 1978), gives avalue of 27.2% which cor-
responds strictly with that obtained by CD (27.9%).

All the structural information collected will be used in
the near future for the construction of theoretical models
for the three-dimensional protein structure. By means of
molecular dynamic techniques, we will try to determine
the most stable conformation in the different environ-
ments.
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