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Summary

The ordering and rigidity as well as the effect of calcium have been studied
on adult normal, immature normal (12 days) and adult quaking mouse mye-
lins by the spin label method. The rigidity decreases in the order adult normal,
quaking and 12-days myelin. Quaking and 12 days myelin are rigidified by
Ca?*, whereas normal adult is not. The respective roles of phospholipids and
proteins are discussed.

In arecent study of rat brain membranes by the fatty-acid spin label me-
thod, we have evidenced structural differences between myelin and synaptic
membranes, and have shown that the latter were rigidified by divalent cations,
particularly Ca®* [1—3]}.

The quaking mutation in the mouse is characterized by a decrease in mye-
lin synthesis and by modifications of its lipid and protein composition [4].
We have thus undertaken a comparative study of the physical properties of
adult normal and quaking mouse myelin. Furthermore, in order to observe
if such modifications could be related to the maturation phenomena we have
also studied myelin of immature 12-days old normal mice.

This preliminary report shows the differences concerning the rigidity and
its modification under the effect of calcium observed on the three types of
myelin.

Three different myelin preparations were made using each time 10 brains
of adult (mean weight 400 mg), 20 brains of normal immature (12-days old;
mean weight 290 mg) and 20 brains of adult quaking (mean weight 380 mg)
C 57 BL mice. These brains were homogenized (Potter apparatus) in 20 times
their weight of 0.32 M sucrose. 18 ml of homogenized brains were layered on
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15 ml of 0.85 M sucrose and centrifuged 30 min at 21 000 X g (SW 27 Spinco
rotor).

The bands of crude myelin were washed twice with bidistilled water, and
pelleted at 21 000 X g (15 min). Pellets were resuspended in 0.32 M sucrose
and again layered over 0.85 M sucrose. Bands of purified myelin were again
washed with bidistillated water and the pellets were collected in 0.005 M
phosphate buffer, pH 7.5. Protein concentrations, measured by the Lowry
method [5], were adjusted in each case in order to obtain approximately
2—3 mg/ml.

Spin labelling was performed by adding 5 ul of a 1072 M doxy] fatty acid
solution in dimethylsulphoxide to 1 ml of myelin suspension. We have used
5-doxylstearate (5-DS), 16-doxylstearate (16-DS) (SYVA Corp., Palo Alto)
and 8-doxylpalmitate (8-DP) (gift of Dr. Devaux). Electron spin resonance
(ESR) spectra were recorded with a Varian E 3 ESR spectrometer equipped
with a laboratory-built temperature regulator.

For the phospholipid analysis, myelins were lyophilized and lipids ex-
tracted with chloroform/methanol (1:1, v/v) by sonication. Phospholipids
were qualitatively and quantitatively determined on two-dimensional thin-
layer chromatography with multiple development (Pollet, S., Ermidou, S.,
Le Saux, F., Mauve, O. and Baumann, N., (1977) unpublished).

With each spin label, we have recorded the spectra obtained on the three
types of myelin as a function of temperature between 5 and 50°C. All the
spectra were interpreted by measuring the maximum coupling constant
2T ;. The results are given in Fig. 1 a, b and c. It can be observed with each
spin label on the three myelins studied, that the temperature variations are
approximatively linear. The coupling constants of normal myelin are always
the highest, whereas that of 12-days myelin are the lowest, and that of the
quaking myelin have intermediary values. The same results are obtained when
the spectra are interpreted by measuring the order parameter (S) [6]. How-
ever, this measurement is possible only in the case of 5-DS and 8-DP. With
16-DS, the coupling constant 2 T | is not measurable due to the high fluidity
of the phospholipidic region this label explores. Table I gives the values of the
order parameter as a function of temperature, in order to allow comparisons
with other biological membrane structures [1].

The effect of Ca®* was studied in the concentration range 3-10™* —10"2 M,
at 35°C on the three types of myelin and with the three labels. No effect was
observed with 8-DP or with 16-DS. On the other hand, a noticeable increase
of the order parameter measured with 5-DS in quaking or 12-days myelin
was observed and only a slight increase at the maximum Ca®* concentration
studied in the case of normal myelin (Fig. 2).

The phospholipid composition of normal adult and quaking myelin is
given in Table II. These results complete and confirm those obtained pre-
viously by Singh et al. [7]. It can be observed that acidic phospholipids are
not significantly different in either myelin type.

Fig. 1. Variations of the 2 T // coupling constant as a function of temperature, measured on: X——X,
normal adult myelin; c——o0, quaking myelin: &———a 12-days myelin. The bars indicate the maxi-
mum deviations obtained with the three different preparations experimented in each case. a, 5-Doxyl-
stearate: b, 8-doxylpalmitate: c, 16-doxylstearate.
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TABLE I

TEMPERATURE VARIATIONS OF THE ORDER PARAMETER (S) MEASURED ON MYELINS

LABELLED WITH 5-DOXYLSTEARATE AND 8-DOXYLPALMITATE

Normal 12-days

Quaking adult

’I;emperature Normal adult
cC) myelin myelin myelin
5-Doxylstearate
25 0.74 0.68 0.71
35 0.63 0.67 0.62
45 0.66 0.49 0.53
8-Doxylpalmitate
25 0.71 0.60 0.65
35 0.69 0.51 0.54
45 0.49 0.38 0.43
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Fig. 2. Relative variations of the order parameter measured at 35°C with 5-doxylstearate on the three
types of myelins as a function of Ca?* concentration. (Same symbols as Fig. 1.)

TABLE II

MOUSE MYELIN PHOSPHOLIPIDS (ug/mg dry weight)

Phosphorus
Phosphatidylethanolamine
Phosphatidylcholine
Phosphatidylserine
Phosphatidylinositol
Sphingomyelin

Normal
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19.4
2.9
9.1
3.8
1.0
2.6
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TABLE III

MAIN CHARACTERISTICS OF THE MOUSE MYELIN COMPOSITION

Normal 12 Days Quaking Ref.

Total protein (%) 21 26 33 4
Basic protein
(ug/100 ug) 37.3 17.1* 17.1 9.10
Proteo-lipid protein
(ug/100 ug) 24.1 8.0* 7.6 9,10
Cholesterol
(mg/100 mg lyophilized myelin) 16 18 17 4
% Total lipid 22.8 19 7
Total phospholipids
(mg/100 mg lyophilized myelin) 38 37 37 4
% Total lipid 47.8 56.4 7
Total glycolipids
(% total lipid) 29.4 24.5 T
Galactolipids
(mg/100 mg lyophilized myelin) 24 19 11 4
Principal fatty acids
(% total phosphatides)

16 : 0 19.6 28.5 ki

18:0 24.6 27.8

18:1 27.6 17.2

20:1 5.0 1.1

20: 4 7.7 7.7

22:6 8.1 12.0

*10 days.

The variations of the spin label spectroscopic parameters are qualitatively
identical with those observed on many other biological membranes. Normal
mouse myelin is slightly more rigid than rat myelin, particularly when the
intermediate region of the phospholipid layer is studied (8-DP) [2].

It is difficult to correlate the observed variations of order and fluidity of
the three myelins studied with the known modifications of their lipid
composition. The observed variations of cholesterol, long chain and double
bonded fatty acids (see Table I1I) do not allow their resulting effects on the
physical state of the membrane to be predicted. In fact, the cholesterol and
the total phospholipid contents are not modified and non-systematic varia-
tions of the principal fatty acid levels are observed.

The fact that the 2 Ty values measured on adult quaking myelin are inter-
mediate between that of normal and 12-days myelins can be interpreted as
indicating a lack of maturation in the structural disposition of the membrane
constituents of quaking myelin.

The more interesting observation of this preliminary study seems to be the
increase of the order parameter of 12-days and quaking myelin in the pre-
sence of Ca?*. This ion is known to bind with high affinity to acid phospho-
lipids of the membrane [8]. However, no important modifications of this
type of phospholipids are observed between the different myelins (Table II).
On the contrary, previous studies have shown that 12-days and quaking mye-
lin are characterized by a decrease in their Folch proteolipid and basic pro-
tein contents (Table 1II) by comparison with that of the adult myelin. It has
been shown that these proteins with basic properties bind on acidic phospho-
lipids [11—13] and that the basic protein could be the organizer molecule
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responsible for the myelin compactness [14,15]. It can be suggested that the
decrease of these proteins in quaking and 12-days myelin either unmasks
acidic phospholipid groups, increasing the affinity for Ca?*, or leads to a less
tight structure, making more phospholipids accessible to Ca?*.

This work was done with the financial support of DRME (Contracts No.
76/1148 and 76/34041).
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