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Cross-sectional view of myelin figures
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Cross-secnnns of myelm figures from an egg-yolk phosphatidylcholine / water system were observed directly by use of a

pe (SEM) equi

d with a cryo-stage system, for the first time. Observations were made at a

temperature of about —140°C and at a relatively low magnification so as to obtain an accurate view of the entire
structures of myelin figures, as well as the growth behavior of them. The observed internal structares of myelin figures
were partly consistent with those in previous reports based upon optical experiments.

Myelin figures are peculiar structures which are found
in systems of an amphiphilic molecules and water.
From previous observations (e.g., optical and X-ray
studies), each of them is thought to be of a multi-
lamellar rod like structure in which stacked bilayers of
amphiphiles, alternating with water layers, are con-
centrically wrapped around a rod-like core-axis of water.
But the internal structures of myelin figures have not
previously been directly observed. The growth beh

was put into the hole of a cell made of a cylindrical
aluminium block and a dmp of pure water was then
placed upon the p

myelin figures started lo grow at the phosphatidyl-
choline/ water interface, growing in bunches towards
the free water. After about 5 min of growth, myekn
figures of between 10 and 20 pm in thickness ard
several hundred micrometers in length had formed at

and structure of myelin figures have been generally
observed only under an optical microscope and
dinly only the 1 app of the figures

has been ieported on [1,2] (Fig. 1).
Although there have been some previous reports on
the observation of sectional views by utilizing replicas
taken from the frozen of the blage of

the phosphatidylcholine/ water interface. The cell was
then placed into liquid N, of —210°C (a nitrogen slush
preparation) for about 5 min. After setting the specimen
into the cryo-system of the mi pe, the frozen
myelin/ water system w>s cut with a knife, which had
been already set into the microscope, to observe the
cross-section of the specimen.

lipid molecules, those reports have focused on the
vesicles and particles of phospholipid dispersed in water,
and have revealed partly rolled and aggregated struc-
tures which have diameters less than 2 pm [3,4]. The
inner and growth h of the myelin
figures, obtained through their cross-sections, have not
previously been examined.

By use of a scanning electron microscope (JSM-840A)
which was equipped with a cryo-system, the

A i of biological cell can suffer from the
freezmg damage and/or alteration. However, it is re-
ported that such damage and/or alteration of the cell
can be avoided or limited by replacing water in and
around the cell with a glycerol/water mixture [5,6].
Moor reported that, in the case of yeast cells, specimens
frozen in a 20 vol.% glycerol / water solution, in contrast
to those treated in water alone, were protected from
damage due to freezing regardless of the cooling rate

tions of the growing myelin figures were observed at a
temperature of about —140°C. Fig. 2 ill the

5] A dingly, as a control, we grew myelin figures in
a 20 vol.% glycerol/water mixture and observed the

experimental arrangement used to observe the cross-sec-
tions of myelin figures. Egg-yolk phosphatidylcholine

Correspondence: 1. Sakurai, Institute of Physical and Chemical Re-
search, Hirosawa, Wako, Saitama 351-01, Japan.

of myciin figures under -the same condi-
tions as we observed the cross-sections of figures grown
only in water. By comparing cross-sections taken from
figures grown in a 20 vol.% glycerol/ water mixture with
figures grown only in water, we found that there was
little difference between the two samples, at least before
etching treatment, and concluded that the freezing
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Fig. 1. Myelin figures of phosphatidylcholine/water system observed by a polarizing microscope after about 5 min from the start of growth. These
figuras have grown in the 50 s:m gap between a slide and a cover glasses placed horizontally.

damages did not affect the observed structures of fig-
ures grown in water, at least in the observation at low
magnification as in the present case.

Fig. 3 is a photograph of the ‘as cut’ cross-sectional
view of myelin figures imunediately after an incisicn was
made along cutting plane C1 in Fig. 2, which was taken
by use of SEM at about —140°C. This photograph
depicts the ‘root’ region of the myelin figures and, while
only loose contours of the figures can be observed, we
can see the figures are ciosely packed and in contact

Water

Myelin figures

with one another. In order to obtain the more detailed
image of the tion, the water molecules, which
existed in the water cores as well as in the water layers
between the stacked bilayers and in the gaps between
neighboring myelin figures, were partly evaporated by
“etching’ at 80°C for 3 min.

Fig. 4 represents the same portion of the cross-sec-
tion as appears in Fig. 3 after the etching process, and
we are able to see the interna! structure of the myelin
figures in much greater detai’. Each myelin figure con-

10mm

Fig. 2. A schematic representation of the cross-sectional view of observation cell and specimen for SEM observation. PC, phosphatidylcholine.
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sists of a cylindrical roll of stacked bilayers which exist
from the outer surface of myelin figures to the figure’s
center core where water molecules had previously ex-
isted. After the etching, we could observe that the
stacked bilayers in the cylindrical roll were partially
aggregated giving the stripes in the figure. Judging from
the magnification of SEM observation, each stripe is an
aggregation of several stacked bilayers, although it seems
to show the thickness of one layer in stacked bilayers.
This aggregation of stacked bilayers occurred during the

cooling and etching p panying probably

partial crystallization, A number of chinks were ob-
served in the region of the stacked bilayers. This
metamorphosis in the stacked bilayers was due to an
anisotropy in the expansion coefficient in the bilayer
plane {7,8] which occurs during the course of rapid
cooling and etching. The parts of the stacked bilayers
along the outer surfaces of those figures were loosely
wrapped around the figures’ extericrs and were making
contact and fusing with neighboring figures. In ad-

a

ot 4

Fig. 6. (i) The outer surface of myelin figures, observed in the direction of the thick arrow in Fig, 2. Cross sections ‘A’ and ‘B’ are sections of the

same myelin figure cut apart. They are sections of a folded part of myelin figure. The surface of specimen was treated by a vacuum deposition of

20l after etching. The tip of a helical form in aa carly stage of deformation can be seen in (i) D. The white bar represents 10 pm. (ii) Complicated

structures of myelin figures under a polarizing microscope. The ‘double helix’ of myelin figure consists of two simple myelin rods having the same
diameter (B, C, and D, and aiso (i) C). The arrow represents the direction of growth in a folded myelin figure.



dition, we observed fragments of stacked bilayers which
seemed not to belong to myelin figures. In contrast,
observations ¢’ cross-sections taken from figures at
cutting plane C2 in Fig. 2, the “tip’ region, revealed that
the stacked bilayers along the outer surfaces of the
myelin figures were tightly wrapped around the figures’
exteriors and generally the figures were only in contact
with one another. Furthermore, as Fig. 5 illustrates.
fragmented bilayers were not found in the figures tip
regions.

Because of their low modulus of bending (9] the
myelin figures often bent or ‘folded over’ while grow-
ing. As has been previously reported, the initial growth
of myelin figures is diffusion-limited, and the diffusion
is along the long axis of myelin figure [1] from the root
to the top.

An optical pe observation led that when
a figure bent and folded, the outer region at the top of
the folded part of the figure became an additional
growth point (e g., Fig. 6(ii) A the thick arrow shows
the additi growth di ). By a tion
from the folded part in a myelin figure (Fig. 6(i) A and
B where B was cut apart from A), we were able to
obtain information on the growth mechanism in that
region.

As photographs Fig. 6(i) A and B reveal, the water
cores of myelin figures are slightly off-centered and
biased towards a and b. Accordingly, the radii from the
core of figures are shorter for the core to point a or b
than for the core to point 2" or b, but the numbers of
stacked bilayers which exist ulong the longer and shorter
radii of figures zre thought being equal. This equality
implies that stacked layers (each layer consists from a
lipid bilayer and a water layer) existing along the shorter
radius of the figures (core to point a or b) are thinner
than those existing along the longer radius of figures
(core to point a” or b'). Consequently, the difference in
the ratio of the thickness between the water layer and
the bilayer within each stacked layer should exist be-
tween in shorter radius and in longer one. In the longer
radius, the ratio of the water layer of the stacked layer
is greater than in the shorter one. According to Small
[10] the situation implies that the thickness of lipid
bilayers in longer radius is less than that of the shorter
radius and the surface area occupied by a lipid molecule
is smaller in the shorter radius than that in the longer
radius. Accordingly, the ion of lipid mole-
cules in each stacked bilayer is higher in the region of
shorter vadivs than in the longer radius and there exists
a conzentration gradient of lipid molecules around each
stacked bilayer in the cross-sectional plane. In the
cross-sectional plane of this folded region, which is
perpendicular to the long axis of figure, lipid molecules
tends to move in each stacked bilayer from the region of
shorter radius towards the that of longer one. The
concentration gradient of lipid molecules also exists in
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the bilayers along the long axis of the myelin figure,
higher in the root region and lower in the top region,
and lipid molecules tend to move towards the top of the
myelin figure from the root region {11}. In addition, a
concentration gradient due 1o a curvature strain in the
folded region may also exist along lhe long axis of
myeiin figure. These cc i
that in the cross-sectional plane perpendlcular to the
long axis of myelin figure, should drive the growth at
the additional growth point at the tip of the folded part
as shown in Fig. 6(ii) by <. arrow.

In addition, Fig. 6 demonstrates another important
feature on the growth mechanism of myelin figure. Fig.
6(i) C represents a helical structure (i.c., a double helix
of two simple myelin rods having equal diameters; see
Fig. 6(ii) B, C, and D). The outer surfaces of the two
myelin rods of a helix are not in close contact exzept in
the top region (Fig. 6(i) D). Optical microscopic ob-
servation did not allow us to state conclusively how
growth occurs at the tip of the helix structure. However,
we can estimate that the helical growth occurs due to a
deformation of the loop at the tip of the structure where
the two rods of the helix are connected one another,
and a new pitch of the helical structure is formed at the
tip. Fig. 6(i) D is an example of deformation which
occurs at the tip of the twisted helical rods in an early
stage of helical growth.

We think that the method described here is useful to
clarify the internal structure of complicated myelin fig-
ures, which may afford us an opportunuy to understand
the mechanism of self-organi and self: ly of
the lipid molecules into cell

The authors are grateful to Dr. H. Sakairi and Dr. Y.
Kawamura of The Institute Physical and Chemical Re-
search for his kindness in giving us the opportunity to
use SEM and for valuable discussions, respectively.
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