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matography - mass spectrometry (GC-MS) in a
Hewlett-Packard 5890 (USA) chromatograph with
a HP-1 methyl silicon capillary column.

As it has been indicated above, after cutin depo-
lymerization by saponification, polysaccharide and
phenolic material were removed using anhydrous
hydrogen fluoride and acidolysis procedure,
respectively. The resultant residue was refluxed in
tetrahydrofuran for 48 hours. This reflux allowed
the extraction of the waxy components that are
major constituents of the white lines. In isolated
cuticles of Clivia miniata leaves, the main constitu-
ents identified were fatty acids and «-alkanes. The
major fatty acids found were hexadecanoic
(12.6%) and octadecanoic (9.1%) acids and small
amounts of cis 9-octadecenoic acids (9.4%). In ad-
dition, «-alkanes contribute significantly to the to-
tal composition (41%). These «-alkanes range

Fig. 2. Molecular model of a bilayer composed by fatty
acids and /-alkanes showing a molecular arrangement
stabilized by hydrophobic interactions between the hy-
drocarbon tails of both types of molecules.The picture
shows the van der Waals surface of this arrangement
formed by monomer constituents of the translucent la-
mellae. The model takes into account a high molecular
packing of the fatty acids and «-alkanes.The polar func-
tional groups (carboxylic acid groups) are just located at
the top and bottom (darker zones) of the bilayer. Mean
theoretical thickness of this bilayer is 4.9 nm. Molecular
modellization was obtained by standard molecular dy-
namics calculations using the HyperChem program
(HyperCube Inc.. Ontario. Canada).
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from Cig to C26 with C2 being the most predomi-
nant. Self-assembly of these components, taking
into account the behavior above described, will
provide a bimolecular lamellae of 5 nm as was ob-
served and reported by several authors (Riederer
and Schonherr, 1988). These white lines are known
to alternate with dark bands formed by a branched
cutin polyester mainly composed by 9,16 and
10,16-dihydroxyhexadecanoic, 18-hydroxy-9-octa-
decenoic and 9,10-epoxy-18-hydroxyoctadecanoic
acids (Riederer and Schonherr, 1988). Fig. 2 shows
a theoretical model of the bilayered arrangement
of the translucent lamellae.

It is interesting to note that the fatty acids found
in the white lines are not present in the composi-
tion of C. miniata cutin but are precursors or inter-
mediates in the biosynthetic pathway of C 16 and
C 18 hydroxyfatty acids which form the framework
of the polyester cutin and cuticular waxes that
cover the outer surface of plant cuticles (Kolattu-
kudy, 1996).

The physiological significance of this layered ar-
rangement in different barrier biopolymers seems
clear. This disposition of polar and non-polar com-
ponents in different laminae strongly increases the
resistance of the polymer to water loss, leading to
a very low cuticular transpiration in plants that
show this pattern. This could be interpreted as an
evolutionary advantage to maximize the water dif-

Fig. 1. Transverse transmission electron micrograph
(TEM) of a thin section of suberized root exodermis cell
wall of Clivia miniata Reg. stained with osmium tetrox-
ide. The micrograph (x160.000) shows the characteristic
suberin lamellae deposited in the secondary cell wall
(SW). Opaque layers are of variable thickness, whereas
the lucent wax layers appear with narrower and more
uniform thickness. LM: middle lamella: PW: primary
wall: TW: tertiary wall and WL: wax layers. Magnifica-
tion bar. 100 nm.
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fusion resistance. This fact is supported by cuticu-
lar conductance data which show that plant cuti-
cles with this lamellae structure have a lower
cuticular conductance (Kerstiens, 1996).

In the case of suberin is noticeable to point out
that Soliday er a/.(1979) reported that the specific
inhibition of the synthesis of the white lines waxes
resulted in severe inhibition of diffusion resistance
to water vapor. It is important to stress that, as it
occurs in the plant cuticle, self-assembly of non-
polar waxes in electron-lucent lamellae takes
place. X ray diffraction results of C miniata puri-
fied suberin obtained in our laboratory from root
hypodermis, showed a diffraction peak corre-
sponding to a basal spacing of 4.7 nm that corres-
ponds to the arrangement of the white lines
(Fig. 1). Diffraction peaks corresponding to
shorter molecular distances were not observed.
Although waxes are present in the translucent

Jeffree C. E. (1996), Structure and ontogeny of plant cu-
ticles. In: Plant Cuticles, an Integrated Functional Ap-
proach (Kerstiens G., ed.). Bios Scientific Publishers,
Oxford, 33-82.

Kerstiens G. (1996), Cuticular water permeability and its
physiological significance. QBxp. Bot. 1813-1832.

Kolattukudy P. E. (1996), Biosynthetic pathways of cutin
and waxes, and their sensitivity to environmental
stresses. In: Plant Cuticles, an Integrated Functional
Approach (Kerstiens G., ed.). Bios Scientific Publish-
ers, Oxford, 83-108.

Riederer M. and Schonherr J. (1988), Development of
plant cuticles: fine structure and cutin composition of
Clivia miniata Reg. leaves. Planta 127-138.

143

lines in high amounts they do not form crystals,
reinforcing the idea that they are entrapped and
randomly distributed in the biopolymer matrix
holes.

Finally, a comment should be made on the com-
mon feature mentioned above. Self-assembly of
specific lipid compounds is a valuable chemical
property. It is a direct consequence of their chemi-
cal nature. From a biological point of view, this
process facilitates the cellular and trans-cellular
self-organization yielding, in this case, specific
supramolecular structures that form the protective
barriers of aerial and underground plant tissues.

Acknowledgements

This research has been supported by Direccidon
General de Investigacion Cientffica y Tecnica, pro-
ject PB94-1492.

Scott R.J. (1994), Pollen exine - the sporopollenin
enigma and the physics of pattern. In : Molecular As-
pects of Plant Reproduction (Scott R.J. and Stead
A. D., eds.). Cambridge University Press, Cambridge,
49-81.

Soliday C. L., Kolattukudy P. E. and Davis R. W. (1979),
Chemical and ultrastructural evidence that waxes as-
sociated with the suberin polymer constitute the ma-
jor diffusion barrier to water vapor in potato tuber
@olanum tuberosum L.). Planta 607-614.

Walton T. J. (1990), Waxes, cutin and suberin. In: Meth-
ods in Plant Biochemistry 8 105-158.



