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Frey- Wyssling Complex in Hevea Latex
Uniqueness of the Organelle
J.B. GOMEZ* AND SAMSIDAR HAMZAH*

Frey-Wyssling (FW) complexes, the third most numerous major organelle in Hevea latex,
is examined by electron microscopic techniques to unravel (he morphological variability with
respect to developmental states and sedimentation characteristics. In examples drawn from
tissue sections and from electron microscopy of ultra-centrifuged fractions of latex, it is shown
that the FW complexes have characteristic complexity in morphology arising from the
constitittent lipicl globules, vesicle membrane configurations and a grey body which may or
may not contain embedded ropey tubes.
tron microscopy. The original yellow globules
Latex contains three principal types of particles
discovered by Frey-Wyssling were found to be
which make up the major volume of the
an integral part of the FW complexes, which
dispersed solid phase. Rubber particles are the
were described in greater detail by Dickenson 8
most numerous. Next in abundance is lutoids
and Gomez and Moir 5 .
and then Frey-Wyssling (FW) complexes. In
centrifuged latex, the proportions of these three

The present investigation covers a range of

particle types are reflected somewhat by the
dimensions of Zone 1, Zones 6-11 and Zone 4

observations from tissue sections and prepara-

respectively. However, the fact that FW com-

ultra-centrifugation method 9 .

tions of latex fractions using the refrigerated

plexes are present in Zones 3, 4 and 6-77 is an
observation which has not been adequately

MATERIALS AND METHODS

recorded in literature1'4. The presence of FW
complexes in Zone 3 may be a matter of contamination of the zone from the neighbouring
Zone 4 while sampling for electron microscopy,
whereas the presence of FW complexes in
Zones 6-11 indicate that these complexes occur
in a range of densities and their sedimentation
behaviour might be due to the small differences
in inherent densities. It was thought in earlier
literature 5 that FW complexes are 'trapped' by

Latex was collected under chilled conditions
from ten trees per clone from each of five
clones, RRIM 501, RRIM 600, GT 1, PB 86
and Tjir 1. The trees were tapped on Panel BO-1
under '/:S d/2 tapping system. Samples for
electron microscopy were secured every three
months for three or four occasions for the
various observations made in this study.
The latices were centrifuged under refrigerated
conditions in the Spinco L ultra-centrifuge for
1 h at 59 000 g (max). The latex was always kept
chilled prior to centrifugation if short durations
of such storage was necessary to execute the
procedures. The tubes were cut after centrifuga-

the bottom fraction particles in their journey
downwards under the influence of the centrifugal forces; but the integrity of the particles
when examined by electron microscopy in fact
reveals that they belong to different density

classes and this difference is adequate to explain

tion to secure samples for fixation in chilled

Iheir sedimentation in various zones.

fixative soon after centrifugation.

6

Frey-Wyssling observed shiny yellow globules
in latex by light microscopy, which were
clarified to be a complex particle by Southern1
by light microscopy and Dickenson 7iS by elec-

Samples were numbered according to our
earlier terminology of the zones as adopted in
the examination of various fractions of
latex 3 ' 4 .
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Each sample was fixed in 1 % osmium tetroxide buffered with phosphate at pH 7.0 and
with 0.35 M sucrose added for tonicity control.
Fixation was for 2 h at 0°C-5°C after which
the samples were dehydrated in graded series
of ethanol before infiltration and embedding
in styrene/methacrylate using low speed centrifugation method to concentrate the material
from liquid media. Sections were double stained
with uranyl acetate and lead citrate before
examination with the Philips EM 300.

orange-yellow, presumably due to carotene

(absorption peak at 450 nm).
The presence of the membrane configurations
indicate an intricately complex role for the grey
body organelle which has not been unfolded as
yet by biochemical studies which are necessary
to show the function of these organelles.
Developmental States

In some FW complexes, from young latex
vessels, vacuoles are seen. Often they have

Results are based on several samplings made
during different parts of the year. Thus,
seasonal differences if any were largely ignored
for this study. Consistent clonal differences
were not noted except in the frequency of

peripheral electron density indicating the early

stages of lipid synthesis in such vesicles.

Figures 6, 7 and 8 illustrate various developmental states of FW complexes from young

occurrence and the morphological nature of

latex vessels. Figure 9 illustrates a more mature

some of the components of the organelles, but
this paper cannot do justice to such variation

FW complex with various stages of lipid
synthesis in the lipid vesicles of the organelle.

of structure.

Tissue sections were also used in the study.

Sedimentation Behaviour

Young green tissue from trees were fixed in 2%

In latex subjected to ultra-centrifugation, the
principal orange-yellow layer is Zone 4. FW

osmium tetroxide in phosphate buffer (pH 7.0)
with added sucrose. Other details of preparation

complexes in this zone are often fragmented.

were as for centrifuged material.

Previous biochemical studies aimed at this
fraction therefore are subject to the deficiencies

RESULTS

caused by disruption of the organelles.

Complete Frey-Wyssling Complexes

Figures 10-14 show organelles and fragments
of organelles as they appear in Zone 4. There is
a preponderance of osmiophilic lipid globules
or fragments of them in these complexes.
However, when they occur in Zones 6-11, they

Preparations from Zone 4 generally revealed
incomplete FW complexes and hence the results
related to complete FW complexes will be
presented from mainly Zones 6-11.

are intact and display various characteristics

Figures 1-5 illustrate some of the FW complexes seen in median section. The contents
include prominent large lipid globules ranging
in size from 0.3-3 /A, contained inside the
complex measuring 4-7 /A in the figures shown.
There are some vesicles which appear electronlucent (Figure 2); there is a grey body which is
amoeboid in shape in Figures 3 and 4 and
embedded in the grey body are ropey membrane,

indicative of their higher density.

Figure 15 is an example from Zone 10. The
density of this particle is high due to the greater
occurrence of membranes and a lesser number
of lipid inclusions in the complex. Figure 16 is
an example found in Zone 11.
As FW complexes are found in all zones of
the bottom fraction and in Zones 3 and 4 of
the top fractions, it is evident that they occur
in a range of densities. Generally, the particles
in the top fractions contain larger quantities of
lipid material and various complexes of higher
densities are sedimented in different bottom
regions of the tube.

configurations which occasionally appear free

in the ground plasm of the organelle.
From correlated light and electron microscopical studies, the shiny yellow globules

(under the light microscope), described originally
by Frey-Wyssling, are lipid inclusions which are
76
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Figure 1. Median section through a FW complex which shows

lipid globules (LG) and some membrane fragments (MF).
Magnification 20 000 X .

Figure 2. Section through FW complex among lutoidsfrom
Zone 8 indicating lipid globules (LG), vesicles (V) and
membrane (M) configurations. Magnification 20 000 x .
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Figure 3. FW complex from Zone 8 showing many osmiophilic

lipid globules (LG) and a grey body (GB). Magnification
20000 x.

Figure 4. FW complex from Zone 8 showing lipid globules (LG)
and a grey body (GB) which includes membrane configurations.
Magnification 20 000 x.

Figures. FWcomplex in Zone \0showinglipidglobules (LG),
vesicles (V) and membrane configurations (MC). Magnification
52 000 x .

Figure 6. Young FW complex in latex vessel showing lipid
globules (LG) and vesicles (V). Magnification 25 000 x.

Figure 7. Young FW complex from latex vessel showing lipid
globules (LG) and vesicles (V). Magnification 20 000 x.

Figure 8. Young FW complex from latex vessel showing lipid
globules (LG), vesicles (V) and membranes (M). Magnification
20000 x.
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Figure 9. FW complex in Zone 10 showing lipid vesicles (L V)
and membrane configurations (MC). Magnification 52 000 x.
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Figure 10. Broken FW complexes from Zone 4 showing vesicles
(V) and liberated lipid globules (LG). Magnification 16 300 X.
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Figure 11. Broken FW complexes from Zone 4 showing grey
bodies (GB) and lipid vesicles (LV). Magnification 16 300 x.

Figure 12. Broken FW complexes from Zone 4 showing grey
body (GB) and lipid vesicles (L V). Magnification 4200 x.
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Figure 13. Broken FW complexes from Zone 4 showing grey
bodies (GB), lipid globules (LG) and lipid vesicles (LV).
Magnification 4200 x .

Figure 14. FW complexes from Zone 4 showing liberated lipid
globules and an intact FW complex. Liberated vesicles (V) can
also be seen. Magnification 16 300 x.

Figure 15. FW complex from Zone 10 showing few lipid
globules (LG), vesicles (V) and membrane fragments.
Magnification 42 000 x.

Figure 16. Part of FW complex from Zone 11 showing membrane configurations and lipid globules (LG). Magnification
52 000 x .
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present; it may be free in the ground plasm of
the complex or may be embedded in the grey
body, which is less osmiophilic than the lipid
globules.

DISCUSSION AND CONCLUSION

The variety of particle types identified as FW
complexes differ in morphology, chemical composition, size, and electron density, due to
inherent differences in lipid content or quality;
an enormous array of patterns can be visualised.
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There are at least three or four component

units, the grey body, the lipid globules, the
vesicles preceding lipid synthesis and a tubular
matrix which may or may not be embedded in
the grey body. The FW complex is indeed a
complex body.

The FW particles were originally noted to
occur in clusters. Light microscopy at that time
did not permit the finer resolution of the
bounding membranes. Southern1, by use of
phase contrast microscopy, confirmed that the
globules tend to occur in clusters and noted that
they were often associated with a vacuolar
body. He suggested the occurrence of membranes surrounding the particles and this
was later confirmed by electron microscopic
techniques3''1'7'8. Dickenson, after electron
microscopic characterisation of the particles7'8,
concluded that the larger structure is complex
in character and named it after Frey-Wyssling.
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