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Application of Fourier analysis techniques to images of
isolated, frozen-hydrated subpellicular microtubules from
the protozoan parasite Toxoplasma gondii demonstrates a
distinctive 32 nm periodicity along the length of the micro-
tubules. A 32 nm longitudinal repeat is also observed in the
double rows of intramembranous particles seen in freeze-
fracture images of the parasite’s pellicle; these rows are
thought to overlie the subpellicular microtubules. Remark-
ably, the 32 nm intramembranous particle periodicity is
carried over laterally to the single rows of particles that lie
between the microtubule-associated double rows. This
creates a two-dimensional particle lattice, with the second
dimension at an angle of ~75° to the longitudinal rows

(depending on position along the length of the parasite).
Drugs that disrupt known cytoskeletal components fail
to destroy the integrity of the particle lattice. This
intramembranous particle organization suggests the
existence of multiple cytoskeletal filaments of unknown
identity. Filaments associated with the particle lattice
provide a possible mechanism for motility and shape
change in Toxoplasma: distortion of the lattice may mediate
the twirling motility seen upon host-cell lysis, and mor-
phological changes observed during invasion.
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SUMMARY
INTRODUCTION

Toxoplasma gondii is an intracellular protozoan parasite that
infects a wide variety of cell types in a broad range of host
organisms (Joiner and Dubremetz, 1993; Luft, 1989). This
ubiquitous pathogen is a major source of congenital neurolog-
ical abnormalities, and a significant opportunistic infection
associated with AIDS (Luft, 1989). Beyond its direct medical
importance, Toxoplasma is also an intriguing organism from a
cell biological point of view (Joiner and Dubremetz, 1993;
Sibley, 1995), and is accessible to genetic manipulation (Roos
et al., 1994; Boothroyd et al., 1995). The parasite is highly
motile and actively invades host cells, but lacks cilia or
flagella. The mechanistic basis of T. gondii motility remains
unclear.

Like other members of the phylum Apicomplexa, the
crescent-shaped Toxoplasma tachyzoites possess a membrane
skeleton that includes microtubules underlying the parasite
pellicle, much like the ribs on a dirigible. The pellicle is
composed of three unit membranes: the outer (continuous)
plasma membrane and the inner membrane complex, which is
formed from a patchwork of flattened vesicles. Both the
vesicles and the underlying microtubules are organized into a
gentle spiral. Interestingly, gliding motility of Toxoplasma and
other Apicomplexans also involves a spiraling path and helical
contact with the substratum (Russell and Sinden, 1981).

Microtubule-based membrane skeletons (reminiscent of
actin-based membrane skeletons found in the red blood cells
of higher eukaryotes) are found in many single-celled eukary-
otes, including Euglenoids and Trypanosomes. Association of
microtubules with the overlying membrane in these organisms
is mediated by accessory proteins, which either bind to
membranes (Woods et al., 1989), or are themselves membrane
components (Murray, 1984). The uniform organization of sub-
pellicular microtubules in protists has been associated with the
presence of regular arrays of intramembranous particles
(IMPs) in the plasma membrane (Hogan and Patton, 1976;
Lefort-Tran et al., 1980; Miller and Miller, 1978; Murray 1981,
1983, 1984). Freeze-fracture electron microscopy of Toxo-
plasma and other Apicomplexans has demonstrated that both
P faces of the inner membrane complex (the middle and inner
membranes) contain uniformly sized IMPs organized into a
pattern of spiraling longitudinal rows (Cintra and DeSouza,
1985a; Dubremetz and Torpier, 1978; Porchet and Torpier,
1977). Double rows, thought to overlie the subpellicular micro-
tubules, are interspersed by a number of parallel single rows
of particles.

In order to assess the relationship between the known
parasite cytoskeleton and the overlying pellicle, we have
employed image analysis techniques to demonstrate that a
repeating pattern with 32 nm periodicity is found on both the
subpellicular microtubules and the double rows of IMPs in the
inner membrane complex. Moreover, this 32 nm repeat is
carried over laterally to the single rows of IMPs, which lie
between the microtubule-associated double rows, creating a
two-dimensional IMP lattice.
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Fig. 1. (A) A detergent-extracted and negatively stained tachyzoite.
The apical cytoskeleton of Toxoplasma includes microtubules, the
apical polar ring (arrow) and the conoid (C). Twenty-two
subpellicular microtubules radiate out from the apical polar ring and
spiral down the cytoplasmic face of the pellicle. The stability of
these isolated microtubules, and the prominent tranverse striations,
suggest that they are heavily decorated with microtubule-associated
proteins. Bar, 0.5 µm. (B) Low-dose EM image of frozen-hydrated
Toxoplasma subpellicular microtubules radiating from the apical
polar ring. The boxed region (1) around a microtubule segment is
typical of areas used to compute diffraction patterns for
microtubules. Box 2, laterally adjacent to but not including the
microtubule, indicates a typical area used for Fourier analysis of
adjacent regions. (C) The computed diffraction pattern of a frozen-
hydrated microtubule. This pattern exhibits a strong 80 Å layer line.
The normally strong 40 Å monomer repeat is only weakly visible,
due to the defocus used to acquire these images (see text). Layer
lines are also observed at 160 and 320 Å. The layer line at 106 Å is a
third order harmonic of the 320 Å repeat. This layer line reinforces
the validity of the 320 Å repeat, because a 106 Å layer line would
not occur in an object with only 80 or 160 Å repeating elements. (D)
Low-dose EM image of frozen-hydrated microtubules taken at high
defocus. The parallel bars indicate edges of a microtubule. Arrows
indicate regions where microtubule decoration is visible as an
additional dark line. (E) The computed diffraction pattern of a region
adjacent to but not including the subpellicular microtubule (cf. Box 2
in B) shows a clear layer line at 80 Å, suggesting that these
microtubules are decorated with a MAP that binds at 80 Å intervals
and extends some distance from the microtubule. Longer repeats,
including the 320 Å layer line, are also visible, although they are
partially masked by the Thon rings produced using the defocus
employed to emphasize the 80 Å repeat.
MATERIALS AND METHODS

Culture of parasites
Toxoplasma RH(EP) strain (Sabin, 1941) was maintained by serial
passage in confluent lines of primary human foreskin fibroblasts
(HFF) in Eagle’s minimal essential medium supplemented with 1%
heat-inactivated fetal bovine serum and 25 µg/l gentamicin. Extra-
cellular parasites were isolated by filtration of freshly lysed-out tachy-
zoites through 3 µm filters (Nuclepore), followed by centrifugation at
1,000 g for 20 minutes at 4°C (Roos et al., 1994).

Isolation of microtubules for negative staining
Free parasites were collected as above, washed in a small volume of
phosphate-buffered saline (PBS), and resuspended in Ca2+, Mg2+-free
PBS with or without 0.5% Triton X-100. Free microtubules were
obtained following N2 cavitation (350 psi, 20 minutes, 4°C), Dounce
homogenization (20 strokes, room temperature (RT)) or French press
disruption (3,600 psi). The disrupted parasites were allowed to settle
onto holey carbon grids for 2 minutes at RT, and stained with a 5%
solution of aqueous uranyl acetate or 2% aqueous phosphotungstic
acid, pH 6.8.

Frozen-hydrated microtubule samples
Isolated tachyzoites were disrupted in a French press (3,600 psi),
and a droplet of this suspension (in PBS) was placed on a hexagonal
thin-bar 600-mesh copper grid coated with a holey carbon film. The
grid was blotted, then plunged into rapidly stirred cryogen (liquid
propane + 5% isopentane, maintained at liquid nitrogen tempera-
ture), and kept under liquid nitrogen until use. Frozen grids were
searched at low illumination with a defocus of ~0.8 mm to find an
appropriate region for imaging. The Phillips 400 electron micro-
scope was focused off axis at ×200,000, and micrographs were
acquired using the Phillips low dose unit at ×22,000, ×28,000
or ×36,000 magnification, with an electron dose of approximately
5 e–/Å2, and defocus of 1.6, 2.0 or 6.4 µm. The microscope was
operated at 120 keV, with a 50 µm second condenser aperture and
a 70 µm objective aperture. 

Freeze-fracture samples
Isolated parasites were fixed for 10 minutes at RT by suspension in
3% glutaraldehyde in 100 mM cacodylate buffer, pH 7.2, then
pelleted, washed in cacodylate buffer, repelleted and infiltrated in
30% glycerol for 5-10 minutes, frozen in liquid N2-cooled propane,
and fractured in a Balzer’s 400 freeze-fracture device. The fractured
samples were shadowed at 45° with platinum and coated with carbon.
Residual cellular material was cleaned from the replicas with a bleach
solution.

Image analysis
Images of both isolated microtubules and freeze-fracture samples
were obtained on a Phillips 400 electron microscope. The photo-
graphic negatives were scanned at a resolution of 9Å on a Perkin-
Elmer 1010G microdensitometer and data transferred to an Indigo Iris
work station for analysis using Semper image processing software
(Synoptics Ltd, Cambridge, UK).

Drug treatments
Extracellular parasites were treated with 200 µM cytochalasin D
(Sigma) in medium for 1 hour; this concentration has been reported
to be inhibitory in invasion assays (Dobrowolski and Sibley, 1996;
Russell and Sinden, 1982; Ryning and Remington, 1978; Schwartz-
man and Pfefferkorn, 1983; Silva et al., 1982). Intracellular tachy-
zoites were treated with 1 µM oryzalin (Lilly Research Laborato-
ries) to disrupt subpellicular microtubules (Stokkermans et al.,
1996).
RESULTS

Extraction of Toxoplasma tachyzoites with Triton X-100,
followed by negative staining, reveals 22 subpellicular micro-
tubules connected to the apical polar ring and surmounted by
the parasite’s conoid (Nichols and Chiappino, 1987; see also
Fig. 1A). Individual microtubules exhibit prominent transverse
striations, spaced ~8 nm apart and crossing the microtubule at
an angle of ~75°, consistent with previous observations of T.
gondii and other Apicomplexans (Aikawa, 1967, 1971;
Roberts and Hammond, 1970; Scholtyseck, 1973). In order to
better characterize these subpellicular microtubules, we
examined them in their native state by cryoelectron
microscopy. Low-dose electron micrographs of unfixed, native
subpellicular microtubules are shown in Fig. 1B. The contrast
in these images of unstained samples is generated by interfer-
ence between scattered and unscattered electrons (phase-
contrast; Toyoshima and Unwin, 1988). 

To examine the structure of these microtubules, images were
analyzed using Fourier methods. Fig. 1C shows the calculated
diffraction pattern of a frozen-hydrated microtubule image such
as that indicated by box 1 in Fig. 1B. The microtubule axis is
vertical (only the top half is shown, as the calculated diffrac-
tion pattern is symmetric about the middle). Intensity signifi-
cantly above background noise occurs on a series of horizontal
‘layer lines’, corresponding to features that repeat at regular
intervals along the microtubule axis. The strongest of these
layer lines corresponds to axial periodicities of 8 and 32 nm
along the microtubule. Weaker harmonics of the underlying 32
nm repeat are seen at 16 and 10.6 nm. The presence of the 10.6
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Fig. 2. (A) Freeze-fracture planes of the
Toxoplasma pellicle, comprising three
membrane bilayers. The plasma membrane is
closely apposed to the inner membrane
complex (IMC), which is composed of
flattened vesicles joined by sutures in a
patchwork fashion to produce middle and
inner membranes. Six fracture faces are
revealed by freeze-fracture electron
microscopy. The P faces are adjacent to the
protoplasm and the E faces to the exterior.
Note that the orientation of nomenclature for
the middle membrane is reversed relative to
the other two membranes, because it is
continuous with the inner membrane (after
Dubremetz and Torpier, 1978; Porchet and
Torpier, 1977). (B) Freeze-fracture replica of
Toxoplasma showing IMP rows in the inner
membrane complex. Striking longitudinal
rows of IMPs extend the length of the
parasite. The double rows (thought to overlie
the subpellicular microtubules) are indicated
by large arrowheads. Integrity of particle
rows is maintained across the sutures
between plates comprising the inner
membrane complex (small arrowheads). e,
exterior; m, middle; i, inner. Bar, 0.5 µm.
nm layer line confirms that the basic repeat is at least 32 nm
(although it could be an integral multiple of 32, such as 64, 96,
etc). Periodicities of >8 nm have not been observed in micro-
tubules recontituted in vitro (Amos and Baker, 1979; Erickson,
1974). Furthermore, the intensity of the 8 nm line in T. gondii
microtubules is much greater than that typically seen in native
microtubules or microtubules reconstituted in vitro, consistent
with heavy decoration by microtubule-associated proteins
(MAPs) (Murray, 1991).

The visibility of features differing in size changes in a pre-
dictable way when the focus of the objective lens is changed
(Toyoshima and Unwin, 1988). For example, the 4 nm layer
line is barely visible in Fig. 1C, although this repeat, attribut-
able to the tubulin monomer, is prominent when the sample is
appropriately defocused (not shown). Images taken with large
defocus reveal the presence of a row of projections (presum-
ably MAPs) extending ~19 nm laterally from the sides of some
of the microtubules (Fig. 1D). These projections tend to occur
in long rows, like beads on a string. When visible on both sides
of the microtubule, the projections appear to be of equal length,
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E

Fig. 3. Analysis of longitudinal double
particle rows from freeze-fractured
samples (A) provides a calculated
diffraction pattern (C), which exhibits a
pronounced 320 Å periodicity,
corresponding to alternate particles in
the rows. (B) A line-filtered
reconstruction of the double particle
rows, generated from information found
on the strong layer lines. Note that the
particles in adjacent rows are pitched
relative to row length. When areas of the
fracture face containing both single and
double rows of IMPs are used to
generate computed diffraction patterns
(D), particles are found to lie within a
two-dimensional lattice, as depicted in
E. Vertical rows are spaced ~30 nm
apart, as indicated by the downward-
pointing arrowheads in D, which
correspond to the first and second orders
of the repeat created by the particle
rows. Horizontal arrows (in D) indicate
spots arising from the 320 Å IMP
periodicity observed within the particle
rows. The placement of these spots (i.e.
the angle between a line drawn through
the spots and the horizontal axis)
indicates that the horizontal lattice
dimension consists of rows oriented at
an angle of ~75° relative to the vertical
particle rows. (This diffraction pattern is
blank in a wedge-shaped region
extending above and below the center,
due to the lack of structural information
along the direction of platinum
deposition in these directionally
shadowed images.)
suggesting that they are viewed at the same angle. Computed
diffraction patterns were determined for regions adjacent to,
but not including, the microtubule, such as the region enclosed
by box 2 in Fig. 1B. As shown in Fig. 1E, these patterns exhibit
a clear 8 nm layer line, confirming the presence of projections
extending out from the microtubule at regular (tubulin dimer)
intervals. Longer repeats are also identified, although partially
obscured in Fig. 1E by the Thon rings generated at the defocus
employed to produce this image.

The projections observed on isolated Toxoplasma subpellic-
ular microtubules, and the periodicities defined by Fourier
analysis, suggested that these repeats might reflect structures
mediating association of the microtubules with the parasite
pellicle. The inner membrane complex, which is closely
apposed to the parasite’s plasma membrane and overlies the
subpellicular microtubules, exhibits a striking array of IMPs,
revealed by freeze-fracture techniques (Dubremetz and
Torpier, 1978; Porchet and Torpier, 1977). To investigate the
association of Toxoplasma microtubules with the parasite
pellicle, we used Fourier analysis to examine IMPs within the
inner membrane complex.

The freeze-fracture morphology of the T. gondii inner
membrane complex is shown in Fig. 2. Uniformly sized IMPs
are found within the cytoplasmic (P) face of both the middle
and inner membranes (Fig. 2A). Freeze fracture planes,
which extend across the apex of the parasite, reveal 22 double
rows of particles radiating out from a ring at the very tip of
the inner membrane complex (not shown), presumably cor-
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Fig. 4. The IMP lattice in parasites treated with the microtubule-
disrupting agent oryzalin. (A) Treatment with oryzalin for 48 hours
grossly disturbs parasite morphology, due to the loss of the
subpellicular microtubules (and other effects). Large sheets of inner
membrane complex have become detached from the plasma
membrane. (B) Enlargement of an expanse of inner membrane
complex, demonstrating that the IMP lattice is still present in
parasites that lack subpellicular microtubules. See text for further
discussion. Bars, 1 µm.
responding to the 22 underlying subpellicular microtubules
(Dubremetz and Torpier, 1978; Porchet and Torpier, 1977).
In more distal regions, many single particle rows are inter-
spersed between the double particle rows (Fig. 2B). The
distance between double particle rows increases with the
parasite width, while the number of intervening single
particle rows increases along the length of the parasite, main-
taining a constant spacing between rows. The continuity of
IMP rows is maintained across the plates of the inner
membrane complex (Fig. 2B; Dubremetz and Torpier, 1978;
Porchet and Torpier, 1977).
The close proximity of subpellicular microtubules to the
cytoplasmic face of the inner membrane complex suggests that
the 32 nm microtubule periodicity described above might
reflect an association with the double particle rows of the inner
membrane complex. Images of double particle rows (Fig. 3A)
were used to calculate diffraction patterns (Fig. 3C), which
demonstrate a high degree of spatial organization based on a
32 nm repeat. This repeat corresponds to pairs of particles in
the double rows, as clearly seen in line-filtered reconstructions
(Fig. 3B). Calculated Fourier transforms from areas containing
single particle rows demonstrate that the single rows share the
same 32 nm periodicity (Fig. 3D). This 32 nm vertical repeat,
combined with uniform ~30 nm intra-row spacing, defines a
two-dimensional lattice of IMPs. The two axes of this lattice
are oriented at approximately 75° with respect to each other
(calculated from the angle of the vertical spots with respect to
the horizontal axis of the Fourier transform).

The observed lattice of IMPs extends along the full length
of the parasite, despite the fact that subpellicular microtubules
are only present in the apical ~2/3 of the parasite (Nichols and
Chiappino, 1987), suggesting that additional elements create
or contribute to the integrity of the particle lattice. To test the
role of cytoskeletal elements in lattice maintenance, we
examined the effect of cytoskeletal disrupting agents on IMP
organization. The dinitroaniline herbicide oryzalin disrupts
microtubules in plants (Morejohn et al., 1987) and protists
(Chan and Fong, 1990; Chan et al., 1991; Hess and Bayer,
1977) including Toxoplasma (Stokkermans et al., 1996).
Within several hours of oryzalin treatment, intracellular Toxo-
plasma tachyzoites lose their characteristic crescent shape,
subpellicular microtubules are disassembled (as assessed by
both electron microscopy and anti-tubulin immunofluor-
escence; not shown). The inner membrane complex detaches
from the plasma membrane and can be found in large, convo-
luted sheets within the cytoplasm (Fig. 4 and Stokkermans et
al., 1996). Detachment of the inner membrane complex makes
it virtually impossible to obtain sufficiently large, flat expanses
of membrane for quantitative image analysis, but even from
the convoluted surfaces observed, it is clear that the lattice
itself remains intact (Fig. 4B; representative of many such
images). The lattice also remains intact in the presence of
cytochalasin D (not shown).

DISCUSSION

Based on morphological studies, previous researchers have
proposed association of microtubules with the double rows of
IMPs revealed by freeze-fracture techniques (Dubremetz and
Torpier, 1978; Porchet and Torpier, 1977). As shown above,
Fourier analysis of images from isolated frozen-hydrated Toxo-
plasma microtubules and of freeze-fracture replicas of IMPs
associated with the inner membrane complex demonstrates that
both exhibit a 32 nm periodicity. This suggests that the sub-
pellicular microtubules are decorated along their length with a
MAP that binds to microtubules at regular intervals, and is
associated with a similarly spaced element in the pellicle. Both
the double rows of particles (believed to overlie microtubules)
and the many single rows (which lie between the widely spaced
double rows) contain the 32 nm repeat. These particle rows are
uniformly spaced ~30 nm apart, and the 32 nm repeat is main-
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tained in register across rows, indicating that the IMPs exist in
a two-dimensional lattice within the inner membrane complex.
Unlike most two-dimensional protein arrays, the membrane
particles appear to be separated by large open spaces, suggest-
ing that something more than nearest-neighbor contacts con-
strains their movement. This implies at least one additional set
of filaments perpendicular to the microtubules, maintaining the
uniform lateral spacing between rows, and the register of
particles from row to row over long distances (see model in
Fig. 3E).

Our data are consistent with previous observations concern-
ing the subpellicular microtubules and Apicomplexan pellicles.
Several investigators have observed bridges between the sub-
pellicular microtubules and the inner membrane complex in
thin sections of parasites (Chobotar and Scholtyseck, 1982;
Cintra and DeSouza, 1985b; Sinden, 1978; Wong and Desser,
1976). These bridges have an apparent spacing of ~30 nm,
which is close to that described above for both MAP and IMP
spacing. We have carried out Fourier analysis on previously
published freeze-fracture images from Sarcocystis (Eimeria)
tenella and Eimeria nieschulzi (Dubremetz and Torpier, 1978;
Porchet and Torpier, 1977), which demonstrate that these Api-
complexan parasites also possess a 32 nm longitudinal repeat
within their IMP lattices (not shown).

It is clear that there must be some sort of filamentous system
to account for the non-random distribution of IMPs in the inner
membrane complex, but the precise location of these fibers
remains unknown. Longitudinal filaments parallel to the sub-
pellicular microtubules, but extending along the full length of
the pellicle, have been observed in a study of glycerol-
extracted, negatively stained pellicles from several Apicom-
plexans (D’Haese et al., 1977). In less fully extracted samples,
these investigators also observed perpendicular filaments,
which created a lattice-like pattern. Using Dounce homogen-
ization and negative staining to observe the cytoplasmic face
of the pellicle, we have not been able to visualize any filaments
other than the subpellicular microtubules, however. The obser-
vation that the P faces of both the middle and inner membranes
of the inner membrane complex contain the intramembranous
particle array suggests that the additional filaments could also
be located between the parasite plasma membrane and the
inner membrane complex, with interactions between the
middle and inner membranes serving to relay the periodicity
of the filament network to the microtubules. Alternatively, it is
possible that the filaments are located within the flattened
vesicles of the inner membrane complex. This possibility is
particularly attactive, both because it would require only one
set of filaments to maintain IMP rows on both faces of the inner
membrane complex, and because such filaments might also
serve to maintain the flattened configuration of these vesicles.

The nature of the proposed filamentous network is also
unknown, but two observations argue against the direct action
of actin or microtubules. First, actin localizes only to the apical
region of the parasite (Endo et al., 1988; Dobrowolski and
Sibley, 1996) and microtubules only extend as far as the
nucleus (Nichols and Chiappino, 1987), while the lattice is
found throughout the length of the pellicle (Dubremetz and
Torpier, 1978; Porchet and Torpier, 1977). Second, although
treatment of extracellular parasites with cytochalasin D inhibits
motility and invasion (implying disruption of f-actin;
Dobrowolski and Sibley, 1996), and oryzalin disrupts the sub-
pellicular microtubules (Stokkermans et al., 1996), neither of
these drugs abolishes IMP organization within the lattice (cf.
Fig. 4).

It is intriguing to note that this association is essentially a
microtubule-vesicle interaction, as the inner membrane
complex is composed of flattened vesicles. Microtubule-based
motor proteins have been associated with vesicular transport
in other systems (Kreis and Vale, 1993). In the case of Toxo-
plasma, the movement of both microtubules and vesicles may
be partially constrained. As a result, rather than simply translo-
cating vesicles, sliding one set of filaments across the other or
changing the angle between the two axes of the lattice would
distort the inner membrane complex. Propagation of this dis-
tortion along the length of the parasite could generate forces
associated with twirling and gliding motility. Alternatively,
individual inner membrane complex vesicles may function as
a conveyor belt, rolling along the immobilized subpellicular
microtubules as if on tank tracks. If this motion were relayed
to the plasma membrane, it could contribute to the posterior-
directed capping of surface ligands observed in gliding or
invading parasites (Dubremetz and Ferreira, 1978; Dubremetz
et al., 1985; King, 1988; Russell and Sinden, 1981; Russell,
1983).

Diverse unicellular eukaryotes (including Trypanosomes
and various free-living protists, such as Euglena) also possess
subpellicular microtubules and membrane lattices involved in
motility as well as maintenance of cell shape. In Apicomplexan
parasites, association of microtubules with the plasma
membrane may constitute a novel ‘organelle’ for motility,
distinct from the well-characterized ciliary or flagellar
organelles that commonly provide microtubule-based motility
in unicellular organisms. Apicomplexans are motile parasites,
but lack cilia or flagella; in most cases motility is an essential
requirement for host cell invasion. These parasites cause a
wide variety of illnesses, including malaria, toxoplasmosis,
cryptosporidiosis and many agriculturally important diseases.
Thus, a better understanding of the Apicomplexan cytoskele-
ton could provide chemotherapeutic targets for control of these
widespread and extremely destructive pathogens. 
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