
Using confocal microscopic analysis, FITC-labelled anti-α-tubulin antibody and the fluorescent taxol
derivative Flutax-1 in fixed and living Tetrahymena pyriformis GL, longitudinal microtubules, oral and
somatic cilia, deep fibers, and contractile vacuole pores were equally labeled. While the antibody stained
transversal microtubules, these were not labeled by Flutax-1. At the same time, oral cilia were more
intensely stained by Flutax-1, than by the antibody. There were no differences in the staining of fixed
preparations and living cells. The observations suggest (i) the difference between the MAPs of longitu-
dinal and transversal microtubules which allow or inhibit the binding of the indicator molecules, and (ii)
the different functions of these two types of microtubules.
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INTRODUCTION

In a single cell, Tetrahymena maintains a diversity of microtubules comparable with
an entire multicellular organism. Some microtubules in these protozoa have known
functions, but the function of certain types of microtubular systems, including the
longitudinal and transversal microtubuli bands, is still unknown. Major unanswered
questions are: how the structural and functional diversity of microtubules is achieved
in a single cytoplasm, where distinct microtubules coexist in close proximity without
any barriers, and which kind of functions is associated with the different microtubu-
lar structures and with posttranslational tubulin modifications.
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Most of cytoskeletal research is conducted by the means of immunohistochemical
reactions; antibodies against different tubulins are used for their immunocytochemi-
cal localization. Caution is, however, needed when interpreting the localization data
based on immunological detection because the results are dependent on both the epi-
tope location and its accessibility. In addition, immunocytochemistry provides only
static images of the cytoskeleton arrangement in fixed cells while its localization in
living cells is needed for the better understanding of cytoskeletal function.

Monoclonal anti-α-tubulin antibody recognizes an epitope located in the C-termi-
nal end of the α-tubulin isoform in a variety of organisms. In Tetrahymena pyriformis
this antibody decorates the basal bodies (BBs), longitudinal (LMs) and transverse
microtubule bands (TMs), oral and somatic cilia, postoral (deep) fibers, contrac-
tile vacuole pores, and also the macronuclear microtubules during the early mitotic
events [6].

The fluorescent taxoid derivative 7-O-[N-(4’-fluoresceincarbonyl)-L-alanyl]taxol
(Flutax-1) reversibly interacts with the taxol binding sites of microtubules with high
affinity; it serves to image the microtubule cytoskeleton and induces cellular effects
similar to taxol [2].

Early low resolution microtubule models placed the taxol-binding site at the inter-
protofilament space of microtubules [1]. Since the three-dimensional high resolution
model of microtubules has been established, an apparent contradiction was shown.
The binding site of taxol was localized in the lumen of the tube, hidden from the
outer solvent. It was suggested that rapid luminal access could occur via fenestrations
in the microtubule wall [11]. At the same time the fluorescent taxoids are bound
mainly to an external site. The molecular models showed that it is not possible to
expose the fluorescein moieties completely to the outer solvent, while the paclitaxel
moiety is bound to its site in the microtubule lumen. This can explain why taxol and
the fluorescent taxoids compete for the same site with mutual exclusive binding. In
addition microtubule-associated proteins bound to the microtubule outer surface
slow down the binding of Flutax-1 in PtK2 cells tenfold [4]. Similar to taxol, Flutax-
1 is able to drive inactive GDP-liganded tubulin into microtubule assembly [5].

In our earlier experiments it was found that in Tetrahymena the TMs disappeared
after taxol treatment while longitudinal microtubule bands remained intact [7, 8].
This result is surprising as there are no data in the literature on the different compo-
sition or reactive ability of these two types of microtubules [3].

In our present work the particular features of different microtubular structures of
Tetrahymena were investigated by comparison of binding of anti-tubulin antibodies
and the fluorescent taxol derivative Flutax-1 to these elements. On the ground of the
present results we try to give an explanation on the particular behaviour of TMs dur-
ing taxol treatments.



MATERIALS AND METHODS

Materials

Taxol; mouse monoclonal anti-α-tubulin, FITC-labelled anti-mouse goat IgG, and
tryptone were obtained from Sigma (St. Louis, MO, USA). Flutax-1 (7-O-[N-(4’-flu-
oresceincarbonyl)-L-alanyl]taxol) was purchased from Calbiochem (San Diego, CA,
USA). Yeast extract was obtained from Oxoid (Unipath, Basingstoke, Hampshire,
UK). All other chemicals used were of analytical grade available from commercial
sources.

Tetrahymena cultures

In the experiments, T. pyriformis GL strain was tested in the logarithmic phase of
growth. The cells were cultivated at 28 °C in 0.1 per cent yeast extract containing
1 per cent tryptone medium. Before the experiments the cells were washed with fresh
culture medium and were resuspended at a concentration of 5 × 104 cells ml–1.

Confocal scanning laser microscopic (CSLM) analysis
of Tetrahymena cells labelled 

with monoclonal anti-α-tubulin antibody and Flutax-1

To localize tubulin-containing structures, the cells were fixed in 4% paraformalde-
hyde dissolved in PBS, pH 7.2. After washing with buffer (WB; 0.1% BSA in 20 mM
Tris-HCl; 0.9% NaCl; 0.05% Tween 20, pH 8.2) the cells were incubated with mon-
oclonal anti-α-tubulin antibody diluted 1 : 500 with antibody [AB] buffer (1% BSA
in 20 mM Tris-HCl; 0.9% NaCl; 0.05% Tween 20, pH 8.2) for 45 min at room tem-
perature. After three washings with WB the anti-tubulin antibody treated cells were
incubated with FITC-labelled anti-mouse goat IgG (diluted to 1 : 200 with AB buffer)
for 45 min at room temperature.

The binding of Flutax-1 was analyzed on (a) fixed cells (in 4% paraformaldehyde
dissolved in PBS, pH 7.2) or (b) on living cells. The stock solution of Flutax-1 was
10–4 M dissolved in DMSO, and diluted with AB buffer to 10–6 M. The fixed and the
living cell suspensions were incubated with 10–6 M Flutax-1 (v/v) for 30 sec, 1, 10
and 30 min. After incubation the living cells were fixed in 4% paraformaldehyde dis-
solved in PBS.

After incubations with Flutax-1 or FITC-labelled anti-mouse IgG, the cells were
washed four times with WB, and were mounted onto microscopic slides. The mount-
ed cells were analyzed in a Bio-Rad MRC 1024 confocal scanning laser microscope
(CSLM) equipped with a krypton/argon mixed gas laser as a light source. Excitation
was provided by the 480 nm line from the laser.
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RESULTS

In Tetrahymena the basal bodies (BBs), TMs, LMs, oral and somatic cilia, deep
fibers, contractile vacuole pores are strongly labelled with anti-α-tubulin antibodies
(Fig. 1a–d), and with the exception of TM, they were labelled with Flutax-1. A fur-

Fig. 1. Binding of FITC-labeled anti α-tubulin antibody (a–d) and Flutax-1 (e–h) to the microtubular sys-
tem of Tetrahymena. Confocal scanning laser microscopic pictures. Arrows = transversal microtubuli
bands; dotted arrows = basal bodies; arrowhead = deep fiber; asterisk = oral apparatus; rod = contractile

vacuole pores; arrow with circle = longitudinal microtubule bands. Bars: 5 μm

Fig. 2. Binding of FITC-labeled anti α-tubulin antibody to the dividing Tetrahymena. Confocal scanning
laser microscopic pictures. During the early mitotic events the nuclei (a–c; asterisk) are labeled, but later

(d and e) this labeling disappeared. Arrows = oral apparatus. Bars: 5 μm



ther difference between the anti-α-tubulin antibody and Flutax-1 labeling was the
very strong labeling of the oral cilia with Flutax-1, compared to the immunocyto-
chemical pictures (Fig. 1e–h).

In case of dividing cells, in the early stages – from the appearance of “anarchic
field”, to the beginning of cytokinesis, the rudimentary new oral apparatus – and also
the nuclei – are weakly labelled with both anti-α-tubulin antibodies and Flutax-1, but
later both labelling disappeared (Figs 2 and 3).

There were no differences in the binding of Flutax-1 between the living and fixed
cells. The binding of Flutax-1 to the LM, BBs and oral cilia was very quick: already
after 30 sec incubation these tubular structures were labelled (Fig. 4a–c). In the liv-
ing cells after 30 min incubation these structures gave sharper picture, and at the
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Fig. 3. Binding of Flutax-1 to the dividing Tetrahymena. Confocal scanning laser microscopic pictures.
During the early mitotic events the nuclei (a–e; arrows) are labeled; but later this labeling is disappeared
(f–h). a and b = same cell at different position of optical section. Dotted arrow = “anarchic field”, the

appearance of new oral apparatus. i = interphase cell. Asterisk = oral apparatus. Bars: 8 μm

Fig. 4. Binding of Flutax-1 to the living Tetrahymena. Confocal scanning laser microscopic pictures.
a–c = 30 sec incubation; d–f = 30 min incubation. Arrowhead = developing new oral apparatus; aster-

isk = old oral apparatus; arrow = nucleus; dotted arrow = basal bodies; rod = deep fiber. Bars: 5 μm
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same time the background labelling was more moderate, than in the fixed prepara-
tions (Fig. 4d–f).

Taxol and Flutax-1 binding sites overlap on tubular structures: Flutax-1 label dis-
appeared in the previously taxol-treated Tetrahymena; in these cells only a weak
background fluorescence was appreciable.

DISCUSSION

In earlier experiments, when living cells were treated with taxol, the TMs disappeared
[7, 8], they were not demonstrable by anti α-tubulin antibody. However, in the present
case the cells were fixed before Flutax-1 treatment and this means that something had
to inhibit the taxol binding. The explanation of this fact seems to be very difficult.

The dynamic instability of microtubules, the “treadmilling” (net addition of tubu-
lin at one microtubule end and the net loss of tubulin at the opposite end), and a sto-
chastic switching between shortening and growing phases at both ends of individual
microtubules [10] is regulated in living cells by different means. In this phenomenon
– among others – the microtubule associated proteins (MAPs), the amount of acces-
sible tubulin-dimers, the stochastic gain and loss of a stabilizing cap at both micro-
tubule ends, which is thought to consist of a short region of GTP- or GDP-Pi-ligand-
ed tubulin at the ends of the microtubules play very important role.

Since antibodies to tubulin demonstrated the presence of TMs, we have to suppose
that TMs are covered presumably with specific MAPs, but these proteins did not
cover the antibody-binding sites at the C-terminal end of α-tubulin. In case of TMs
probably different set (and amount) of MAPs are in touch with tubulin-dimers, and
this can explain why the effect of taxol on the TMs differs from that of LM. The
destruction of TMs during taxol treatment is very quick: after the tenth minute of
treatments only the remnants of these structures were visible [8]. The stability of
these microtubular structures probably needs the presence of certain MAPs. It is
imaginable that during taxol treatment these proteins are quickly dissociated from
TMs, and the microtubule-bands become very unstable without them. So, we can
suppose that Flutax-1 is not able to stain TM in fixed preparations, as MAPs, other
than used by LMs cover their surface and in addition, in living cells TMs are
destroyed by taxol. This difference may suggest the different functions of LM and
TM, this latter can function in the transmission of information (by the help of the spe-
cific MAPs) after the cell senses the environment [9, 12], rather than LM.

A second possibility is the special turnover of tubulin-dimers (association – dis-
sociation) in TMs, thus the taxol-treatment operates to a great extent differently than
on the other tubular structures. A third possibility would be an indirect effect through
mitochondria: the mitochondrial functions are indeed disturbed by taxol treatment.
The fourth possibility is the disturbance of the GTP- or GDP-Pi-liganded tubulin syn-
thesis, which plays an important role in the dynamic behaviour of microtubuli.
However, in this latter two cases only the effect of taxol to the microtubuli can be
explained without the differential effect on TM and LM.
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