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Taxol-induced assembly of purified tubulin is not inhibited by the colchicine analogue 2-methoxy-5-(2",3',4"-

trimethoxyphenyl)tropone. Colchicine analogues having intact A, C and B-rings (without NH-CO-CHj)

such as desacetamidocolchicine have also been found to be inactive. It has been observed that these two

colchicine analogues are incorporated into polymers when incubated in the presence of taxol. Furthermore.

preformed taxol-induced polymers of tubulin have been found to bind these two colchicine analogues. These

results suggest that colchicine-binding domains on the tubulin molecule are mostly (if not completely) ex-
posed in the taxol-induced polymers.

Taxol Tubulin

1. INTRODUCTION

Colchicine and its analogues have been used ex-
tensively as a tool for the in vivo study of
microtubule-dependent processes. In order to
possess this colchicine-like activity, the analogue
must have the trimethoxybenzene (A-ring) and
methoxytropone (C-ring) systems combined into a
single molecular entity by the appropriate carbon-
carbon single bond [1,2]. Thus, the tetramethoxy-
bicyclic compound 2-methoxy-5-(2',3',4'-trimeth-
oxyphenyltropone (fig.1) possesses the minimal
molecular features required for colchicine-like
biological activity. This interesting analogue binds
to tubulin at the same site as colchicine, inhibits in
vitro microtubule assembly and is a potent mitotic
inhibitor [1]. Here, we report that unlike normal
microtubule assembly (MAPs-induced), taxol-
induced tubulin assembly is not inhibited by
2-methoxy-5- (2',%',4'-trimethoxyphenyl)tropone.
Colchicine analogues having intact A, C and B-
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Fig.1. Structure of colchicine and its analogues

rings (without NH-CO-CH3) such as desacet-
amidocolchicine (fig.1) have also been found to be
inactive. The results suggest that the B-ring sub-
stituent (NH-CO-CH3) is important in distinguish-
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ing the protein-protein interaction sites involved in

normal and taxnl-induced nalvmerization
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Colchicine, GTP (grade IIS), Mes (2-(/N-mor-
pholino)ethanesuifonic  acid), bovine serum
albumin (BSA) and SDS were products of Sigma.

Phacnhacellilace (P11) was ahtained fram Whato

Phosphocellulose (P11) was obtained from What-
man I, England and Taxol from NCI, National In-
stitutes of Health, USA. Desacetamidocolchicine
and 2-methoxy-5-(2',3',4'-trimethoxyphenyl)tro-
pone were the kind gifts of Dr Thomas J. Fitz-
gerald, School of Pharmacy, Florida A and M
University, Tallahassee. All other chemicals were

af analutical orade
Ol alldayuiCar gradc.

2.1. Purification of tubulin

Microtubule protein was isolated by two cycles
of assembly-disassembly from goat brains follow-
ing the procedure of Shelanski et al. {3]. The twice-
cycled pellet was kept at —70°C. Tubulin was
purified from this by phosphocellulose chromatog-
raphy according to Weingarten et al. [4]. The
tubulin thus obtained contains greater than 96% -
and @S-tubulins, with the remaining 3—4% being
distributed between 2—3 bands of lower M; than
tubulin, as determined by SDS gel electrophoresis
[5]. The protein concentrations were determined as

deseribed by T owry et al using BSA a
UCSCTIvCG Oy LOWIrY CU 4di. lUj, UsSing ooA as a

standard.

2.2. Spectrophotometric assay of tubulin assembly

Growth of microtubules was followed by tur-
bidity measurement in assembly buffer (0.1 M
Mes, pH 6.4; 0.5 mM MgCl,; 1 mM GTP and 4 M

olupraral ot AN e inataad AfFf 280 nen +a aunid &
£1yCEroyy al 4uv illi 11iSi¢aq o1 350 nm to avoid con-

tributions from colchicine absorption. A Shimad-
zu UV 210A double-beam spectrophotometer was
used. Temperature (37°C) was maintained in the
cuvette chamber by an LKB 2209 Multitemp water
circulator. Fluorescence was measured in a Perkin-
Elmer MPF 44B fluorescence spectrophotometer.

The temmnerature wacg controlled by the nl'\nvn water
4 00 CHpPOIQiulc Was CONIUuCU Uy LGl vaillil

circulator.

3. RESULTS
The effect of different concenirations of coi-
chicine on taxol-induced assembly of phosphocel-
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lulose purified goat brain tubulin is illustrated in

fiec 2 It ic evident that colchicine inhibits accemblv

1iBede Av 20 LYIRLL LG LURLILIVIAT HELLUILS QSO VLY

in a concentration-dependent manner and half-
maximal inhibition occurs when only 13% of the
total tubulin is complexed with colchicine. Bound
tubulin concentrations are calculated from the ap-
parent dissociation constant of colchicine with
tubulin as 0.55xM [7]. To our surprise, 2-me-

thavvy.§ (7’ '2’ A’ trimsathavunhanviMtranane and
wiivay J Pl vi llll\vlall\ll\] Pll\«llJ Ly A2 \I}I\Jll\t “Kiive

desacetamldocolchlcme have been found to be
unable to inhibit taxol-induced assembly (fig.3.).
Although the rate of polymerization is slightly
decreased in the presence of each analogue, the
final values of polymerization are almost unaf-
fected. Polymers thus formed in the presence of

analaonec are cnld.cancitive fio 1Y Nevearthalace
allaiCgucls arc COiG-SChHSINIVE (H1g.5). INCVEIUNCiESS,

these two analogues of colchicine are known to
bind tubulin at the same site as colchicine and to
inhibit in vivo and in vitro microtubule assembly
[8—11]. It should be noted that this phosphocel-
lulose-purified tubulin is unable to polymerize
without taxol at such a low protein concentration

Thic taval.inducad nalymarizatian oaf tinhnlin
11118 1axX0:-1naucea pOymicriZation o1 tuouuin 1in

the presence of colchicine analogues (fig.3) in-
dicates the incorporation of drug-tubulin com-
plexes into polymers. To demonstrate the incor-
poration of analogue into polymers as tubulin-
drug complex, we preincubated tubulin with 28 4M
of either analogue at 37°C for 30 min to produce
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Fig.2. Inhibition of taxol-induced tubulin assembly by
colchicine. 144M tubulin was incubated with different
concentrations of colchicine at 37°C for 90 min in
assembly buffer. Polymerization was then initiated by
the addition of taxol (10 M) and assembly studied spec-
trophotometricaiiy at 400 nm. Coichicine concentrations

—curves: 1, 0; 2, 3 xM; 3, 4 uM; 4, 6 uM; S, 9 uM.
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Fig.3, Taxol-induced assembly of tutmilin in the presence
of colchicine analogues. 14 M tubulin tn assembly buf-
fer was polymerized by the addition of taxol {10 M} at
37*C in the presence of coichicine analogues {10 M.
Polymerization was monitored specirophotomefrically
at 400 nm. Samples: control {00}, desacelamidocst-
chicineg {A—4&}) and 2-methoxy-3<2', 3 4" irimethoxy-
phenyiXtropone (94},

analogue-tubulin complex. Assembly was subse-
guently initiated by the addition of ‘TP and taxol.
Polymers were then collected by waym centrifuga-
tion at 25°C. The pellet was suspended and
depolymerized in cold buffer, subsequently being
examined for fluorescence emission spectra after
excitation at 350 nm. It i evident that the
depolymerized products show fluorescence emis-
sions spectra characteristic of the respective drug-
tubulin complex (fig.4). Incorporation of the
analogue molecule into taxol-induced polymer in-
dicates that the polymer could accommodate the
drug molecule within its lattice.

Thus, the question may arise as o whether the
preformed polymers bind these analogues. To
study the binding of these analogues o taxol-
induced polymers, tubulin was assembled to the
steady siafe in the presence of taxol and subse-
quently incubated further with 10™% M drug at
37°C for 30 min. The drug-ireated polymers were
pelleted by warm centrifugation at 25°C. The
pellets were suspended in buffer, depolymerized by

Fig.4. Incorporation of colchicine analogues into
polysiers assambled In the presence of taxol. Tubulin (14
£M} was ncubated in assembly buffer with colchicine
analogue (28 #M) at 37°C for 30 min to form drag-
tubulin complex. Asn aliquot {1 mi} of drug-tubulin com-
plex was polvmerized in the presence of taxol {10 20,
polvmers were pefleted by centrifugation at 100000%g
for 30 min at 25°C and the pellet depolymerized in an
equal volume (1 ml) of cold buffer. Fluorescence spectra
of the samples were recorded as described in the text. (1)
Tubulin only. (2) Disassembled polymer pellet assem-
bled without drug. (3) Tubulin-desacetamidocolchicine
complex before polymerization. (4) Tubulin-2-tethoxy-
5-(27, 3, A'-trimethoxyphenyi)tropone complex hefore
polvmerization. {5} Disassembled polymer paliet assem-
bled from tubujin-desacetamidocolchicine complex. {8}
Disassembled polymer peliet assembled from tubulin-2-
methoxy-542°, 3 4-irimethoxyphenyDiropone complex.
Tubulin Concentrations of depolymerized samples were
determined and found to be 13 #M in the absence of
drug {curve 23, 10 M in the presence of desacetamido-
colchicing (purve 5) and 11 4M in the presence of 2-meth-
oxy-5-(2',3',4/-trimethoxyphenyl)tropone (curve 6).

cold (0°C) and the fluorescence emission intensity
at 430 mm determined for calemlation of the
amount of drug per mol iubulin, The
stoichiometries were found to be 0.40, 0.43 and
0.802 for desacetamidocoichicine, 2-methoxy-5-
2, % 4’ rimethoxyphenyl)tiropone and colchicine,
respectively,
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4. DISCUSSION AND CONCLUSION

Assembly of microtubule protein in the presence
of the GTP analogue pp(CH)pG is not inhibited
by supra-stoichiometric concentrations of col-
chicine or its analogues [12]. Similar behavior of
colchicine and its analogues was observed in the
assembly of microtubule protein in the presence of
zinc. These zinc-induced polymers of tubulin
formed in the presence of colchicine contain an ap-
preciable amount of incorporated colchicine and
are cold sensitive [13]. The taxol-induced
polymerization reported here is the first known
which is inhibited by colchicine and not by its
analogues. Although these two colchicine
analogues (this paper) bind to tubulin at the same
site as colchicine, nevertheless, there are important
differences between colchicine and the two
analogues. Thus, desacetamidocolchicine (having
no substituent on the B-ring) and 2-methoxy-5-
(2',3',4'-trimethoxyphenyl)}tropone bind tubulin
reversibly and the binding is instantaneous at 37°C
[8,10,11] whereas colchicine binds tubulin very
slowly and essentially irreversibly. Recently,
significant differences in the binding and ther-
modynamic parameters such as activation energy,
entropy and enthalpy have been reported for col-
chicine and 2-methoxy-5-(2/,3',4'-trimethoxy-
phenyl)tropone [11]. These differences in binding
properties might be responsible for the different
behavior of colchicine and its two analogues in
taxol-induced tubulin assembly. Another possible
mechanism might be that the colchicine-binding
site on tubulin and the tubulin-tubulin interaction
site on taxol-induced polymers share a common
region on the tubulin molecule. Since colchicine
and its structural analogue, desacetamidocolchi-
cine, differ only in the side chain present on the B-
ring, it is possible that the B-ring side chain bind-
ing region of tubulin is a common region which is
also needed for the tubulin-tubulin interaction in
the case of taxol-induced assembly. To gain better
understanding of the relation between the B-ring
of colchicine and the protein-protein interaction
site involved in the polymerization process, the
large number of interesting B-ring compounds syn-
thesized by Capraro and Brosi [16] will be very
helpful.
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