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Abstract—The inhibitions of microtubule protein (MTP) and tubulin 6S polymerizations by cis-di-
chlorodiammine-platinum(II) (CDDP) have been investigated by turbidity measurements and electron
microscopy. For 2.5 x 107*M CDDP after 40 min contact time at 27°, the inhibition was 60% for MTP
(1.2 mg/ml) and nearly 90% for tubulin 6S (1.2 mg/ml}. Microtubules were not present after a 1hr
contact time at 27° with 2.5 x 10~* M CDDP. Free suifhydryl group determinations with 5,5’-dithio-bis-
(2-nitrobenzoate) (DTNB) showed that 20.10 (£0.05) sulfhydryl groups were found per tubulin dimer.
In the presence of excess CDDP, this number was reduced to 17.74 (£0.05) after a 1 hr contact time at
27°. By using CDDP-tubulin dialysis assays, the CDDP-tubulin complex formation was found to be an
irreversible reaction through a covalent binding at the sulfhydryl group sites. By the DEAE filter paper
method, CDDP was shown to slightly decrease vinca-alkaloid and colchicine bindings to tubulin likely
by inducing a conformational change of the protein.

Cis-dichlorodiammine-platinum(Il) (CDDP) is a
widely used anticancer drug, its antitumor activity is
closely correlated with its interaction with DNA [1].

However, our initial study [2] showed that CDDP
was a potent in vitro inhibitor of microtubule poly-
merization. This inhibition was dependent of the
contact time between drug and protein and was
related to temperature, although this reaction is still
possible at 4°.

The percent inhibition of MTP polymerization was
40% after 1hr contact time at 37° with CDDP at
equimolar concentrations and 80% after 2hr.

This inhibition may be assumed to contribute to
neurotropic properties of cis-platinum [3, 4].

The aim of the present study was to verify precisely
the mechanism of action of CDDP by studying its
effects on the microtubule protein (MTP) and on
tubulin 6S (MTP without associated proteins named
MAPs). Furthermore, we have also studied the
influence of CDDP on vinca-alkaloids and colchicine
bindings to tubulin. Indeed, these two classes of
drugs are the most studied microtubule inhibitors.
Colchicine and vinca-alkaloids have played key roles
as tools in the investigation of drugs action on micro-
tubule function.

MATERIALS AND METHODS

Reagents

2-(N-Morpholino)ethane sulfonic acid (MES) and
ethylene glycol bis(2-aminoethyl-ether)tetraacetic
acid (EGTA) were purchased from Sigma (U.X.)
and guanosine 5'-triphosphate (GTP), 5,5'-dithio-
bis-(2-nitrobenzoate) (DTNB) from Fluka (F.R.G.).

Vinblastine, vincristine and vindesine were gifts
from Eli Lilly Laboratories.
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[*H]Vinblastine sulfate (specific activity 11.4 Ci/
mmol) and [*H]vincristine sulfate (specific activity
7.7Ci/mmol) were purchased from Amersham
International (U.K.)

(Ring C methoxyl-H?)colchicine was also from
Amersham International (specific activity 2.5Ci/
mmol). All other reagents were Merck’s analytical
grade.

Cis-dichlorodiammine-platinum(II}) (CDDP) of
the highest purity was a gift from Roger Bellon
Laboratories and other platinum compounds were a
gift from Johnson Matthey Research Center.

Tubulin purification

Microtubule protein (MTP) was obtained from
fresh porcine brain by the method of Shelanski et
al. [5] by two consecutive cycles of polymerization/
depolymerization. Before each experiment, a third
cycle was performed in 4M glycerol buffer,
Additional purification of tubulin was carried out on
a phosphocellulose column according to Weingarten
et al. [6]. Prior to use, Whatman phosphocellulose
P11 was washed with 6.5 M NaOH, H,0, 0.5 M HCl
and H,O successively and equilibrated with 0.05 M
MES buffer, pH 6.7, containing 0.5mM MgCl,,
1mM EGTA and 0.1 mM GTP.

Tubulin purity was checked by polyacrylamide
gradient gel electrophoresis [7]. Glycerol (3.4 M)
was added to the eluted tubulin fraction and this
solution was concentrated using an Amicon con-
centrating Cell Model 8050. The resulting tubulin
solution (5-8 mg/ml) containing 0.1 mM GTP was
then stored at —80°.

Protein concentration measurements

In the absence of free nucleotides, tubulin con-
centrations were determined spectrophotometrically
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using an extinction coefficient of 1.2 ml/cm mg at
280 nm [8]. When nucleotides were present, tubulin
concentration was determined by the method of
Lowry et al. [9] using bovine serum albumin as
standard.

Polymerization measurements with CDDP

It is known that platinum complexes interact with
nucleotides [10] and especially with guanosine
nucleotides [1]. In order to avoid nucleotide inter-
ference during the contact time of CDDP and
tubulin, it was necessary to chromatograph the pro-
tein solution through Sephadex G 25 previously equi-
librated with buffer A: (0.05M MES, pH6.7,
0.5 mM MgCl,, 1 mM EGTA and 3.4 M glycerol).

The in vitro polymerization of tubulin was moni-
tored by turbidimetry at 340 nm on a Uvikon L.S.
Printer 48 spectrometer with a thermostated 1cm
light path cell at 37°. The polymerization was studied
in a buffer solution consisting of 0.05M MES,
pH 6.7, 10mM MgCl,, 1mM EGTA, 1mM GTP
and 3.4M glycerol {11]. Assembly was initiated by
transferring sample from ice to the prewarmed (37°)
cuvette holder. MTP assembly was followed at 37°
by turbidimetric method at 340 nm, as previously
described [2].

Electron microscopy

Electron microscopy was performed with a Philips
EM 400 T microscope. Samples were taken 30 min
after the addition of reassembly buffer and were
negatively stained with 1% uranyl acetate on carbon-
coated grids.

Determination of tubulin sulfhydryl concentrations

The determination of tubulin-free sulfhydryl
groups was performed according to Ellman [12].
Tubulin solution (0.1 ml) was added to 0.9ml of
0.05M phosphate buffer, pH7.5 containing urea
{final concentration 6.4 M} and 5,5'-dithio-bis(2-
nitrobenzoate) (DTNB) (final concentration 1 mM).
Sulfhydryl concentration was calculated from the
absorbance at 412 nm, using € of 13.6/mM cm.

Vinca-alkaloids and colchicine binding assays

Vinca-alkaloids and colchicine bindings were
determined by a modified DEAE filter paper method
[13]. Two DE-81 paper discs (Whatman, 2.5-cm
diam.) were washed with ice-cold assay buffer by
mild suction. The assay buffer contained 10mM
phosphate buffer pH 6.8, 10 mM MgCl, and 0.1 mM
GTP. Tritiated colchicine or vinca-alkaloids at
various concentrations and either tubulin alone
or tubulin + CDDP (tubulin: 10~°M, CDDPF:
2 x 10~*M, contact time: 3 hr at 4°) were incubated
at 37° for 2 hr for the colchicine binding assay and
30 min for the vinca-alkaloids binding assay. After
the incubation periods, samples (100 ul) were applied
to the discs. After 5 min, the filters were rinsed three
times with 3 ml of ice cold buffer by mild suction.
The radioactivity of the discs was determined in
10 ml of Bray’s solution. In all cases, controls were
run in the absence of tubulin and their radioactivity
values were subtracted from experimental results.
Measurements were duplicated and agreed to within
10%.
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Dialysis assays

A mixture of cis-platinum—tubulin (10:1) was dia-
lyzed against 600ml of cold buffer A (4°). The
dialysis was stopped after 6 hr although the equi-
librium was reached after 3 hr.

Platinum concentrations were followed in and out
the dialysis tubings by flameless atomic absorption
using a Philips Pye Unicam SP9 spectrophotometer.
A three-stage temperature program was used for
each determination: a 20sec dry stage at 115°% a
15 sec ash stage at 950° and a 3 sec atomizer stage at
2800°.

RESULTS AND DISCUSSION

Effect of CDDP on tubulin 6S

No effect has been noted with nonhydrolyzed
CDDP. Therefore, hydrolyzed CDDP, which is
present in intracellular fluid {1}, was used in all
experiments. CDDP hydrolysis was checked by con-
ductimetric measurements [10].

Figures 1 and 2 represent the action of CDDP on
MTP and on tubulin under the same conditions of
temperature (27°) and of contact time (40 min). For
2.5 x 107*M CDDP, the percent inhibition is 60%
with MTP (1.2 mg/ml) and 90% for tubulin (1.2 mg/
ml). Similar effect can be seen with rtrans-di-
chlorodiammine-platinum; for 2.5 x 107*M, the
percent inhibition is 100% for tubulin (1.2 mg/ml).
These data show a direct interaction between CDDP
or trans-dichlorodiammine-platinum and tubulin.
The greater sensitivity of tubulin assembly over that
of MTP can be adequately explained by the higher
critical protein concentration in the former system.
Thus, inactivation of equal amounts of tubulin in
pure tubulin and MTP solutions will lead to greater
inhibition of assembly of pure tubulin.
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Fig. 1. Variation of optical density vs time during MTP
{1.2mg/ml) polymerization with CDDP, 40 min contact
time, 27°.



Microtubule assembly inhibition by cis-dichlorodiammine-platinum(11)

05

Tubulin alone
125 107°M
o4t~
5 10°°M
O3 -
)
&
=
g
©
g
- 02
[« 3
o
Q1 -
25 107*M
1 {
Q 3 i 5

T {min)
Fig. 2. Variation of optical density vs time during tubulin

(1.2 mg/ml) polymerization with CDDP, 40 min contact
time, 27°.

Figure 3 represents electron micrographs of tubu-
lin polymerization in the absence and presence of
CDDP. Microtubules cannot be observed with
2.5 x 107*M CDDP after a 1 hr contact time at 27°.

The polymerization of microtubules, from their
subunits tubulin, is inhibited by organic sulfhydryl
blocking agents [14]. Moreover, it is known that
platinum(II), a soft acid, is more likely to form a
stable bond with sulfur. Consequently, a possible
CDDP binding to tubulin thiol residues was also
studied [15].

Approximately 20 sulfthydryl groups are present
per tubulin dimer [16]. Some free sulfhydryl groups
are directly involved in the polymerization process
[14]. In the present study, the number of sulfhydryl
groups was found to be 20.10 (+0.05) per tubulin
dimer.

Furthermore, the numbers of sulfhydryl groups
were 19.49 = 0.05, 18.90 £ 0.05 and 17.74 £ 0.05
with the tubulin—~CDDP ratios of 1:11, 1:22 and
1:60, respectively at 27° with a 1hr contact time.
The percent polymerization inhibition was always
100% under the same experimental conditions.
Figure 4 presents the number of tubulin sulfhydryl
groups in presence of CDDP vs time. It can be
concluded that CDDP reacts with the tubulin thiol
residues and that one blocked reactive residue is
enough to inhibit the polymerization process.

A dialysis was conducted for 6 hr at 4° against
buffer A following a contact time of 40 min at 27°
with 10~°M tubulin and 1.75 x 10~*M CDDP to
eliminate free CDDP molecules. The polymerization
process could not be recovered after dialysis. As
shown by platinum quantification, the CDDP-tubu-
lin ratio of the complex molecule was nearly 1.5
and two sulfhydryls groups were blocked. Our data
suggest that an irreversible reaction occurs between
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CDDP and tubulin through a covalent binding on
the thiol residue sites.

Influence of CDDP on the colchicine and vinca-
alkaloids tubulin bindings

Binding of colchicine to tubulin is a complex
phenomenon which is slow and not easily reversed.
In 1978, Garland [17] proposed that colchicine~tubu-
lin interaction might be a two-step process, namely
a fast reversible binding step followed by a slow
ligand induced conformational change.

In this study, CDDP-tubulin complex formation
was studied by using the colchicine binding activity.
The influence of CDDP on the affinity and stoi-
chiometry of colchicine binding to tubulin was inves-
tigated by Scatchard analysis (Fig. 5). The number
of available colchicine sites per tubulin dimer did not
change in the presence of CDDP but the affinity of
colchicine to tubulin was reduced. For 2 x 1074M
CDDP, 4.2 x 10~ M colchicine and 1075 M tubulin
a 25% decrease of colchicine binding could be
observed.

In the same way, a slight decrease of the apparent
association constants of vinca-alkaloids (vinblastine
and vincristine) to tubulin was also noted in presence
of CDDP (Fig. 6).

These results suggest that the binding sites of
CDDP and colchicine or vinca-alkaloids are
different. A primary CDDP induced conformational
change of tubulin could explain the slight modi-
fication of the colchicine and vinca-alkaloids binding.
These results may contribute to the additive effect
of CDDP and vinca-alkaloids on the in vitro MTP
polymerization. Indeed, under the same experi-
mental conditions (1 hr contact time at 37°, MTP:
0.8 mg/ml), 2.5 X 10~°M CDDP inhibited around
40% MTP polymerization while 1077 M vinblastine
produced a 35% inhibition, If 107 M vinblastine was
added to a MTP solution which was already treated
by 2.5 x 107M CDDP, a 70% polymerization inhi-
bition was observed.

CONCLUSION

The present work presents evidence that micro-
tubule formation is inhibited by CDDP in vitro at
equimolecular concentrations.

The tubulin~CDDP and tubulin—trans-dichloro-
diammine-platinum bindings may be involved essen-
tially in the cytotoxic effect of trans-dichloro-
diammine-platinum at high doses [18] and, in vivo,
in the neurotoxic effect of CDDP [3,4]. Indeed,
high platinum concentrations have been found in
peripheric nerves of patients who developed neur-
opathies [4]. The measured platinum concentrations
were almost identical to those used in this study for
a 50% tubulin polymerization inhibition (following
a 1hr contact time).

This tubulin binding of CDDP could also explain
some effect of CDDP on the phagocytic function of
mammalian cells [19]. Indeed, colchicine and vin-
blastine were shown to influence chemotaxis and
endocytosis by altering microtubule assembly [20].

CDDP was found to bind directly to tubulin 68 via
the sulfhydryl groups of the protein. One blocked
CDDP thiol function is enough to stop microtubule
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Microtubule assembly inhibition by cis-dichlorodiammine-platinum(II)
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Fig. 4. The reaction of tubulin sulfhydryls with CDDP

tubulin (10~° M) was incubated with CDDP (2.5 x 107 M)

at 27°. Samples were removed and reacted with DTNB as
described under Materials and Methods.
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Fig. 5. Scatchard plot. The range of colchicine con-
centration used was from 4 X 107°M to 4 x 10~5 M. Tubu-
lin concentration was 107> M. Binding values were not
corrected for loss of colchicine-binding activity during incu-
bation with colchicine and during purification of tubulin.

assembly. The CDDP-SH binding is followed by
a conformational change which slightly affects the
colchicine and vinca-alkaloids binding sites.
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Fig. 6. Scatchard plot. The range of vinca-alkaloids (vin-

blastine or vincristine) concentration used was from

1.70 x 10°°M to 107>M. Tubulin concentration was
5x 1076 M.
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