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SUMMARY

The binding of tritium-labeled vinblastine (VLB) to tubulin
derived from mammalian brain was measured by Sephadex gel
column chromatography and by adsorption onto diethylamin
oethyl-cellulose filter paper. Tubulin purified by the re
assembly method gave results consistent with prior data,
obtained from arnmonium sulfate-diethylaminoethyl-cellu
lose-purified tubulin, with a Ka for VLB of 5.2 X 106
liters/mole, and for colchicine of 2.0 X 106 liters/mole. The
ratio of VLB to colchicine binding was 1:2, indicating that 1
mole of VLB binds to 240,000 daltons. Crude tubulin
solutions had essentially the same binding properties as the
purified protein. Binding of VLB to the microsomal-synap
tosomal fraction of homogenized brain was found to be
significant, and quantitatively greater than binding to the
soluble tubulin fraction. The ratio ofbound VLB to colchicine
in the microsomal-synaptosomal fraction was 2: 1. It is felt
that binding of the Ymca alkaloids to tubulin and tubulin-like
proteins is the primary mode of action of these drugs, and a
scheme relating the observed interactions of VLB with tubulin
is presented.

INTRODUCTION

The Vinca alkaloids VLB3 and VCR, as well as the
chemically unrelated drug CLC, are believed to exert their
primary pharmacological effects by interaction with the
microtubular protein, tubulin (1, 10, 21). This protein has
been obtained from a variety of cells known to be rich in
microtubules, as well as from isolated mitotic apparatus, and
has been characterized by its specific interaction with CLC (1).
Purified tubulin has a molecular weight of 120,000 daltons,
binds 1 mole of CLC per mole, and contains 2 moles of GTP
per 120,000 daltons, 1 tightly bound and 1 freely exchange
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able (1). Recent evidence (9) has shown that the protein is
probably a heterodimer of a and j3 subunits, both with
molecular weights of 60,000 daltons.

Both the Vinca alkaloids and CLC arrest dividing cells in
metaphase by causing dissolution of the mitotic spindle (18)
and, in addition, the Ymca alkaloids cause a characteristic
peripheral neuropathy (15). Since microtubules comprise the
major component of both mitotic spindles and neurotubules,
interruption of their integrity would explain cellular death via
arrested mitosis, and neuropathy may result from neuronal
microtubule malfunction. By direct interaction with tubulin,
these drugs apparently prevent proper assembly of monomeric
units into microtubules, shifting the equilibrium between
soluble tubulin and polymerized microtubules.

While CLC binds 1 mole/tubulin molecule (120,000
daltons), forming a soluble, nonpolymerizable complex (1,
21), the Vinca alkaloids have a more complex interaction. At
low concentrations of VLB or VCR, the drugs cause dimer
formation of the tubulin molecule, 1 mole binding 2 moles of
tubulin (5, 21 , 26). At suprapharmacological levels, however,
they cause abnormal polymerization of tubulin into crystalline
form (3, 17), a phenomenon never seen with CLC. In these
crystalline forms, the binding ratio is 1 mole of VLB bound
per tubulin molecule (7). When the association constants are
determined at low drug concentrations by Scatchard plots, the
binding of VLB and VCR to tubulin is found to be stronger
than for CLC, with Ka'5 of 6.0 X 106 liters/mole, 8.0 X 106
and 2.0 X 106 liters/mole, respectively (21). VLB and VCR
bind to the same site on tubulin, for they are mutually
competitive, while CLC binds to a different site, as it does not
displace VLB or VCR, nor does VCB or VCR displace CLC.
(19, 21, 28).

It has been observed that, in addition to binding to soluble
protein, CLC binds to membrane fractions derived from a
variety of lysed cells (6, 12). In the brain, most of these
binding sites are localized in the microsomal and synaptosomal
fractions (12).

In this report, we extend our earlier observations on the
interaction of VLB with pig and rat tubulin, examining both
crude extracts and partially purified tubulin prepared by 2
very different technicjues. We have also compared the
interactions of CLC and VLB with particulate fractions from
rat brain.

MATERIALS AND METhODS

Crude tubulin solutions were prepared from pig or rat brain,
either fresh or frozen, by 2 methods. In the 1st method, 1 part
by weight of brain was homogenized at 4Â°in a rotary-powered
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glass-and-Teflon pestle tissue grinder in 3 parts of SPG buffer
(25). In the 2nd method, the pig brain was homogenized at 4Â°
with an equal weight of MEGM buffer (24). After homogeniza
tion (in an ice bath, using 12 to 15 strokes), the mixture was
centrifuged for 1 hr at 100,000 X g at 4Â°,and the supernatant
was collected as the crude tubulin extract.

Purified tubulin was prepared by the reassembly method of
Shelansky et aL (23). The crude tubulin solution in MEGM buf
fer was incubated at 37Â°for 30 mm, and the polymerized tu
bules were collected by centrifugation at 25Â°and 100,000 X g
for 50 mm. The pellet was dissolved in MEGM buffer at 4Â°and
centrifuged at 4Â°and 100,000 X g for 30 mm, then was again
warmed to 37Â°to repolymerize the protein. This procedure
was repeated for a total of 3 precipitations, and the final pellet
(approximately 9 mg from 10 g of fresh brain) was redissolved
in 5 ml of MEGM buffer.

All protein concentrations were determined by the method
of Lowry er a!. (16).

VLB-3 H was prepared ( 14, 2 1) with a specific activity of
80.7 mCi/mM and a purity of 96%. CLC-3H was purchased
from New England Nuclear (Boston, Mass.), and diluted with
isotopically cold CLC to a specific activity of 45 .4 mCi/mM.

Sephadex chromatography was performed on a 1- x 15-cm
G-lOO gel column, with PMG buffer. The protein-alkaloid
mixture was applied, the column was eluted with PMG buffer,
and 0.5-ml fractions were collected.

Association constants were determined by incubating
varying concentrations of CLC-3H or VLB-3 H at 37Â°(15 min
for VLB, 3 hr for CLC) with 100 jil of tubulin protein solution
diluted with PG buffer to a final volume of 1.00 ml. The
protein:alkaloid complex was then adsorbed onto 2.3-cm
diameter DEAE-cellulose filter paper (Whatman DE81).
Binding of CLC was corrected both for decay and the
incomplete degree of binding at 3 hr of incubation (60% of
final) (21).

For rapid, multiple filter-paper assays, the bottoms were cut
off glass scintillation vials and the plastic caps were perforated
with about 100 1/32-inch holes. Two sheets of DEAE-cellulose
filter paper were placed in the cap, and the latter was screwed
onto the glass end, forming a tight seal of paper to glass. The
paper was equilibrated with PMG buffer for 10 min, after
which the protein:alkaloid solution was allowed to run
through by gravity. The paper was then rinsed 5 times with
5-ml portions of PMG buffer under mild suction. The paper
was placed in 5 ml of Bray's scintillation fluid and counted in
a PackardModel30â‚¬3 scintillationspectrophotometer.Por
tions ofVLB-3 H alone were added to the filter paper and rinsed,
and the adherent radioactivity was used to correct the initial
protein-binding data.

Particulate fractions from rat brain were obtained as
follows. Adult male Wistar-Firth rats were sacrificed by
cervical dislocation, the entire â€¢brain was removed and
homogenized in 10 times its weight of 0.32 M sucrose:5.0 mM
NaH2 â€˜p04:Na2 HPO4 (jH 6.5) buffer (27). Differential centri
fugation consisted of successive runs at 1,000 X g for 10 min,
at18,000X g for30 mm, andat100,000X g for60 mlii.The
1st 2 pellets were resuspended in 2.0 ml, and the final pellet,
in 1.0 ml, of the above buffer. Filter-paper assays were
performed on aliquots of the various fractions after incubation
with either VLB-@H or CLC-3H, in the same manner described
above.

RESULTS

Our initial studies of the interactions of VLB and VCR with
tubulin indicated that the 2 drugs react very similarly (21).
However, since VLB-3 H is more readily available than
VCR-3 H, we chose the former for our detailed investigations.

The interaction of VLB with a crude tubulin preparation
was first examined by Sephadex gel column chromatography
and then compared to the DEAE-cellulose filter-paper assay.
Pig brain was homogenized in SPG buffer, and after
centrifugation at 100,000 X g for 1 hr, 500 @tlof the clear
supernatant (1 .24 mg/ml, final protein concentration) were
incubated with VLB-3H (2.19 X i0@ M final concentration)
for 30 mm at 37Â°.The mixture was then placed on a Sephadex
G-lOO column at 4Â°and eluted with PMG buffer. The results
are shown in Chart 1. The coincidence of protein and
radioactivity in the 1st peak indicates that labeled drug is
bound to the protein fraction. We calculated that 5.43 X
l0'Â° mole of VLB was bound, or 8.74 X l0@ mole of
VLB/g of protein. When VLB-3 H alone was run, no
radioactivity was found in the initial eluate (approximately the
1st 4 ml).

We had previously reported that when the VLB:tubulin or
VCR:tubulin complex is exposed to DEAE-cellulose filter
paper, it is adsorbed in a manner analogous to that of the
tubulin:CLC complex (21). When a 20-j.zlaliquot of the same
protein solution that had been applied to the above mentioned
Sephadex column was adsorbed onto DEAE-cellulose filter
paper and washed with PMG buffer, the amount of bound
VLB was 0.204 X 111' Â°or 8.21 X l0@ mole/g of protein.
This represents 94% of the bound VLB determined by
Sephadex column, and consequently all further assays of VLB
binding were done on DEAE-cellulose filter paper. Assuming,
on the basis of the prior studies (5, 21 , 26) that 1 mole of
tubulin (120,000 daltons) binds one-half mole of VLB, then
about 20% of the crude 100,000 X g supernatant is tubulin.
This is in accord with the Scatchard studies discussed later in
the text.

On a separate sample, the protein-bound VLB was eluted
from the filter paper with dilute (0.1 N) H2 504 . This aqueous
solution was made basic with ammonia, extracted with
benzene, and the benzene layer was subjected to thin-layer
chromatography (silica gel:acetone) (21); 91% of the radioac
tivity was found in the VLB spot, indicating that there was no
significant decomposition of the alkaloid and that the
radioactivity on the filter paper was an accurate measure of
bound drug.

Next, we homogenized rat brain and assayed for VLB
binding in the crude homogenate and in the supernatant
obtained by centrifugation at 100,000 X g for 1 hr, using the
filter-paper technique. When different concentrations of both
protein preparations were incubated with a final concentration
of VLB-3H of 5.0 X lO' M in PMG buffer, a linear relation
was found between protein concentration and the amount of
alkaloid bound, up to a final concentration of 2.6 mg/mI for
the homogenate, and 1.1 mg/ml for the supernatant. In
addition, we noted that there was a much greater amount of
alkaloid bound in the homogenate fractions, compared with
that of the supematant fraction. Further delineation oj@
particulate binding versus soluble binding was then under
taken.
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Chart 1. Sephadex G-100 chromatography of crude pig brain tubulin after incubation with VLB-3H. The 100,000 X g supernatant of pig brain

homogenized in 1.5 parts of SPG buffer was incubated with VLB-3H at a final concentration of 4.38 x 10@ M for 15 mm at 37Â°. A 500-@zl
portion of this solution was chromatographed on a 1- X 15-cm Sephadex G-lOO column, eluting with PMG buffer (0.5-mI fractions were collected).
â€”, protein in @ig/ml determined by the method of Lowry et al. (1 6); - - - -, radioactivity in cpm.
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To define which particulate fraction had the greatest
binding capacity, the homogenate was separated into a crude
nuclear fraction, a synaptosomal-microsomal fraction, a
high-speed pellet, and a supernatant fraction by differential
centrifugation. Portions of each fraction were incubated with
both CLC- and VLB-3H and assayed on DEAE-cellulose filter
paper as before. The results (Table 1) reveal that most of the
binding for VLB was found in the synaptosomal-microsomal
fraction ( 18,000 X g pellet), with less in the soluble
supernatant fraction (ratio of 2.59), in contrast to CLC, where
the reverse is true (ratio of 0.57). In specific activity (pmoles
bound per mg of protein), binding for the soluble fraction is
over 4 times as high as the synaptosomal fraction for CLC
while, for VLB, they were almost equal. Our data are in
general agreement with that reported earlier for CLC (12)
binding to the synaptosomal-microsomal fractions, although
there are quantitative differences, possibly related to differ
ences in technique or in starting material (rat versus mouse
brain). Of significance is the ratio of the amount of each
alkaloid bound to the soluble fraction, where CLC:VLB 2.3,
a value very close to prior observations (21) and to the data
discussed below.

We previously reported the binding of purified tubulin to
CLC, VLB, and VCR, using tubulin purified by ammonium
sulfate precipitation, followed by adsorption and elution from
DEAE-cellulose (21). Recently, a 2nd method of purification
has been reported. Tubulin, after dissolution at 4Â°,is allowed
to reassemble at 37Â°,and the tubular structures that form are
collected by centrifugation (23, 24). By using this reassembly
technique, we prepared partially purified tubulin from pig
brain and studied its interaction with VLB and CLC. This
purified tubulin solution was incubated with VLB- and

CLC3H, and the protein:alkaloid complex was adsorbed onto
DEAE-cellulose filter paper, as described above.

First to be studied was the decay of VLB binding activity,
measured by the filter-paper assay, to tubulin that had been
preincubated with CLC, and our results were essentially
identical with those found earlier (Ref. 2 1, Fig. 2) using the
(NH4)2 504 :DEAE-cellulose purification technique.

Next, we investigated the binding characteristics of the
purified tubulin preparation. By varying the alkaloid concen
tration in the incubation mixture and using the filter-paper
assay, data were obtained and used to construct the Scatchard
plot shown in Chart 2. From this, both the Ka'S and the moles
of alkaloid bound per g of protein were determined. When
fresh brain was used, the Ka f(@VLB was calculated as 5.2 X
106 liters/mole, while with the same preparation, the Ka for
CLC was 2.0 X 106 liters/mole. A repeat run (comparing
purified with crude tubulin solutions, to be discussed later)
gave a value of 5.0 X 106 liters/mole. These results agree with
our prior data (21) on protein purified by the
(NH4)2SO4:DEAE method, the values for VLB of 5.0 and 5.2
x 106 liters/mole,and 6.0 X 106 liters/moleprobablynot
being different. The tubulin preparation was 77% pure,
calculated from the intercept on the x axis, and based on a
molecular weight of 120,000 daltons for the tubulin mono
mer, and assuming 1 mole of CLC bound per mole of tubulin.
As noted before (5, 21, 26), the ratio of CLC to VLB bound
was 2.0; thus, VLB binds 1 mole/240,000 daltons, i.e., 1
mole/2 moles of tubulin monomer.

Because of the inconvenience of obtaining fresh brain for
each set of studies, we decided to evaluate the effect of
low-temperature storage on the binding properties of tubulin.
When tubulin was purified by the reassembly technique from
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TotalalkaloidTotalFractionAlkaloidbound

(cpm x 106)nmoles boundprotein (mg)Pmoles/mgprotein%â€œCrude

homogenateCLC
VLB3.528 2.03816.24

Â±2.22@'
12.73Â±0.3779.0206 1611001001,000

x g pelletCLC
VLB0.203 0.1130.94

Â±0.04
0.71 Â±0.2010.887 66661,000

x g supernatantCLC
VLB2.698 1.80112.40

Â±0.38
11.30Â±1.2766.1188 171768818,000

x g pelletCLC
VLB0.688 0.9903.16

Â±0.75
6.18Â±0.0946.6c68 133194918,000

x g supernatantCLC
VLB1.198 0.3825.51

Â±0.72
2.39Â±0.4219.5283 1233419100,000

x g pelletCLC
VLB0.121 0.0480.56

Â±0.25
0.30Â±0.162.6215 11532100,000

x g supernatantCLC
VLB1.073 0.4034.94

Â±0.05
2.51 Â±0.9515.2325 16530 20

VLB Binding to Tubulin and Particulate Fraction

Table 1
Binding of VLB and CLC to particulate fractionsfrom rat brain

Two rat brains weighir@g630 and 580 mg were homogenized separately in 10 volumes of 0.32 M
sucrose: 0.005 M NaH3 PO4Na2 HPO4 (pH 6.5) buffer and centrifuged separately. The results are
averaged. Aliquots were incubated 15 mm with 2 X 10 6 M VLB-3H, and 3 hr with 2 X 10 6 M CLC-3H,
and the bound alkaloid was determined by filter-paper assay. Protein was assayed by the method of
Lowryetal. (16).

a Of total pmolesboundin crudehomogenate.
b Mean Â±S.E.
C Calculated by determining difference (Line 3 minus Line 5).

@1F

7(x @6)
Chart 2. Scatchard plots of purified pig brain tubulin-VLB-3 H complex, determined by filter-paper assay. A solution of tubulin, purified by the

reassembly technique and diluted in PG buffer to approximately 0.01 mg/mI in protein, was incubated with VLB-3H that varied from 4 X 10 @â€˜to
2 X 10 -â€M̃, and with CLC-3H that varied from 2 X 10@ to 10 6 M and a DEAE-cellulose filter-paper assay was performed.
.â€”.â€”. , reassembly-purified tubulin with CLC-3 H and â€ -̃ â€” â€¢â€” â€¢ @, reassembly-purified tubulin with VLB-@ H (both alkaloids run on the

same protein solution); - - - -, reassembly-purified tubulin from brain stored at â€”70Â°; , reassembly-purified tubulin with VLB-3 H (corresponds
to data on Chart 3;â€˜@â€˜,moles of alkaloid bound per g of protein; F, concentration of unbound alkaloid.

it

2

4

brain that had been stored first at â€”70Â°, the Scatchard plot
obtained gave a I@ of 8.9 X 106 liters/mole. This value
certainly varies from the prior values of 6.0 and 5.2 X 106
liters/mole. Note, however, that only 2 points were used to

determine this Ka and, therefore, we are uncertain about the
significance of this difference. Most noticeable was a decrease
in yield of tubulin prepared from frozen-thawed brain, some 3-
to 4-fold less than from fresh brain.
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Chart 3. Binding of VLB-3H to crude pig brain protein solutions. A Scatchard plot of crude pig brain homogenate 100,000 X g supematant was
determined after incubation with VLB-3H of 4 X 10@ to 2 X 10 6 M. The protein concentration was about 0.1 mg/ml.

â€”, fresh protein solution; â€”â€”â€” same protein as above, only assayed 8 hr later; â€”â€”â€”â€”, protein solution from brain stored at â€”70Â°.
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Since magnesium ion .concentration is known to have a
marked effect on the stability and the aggregabiity of tubulin
(1, 26), we next studied the effect that changes in this ion had
upon the binding of VLB. We homogenized pig brain with and
without added Mg ion, then incubated the crude tubulin
solutions in varying Mg ion concentrations with VLB-3 H and
determined the extent of binding by filter-paper assay. The
results demonstrated that, from 0.1 1 to about 8.86 mM , there
is little effect, save for slightly higher binding at 8.1 1 and 8.86
mM . When the Mg ion was increased to 80 mM , however,
binding fell off sharply to <20% of the prior values.

Finally, we compared the binding characteristics of crude
tubulin extracts from fresh, frozen-thawed, and crude brain
preparations that had stood at 4Â° for 8 hr, with fresh
reassembly-purified protein. Each preparation was made from
the same pig brain, treated as identically as possible in MEGM
buffer, and all K@ determinations were assayed on the same
day (Chart 3). The value of 5.2 X 106 liters/mole for
reassembly-purified tubulin compares favorably with our prior
values, as do the values of 6.3 X@ 06 liters/mole for the fresh
crude supernatant, 6.3 X 106 liters/mole for the frozen
thawed crude solution, and 5.0 X 106 liters/mole for a portion
of the fresh crude supernatant that had stood for 8 hr before
being assayed.

DISCUSSION

Tubulin, the 120,000-dalton protein that is the subunit of
microtubular structures, is identified by means of its inter

action with CLC and its ability to reform into tubular
structures. We have shown that VLB-3 H binds to tubulin
preparations and that this interaction can be measured either
by Sephadex gel column chromatography or by adsorption
onto DEAE-cellulose filter paper, with essentially identical
results. The utility and rapidity of the filter-paper assay
method allowed us to study several simultaneous parameters
of VLB:tubulin interaction, and provided reproducible data.

In exploring the interaction of VLB-3 H with homogenized
brain, we have found that, as with CLC (12), VLB binds to the
particulate fraction as well as to the soluble fraction. When
examined by crude differential centrifugation, the fraction
having the highest binding capacity for VLB was the
synaptosomal-microsomal fraction. Comparing VLB and CLC
binding with both the synaptosomal-microsomal and the
soluble (high-speed supematant) fractions, we found, surpris
ingly, that the synaptosomal-microsomal fraction had a 2-fold
excess of VLB to CLC binding. This observation is new,
revealing another major difference between CLC and VLB
binding properties. The differences recorded so far between
the 2 drugs have been (a) the 2 :1 ratio of CLC to VLB binding
to tubulin solutions, (b) the higher Ka for VLB, and (c) the
very much more rapid rate of reaction of VLB with tubulin
compared with that of CLC (21). These findings suggest that
in the particulate fractions there are more membrane sites for
binding VLB than for CLC , but the nature of those sites and
their differences are not known. In the soluble fraction, the
ratio of CLC bound to VLB bound was 23, very close to prior
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values of 2.2 (21), and to the value of 2.0 obtained from the
Scatchard plots in this paper.

When tubulin was purified by the reassembly method and
the values of the Ka'S and moles bound per mole of tubulin
were determined by Scatchard plots, the results were
essentially the same as those obtained from (NH4)2 SO4-
precipitated, DEAE-cellulose-purified tubulin. In addition, the
Ka values for crude tubulin preparations were the same as for

the purified materials. This implies, although it does not prove,
that VLB and CLC bind to the same protein molecule.
However, there remains the possibility that there are 2
copurifying proteins, 1 binding CLC and the 2nd binding VLB.
Finally, what role the 2 subunits of tubulin, the a and j3
components, play in determining the sites and/or mode of
alkaloid attachment is not clear. Indeed, so far, all prepara
tions that have dissociated tubulin into the a and @3forms have
lost their ability to bind CLC.

The active antimitotic drugs VLB and VCR purportedly kill
dividing cells by interaction with tubulin, preventing proper
mitotic spindle formation. It has been noted, however, that
mitotic arrest and cellular death are not always coincidental
(13, 22). Recently, it has also been shown that CLC affects the
mobility of receptor sites for lectins and transport sites on cell
membranes (4, 11). The drug appears to abolish certain
structural restraints on these surface sites, presumably by
interaction with a cellular constituent similar to microtubular
protein. We now have shown that VLB binds to the
synaptosomal-microsomal fragments from lysed brain tissue,
and that this fraction appears to have more binding sites than
the soluble tubulin fraction. Others have shown that CLC
binds to membranes from cells other than brain, and probably
VLB does also. This interaction of VLB with mtmbranes may
relate to its ability to kill cells, but much more investigation
will be needed to determine whether this is a significant
cytotoxic factor. It is reasonable to postulate that the Vinca
alkaloids might alter membrane structure and/or function, by
binding of the drugs to tubulin-like materials localized in
membranes. Such alteration could cause death of sensitive
cells, even though they are not undergoing mitosis. Should
interaction of the Vinca alkaloids with membranes be
important in causing cell death, the clinical synergism of these
drugs with steriods may relate to additive alteration of the
membrane by the latter drug, or by allowing more drug to
enter cells and bind to membrane or to soluble protein sites.
Whether membrane binding might also relate to the develop
ment of neurotoxicity remains to be seen.

Our data, and those of others (3), indicating that tubulin
binds only 1 mole of VLB or VCR per 240,000 daltons, do
not agree with the report (7) that 1 mole of VLB is bound per
120,000 daltons. In our studies, we examined a range of
known or expected in vivo pharmacological concentrations
(l0@ to 106 M). Those experiments that found a larger
VLB: tubulin ratio were done at higher alkaloid concentrations
(2 X l0@ to l0@ M), where microtubular crystals were
formed, and it was in these highly ordered forms that the
VLB: tubulin ratio was 1:1 (7, 8).

We suggest that the following scheme (Chart 4) applies to
the interaction of the alkaloids with tubulin. With CLC, at all
known concentrations, tubulin binds 1 mole of drug per mole
of tubulin to form a soluble complex. The binding of CLC
occurs in such a manner that normal polymerization into

tubulin - CLC (soluble II complex)1@ CLC(lOt
tubulin (monomer, 120P00 daltons)@=Â± microtubules

VLB (<lO@6M)

1'
tubulin-VLB-tubulin (soluble 2:1 complex)

1L
-Etubulin-VLB}(polymericâ€˜crystallineâ€•formsIIcomplex)
Chart 4. Scheme of tubulin interactions with VLB and CLC.

microtubular structures cannot occur. On the other hand,
when low concentrations (<106 M) of VLB are used, I mole
of this alkaloid binds 2 moles of tubulin, forming a soluble,
stable dimer complex (21, 26). It has been reported (5) that
VLB displaces 1 mole of GTP during its binding, but exactly
what role this nucleotide and its site play in either microtubule
formation or VLB-induced polymerization is not clear. When
higher concentrations of VLB are used, there is additional
binding of the alkaloid to the protein molecule, resulting in
polymerization of tubulin into an ordered form, with a
VLB: tubulin ratio that is 1:1. Whether this means there is a
2nd binding site on the protein for VLB, or that the drug
causes conformational thanges that expose linkage sites
elsewhere on the protein molecule resulting first in dimer and
then in polymer structures is an unresolved question. If there
are indeed 2 sites for VLB binding, neither is the same as that
which binds CLC (19, 21 , 28). Since VLB and VCR are
competitive, at least at low concentrations (19), we assume
that they bind to the same intital site on tubulin, and probably
to the 2nd site as well.

In conclusion, we feel that the available evidence strongly
supports the interaction of the Vinca alkaloids, VLB and VCR,
with tubulin as the mode whereby these drugs cause both cell
death and peripheral neuropathy. A major site of cellular
impairment is the influence these drugs have on the soluble
tubulin pool, shifting the monomeric protein away from
availability for polymerization into mitotic spindles, neuro
tubules, and other key microtubular structures. We assume,
although it is not yet proven, that one of the key sites not yet
fully examined is the association of microtubules and/or
tubulin-like materials with cellular membranes. Alteration of
vital membrane functions by this mechanism could readily
explain cellular death in nondividing populations, and may
also relate to neuropathic changes. This latter is particularly
important when it is realized that these drugs do not (in rats)
penetrate significantly into central nervous system tissue
(although it is possible that penetration into peripheral
nervous tissue may occur, but technical problems have not
allowed accurate measurements (2, 20). Obviously, a great deal
of work is required to evaluate this membrane-binding factor
as it relates, not only to cellular death, but also to its role in
the sensitivity or resistance of a cell to these alkaloids.
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