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Abstract-We have evaluated the effects that methodology and species derivation have on the measure- 
ment of the interactton of tubulin with the alkaloids colcbicme (CLC) and vinblastine (VLB). The 
results show that two different methods analyzed simultaneously differed significantly in their binding 
data. Further. variations in the measured association constants were observed from species to species 
as well as wlthin a specie. On the basis of these results we conclude that differences in the processes 
for measuring binding of alkaloids to tubulin can influence the values determined and that differences 
in binding observed with the same methodology may result from differences in the source of tubulin. 

The alkaloids vinblastine (VLB) and colchicine (CLC) 
are known to bind specifically to tubulin. the soluble 
subunit protein of microtubul~s. This tub~llin-alka- 
loid interaction has been widely employed to quanti- 
tate tubulin content in tissues and cells. to afford in- 
sight into some of the biochemical characteristics of 
the tubulin molecule, and to provide information 
about drug-protein binding sites [ 141. 

The interaction of these alkaloids with tubulin has 
been assayed by measuring the amount of tritium- 
labeled alkaloid drug (CLC or VLB) bound to the 
tubulin preparation [S%l?]. Both the amount of tub- 
ulin present and the association constant of binding 
(K,) have been determined by means of Scatchard 
piots [S, 6.9, I l-131. The association constants of 
binding are measured as the slope of this line. and 
the intercept of the abscissa provides an estimate of 
the amount of tubulin present, when corrected for 
the extent of binding (60 per cent of maximum is 
achieved with CLC after 3 hr and 83 per cent is 
achieved with VLB in 15 min) [9]. 

Separation of the radioactive drug-protein complex 
from unbound drug has been accomplished by a 
variety of methods; for example: the IabeIed drug- 
tubulin complex may be adsorbed on DEAE-cellulose 

filter discs and rinsed to remove the unbound 
material 12, IO, 13- 151: or separation may be accom- 
plished by gel filtration [2. 10, IX 141. 

Numerous reports have appeared in the literature 
quantitating the affinity of both CLC and VLB to 
tubulin. The range of values reported for the associ- 
ation constants of binding for these drugs has differed 
greatly among various investigators. In particular, 
marked differences have been reported in data 
obtained using the technique of adsorbing the labeled 
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drug protein complex onto DEAE-cellulose filter 
discs. Sp~ifically, several papers reported the K, for 
VLB binding to porcine brain tubulin [9.13] to be 
5.2 x 6.0 x lOh l/mole, while others reported I(, 
values of 2 x 10’ l/mole when embryo chick brain 
tubulin was analyzed [3]. The CLC binding data also 
varied, depending upon the source of tubulin and 
method of assay, with K, values ranging from 4 x lo4 
to 2.5 x IO’ l/mole[6, 16, 171. 

One of the problems in evaluating these data 
revolves around the variations encountered in the 
methodology employed, making it difficult to deter- 
mine whether differences in binding constants reflec- 
ted significant differences among tubulins or differ- 
ences due to the methods themselves. 

In this paper. we have explored the binding of CLC 
and VLB to tubulin derived from several mammalian 
sources and determined that minor changes in metho- 
dology affect the data obtained. and that there are 
measurable differences in the binding properties of 
tubulin dependent upon its source. 

MATERIALS AND METHODS 

Chick rtnhr?a brain crude tuhulir~ eutractioft procrdures 

Chick embryos, 16 to 1 X-days-old. were sacrificed 
and their brains removed by dissection and placed 
in cold (0”) 20mM sodium phosphate (NaH2P0,: 
Na,HPO,) buffer containing IOOmM sodium gluta- 
mate (pH 6.X). The brains were rinsed once with cold 
buffer, weighed (less 10 per cent for adherent buffer) 
and an equal amount by weight of the phosphate-glu- 
tamate buffer plus 2.5 mM GTP (Sigma Chemical 
Co.) was added. The mixture was then homogenized 
with a motor driven Teflon-glass mortar and pestle 
for ten strokes. The homogenate was centrifuged for 
45 min at 40.000 revjmin and 4”. The supematant was 
decanted and used immediately, simultaneously per- 
forming the radiolabeled VLB and CLC binding ex- 
periments. 

Ti 



Fresh porcine brain was obtained from a IOWA dis- 
tributor (Esskay. Inc.. Baltimore. MD) within 3 hr of 

slaughter. The meninges were removed and the brain 
was washed once in cold (0”) 0.1 M piperaTine-,‘i.6’- 
bis-(?-ethane sulfonic acid): 1 .O mM ethyleneglyol-bis- 
(fl aminoethyl ether)-&‘, ,Y’-tctra-acetic acid buffer 
(EGTA) (pH 6.94). One and a half parts hy weight 
of brain cortex was homogenised with one part by 
weight of the above buffer containing 2.5 mhl GTP 
in a motor driven Teflon--glass homogenizer using ten 
strokes. The homogenate was centrifuged at 20,OOOy 
for 30min. and the superI~ata!lt was decanted and 
used immediately. 

Adult or newborn (I- to Z-day-old) rats were ssacri- 
ficcd and their brains removed by dissectIon and 
placed in cold (0 ) 0.24 M sucrose: 0.0005 M 
MgCI,:O.OOl M EGTA:O.Ol M NaH2P0,:Na,HP0, 
(pH 6.5) buffer. The brains wcrc rinsed once and then 
homogenized in three times their weight of the above 
buffer plus I .O mM CTP. The homogenate was ccntri- 
fuged at 100,000~ at 4’ for I hr. The supematant was 

decanted and used immediately. simultaneously per- 
forming the radiolabeled VLB and CLC binding L’Y- 
periments. 

Vinblastine tubulin paracrystals were induced in 
,unfertilized S. prqarartts eggs by incubation of an 
egg culture in sea water with 2 x 10m4 M vinblastine 
sulfate for 36 hr at 15’. Crystals composed of pure 
tubulin complexed to vinblastinc in a molar ratio of 
I mole vinblastinejmole of tubulin were isolated as 

described by Bryan [6]. Crystals were solubilized by 
dilution into low ionic strength buffer (l.OmM 
sodium phosphate, pH 6.8). 

VLBC3H] was prepared (by the method of Beer and 
Richards [IS]) with a specific activity of X0.7 mCi.‘m- 
mole and a purity of 96 per cent. CLCC3H] wLts pur- 
chased from New England Nuclear (Boston. MA) and 
diluted with unlabeled CLC to a specific activity of 
45.4 mCi/m-mole. 

Association constants were determined by incubat- 
ing varying concentrations of’ CLC[“H] or VLB[3H] 
at 37” (I5 min for VLB. 3 hr for CLC) with IoU~tl 

of tuhulm protein solution (I 2 mg, ml of t~ihtilin) 
diluted with the appropriate buffer to a final volume 
of I .W ml. 

RIotl~otl I. A i(X)-/tl aliquot of the above I .()-ml ill- 
cubation mixture wah rcmovcd and placud on two 
premoistencd DEAE-cellulose (Whatman DE 81 ) 
filter discs. After IO min, the liltcr discs wcrc washed 
by immersion in three separate changes of buffer (the 
same buffer used to prepnrc the protein solution less 
GTP and sucrose). The pnpcr discs with adherent 
protein drug complex wcrc placed directly in scintil- 
lation vials with IO ml Bray’s solution, cooled for I hr. 
and counted in a scintillation ~pectr~~ptit~tometer 
(Packard model ?320). The external standard tech- 
nique was used to convert to total dis min. 

~~~,f~~~~~~ 2. The remuminp 900 /tl of original incuba- 
tion mixture was placed on two premoistened DEAF 
paper discs. These discs were contained in a special 

filtering assembly (described in Ref. 13). The pads 
were moistened prior- to use with I ml of the same 

bulTer used to prepare the crude tubulin. less GTP 
and sucrose. The test tube containing the incubation 
mixture was rinsed with approximately 7 ml of this 
same bufJ‘er. The incubation mixture and rinse were 
allowed to filter by gravity. Each paper and assembly 
wel-e rinsed under gentle suctmn with three 5-ml 2111. 
quota of lhc appropriate buffer, arid the paper disc 
was counted 3s described prc~iously. 

Protein c~~l~cctitr~itit~ns wrrc detcrmincd by the 
method of Lowry <‘I (I/. [ 191. standardizcd against 
crystalline bovine serum albumin. The I\‘, of binding 
of tritium-lab&d drug to the protein preparations, 
and the amount (If tuhulln present were determined 
from Scatchard plots 120) from the slope of the lmc 
and the abscissa Intercepts respecti\cly. 

Two important observation\ LLC~C made concerning 
the data presented in Tables I and 2. First. the bind- 
mg data. both association constants and intercepts. 
for the alkaloids CLC and VLB differed between 
Method I and Method 2. Second. the binding Of the 
alkaloids to (ubtilin. x mcasurcd by their association 
constants. varied from yxcics ta species. 

The alkaloid tubulin interaction uas simulta- 
neously ~aycd hv tuo methods. which differed in 
the amolmt of reaciion material placed on the DEAE- 

CLC 
Pig 
Chick 

P = 0.01: P = O.‘O 
VLB 

Pig 0.3 * 0.04 IX il 2.0 t 02 -4 2 _i 0.2 
Chick KW4 f 0.035 -Ix * 2 I.1 +-0.h Sl +01 

P = 0.01 P = OIH)? 
_I..I________ ..-.__ --- ..---- ---- 

* Comparison of Method I and Method 7, using Student’s r-test 
+ All numbers are the average of three runs. 
: Comparison of pig and chick. using Student‘s t-test. 
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cellulose fifter discs and in the method of rinse. The 
two methods are comparable for there is no evidence 
that in the larger amount of protein placed on the 
DEAE-cellulose filter discs in Method 2 saturated the 
ability of the paper to bind the drug-protein complex. 
Pilot experiments were conducted in which the 
number of discs in a given deter~natjon were varied 
from 1 to 4. Only a slight rise in associated disjmin 
was Found. identical to the expected increase in back- 
ground counts for each individual disc. In Method 
I, further rinsing caused no change in the counts 
obtained. 

Table I compares these two methods using two 
protein solution sources (porcine and chick embryo 
brain). Association constants and intercept data for 
CLC and VLB binding were the criteria used to com- 
pare Methods 1 and 2. 

,&sociutio?r COF2Smt.S. IJsing crude porcine brain 
tubulin, the K, for CLC binding differed between 
Method I and Method 2 by a ratio of 3:5. This differ- 
ence between the two methods was significant at the 
0.025 level. When chick embryo brain was substituted 
for porcine brain the resulting association constants 
for CLC with Method 1 were half those with Method 
2, again significant at the 0.05 level. 

VLR association constants were determined for 
each of the protein sources at the same time as those 
for CLC. The association constants for VLB using 
Method I vs Method 2 differed by a factor of ten 
for both the porcine brain and chick embryo brain 
crude tubulin extracts. 

Intwepfs. The intercept data (see Table 1) pro- 
vided another parameter where significant differences 
were demonstrated between Method 1 and Method 
2. The intercept on the Scatchard plot reflects the 
percentage of the soluble protein that is tubulin, 
bound to the DEAL-cellulose filter discs. Assuming 
lZQ,OOO dahons for the molecular weight of tubulin, 
a relationship between the amount of drug bound to 
the tubulin molecule can be ascertained by comparing 
the intercepts obtained with CLC and those obtained 
with VLB. since it is known that CLC binds I mole 
for each 130,000 daltons of tubulin [2]. 

Method I intercept data consistently had higher 
values than the data of Method 2. and in addition 
indicated that both CLC and YL~B bind to tubuiin 

to the same extent. The relationship between inter- 
cepts was 1: 1. meaning that there was I mole VLB 
bound/mole of tubuhn. When the intercepts obtained 
under the conditions of Method 2 were compared, 
the relationship between intercepts was a little less 
than 1:2, indicating that about half the amount of 
VLB was bound to tubulin when compared to CLC. 
These latter data are consistent with our prior esperi- 
ence [9,13]. 

The alteration in K, values, indicating a selective 
etution of a less tightly bound component, shows that 
the differences in intercepts may not resuit from 
simple elution of more drug-protein complex. 
Whether this difference is due to the afinity of the 
druggprotein complex for DEAE-cellulose discs, or 
more likely a dissociation of a weaker drug--protein 
complex into dissociated elements, we cannot deter- 
mine at present, Significant was the fact that all Scat- 
chard plots were finear. 

Inter- and i~lfrusp~~,i~,s. In Section A, we demon- 
strated that methodology can influence the measure- 
ment of alkal(~~d-tubulin binding. Table 2 indicates 
that the source of the protein solution, i.e. the species, 
can also affect alkaloid-tubulin binding. 

In Method I, three species-porcine, chick embryo, 
and outer doublet tubulin and solubilized VLB- 
induced crystals from sea urchin sperm and egg- 
were used as sources for tub&n. CLC and VLB bind- 
ing to the first two was significantly different at the 
0.01 level. Specifically, the K, for CLC binding in 
the porcine extract was roughly one and a half times 
that found for chick. With sea urchin egg tubulin. 
the K, is quite different from both pig and chick. 
Moreover. the K, for the sea urchin sperm tail outer 
doublet tub&in is quite different from that of the sea 
urchin egg soiubihzed vinblastine crystal tubufin. 
demonstrating a significant intraspecics difference, 
The K, of VLB binding for the porcine extract was 
better than twice that found for chick. 

The three species---rat. porcine and chick were 
used as sources for the crude tubulin preparations 
in Method 2. CLC binding to the porcine vs chick 
crude tubuhn preparations suggested a difference. but 
it was not statistically supported (P value 0.2). How- 

Table 2. Species dift”trretws binding constants at 37 
-- 

CLC VLB 

K, (I;mole x IOh) K, (i,~mole x lOhj 

Method 1 
Pig 
Chick 
Sea ~lrcllin-outer 

doublet tubulin* 
Sea urchin eggs 

solubitized VLB- 
induced crystals 

Method 7 
Pig 
Chick 
Rat ~newbor~) 

l&At 

* From Wilson and Mean [X]. 
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ever, the porcine and chick CLC binding values (K, 
values of 3.0 and 2.3 x 10’ I/mole, respectively) were 
strikingly different than those found for the rat 
(0.84 x 10” I/mole for adult and 0.59 x 10’ l/mole 
for newborn rats). VLB binding to the porcine extract 
was almost three times that found in the chick and 
this difference was significant at the 0.0005 level. The 
rat data fell between the porcine and chick extract 
data. with a K, of 1.4 to 1.7 x 10hIrmole. vs 
2.9 x IO6 l/mole for porcine and 1.1 x IO” limole for 
chick. 

DISCUSSION 

The specific and non-competitive nature of CLC 
and VLB binding to tubulin has made these alkaloids 
important probes in the investigation of microtubules 
and their involvement in various cellular processes. 
The literature concerning the relationship of these 
alkaloids binding to tub&n is varied in the range 
of association constants reported. in the sources of 
tubulin, and in the methodology used to assay the 
association constants [2, 5,&Y, 13. 16, 21-273. This 
variability in data raises questions concerning what 
effect each of these variables. i.e. methodology or 
tub&n source, has on ascertaining the binding reia- 
tionship, as expressed by the association constant 
[28]. The extent to which differences in K, values 
reflect differences in the tubulin dimers and/or differ- 
ences in methods was until now uncertain. This study 
has for the first time compared methodologies and 
found significant differences, and it has identified 

specific species and intraspecies differences using iden- 
tical methods. Earlier reports of conflicting data on 
I(, values for VLB are now resolved as related to 
differences in methodology [ 133. 

The differences seen between Methods 1 and _’ 
arose either due to preferential adsorption on DEAE- 
cellulose filter discs, i.e. affinity of the DEAE for a 
particular drug--protein complex, or more likely, due 
to the dissociation of a weaker drug- protein complex 
into its dissociated elements (this latter. however. des- 
pite the fact that the Scatchard plots remained linear 
throughout). Earlier work using the method of gel 
filtration on chick embryo brain gave data compar- 
able to that found in this study using Method 1 [14J 

Experimental conditions. i.e. pH and the ionic 
strength of the buffers. have been reported to affect 
binding activity [ 141. These variables were eliminated 
as a potential cause of altered binding in our cxpcri- 
merits. We suggest the possibility that the force and 
extent of rinsing. which differed between the two 
methods. permitted only the high afYmity bound 
drug-protein complex to remain m Method 2. while 
Method I included low affinity binding drug protein 
complex or complexes. The existence of high and low 
af!inity tubulin binding sites for CLC has been 
reported in the literatures [23]. The low aflinity sites 
for CLC, however, were apparently seen only at very 
high CLC concentrations, and probably do not rep- 
resent the same phenomenon seen in our present 
work. In addition, evidence for two functional classes 
of cytoplasmic microtubules has been described [ 291. 

The heterogeneity of tubulin, identified as an equi- 

Table 3. Reported binding constants for tubulins from various sources. deterrnin~~ 
hy various methods 

__~. 
CLC 

Source of tub&n 

Pig brain--pure 
Pig-pure 
Chick embryo brain-purified 
Chick embryo brain 

~~~d~W~~~~ 

Crude 
Chick. l3-day-old 
Chick. l3-day-old--purified 
Human cells----KB strain 

Human brain 
Gray matter 
White matter 

Toad bladder-qitheiial cells 
Sea urchin 

Tubulin VLB crystals 
Solubilized VLB crystals 
~lubilized outer doublet 

Rat liver 
Normal 
4R-hr Regenerated 

Rat brain membranes 
Beef thyroid 

*Method: (1) DEAE-cellulose assay, immersion rinse (Method 1 of this paper): 
(2) DEAE-cellulose paper assay, filtration (Method 2 of this paper); (3) gel ~ltratiot~ 
(Biogei p IO); (4) gel filtration (Sephadex-kinetic analysis): (5) charcoal adsorption: 
and (6) centrifugation of intact crystals; loss of labeled colchicine from suspension. 

t L. Wllson and A. Taylor, unpublished data. 
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Table 4. Reported binding constants for tubulins from various sources, determined by various methods 
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VLB 

Source of tubulin K, Technique* Reference 

Pig-pure 
Rat braindrude 
Rat brain-pure reassembled 
Chick embryo brain 
Chick embryo brain 

Pure fresh 
12-hr Stored 
12-hr Stored 

Sea urchin-soluble outer doublet 
Calf brain 
Rat brain membrane 

5-6 x 10h 2 9 
3.3 x IO6 2 9 
5.2 x lo6 2 13 

3-5 x lob 1 and 3 24 

4.5 x 105 4 
2.4 x lo4 4 24 
l-3 X 105 1 

1 x 10’ 3 24, 26 
2.3 x lo4 4 27 

-8 X 10-6 2 25 

* Method: (1) DEAE-cellulose paper assay, immersion rinse (Method 1 of this paper); (2) DEAE-cellu- 
lose paper assay, filtration (Method 2 of this paper); (3) gel filtration (Biogel p 10); and (4) gel filtration 
(Sephadex-kinetic analysis). 

molar mixture of a and /I forms, has been well 
reported in the literature 1303. Although tubulin 
appears to be fairly well conserved phylogenetically 
in the amino acid sequencing of the two tubulin 
subunits [31], there are some differences, shown in 
at least four species-mbryo chick, rat, mouse and 
sea urchin [32]. In addition, it has been reported that 
calf and rat brain tubulin have important biochemical 
and structural differences. Calf brain tubulin contains 
a disulfide bridge per subunit and rat brain tubulin 
does not [33,34]. Tables 3 and 4 list some of the 
methods, tubulin sources, and association constants 
which have been reported. Note that calf tubulin 
differs from rat brain tubulin in its binding of VLB 
by at least two orders of magnitude. Although subtle 
differences in experimental technique cannot be ruled 
out as responsible for the relatively low K,, it is con- 
sistent with the species-related differences that we 
observed with porcine, chick and rat tubulin, since 
the methodology was generally the same. 

An interesting clinical observation has been with 
the difference in neuro-toxicity between adults and 
children seen with the drug VCR [35]. Young patients 
show a greater tolerance for this drug, where dose 
levels are two to four times higher than for adult 
patients. We suggest that these differences may be 
related to differences in the K, of binding to adult 
vs young tubulin, and suggest that a different tubulin 
protein is present. or at least predominates in 
children. The data in Table 2 suggest such a difference 
in the rat but do not establish it beyond question. 
Age-related differences in tubulin have already been 
reported, where significant changes in the concen- 
tration of microtubules and in the decay rate of CLC 
binding activity of tubulin have been correlated with 
maturation in rat brain and chick embryo brain 
[22,36]. 

Rapaport et al. [23] reported that, in regenerating 
liver, there was a 2.1 to 1 ratio of CLC binding to 
normal rat liver vs 4%hr regenerated liver. This, 
together with our finding of different K, values within 
a species, i.e. outer doublet vs solubilized egg VLB 
crystals in sea urchins, suggests that there may be 
different forms of tubulin within the same species. 

In summary, there are at least two variables in op- 
eration affecting the binding of alkaloids to tubulin. 

Methodology has been shown to influence the bind- 
ing affinity, and depending on the technique will 
measure either the high or low affinity properties. The 
second concerns variability in the tubulin. At the 
interspecies level, we can demonstrate biochemical 
and structural differences between tubulins, but the 
specific effect these have on the binding of alkaloids 
is unknown. Within a species we have encountered 
differences in the binding of alkaloids dependent upon 
the tubulin source. Whether the differences in alkaloid 
binding tubulin reflect differences in affinity of the 
tubulindrug complex for DEAE, or different classes 
of binding sites, affinities, mechanism or regulators 
that activate or inactivate tubulin and thereby affect 
binding is speculative. Further investigation is war- 
ranted to clarify these issues. 
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