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ABSTRACT: The role of the elimination of ring B and/or the modification of ring C of colchicine in tubulin
binding kinetics and thermodynamics has been characterized, using four different molecules. These ligands
are colchicine (COL); 2-methoxy-54(2,4'-trimethoxyphenyl)-2,4,6-cycloheptatrien-1-one (MTC), in which

the central ring B has been reduced to one bond; allocolchicine (ALLO), in which ring C has been replaced
by a six-membered ring; and 2,3,4-trimethoxXyedrbomethoxy-1,ibiphenyl (TCB), where the same

two modifications are made simultaneously. This paper describes the kinetics of association of ALLO
with tubulin. The binding is accompanied by a fluorescence increase with slow biphasic kinetics, indicating
binding to fast and slow tubulin isotypes. Binding to each of these isotypes occurs in two steps: a fast
initial binding followed by a slower isomerization step. TKe andk; values for ALLO at 25°C are

14 0004 2000 and 25 00@: 6000 M (fast and slow isotypes) and 0.0350.003 s* and 0.013+

0.001 s? (fast and slow isotype), respectively. For ALLO the reaction standard enthalpy change of the
initial binding is 684 5 k¥mol~! (fast isotype) and 45 33 kkmol~! (slow isotype) and the activation
energy for the second forward step is 5814 kImol™! (fast isotype) and 8% 17 kImol~! (slow
isotype). Displacement kinetics of bound ALLO by podophyllotoxin was monoexponential. The activation
energy for the isomerization in the off direction is 1877 kkmol~t. Comparison of the thermodynamic
parameters for all four compounds shows that the modifications of both rings are cumulative with respect
to overall binding. For the intermediate state there is a mutual influence of both modifications, suggesting

an alteration of the reaction pathway.
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In a preceding study (Dumortiat al., 1996), a detailed  Chart 1
kinetic analysis of the binding of two biphenyl analogues of HNCOCH
colchicine (TCB and TKB) to tubulin showed that both
molecules bind in two steps, just as colchicine does, but the
binding process is faster and the affinity of the initial binding
is much higher than that of colchicine. TCB and TKB are  cu,0
analogues closest to MTC (a bifunctional colchicine analogue
lacking ring B) (Chart 1), in which the structure of ring C
had been modified, while ring A was left intact. The
energetic properties of the binding of TCB determined from

CO,CH
kinetic studies are greatly different from those of colchicine o CO,CH, @ o
(Garland, 1978; Lambeir & Engelborghs, 1981'aP1& @ @ @
CH10 CH30 OCHy

o

(o]

X

)
o
o
I
o

I: COL II: MTC
HNCOCH 5

Andreu, 1991) and MTC (Banet al,, 1984; Engelborghs &
Fitzgerald, 1986, 1987). These thermodynamic differences
prompted the study of allocolchicine (ALLO), which is
closest to colchicine in that it has three rings but in which II: ALLO Iv: TCB
ring C has been replaced by the same aromatic six-membered

ring as in TCB (Chart 1). ALLO inhibits tubulin assembly

OCH3
OCH, OCH3

and is a competitive inhibitor of[H]colchicine binding
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We also acknowledge support of Grant DGICyT PB920007 (J.M.A.) fluorescent in aqueous solution, and its fluorescence is

angCl\lcl)ﬁe(sz‘;r)%wdﬁg_;%?grs(hﬂ'J'G')' dramatically enhanced by binding to tubulin, while it also
i Katholieke Universiteit Leuven. guenches the intrinsic fluorescence _of t_ubulin (Bang Hastie,
ﬁBrandeis University. o o 1989). It has been shown that the binding of ALLO induces
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4-morpholineethanesulfonic acid; MTC, 2-methoxy-5%24 -tri- circular dichroism, the formation of polymers of aberrant
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Kinetics of Allocolchicine to Tubulin

That the association of ALLO is relatively slow has been
shown by Bane Hastie (1989) and Medragtoal. (1989),
but the full binding mechanism has not been determined.
Calorimetric measurements of ALLO were done by Menen-
dezet al. (1989). When compared to the overall equilibrium
studies (Medranet al., 1989), a detailed study of the kinetics
of ALLO should reveal more details of the binding mech-
anism of the ligand in which ring C has been modified.
Comparison of these results with those of the interactions
of tubulin with colchicine, MTC, and TCB should permit a
full kinetic analysis and a thermodynamic characterization
of the effect of modification of ring B or/and ring C on the
individual steps of binding of colchicine and their mutual
influence.

MATERIALS AND METHODS

Protein. The preparation of pure tubulin and the deter-
mination of its concentration were as described previously
(Dumortieret al., 1996).

Chemicals. ALLO was synthesized by M. J. Gorbunoff,
by treatment of colchicine with sodium methoxide (Fernholz,
1950). Stock solutions were made in dimethyl sulfoxide and
stored at-20°C. For the experiments, these solutions were
diluted in MES buffer adjusted to a final DMSO concentra-
tion of 5% (v/v) after 2-fold dilution in the stopped-flow

apparatus. Concentrations were determined spectrophoto-

metrically using an extinction coefficient of 11 860 #cm™
at 288 nm (Medranet al., 1989). The solubility of ALLO
is limited (Medrancet al,, 1989; Bane Hastie, 1989).

COL was purchased from Aldrich. Its concentration was
determined spectrophotometrically with an extinction coef-
ficient of 16 600 Mt cm™t at 350 nm.

POD was purchased from Sigma. It was dissolved in
DMSO and an extinction coefficient of 3700 Mcm™ at
290 nm was used (Andreu & Timasheff, 1982).

Kinetic MeasurementsAll kinetic studies were done with
pure tubulin in a buffer consisting of 50 mM MES, 70 mM
NaCl, 1 mM MgC}, 1 mM EGTA, and 1 mM NaB adjusted
to pH 6.4 with NaOH and to 5% DMSO upon mixing in the
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Ficure 1: Kinetics of association of allocolchicine to tubulin.
Fluorescence increase associated with the binding of allocolchi-
cine (48uM) to tubulin (5 uM), observed in the stopped-flow
apparatus at 28C (excitation at 315 nm, emission above 400
nm). The experimental curve (dots) is fitted to a sum of two
exponentials (line). The calculated constants are 0020002 st
for the fast isotype and 0.007 0.0004 s* for the slow isotype.
The inset shows the residuals between experimental and observed
data.

1200 lines/mm each) was set at 400 nm. All fittings were
done with the program Sigmaplot, also based on the
Marquardt algorithm.

RESULTS

(1) Stopped-Flow Association Kinetics of the Binding of
ALLO to Tubulin The binding of ALLO to tubulin results

in a promotion of ALLO fluorescence, which can be used
as a probe to follow the binding kinetics. The kinetics of
association were studied in a stopped-flow apparatus at
different temperatures under pseudo-first-order conditions in
the presence of a large excess of the drug (up to/880
limited by solubility). The ligand:protein ratio was at least
10:1. Atypical kinetic profile for the relatively slow binding

of ALLO (48 uM) to tubulin (5uM) at 25°C is shown in
Figure 1. The kinetics were analyzed by using both one-
and two-exponential fits. The fluorescence increase has to
be fitted with a sum of two exponentials (biphasic kinetics),
based on the values gf? and on the spreading of the

stopped-flow apparatus. GDP was added to a final concen-jagiduals (experimentatheoretical fit) (Figure 1):

tration of 1 mM to prevent polymerization. The ionic
strength of this buffer is 0.1 M.

Association Kinetics.The kinetics of association were

F=F. = AF; exp(—kopst) = AF; exp(—koped) (1)

measured in a fluorescence stopped-flow apparatus (LambeifvhereF., is the fluorescence at infinite time and-;, Kopss,

& Engelborghs, 1981). Measurement of COL binding gave
(as expected) identical results (Lambeir & Engelborghs,
1981). For the ALLO studies, excitation was done at 315
nm and emission was collected through a Kodak Wratten
filter 2B (cutoff at 395 nm). The dead time of the instrument
was determined with the reaction dEbromosuccinimide
with N-acetyltryptophanamide (Peterman, 1979) and was
found to be around 1.5 ms. The data obtained were fitted
with nonlinear least-squares curve-fitting software based on
the Marquardt algorithm (Bevington, 1969).

Dissociation Kinetics The kinetics of dissociation were
followed by monitoring the loss of fluorescence of the
tubulinrALLO complex in the presence of an excess of
podophyllotoxin. The dissociation of the complex was
monitored on a SPEX spectrophotometer at different tem-
peratures. The excitation monochromator (SPEX 1861
Minimate 2) was set at 315 nm. The emission monochro-
mator (SPEX 1680 double spectrometer using two grids of

AF,, and kqps2 are the amplitudes and the observed rate
constants of the fast and slow phases, respectively. The
amplitude of the fast phase was about-#0% of the total
fluorescence at 25C.

The binding of colchicine and MTC was also best
described by the above biexponential equation (Lambeir &
Engelborghs, 1981; Engelborghs & Fitzgerald, 1987). The
two phases are attributed to the presence of different isotypes
of tubulin, which have been isolated by Banerjee and
Luduéra (1987, 1991, 1992). In relation to colchicine
binding the isotypes can be grouped in fast-binding isotypes
(a6, 88v) and the slow-binding isotype fa) (Banerjee et
al., 1994).

The observed rate constantg,f) for the association of
ALLO with tubulin were determined for different tempera-
tures. Figure 2 shows the concentration dependence for the
two phases (isotypes). Both show a very pronounced
deviation from the linear relation expected for a simple



15902 Biochemistry, Vol. 35, No. 49, 1996 Dumortier et al.

0.09 T T T T T T T 15 T T

kobs1 (s™"

-10 L :
0.00 1 1 1 I I I 3.2 3.3 3.4 3.5
0 50 100 150 200 250 300 350 400 (1000/T) K—‘

[ALLO] (uM) FIGURE 3: van't Hoff plots for the initial binding equilibriumiy)
0.03 for the fast @) and slow [J) reacting isotypes and Arrhenius plots
. T T L T T T H . H . .
B for the association rate constarkg) @nd dissociation rate constants
(k-) for the fast (filled symbols) and slow (open symbols) reacting
isotypes of the ALLO complex.

ment experiments (see further)]. Measurement of the binding
kinetics at different temperatures gave the thermodynamic
parameters for the fast preequilibrium for the two isotypes,
as well as the activation energy of the second step in the
association direction (Figure 3). The thermodynamic and
kinetic parameters that describe the two-step binding of
ALLO to the two populations of tubulin isotypes are
presented in Table 1.

(2) Dissociation Kinetics. The kinetics of dissociation
were studied independently by monitoring the loss of the
fluorescence of the tubulALLO complex in the presence

0.00 , . l L L of a large excess of podophyllotoxin. Tubulin M) was
0 50 100 150 200 250 300 350 400 incubated with ALLO (20uM) for 20 min to form the
[ALLOT (uM) complex. The dissociation was initiated by the addition of
5 ) . . 1 mM POD (all final concentrations). Every dissociating
IGURE 2: Nonlinear concentration dependence of the rate constants . . .
for the binding of ALLO to the fastkyss panel A) and the slow ~ molecule of ALLO is replaced by POD and the isomerization
(kobsa panel B) reacting isotypes of tubulin at different temperatures in the off direction is the rate-limiting stefx{pod/POD] >
(at pseudo-first-order conditions). The ligand:tubulin ratio was at kya o[ALLO]). A typical fluorescence curve at 3%C is
s Es o e ropersol e Th e oo oho I Figure & Surrisinly he dissogiaton eaction
(k—2) (intercept) were obtair)llgd separately from the displacement fOIIOV\.’S smgle_exponentlal (monophasic) kinetics. Howev_er,
experiments. the higher noise of the curve would not allow the separation
of two closely related exponentials. The backward rate
pseudo-first-order concentration dependence, indicating thatconstant for the isomerizatiok (;) at 25°C has a value of
the binding occurs in two steps as is true for the binding of (3.88+ 0.02)x 10“s™. From the temperature dependence
colchicine, MTC, and TCB to tubulin (Garland, 1978; of the displacement experiments, an activation energy of
Engelborghs & Fitzgerald, 1987; Dumortiet al., 1996): 107 &+ 7 kFmol=! for ALLO dissociation was calculated

kobs2 (s™'

(Figure 3).
K Lo, * (3) Thermodynamic Parameter$Vith the determination
T+ALLO T-ALLO k2 T-ALLO (2) of the activation energies for the forward and backward

. L o o directions of the second step, all the thermodynamic and
whereK; is the equilibrium constant for the initial binding  kinetic parameters for the two steps of ALLO binding
andk; andk- are the forward and backward rate constants pecome known. These are listed in Table 1. In Figure 5,
for the isomerization of the initial complex (for each tubulin e enthalpic pathway is compared with those of TCB, MTC
isotype). For such a scheme, the following rate constant can(fast and slow tubulin isotypes), and colchicine (fast tubulin

be derived for each isotype: isotype).
KK TALLO The standard enthalpy changes for the overall bindings of
Kype = 2Kl ] 3) the four compounds to the fast tubulin isotype are shown in
bs™ "2 T g 4 K,[ALLO] Figure 6. Figure 7 shows the standard enthalpy changes for

the initial and second steps of binding to the fast tubulin
[In the fitting k-, has the value obtained from the displace- isotype. (Since the data of colchicine binding to the slow
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Table 1: Thermodynamic and Kinetic Parameters (at@pof the Individual Steps of ALLO (Fast and Slow Isotypes), TCB, MTC (Slow and
Fast Isotype), and Colchicine (Fast Isotype)

ALLO MTCP

fast phase slow phase TEB fast phase slow phase Colfast phase
Ky (M) 1.4+ 0.2)x 100 (2.5+0.6) x 10 (11.4+15)x 10* 273+ 14 1188+ 200 220
AH°; (kJ*mol™?) 68+5 454 33 4449 —1+1.6 24+ 7 —33+12
AS; (Imolt K1) 303+ 16 224+ 116 240+ 30 43+7 142+ 14 —63+ 40
ko (s7Y) 0.055+ 0.003 0.013t+ 0.001 0.66+ 0.04 58.5+ 0.4 4.4+ 0.4 0.3
Eaz (kJ'mol™?) 58+ 14 81+ 17 64+ 2 58+ 2 39+4 100+ 5
AH°®; + Ea2 126+ 16 126+ 37 108+ 9 57+ 2 63+ 8 67+ 13
ko(sh (3.88+0.02)x 104 0.25+ 0.05 0.058&+ 0.01 0.025+0.01 5.3x 1076
Ea (kImol™) 107+ 7 86+ 20 81+ 6 74+ 6 94+ 10
AH?®; (kJ*mol™?) —49+ 21 —26+ 18 —22+20 —23+6 —-35+7 6+ 11
AS; (mol~t K1) —124+ 21 —58+ 40 —66+ 20 —20+6 —74+8 111
AH®(kJ-mol=1) 19+ 16 19+ 37 22+ 21 —24+7 —11+10 —27+16

aFrom Dumortier et al (1996f. From Engelborghs and Fitzgerald (1987l:rom Lambeir and Engelborghs (1981) anég®and Andreu (1991).
4 The data for colchicine binding to the slow isotype are not sufficiently accurate.
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Ficure 4: Displacement of bound ALLO by excess podophyllo- <

toxin at 35°C. Tubulin (5uM) was incubated with ALLO (2&:M) —20 k-
for 20 min to form the complex. The dissociation was started by
the addition of 1 mM podophyllotoxin. The experimental curve is
fitted to a one-exponential function.
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00 Ficure 6: Standard enthalpy changesHoveral) Of global binding
of the four compounds to the fast tubulin isotype.

‘ ether ring (ring C) had been transformed into p (
| carbomethoxy)benzene (modificatior-76 and modification
‘, —B simultaneously) (Dumortieet al., 1996). The finding
that TCB exhibits a much higher affinity in the first step of
\ o binding (relative to colchicine) suggests that the first step
contains a contribution from the whole molecule (instead of
=50 ring A or ring C alone). In this paper, the kinetics of the
reaclion coordinate colchicine analogue in which ring C has been replaced by a
FiIGURE5: Reaction path for the binding of tubulin to allocolchicine, SiX-membered ring, allocolchicine, are described. This
TCB, MTC, and colchicine. The open symbols represent the permits the characterization of the-7 6 modification and
transition state for the second step. For colchicine only data for g full kinetic and thermodynamic comparison of the four
the fast isotype are available; for MTC and ALLO data are available ,5lecules.
for both isotypes. TCB does not sense the difference. (1) Kinetic Analysis of the Binding of ALLO to Tubulin.
It has been shown by Bane Hastie (1989) and Medetno
al. (1989) that binding to tubulin promotes enhancement of
ALLO fluorescence and that the association with tubulin is
DISCUSSION relatively slow, but the full mechanism of binding was not
determined. Here, a detailed kinetic study at different
Detailed kinetic stopped-flow studies have been describedtemperatures has been done. The kinetic behavior of ALLO
for the interaction of tubulin with colchicine (Garland, 1978; is formally very similar to that of colchicine and MTC. Under
Lambeir & Engelborghs, 1981), with MTC, a bifunctional pseudo-first-order conditions, two phases are observed (bi-
analogue of colchicine that lacks the middle ring (modifica- phasic kinetics). For colchicine, it has been shown that the
tion —B) (Engelborghs & Fitzgerald, 1986, 1987) and with two parallel phases are caused by separable isotypes (Ban-
the biphenyl analogue TCB, in which the tropolone methyl erjee & Luduém, 1987, 1991, 1992). In the case of TCB,
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isotype are lacking, no complete comparable graph can be
made for the slow isotype.)
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FiIGurRe 7: Standard enthalpy changes of the initiaH®;, top panel)
and secondAH°®,, bottom panel) step of binding to the fast tubulin
isotype. The dotted lines represent thid° values for TCB if pure
additivity were applicable.

which is identical to ALLO except for the absence of the

ring B, the binding is monophasic, which indicates that this
drug does not discriminate between the isotypes of tubulin
(Dumortieret al,, 1996).

In the case of ALLO binding, the nonlinearity of the

concentration dependence of the two observed rate constant

can again be explained by a two-step binding model, which
involves a fast preequilibration step, followed by a slow
isomerization to form a stable fluorescent complex.

The kinetic measurements show that the affinity of the
initial step for ALLO is high (14 000+ 2000 M for the
fast reacting isotype and 25 0806000 M for the slow-
reacting isotype at 2%C), but the affinity of the second step
is much lower (1424 7 for the fast isotype). This is
analogous to TCB binding<; = (11.44+ 1.5) x 10* M %;

K, = 2.6 &+ 0.5) (Dumortieret al, 1996) but is highly
different from colchicine bindingK; is on the order of 200
M~! and K, is on the order of 55000) (Lambeir &
Engelborghs, 1981) and MTC binding (Engelborghs &
Fitzgerald, 1987). The high affinity of the initial binding
and the low value oK, for ALLO and TCB strongly suggest
that both rings A and C contribute to the binding in the first
step.

The overall binding constant of ALLO [(19 3) x 1C°
M~ for the fast-reacting isotype] calculated from the on and
off rate constantsK, = K;K;) agrees fairly well with the
value (124 5) x 10° M~* measured by equilibrium ligand
fluorescence (Medranet al., 1989).

Dumortier et al.

Table 2: Kinetic Analysis (at 28C) of the C into C Modification
and Elimination of Ring

modification yK1 yka k-2 Kz
7—6

(COL—ALLO) x 64 =54 x73.2 =399

(MTC — TCB) x414 -88.6 x4.3 =380
—B

(COL— MTC) x1.24 x195 x10943 =56

(ALLO —TCB)  x81  x12 x644 +54

ayX(ligand 1— ligand2) is the factor of X going from ligand 1 to
ligand 2. Only fast-phase data are compared.

The initial binding of ALLO is endothermic, as is the case
with TCB. The initial binding of ALLO (and TCB) is
entropy-driven. It should be noted that the activation energy
reported by Bane Hastie (1989) (80 6 kF¥mol™) was
determined from the apparent bimolecular rate constant for
the fast phase at a single ALLO concentration and is the
sum of the activation energy of the second step and the
enthalpy change for the fast preequilibrium. The present
slightly higher value of the activation energ&k°; + Ea)
measured by kinetic experiments (12616 k}mol™?) (see
Table 1) is somewhat higher than the values reported for
colchicine by Lambeir and Engelborghs (1981) and for MTC
by Engelborghs and Fitzgerald (1987).

(2) Comparison of the Kinetic Parameters for the Binding
of ALLO, TCB, MTC, and COL to TubulinModifications
in the colchicine molecule have marked effects on the binding
kinetics. Elimination of ring B (COL— MTC and ALLO
— TCB) accelerates the binding process, due to a faster
second step (lowering of the activation energy,, Ear the
COL_MTC transformation) and the fact that the initial
complex is not trapped in a deep negative enthalpy trough
(see Tables 1 and 2). An explanation that had been offered
is that the colchicine and allocolchicine bindings require a
conformational change in the ligand to one that can fit
sterically into the tubulin binding site (Detricit al., 1981;
Brossiet al, 1990). MTC, which lacks ring B, can assume
an active conformation very quickly due to the free rotation
about the phenyttropone bond and binds rapidly to tubulin
%Baneet al, 1984). The same explanation can be used for
the fast binding process of TCB. This explanation can be
guestioned, however, on the basis of the demonstration that
colchicine retains its solution conformation in its complex
with tubulin (Bane Hastie, 1991). Other hypotheses are that
ring B inhibits sterically the tubulin conformational change
in the second step of the binding process (Rawl., 1981;
Bhattacharyyat al., 1986), or that ring B constitutes a steric
impediment to the approach of ring A and/or ring C to their
binding sites and to their dissociation from the protein
(Andreuet al, 1991). Recently, kinetic studies of several
analogues of the middle ring of colchicine have shown that
this ring is responsible for the overall energetic barrier, which
is a function of the electronic nature of the substituent in
position G (Pyles & Bane Hastie, 1993).

The transformation of the tropolone methyl ether ring into
a carbomethoxybenzene ring{¥ 6 modification) (COL—
ALLO and MTC — TCB) induces a strong enhancement of
K1, a limited slowing down ok; (a positiveAE,, for MTC
— TCB, but negativeAE,, for COL — ALLO; see Table 1)
and an acceleration of the dissociation process (see Table
2). In both systems the affinity of the second step is
decreased 400-fold by the transformation (see Table 2).
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(3) Comparison of the Thermodynamic Parameters for the in the binding of these ligands, the extent of contact formed
Binding of ALLO, TCB, MTC, and COL to TubulinWhen between the drug and tubulin in each step differs from one
the enthalpy patterns (Figure 5) of the different compounds molecule to another. For example, alteration of ring C (7
are compared, one feature is immediately apparent: the— 6) involves in the first step different changes from one
patterns belong to two families, the ALLO/TCB family and molecule to another in the extent of intermolecular contact,
the COL/MTC family. This points to the fact that the major whether the modification is made in the three-ring system
effect is the ring C modification, which increases the enthalpy (COL — ALLO) or in the two ring system (MTC— TCB).
level of the initial complex, the final complex, and the The second step, then, encompasses the balance of the
transition state in between the two; i.e., it makes the initial intermolecular contacts involved in the complexing, which
and global bindings endothermic. The consequence of theby necessity will be different whether the modification is
—B maodification is different for the two families: for the ALLO — TCB or COL— MTC, since the overall effect on
COL — MTC modification, its major feature is the rise of the binding enthalpy change must be independent of the order
the enthalpy level of the intermediate and a small decreaseof the structural modifications, i.e., COt ALLO — TCB
of that of the transition state. For the ALLS- TCB or COL— MTC — TCB?

modification, it reduces the enthalpy levels of the intermedi-  For comparison, the dashed lines in Figure 7 show the
ate (fast isotype) and the transition state. expected values akH°; and AH°, for TCB if the enthalpic

A more detailed comparison @H°overan Values is given  contribution of the two modifications encompassed in COL
in Figure 6. It shows that the overall enthalpy changes are — TCB were equal to COl= ALLO plus COL — MTC,
cumulative, as also shown for the free energy changes fromwhich would assume that all the ligands make identical
the equilibrium measurements by Medragbal (1989).  extents of molecular contact with tubulin in each of the two
Figure 6 also shows that the contribution of ring B (in going steps. Once again, it is clear that this is not the case.
from MTC to COL or from TCB to ALLO) to the overall  piq 6 7 also shows that the enthalpic contribution of all
enthalpy change is very small, again in agreement with o, ifications is destabilizing for the initial complex and
previous statements (Andre aI.,. 19_91)' In other words, stabilizing for the final complex when compared with
we can say that for the overall binding process the effect of . |hicine. However, the free energy changes lead to

the modification of ring C is the same whether ring B iS giapjlization of the intial complex (except for MTC) and
present or not; i.e., the consequences of modification of either yagtapilization of the final complex. The higher affinities

ring B or C are mutually independent. The kinetically ¢ the modified molecules in the first step clearly come from
estimated overall enthalpy change of ALLO (19 16 a positive entropy contribution in the first step, again

kJ'mol™) is significantly different from the direct calori- compensated by a negative differential entropy change in
metric measurements-(L0.8 = 2 k>mol™') (Menendezet the second step (see Table 1).

al,, 1989) and from the van't Hoff analysis (Medraebal, On the other hand, the overall thermodynamic pattern of
1989). This, however, does not modify the conclusion that . " ay P:
dI'KB binding to tubulin (fast and slow isotypes give the

the consequences of the modifications are independent an Lame) is very similar to that of colchicine (Dumortral,

not linked to each other in the overall binding. 1996). This seems to be in contrast with the comparison

ILis now interesting to make the same comparison for the presented above. The only conclusion that can be made from
individual binding steps. This justifies the kinetic studies this comparison is that the 7 6 modification in TKB is

that are the only way to get information about the individual different from the one in TCB and that this difference in

steps. In fact, there can be two possible outcomes and it isC—rin structure compensates a humber of effects observed
not possible to predict which one is going to be true: (a) . 9 P
X . : g in TCB. In fact, a structural study has shown that TKB can
the rings behave independently in the individual steps or (b) fiti h bindi L imil h
there is an interdependence. Construction of plots similar ftinto the COIT Inding sité In a manner similar to the parent
molecule, while the COOCHgroup of TCB sterically

to that of Figure 6 forAG°; and AG®;, indicates that the X
e : .. prevents TCB from doing so (Rosst al., 1996). Thus, a
effects of the modifications are mutually independent within span of about 80 kinol* in enthalpy change and about 300

experimental error in free energy terms. Furthermore, it JFK-1mol-1 in entroov chanae can be the consequence of
shows that the only significant free energy contribution of Py 9 q
the removal of one oxygen atom.

ring B takes place in the second step and amounts10 , ,
kFmol-L. This was suggested by Andret al. (1984) to (4) Conclusions. In this paper, we have presented the
arise from the relative immobilization of the intramolecular Pinding mechanism and kinetics of association and dissocia-

rotation of the biaryl bond of MTC upon the binding of rings tion 0f ALLO to tubulin: it binds in two steps (as do COL,
A and C with the loss of rotational entropy. In COL this MTC, and TCB), the association and dissociation processes
bond is fixed in proper steric orientation by ring B. Similar &€ faster than COL, and the affinities of the first and second

plots have been constructed #H°®; and AH®, for the fast steps are changed. From the comparisqn of the kinetic and
tubulin isotype. These are shown in Figure 7. A mutual thermodynamic parameters of ALLO with those of TCB,

interdependence of the contributions of the two modifications MTC, and COL, the following points become clear: (a) The
(alteration of ring C or excision of ring B) is seen for both NG C to ring C transformation results in an acceleration of
steps of the binding process, as the effects of the individual the dissociation process and in a significant increase of the
modifications have different magnitudes that depend on the
order of the structural transitions (# 6 then—B, or —B 2 An alternative proposal would be that some tubtigand contacts
then 7— 6). Since addition ofAH°; and AH®, at each (such as a hypothetical ring B contact) are made in the first step which
transformation gives the symmetrical box of Figure 6, this are dissociated in the second, and that these are different for the different
. . o . '~ ligands. However, at present there is no evidence for this complication
interdependence does not signify cooperativity or linkage in oyt on the contrary, ring B is considered to make no contribution in
a thermodynamic sense. The simplest interpretation is that,the ground state; Pyles & Hastie, 1993).
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enthalpy levels of all states, relative to the reference. (b) Bevington, P. R. (1969pata Reduction and Error Analysis for
The absence of ring B relieves a kinetic barrier to binding Bhthe PEYSICN SBCIGQCeSdeE?ZMAfQ. MgG:\?W-BHl", '_\liN \;%fk-
and dissociation in the second step by lowering the enthalpyBhattacharyya, B., Howard, R., Maity, S. N., Brossi, A., Sharma,
level of the transition state. Concerning the intermediate gost"_&WOW’J' (1986)Proc. Natl. Acad. Sci. U.S.A. $2052-
state, the absence of ring B raises the enthalpy level whengossi A Boye, O., Muzaffar, A., Yeh, H. J. C., Toome, V.,
going from COL to MTC and decreases the enthalpy level  wegrzynski, B., & George C. (199GEBS Lett. 2625—7.
when going from ALLO to TCB. (c) The effects of the Deinum, J., Lincoln, P., Larsson, T., Lagercrantz, C., & Erkell, L.
modification of ring B on ring C (and vice versa) are  J. (1981)Acta Chem. Scand. B3667-681. _
independent for the overall enthalpy change but interdepen-Detrich, H. W., lll, Williams, R. C., MacDonald, T. L., Wilson,

dent for the individual steps, which suggests that they modify Dul;‘r’ll,og;"tislye(t:tl %o(rlbgusnlgﬁlohcjlhejm|s’&t;)érze%5%99(—&6(é?gelborghs v

the mechanistic reaction pathway. (1996) Biochemistry 354387-4395.
These results clearly show that a kinetic study can reveal pia; F."J., & Andreu, J. M. (1991). Biol. Chem. 2662890~
fascinating aspects of this remarkable binding process. 2896.
Engelborghs, Y., & Fitzgerald, T. J. (1988nn. N.Y. Acad. Sci.
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