3820 Biochemistry1997,36, 3820-3825

[*H](Azidophenyl)ureido Taxoid Photolabels Peptide Amino Acids-2804 of
o-Tubulinf

C. Loeb? C. Combead,L. Ehret-Sabatiet,A. Breton-Gilet? D. Fauchef B. RoussealiA. Commeron$ and
M. Goeldner*

Laboratoire de Chimie Bio-organique, URA 1386 CNRS, FaaddétdPharmacie, Uniersite Louis Pasteur Strasbourg, BP 24,
67401 lllkirch cedex, France, Rhe-Poulenc Rorer SA, Centre de Recherches de Vitry-Ailfert13 Quai Jules Guesde,
94403 Vitry sur Seine, France, and Siee des Moleules Marques Deartement de Biologie Cellulaire et Maelaire,

CEA Saclay, 91191 Gif surv¥tte, France

Receied July 2, 1996; Resed Manuscript Receéd December 2, 1996

ABSTRACT: The taxoid binding site on porcine brain tubulin was covalently labeled, in the presence or
absence of Taxotere, with the photoaffinity reagéeht]{p-(azidophenyl)ureido taxoid derivativéH]-

TaxAPU [Combeau, C., Commga, A., Mioskowski, C., Rousseau, B., Aubert, F., & Goeldner, M.
(1994) Biochemistry 336676-6683]. After disulfide reduction and carboxymethylation, the alkylated
tubulin samples were treated with trypsin and the mixtures of peptides were first fractionated by gel
filtration over Sephadex G50. Anion exchange chromatography of the radioactive areas showed, for one
area, three major radioactive signals which were further analyzed by reversed phase C18 HPLC, leading
to well-resolved radioactive peaks. Microsequencing of these different peaks gave a complete sequence
of a tryptic fragment or-tubulin (@-281—304) and two partial peptide sequences of a tryptic fragment

on S-tubulin (3-217—229) in addition to sequences of mixture of peptides. The radioactive signals were
lost while concentrating the samples for microsequencing, preventing the identification of the modified
amino acids. These results identify the first peptidexetuibulin which binds to the taxoids and confirm

the involvement of bottw- and -tubulin in the taxoid binding site.

Microtubules, the most prominent elements in the spindle  The existence of only one taxoid binding site pgp-
apparatus, are the target of many antimitotic drugs. Among subunit dimer on the polymer (Parness & Horwitz, 1981;
the numerous tubulin-interacting drugs, Taxand its Diaz & Andreu, 1993) has promoted a series of structural
semisynthetic analogue Taxotere (@tte-Voegeleiret al,, investigations to define the taxoid binding site on tubulin.
1991) exhibit the unique property of promoting tubulin To address this question, several taxoid-derived photoaffinity
assembly and preventing microtubules from cold-induced probes have been designed and synthesized (Getoad),
depolymerization (Schifet al., 1979; Parness & Horwitz, 1992, 1994, 1995a; Carboeti al., 1993; Rimoldiet al.,1993;
1981; Ringel & Horwitz, 1991). The stabilization of Swindelletal, 1994). Furthermore, different radiolabeled
microtubules by taxoids is thought to be the basis for their Probes have led to the identification of the tubulin subunits
cytotoxicity (Jordaret al, 1993). Taxol and Taxotere have ~and peptide fragments involved in the recognition of taxoids.
undergone very promising clinical trials and have been Successively,°H]Taxol was used directly and was shown
approved by the U.S. Food and Drug Administration for the © photolabel thes-subunit (Racet al., 1992) and then a
treatment of advanced ovarian and advanced breast cancers P-(azidobenzamido) Taxol labeled the N-terminal 31

respectively. Thus, taxoids constitute an important new classamino acids off-tubulin (Racet al, 1994), while indepen-
of antitumor agents (Gurdet al., 1995). dently, the same probe was shown to label bathand

B-subunits with a predominance f@rtubulin using MAP-
free tubulin (Dasguptat al.,1994). Another taxoid probe,

* This work was supported by the Centre National de la Recherche Modified on the side chairi-position,p-(azidophenyl)ureido
Scientifique, the Association pour la Recherche sur le Cancer, and thederivative (TaxAPU), had already been shown to label

Foygiﬁt’:rgt?efg%?g%asteur Strasbour predominantly- over a-tubulin (Combeatet al., 1994).
§ Rhtne-Poulenc Rorer SA. g More recently, a 2—substitu§edazid_obenzqyl Taxol probe
I CEA Saclay. was shown to label peptide amino acids 2PB81 on

® Abstract published irAdvance ACS Abstractdlarch 15, 1997. B-tubulin (Raoet al.,1995). Clearly, these labeling results,

1 Abbreviations: TaxAPU, [(azidophenyl)ureido]Jtaxane derivative; : : -
Taxol (paclitaxel), 4,10-diacetoxye2(benzoyioxy)-B, 20-epoxy-1, B- somehow controversial, will have to be analyzed with respect

dihydroxy-9-oxotax-11-en-i8yl (2R 39-3-[(phenylcarbonyl)amino}-  t0 the newly described three-dimensional reconstruction of
2-hydroxy-3-phenylpropionate; Taxotere (docetaxel, trademark of zinc-induced assembled tubulin (6.5 A resolution) which
Rhne-Poulenc Rorer RP56976), 4-acetoxy-{benzoyloxy)-§,20- proposed a positioning of the Taxol binding site on the

epoxy-1,,105-trihydroxy-9-oxotax-11-en-18yl (2R,39-3-[(tert-bu- .
toxycarbonyl)amino]-2-hydroxy-3-phenylpropionate; Tris, tris(hy- p-subunit (Nogale®t al., 1995).
droxymethyl)aminomethane; MES, BHmorpholino)ethanesulfonic In the present study, we show that the labeling of purified

acid; GTP, guanosineéfriphosphate; TFA, trifluoroacetic acid; EGTA, ; ; ; ;
[ethylenebis(oxyethylenenitrilo)]tetraacetic acid; SDS, sodium dodecyl tbulin with FH]TaXAP.U (Figure 1) occurs qn the .tryptlc
sulfate; DTT, dithiothreitol; MAP, microtubule-associated protein: fragment of amino acids 281304 of a-tubulin, while a

HPLC, high-performance liquid chromatography. partial identification of the peptide of amino acids 217
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which was digested with 256L of 30% hydrogen peroxide
during 16 h at 85C. After the solution was cooled at room

(TCH i T temperature, 300L of 4 M urea in 1% SDS and 4.5 mL of
8 N3 scintillation cocktail (emulsifier-safe from Packard) were
H éH \. added to the digested slices. The samples were counted after
. a vigourous shaking.
Preparative Photoaffinity Labeling of Pure Microtubules
N3 for Peptide Isolation

A total of 18 mg of pure microtubules was irradiated.
Ficure 1: [*H]TaxAPU. Each time, 1.4 mL of pure microtubules (&) and PH]-
, . TaxAPU (6.7uM) were irradiated in the presence or absence
229 of f-tubulin was also observed. These results, in ot tayotere (0.1 mM). After irradiation, the microtubules
agreement with previous labeling results obtaine3en- were sedimented for 50 min at 220@pand 37°C. The

bulin (Raoet al., 1995), ensure the contribution aftubulin pellet was resuspended in a dissociated buffer consisting of
in the taxoid binding site (Combeaat al., 1994; Dasgupta 45 M Tris-HCI (pH 8.5) containip 8 M urea. The

etal, 1994). dissociated tubulin was reduced with 2 mM DTT #h at
room temperature under argon. Tubulin was then carboxym-

MATERIALS AND METHODS ethylated with 1.5 equiv of iodoacetic acid dissolved in 0.5

Chemicals. M NaOH. The reaction proceededrfd h in darkness.

_ ) Finally, tubulin free of unbound®H]TaxAPU and excess

Tris was from Euromedex. MES came from Calbiochem. reagents was obtained by chromatography of the mixture over
GTP and trypsin were purchased from Boehringer Man- 4 Sephadex G25 column (Pharmacia) (.30 cm). The
nheim. Electrophoresis materials and reagents were fromg|tion was performed with 50 mM NHICO; at a flow rate
BioRad. HPLC grade CKCN was from Merck. TFAcame  of 9.2 mL/min. Fractions of 1 mL were collected, each of
from Fluka. All other reagents were from Sigma’H]- which were checked for absorption at 280 nm and for tritium
TaxAPU was synthesized as initially described (Combeau agjoactivity. The tubulin fractions were pooled and con-
et al., 1994) (specific activity of 1 Ci/mmol). Taxotere centrated with a Centricon-30 device (Amicon). The final
(docetaxel, RP 56976) was from RiePoulenc Rorer. protein concentration was measured with a Bradford assay
(BioRad protein assay).

Similar labeling experiments were achieved on preformed

Microtubule protein was isolated from porcine brain by microtubules assembled from a L2/ solution during 15
two cycles of polymerizationdepolymerization (Shelanski  min at 37°C in the presence of 6 mM Mg&hnd 20uM
et al, 1973). Pure tubulin was separated from MAPs after GTP. After that, fH]TaxAPU (6.7uM) was added before
a phosphocellulose P11 chromatography of microtubule irradiation in the presence or absence of Taxotere (0.1 mM).
protein cycled three times (Weingarteh al, 1975). The
protein solutions were stored-aB0°C in a buffer consisting ~ Radiolabeled Peptide Purification

CéfGS_PAmll;/IB%EbS/fIFIaOH E]p:fi\?l)’ IO'ZS rInM ?%@;Oiﬂgﬁp Proteolysis Tubulin (3 mg/mL) in 50 mM NHHCO; was
( uffer) with 3. glycerol, ahdU.2m *digested for 24 h at 37C upon two successive additions of

trypsin [a total of 4% (w/w) was added].

Gel Filtration Chromatography. Tryptic digests were

For irradiation experiments, microtubule protein-8mg/ loaded onto a Sephadex G50 column (Pharmacia)X16@
mL) was cycled as follows. Polymerization was achieved c¢m). Peptides were eluted at a flow rate of 0.2 mL/min with
in 30 min at 37°C in the presence of 1 mM GTP. 100 mM NHHCO; containiry 8 M urea. Fractions (2 mL)
Microtubules were sedimented at 220900r 50 min and  were collected, and an aliquot of each fraction was assayed
at 37°C. The pellet was resuspended in RB buffer [100 for radioactivity.
mM MES/NaOH (pH 6.8), 0.5 mM MgG] and 1 mM Anion Exchange Chromatographyhe fractions of each
EGTA] at 4 °C, and the solution was clarified by a radioactive area were pooled and desalted using Sep-Pak C18
centrifugation at 2200@pfor 25 min. Cycled microtubule  cartridges. Peptides were eluted with 60%+CN in water.
protein (1.4 mL, 12¢M) was polymerized for 30 mininthe  After evaporation of CHCN under vacuum with a Speedvac
dark at 37°C in RB buffer supplemented with 1 MM Mgl gevice, the samples were loaded onto a MonoQ HR 5/5
30 uM GTP, and 1QuM [*H]TaxAPU. The solution was  column (Pharmacia). Peptides were eluted at a flow rate of
irradiated at 266 nm for 10 min using a monochromatic light 1 m/min with solvent A (10% CKCN in 10 mM Tris-HCI
beam (light energy of 8% 10°° einstein s* cm™). For  at pH 8.0) and solvent B (solvent A witl M NaCl) as
comparison, the same experiment was performed with purefo|iows: solvent A at 100% for 85 min and then a linear
microtubules as previously described (Combetal, 1994).  increase of solvent B from 0% at 5 min to 50% at 65 min.

. Fractions were collected every 0.5 min and assayed for

SDS-PAGE Analysis radioactivity. Absorbance was monitored on-line at 214 nm.

After denaturation, the irradiated microtubules (26) Reversed Phase Chromatographyrhe fractions of each
were loaded on a-515% acrylamide gel and processed for radioactive peak were pooled. TFA was added to a final
a 20 h electrophoresis at 50 V. The gel was stained with concentration of 0.1%, and the samples were loaded on a
Coomassie blue R. Each gel lane was cut in 2.2 mm slicesC18 HPLC column (250« 4.6 mm, Vydac). Elution was

Preparation of Microtubule Protein and Pure Tubulin

Photoaffinity Labeling
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Tryptic digests of fH]TaxAPU-photolabeled tubulin (6.8 mg) [in
gel slices number the presenced) or absence®) of 0.1 mM Taxotere] were applied

FIGURE 2: Specific radioactivity incorporation offiJTaxAPU into to a Sephadex G50 column. Elution conditions are described in
microtubules upon irradiation. Microtubules were irradiated with Materials and Methods.

[BH]TaxAPU (10xM) with or wihout Taxotere (0.3 mM). Samples . . . . .
were denatured and subjected to electrophoresis 6r18% SDS- good signal/noise ratio. The quantity of photolabeled tubulin
acrylamide gel (total tubulin loaded, 2@). The gel lane was cut (18 mg) was chosen to have sufficient material for the overall
into slices which were digested and counted. The difference of pyrification and sequencing steps.

radioactivity in the absence and presence of Taxotere is the specific After removal of excess tritiated probe, the carboxym-

]Ef,‘f' '?E)C tmfg’rc','gjg[ﬁg r;‘;tr'g{girf h:nZp((eg)mbﬂggt?%?“&?&iﬁg’ﬁg:d ethylated tubulin was further purified by gel filtration on
Arrows indicate the front of gels. Sephadex G25. A clear separation between tubulin (not
modified or radiolabeled) from other constituents such as
performed at a flow rate of 1 mL/min with solvent C (0.1% GTP and the photodecomposed probe was observed (not
TFA in water) and solvent D (0.1% TFA in GBN). For shown).
peak h, the elution started with 80% solvent C followed by Photolabeling Experiments with®HJTaxAPU on Pre-
a linear gradient to 45% solvent D in 100 min. For peaks formed Microtubules Preformed microtubules were pho-
b, and h, the elution started with 98% solvent C during 10 tolabeled with H]TaxAPU in the presence or absence of
min, followed by a linear gradient to 20% solvent D in 20 0.1 mM Taxotere. This experiment was analyzed by gel
min, an isocratic elution during 20 min, a linear gradient to electrophoresis and quantification of the radioactivity incor-
30% solvent D in 30 min, an isocratic elution during 20 min, porated along the gel showing an 81% specific incorporation
a linear gradient to 40% solvent D in 30 min, and finally an in the a-subunit and 76% in thg-subunit with gB/a ratio
isocratic elution during 10 min. The absorbance was of 1.6.
monitored on-line at 214 nm. Fractions were collected every  Trypsin Digestion and Peptide PurificatiorRadiolabeled
minute, and an aliqguot was assayed for radioactivity. tubulin samples were subjected to two successive trypsi-
Sequencing analysis was carried out on an Applied Biosys- nolysis experiments. The mixtures of peptides were first

tems 494 sequencer. fractionated by gel filtration on Sephadex G50 (Figure 3),
giving reproducible elution patterns for radioactive areas a
RESULTS and b. The lower-molecular weight area showed variability

] . ] ) in its relative content of radioactivity along the different
Photolabeling of Tubulin Using *H]TaxAPU in the  experiments and was not further investigated. Anion ex-
Presence of MARsMicrotubule protein-containing micro-  change chromatography of radioactive materials in areas a
tubules plus associated proteins (MAPs) were photolabeled(not shown) and b (Figure 4) showed, only in the latter case,
in the presence of 1AM [°H]TaxAPU as indicated in  \ye|l-resolved radioactive peaks. Area a gave a more
Materials and Methods. The photolabeling experiment was complicated pattern which will require additional proteolysis
compared with a MAP-free tubulin photolabeling experiment ang purification steps for satisfactory analysis. Similar
after gel electrophoresis and quantification of the radioactiv- resyits were obtained from the analysis of photolabeled

ity incorporated along the gel (Figure 2). preformed microtubules showing identical G50 and anion
Photolabeling of Tubulin Using®H]TaxAPU for Peptide exchange profiles with higher protection patterns (not

Identification. Purified tubulin was photolabeled byH]- shown).

TaxAPU in the presence or absence of 0.1 mM Taxotere as The peaks resulting from the anion exchange chromatog-

indicated in Materials and Methods. The &MV concentra- raphy of area b (Figure 4) were further analyzed by reversed

tion of the probe was selected according to Combegaai. phase C18 HPLC. The most interesting radioactivity profiles

(1994) to permit high incorporation of radioactivity with a (Figure 5A-C) were observed within fractiong,bb,, and
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Table 1: Amino Acid Sequences from the Different Purified Peptides

peak number

fraction number

sequence

peak h fraction 73 p-217-229, )(=)(=)PTY G D L N(—)LV
fraction 77 no peptide sequence
peak b fraction 80 no peptide sequence
fraction 114 B-217-229, ) T(-)PTYG ()L (=) (-)LV
peak i fraction 70 a-281-304, AYHEQLSVAEITNA(-)FEPANQMVK
fraction 84 a-167-185,LEFSIYPAPQVSTAVVEPY
B-283-302, ALTVPELTQQMFDA(-)NMMAA
a(—), residue not found.
4000 © 1400 -
=3
8
S 3000+ :; 200 4 &
g ! s H
E ] g
2 o 8
= -]
: [ ] E §
£ 2000+ b3./\ £ ,F g
S | ;\/ 0 20 40 60 80 100
2 1 ol *%
< H time (min)
£ I /
E 1000 1 . \/'o j\°. . 2500 4 B 0.2
/ “J\ I \\°.. ."I"\ < 80
\ [ / w? Soog %0 @ 8 : E
. [ s L R Y g €
o “ocsaetepstlc e’ EM.. 2 p
0 T T T 2 1250 5
0 10 20 30 3 8
.‘3 c
time (min) S 8
FiGure 4: Anion exchange chromatography of peak b [in the E | g
presence @) or absence @) of 0.1 mM Taxotere]. Pooled £ o
radioactive fractions of peak b from gel filtration (0.86 mg) were 0 o 8 120
desalted and then applied to an anion exchange column. Elution
was developed as described in Materials and Methods. time (min)
bs, each showing well-resolved radioactive peaks: fractions + 1000 C 70 ~1.0
73 and 77 from b(Figure 5A), fractions 80 and 114 from =
b, (Figure 5B), and fractions 70 and 84 from(Figure 5C). 8 £
Successive HPLC injections were necessary to collect En 1 8a <
sufficient material for microsequencing experiments. e 500 | 0s P
Microsequencing of Purified PeptidesTable 1 sum- 3 8
marizes the sequencing results. No peptide sequence was g 8
detected within fractions 77 from peak&nd 80 from peak H 2
. . . @
b,, while partial sequences over 13 cycles corresponding to z R I
amino acids 217229 of 5-tubulin were detected in fractions 0 +H— ; .
73 (k) and 114 (h). Further sequencing of these peptides 0 40 80 120
did not furnish additional amino acid identification. The C18 time (min)

HP_LC fractio_n 70 from peak;kshowed a full sequence of Ficure 5: Reversed phase HPLC separation of peptides from peaks
a single peptide corresponding to complete tryptic fragment p, (A), b, (B), and ks (C). Pooled radioactive fractions from anion
a-281-304. As expected, within this sequence, Cys 295 exchange chromatography were loaded directly onto a C18 reversed

was not identified after chemical modification (see Materials Phase column. See Materials and Methods.

and Methods). Finally, fraction 84 withinstrontained @ {450ids on microtubules remains to be defined, and photo-
mixture of two peptide sequences, corresponding to partial affinity labeling was chosen in the first instance to investigate
tryptic fragments3-283-302 anda-167-185. this interaction. Photoaffinity labeling methodology can lead
to a molecular characterization of a ligand binding site by
DISCUSSION the identification of the peptides and ultimately the amino
In the presence of taxoids, tubulin polymerizes without acids constituting the site (Kotzyba-Hibest al, 1995).
GTP, leading to stable microtubules. In contrast to other Several photoaffinity probes with photoreactive groups at
antimitotic alkaloids, Taxol and Taxotere associate specifi- different positions on the Taxol skeleton have been designed
cally and reversibly to microtubulek{ ~ 1 uM) with a and synthesized (Georgt al, 1995b). At first, a direct
stoichiometry of 1 pem/s-assembled tubulin (Parness & photo-cross-linking of radiolabeled Taxol to tubulin was
Horwitz, 1981; Diaz & Andreu, 1993). The binding site of described to occur on th@-subunit of tubulin (Racet al,



3824 Biochemistry, Vol. 36, No. 13, 1997 Loeb et al.

1992). The photocoupling approach using a natural ligand, radioactivity loss, we decided first to use trypsin as a
without modification with photoreactive groups, has been proteolytic agent to obtain directly small peptide fragments,
used in many instances (Bouchet & Goeldner, 1997) but second to cleave tubulin as a mixture of subunits to have
gives generally very low coupling yields, and this was the sufficient material at disposal for the complete purification
case for Taxol. A series of C-7-modified probes also gave procedures, and finally to avoid, as much as possible,
unsatisfactory photolabeling results (Rimo&tial, 1993); concentration of the reaction mixture to dryness.

in particular, the specificity of radioactive incorporation could  The purification procedure could be noticeably improved
not be demonstrated for these probes. The incorporation ofby performing, prior to C18 reversed phase HPLC, anion
arylazido groups in the C-13 Taxol side chain on position exchange chromatography which showed for one radioactive
C-3 gave the first reliable photoaffinity labeling resul8T area (area b, Figure 3) well-resolved radioactive peaks on
3'-(p-Azidobenzamido) Taxol was described to label exclu- the chromatogram (Figure 4). Peaks-bs, which possessed
sively -tubulin with the N-terminal 31 amino acids as the higher specific radioactivity incorporation (Figure 4), were
major site for photo-cross-linking (Raet al, 1994). further purified by reversed phase HPLC, leading in each
However, the same probe was shown to label predominantlycase to well-resolved single radioactive fractions (Figure
f3- overa- tubulin subunits (Dasgupet al, 1994) on pure 5A—C). During microsequencing of these different fractions
microtubules. Another taxoid probe modified on the side (Table 1), none released radioactivity during the cycles,
chain 3-position, the $H]-p-(azidophenyl)ureido derivative  confirming that the loss of radioactivity occurred through
([*H]TaxAPU), had already been shown to label predomi- concentration to dryness of the radioactive HPLC fractions
nantly S- over a-tubulin, again on pure microtubules before microsequencing (not shown). Fraction 70 from peak

(Combeauet al, 1994). Finally, a 2-substitutec?H]-m- bs (Figure 5C) led to the full peptide sequence of complete
azidobenzoyl Taxol probe was shown to label peptide amino tryptic fragment a-281-304. This is the first peptide
acids 217231 ong-tubulin (Raoet al., 1995). identified ono-tubulin to contribute to the taxoid binding

Taken together, the different photoaffinity labeling results site. Analyses of fractions 73 from peak(Figure 5A) and
do not permit one to assign the taxoid binding site to a given 114 from peak p (Figure 5B) each gave a partial peptide
tubulin subunit. While theS-subunit seems to play a sequence of a tryptic fragment ghtubulin (3-217—229).
dominant role in the taxoid recognition, thesubunit cannot  Interestingly, these partial sequences overlap with a cyanogen
be excluded. To determine the possible influence of MAPs bromide/tryptic fragmenf-217—231 described as the major
on this interaction, we photolyzed tubulin successively in photolabeled peptide fron?Hi]-2-(m-azidobenzoyl) Taxol
the presence and in the absence of MAPs witfjTaxAPU, (Raoet al, 1995). Fraction 84 from peaks l§Figure 5C)
in comparable conditions, using a quantitative method of gave a mixture of two peptides from and-tubulin, and
radioactivity detection on the gel electrophoresis rather thanit is not possible to attribute the initial radioactive signal to
autoradiography. Although specific incorporation of radio- either peptide. Finally, the analyses of the two remaining
activity corresponding to higher-molecular weight species fractions, 77 from peakiqFigure 5A) and 80 from peak:b
is observed in the former case (Figure 2A), and for which (Figure 5B), gave no peptide sequence, and we have no
we do not have a satisfactory explanation, i.e. cross-linking satisfactory explanation for this fact.
of labeled tubulin with MAPs might occur at the used The specificity of labeling was shown throughout the
wavelength, the labeling results did not show major differ- different purification procedures, leading to the ultimate
ences either for the total amount of radioactivity incorporated a-281—304 peptide identification. The experimental condi-
in both subunits or for the/g labeling ratio (Figure 2A,B). tions used (1M tubulin for 6.7 M probe, assuming Ky
We also checked the influence of the polymerized state of of 6 uM) indicate that almost half of the probe is reversibly
tubulin by analyzing the labeling of preformed microtubules bound to the protein, which should therefore limit the
with [®H]TaxAPU (not shown). Clearly, an increase in nonspecific labeling. Clearly, during the protection experi-
specific radioactivity incorporation (81% in the-subunit ment (labeling in the presence of 0.1 mM Taxotere), the
and 76% in thes-subunit) was observed when compared to radioactivity incorporation could not be fully prevented.
the labeling of $H]TaxAPU-induced polymers (Combeau Along the different purification steps, increasing amounts
et al, 1994). Also, a decrease in t#éx ratio is observed,  of protection were observed: 40% after G25 filtration (not
going from 2.5 to 1.6. This experiment emphasizes the shown), 63% (peak a) and 54% (peak b) after G50 chroma-
contribution of thea-subunit in the taxoid binding site. tography (Figure 3), and up to 75% in peaks-bs after ion

To precisely define the molecular interaction between the chromatography (Figure 4). The specificity of labeling was
[H]TaxAPU probe and tubulin, we analyzed the location directly dependent on the Taxotere concentration (Combeau
of the taxoid on the tubulin sequence by proteolysis of the et al, 1994), but we could not use higher Taxotere
protein and identification of the radiolabeled peptides. concentrations mainly because of its solubility limit.
Preliminary experiments using thrombin as a proteolytic ~ Our labeling results confirm at first the contribution of
enzyme indicated a loss of peptide-associated radioactivity both a- and -tubulin in the taxoid binding site on micro-
while concentrating the solutions. We were not able to tubules. Clearly, the proposed location of the Taxol binding
prevent satisfactorily this loss, whatever the conditions usedsite on the zinc-induced assembled tubulin (Nogateal.,
(pH, temperature). Clearly, this azido probe did not form a 1995) partially contradicts this result. However, the contacts
stable bond with the protein. This can occur when chemical between subunits and the subsequent localization of the Taxol
bonds are formed between nucleophilic protein residues andbinding site might differ in intact microtubules and zinc
the rearranged azido probe, i.e. didehydroazepine speciesheets (Makowski, 1995). Our results also suggest that the
resulting from singlet nitrenes, and which regenerate the 3'-substituted TaxAPU derivative may adopt a conformation
initial peptide in hydrolytic conditions (Bayley, 1983; which differs from the other 'S8substituted photoaffinity
Kotzyba-Hibertet al, 1995). To overcome this problem of probe [FH]-3'-(p-azidobenzamido) Taxol which photolabeled
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the N-terminal part of th@-subunit (Racet al, 1994)]. To Georg, G. I, Boge, T. C., Cheruvallath, Z. S., Clowers, J. S.,
address this question, we currently model the three- Harriman, G. C. B., Hepperle, M., & Park, H. (1995b)Taxol
dimensional structure of these taxoid photoaffinity probes Suence and applicatior(Sufiness, M., Ed.) pp 317375, CRC
. ) . . T ress, Boca Raton, FL.
to study the influence of the-3ide chain chemical modifica- , . .
tions on their overall conformation. Photoaffinity labeling Gugnard, D., Gudtte-Voegelein, F., & Lavelle, F. (199purr.
- Yy Pharm. Des. 195-112.

studies will bring new insight in the conformational analyses Guaitte-Voegelein, F., Gueard, D., Lavelle, F., Legoff, M.,

of Taxol derivatives within their tubulin binding site. Mangatal, L., & Potier, P. (1991). Med. Chem. 34992—998.
Jordan, M. A., Toso, R. J., Thrower, D., & Wilson, L. (199&pc.
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