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Taxol derivatives are selective inhibitors of DNA polymerase a
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Abstract—During screening for mammalian DNA polymerase inhibitors, we found and succeeded in isolating a potent inhibitor
from a higher plant, Taxus cuspidate. The compound was unexpectedly determined to be taxinine, an intermediate of paclitaxel
(taxol) metabolism. Taxinine was found to selectively inhibit DNA polymerase a (pol.a) and b (pol.b). We therefore, tested taxol
and other derivatives and found that taxol itself had no such inhibitory effect, and only taxinine could inhibit both pol.a and b. The
other compounds used, one derivative, cephalomannine, and five intermediates synthesized chemically inhibited only the pol.a
activity in vitro. None of the compounds, including taxinine, influenced the activities of the other DNA polymerases, which are
reportedly targeted by many pol.b inhibitors. With both pol.a and b, all of the compounds tested noncompetitively inhibited with
respect to both the DNA template-primer and the dNTP substrate.
� 2004 Elsevier Ltd. All rights reserved.
1. Introduction

We have screened natural compounds for selective
inhibition of mammalian DNA polymerases and found
many effective examples,1 some of which have been
developed for clinical use as immunosuppressive or
antitumor agents.2 Before our trial, novel DNA poly-
merase inhibitors had not attracted particular notice
because it was thought that eukaryotic cells contain
three replicative DNA polymerases (pol.a, d, and e),
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mitochondrial DNA polymerase (pol.c), and one repair
type of DNA polymerase (pol.b) and because inhibitors
to replicative pol.a and b were already well established,
aphidicolin and dideoxyTTP (ddTTP), respectively.
However, many new forms of DNA polymerases from
eukaryotes were found and as of 2003, at least 16 species
(pol.a, b, c, d, e, f, g, h, i, j, k, l, r, /, pol.I-like 1, and
pol.I-like 2) are known.3 Aphidicolin is not necessarily a
specific inhibitor of pol.a, and ddTTP cannot be
employed as a pol.b-specific inhibitor. We have, there-
fore, continued our search for new natural compounds
that selectively inhibit each of these eukaryotic DNA
polymerases for use as tools and molecular probes to
clarify their biological and in vivo functions.1

In the process, we recently identified taxinine as
an inhibitor from a higher plant, the Japanese yew
(Taxus cuspidata). The compound is an intermediate of
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paclitaxel (taxol), an antitumor compound isolated from
Taxus brevifolia,4 which can halt mitosis and induce
apoptosis. It is known that taxol directly affects tubulin
polymerization, alters microtubule dynamics, and binds
to Bcl-2, antiapoptotic human protein.5 We here focused
on whether this and other compounds belonging to the
paclitaxel (taxol) group might directly influence the
DNA polymerization system.
2. Experimental

2.1. Materials

Deoxynucleoside triphosphates and synthetic poly-
nucleotides such as poly(dA), poly(rC), and
oligo(dT)12–18, and [3H]20-deoxythymidine 50-triphos-
phate (dTTP) (43Ci/mmol) were purchased from Amer-
sham Pharmacia Biotech (NJ, USA). All other reagents
were of analytical grade and purchased from Wako
(Osaka, Japan). Paclitaxel (taxol), Cephalomannine
(compound 2), Baccatin III, 10-Deacetylbaccatin III, 10-
Deacetyltaxol, 7-epi-10-Deacetyltaxol were obtained
from Wako (Osaka, Japan). Synthetic intermediates of
taxol (eight compounds) were synthesized in our labo-
ratory based on the methods described by Shiina et al.6–10

The names of eight compounds:

(1S,2S,4S,4aS,6R,9S,11S,12S,12aR)-1-Acetoxymethyl-
11,12-(carbonyldioxy)-1,2,4,9-tetrahydroxy-4a,8,13,13-
tetramethyl-5-oxo-1,2,3,4,4a,5,6,9,10,11,12,12a-dodeca-
hydro-7,11-methanobenzocyclodecen-6-yl acetate (com-
pound 3).

1,2-O,O-Carbonyl-2-debenzoylbaccatin III (compound
4).

(4S,4aS,6R,9S,11S,12S,12aR)-12-Benzoyloxy-4,9,11-tri-
hydroxy-4a,8,13,13-tetramethyl-1-methylene-5-oxo-1,2,
3,4,4a,5,6,9,10,11,12,12a-dodecahydro-7,11-methano-
benzocyclodecen-6-yl 2,2,2-trichloroethyl carbonate
(compound 5).

(1S,2S,4S,4aS,6R,9S,11S,12S,12aR)-12-Benzoyloxy-
4,9,11-trihydroxy-4a,8,13,13-tetramethyl-5-oxo-
1,2,3,4,4a,5,6,9,10,11,12,12a-dodecahydrospiro[7,11-
methanobenzocyclodecene-1,20-oxiran]-2,6-yl diacetate
(compound 6).

(1R,2S,4S,4aS,6R,9S,11S,12S,12aR)-11,12-Carbonyldi-
oxy)-1-ethyl-1,2,4-trihydroxy-4a,8,13,13-tetramethyl-5-
oxo-1,2,3,4,4a,5,6,9,10,11,12,12a-dodecahydro-7,11-
methano-benzocyclodecen-6,9-yl diacetate (compound 7).

(4S,4aS,6R,9S,11S,12S,12aR)-11,12-(Carbonyldioxy)-4,
9-dihydroxy-4a,8,13,13-tetramethyl-1-methylene-5-oxo-
1,2,3,4,4a,5,6,9,10,11,12,12a-dodecahydro-7,11-metha-
nobenzocyclodecen-6-yl acetate (not shown).

(1S,2S,2aS,3R,6S,6aS,8R,11S)-1,2-(Carbonyldioxy)-
3,6,11-trihydroxy-6a,10,13,13-tetramethyl-7-oxo-1,2,2a,
3,4,5,6,6a,7,8,11,12-dodecahydro-1,9-methanobenzo-
cyclodecen-8-yl acetate (not shown).

(1S,2S,4S,4aS,6R,9S,11S,12S,12aR)-11,12-Carbonyldi-
oxy)-4,9-dihydroxy-4a,8,13,13-tetramethyl-5-oxo-1,2,3,
4,4a,5,6,9,10,11,12,12a-dodecahydrospiro[7,11-methano-
benzocyclodecene-1,20-oxiran]-2,6-yl diacetate (not
shown).

2.2. Enzymes

Human DNA polymerase a, d, and e (pol.a, d, and e)
and Drosophila pol.d and e were purified from Molt4
cells and embryos by protein-affinity column chroma-
tography as described previously.11 Purification of
pol.a-primase complex from embryos was carried out by
5E12 antibody column chromatography followed by
Heparin Sepharose 6 Fast Flow (Amersham Pharmacia
Biotech) column chromatography.12 Recombinant rat
DNA polymerase b (pol.b), mouse DNA polymerase k
(pol.k) and human Terminal deoxynucleotidyl transfer-
ase (TdT) were purified from Escherichia coli BL21
(DE3).13 Calf DNA topoisomerase I (topo I) and human
DNA topoisomerase II (topo II) were purchased from
Takara (Tokyo, Japan) and TopoGen (OH, USA).
E. coli DNA polymerase I, Taq DNA polymerase and
T4 DNA polymerase from Takara (Tokyo, Japan).
2.3. DNA polymerase assays

The activities of DNA polymerases were measured by
previously described methods13 with poly(dA)/
oligo(dT)12-18 and dTTP as the template-primer and
nucleotide substrate, respectively. Compounds were
dissolved in 10% dimethyl sulfoxide (DMSO) at various
concentrations and aliquots were added to the reaction
mixture for each assay. The activity without the inhibi-
tor was considered to be 100% and the remaining
activity at each concentration of inhibitor was deter-
mined as a percentage of this value. One unit of each
DNA polymerase activity was defined as the amount of
each enzyme that catalyzed the incorporation of 1 nmol
of deoxyribonucleotide triphosphates (i.e., dTTP) into
the synthetic template-primer (i.e., poly(dA)/oligo-
(dT)12–18, A/T¼2/1) in 60min at 37 �C under the normal
reaction conditions.14 For kinetic analyses, the concen-
trations of template-primer or [3H]dTTPs were varied.
The inhibition mode was analyzed by Lineweaver–Burk
plots, Km were obtained from Double reciprocal plots,
and Ki were from Dixon plots.
2.4. DNA topoisomerase assays

DNA relaxation activities of DNA topoisomerases were
described previously.15 Activity of topo I was analyzed
in the same manner as described above except that
reaction mixtures contained 10mM Tris–HCl (pH7.9),
pUC19 plasmid DNA (200 ng), 1mM EDTA, 150mM
NaCl, 0.1% bovine serum albumin (BSA), 0.1mM
spermidine, 5% glycerol, and 1 unit of topo I. One unit
was defined as the amount of enzyme capable of relaxing
0.25 lg of DNA in 15min at 37 �C.
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Topo II reactions were performed in 20 lL reaction
mixtures containing 50mM Tris–HCl buffer (pH8.0),
120mM KCl, 10mM MgCl2, 0.5mM ATP, 0.5mM
dithiothreitol (DTT), pBR322 plasmid DNA (200 ng),
2 lL of inhibitor solution (10% DMSO), and 1 unit of
topo II. The mixtures were incubated at 37 �C for 30min
and reactions terminated by adding 2 lL of loading
buffer consisting of 5% sarkosyl, 0.0025% bromophenol
blue, and 25% glycerol. The mixtures were subjected to
1% agarose gel electrophoresis in TAE (Tris–acetate–
EDTA) running buffer. The agarose gels were stained
with ethidium bromide, and DNA was visualized on
a UV transilluminator.
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Figure 1. Taxol analogues as DNA polymerase inhibitors. (1) Taxi-

nine; (2) Cephalomannine; (3–7) intermediates for taxol synthesis.6–10
2.5. Cell culture and measurement of cell growth inhibi-
tion

A549 cells, a human lung carcinoma cell line, were cul-
tured in Eagle’s minimal essential medium with non-
essential amino acids and MKN28 cells, a human gastric
cancer cell line, in 1640 medium, both supplemented
with 10% fetal calf serum. MCF-7 cells, a human breast
cancer cell line, were cultured in Eagle’s minimal
essential medium with nonessential amino acids, 1.5 g/L
NaHCO3, 1mM Na-pyruvate, and 10 lg/mL insulin. All
taxol analogues were first dissolved in DMSO at 10mM,
and then diluted with standard medium before test-
ing for effects on growth rates, determined by MTT
assay.16
2.6. Isolation of taxinine

In a series of screenings for mammalian DNA poly-
merase inhibitors, we found a natural compound from a
higher plant, the Japanese yew (Taxus cuspidata), which
inhibits the activities of pol.a and b, used as the target.
The compound was extracted with methanol from veg-
etable bodies (500 g dry wt) and evaporation of the
solvent yielded a 5 g sample. This was partitioned
between dichloromethane (1 L) and water (1 L), adjusted
to pH7.0, and the organic layer was evaporated. The
fraction was then subjected to silica gel column chro-
matography (Wakogel C-100, 100 mesh, 5.0 · 50 cm)
and eluted with dichloromethane–methanol (1:1 v/v).
Active fractions (750mg) were purified by a second silica
gel column chromatography (Wakogel C-200, 200 mesh,
2.5 · 40 cm) using dichloromethane–methanol (1:1 v/v)
and an aliquot (150mg) was subjected to a third silica
gel column chromatography (Wakogel C-300, 300 mesh,
1.5 · 20 cm) and then eluted with dichloromethane–
methanol (1:1 v/v). Finally, the active compound
(20mg) was purified by Sephadex LH-20 column chro-
matography (1.5 · 20 cm) eluted with dichloromethane–
methanol (1:1 v/v). Negative FABHR (fast atom bom-
bardment high resolution) mass and 1H, 13C, and DEPT
(distortion less enhancement by polarization transfer)
NMR spectroscopic analyses indicated the inhibitor to
be taxinine (see compound 1 in Fig. 1), previously
reported as a bio-antimutagen isolated from the same
plant.4
3. Results and discussion

3.1. Effects of taxol and its derivatives on the activities of
mammalian DNA polymerases and DNA topoisomerases

Table 1 shows the values of 50% inhibition (IC50) of all
the compounds tested against mammalian pol.a, b, d, e,
k, TdT, topo I, topoII, Drosophila pol.a, d, and e.
Although 14 DNA polymerase species have been re-
ported as of 2003, those available as mammalian enzyme
species are still limited. However, all of the enzyme
species used in this report could be purified to near
homogeneity.

Compound 1 (Taxinine) was effective at inhibiting
human pol.a and b activity (IC50 values of 27 and
36 lM, respectively), but had no effect on the other
DNA polymerase species and the DNA topoisomerases.
However, taxol itself did not exert any inhibition (data
not shown). Some of the intermediates such as com-
pounds 2 (Cephalomannine), 3–7 could influence only
pol.a. The IC50 values of the compounds 1–7 with
mammalian pol.a were 27, 31, 44, 41, 85, 83, and 97 lM,
respectively. Same as mammalian pol.a, Drosophila
pol.a was inhibited by the compounds 1–7. The IC50

values of with Drosophila pol.a were 30, 37, 45, 38, 79,
90, and 85 lM. None of the compounds shown in Fig. 1
had any significant influence on the activities of mam-
malian DNA pol.d, e, and k, TdT, or topo I and II and
Drosophila pol.d and e (Table 1). Prokaryotic DNA
polymerases such as E. coli DNA polymerase I, Taq
DNA polymerase, and T4 DNA polymerase were not
targeted (data not shown). Compounds 1–4 were espe-
cially strong inhibitors of mammalian and Drosophila
pol.a, like aphidicolin, which is a pol.a, d, and e inhib-
itor. The data indicate that some taxol group com-
pounds are DNA polymerase inhibitors specific to pol.a
or pol.a and b, but taxol itself is not. Since aphidicolin is



Table 1. IC50 values (lM) of taxol and its analogues on the activity of various DNA polymerases

Compound Pol.a Pol.b Pol.d Pol.e Pol.k TdT Topo I Topo II Dpol.a Dpol.d Dpol.e

1 27 36 >500 >500 >500 >500 >500 >500 30 >500 >500

2 31 >500 >500 >500 >500 >500 >500 >500 37 >500 >500

3 44 >500 >500 >500 >500 >500 >500 >500 45 >500 >500

4 41 >500 >500 >500 >500 >500 >500 >500 38 >500 >500

5 85 >500 >500 >500 >500 >500 >500 >500 79 >500 >500

6 83 >500 >500 >500 >500 >500 >500 >500 90 >500 >500

7 97 >500 >500 >500 >500 >500 >500 >500 85 >500 >500

Taxol analogues were incubated with each enzymes (0.05 units). The enzyme activities were measured as described in Experimental. Enzyme activity

in the absence of the compound was taken as 100%. Pol.a: human DNA polymerase a, pol.b: rat DNA polymerase b, pol.d: human DNA polymerase

d, pol.e: human DNA polymerase e, pol.k: mouse DNA polymerase k, TdT: human Terminal deoxynucleotidyl transferase, topo I: calf DNA

topoisomerase I, topo II: human DNA topoisomerase II, Dpol.a: Drosohila DNA polymerasea, Dpol.d: Drosohila DNA polymerase d, Dpol.e:
Drosohila DNA polymerase e.
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at present the only commercially available inhibitor for
pol.a. Compound 2 (Cephalomannine) in particular
may have promise as a new pol.a-specific inhibitor for in
vitro studies of DNA synthetic complexes. The corre-
lation among the structures of these compounds and the
inhibition effects to DNA polymerase was not com-
pletely clear in these results yet. However, if the com-
pounds act as inhibitors in vivo, they would not only
provide molecular tools for analyzing DNA polyme-
rases, but might also be lead compounds for cancer
chemotherapeutic agents. We therefore, also investi-
gated their actions on the human lung carcinoma cell
line A549, the human gastric cancer cell line MKN28,
and the human breast cancer cell line MCF-7. However,
none of the pol.a-specific inhibitors (compounds 1–7)
caused any suppression of cell growth. Presumably the
pol.a-inhibitory effect may be too weak (data not
shown).
3.2. Effects of reaction conditions on mammalian DNA
polymerase inhibition

To determine the effects of a nonionic detergent on
inhibition by compounds 1–7 of pol.a and b, a neutral
detergent, Nonidet P-40 (NP-40), was added to the
reaction mixture at a concentration of 0.1%. In the
absence of any compound, pol.a activity was taken as
100%. The inhibitory effects of compounds 1–7 on pol.a
and of compound 1 on pol.b at 100 lMwere not affected
by the addition of NP-40 to the reaction mixture, sug-
gesting that the binding interactions to the enzymes are
hydrophilic. We also tested whether an excess amount of
a substrate analogue, poly(rC) (100 lg/mL), or a pro-
tein, BSA (100 lg/mL), could prevent the inhibitory
effects of compounds 1–7. Poly(rC) and BSA showed
little or no influence, suggesting that the binding to pol.a
or b occur selectively (data not shown). The results were
also similar on Drosophila pol.a (data not shown).
3.3. Mode of DNA polymerase inhibition by pol.a-
inhibitory compounds

To elucidate the inhibition mechanisms of compounds
1–7 on mammalian pol.a, b, and Drosophila pol.a, the
extent of inhibition as a function of DNA template-
primer or dNTP substrate concentrations was studied
(Table 2). For kinetic analyses, poly(dA)/oligo(dT)12–18
and dTTP were used as the DNA template-primer and
dNTP substrate, respectively. Double reciprocal plots
showed that on mammalian and Drosophila pol.a, all
the compounds were noncompetitive with both the
DNA template and the dNTP substrate, and on pol.b,
compound 1 were also noncompetitive (Table 2). On
mammalian and Drosophila pol.a, the Km values to the
DNA template for compounds 1–7 were unchanged at
4.2, 3.3, 5.6, 4.0, 2.2, 3.6, 4.9 and 4.5, 3.9, 5.6, 4.0, 2.4,
3.3, 5.1 lM, respectively (Table 2). Similarly, on mam-
malian or Drosophila pol.a, the Km values to the dNTP
substrate were also unchanged at 0.93, 1.4, 1.1, 0.95, 1.2,
1.0, 0.94 and 1.0, 1.3, 1.2, 0.88, 1.2, 1.3, 1.1 lM,
respectively (Table 2). On pol.b, compound 1 was non-
competitive with both the DNA template (Km

unchanged at 3.9 lM) and the dNTP substrate (Km un-
changed at 1.4 lM) (Table 2). For mammalian or Dro-
sophila pol.a, and the DNA template, the inhibition
constant (Ki) values obtained from Dixon plots were
found to be 4.8, 6.0, 8.1, 7.3, 6.6, 5.4, 7.2 and 4.9, 5.9,
7.9, 7.0, 6.4, 4.9, 6.9 lM for compounds 1–7, respec-
tively, and for pol.b and the DNA template, to be
6.65 lM for compound 1. On the other hand, the Ki

values for mammalian or Drosophila pol.a, and dNTP
were 4.1, 5.2, 7.0, 6.3, 7.5, 6.2, 5.1 and 4.0, 4.9, 7.1, 6.2,
7.1, 5.9, 4.1 lM for compounds 1–7, respectively, and
the Ki values for pol.b and dNTP was 7.1 lM for com-
pound 1. When activated DNA was used as the DNA
template-primer, the inhibition of mammalian pol.a, b
and Drosophila pol.a were the same as with the synthetic
DNA template-primer (data not shown). These results
suggested that none of all the compounds used here
competitively binds to either the DNA template binding
site or the dNTP substrate binding site on mammalian
pol.a, b, and Drosophila pol.a, but that they may inhibit
the DNA polymerases by binding somewhere on their
surfaces.

As described in Introduction, at least 16 species of DNA
polymerases from eukaryotes (pol.a, b, c, d, e, f, g, h, i,
j, k, l, r, /, pol.I-like 1, and pol.I-like 2) are known, as
of 2003. Selective inhibitors of DNA polymerases are
useful tools and molecular probes and since pol.a is
essential for DNA replication, its inhibition is very
useful for studying the DNA replication systems.



Table 2. Inhibition modes, Ki, and Km values (lM) of taxol analogues for mammalian DNA polymerase a, b, and Drosophila DNA polymerase a

DNA dTTP

Inhibition mode Ki (lM) Km (lM) Inhibition mode Ki (lM) Km (lM)

Mammalian pol.a
Compound 1 Noncompetitive 4.8 4.2 Noncompetitive 4.1 0.93

Compound 2 Noncompetitive 6.0 3.3 Noncompetitive 5.2 1.4

Compound 3 Noncompetitive 8.1 5.6 Noncompetitive 7.0 1.1

Compound 4 Noncompetitive 7.3 4.0 Noncompetitive 6.3 0.95

Compound 5 Noncompetitive 6.6 2.2 Noncompetitive 7.5 1.2

Compound 6 Noncompetitive 5.4 3.6 Noncompetitive 6.2 1.0

Compound 7 Noncompetitive 7.2 4.9 Noncompetitive 5.1 0.94

Drosophila pol.a
Compound 1 Noncompetitive 4.9 4.5 Noncompetitive 4.0 1.0

Compound 2 Noncompetitive 5.9 3.9 Noncompetitive 4.9 1.3

Compound 3 Noncompetitive 7.9 5.6 Noncompetitive 7.1 1.2

Compound 4 Noncompetitive 7.0 4.0 Noncompetitive 6.2 0.88

Compound 5 Noncompetitive 6.4 2.4 Noncompetitive 7.1 1.2

Compound 6 Noncompetitive 4.9 3.3 Noncompetitive 5.9 1.3

Compound 7 Noncompetitive 6.9 5.1 Noncompetitive 4.1 1.1

Mammalian pol.b
Compound 1 Noncompetitive 6.7 3.9 Noncompetitive 7.1 1.4

The inhibition modes were analyzed by Lineweaver–Burk plots.

Kis were obtained from Dixon plots.

Kms were from Double reciprocal plots.
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Aphidicolin, once believed to be a pol.a-specific inhibi-
tor, is now known to also inhibit the activities of pol.d
and e.17 However, there have been no previous reports
of inhibitors capable of distinguishing among pol.a, d,
and e, reported previously by us.18 Unfortunately,
however, Dehydroaltenusin could influence only the
activity of mammalian pol.a. Surprisingly, it showed no
effect on pol.a from any organisms except mammals.13

The commonly applied agent dehydroaltenusin is not
applicable for studies of pol.a from nonmammalian
organisms but some of the taxol derives reported here
might be suitable for this purpose.
References and notes

1. Sakaguchi, K.; Sugawara, F.; Mizushina, Y. DNA poly-
merase inhibitors. Seikagaku 2002, 74, 244, Review in
Japanese.

2. Matsumoto, Y.; Sahara, H.; Fujita, T.; Shimozawa, K.;
Takenouchi, M.; Torigoe, T.; Hanashima, S.; Yamazaki,
T.; Takahashi, S.; Sugawara, F.; Mizushina, Y.; Ohta, K.;
Takahashi, N.; Gasa, S.; Jimbow, K.; Sakaguchi, K.; Sato,
N. Transplantation 2002, 74, 261.

3. Hubscher, U.; Maga, G.; Spadari, S. Ann. Rev. Biochem.
2002, 71, 133.

4. Wani, M. C.; Taylor, H. L.; Wall, M. E.; Coggon, P.;
McPhail, A. T. J. Am. Chem. Soc. 1971, 93, 2325.

5. Rodi, D. J.; Janes, R. W.; Sanganee, H. J.; Holton, R. A.;
Wallace, B. A.; Makowski, L. J. Mol. Biol. 1999, 285, 197.
6. Shiina, I.; Iwadare, H.; Sakoh, H.; Hasegawa, M.; Tani,
Y.; Mukaiyama, T. Chem. Lett. 1998, 1.

7. Shiina, I.; Saitoh, K.; Frehard-Ortuno, I.; Mukaiyama, T.
Chem. Lett. 1998, 3.

8. Mukaiyama, T.; Shiina, I.; Iwadare, H.; Saitoh, M.;
Nishimura, T.; Ohkawa, N.; Sakoh, H.; Nishimura, K.;
Tani, Y.; Hasegawa, M.; Yamada, K.; Saitoh, K. Chem.
Eur. J. 1999, 5, 121.

9. Shiina, I.; Shibata, J.; Imai, Y.; Ibuka, R.; Fujisawa, H.;
Hachiya, I.; Mukaiyama, T. Chem. Lett. 1999, 1145.

10. Shiina, I.; Shibata, J.; Ibuka, R.; Imai, Y.; Mukaiyama, T.
Bull. Chem. Soc. Jpn. 2001, 74, 113.

11. Oshige, M.; Takeuchi, R.; Ruike, R.; Kuroda, K.;
Sakaguchi, K., Protein Expr. Purif., in press.

12. Kuroda, K.; Kagiyama-Takahashi, R.; Shinomiya, T.
J. Biochem. (Tokyo) 1990, 108, 926.

13. Mizushina, Y.; Kasai, N.; Sugawara, F.; Iida, A.; Yosh-
ida, H.; Sakaguchi, K. J. Biochem. (Tokyo) 2001, 130,
657.

14. Mizushina, Y.; Xu, X.; Asano, N.; Kasai, N.; Kato, A.;
Takemura, M.; Asahara, H.; Linn, S.; Sugawara, F.;
Yoshida, H.; Sakaguchi, K. Biochem. Biophys. Res.
Commun. 2003, 304, 78.

15. Mizushina, Y.; Sugawara, F.; Iida, A.; Sakaguchi, K.
J. Mol. Biol. 2000, 304, 385.

16. Ohta, K.; Mizushina, Y.; Yamazaki, T.; Hanashima, S.;
Sugawara, F.; Sakaguchi, K. Biochem. Biophys. Res.
Commun. 2001, 288, 893.

17. Popanda, O.; Fox, G.; Thielmann, H. W. J. Mol. Med.
1995, 73, 259.

18. Kamisuki, S.; Murakami, C.; Ohta, K.; Yoshida, H.;
Sugawara, F.; Sakaguchi, K.; Mizushina, Y. Biochem.
Pharmacol. 2002, 63, 421.


	Taxol derivatives are selective inhibitors of DNA polymerase alpha
	Introduction
	Experimental
	Materials
	Enzymes
	DNA polymerase assays
	DNA topoisomerase assays
	Cell culture and measurement of cell growth inhibition
	Isolation of taxinine

	Results and discussion
	Effects of taxol and its derivatives on the activities of mammalian DNA polymerases and DNA topoisomerases
	Effects of reaction conditions on mammalian DNA polymerase inhibition
	Mode of DNA polymerase inhibition by pol.alpha-inhibitory compounds

	References


