Monastrol - Mitosis Inhibitor

Cell permeable non-tubulin-interacting mitosis inhibitor. Blocks mitosis (IC50=14µM) by
binding to the mitotic kinesin Eg5.
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Product
Monastrol
Name
IUPAC Name

4-(3-Hydroxyphenyl)-6-methyl-2-thioxo-1,2,3,4-tetrahydro
H
-pyrimidin-5-carboxylic
-4

Description
reversible, cell-permeable, non-tubulin interacting inhibitor of the mitotic kinesin Eg5 mo
IDNUMBER
ST075209
CAS Registry
254753-54-3
Number
MDL Number
MFCD00813077
Molecular C14H16N2O3S
Formula
Molecular 292.35
Weight
APPEARANCE
Butter-white powder
Original Storage
Clear crew-top
Container
vial with black cap
Storage temperature
~10°C
Transportation
Ambient
(short-term) temperature
Long term storage
-20°C

1/7

Monastrol - Mitosis Inhibitor

Handling
Protect from light
SOLUBILITY
PURITY (HPLC)
>97%
Known Activity
inhibitor of the mitotic kinesin Eg5 motor protein; arrests cells in mitosis with monoastra

Mailhes, J.B., Mastromatteo, C., Fuseler J.W. Transient exposure to the Eg5 kinesin
inhibitor monastrol leads to syntelic orientation of chromosomes and aneuploidy in
mouse oocytes. Mutation Research. 2004 Apr 11;559(1-2):153-67.
Abstract
Aneuploidy may result from abnormalities in the biochemical pathways and cellular organelles
associated with chromosome segregation. Monastrol is a reversible, cell-permeable, non-tubulin
interacting inhibitor of the mitotic kinesin Eg5 motor protein which is required for assembling and
maintaining the mitotic spindle. Monastrol can also impair centrosome separation and induce
monoastral spindles in mammalian somatic cells. The ability of monastrol to alter kinesin Eg5
and centrosome activities and spindle geometry may lead to abnormal chromosome
segregation. Mouse oocytes were exposed to 0 (control), 15, 30, and 45 microg/ml monastrol in
vitro for 6 h during meiosis I and subsequently cultured for 17 h in monastrol-free media prior to
cytogenetic analysis of metaphase II oocytes. A subset of oocytes was cultured for 5 h prior to
processing cells for meiotic I spindle analysis. Monastrol retarded oocyte maturation by
significantly (P < 0.05) decreasing germinal vesicle breakdown and increasing the frequencies
of arrested metaphase I oocytes. Also, significant (P < 0.05) increases in the frequencies of
monoastral spindles and chromosome displacement from the metaphase plate were found in
oocytes during meiosis I. In metaphase II oocytes, monastrol significantly (P < 0.05) increased
the frequencies of premature centromere separation and aneuploidy. These findings suggest
that abnormal meiotic spindle geometry predisposes oocytes to aneuploidy.

Cochran J.C. , Gatial J.E. III, et al. Monastrol Inhibition of the Mitotic Kinesin Eg5. 2005,
April 1, J. Biol. Chem., Vol. 280, Issue 13, 12658-12667
Abstract
Monastrol is a small, cell-permeable molecule that arrests cells in mitosis by specifically
inhibiting Eg5, a member of the Kinesin-5 family. We have used steady-state and
presteady-state kinetics as well as equilibrium binding approaches to define the mechanistic
basis of S-monastrol inhibition of monomeric human Eg5/KSP. In the absence of microtubules
(Mts), the basal ATPase activity is inhibited through slowed product release. In the presence of
microtubules, the ATPase activity is also reduced with weakened binding of Eg5 to microtubules
during steady-state ATP turnover. Monastrol-treated Eg5 also shows a decreased relative
affinity for microtubules under equilibrium conditions. The Mt•Eg5 presteady-state kinetics of
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ATP binding and the subsequent ATP-dependent isomerization are unaffected during the first
ATP turnover. However, monastrol appears to stabilize a conformation that allows for reversals
at the ATP hydrolysis step. Monastrol promotes a dramatic decrease in the observed rate of
Eg5 association with microtubules, and ADP release is slowed without trapping the
Mt•Eg5•ADP intermediate. We propose that S-monastrol binding to Eg5 induces a stable
conformational change in the motor domain that favors ATP re-synthesis after ATP hydrolysis.
The aberrant interactions with the microtubule and the reversals at the ATP hydrolysis step alter
the ability of Eg5 to generate force, thereby yielding a nonproductive Mt•Eg5 complex that
cannot establish or maintain the bipolar spindle.

Crevel I. M-T. C., Alonso M. C., Cross R. A. Monastrol stabilises an attached low-friction
mode of Eg5. Current Biology Magazine. Volume 14, Issue 11,
8 June 2004,
Pages R411-R412
Abstract
Monastrol is a small molecule that inhibits a mitotic kinesin called Eg5. In cells, monastrol
dramatically arrests mitosis with a defect in the engagement and relative sliding of the two
half-spindles [1. and 2.]. We show here that monastrol stabilises a remarkable low-friction
attached mode of Eg5 that binds stably to microtubules, yet can be readily slid along them. We
will suggest that this mode is part of the normal Eg5 kinetic cycle (‘on-pathway’), with significant
consequences for the in vivo role of Eg5 and for the interpretation of experiments involving
monastrol.

Haque. S. A., Hasaka T.P., Brooks A.D., et al. Monastrol, a prototype anti-cancer drug
that inhibits a mitotic kinesin, induces rapid bursts of axonal outgrowth from cultured
postmitotic neurons. Cell Motility and the Cytoskeleton. Volume 58, Issue 1, Pages 10 16
Abstract
Terminally postmitotic neurons continue to express many of the kinesin-related proteins
known to configure microtubules during mitosis. Drugs that inhibit these kinesins are being
developed as anti-cancer agents with the hope that they will inhibit proliferation of tumor cells
without having adverse effects on the nervous system. The prototype, termed monastrol,
inhibits the kinesin known as Eg5, which is essential for maintaining separation of the
half-spindles. Eg5 is also highly expressed in neurons, particularly during development.
Exposure of cultured sympathetic neurons to monastrol for a few hours increased both the
number and the growth rate of the axons. With additional time, the overall lengths of the axons
were indistinguishable from controls. Sensory neurons showed a similar short-term increase in
axonal growth rate. However, prolonged exposure resulted in shorter axons, suggesting that
sensory neurons may be more sensitive to toxic effects of the drug. Nevertheless, the overall
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health of the cultures was still far more robust than cultures treated with taxol, a drug commonly
used for anti-cancer therapy. On the basis of these results, we conclude that Eg5 normally
generates forces that oppose axonal growth, presumably by partially suppressing the forward
advance of microtubules. We speculate that local regulation of Eg5 could be a means by which
neurons coordinate rapid bursts of axonal growth with appropriate environmental cues. The
comparatively modest toxic effects on the neurons over time are a hopeful sign for clinicians
interested in using anti-Eg5 drugs for cancer therapy.

Mayer, T.U., Kapoor, T.M., Haggarty S.J., et al. Small Molecule Inhibitor of Mitotic
Spindle Bipolarity Identified in a Phenotype-Based Screen. Science 29 October 1999:
Vol. 286. no. 5441, pp. 971 – 974.
Abstract
Small molecules that perturb specific protein functions are valuable tools for dissecting
complex processes in mammalian cells. A combination of two phenotype-based screens, one
based on a specific posttranslational modification, the other visualizing microtubules and
chromatin, was used to identify compounds that affect mitosis. One compound, here named
monastrol, arrested mammalian cells in mitosis with monopolar spindles. In vitro, monastrol
specifically inhibited the motility of the mitotic kinesin Eg5, a motor protein required for spindle
bipolarity. All previously known small molecules that specifically affect the mitotic machinery
target tubulin. Monastrol will therefore be a particularly useful tool for studying mitotic
mechanisms.

Kapoor T.M., Mayera T.U., et al. Probing Spindle Assembly Mechanisms with
Monastrol, a Small Molecule Inhibitor of the Mitotic Kinesin, Eg5. The Journal of Cell
Biology, Volume 150, Number 5, September 4, 2000 975-988.
Abstract
Monastrol, a cell-permeable small molecule inhibitor of the mitotic kinesin, Eg5, arrests cells in
mitosis with monoastral spindles. Here, we use monastrol to probe mitotic mechanisms. We find
that monastrol does not inhibit progression through S and G2 phases of the cell cycle or
centrosome duplication. The mitotic arrest due to monastrol is also rapidly reversible.
Chromosomes in monastrol-treated cells frequently have both sister kinetochores attached to
microtubules extending to the center of the monoaster (syntelic orientation). Mitotic
arrest–deficient protein 2 (Mad2) localizes to a subset of kinetochores, suggesting the activation
of the spindle assembly checkpoint in these cells. Mad2 localizes to some kinetochores that
have attached microtubules in monastrol-treated cells, indicating that kinetochore microtubule
attachment alone may not satisfy the spindle assembly checkpoint. Monastrol also inhibits
bipolar spindle formation in Xenopus egg extracts. However, it does not prevent the targeting of
Eg5 to the monoastral spindles that form. Imaging bipolar spindles disassembling in the
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presence of monastrol allowed direct observations of outward directed forces in the spindle,
orthogonal to the pole-to-pole axis. Monastrol is thus a useful tool to study mitotic processes,
detection and correction of chromosome malorientation, and contributions of Eg5 to spindle
assembly and maintenance.

Yoon S.Y., Choi J.E., Huh J-W., et al. Monastrol, a selective inhibitor of the mitotic
kinesin Eg5, induces a distinctive growth profile of dendrites and axons in primary
cortical neuron cultures. Cell Motility and the Cytoskeleton, Volume 60, Issue 4 , Pages
181 – 190, Published Online, Wiley-Liss: 4 Mar 2005
Abstract
Various factors including some motor proteins regulate microtubule (MT) transport and
influence the formation of neuronal processes. Eg5, a slow and non-processive (+)-end directed
motor molecule, is expressed in developing and differentiated neurons. However, how Eg5
works in neurons is still elusive. Thus, we treated primary rat cortical neuron cultures with
monastrol, a specific inhibitor of Eg5, to investigate its role in neurons. Immature neurons
treated with monastrol extended longer processes than control within a few hours. After 3 days,
immature neurons treated with monastrol had longer dendrites but slightly shorter axons than
control. This difference in growth between dendrites and axons became more prominent as the
cells differentiated until 5 days. Interestingly, MT distributions in the cell bodies of
monastrol-treated neurons appeared somewhat circular surrounding the nucleus, while MTs in
the cell bodies of control neurons were primarily distributed in the MT organizing center (MTOC)
just beside the nucleus. In mature neurons, monastrol treatment induced the axonal clusters of
tubulins, grossly not affecting dendrites. Taken together, we conclude that Eg5 acts distinctively
on dendrites and axons in neurons and suggest a putative model of how Eg5 works distinctively
on dendrites and axons.

Leizerman I., Avunie-Masala R., et al. Differential effects of monastrol in two human cell
lines. Cellular and Molecular Life Sciences. Vol. 61, Number 16 / August, 2004, 2060-2070.
Abstract
The kinesin-related protein HsEg5 plays essential roles in mitotic spindle dynamics. Although
inhibition of HsEg5 has been suggested as an aid in cancer treatment, the effects of such
inhibition on human cells have not been characterized. Here we studied the effects of
monastrol, an allosteric HsEg5 inhibitor, on AGS and HT29 cell lines and compared them to
those of taxol. While both cell lines were similarly sensitive to taxol, AGS cells were more
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sensitive to monastrol. The differences in sensitivity were determined by the degree of inhibitory
effect on cell proliferation, reversibility of monastrol-induced G2/M arrest, intracellular
phenotypes and induction of apoptosis. In both cell lines, monastrol-induced apoptosis was
accompanied by mitochondrial membrane depolarization and poly-ADP-ribose polymerase 1
cleavage. In AGS, but not HT29 cells, monastrol-induced apoptosis involved a prominent
cleavage of procaspases 8 and 3. While in AGS cells, monastrol induced the formation of
symmetric microtubule asters only, in HT29 cells, asymmetric asters were also formed, which
may be related to specific HsEg5 functions in HT29 cells.

Luo, L., Carson, J., et al. Mechanism of Inhibition of Human KSP by Monastrol: Insights
from Kinetic Analysis and the Effect of Ionic Strength on KSP Inhibition. Biochemistry,
43 (48), 15258 -15266, 2004.
Abstract:
Kinesin motor proteins utilize the energy from ATP hydrolysis to transport cellular cargo along
microtubules. Kinesins that play essential roles in the mechanics of mitosis are attractive targets
for novel antimitotic cancer therapies. Monastrol, a cell-permeable inhibitor that specifically
inhibits the kinesin Eg5, the Xenopus laevis homologue of human KSP, can cause mitotic arrest
and monopolar spindle formation. In this study, we show that the extent of monastrol inhibition
of KSP microtubule-stimulated ATP hydrolysis is highly dependent upon ionic strength. Detailed
kinetic analysis of KSP inhibition by monastrol in the presence and absence of microtubules
suggests that monastrol binds to the KSP-ADP complex, forming a KSP-ADP-monastrol ternary
complex, which cannot bind to microtubules productively and cannot undergo further
ATP-driven conformational changes.

Maliga Z., Xing, J., et al. A Pathway of Structural Changes Produced by Monastrol
Binding to Eg5. J. Biol. Chem., Vol. 281, Issue 12, 7977-7982, March 24, 2006.
Abstract
Monastrol is a small molecule inhibitor that is specific for Eg5, a member of the kinesin 5
family of mitotic motors. Crystallographic models of Eg5 in the presence and absence of
monastrol revealed that drug binding produces a variety of structural changes in the motor,
including in loop L5 and the neck linker. What is not clear from static crystallographic models,
however, is the sequence of structural changes produced by drug binding. Furthermore,
because crystallographic structures can be influenced by the packing forces in the crystal, it
also remains unclear whether these druginduced changes occur in solution, at physiologically
active concentrations of monastrol or of other drugs that target this site. We have addressed
these issues by using a series of spectroscopic probes to monitor the structural consequences
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of drug binding. Our results demonstrated that the crystallographic model of an
Eg5-ADP-monastrol ternary complex is consistent with several solution-based spectroscopic
probes. Furthermore, the kinetics of these spectroscopic signal changes allowed us to
determine the temporal sequence of drug-induced structural transitions. These results
suggested that L5 may be an element in the pathway that links the state of the
nucleotide-binding site to the neck linker in kinesin motors.

Marcus, A., Peters U., Thomas S., et al. Mitotic Kinesin Inhibitors Induce Mitotic Arrest
and Cell Death in Taxol-resistant and -sensitive Cancer Cells. J. Biol. Chem., Vol. 280,
Issue 12, 11569-11577, March 25, 2005.
Abstract
Taxanes are powerful chemotherapy agents that target the microtubule cytoskeleton, leading
to mitotic arrest and cell death; however, their clinical efficacy has been hampered due to the
development of drug resistance. Therefore, other proteins involved in spindle assembly are
being examined as potential targets for anticancer therapy. The mitotic kinesin, Eg5 is critical for
proper spindle assembly; as such, inhibition of Eg5 leads to mitotic arrest making it a potential
anticancer target. We wanted to validate Eg5 as a therapeutic target and determine if Eg5
inhibitors retain activity in Taxol-resistant cells. Using affinity chromatography we first show that
the compound HR22C16 is an Eg5 inhibitor and does not interact with other microtubule motor
proteins tested. Furthermore, HR22C16 along with its analogs, inhibit cell survival in both
Taxol-sensitive and -resistant ovarian cancer cells with at least 15-fold greater efficacy than
monastrol, the first generation Eg5 inhibitor. Further analysis with HR22C16-A1, the most potent
HR22C16 analog, showed that it retains efficacy in PgP-overexpressing cells, suggesting that it
is not a PgP substrate. We further show that HR22C16-A1 induces cell death following mitotic
arrest via the intrinsic apoptotic pathway. Interestingly, the combination of HR22C16-A1 with
Taxol results in an antagonistic antiproliferative and antimitotic effect, possibly due to the
abrogation of Taxol-induced mitotic spindles by HR22C16-A1. Taken together, our results show
that Eg5 inhibitors have promising anticancer activity and can be potentially used to overcome
Taxol resistance in the clinical setting.
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