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Previously we reported the identification of a new oxepin-containing diketopiperazine-type marine
fungal metabolite, named protuboxepin A which showed antiproliferative activity in several cancer cell
lines. In this study we elucidated the mechanism by which protuboxepin A induces cancer cell growth
inhibition. Here we report that protuboxepin A induced round-up morphology, M phase arrest, and an
increase in the subG; population in tumor cells in a dose dependent manner. Our investigations
revealed that protuboxepin A directly binds to o,B-tubulin and stabilizes tubulin polymerization thus
disrupting microtubule dynamics. This disruption leads to chromosome misalignment and metaphase
arrest which induces apoptosis in cancer. Overall, we identified protuboxepin A as a microtubule-sta-
bilizing agent which has a distinctly different chemical structure from previously reported microtubule
inhibitors. These results indicate that protuboxepin A has a potential of being a new and effective anti-
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1. Introduction

Cancer is a leading cause of death in the world. Some of the
most effective anti-tumor drugs target microtubule dynamics.'
Two classes of these drugs, the taxanes, (taxol/paclitaxel and doce-
taxel/taxotere) and the vinca alkaloids (vindesine, vinorelbine, and
vinflunine), have received FDA approval and have been used in
clinical trials in which they were shown to increase the remission
rates of a number of cancers such as advanced ovarian cancer, met-
astatic breast cancer, and lung cancer.®"° The taxanes and vinca
alkaloids are known as mitotic inhibitors because they interfere
with the function of the mitotic spindle inducing mitotic arrest
and apoptosis.!! The mitotic spindle plays an important role in a
variety of cellular processes that influence cell shape and organiza-
tion, as well as chromosome segregation during mitosis.!? Spindle
function is dependent on microtubule dynamics, which involves
the stochastic gain and loss of o- and B-tubulin heterodimers from
microtubule ends. The taxanes and vinca alkaloids inhibit microtu-
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bules thereby interfering with the normal breakdown of microtu-
bules during cell division. Although these mitotic inhibitors are
useful chemotherapy drugs for many cancers, they are still ineffec-
tive against several solid tumor cancers such as kidney, pancreas,
or colon carcinomas.>® In addition many cancers eventually devel-
op resistance to these drugs. For these reasons, there is an urgent
need to identify novel tubulin inhibitors that can be developed into
new cancer therapy drugs.’>!% In 2010, E7389 (Halaven™), a mac-
rocyclic ketone analog of the marine natural product halichondrin
B, was approved by FDA as a novel anti-cancer drug.'® This fully
synthetic agent exerts its highly potent in vitro and in vivo anti-
cancer effects via tubulin-based anti-mitotic mechanisms.!>-1°

In a previous study, we reported the identification a new
oxepin-containing diketopiperazine-type compound, named pro-
tuboxepin A that displayed antiproliferative activity against sev-
eral cancer cell lines. The mechanism by which protuboxepin A
inhibited tumor cell growth was unknown (Fig. S1 and S2). 2° In
this study, we reveal that protuboxepin A exerts its effect by inhib-
iting microtubule dynamics through the tubulin polymerizing. Pro-
tuboxepin A binds to o, B-tubulin heterodimers and accelerates
tubulin polymerization in vitro resulting in chromosome misalign-
ment and metaphase arrest which leads to apoptosis in tumor
cells.
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2. Results and discussion
2.1. Effects of protuboxepin A on tumor cells

Protuboxepin A induced round-up morphology and increased
subG; and G,/M phase populations in Hep3B and MDA-MB-
231cells in a dose-dependent manner at 24 and 48 h, respectively
(Figs. 1A-C and S3). The mechanism by which protuboxepin A
caused these biological effects was investigated. Since protuboxe-
pin A showed a similar phenotype as tubulin inhibitors, such as
nocodazole and paclitaxel we hypothesized that protuboxepin A
may also inhibit tubulin function. To confirm this hypothesis, we
compared protuboxepin A activity to that of paclitaxel, a known
microtubule-stabilizing agent. Western blot analysis of Hep3B cells
showed that protuboxepin A, at a 160 uM level, induced phosphor-
ylation of Bcl-2 (Ser70) and decreased phosphorylation of cdc2
(Tyr15) after a 18 h. Figure 1D shows that protuboxepin A is far less
potent than paclitaxel. In addition, both protuboxepin A and paclit-
axel induced caspase-3 and PARP cleavage ( Fig. 1E) which are
apoptotic markers. These results are consistent with known tubu-
lin inhibitors which induce Bcl-2 phosphorylation at Ser70, de-
crease cdc2 phosphorylation at Tyr15 and eventually causes
apoptosis in tumor cell.?!~24 In addition, FUCCI (Fluorescent Ubig-
uitination-based Cell Cycle Indicator) analysis of HeLa cells re-
vealed that protuboxepin A, at a 160 uM level, up-regulated the
G/M maker geminin-GFP (Fig. 1F) which is consistent with paclit-
axel.?>~2” Therefore, these results suggest the mechanism by which
protuboxepin A induces tumor cell death is consistent with the
hypothesis that protuboxepin A is a tubulin inhibitor.

2.2. Effects of protuboxepin A on tubulin networks

To further confirm our hypothesis that protuboxepin A is a
tubulin inhibitor, we examined its effect on o-tubulin networks.
Immunofluorescence showed that protuboxepin A, at a concentra-
tion of 80 or 160 puM, disrupted o-tubulin networks after 18 h
without showing F-actin aggregation and disappearance (Figs. 2A
and S4A). Protuboxepin A elicited a similar phenotype as paclitaxel,
disrupting a-tubulin networks, increasing acetylated-tubulin sig-
nal, and inducing polyglutamylated-tubulin bleb formation; how-
ever, the induced distribution of y-tubulin and nuclei were
differed from paclitaxel as was the chromosome mislocalization
in mitotic cells (Figs. 2B, S4B and S4C). 28-3° These results suggest
that protuboxepin A disrupts o-tubulin networks resulting in
round-up morphology and induction of subG; and G,/M phase
cells. From these observations we further hypothesized that protu-
boxepin A’s disruption of o-tubulin networks leads to M phase ar-
rest and chromosome misalignment.

2.3. Effects of protuboxepin A on cell cycle progression

We examined whether the protuboxepin A can induce M phase
arrest and chromosome misalignment by treating Hep3B cells with
80 or 160 uM of protuboxepin A for 18 h. Then, we performed
immunofluorescence to detect the phosphorylation of histone H3
at Ser10, an M phase marker.3’3? Protuboxepin A increased the
phosphorylation of histone H3 (Ser10) and induced chromosome
misalignment in nuclei (Fig. 3A). Protuboxepin A increased the ra-
tio of M phase cells from 6.24 +2.14% to 18.76 +2.87% and to
39.47 £+ 6.55% at a concentration of 80 and 160 puM, respectively
(Fig. 3B). Among mitotic Hep3B cells, protuboxepin A preferentially
induced metaphase arrest in cells at a concentration of 160 uM
(Fig. 3C). In contrast, paclitaxel mainly elicited prometaphase ar-
rest in cells (Fig. 3C). Additionally, among metaphase cells, protu-
boxepin A treatment lead to a high percentage of cells with

misaligned chromosomes (Fig. 3D). These results suggest that pro-
tuboxepin A-induced round-up morphology and increased subG,
and M phase cells correlates with cell cycle metaphase arrest and
chromosome misalignment in response to the disruption of tubulin
function.

2.4. Protuboxepin A promotes tubulin polymerization and
binds tubulin

Several tubulin inhibitors bind directly to tubulin and stabilize
or inhibit tubulin polymerization.>*34 Thus, we examined whether
protuboxepin A interferes with tubulin polymerization in vitro.
Protuboxepin A potentiated tubulin polymerization at a concentra-
tion of 80 and 160 uM (Fig. 4A). Moreover, protuboxepin A physi-
cally interacted with o,B-tubulin, and the affinity constants at
several concentrations of protuboxepin A in the Octet system were
computed by Global Fitting Analysis of a 1:1 binding interaction
model (Fig. 4B).3°~37 The resulting kinetics constants are shown
in Table 1. Protuboxepin A had the following dissociation equilib-
rium constant 7.13 x 107> M. These analyses demonstrate that
protuboxepin A associates with o,f-tubulin, which may be neces-
sary to induce metaphase arrest and chromosome misalignment
through stabilized tubulin polymerization in Hep3B cells.

2.5. Microtubule dynamics effects of protuboxepin A

Next, we focused on the inhibition of microtubule dynamics by
protuboxepin A. To investigated protuboxepin A’s effects on micro-
tubule dynamics, we used an EB1-EGFP expressing HeLa cells sys-
tem.>® EB1 (end binding 1) is a microtubule plus-end-tracking
protein that localizes to microtubule plus ends where it modulates
microtubule dynamics.3%4° Fast turnover causes rapid loss of EB1-
EGFP signals from non-polymerizing microtubule ends and rapid
appearance of EB1-EGFP signals when microtubules start growing.
We examined the effect of protuboxepin A on this system using im-
age time-lapse analysis. After analyzing non-treatment mitotic cell,
we added 80 or 160 uM protuboxepin A and incubated for 1 min.
Then, we captured the effect of EB1-EGFP signals at 1 ms (milli sec-
ond) intervals for 60 s in the same cell (Fig. S5A). EB1-EGFP signals
were significantly and rapidly suppressed by protuboxepin A at a
concentration of 160 and 80 uM in both polar opposites and cell
equator (Figs. 5, S5B and Movies S1-6). In addition, protuboxepin
A inhibited the growth of EB1-EGFP signals in interphase cells at
160 uM (Fig. S5C, D, Movies S7 and S8). These results demonstrate
that protuboxepin A inhibits microtubule dynamics by preferen-
tially microtubule-stabilizing in cells and specifically induces meta-
phase arrest and chromosome misalignment in tumor cells.

In conclusion, our study has revealed a new oxepin-containing
diketopiperazine-type marine fungal metabolite, protuboxepin A
that inhibits microtubule dynamics by tubulin stabilization. The
resulting disruption of tubulin dynamics leads to metaphase arrest
which in turn induces apoptosis. Prior to this report, no other oxe-
pin-containing diketopiperazine compounds have been shown to
stabilize or inhibit tubulin polymerization or induce of metaphase
arrest.*1-%* Further chemical and biological analysis of protuboxe-
pin A may lead to the development of a promising new microtu-
bule inhibitor with a unique chemical structure compared that of
therapeutics reagents currently under clinical trials.

3. Experiment methods
3.1. Materials

Protuboxepin A was isolated from a culture broth of the mar-
ine-derived fungus Aspergillus sp. SF-5044 previously described.?°



Y. Asami et al./Bioorg. Med. Chem. 20 (2012) 3799-3806

<«— cleaved form

24 hrs
H
NH
(0]
48 hrs
C S
a b c
§ g 8
subG, phase: 1.14% E subG, phase: 9.02% ® subG, phase: 7.00%
2 Gy/G, phase: 52.99% 2 3 G,/G, phase: 5.21% a Gy/G, phase: 37.01%
5 S phase: 11.18% s S phase: 7.31% g S phase: 7.37%
8 G,/M: 24.37% 8 1 G,/M: 75.11% K G,/M: 20.54%
4 o NS o ' e o
g 0 200 “o_ 800 800 1000 0 200 400 0 800 1000 0 200 400 B0 800 1000
£ g
=
s §d e %f
E E subG, phase: 2.26% subG, phase: 6.12% subG, phase: 20.83%
(&) 2 4 Gy/G, phase: 49.09% @ G,/G, phase: 41.93% $ G,/G, phase: 23.70%
3 1 S phase: 10.12% H S phase: 10.83% 5 S phase: 7.44%
] G,/M: 26.04% & G,/M: 34.40% 8 G,/M: 46.67%
© CE ° M———H—H—y—m
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
FL2-A FL2-A FlL2-A
DNA contents
D DMSO + - - - - E
. DMSO 4
protuboxepin A (UM) - 27 80 160 - . - - - -
paclitaxel (nM) - - - - protuboxepin A (M) . - - 27 80 160
paclitaxel (nM) - 10 100 -
p-Bcl-2 (S70)
caspase-3 <+—cleaved form
Bcl-2 1B
p-cdc2 (Y15) e el s
cdc2 —— — — —
Hochest33342 Geminin-GFP Cdt1-RFP Merged

3801

Figure 1. Activities of protuboxepin A in tumor cells. (A) The chemical structure of protuboxepin A. (B) Hep3B cells were treated for 24 or 48 h with 80 or 265 uM of
protuboxepin A. Photographs of the sequential morphologlcal change after treatment with (a, d): control, (b, e): 80 pM of protuboxepin A, (c, f): 265 pM of protuboxepin A.
Observations were observed using a microscope at 200x power. (C) Effects of protuboxepin A on the distribution of DNA content in asynchronous Hep3B cells culture were
analyzed by flow cytometry. Each panel showed (a): control for 24 h incubation, (b, c): Asynchronous Hep3B cells were treated with 0.5 uM of nocodazole (b) or cytochalasin
D (c) for 24 h incubation. (d-f): Asynchronous Hep3B cells were treated with 27, 80, or 265 uM of protuboxepin A for 24 h, respectively. (D) Western blot showing the effect of
protuboxepin A on the phosphorylation of Bcl-2 (Ser70) and cdc2 (Tyr15) in Hep3B cells following treatment of 27, 80, and 265 1M of protuboxepin A for 18 h. (E) Western
blot showing the effect of protuboxepin A on the caspase-3 and PARP in Hep3B cells following treatment of protuboxepin A for 18 h. (F) Responses of HeLa cells by paclitaxel
or protuboxepin A analyzed using the FUCCI (Fluorescent Ubiquitination-based Cell Cycle Indicator). Fluorescence observation of DNA (blue, Hochest33342), Geminin-GFP
(green), and Cdt1-RFP (red) in HeLa cells treated for 18 h with (a): control, (b): 10 nM of paclitaxel, (c): 160 uM protuboxepin A in live cell image. Scale bar shows 20 pm.
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Figure 2. Profiles of tubulin and nucleus of Hep3B cells following the application of
protuboxepin A. (A) Immunofluorescence staining of o-tubulin (green) and DNA
(blue) treated for 18 h with (a): control, (b): 10 nM of paclitaxel, (c, d): 160 or
80 uM of protuboxepin A. (B) Immunofluorescence staining of y-tubulin (red) and
DNA (blue) treated for 18 h with (a): control, (b): 10 nM of paclitaxel, (c, d): 160 or
80 uM of protuboxepin A. White arrows indicate the localization of y-tubulin in
centrosomes. Scale bar shows 20 pm.

The tubulin stabilizing molecules paclitaxel and a tubulin destabi-
lizing molecule nocodazole and vinblastine were purchased from

Calbiochem (La Jolla, CA, USA). The actin polymerization inhibitor
cytochalasin D was purchased from Sigma-Aldrich (St. Louis, MO,
USA). Hoechst33342, Alexa Fluor® 488 conjugate anti-o-tubulin
mouse monoclonal antibody and Alexa Fluor® 488 conjugate rab-
bit polyclonal IgG antibody were purchased from Invitrogen
(Carlsbad, CA, USA). Cy3 conjugate anti-y-tubulin rabbit poly-
clonal antibody, tubulin polygutamylated and acetylated (K40)
mouse monoclonal antibodies were purchased from Abcam (Cam-
bridge, MA, USA). Rabbit polyclonal antibodies against phospho-
BCL-2 (S70), cdc2 (Y15), and Histone H3 (S10) were purchased
from Cell Signaling Technology (Beverly, MA, USA), whereas the
mouse monoclonal antibodies against BCL-2 and cdc2 were pur-
chased from Santa Cruz Biotechnology (Santa Cruz, CA, USA)
and Cell Signaling Technology, respectively. Rabbit polyclonal
antibodies against caspase-3 and PARP were purchased from
IMAGENEX (San Diego, CA, USA) and Santa Cruz Biotechnology,
respectively. Blocking buffers and working concentrations of the
above antibodies were prepared according to the manufacturers’
instructions.

3.2. Cell morphology assay

Hep3B cells (human hepatocellular carcinoma cells) were
grown in DMEM (Dulbecco’s modified Eagle’s medium) supple-
mented with 10% fetal bovine serum in the presence of 30 pg/mL
penicillin and 42 pg/mL streptomycin under a humidified atmo-
sphere of 5% CO, at 37 °C. Hep3B cells were seeded on microplate
at a 3 x 10% cells/mL and cultured for 18 h. After treatment with
compounds for 24 or 48 h, cell morphological changed were photo-
graphed with a Digital SLR camera D40 (Nikon Corporation, Tokyo,
Japan). Observations were made using a microscope at 200x
power.

3.3. Cell cycle analysis

Hep3B cells (2 x 10% cells/mL) were seeded on microplate and
incubated overnight in the presence or absence of 500 nM of noco-
dazole or cytochalasin D and 27, 80 or 265 UM of protuboxepin A.
After 24 h, cell cycle analyses were observed under BD FACSCalibur
(Becton Dickinson, San Jose, CA) using CycleTESTTMPLUS reagents
kit (Becton Dickinson).

3.4. Inmunofluorescence staining

For immunofluorescence observation, Hep3B cells were seeded
on microplate 3 x 10* cells/mL and cultured for 18 h. Then trea-
ted with 80 or 160 uM of protuboxepin A or 10 nM of paclitaxel
for 18 h. Then the medium from the wells was excluded and
the cells were fixed with 3.7% formaldehyde in PBS for 15 min
then permeabilized for 5 min with 100% cold MeOH. The cells
were washed with PBS-1% BSA [PBS containing 1% bovine serum
albumin], and then blocked with 10% fetal bovine serum for
20 min. After being washed with PBS-0.1% BSA, the cells were
treated with Alexa Fluor 488-conjugated o-tubulin antibody,
Cy3 conjugated y-tubulin antibody, or phospho-Histone H3 anti-
bodies in PBS-0.1% BSA then placed in a humidified atmosphere
of 5% CO, at 37 °C and incubated for 60 min. After being washed
with PBS-0.1% BSA, the cells treated with phospho-Histone H3
antibody was incubated with Alexa Fluor 488-conjugated mouse
or rabbit anti-IgG antibodies in PBS-0.1% BSA then placed in a
room temperature and incubated for 60 min. After being washed
with PBS-0.1% BSA, the cells were overlaid with Hoechst33342 for
5 min at room temperature and washed with PBS-0.1% BSA. The
fluorescence was photographed with an invert microscopy
ECLIPSE Ti-U (Nikon Corporation).
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Figure 3. Protuboxepin A induced chromosome misalignment during metaphase. (A) Immunofluorescence staining of phospho-histone H3 (green) and DNA (blue) treated for
18 h with (a): control, (b): 10 nM of paclitaxel, (c, d): 160 or 80 uM of protuboxepin A. (B): M phase cells (phospho-histone H3 positive) were counted using an inverted
microscopy. The statistical significance was determined using two groups two-tailed Student’s t-test. *, P <0.0005; **, P <0.0001 were taken as the level of statistical
significance. (C): Quantification of control, protuboxepin A or paclitaxel treatment during different mitotic stages. The statistical significance were determined using two
groups two-tailed Welch'’s t-test on prophase and prometaphase. The statistical significance of metaphase was determined using two groups two-tailed Student’s t-test. *, P
<0.05; ¥, P<0.005; *, P<0.01; ', P<0.005; *, P <0.01; **, P <0.0001 were taken as the level of statistical significance. (D): Ratio of misalignment cells treated with protuboxepin
A. The statistical significance was determined using two groups two-tailed Welch's t-test. * P <0.01; **, P <0.001were taken as the level of statistical significance. White bar

shows 20 pm.
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Figure 4. Analysis of protuboxepin A interaction with tubulin. The measurement of protuboxepin A effect on tubulin polymerization and binding affinity in vitro. (A) Effect of
test compounds on the tubulin polymerization using 80 uM of protuboxepin A (closed triangles), 265 uM of protuboxepin A (closed circles), 10 uM of paclitaxel (open
squares), 10 uM of vinblastine (open triangles), and 1% DMSO control (open circles) in a vitro assay. Absorbance at 340 nm was measured every 1 min for 60 min. (B) The
binding interactions were measured using the ForteBio’s Octet system for the interaction between protuboxepin A and biotin labeled tubulin (20 pg/mL) that was

immobilized on a Super Streptavidin (SSA). The concentration of protuboxepin A varied from 2.65 (blue plot), 13.2 (red plot) and 26.5 uM (light blue plot).

Table 1
Direct binding kinetics for protuboxepin A binding tubulin on ForteBio’s Octet System

Analyte Ligand (tubulin)
Kon (1/Ms) Kon Error Kogt (1/s) Koge Error Ka (1/M) Kp (M)
Protuboxepin A 1.43 x 10? 1.96 x 10 1.02 x 1072 243 x 107 1.40 x 10* 7.13 x107°

The kinetic constants were calculated from the ForteBio’s Octet System for the interaction between protuboxepin A and biotin-tubulin. K, association rate constant; Ko,
dissociation rate constant; Ka, association equilibrium constant; Kp, dissociation equilibrium constant.

3.5. Western blotting

Hep3B cells (1 x 10° cells/mL) were seeded on 6-well plate and
were untreated or exposed to various concentrations of protuboxe-
pin A for 18 h. Ten nanomolar paclitaxel was used as a positive
tubulin inhibitor control. Western blotting experiments were pre-
pared as described previously.*’

3.6. Observation of FUCCI (Fluorescent Ubiquitination-based
Cell Cycle Indicator)

Hela cells (5 x 10* cells/mL) were seeded on 12-well plate in
DMEM (Dulbecco’s modified Eagle’s medium) supplemented with
10% fetal bovine serum in the presence of 30 pg/mL penicillin
and 42 pg/mL streptomycin under a humidified atmosphere
of 5% CO, at 37 °C and were exposed to 1 x 108 viral particles/mL
of G2/M reagent of geminin-GFP (Invitrogen) and G,/S reagent of

cdt1-RFP (Invitrogen) for 4 h at 27 °C. After being washed with
PBS, the cells were treated with BacMan enhancer in 10% FBS-
DMEM then placed in a humidified atmosphere of 5% CO, at
37 °C and incubated for 90 min. After incubation, the media was
changed and exposed to 160 UM of protuboxepin A or 10 nM of
paclitaxel in a humidified atmosphere of 5% CO, at 37 °C for
18 h. The fluorescence was photographed with an invert micros-
copy ECLIPSE Ti-U, respectively (Nikon Corporation).

3.7. In vitro tubulin polymerization assay

The tubulin polymerization assay kit was purchased from Cyto-
skeleton, Inc. (Denver, CO). Tubulin (>97% pure, Porcine) was
mixed with general tubulin buffer (GTB; 80 mM PIPES pH 6.9,
2 mM MgCl,, 0.5 mM EGTA, and 1 mM GTP) in a 96-well plate at
37 °C. Absorbance at 340 nm was measured every 1min for
60 min by VERSAmax (Molecular Devices, Sunnyvale, CA).
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Figure 5. Protuboxepin A inhibition of microtubule dynamic as detected by growing microtubule plus ends. Analysis of the microtubule dynamics on mitotic cells. (a, b):
Before treatment of 10 nM of paclitaxel, (a’, b’): After treatment of 10 nM of paclitaxel for 1 min, (c, d): Before treatment of 160 uM of protuboxepin A, (c’, d'): After treatment
of 160 UM of protuboxepin A for 1 min, (e, f): Before treatment of 80 uM of protuboxepin A, (e’, f'): After treatment of 80 uM of protuboxepin A for 1 min. White and red
arrows show the microtubule dynamics in bipolar and equator, respectively. Scale bars show 5 um. See Movies S1-8.

3.8. Analyze of small molecule binding kinetics by octet system

The Octet RED (ForteBio, Inc., CA, USA) equipped with super
streptavidin biosensor chips (ForteBio) was used for the analysis
of small molecule protein interactions in fluidics free system. Super
streptavidin biosensor chips were pre-wetted for 5 min in a mod-
ified GTB-buffer [80 mM PIPES pH 6.9, 2 mM MgCl,, 0.5 mM EGTA,
and 1 mM GTP]. 20 pg/mL of biotinylated-tubulin (>99% pure, Por-
cine brain, Cytoskeleton, Inc.) was immobilized on super streptavi-
din biosensor chips for 20 min at room temperature with 200 rpm
rotated condition. After being washed with GTB-buffer (3 min at
room temperature with 1000 rpm rotated condition), blocking
was done using biocytin (ForteBio) (3 min at room temperature
with 1000 rpm rotated condition) and equilibrating with GTB-buf-
fer (3 min at room temperature with 1000 rpm rotated condition),
then 2.65, 13.2 or 26.5 uM of protuboxepin A were loaded in sam-
ple well. Measurement of the association and the dissociation
times were taken for 5 min at room temperature with 1000 rpm
rotated condition. Analysis of the accurate and precise kinetic con-
stants was performed by the Octet data analysis software version
6.3 (ForteBio).

3.9. Time-lapse analysis of the microtubule dynamic

EB1-EGFP was obtained from Addgene Inc. (Cambridge, MA,
USA; Addgene plasmid 17234), and transferred (cloned into) into
Lentiviral expressing vector. To generate Lentivirus, pHR-CMV
VSV G, pHR-CMV 8.2 delta vpr and pHR-CMV-SV40 puromycin
based constructs described above. 293T cells were cotransfected

with pHR-CMV VSV G, pHR-CMV 8.2 delta vpr and pHR'-CMV-
SV40 puromycin based constructs described above. To select a len-
tivirus-integrated population, exponentially growing HelLa were
infected with the viruses and treated with 2 pg/mL of puromycin
for 2 days. EB1-EGFP signals were observed with a confocal laser
scanning microscope LSM 710 (Carl Zeiss Microlmaging, Standort
Gottingen-Vertrieb Deutschland, Germany) scanned image were
analyzed by an ZEN2009 (Zeiss Efficient Navigation system)
program. Optical images were captured at 1 ms (milli second)
intervals after test compounds were added to 35 mm dishes and
incubated for 1 min.
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