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Figure 4 (See previous page). Pharicin A induces chromosome congression defect and aberrant BubR1 localization. (A) HeLa cells treated with pha-
ricin A (8 uM) or transfected with CENP-E, CENP-F or KIF18A siRNAs for 24 h were fixed and stained with antibodies to o-tubulin (green) and p-H3510
(red). DNA was stained with DAPI (blue). Representative images were shown. (B) Percent of cells with lagging/unaligned chromosomes as shown in A
were summarized from 300 mitotic cells treated with pharicin A or transfected with CENP-E, CENP-F or KIF18A siRNAs for 24 h. (C) HelLa cells treated
with pharicin A (8 uM) or paclitaxel (Taxol, 10 nM) or transfected with Sgo1, CENP-E or KIF18A siRNAs for 24 h were collected and lysed. Equal amounts
of cell lysates were blotted for CENPE, KIF18A, BubR1 or -actin. (D) HeLa cells treated with vehicle or pharicin A (8 uM), and/or transfected with KIF18A
or CENP-E siRNAs for 24 h were fixed and stained with antibodies to BubR1 (Red) and a-tubulin (Green). DNA was stained with DAPI (blue). Each experi-
ment was repeated for at least three times. Representative images were shown.

to B4. Pharicin A (~400 mg with purity >98%) was crystallized
from fraction BI.

Cell treatment. Human T-cell leukemia cell line Jurkat
and human B cell lymphoma cell line Raji were cultured at
37°C in RPMI 1640 medium (Sigma-Aldrich, St. Louis, MO)
supplemented with 10% heat-inactivated fetal calf serum
(FBS, Gibco BRL, Gaithersburg, ML), penicillin (100 IU/ml)
and streptomycin (100 pg/ml) in a humidified incubator at
37°C and 5% CO,/95% air. Hela (cervical carcinoma) cells,
obtained from the American Type Culture Collection (ATCC,
Manassas, VA), were cultured in culture dishes or on Lab-Tek II
chamber slides (Fisher Scientific) in Dulbecco’s Modified Eagle
medium (DMEM) supplemented with 10% FBS at 37°C with
5% CO,/95%. To establish paclitaxel-resistant cells, Jurkat were
treated with 20 nM of paclitaxel (paclitaxel thereafter, Sigma-
Aldrich, St. Louis, MO) every other day and maintained for a
longer period. During experiments, cells were originally seeded at
a density of 2 x 10° cells/ml and were treated with the indicated
concentrations of pharicin A, paclitaxel or nocodazole (Sigma-
Aldrich, St. Louis, MO). Pharicin A, paclitaxel and nocodazole
were dissolved in DMSO as stock solution at concentrations of
100 mM, 5 mM and 16 mM, respectively. Cell viability was
determined by trypan-blue exclusion assay. For morphological
observations, cells were collected onto slides through cytospin
(Shandon, Runcorn, UK), stained with Wright-Giemsa dye
(BASO Diagnostic Inc., Shanghai, China), and examined under
a light microscope (Olympus BX-51, Olympus Optical, Japan).

Flow cytometry analysis. To analyze cellular DNA content
by flow cytometry, 10 cells were collected, rinsed and fixed over-
night with 75% cold ethanol at -20°C. Cells were then treated
with 100 pg/ml RNase A in Tris-HCI buffer (pH 7.4) and
stained with 25 pg/ml propidium iodide (PI, Sigma-Aldrich, St.
Louis, MO). Samples were then subjected to the analysis by flow
cytometry (FACSCalibur, BD Biosciences, San Jose, CA, USA)
using CellQuest Pro software (BD Biosciences). Ten thousand
cells were acquired and analyzed for the DNA content.

Fluorescence microscopy. Cells were collected onto slides
by Wescor Model 7620 Cytopro Cytocentrifuge (Wescor Inc.,
Ontario, Canada) and fixed with 4% formaldehyde for 10 min-
utes. After permeabilized by 0.3% Triton X-100 in PBS, cells
were incubated with 1% bovine serum albumin (BSA, followed
by incubating overnight with antibodies to o-tubulin (Sigma-
Aldrich, St. Louis, MO), phospho-Histone H3 (Serinel0) (Lake
placid, NY), BubR1, CREST or CENP-E (Novus, Littleton,
CO). Then, cells were stained with appropriate second antibod-
ies conjugated with Texas Red (Sigma-Aldrich, St. Louis, MO),
Rhodamine-Red-X or FITC (Jackson Immuno Research) for 1
hour. Cellular DNA were finally stained with 4',6-diamidino-2-

8 Cell Cycle

phenylindole (DAPI, Molecular Probe, Eugene, OR). Fluorescence
signals were detected on a Bio-Rad MRC-1024 laser scanning
confocal microscope equipped with a Zeissx60 objective or a
fluorescence microscope (Olympus, BX-51, Tokyo, Japan).

Western blot. Cells were treated with pharicin A (2 uM unless
otherwise specified), nocodazole (1 pM) or paclitaxel (10 nM)
for various periods of time. Mitotic (rounded up) HeLa cells were
collected by shake-off. Protein extracts were equally loaded on
a 6-12% SDS-polyacrylamide gel, electrophoresed and blotted
on to Immobilon-NC membranes (Piscataway, NJ, USA). After
blocking in 5% nonfat milk, the membrane was incubated over-
night at 4°C with mouse antibodies against B-tubulin (Sigma-
Aldrich), cyclin Bl, CENP-E, Cdc20 (Abcam, UK), Cdc27
(Santa Cruz, CA), MPM2 (Lake placid, NY) or with rabbit anti-
bodies against Cdc2 (Santa Cruz, CA), phospho-Cdc2 (Tyrl5),
phospho-Cdc2 (Thrl6l) (Cell Signaling, Beverly, MA), Mad2
(Bethyl Laboratories Inc., Montgomery, TX) and BubR1, fol-
lowed by incubation with horseradish peroxidase (HRP)-linked
secondary antibodies (Cell Signaling, Beverly, MA). Specific sig-
nals were detected by chemiluminescence (Cell Signaling). The
same blots were re-probed with anti-B-actin antibody (Merck,
Darmstadt, Germany) as loading control.

Pharicin A resin conjugation and affinity pull-down. Epoxy-
activated Sepharose™ 6B (GE Healthcare) was excellent for cou-
pling carbohydrates through hydroxyl, amino or thiol groups.
Pharicin A resin was generated by conjugation onto epoxy-
activated Sepharose 6B via the hydroxyl group. Equal amounts
(0.3 g) of Pharicin A resin and un-conjugated control resin were
incubated with HeLa cell lysates (5 mg) overnight. After through
washing with PBS, the resin was re-suspended SDS-PAGE sam-
ple buffer. The proteins bound to Pharicin A and control resin,
along with the lysate input, were fractionated on an 8% SDS-
polyacrylamide gel followed by electronic transfer to Nylon
membrane. The protein blot was probed with the anti-BubR1
antibody. A duplicate blot was stained with Coomassie blue to
visualize the loading.

In vitro enzyme assays for BubR1 and Plk3. BubR1 and
Plk3 expressed in the Sf9 cell line was purified as described previ-
ously.””*® 10 ng of recombinant BubR1 and Plk3 was incubated
with different concentrations of phricinA in a 20 ul reaction mix-
ture [20 mM HEPES, pH7.4, 2 mM EGTA, 10 mM MgClL, 1
mM DTT (add 5 mM MnCl, in Plk3 kinase buffer)] for 10 min
at room temperature. Kinase reactions were performed for 30 min
at 37°C in a volume of 25 pul [20 pl enzyme + 50 mM MgClL,
different concentrations of ATP, and 0.1 pul ¥?P-ATP (10 uCi,
PerkinElmer Life Sciences)], and 1 lg casein substrates in Plk3
reaction. After incubation, 20 pl aliquots of the reaction mix-
ture were spotted onto a P81 phosphocellulose paper (Millipore,
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Figure 5. Pharicin A binds to BubR1 and impairs sister chromatid cohesion. (A) Pharicin A was immobilized to Epoxy-activated Sepharose 6B resin via
the hydroxyl group. Pharicin A resin and the control resin were incubated with HeLa cell lysates (5 mg) for 24 h. After extensive washing, proteins that
specifically bind to Pharicin A resin or the control resin were eluted and blotted for BubR1. As a loading control, the blot was stained with Coomassie
blue. (B) HeLa cells were treated with Pharincin A or paclitaxel (Taxol) or transfected with SGO1 siRNA for 24 h. Mitotic chromosome spreads were
prepared. Arrows indicate prematurely separated sister chromatids. Representative images were shown. (C) Premature sister chromatid separation as
shown in B was counted from 100 mitotic cells. Data were summarized from three independent experiments. (D) Phairicin A inhibits autophosphoryla-
tion activity of BubR1 but not Plk3 in vitro. Purified recombinant of BubR1 (10 ng) (left part) or Plk3 (10 ng) (right part) was incubated with different
concentrations of pharicin A. Kinase assays performed in the presence of 3?P-ATP (10 uCi) and increasing concentrations of cold ATP as indicated. The
values from individual assay samples were collected and plotted as a function of pharicin A concentrations using Prism 4 Graphpad software.
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Figure 6. Pharicin A induces mitotic arrest in leukemic cells resistant to paclitaxel. (A)
Paclitaxel-resistant Jurkat cells were treated with paclitaxel (Taxol, 20 nM) or pharicin A (2
uUM) for 24 h. The treated cells were stained by Wright-Giemsa dye (upper parts) or sub-
jected to DNA content analysis for cell cycle distributions by flow cytometry (lower parts).

(B) Paclitaxel-resistant Jurkat cells treated with paclitaxel (Taxol, 20 nM), pharicin A (2

uM) or vehicle for 24 h were stained with the antibody to p-H3510. DNA was stained with
DAPI. The experiment was repeated for three times. Representative images were shown.
(C) U20S cells and its subclone resistant to paclitaxel were treated with either pharicin A

(2 uM) or paclitaxel (20 nM) or vehicle for 24 h. Treated cells were then processed for DNA

content analysis using flow cytometry.
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Billerica, Massachusetts). Terminated by 80 mM
EDTA, filters were washed 3 times for 5 min each
with 0.75% phosphoric acid followed by acetone,
and the radioactivity determined using a liquid
scintillation counter. Control samples contained
appropriate amounts of DMSO. Nonspecific
binding was determined by conducting the assay
in the absence of the enzyme, and the values
subtracted from each of the experimental values.
The kinase activity is expressed as a percent of
the maximal kinase activity. All assays were car-
ried out in triplicate.

Statistical analysis. The Student’s t-test was
used to evaluate the difference between two
groups. A value of p < 0.05 was considered to be
statistically significant.
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