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Four isomalabaricane triterpenoids were isolated from an extract of the spragmlastrella globostellatthat was

active in an assay measuring stabilization of the binding of DNA with DNA polymefaSéhe known compounds
stelliferin riboside 1) and 3epi-29-acetoxystelliferin EQ) were shown to induce 29% and 23% binding, respectively,

at 28ug/mL, while the new compound stellettin 3) (nduced 5% binding at 28g/mL. The new compound stellettin

K (4) had no activity in the binding assay. The compounds were characterized by spectroscopic methods. These compounds
displayed varying levels of activity toward the A2780 ovarian cancer cell line, revealing structure-based effects on both
the level of cytotoxicity and DNA-polymerases binding. This is the first report of natural products with the ability to
promote stabilization of the DNApolymerase3 covalent binary complex.

DNA-damaging agents such as bleomycins and ionizing radiation The compounds isolated most commonly frdRhabdastrella
are used clinically for the treatment of a variety of tumor types. globostellata(Carter, 1883) are isomalabaricane triterpenéfs.
Although this has been successful, these agents are often acThese compounds are prone to photoisomerization, which can
companied by undesirable toxic side effects. Improving the efficacy adversely affect bioactivity, and so work on them must be
of clinically used DNA-damaging agents is desirable, so that patients performed under conditions of subdued lighting.
can benefit from the therapeutic treatment while limiting side . .
effects. Combination therapy using multiple antitumor agents ReSults and Discussion
concurrently is standard procedure in anticancer chemotherapy. One Isolation and Characterization of Compounds 1-4. The crude
possible combination treatment would be to combine the admin- bioactive MeOH-CHClI, extract ofR. globostellatavas fraction-
istration of a DNA-damaging agent with an inhibitor of DNA repair.  ated initially by use of an aminopropyl SPE cartridge. This first
An interesting target for the inhibition of DNA repair is the DNA ~ Stép was selected because acidic compounds from the genus
repair enzyme DNA polymerag® Polymerasé is a key enzyme Rhabdastrellehave been shown to be cytotoxic, and aminopropy!
in base excision repair, which is required if a purine or pyrimidine SRE cartrl_dges are usgful for the _selectlve retention of carboxylic
base is damaged or excised within a strand of DNA. It has been acids? This fractionation by aminopropyl SPE afforded four
shown that naturally occurring inhibitors of polymerg8ecan fractions, one of which (fraction A, 2:1 CHEH-PrOH wash) was
potentiate the activity of bleomycins in mammalian cell culture. ~active in the binding assay. The putative carboxylic acid-containing
In previous work we have reported the isolation of naturally fraction (fraction B, 2% HOAe ethyl ether wash) was not active
occurring inhibitors of the lyageand polymeraseactivities of in the polymerasg binding assay, but, as expected, it was active

; o .. in the A2780 cytotoxicity assay.
polymerase5. We have recently implemented a gel mobility shift . -
assay to quantify the binding of a synthetic DNA oligonucleotide ﬁFrgct_lon f W?S furtfhert_fractlenla:ﬁd byk:i/%rseq-prf]asr? ﬂPLC to
substrate with polymeragi Just as camptothecin is known to bind  &fford nine fractions (fractions A-1 through A-9), six of which were

to the topoisomerase-DNA covalent binary complex, and thereby a.CtiV.e. in the binding assay. Fraction.A contained compounds.with
alter the equilibrium between free and DNA-bound enzyme, significant UV absorbance in the region 34000 nm, on the basis

promoting polymeras@—DNA binding should disrupt and ef- of comparisons of chromatograms from a photodiode array (PDA)
. e : - : and an evaporative light scattering detector (ELSD), consistent with
fectively |nh|b|_t the DNA repalr activity of polyr_nera_s& Herein the ossiblz resenge of isoma?abaricane(-t e gom ounds. Stel-
we report the isolation, characterization, and biological evaluation Iiferiﬁ ribosidep(l) was isolated by reversed ngse HPI‘_)C from' the
f th tural productd—4, which believed to stabilize th . . ) ) - -
gov aleer?tablijr:Zryp(r:(())n:J;I ex f O,”\]/jv e (chb eztivrve e er? g&i anod Spglylr:]Zeems: major active fraction A-3, and 8pi-29-acetoxystelliferin EZ) was
which is an obligatory intermediate in the lyase reaction. isolated in very low yield by repeated cyano normal-phase agd C
. . - reversed-phase HPLC of fraction A-4. Stellettir3) Was isolated
The genuRhabdastrellas part of the family Ancorinidae and from fraction A-5 by the same procedure as was use®fand
consists Of mariné Sponge Species t_hat are (_jlstrlbuted around thestellettin K @) was isolated from fraction B as the major cytotoxic
south Pacific region. Several chemical studiesRtfabdastrella component by G reversed-phase HPLC
st;]eck;(e;s ?a\lllzhbeenb perforhm‘éé. (tlorr?pounds fTOm t?%. glenl_Js | Compoundl was isolated as a pale yellow amorphous solid.
abdastre h aved een s ovlvn gd_z_;\ve ahvan_etyl 0 dl'o oghlca Following full spectroscopic analysid, was identified as the
activities W't good potency. In addition, ¢ emlc_a_§tu 1€S NAVE jsomalabaricane triterpenoid stelliferin riboside on the basis of
been carried out on some sponges that were not initially classified

Rhabd " b b v identified h comparison with data reported previously by Tabudravu and
as Rhabdastrellasp. .UI were su sgque_n_ty ident ed as such, as Jaspard? The published structure for stelliferin riboside left the
for example a collection originally identified aaspis stelliferet

stereochemistry at C-22 undefined. The small amount of sample
available coupled with the need to preserve material for the
U Dedicated to Dr. Norman R. Farnsworth of the University of lllinois  biological studies described below precluded direct determination

at *C_PFicagr? for his pione((ejring worr]k on tt’)ioacéi&’e natgra1|_ Plfogligtszél 6570, Of this stereochemistry, but we have assigned the stereochemistry
Fax: %XE’)_geﬂ_%%régsig?n;{?cgksmggmn@gv? edfsse - ek e ‘as 25 on the basis of analogy with the absolute stereochemistry
*Virginia Polytechnic Institute and State University. of 2, as explained below. Compoutdvas thus assigned asept
§ University of Virginia. stelliferin A 22-o-ribopyranoside.
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Compound2 was isolated as an amorphous pale yellow solid.
Following a full spectroscopic analysis, a comparison of ‘He
NMR spectrum (recorded indDg) and HRFABMS data fo2 with
literature data revealed thatis identical to an isomalabaricane
triterpenoid prepared as a semisynthetic derivative of a natural
product by Oku et al.The absolute stereochemistry fbhas been
determined previously, and the reported optical rotatior2 fagreed
well with that determined in the present study]{?? —45, ¢ 0.08,
MeOH; lit. [a]p?* =50, ¢ 0.05, MeOH). Thus, the absolute
stereochemistry foR was assigned as shown. From a biogenetic
perspective, the stereochemistry of the ring systems and of C-22
for 1 and2 are most probably the same. On this basis, compounds
1 and 2 were assigned the same absolute configuration at C-22,
and2 was assigned as &si-29-acetoxystelliferin E.

Compound3 was isolated as an amorphous bright yellow solid.
Positive-ion HRFABMS analysis indicated that it possesses the
molecular formula GH4403, and its UV spectrum, witli . 396
nm (log € 4.46) in MeOH, was consistent with the presence of a
conjugated pentaenone. ThE NMR spectrum of3 had many
similarities to the analogous spectraladnd2. Six olefinic signals
were detecteddy 5.94, 6.23, 6.28, 6.52, 6.98, and 8.05), along
with two oxygenated methylene protond;(3.57 and 3.79), an
oxygenated methine protod{ 4.09), and seven methyl singlets
(0w 1.02,1.10, 1.36, 1.82, 1.83, 1.96, and 2.0B) NMR and*3C
NMR spectroscopic data f& are shown in Table 1. From tHéC
NMR spectrum of3, nine s carbon signals were detected, of which
one Pc 126.2) consisted of two overlapped signals. A carbonyl
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Table 1. NMR Data for Compound8 and4 (CDCly)

3 4
position  dc¢ OH multiplicity dc OH multiplicity

1 291 123 m 288 114 m

185 m 1.86 m
2 264 171 m 279 169 m

1.86 m 220 brd
3 718 4.09 dd, 24,78 70.8 4.16 brs
4 43.3 47.9
5 424 223 m 40.6 2.46 brd,11.2
6 194 142 m 203 187 m

1.66 m
7 388 207 m 389 212 m
8 44.8 45.0
9 50.3 175 m 49.7 184 m
10 34.9 36.2
11 371 219 m 372 224 m
12 206.7 206.9
13 145.8 145.9
14 143.1 143.1
15 132.3 8.05 d,15.3 132.4 8.05 d,15.2
16 131.4 6.98 dd, 115,153 1314 6.98 dd,11.2,15.2
17 131.7 6.28 d, 115 1318 6.29 d,11.6
18 16.2 202 s 16.2 204 s
19 253 102 s 199 091 s
20 139.3 139.3
21 13.2 196 s 13.2 196 s
22 135.0 6.23 d,15.2 135.0 6.24 d,15.2
23 126.2 6.52 dd,11.1,15.2 126.2 6.52 dd,11.2,15.2
24 126.2 594 d, 11.0 126.2 594 d,11.2
25 137.1 137.0
26 188 182 s 188 182 s
27 265 183 s 265 183 s
28 199 110 s 238 133 s
29 68.2 3.57 d,104 183.3

3.79 d,104
30 246 136 s 249 140 s

OH

b. — COSY correlations
--- NOESY correlations

Figure 1. Key 2D NMR correlations foB: (a) HMBC correlations;
(b) COSY and NOESY correlations.

signal ¢ 206.7) and two oxygenated carbon signals §8.2 and
71.8) were also observed, along with 18 other signals. On the basis
of the UV absorbance and the NMR da3aglso appeared to be an
isomalabaricane triterpenoid like and 2, but the data foi3 did

not match those of any known compound.

COSY NMR correlations (Figure 1) for the olefinic proton signals
of 3 revealed two spin systems, one of which displayed allylic
coupling to two methyl singlets. Also, the oxygenated methine
proton atdy 4.09 was coupled to proton signalsat 1.71 and
1.86, suggesting the presence of a,€8H(OH)—C moiety. Key
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HMBC correlations (Figure 1) depicted f8rshowed the proximity
of the hydroxylated carbonsd 68.2 and 71.8) in3. Also,

correlations from one olefinic proton signal{6.23) to a carbon
in a different spin systemd¢ 131.4) allowed the two allylic spin

systems apparent from the COSY analysis to be connected. The »
structure of the remainder of the skeleton was assigned on the basis 3

of HMBC data and was found to be consistent with that of an
isomalabaricane triterpenoid.

NOESY correlations (Figure 1) confirmed the assignment of the
double-bond configurations as shown EL517E, 22E). The
downfield shift of the olefinic proton signal @ty 8.05 suggested
that this proton was deshielded by the ketone at C-12, thus
indicating the double-bond configuration at C-13 aZ ISOESY
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Table 2. Bioassay Data for Compounds-4
% polymeras@—DNA

cytotoxicity toward

compound binary complex at 2&g/mL A2780 cells gM)
29 7.3
23 27
8 1.2
4 ND 0.28
actinomycin D ND 0.0017

obligatory intermediate between the lyase center of polymefase
and the DNA lesion that is excised from damaged DNJimilar
experiments were also carried out on compouhdsd3, and the
results are shown in Table 2. A photograph of the mobility shift
assay gel plate fot is available as Supporting Information.

correlations suggested that the methine protons at H-9 and H-19 Compoundsl—4 were also evaluated for their cytotoxicities

and the methylene protons at H-29 were all on the same side of

the tricyclic skeleton. NOESY data also implied that the methyl

toward cultured A2780 cells (Table 2). All compounds isolated were
shown to be cytotoxic toward cultured A2780 cells. It is interesting

protons at H-30 were on the same face of the tricyclic skeleton as; qte that the compounds promoting DNpolymerase 8

the methine proton at H-5. Finally, the signal for H-3 showed a
strong correlation with the oxygenated methine proton signal for
H-29b, which suggested that the hydroxyl group at C-3 was in an
axial configuration. These correlations together suggested3that
possesses an isomalabaricane skelefdme absolute stereochem-

stabilization { and2) have side chains that are not fully unsaturated.
Perhaps the flexibility afforded to the side chain by the absence of
the C-22:C-23 double bond allows for more efficient interaction
with the enzyme DNA covalent binary complex. At the same time,
the flexibility of the side chain was correlated with reduced

istry of the tricyclic ring system was assumed to be the same as cytotoxicity, arguing that stabilization of the enzymBNA binary

that determined fo2, on the basis of the fact that the two molecules
likely arise from a common biosynthetic precursor. Compo8nd
is thus (1Z,15E,17E,22E)-30,29-dihydroxy-12-oxoisomalabarica-

complex was not a primary cause of cytotoxicity, at least in the
absence of a DNA-damaging agent. Though little can be concluded
concerning the mechanism of cytotoxicity bf-4, it is interesting

13,15,17,22,24-pentaene, to which we have assigned the nameq note that previous studies have shown that stellettins have a

stellettin J in keeping with the convention of naming similar
isomalabaricane triterpenoids.

Compound4 was isolated as a bright yellow amorphous solid
from fraction B of the aminopropyl SPE separation and was the
major component of the crude extract. Although not active in the
binding assay, fraction B had and¢of 0.9 ug/mL in the A2780
ovarian cancer cell line cytotoxicity assay. Th¢ and3C NMR
data for4 (Table 1) revealed a striking similarity to those &f
indicating that4 is likely a congener oB. Compound4 had Amax
401 nm (loge 4.59) in MeOH, supporting the structural similarity
of 3 and 4. Positive-ion HRFABMS analysis indicated that the
molecular formula of4 is CzH404 Since the aminopropyl
fractionation procedure putatively isolates carboxylic acids in the
2% HOAc—ethyl ether wash (fraction B), and on the basis of the
molecular formula fo#, it appeared tha4 might be a carboxylic
acid analogue of3. This was supported by the presence of a
carboxyl carbonyl signal aic 183.3 that was not observed f8r
A search of the literature revealed that methyl{ 15E,17E,22F)-
3a-hydroxy-12-oxoisomalabarica-13,15,17,22,24-pentaen-29-
oate, which is the C-29 methyl ester 4f had been isolated by
purification of a fully methylated crude extract from the sponge
Jaspis stelliferabut that the free acid had not been characterized.
A comparison of the NMR data fod with those of methyl
(13z,15E,17E,22E)-36-hydroxy-12-oxoisomalabarica-13,15,17,22,24-
pentaen-29-oate revealed great similarities, with the only major
differences being attributable to the replacement of a COOH group
(0¢c 183.3) by a COOCkKIgroup Oc 177.9). The structure shown
for 4 was confirmed by analyses of HSQC, COSY, HMBC, and
NOESY NMR spectra, and all the observed correlations were
essentially identical to those observed 3oCompoundt was thus
assigned the structure @35E,17E,22E)-35-hydroxy-12-0xoiso-
malabarica-13,15,17,22,24-pentaen-29-oic acid.

Biological Characterization of Compounds 4. A radio-
labeled DNA substrate for polymerg8eontaining a single apurinic

acid lesion was incubated in the presence and absence of polymeras

p. Polyacrylamide gel electrophoresis of each mixture afforded a

cytotoxicity profile in the NCI 60-cell line panel that is most similar
to that of the schweinfurthins, which are prenylated stilbene-type
compounds with side chains similar to those3cdind 4.12

Experimental Section

General Experimental Procedures.Optical rotations were mea-
sured on a Perkin-Elmer 241 polarimeter. UV spectra were recorded
using a Shimadzu UV-1201 spectrophotometer. IR spectra were
recorded for neat samples with a MIDAC M-series FTIR spectropho-
tometer. NMR spectra were obtained on either a Varian Inova 400
spectrometer operating at 399.9 MHz et and 100.6 MHz fof*C or
a JEOL Eclipse- 500 spectrometer operating at 500.2 MHz fet
and 125.8 MHz fo**C. HRFABMS were recorded with a JEOL HX-
110 spectrometer. Thex{*?P]ddATP (3000 Ci/mmol) and terminal
deoxynucleotidyltransferase fof-8nd labeling were purchased from
Amersham Pharmacia Biotech. Uracil-DNA glycosylase (1000/mL) and
AP endonuclease were from New England Biolabs. Distilled, deionized
water from a Milli-Q system was used for all aqueous manipulations.
Polyacrylamide gel loading solution contained 10 M urea, 1.5 mM
EDTA, 0.05% (w/v) xylene cyanol, and 0.05% (w/v) bromophenol blue.
Gels were visualized and quantified using a Molecular Dynamics
Phosphorimager with ImageQuant version 3.2 software.

Marine Sample Extraction. The sponge sample used in this work
was collected for the National Cancer Institute by Pat Colin of the
Coral Reef Research Foundation in Fiji on October 30, 1996, at 12 m
depth. The taxonomist was Michele Kelly (National Institute of Water
and Atmospheric Research, Auckland, New Zealand), and a voucher
is at the Smithsonian Department of Worms under the collector number
0OCDN4278. A photograph of the sample is available as Supporting
Information. The deep-frozen sample was pulverized at the National
Cancer Institute in dry ice by use of a worm-fed grinder (hamburger
mill), the powder produced was allowed to stand-&0 °C until the
CO, sublimed, and the mass was then extracted°&t with deionized
water (1 L) by stirring (30 rpm) for 30 min. The mixture was centrifuged
at room temperature and the supernatant lyophilized to give the aqueous
extract. The insoluble portion from the centrifugation was lyophilized
gnd then statically extracted overnight at room temperature with 1 L
of 1:1 MeOH-CH,Cl,. The organic phase was filtered, the pellet was
washed with a 10% volume of fresh MeOH, and the combined organic

single major band. When incubated in the presence of compoundphase was concentrated to dryness<a6 °C by rotary evaporation

1, a new band appeared on the native gel. In some experiments theand then finally dried under vacuum at room temperature to give the
same band appeared transiently in the absence of any stabilizer; itorganic extract as a gum. An extract of this sponge was received from
is believed to represent the covalent binary complex formed as anthe National Cancer Institute as sample number C016375 (3.0 g).
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Extraction and Isolation. Isolation procedures were performed
under darkened laboratory conditions with aluminum foil-covered
glassware, and fractions were stored dry-20 °C in order to avoid

Clement et al.

10 mg/mL BSA (10uL total volume) at 37C for 2 h. Samples were
loaded onto a 12% native polyacrylamide gel and visualized by
autoradiography. Bound protein was quantified using ImageQuant

light and temperature sensitivity problems. The crude extract (314 mg) software, after scanning the gel using a Molecular Dynamics Phos-
was fractionated by use of an aminopropyl SPE cartridge (Supelco) to phorimager model 450.

afford four fractions: a 2:1 CH@t+i-PrOH wash (fraction A, 91 mg),

a 2% acetic acigethyl ether wash (fraction B, 109 mg), a methanol
wash (fraction C, 96 mg), and an 8% acetic aaithyl ether wash
(fraction D, 6 mg). Fraction A was active in the polymergdeinding
assay (18% binding), while fraction B was active in the A2780

The 36-nucleotide oligodeoxyribonucleotide containing a uridine at
position 20 on one strand was labeled at itseBd with terminal
deoxynucleotidyltransferase¢ [o-?P]ddATP. The product was then
purified by 20% denaturing polyacrylamide gel electrophoresis. The
band of interest was visualized by autoradiography and excised from

cytotoxicity assay. Fractions C and D were inactive in the binding assay the gel. After removal by the “crush and soak” method, the oligo-

and were not investigated further. Fraction A was further fractionated
by use of preparative fgreversed-phase HPLC (isocratic, 92% aqueous
MeOH) to afford nine fractions, six of which were active. The most
active fraction (fraction A-3, 11.5 min, 8 mg) was purified further by
C,s reversed-phase HPLC (89% aqueous MeOH) to affofd mg,
29% binding). From another active fraction (fraction A-4, 13.5 min,
2.5 mg), repeated cyano normal-phase (isocratic, 84:16 hexd&m©H)

deoxyribonucleotide was annealed to its complementary strand by
heating the solution at 78C for 3 min, followed by slow cooling to
25°C.

The apurinic site was created in the DNA substrate in a reaction
mixture (200uL total volume) that contained 354 nM{*?P]-labeled
double-stranded oligodeoxynucleotide having a uridine at position 20
in 10 mM K Hepes, pH 7.4, 50 mM KCI, 5 mM Mgg&l10 mg/mL

and Ggreversed-phase (isocratic, 92% aqueous MeOH) HPLC afforded bovine serum albumin, 3 units of AP endonuclease, and 2.4 units of
2 (0.4 mg, 23% binding; separation later scaled up to afford 0.9 mg). uracil-DNA glycosylase. After incubation at 3T for 20 min, the

A third active fraction (fraction A-5) was unstable; so after scaling up [a-*2P]-labeled double-stranded oligodeoxynucleotide containing an AP
and repeating the separation, fraction A-5 (15 min, 28 mg) was isolated. site at position 20 was ready for DNA binding mobility shift assay.

Compound3 (4 mg, 5.3% binding) was isolated from fraction A-5 after
repeated cyano normal-phase ang €versed-phase HPLC (same
conditions as above). From fraction B of the aminopropyl separation,
compound4 was isolated by reversed-phase HPLC (isocratic, 92%
aqueous MeOH).

3-epi29-Acetoxystelliferin E (2): light yellow powder; {t]p?? —45
(c 0.08, MeOH); UV (MeOH) (loge 4.34) Amax 342; IR (neat film)
vmax 2915, 2849, 1732, 1693, 1373, 1234, 1018, 798%¢ritH NMR
(CDClg), 1.00 (3H, s, H-28), 1.02 (3H, s, H-19), 1.21 (1H, m, H-1),
1.41 (s, H-30), 1.52 (1H, m, H-6), 1.54 (1H, m, H-1), 1.61 (s, H-27),
1.68 (s, H-26), 1.70 (1H, m, H-6), 1.78 (1H, m, H-2), 1.82 (s, H-21),
1.85 (1H, m, H-9), 1.99 (1H, m, H-2), 2.01 (s, H-18), 2.10 (1H, m,
H-7), 2.21 (1H, m, H-11), 2.30 (1H, m, H-23), 2.37 (1H, m, H-23),
2.39 (1H, m, H-5), 4.01 (1H, dl = 11.2 Hz, H-29), 4.17 (1H, d] =
11.6 Hz, H-29), 4.98 (1H, br s, H-24), 5.00 (1HJt= 6.8 Hz, H-3),
5.15 (1H, t,J = 6.6 Hz, H-22), 6.25 (1H, d] = 10.8 Hz, H-17), 6.81
(1H, dd,J = 11.2, 15.6 Hz, H-16), 7.99 (1H, d,= 15.2 Hz, H-15),
2.05 (3H, s, Gi;C0O-29), 2.06 (3H, s, B3CO-22), 2.08 (3H, s, Bs-
CO-3);*3C NMR (CDCk), 13.7 (C-21), 16.2 (C-18), 18.1 (C-27), 19.0
(C-6), 22.4 (C-28), 22.5 (C-19), 24.5 (C-2), 24.5 (C-30), 26.0 (C-26),
29.3 (C-1), 32.0 (C-23), 35.5 (C-10), 36.8 (C-11), 38.9 (C-7), 41.5
(C-4), 42.3 (C-5), 44.7 (C-8), 50.4 (C-9), 67.3 (C-29), 73.7 (C-3), 78.6
(C-22), 118.9 (C-24), 127.9 (C-16), 130.1 (C-17), 132.9 (C-15), 134.8
(C-25), 139.2 (C-20), 142.6 (C-14), 146.3 (C-13), 206.4 (C-12), 21.5
(CH3CO-3), 170.4 (CHCO-3), 21.4 CH3CO-22), 170.4 (CHCO-22),
21.1 CH3CO0-29), 171.5 (CKCO-29) (C-19 and C-28, and acetate ester
carbons may be interchanged); HRFABMS (positive im'g) 596.3748
([M]* caled for GgHs:07, 596.3714).

Stellettin J (3): bright yellow powder; §]p?* —13 (c 0.3, CHC});
UV (MeOH) (log € 4.46) Amax 396; IR (neat film)vmax 3432, 2917,
2849, 1674, 1555, 1536, 1449, 1378, 1205, 1028, 970 ctil NMR
(CDCl), see Table 1:3C NMR (CDCk), see Table 1; HRFABMS
(positive ion)m/z 453.3368 ([M+ H]* calcd for GoHasOs, 453.3369).

Stellettin K (4): bright yellow powder; §]n?? +56 (c 0.1, CHC});
UV (MeOH) (log € 4.59) Amax 401; IR (neat film)vmax 3453, 2926,
1688, 1559, 1536, 1449, 1209, 1163, 974 &mtH NMR (CDCl),
see Table 11°C NMR (CDCk), see Table 1; HRFABMS (positive
ion) Mm/z 467.3174 ([M+ H]* calcd for GoH4304, 467.3161).

DNA Binding Mobility Shift Assay. The affinity of polymeras¢

A2780 Cytotoxicity Assay.The A2780 ovarian cancer cell line
cytotoxicity assay was performed by Mr. Andrew Norris at Virginia
Polytechnic Institute and State University as previously repdfted.
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