JACS

OURNAL OF THE AMERICAN CHEMICAL SOCIETY

Subscriber access provided by ISTANBUL TEKNIK UNIV

Communication

Structure and Activity of Largazole, a Potent Antiproliferative
Agent from the Floridian Marine Cyanobacterium Symploca sp.
Kanchan Taori, Valerie J. Paul, and Hendrik Luesch

J. Am. Chem. Soc., 2008, 130 (6), 1806-1807 « DOI: 10.1021/ja7110064
Downloaded from http://pubs.acs.org on February 8, 2009

o s Differential growth inhibition
) N:S_\ Transformed vs. Nontransformed

u,, ,NH Epithelial cells
): N MDAWMB231: NMuMG:
0 o o N Gl,7.7nM Gl 122 nM
/\/\/l\)]\ Fibroblasts
S N U20S: NIH3T3:
laraazos H Gl,55nM Gl 480 nM

More About This Article

Additional resources and features associated with this article are available within the HTML version:

. Supporting Information

. Links to the 8 articles that cite this article, as of the time of this article download
. Access to high resolution figures

. Links to articles and content related to this article

. Copyright permission to reproduce figures and/or text from this article

View the Full Text HTML

ACS Publications

High quality. High impact. Journal of the American Chemical Society is published by the American Chemical
Society. 1155 Sixteenth Street N.W., Washington, DC 20036


http://pubs.acs.org/doi/full/10.1021/ja7110064

JIAIC[S

COMMUNICATIONS

Published on Web 01/19/2008

Structure and Activity of Largazole, a Potent Antiproliferative Agent from the
Floridian Marine Cyanobacterium  Symploca sp.

Kanchan Taori,™ Valerie J. Paul,¥ and Hendrik Luesch* T

Department of Medicinal Chemistry, Umrsity of Florida, 1600 SW Archer Road, Gain#le, Florida 32610, and
Smithsonian Marine Station, 701 Seaway deriFort Pierce, Florida 34949

Received September 17, 2007; E-mail: luesch@cop.ufl.edu

The identification of new pharmacophores is of paramount Table 1. NMR Spectral Data for Largazole (1) in CDCls (600
biomedical importance and natural products have recently beenMH2)
regaining attention for this endeavioihis renaissance is closely CIHno. On (Jin Hz) dc, mult, HMBCab

tied to the successful exploitation of the marine environment which 1 168.9, qC
harbors unmatched biodiversity that is presumably concomitant with 2 4.61,dd (9.2,3.3) 57.7,CH 1,3,4,5,6
chemical diversity. In particular, marine cyanobacteria are prolific 3 2.10,m 34.2,CH £2°
producers of bioactive secondary metabolftesany of which are g 8'23' g gg 12'2' gﬂ g 2451
modified peptides or peptidgpolyketide hybrids with promising 2-NH 7.15.d (9.2) o 16
antitumor activities, such as dolastatinidyracin A% and apratoxin 6 173.5,qC
A.® As a result of our ongoing investigations to identify new drug 7 84.4,qC
leads from cyanobacteria in Florida, we report here the structure gg g'g;" g((:ﬁ-fg 43.3,CH %7' 190
determination and preliminary biological characterization of a 4 1.'87" brs 24.2. Cil 6”71’8
marine cyanobacterial metabolite with novel chemical scaffold and 10 164.6, qC
nanomolar antiproliferative activity from a cyanobacterium of the 11 147.4,qC
genusSymplocaSymplocaspecies have scarcely been investigated 12 7.76,s 1242,CH  19]1,13
compared to the more prevalehyngbyaspp., yet a Palauan ﬁa 5.29, dd€17.4, 9.6) 1461719&3 13 15
Symplocasp. previously yielded the clinical trial compound — 74p 427 dd£17.4, 2.5) ' 13,15
dolastatin 10, prompting us to target this genus. 14-NH 6.45, dd (9.6, 2.5) 15
A sample ofSymplocasp. was collected from Key Largo, Florida 15 169.4,qC
Keys, and extracted with organic solvents. The resulting cytotoxic igg‘ g'gg' ggﬁgg 108.)5) 40.5, CH 1155 17,18
crude extract was subjected to bioassay-guided fractionation by 7 5.66, ddd (1()'_5” 7.2, 1.8) 72.0, CH
solvent partition, silica gel chromatography, and reversed-phase 18 5.51, dd (15.6, 7.2) 128.4, CH 17,20
HPLC to yield largazole ) as a colorless, amorphous solid 19 5.82,dt(15.6, 7.2) 132.7, CH 17,20
{[a]?% +22 (€ 0.1, MeOH}. 20 2.31, brq (7.2) (2H) 323,GH 18,19,21
21 2.90,t(7.2) (2H) 27.9,CH 19,20, 22
22 199.4,qC
o \ A 23 2.52,1(7.5) (2H) 44.1,CH  22,24,25
Largazole (1) ﬁ: > 24 1.64, m (2H) 25.6,CH  22,23,25/26
J', NH 25 1.29, m (2H) 28.9,CH 26
I =\ 26 1.25, m (2H) 289,CH 25,27
! Ny S 27 1.26, m (2H) 31.6, CH

M }1\/0\)0\/?1\ jﬁ 28 1.28, m (2H) 22.6, CH
g X7 15” 29 0.87, brt (6.9) 14.0,CH 27,28
aProtons showing HMBC correlations to the indicated car¥aDpti-

IH and 3C NMR data coupled with a [M+ H]* peak atm/z mized for"J = 7 Hz if not indicated otherwis€.Optimized for"J = 3.5
623.2397 in the HRESI/APCIMS of suggested a molecular Hz.
formula of GgH4oN4OsS;3 (A +0.1 mmu,A +0.16 ppm). TheH . . .
NMR spectrum exhibited two signals characteristic for secondary suggestgd th'e presence of a 2-substituted thiazoline-4-methyl-4-
amides 0oy 7.15, d1anm 6.45). Further two-dimensional NMR carboxylic acid unit (C-6 to C-10). The only other HMBC to C-10
analysis in CDCJ using COSY, HSQC, and HMBC data indicated was from the thiazole proton H-12, indicating that C-10 bore the
that these exchangeable pro’tons bélong to valine and modifieqthidzole substituent. The methyl thiazoline carboxylate and the

glycine residues, respectively (Table 1 and Supporting Information). a_mino terr_ninu_s of the valine residue were unambiguously conna_ec_ted
The putative glycine carbonyldt.s 167.9) was part of a 2,4- via an amide linkage based on HMBC data (Table 1). The remaining

disubstituted thiazole unit as evidenced by HMBCs from the only signals in théH NMR spectrum belonged_to two spin ;ystems, as
aromatic methined1» 7.76,0c.1» 124.2) to C-13 and to another concluded from COSY analysis (Supporting Information). One of

quaternary spcarbon, C-11dc 147.4). Furthermore, HMBCs from ﬂ(‘:ellénits évzsl a ?';lébStitUted 3-hfydr:ox(}j/heglt-ten(()jicbacid dmoiety
a methyl singletd.o 1.87) to carbonyl C-6dc 173.5), quaternary I( -1510 | ) wit -ge;)c;rn]etryo tfe %u € bond base OE a
carbon C-7 §c 84.4), and methylene carbon C-8¢(43.3), arge coupling constant 16ty.16,4-10 0f 15.6 Hz, consistent wit

combined with an HMBC from H-8ad( 4.04) to C-10 {c 164.6) NOESY cross-peaks between H-18 and-20. This unit was
attached to the amino terminus of the glycine-derived unit as shown

t University of Florida, by HMBCs from 14-NH and H-14a/b to C-15 as well as ROESY
* Smithsonian Marine Station. cross-peaks between 14-NH and H-16a and H-16b. The last unit
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Figure 1. MS" fragmentation pattern for largazol#&)(

Scheme 1. Degradation Strategy to Liberate Chiral Subunits

a) Oy, CH,Cly, 25 °C, 30 min; b) H;0,-HCOZH (1:2), 70 °C, 20 min; ¢) 6 N HCI, 110°C, 24 h

Table 2. Growth-Inhibitory Activity (Glsp) of Natural Product Drugs

MDA-MB-231 NMuMG u20s NIH3T3
Largazole {) 7.7nM 122 nM 55nM 480 nM
Paclitaxel 7.0nM 5.9nM 12nM 6.4 nM
Actinomycin D 0.5nM 0.3nM 0.8nM 0.4 nM
Doxorubicin 310 nM 63 nM 220 nM 47 nM

was am-octanoyl group (C-22 to C-29) which was connected with
C-21 based on HMBC from H21 to C-22. The low-field chemical
shift for C-22 ¢ 199.4) coupled with the fact that one sulfur atom

are preferentially targeted bi. The growth of cancer cell lines
derived from colon (HT29) and neuroblastoma (IMR-32) was also
strongly inhibited byl (Gls¢/LCso 12 NM/22 nM; 16 nM/22 nM).
Largazole 1) possesses a dense combination of unusual structural
features, including a substituted 4-methylthiazoline linearly fused
to a thiazole as in didehydromirabazdle,member of the group
of terrestrial cyanobacterial cytotoxins fro8tytonema mirabile
with solid tumor selectivity. Another remarkable structural element
is the thioester moiety; thioester-containing secondary metabolites
have been reported to be produced by spofigesaryotic algaé?
and bacterid! but not by cyanobacteria. The 3-hydroxy-7-mer-
captohept-4-enoic acid unit il is unprecedented in natural
products. Most significantly, the potent biological activity and
selectivity for cancer cells warrants further investigation as to the
mode of action, cancer chemotherapeutic potential, and biosynthesis
of largazole ().
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functionality. Finally, to account for the molecular formula require-
ments and for the low-field chemical shift of H-19( 5.66)
suggestive of an acyloxy substituent, C-17 had to be ester-linked
to the carboxyl terminus of valine. This was further supported by
a weak NOE between H-17 and# (04 0.50), leading to the cyclic
planar structure shown fdr. MS" analysis (Figure 1, Scheme S1,
Supporting Information) is consistent with the proposed structure.

To assign the absolute configuration of the three chiral centers,
our strategy was to generate optically active fragments, for which
enantiomeric standards are readily available (Scheme 1). Specifi-
cally, ozonolysis followed by oxidative workup and acid hydrolysis
generated 2-methylcysteic acid, valine, and malic acid. The product
mixture was subjected to chiral HPLC analysis, comparing retention
times with those of authentic standards. This analysis identified
L-valine, R)-2-methylcysteic acid, and-malic acid, establishing
the absolute configuration df as 5,7R,17S.

Largazole 1) potently inhibited the growth of highly invasive
transformed human mammary epithelial cells (MDA-MB-231) in
a dose-dependent manner £31.7 nM) and induced cytotoxicity
at higher concentrations (ls¢117 nM). In contrast, nontransformed
murine mammary epithelial cells (NMuMG) were less susceptible
to compoundL (Glsg 122 nM, LG, 272 nM). We have not observed
this remarkable selectivity for other validated antitumor natural
products tested in parallel (Table 2). Similarly, the selectivityL of
for transformed fibroblastic osteosarcoma U20S cellgd&8 nM,

LCs0 94 nM) over nontransformed fibroblasts NIH3T3 (@480
nM, LCso >8 uM) was unmatched by other natural product drugs
tested (Table 2). The differential growth-inhibitory activity between

transformed and nontransformed cells suggests that cancer cells

istry, UF). This is contribution 713 from the SMS at Fort Pierce.

Supporting Information Available: Experimental section and
physical data forl; Scheme S1; NMR spectra af This material is
available free of charge via the Internet at http://pubs.acs.org.

References

(1) (a) Koehn, F. E.; Carter, G. Nat. Re. Drug Discaery 2005 4, 206—
220. (b) Paterson, I.; Anderson, E. Bcience2005 310, 451-453.

(2) Fenical, W.; Jensen, P. Rat. Chem. Biol2006 2, 666-673.

(3) Gerwick, W. H.; Tan, L. T.; Sitachitta, NAlkaloids Chem. Biol2001,

57, 75-184.

(4) Luesch, H.; Moore, R. E.; Paul, V. J.; Mooberry, S. L.; Corbett, TJH.
Nat. Prod.2001, 64, 907-910.

(5) (a) Gerwick, W. H.; Proteau, P. J.; Nagle, D. G.; Hamel, E.; Blokhin, A.;
Slate, D. L.J. Org. Chem1994 59, 1243-1245. (b) Verdier-Pinard, P.;
Lai, J.-Y.; Yoo, H.-D.; Yu, J.; Marquez, B.; Nagle, D. G.; Nambu, M.;
White, J. D.; Falck, J. R.; Gerwick, W. H.; Day, B. W.; Hamel, ol.
Pharmacol.1998 53, 62—76.

(6) (a) Luesch, H.; Yoshida, W. Y.; Moore, R. E.; Paul, V. J.; Corbett, T. H.
J. Am. Chem. So@001, 123 5418-5423. (b) Luesch, H.; Chanda, S.
K.; Raya, M. R.; DeJesus, P. D.; Orth, A. P.; Walker, J. R.; Izpisu
Belmonte, J. C.; Schultz, P. Glat. Chem. Biol2006 2, 158-167.

(7) (a) Carmeli, S.; Moore, R. E.; Patterson, G. MTletrahedron Lett1991,

32, 2593-2596. (b) Pattenden, G.; Thom, S. M. Chem. Soc., Perkin
Trans. 11993 1629-1636. (c) Boyce, R. J.; Pattenden, Btrahedron
1995 51, 7313-7320.

(8) Carmeli, S.; Moore, R. E.; Patterson, G. M.1..Am. Chem. Sod.99Q
112 8195-8197.

(9) Horton, P.; Inman, W. D.; Crews, B. Nat. Prod.199Q 53, 143-151.

(10) (a) Roller, P.; Au, K.; Moore, R. EEhem. Commuri971, 503-504. (b)
Sata, N.; Abinsay, H.; Yoshida, W. Y.; Horgen, F. D.; Sitachitta, N.; Kelly,
M.; Scheuer, P. 1. Nat. Prod.2005 68, 1400-1403.

(11) (a) Perez Baz, J.; Cedo, L. M.; Feriadez, Puentes, J. L.; Silva Elipe,
M. V. J. Antibiot. 1997, 50, 738-741. (b) Boger, D. G.; Ichikawa, S.
Am. Chem. So200Q 122, 2956-2957.

JA7110064

J. AM. CHEM. SOC. = VOL. 130, NO. 6, 2008 1807



