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Abstract: The marine sponge Phakellia carteri indigenous to the Republic of the Comoros was
found to contain a new cell growth inhibitory (P388 cell line EDs, 0.34 pg/ml) gcyclo-
heptapeptide named phakellistatin 2.

Interest in marine Porifera as new sources of structurally novel cytotoxic and/or
antineoplastic substances has been gaining momentum.2”’ As part of a long term® investigation
we have been evaluating species from, especially, the marine sponge class Demospongia for
such potentially useful components. Among these cell growth inhibitory constituents we have
discovered the first examples of marine sponge gyclo-hepta’™- and gyclo-octapeptides.?
Meanwhile, we have uncovered two new and cytostatic, Demospongia gyclo-heptapeptideslZ-i3,
The Indo-Pacific Ocean areas have also proven to be a very productive source of sponge
cyclopeptide cell growth inhibitors from other marine organisms such as ascidians
(towicyclamides A and B,!*) and cyanobacteria (hormothamnin A,!3).

We now report the isolation and structural elucidation of a new gcyclo-heptapeptide
designated phakellistatin 2 (1) with significant activity (EDso, 0.34 ug/ml) against the
murine P388 lymphocytic leukemia (PS system) and a "minipanel” of six cell lines from the
NCI's primary screening panel of 60 human cancer cell lines.1®1? Phakellistatin 2 showed
logio GIso values (pg/ml) as follows: OVCAR-3 (1.0); SF-295 (3.0); A498 (2.1); NCI-HA460

§Apparently our report (Ref. 7) describing the first sponge cyclo-heptapeptide,

axinastatin 1 was missed and this compound has been redescribed as pseudoaxinellin (Ref. 10)

and possibly as malaysiatin (Ref. 11).
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(2.0); KM20L2 (2.8); SK-MEL-5 (1.0) which are ovarian, brain, renal, lung, colon and
melanoma cell lines. Phakellistatin 2 was isolated, utilizing PS guided biocassay, from a
methanol-dichloromethane extract of Phakellia carteri (order Axinellida, class
Demospongiae) collected (1987) in the Eastern Indian Ocean (Republic of Comoros).
Application of a series of extraction, solvent partition, gel permeation and partition
chromatographic (on Sephadex LH-20) procedures to a 250 kg. (wt. wt.) sample of the orange
sponge yielded 0.26 g (9.6 x 1075%) of phakellistatin 2 (1) as an amorphous solid: m.p. 199-
201°, t.l.c. Ry 0.22 (in 4:2:1 hexane-ethyl acetate-methanol) [a]p?® -148° (c 0.34, CH,0H);
U.v. Ay,. nm (log €) in CH,0H; 224 (3.92) and 275 (2.85); IR v, cm ! (KBr), 3406, 3295,
2963, 2878, 1645, 1447; EIMS m/z (%), 827 (MY, 100), 771, 736, 720, 713, HRFAB m/z 828.4662
[M+H]*, calc. for C,sHgN;04 828.4660.

The initial structural approaches to phakellistatin 2 employing high field 2D-NMR
techniques were complicated by the existance of two conformers!® in deuteriochloroform (1:1
ratio of isomers) and deuteriodichloromethane (3:2 ratio) solutions at ambient temperatures.
Fortunately in deuteriomethanol solution phakellistatin 2 appeared in only one conformational
form. At that point results of detailed (¢f., Table 1) H- and 13C-NMR, APT, H-!H-COSY, '3C-
1H-COSY and HMBC spectral analyses were found consistent with molecular formula C,sHgN;0,
derived by HRFAB. Interpretation of the !H-NMR spin system indicated the presence of
proline, isoleucine, phenylananine and tyrosine units in a respective ratio of 3:2:1:1.
Hydrolysis of phakellistatin 2 followed by amino acid analyses indicated the same amino acid
composition. High resolution MS/MS analyses supported by high field (400 and 500 MHz) NMR
experiments led to assignment of peptide 1 as g¢gyclg-(Pro-Tyr-Pro-Phe-Pro-Ile-Ile). The
absolute configuration was established at each chiral center by analyzing the acid
hydrolysate N-pentafluoropropionyl-isopropyl ester derivatives!®:2® by means of chiral
capillary chromatography (Chirasil-Vol. III column) methods.

The structure assigned phakellistatin 2 (1) was firmly substantiated by tandem (MS/MS)
mass spectrometry?* using source-produced fragment ions to confirm interrelationships.
Verification of the elemental compositions and assignments for the fragment ions was
performed by exact mass measurements. Protonation at the Pro nitrogen atoms accounted for
the three main fragmentations observed. In addition, the fragment ion at m/z 731 appeared
to arise from ring opening of a protonated Pro followed by its loss. A summary of the three
principal mass spectral fragmentation routes appears in Fig. 1.

Interestingly, further separtion of P. carteri PS active fractions led to isolation (39
mg, 1.7 x 107% yield) of cyclo-(Pro-Val-Asn-Pro-Phe-Val-Val), axinastatin 17, that we
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originally discovered in a Western Pacific (Palau) Axinella sp. Phakellistatins 113 and 2,
hymenistatin 1%, and axinastatin 17 provide_ initial evidence for what may prove to be the
beginning of a potentially important new series of biocactive cyclic peptides.??
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Table 1. Phakellistatin 2 (13 High Ficld (400 aod 500 MHr) NMR Assignments Racorded in CD;OD.

Carbon BCNMR  IHNMR H-IH-COBY BMBC
Pro*
€a 2. M4p Ha, Hb
»-CH 52.88n 4£38(1H, 4, B1) Hb, Hb
b-CHg 31.78p 1B8(1H} Ha, HY Ha
202 (1H ) Ha, Hb, He He' .
oy 22.56p 1BO{IH)} Hb', He, Hd, He' Hu, Hb, B
2.03(1H) Hb', He, H, Ha
4-CHy 48.24p 3.32(1H, m) He, He', Hd' Ha
2.60(1H, Re, I*ic‘ Hd
Pro**
€0 172.98p ¥, Hb, HY
o-CH £3.25n 4.48 (1H, trd, 8.6) Hb, HY' HY, He'
bCHy 38.7p 20601H) Ha, He, He' Ha
218{(1H, m) Ha, Be, He
«CHy 2801 1.88 (1) Hy, Hb, B4, He' Ha, HE
4-CHy 47.68p 336 GHmo Mo m
X e, He', Ha' £
3.50{1H, m} He, He, Hd
m“#
co 178.22p Ha, Hb, HY
»CH 62.94n 312 (1H, 4, 800 Hh, HY' Hb
bCHy 31.89p 0.87 (1H, m) Ha, HY', He Ha
3820 Ha, Hb, He, He
-CHy 22.88p 130 (1H,m} Hb, Y He Hd Hd Ha, Hp
L8 QH) Hb', He, Ha, B
3-CHy 47.88p 325 (1H) He, He, Ha' Ha
RITOH) He, He', Hd
n@‘
<0 172.98p Ha, Har
a-CH 59.93n 368{1H, 4, 10.5) Hb, Y
bCH 856.71n 1.81 (1H, m) Ha, Hb' Hy, He, Hd
! 16.28s 0.64(3H, 4,88} Hb He'
OBy 27.12p L4 (R, m) He, Ha Hy Hd
12T(H, m) He, HE
d&-CHy 10.65n C7LEH. 1D He, Be' He'
lie*t
co 174.50p Ha
+CH 55.80n 424 0K &, 101} Hb, Hy',
»CH 38.38n 1.689(1H, m) Ha, HY' HY, He, Ha
"-CHa 15.36n 0.80 (3H, 4, 7.2) Hb He'
«-CH, 26.08p 109 1K, m) He, Ha Hb, Hd
1.58 (1H) He, Hd
4-CRy 11.08n 080 (1H, £, 7.2) He, He' He
% 172,78 H Bb, Hb
P n, '
a-CH 56.62n 43216, 44, 13447 Hb HY
bCHy 88.41p 284 (1H, 1, 119y Ha, Hy' H&. m Hé
3.08 (1) s, Hb
ArCl 136.87p He, HY,HI, HE
ArC26 180.64n 7.34 {2H, 4, 1.5} H3, HE Hb, Hb,, H4,
ArC3,5 150.06n 723 (2H, L 1Y) H2, H6, Hd HE, HS
Ar-C4 128.68n 722 (1H. t. 7.3} H3, HE 02, H6
Tyr
(o] 1‘?0 4A6p Ha, Hb, Hb'
-CH 54380 4.57(H, 8d, 6.93.6) HY Hb, Hb'
b-CHy 37.63p 2,98 H) Hb' He, H2, HE
3.05 (18) Ha, Hb
ArCl 127.85p H&S&,HB. Hs, 85
ArC26 181.98n 6.78(2H, 4, 8.3} HS, HS Ho, Hb'
Ar-03,5 116.18n 6.59 (21, 4, 8.8} HZ, He H2, HE
ArC4 167.77p H2, H6, H3, H5

* #+ s*+ Donotes individual smine acid units of the same type without any implied sequence information.

For the eoupling constants refor to (Hz) and the n and p notations correspond to APT results in

which n indicates one or three pr
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| \
A /j\
HO ~ 0 =0

i, Phakellistatin 2

m/z 261 358 505 602 715

L e

Pro - Tyr - Pro - Phe - Pro - lle - }1

[y
~

™

m/z 245 342 455 568 665
I A R

2) Pro - Phe - Pro - Ile - lle ~ Pro - Tyr

msz 211 324 a2l 584 681

I R A

3> Pro - lle - lle - Pro - Tyr - Pro - Phe

Fi1g. 1 Phakellistatin 2 (1) peptide sequence

determination by tandem MS/MS



