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Summary: The Western Indian ocean sponge Phakellia 
carteri was found to contain two isomeric (at the photo- 
Trp indole ring juncture) cyclo-heptapeptides named 
phakellistatin 3 (3) and isophakellistatin 3 (4). 

Exploratory investigations of marine Porifera hetero- 
cyclic and sterol constituents over 40 years ago by 
Bergmann2a resulted in the discovery of the arabinose- 
type nucleosides that led to the now well-established 
anticancer and antiviral drugs ARA-C and ARA-A.2 
Illustrative of new marine sponge heterocyclic Constituents 
are the recent isolations of pyridine,3ab isoquinoline,3c bis- 
indole,a carboline," imidazole,3 pyrimidine,% 
pyrrol~quinoline,~' oxazole,3jlk and thiazole3k ring system 
representatives (cf. also heterocyclic compounds from 
microorganisms associated with  sponge^).^ 
Our earlier evaluations of marine sponges in the genus 

Phakellia for cell growth inhibitory substances led to 
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isolation of phakellistatin 1 (1)s from a Western Pacific 
(Micronesia) Phakellia sp. and phakellistatin 2 (2)6 from 
the Eastern Indian Ocean (Republic of the Comoros) 
Phakellia carteri. We now report that furtlier bioassay 
guided (murine P388 lymphocytic leukemia cell line) 
separation of P. carteri cytotoxic constituents has resulted 
in the discovery of phakellistatin 3 (31, a cyclic peptide 
with significant P388 (EDm 0.33 pg/mL) activity. Phakel- 
listatin 3 represents a new type of cyclo-heptapeptide 
containing an amino acid unit apparently derived from a 
photooxidation product of tryptophan7 The cis-ring 
juncture isomer of this modified tryptophan unit was found 
in an otherwise identical new cyclo-heptapeptide desig- 
nated isophakellistatin 3 (4). 

The dichloromethane soluble fraction obtained from a 
250-kg (wet wt) 1987 collection of P. carteri (order 
Axinellida, class Demospongiae) which was used to obtain 
phakellistatin 26 by a series of solvent partitioning, gel 
permeation, and partition chromatographic (Sephadex 
LH-20) procedures was further separated (P388 bioassay 
guided). Continued column chromatographic separations 
on Sephadex LH-20 and purification by reversed-phase 
HPLC afforded phakellistatin 3 (3,4.6 mg, 2.0 X lV%) 
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As; space group P21; 8531 reflections were collected, of 
which 7789 were unique and not systematically absent 
(includes Friedel reflections). 

The structure was solved by direct methods using 
SIRMeg Of the 64 non-hydrogen atoms in the asymmetric 
unit, 55 non-hydrogen atoms of the main peptide molecule 
were located in the first run of SIR88 using the default 
settings. Recycling of the 55-atom fragment through 
SHELXS861° using the TEXP 250 option provided the 
remainder of the structure, excluding one aromatic carbon 
of the phenylalanine ring. Subsequent difference Fourier 
runs using CRYSTALS1 revealed the presence of the 
remaining aromatic carbon atom as well as the two solvate 
molecules, i.e., one molecule of water and one molecule of 
acetone. 

The crystal structure of isophakellistatin 3 (4) is shown 
in Figure 1. Each molecule of isophakellistatin 3 was found 
to be associated with a single molecule of acetone and a 
molecule of water. Based upon the A- - -B bond length 
observed in an A-H- - -B hydrogen bond, isophakellistatin 
3 appears to be involved in both intermolecular and 
intramolecular H-bonding. Generally, peptide N-H- - - 
0 bonds have an A- - -B length in the range of -2.79 f 
0.12 A and 0-H- - -0 bonds have an A- - -B length in the 
range of 2.76 f 0.09 A. Thus, intramolecular H-bonding 
seems probable between the N1- - -043 (phenylalanine 
amide-leucine carbonyl, 2.827 A) hetero atoms and 
possibly between the 054- - -055 (hydroxyl-carbonyl, 
2.820A) atoms. From the bond distances, intermolecular 
H-bonding between 036- - -060 (threonine hydroxyl- 
water, 2.789 A), 036- - -029 (threonine hydroxyl-phenyl- 
alanine carbonyl, 2.670 A), and 059- - -060 (proline 
carbonyl-water, 2.795 A) was also predicted. A computer- 
generated perspective drawing depicting the (8)-absolute 
configuration of the constituent amino acids (determined 
uia chiral GLC analysiss of the peptide hydrolysis prod- 
ucts), as well as the conformation and proposed H-bonding 
of the cyclic peptide (41, appears in Figure 1. 

With the crystal structure of isophakellistatin 3 in hand, 
a series of NMR NOESY experiments relating peptides 

A 

1, phakellistatin 1 2, phakellitatin 2 

3, phakelliitatin 3 4, isophakellistatin 3 

as an amorphous powder (P388 ED60 0.33 pg/mL) [mp 
178-180 OC; TLCRf0.17 (hexane-ethylacetate-methanol 
(4:2:1)); 1 ~ x 1 ~ ~ ~  -147O (c 0.22, CH30H); UV A, nm (log 
e) in CHsOH, 214 (4.17), 234 (4.04), 291 (3.52); IR vmax 
cm-l (film) 3335,2926,1663,1522,14561; and isophakel- 
listatin 3 (4, 30 mg, 1.3 X lW% yield): crystals from 
acetone melting at 218-220 "C; TLC Rf 0.20 (hexane- 
ethylacetate-methanol (4:2:1)); [ a I 2 % - 1 3 8 O  (c 0.21, CH3- 
OH); UV A, nm (log E) in CHsOH, 211 (4.41), 238 (3.91), 
295 (3.37); IR Y- cm-l (KBr) 3453,3370,2955,2872,1670, 
1634, 1520; PABHRMS mlz calcd. for C42Hb~N809 
815.4092, found 815.4090 EM + HI+. 

Comprehensive high-field (400- and 500-MHz) 2D-NMR 
analyses of cyclo-heptapeptides 3 and 4 employing APT, 
lH,'H-COSY, HMQC, and HMBC8 techniques revealed 
spin systems corresponding to Gly, Leu, Pro (two units), 
Phe, Thr, and a Trp-like amino acid unit (3a-hydroxy- 
pyrroloindole). Amino acid analyses added further sup- 
port for the common amino acid components. Comparison 
of the 'H- and 13C-NMR spectra revealed significant 
differences in only two lsC-signals: a carbon at 6 171.49 
(Trp CO) and a methine at 6 62.80 (Trp aCH) for peptide 
3 us 6 173.29 and 6 61.63 for the same carbons of peptide 
4. Again in the 'H-NMR spectra only two signals differed, 
namely a peptide 3 methylene proton a t  6 2.00 (Trp BCH2) 
and a methine proton at 6 5.54 (Trp 6CH) us 6 2.24 and 
6 5.75 for peptide 4. By elimination, all of these signal 
shift differences were found to arise from the tryptophan- 
derived unit. Furthermore, sequence analyses by MS/ 
MS techniques indicated peptides 3 and 4 differed only 
by stereochemistry. 

Fortunately, a specimen of isophakellistatin 3 (4) 
suitable for X-ray crystal structure determination crystal- 
lized from acetone: crystal data; C42H~N80wC3- 
HeO.H20; crystal dimensions 0.26 X 0.28 X 0.28 mm; Cu 
Ka radiation (A = 1.541 84 A) a t  27 f 1 "C; monoclinic cell 
parameters and calculated volume of a = 9.994(3) A, b = 
18.094(3) A, c = 12.961(3) A, B = 98.60(2)O, and V = 2317.40 
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Figure 1. Isophakellistatin 3. 

3 and 4 was conducted. These allowed assignment of 
structure 3 to phakellistatin 3. The result was consistent 
with the original study7 of tryptophan photooxidation 
where two photoproducts isomeric at the ring juncture 
were identified as cis- and trans-3a-hydroxyl-l,2,3,3a,8,- 
8a-hexahydropyrrolo[2,3-blindole 2-carboxylic acid (herein 
named cis- and trans-photo-Trp). To our knowledge 
cyclic-heptapeptides 3 and 4 represent the first examples 
of photo-Trp serving as a natural peptide unit. The 
inhibitory effect of the tramming juncture (peptide 3) on 
growth of the P388 cell line inhibition us lack of such 
activity with the cis-isomer (peptide 4) is also noteworthy. 
Extended antineoplastic evaluations of phakellistatin 3 
are underway. 
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