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Ababact: The isolarion of a new cyclic hexapeptide is reported from a marine ascidian Lissoclinum 
bistratam. The structure was determined by NMR, mass spectromeuy and X-ray crystallographic 
techniques. Cytotoxicity against MRCSCVl and T24 cells expressed as IC, was 0.5 pghnL. 

Didemnid ascidians especially species of Lissoclinum, have been a rich source of new classes of 

biologically active compounds. Compounds from these organisms include the patellamides’, 

lissoclinamides’~* and patellazoles3 from Lissoclinum putella and the bistmtamides and bistratenes from 

Lissoclinum bistrutum4. Some of these are potent cytotoxins, for example the ulithiacyclamides5*6 and 

lissoclinarnide 7’, and others such as the bistratenes4$, cause human cells to differentiate. Structure- 

activity relationships have been discussed for the lissoclinamides’. With the exception of the 

bistratenes all of these compounds contain thiazole or thiazoline amino acids. Crystal structures have 

been reported for ascidiacyclamide’ and patellamide D”. In this paper we describe the 

characterization and X-ray crystal structure of another novel cyclic hexapeptide with cytotoxic activity 

from Lissoclinum bistrutum containing no thiazole but three oxazoline rings. This compound appears 

to be identical to westiellamide, which was isolated from the terrestrial blue-green alga Westiellopsis 

prolifica”. 

Cycloxazoline (1) was isolated from a methanolkoluene (3:l) extract of frozen Lissoclinum 

bistrutum collected from Heron Island Reef on the Great Barrier Reef, Australia. Chromatography of 

the crude extract on a Whatman Partisil ODS-3 HPLC column yielded the elution profile shown in 

Figure 1. 
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Because of its very low absorbance at 254 nm, cycloxazoline was not detected in earlier work4 using 

single wave~eng~ detection. Its presence is clearly evident by rno~~~g as 210 nm felution time 60 

min). The fractions correspontig to cycloxazoline were pooled and evaporated to dryness. (Yield 

approx. 3 mg per kg wet weight, or 0.2% of dried extract). 

io 

Time (mins) 

Figure 1. EMon profile of L ~is~u~~ extract from the ~ve~-ph~ EPLC column, 
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Fast atom bombardment mass spectrometry gave a molecular ion peak (M+H)+ of 547, 

consistent with a molecular weight of 546. Acid hydrolysis followed by chiral gas chromatography 

yielded equimolar amounts of Gvaline and Gthreonine. The “C NMR spectrum was very simple, 

showing only 9 peaks. Table 1 lists the complete NMR assigmnents. The data are consistent with a 

dipeptide of valine and threonine where the threonine moiety has been condensed to form an 

oxazoline ring. The LAB-MS experiment showing a molecular mass of 546 (3 x 182) indicates that 

the molecule is a symmetrical trimer of the condensed dipeptide. 

Table 1. r3C and ‘H NMR for Cycloxazoline (CDCl,) 

Carbon No. 6 (I%) 8 (‘H) (multiplicity; J (Hz) ‘H - ‘H couplings (COSY 45) 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

170.54 

73.84 4.22 

82.68 4.80 

21.93 1.59 

168.52 

52.40 4.64 

31.47 2.30 

18.60 0.82 

16.90 0.89 

NH 7.77 

(dd ; 8.7, 2.1) 

(dq ; 8.7, 6.1) 

(d ; 6.1) 

H3, H6 

H2. H4 

H3 

(ddd ; 7.9, 3.1, 2.1) 

(dqq ; 7.0, 7.0, 3.1) 

(d, 7.0) 

(d, 7.0) 

(d, 7.9) 

H2, H7, NH 

H6. H8, H9 

H7 

H7 

H6, H2. NH 

The long-range coupling between H2 and H6 is sufficiently strong for the splitting to be 

observed in the one-dimensional ‘H NMR spectrum (J = 2.1 Hz). This is similar to the situation in 

bistratamide A4, another cyclic hexapeptide horn the same organism. 

The vicinal coupling constant 3J (NHCH) is related to the dihedral angle between NH and a-CH 

by a Karplus-type relationship’*. The coupling constant for cycloxaxoline is 7.9 Hz, an identical value 

for the equivalent proton of the octapeptide ascidiacyclamide*. This corresponds to a HN“CH dihedral 

angle of 160“ > 0 2 145” with the valyl group axial and the NH directed to the centre of the ring. A 

similar conformation is found for the other cyclic hexapeptides from this organism, bistratamides A 

and B. The conformation has the three valyl substituent groups on the same surface of the ring 

system with the other side of the ring unhindered by any group. 

The crystal structure of cycloxazoline consists of two independent molecules of cycloxazoline 
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with no signiflcsnt differences between their geometries, (Figure 2). Positional parameters are listed 

in Table 2. The conformation of the cycloxaxoline ring is approximately planar. The largest 

deviations from the plane, defined by the oxaxoline rings and the connecting atoms, are 0.77 8, 

These deviations are caused by the sp’ hybridized C.a6 atoms by the interactions between the N atoms 

of the oxaxoline rings and the adjacent peptide N atom which causes a tilting of the oxaxoline rings, 

Thus, the Cx6 atoms lie below the mean plane by 0.51 to 0.73 A and the CA! atoms of the oxaxoline 

rings lie above the plane by 0.55 to 0.77 A. There am no intramolecular hydrogen bonds stabilixing 

the conformation as observed in the structure of patellamide D”. It is probable that the smaller ring 

size in the present structure stops the ring folding in a way which would allow intramolecular 

hydrogen bonding. There are also, no intermolecular hydrogen bonds, the disposition of the peptide 

N-H groups into the centre of the ring and the peptide 0 atoms to the outside of the ring preventing 

their formation. The peptide groups are all planar to within 0.003 A. The oxaxoline rings have 

envelope conformations in which the atoms Cx2, Cr5 and 0x2 are coplanar to within 0.01 A and cS3 

lies 0.1 to 0.2 A out of thii plane. The valyl groups are all axial as deduced for the solution structure 

from coupling constant data. The dihedral angles, I-INYH (8). calculated from the observed dihedral 

angles C(=O) lW?C and C(=O) NW? range from 160” to 140”. in agreement with the values 

obtained from coupling constant data. 

Figure 2. Crystal structure of cycloxazoline: thermal ellipsoid plots (30% probability) of the two 

independent molecules of cycloxaxoline. 
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Cytotoxicity of cycloxaxoline was determined for MRC5CVl tibroblasts and T24 bladder 

carcinoma cells. The IC, value was OSpg/mL for both cell types, at least a hundred fold more toxic 

than the other hexapeptides from ,Q.~~dcZiuwn bistratum, biitratamides A and B, and one of the most 

toxic compounds isolated from these organisms. 

Using the same methodology as described above, Prinsep et aL assigned the same structure to a 

compound, westiellamide. isolated from a terrestrial cyanophyte. They reported an I&, value of 

2pg/mL against KB cells. 

Cycloxaxoline was originally named trisoxaxoline in a patent application”, however this name 

had already been used in an earlier unrelated patent’*.‘Ihe fact that the same compound occurs in a 

terrestrial cyanophyte and a marine symbiotic alga provides evidence that the cyclic peptides isolated 

from the Lissoclinum species of ascidians originate from the Prochloron symbiont. 

EXPERIMENTAL SECTION 

Exbtwtion of Compounds. 

L bistratum was collected at Heron Island Reef on the Great Barrier Reef, and extracted as 

previously described’. The extract was chromatographed on a Whatman Partisil ODS-3 Magnum 9 

preparative HPLC column equilibrated in 77% methanol. The absorbance of eluting compounds was 

monitored using a Waters 990 photodiode array detector. 

NMR Spectroscopy. 

Proton and i3C NMR spectra were obtained with a C-5 dual probe in a IEOL GX400 

spectrometer. Deuterated chloroform (Merck) was used as the solvent and chemical shifts am reported 

relative to tetramethylsilane (TMS). 

Mass Spectroscopy. 

A Kratos MS 25 RFA instrument was used with an Iontech saddle-field FAB source and argon 

gas. The sample was dissolved in methanol at a concentration of 1 mg/mL and diluted five times with 

glycerol for FAB analysis. 

Acid Hydrokjds and Chit& Gas Chromatography. 

Cycloxazolme (0.3 pmol) was hydrolysed in 6N HCl (1 mL) in vacua overnight at 110°C. 

After evaporation to dryness the amino acids were converted to their N-pentafluoropropionyl isopropyl 

esters’3 and applied to a Chirasil-Val GC column for separation of D and L isomers”. 
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X-MY CqsWogmphy. 

Crystal data: a=10.017(2), b=20.247(3). c=30.344(5) A, V=6154 A3, f&,I&N~O~,. orthorhombic 

space group P2,2,2i. Z=8, MoKu radiation (k&71069 A), 4173 reflections collected, 2595 with 1>2.5 

a(I) used in the refmement. Data collected on an Enraf-Nonius CAD4 diffractometer; structum solved 

by direct methods using SHELXS-861s and refined by blocked-matrix least squares using SHELX-7616 

to a fmal R of 0.052. kO.056. The largest peak in a final difference map was 0.2 eA’ in height. 

Cytotoxiciry Assays. 

The incorporation of Methyl-‘H] thymidine into DNA was measured after treatment of two cell 

lines MRCSCVl (SV40-transformed tibroblasts) and T24 (transitional cell carcinoma of the bladder) 

with cycloxaxoline. Details of the method have been described previously’. 
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