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ISOLATION AND STRUCTURE OF THE HUMAN CANCER CELL GROWTH INHIBITORY
PHAKELLISTATIN 4 FROM THE WESTERN PACIFIC SPONGE PHAKELLIA COSTATA!
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Abstract - Structural elucidatien by high field 2D nmr and FAB-ms/ms
techniques led to eyclo-(Pro-Thr-Pro-Phe-Ile-Phe-Ser) as the
assignment for phakellistatin(4)a new cell growth inhibitery peptide
from the Chuuk Archipelago marine sponge Phakellia costata.

2-10

Evidence is rapidly increasing that certain marine sponges in the class Demospongiae

produce cycliic peptides with cancer cell growth inhibitory properties. 1In rapid pursuit of
this petentially important source of new antineoplastic biosynthetic products, we have

extended our earlier evaluation of the Phakellia genus®™’

with emphasis on Phakellia costata
Kiechnick (order Axinellida) collected (19853-87) in the Chuuk Archipelago (Federated States
of Micronesia). The original murine P388 lymphocytic leukemia cell line active cyclic
peptide lead from this Porifera species was found to be phakellistatin (1)° and that was
followed by isclation of phakellistatins (2)®and(3}7

A P388 cell line active methylene chloride soluble fraction prepared from 500 kg (wet wt.)
of P. costata recollected (1987) in Chuuk was separated (murine P388 lymphocytic leukemia
bioassay guided) by a series of gel permeation {Sephadex LH-20) and partition (LH-20 and
silica gel) column chromatographic techniques interspersed by high speed countercurrent-

5

distribution procedures. Final separaticn was accomplished by hple {on €8, with

acetonitrile-methanol-water, 10:10:13, as mobile phase) to afford phakelliscatin(4)(45 mg,
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9 x 107%% yield, [@]y-97°, c,2.24, CH;0H) as an amorphous powder {(P388, EDs, ©.325 pg/ml}).

Phakellistatin 4 showed a molecular ion peak at m/z 790 [M+H]* in the FAB-ms spectrum. The
molecular formula was established as C,3HyN,;0, by HRFAB-ms [m/z 790.4146 (M+H)', A+0.6 mmu],
Two groups of ultraviolet absorption maxima appeared at 210-240 nm and 251-267 nm which were
attributed to a meono-substituted benzene ring. The 500 MHz and 400 MHz 'H, '*C-nmr and APT
spectra gave well separated signals which enabled straightforward interpretation of the €OSY
spectra. These data together with results of extensive HMQC and HMBC experiments led to the
signal assignments and relationships noted in Table 1 for phakellistatini{4)and its assignment
as a heptapeptide composed of seven w-amino acid units viz, serine (Ser), isoleucine (Ile),
threonine (Thr), proline (Pro x 2) and phenylalanine (Phe x 2}. Those assumptions were
further confirmed by results of amino acid analysis of the phakellistatin{4)acid hydrolysis

product,

Pro-i Phe-2

Phakelliastatin{4)and Principte NOE Correlations f

HMBCG and ROE data provided important information about the amino acid sequence in this
heptapeptide. Specifically, HMBC correlations from amide NH protons te the amide carbonyl

carbon signals such as NH [Thr] (& 8.67)/C10 [Pro 2] (6 171.81), NH [Ser] (& 8.90)/C18 [Phe
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1] €6 173.55), NH [Phe 1] (8 8.55)/C27 [Ile] (6 173.50), NH [Tle] (& 7.60)/C33 [Phe 2] (&
171.74) and NH [Phe 2] (6 7.68)/Cl [Pro 1] (& 170.32) were very useful. The ROESY spectrum
afforded the following NOE correlations between four amide NH protons and four amino acid o-
methine protons, NH [Thr]/H1L [Pro 2] (& 5.05), NH [Ser]|/H19 [Phe| (6 4.98), NH [Ile}/H34
[Phe 2] (& 4.81) and NH [Phe 2]/H2 [Pro 1] (6 4.37). Furthermore, another RCOE correlation
between the amide NH proton of Phe 1 and the S-methine proton of Ile (H29, & 2.10) was found.
That result added more support for the Ile-Phe 1 linkage, and revealed that the amide H-N in
Phe 1 to be oriented close to the C-HB bond of Ile. The correlations from HMBC and ROESY
experiments clearly indicated the sequence of the seven amino acid units as Pro 2-Thr-Pro 1-
Phe 2-Ile-Phe 1-Ser. Although no HMBC or NOE correlations were found between Pro 2 and Ser,
the amide nitrogen atom of Pro 2 was assumed to be bonded to the carboxyl carbon of Ser.
Because the molecular formula (G, H¢N;05) indicated phakellistatin (4) to be a cyclic

heptapeptide that assumtpion seemed secure.

Table 1: The 1]1- and 13C-nmr Spectral Dawa of Phakelliastatin 4 and Their Assignments

{in CDC13)
No. 3¢ Ijp J HMBC No.  13c Iy J IIMBC
pm  pom  Hz e 0 pem  pom iz} dHwi30
Pro 1 17032 20 37.95¢ 282t 105 1%
-12 60.56d 437dd 52,84 1,345 3.08m 18,19,21,22
3 2904t 1.62m 21 136.43 s
210m 1,2,4 22 129414 7.25m
4 2463t 155m 23 126754 7.08m
182 m 24 128374 7.27m
5 4736t 3.50m 25 126754 718m
375m 26 129416 7.25m
Thr 6 170.15s NI B.55d B.4 19,20,27
7 58.49d 480m 6.8 e 27 173505
§  65.82d 4.47m 9 28 6610d 3i2m 27,29,30,32
9 19.16q 1.35d 6.3 8 29 3274d 2.10m
ol 5.32 brd 30 2523t 0SZm
NH 867d 8.7 10 0.92m
Pro 10 171.81s 31 104649 039t 7.0 29,30
-z 11 61.25d 505m 32 14.80q 0.15d 6.6 29,30
12 29.28t 1.92m 10,11,13 NI 7.60m
258 m  11.5,6.4 14 Phe 33 17174 s
13 2202t 170m -Z34 53404d 481m 33,35
2.05m 35 37.95t¢ 2.92dd 8.0,13.7 33,34,36,37
14 4618t 335m 12 3.05m 33,34,36,37
4.00 m 12 36 136985
Ser 15 170.32s 37 129.30d 7.24m 35
16 54374 475m 38 126.56d 7.17m
17 6140t 3.55dd 8.7,9.3 1516 39 128.37d 7.27m
365m 15,16 40 126.56d 7.J7m
I 8.90d 4.0 18 41 1290.30d 7.24m 35
Phe 18 173.55 s N 7.68d 9.2 1

-119 53.68d 498m 18,20,27
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The sequence was further confirmed by results of FAB-ms/ms analyses.

Collislonal activation of the (M + H)' ions of phakellistatin{4)produced immonium ions
characteristic of Ser (m/z 60), Pro (m/z 70), Thr (m/z 74}, Leu/lle {(m/z B6), and Phe (m/z
120) and combined with the determined exact mass of [M + H|" requires an amino acid
. composition of 2 x Pro, 2 x Phe, 1 x Leu (Ile), 1 x Ser, and 1 x Thr. Protonation of Lhe
amide nitrogen of either of the two prolines or of the serine upon FAB results in ring
opening and the formation of three different acyllium ions. The CAD spectrum of the [M + H]”
ions contained three series of fragment ions (Figure 1) that define the sequence as cyelo-
(Pro-Thr-Pro-Phe-Ile-Phe-Ser). Other ions observed in the CAD spectrum provided additional
confirmation for the sequence. These internal fragments, resulting from two backbone
cleavages proved to be due to Phe-Ile {(or Ile-Phe) of m/z 261, Phe-Ser of m/z 235, Phe-Ser-
Pro-Thr of m/z 433, Thr-Pro-Phe of m/z 346, Thr-Pro-Phe-Ile of m/z 459, and Ile-Phe-Ser of
m/z 348. In addition, ions resulting from elimination of CC from acyllium ions (the ion of
m/z 217 arises from the ion of m/z 245, for example) were also observed. Therefore, the

structure of phakellistatin{4)was deduced to be cyclo-(Pro-Phe-Ile-Phe-Ser-Pro-Thr),

245 358 505 592 689
Pro — Phe €1 Tle . Phe € Sex—l— Pro 1 Thr

19% 206 443 556 703
Pro — Thrw—l— Pro L Phe L lle-l— Phe 4 Ser

185 286 383 530 (43
L Thr 1 Fro L Phe—l—lle 4 Phe

Ser = Pro

Figure 1 : Phakellistatin 4 sequence detlermining MS/MS fragment jons

The absolute configuration of phakellistatin (4) was ascertained by analyzing the acid
hydrolysate converted to N-pentafluoreopropionyl isopropyl ester derivatives and using a
chiral pe (chirasil-Val 1II column).> By comparing the retention time of each amino acid
derivative with those of the authentic § and R amino acids, evidence was obtained that all
of the Ser, Ile, Pro and Phe units corresponded to the (§)-configuration while the Thr unit
possessed the (R)-configuration.

Phakellistatin (4) displayed significant in vitro growth Inhibitory activity against murine
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lymphocytic leukemia PBBé (EDgp 0.32 pg/ml), and a selection of human cancer cell lines:
ovarian (OVACR-3: GI;; 0.24 pg/ml), CNS (SF-295: GIg, 0.5 pg/ml), renal (A498: GIg, 0.81
pg/ml}, lung (NCI-H460: Glsg 0.34 pg/ml, colon (KM20L2: GIsy 0.35 pg/ml) and melancma (SK-MEL-
5: Glgy 0.19 ug/ml). When phakellistatin{(4)was evaluated (quadruplicate experiments) against
the U. S. National Cancer Institute (NGCI) human cancer cell line panel!!™'? a distinctive and
reproducible mean graph profile!? was obtained. The mean panel GI;, values were found to be
0.6 uM. Interestingly, compare analyses did not reveal a strong correlation with any of the
NCI standards!! with known mechanisms of action

Interestingly, phakellistatin(4)is the first marine sponge peptide we have encountered with
an {R)-amino acid unit. When our total synthetic studies directed at increasing the
availability of such potentially useful marine invertebrate cyclic peptides are further

advanced, we will obtain definative evidence for the exact chirality of the Thr unit.
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