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An X-ray perspective drawing for polyclinal (1).

the sulfated metabolite siphonodictyal D isolated from
the burrowing sponge Siphonodictyon coralliphagum,
possess an analogous substitution pattern of phenolic
hydroxyl groups as polyclinal (1).

Subsequent collections of P. planum were used to investi-
gate the distribution of polyclinal within three distinct
regions of the ascidian colonies. The colonies were dis-
sected into the stalk, the pulpy inner mesenchyme and the
zooid-rich surface layer of the colonies. The concentra-
tions of polyclinal in these different colony parts, based
on wet weights, were determined to be 5.8 x 10~ ° g/g,
7.8 x107* g/g and 2.5 x 10~ 3 g/g in the stolons, the cor-
tex and the zooid rich outer layers of the colonies, respec-
tively. The higher concentration of polyclinal in the
zooid-rich surface layer of the colonies suggests that
polyclinal may function as a chemical defense against
predators which would be consistent with previous ob-
servations on the distribution of predator deterrent gor-
gonian secondary metabolites in the outer more accessi-
ble portions of the colonies !4, Due to the instability of
polyclinal in the agar-squid preparations used in our
feeding preference assays, we were unable to perform
ecologically relevant bioassays to investigate this
metabolite’s potential ichthyodeterrent properties.
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New tambjamine class alkaloids from the marine ascidian Atapozoa sp. and its nudibranch predators. Origin

of the tambjamines in Atapozoa
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Summary. Two new tambjamine class alkaloids, possessing ichthyodeterrent properties, have been isolated from the
organic extracts of the marine ascidian Atapozoa sp. and its nudibranch predators. The structure of the new
metabolites were elucidated through interpretation of their physical and spectral data and by comparison with
spectral data for related compounds. Microscopic examination of Atapozoa considering the yellow color of the
tambjamines suggested that Atapozoa is capable of the de novo biosynthesis of these metabolites.
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Recently, the origins of several biologically active sec-
ondary metabolites such as tetrodotoxin, ciguatoxin and
okadaic acid, initially isolated from marine macroorgan-
isms, have been traced to their associated microorgan-
isms?. In addition, closely related metabolites isolated
from phylogenetically diverse marine macroorganisms
have been proposed to arise from the biosynthetic capa-
bilities of associated microorganisms 2. In this paper, we
describe the isolation and characterization of the
bipyrrole and tetrapyrrole secondary metabolites, in-
cluding two new tambjamine class alkaloids (2—3), from
the ascidian Atapozoa sp. (Polycitoridae, Aplouso-
branchia) ® and from several species of nembrothid nudi-
branchs observed as predators of this ascidian. Tamb-
jamine class bipyrroles and a related tetrapyrrole have
been described from bryozoans* ®, an ascidian®, and a
mutant strain of the bacterium Serratia marcescens”’. Mi-
croscopic examination of Atapozoa, considering the
physical properties of the tambjamine class alkaloids,
leads us to conclude that 4tapozoa is capable of the de
novo biosynthesis of these metabolites.

Research with Atapozoa sp. and its nudibranch predators
has also established the first direct chemical link in
predator-prey associations involving ascidians and phys-
ically vulnerable molluscs and has demonstrated the in
situ ichthyodeterrent properties of the Atapozoa sec-
ondary metabolites®.

Materials and methods

Atapozoa sp. is a soft, physically vulnerable, colonial
ascidian easily accessible to potential generalist preda-
tors. Collections of Atapozoa sp. were made in shallow
water habitats at several islands in the central Philippines
and in diverse areas of the western Pacific including
Kwajalein Atoll, Ant Atoll near Ponape, Palau, and
Bunaken Island near Manado in Sulawesi ®. After collec-
tion, the ascidians were either frozen or immediately
placed in organic solvents. Nudibranchs of the genus
Nembrotha, including N. cristata, N. kubaryana and sev-
eral unidentified species, were commonly observed graz-
ing on Atapozoa. These nudibranchs were also collected
and either frozen or stored in organic solvents. Several
collections were made of the exuded mucus of Nembrotha
spp. from the Philippines. The nudibranchs were irritated
by rough handling and the blue-green mucus they exuded
was collected on filter paper and stored in acetone. After
solvent partitioning of the crude extract, the initial frac-
tionations were accomplished by silica gel vacuum flash
chromatography with the final purification of secondary
metabolites by gel-filtration using Sephadex LH-20 and
by C-18 reversed-phase HPLC (8:2 methanol/water with
0.1 M ammonium acetate buffer). A less polar blue pig-
ment was obtained from the nudibranchs by elution from
silica gel vacuum flash chromatography using hexane-
ether solvent mixtures. This blue pigment was also de-
tected in organic extracts of Atapozoa larvae by TLC
analysis. The yields of compounds 1-3 ranged from
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tambjamine C (1) R = “'u/\(
tambjamine E (2) R = '7,/\/\/@
tambjamine F (3) R = %7

tambjamine A (4) R = H

tetrapyrrole (5)

1.7% dry mass in the ascidians to as high as 4.1% dry
mass in the nudibranchs. Compounds 1-3 accounted for
as much as 65% of the lipid-extractable mass of the
mucus, while the previously reported tetrapyrrole § ac-
counted for up to 8.1% of this material.

Structures of tambjamines E and F (2 and 3). The major
metabolite from the initial collections of Atapozoa sp.
was readily identified as tambjamine C (1) by a compar-
ison of previously reported spectral data for this metabo-
lite*~1°. Tambjamines A — D were first isolated from the
Gulf of California bryozoan Sessibugula translucens and
its nembrothid nudibranch predators Tambje abdere and
T. eliora.

Two additional compounds (2 and 3) isolated from Azq-
pozoa sp. and the nudibranchs also possessed the tamb-
jamine bipyrrole nucleus **- 12 but were derived from dif-
ferent alkylamines to form two new tambjamines, E and
F (2 and 3). A molecular formula of C,,H,sN,0 was
established for 2 from its M* m/z = 217.1218 ion in the
HREIMS in conjunction with 'H and '*C NMR data .
The close similarity of the downfield bands in both the
'H and !3C NMR spectra and the UV and IR spectra of
2 with those for 1 established the presence of the identical
bipyrrole nucleus. An ethylamine residue was evident
from the "H NMR bands at 6 3.56 (2H, bq, J = 7.3 Hz)
and 1.41 3H, t, J = 7.3 Hz) and '*C NMR bands at &
45.8 (CH,) and 15.5 (CH,). These spectral features con-
fidently established the structure of tambjamine E as 2.
Tambjamine F (3) was determined to have a molecular
formula of C;4H,,N;O by interpretation of the M~
m/z = 293.1543 ion in conjunction with 'H and !3C
NMR data’?. The presence of the tambjamine bipyrrole
nucleus was also indicated for 3 by comparison of its
NMR, UV and IR spectra with those of 1 and 2. The 'H
and 13C NMR spectra of 3 also revealed the presence of
a phenethylamine residue. Five proton bands were ob-
served between 6 7.20 and 7.35 and 1*C NMR resonances
at 6 52.5 (C8), 36.7 (C9), 138.7 (C10), 129.3 (C11, 2C),
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129.8 (C12, 2C) and 127.3 (C13). The loss of 91 mass
units (C,H,) from the parent ion in the HREIMS of 3 to
yield the base peak at m/z 202 results from a cleavage
between C8 and C9. This cleavage helped confirm the
assignment of phenethylamine as the side chain and
establish the structure of tambjamine F-as 3.
Tambjamine A (4), isolated in minor quantities from
several of the nudibranch predators of Atapozoa, was
identified by interpretation of the M* m/z'= 189.0899
ion in the HREIMS and a comparisor of its *H NMR
spectral® with that previously reported for this com-
pound*,
The blue-pigmented tetrapyrrole 5, isolated from Nem-
brotha sp., N. kubaryana and their exuded mucus, was
identified by interpretation of the M* m/z = 334.1406
ion that confidently analyzed for C;oH,¢N,O, and a
comparision of its 'H NMR spectrum'# with the previ-
ously reported "H NMR chemical shifts>-® for 5. The
geometry about the C5—C6 double bond was not deter-
mined in the previous studies of this blue pigment and
was also not addressed in our work.
Tambjamine C (1) and a small quantity of 5 were also
isolated from the larvae of Atapozoa and thus represent
the first characterization of secondary metabolites from
the larvae of an ascidian. The unpalatability of Atapozoa
“larvae to coral reef fishes (N. Lindquist, pers. obs.) and
the presence of deterrent quantities of 1 in these larvae,
along with the demonstrated in situ feeding deterrent
properties of tambjamine class alkaloids®, provides con-
vincing evidence for the chemical protection of Atapozoa
larvae.
Microscopic examination of Atapozoa reveals that its
intense pigmentation is confined to the granular amebo-
cyte blood cells®. Thus the large quantity (0.5%—1.7%
dry weight) of the brightly yellow-colored tambjamines
should therefore reside within these blood cells. The
morula cells, a blood constituent of the ascidian Ascidia
nigra, have been found to contain virtually all the reduc-
ing blood pigments called the tunichromes'®, and more
recently, the antimicrobial halocyamines from the ascid-
ian Halocynthia roretzi were detected only in its morula
cells !¢
The isolation of tambjamines and the tetrapyrrole (5)
from phylogenetically diverse marine invertebrates* ¢
and the isolation of 5 from a mutant strain of the bacteri-
um S. marcescens” would suggest that these compounds
originate from symbiotic bacteria associated with these
animals. However, a transmission electron microscopic
investigation of Atapozoa larvae, performed expressly for
the purpose of identifying bacterial symbionts failed to
find any significant quantities of bacteria within the
granular amebocytes or in any other part of this ascidian.
Thus we conclude that Azapozoa is capable of the de
novo biosynthesis of the tambjamines observed here.
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