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ABSTRACT: The biosynthesis of sterols with structural pattemms cammon to plamt and yeast
sterols was studied by incorporation of eleven radiolabeled sterol precursors and mevalonate.
The capability of spanges to convert A%~ into A5¢7-sterols, which was as efficient as the
conversion of A’- into 4%/7-sterols, was demonstrated by double labelling experiments. By
examining epimeric pairs, stereospecific conversion of codisterol and clerosterol into the
corresponding 7-dehydrosterols was established. 248-24-Alkyl sterols with hamo~conjugated
22,25-diene side chains are proposed as actual intermediates in the formation of %2-24g-
alkylsterols. An alternative patiway via oxidation at €-22 or C-23 with subsequent dehydra-
tion of an intermediate 22(R or S)- or C-23(R or S)-hydroxysterol is probably not operative
due to lack of incorporation of any of the tritium labeled alcohols. These biosynthetic
features, though unexpected for animals, nevertheless are attrilbuted to the sponge because of
the absence of symbictic fungi and algae as shown by electron microscopy.

Sponges are the source of the most diverse mmber of unconventional sterols with unusual
side chains and muclei? known in nature. Bxarples of nuclei unique to sponges are the A-nor
)3 and 19-nor (B)¢ stanols, whose generation has been demanstrated®s® to occur by modifica-
tion of a As-ae—hydmcypmaxrsor (N). In the context of sponges, 7-dehydro~sterols (C and
D), which are often encountered as the major sterols in a mmber of these animals,’'® can
,also be considered as unusual even though these particular muclei are well known in terres-
trial organisms (in contrast to A and B, which are unique to the marine envirorment). Such 7-
dehydrosterols (C, D) are usually considered typical of yeasts (fungi),” despite their vast
distribution as minor components in a wide range of arganisms, where they perfarm a key role
as pro-vitamin p.19 It is very common for A5'7-st:emlst:obeaccmpanied by S5a,8c-epidi-
axides.® 1solation ofnﬂepidimddssismlly indicative of a a5+7-sterol-containing
spange, where the conjugated diene system (D) has been oxidized during storage and/or workup;
reinvestigation®® of the sterol camposition of such freshly lyophilized sponges showed the
presence of 45/7-gtercls and no detectable epidiaxides. Of additional interest is the fact
that even though sponges belong to the animal kingdam, their 7-dehydrostercls possess 24-
alkyl substituents (such as 12 ar 13) typical of plant (algal) sterols.ll Mhe virtually
exclusive presence in certain sponges of stexols cambining the patterns of yeast and plant
mmwmtmmmmumumw.ummm

questions abaztﬁnirorlginardmctiminmsmstprimiﬁivemberofﬂnanimal king-
dam.

There are four possible sources of these sterols in sponges: (1) dietary origin from
exogenous fungi or algae with selective uptake; (2) transformation by the sponge or its
2213
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symbionts of cther dietary sterols into 7-dehydrosterols; (3) de novo biosynthesis; and (4)
synthesis by symbiotic fungi or algae. It was earljert3d that these sterols may be

derived fram a dietary source since both t:i.mg:ll'3 and some unicellular algl.'se:l:’b']'4 contain |
#%7-stercls (D). The ability of the sponges to synthesize the sterols by themselves, similar
to that of same unicellular protozoans such as ;m;hmﬁmm,ﬁ and to convert A°-
o imto 257-sterols (D), was taken into consideration.’” The possible symbiotic origin of
8>+ 7-sterols in dictyoceratid sponges from symbiotic fungi was alsoc recmside:’ed,ls since
such sterols are known to ocour in marine yeasts,172/® pyut yeasts have never been cbserved as
symbionts in any member of the dict:yocerat:ia.:"6 In the event that pathways (2), (3) or (4)
are operative in sponges, it would be of interest to determine whether these animals follow
the biosynthetic route establishedl’P in yeasts,1® higher plants,19 or in algae,20 or whether

a unique pathway is employed.

In this paper we present the results of an experimental attempt to answer the above
questions. This was done through biosynthetic incorporation studies with radiolabeled sterol
precursors as part of our systematic biocsynthetic examinationtr21723 of the origin of uncon-
ventional sterols from marine organisms.
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RESULTS AND DISCUSSION

The Australian sponge Pseudaxinyssa sp.2* and the Papua New Guinea sponge Agelas sp.
were ideal candidates for the stidy of the bicsynthesis of 7-dehydrostercls (Cand D) in
sponges. The foarmer containg a 1:1 mixture of the 243-methyl- (1D) and 24g-ethyl- (2D) 22-
dehydro-hamologs of cholesta-5,7-dlen-38-0l (3D) (see Table 1), while Agelas sp. contains the
24g-ethyl- (2€) hamolog of cholest-7-en-3p-ol (3C) as its major stexol. According to the
generally accepted sequence (Scheme 1) in the de novo biosynthesis of stzzols,nb A 7-stenols
(O are the direct precurscrs of the 257 dienes (D). Such A 7-stenols are produced by
iscmerization of A8-stencl precursars (0) uﬂthispaﬂmllgghasbemattrimwtoall eu-
caryoctic cells as a phylogenetic pattern of common arigin.
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Scheme 1

In ozderwdetermimdwﬂnruagemmnymdnbbiosynﬂnticseqtm(c»Q
or the reverse conversion (D —» C) established insmepmtozoaxs,ls echinoderms32  and
insects?S is operative in spanges, radicactive steral precwsars with a AS- (W) and a A7-
() mucleus were incorporated into the sponge Peudaxinyssa sp. separately as well as in a
double labelling incorporation experiment. Unexpectedly, ergosta-7,24(28)-dien-3g—ol (4C), as
wall as its 5> isomer, ergosta-5,24(28)-dien-38-0l (4N), were equally well incorporated
into the 4%+7 sterols 1D and 2D of the sponge (Table 2). This confirms the existence of two
alternative paths (C —> D and D —» C in Scheme 1) and points to the possible transformatian
of disetary A% or A7p:masﬂ)esamo£ A5'7-djsnes (D) in such spanges. At the
same time, our experiments demonstrate the capability of the sponge to introduce alkyl
substituents at C-28, a process (Schema 2) )umntooperat:einplam:.snbviaSAMbioalkyla—
tion of 24-methylenecholestercl (4N).
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Scheme 2

According to this scheme, and taking into account that the two tarxget sterols (1D and
2D) exist in a ca 1:1 ratio in the sponge (cf. Table 1), a higher incorporation of radio-
activity would be expected in the 24-methylsterol 1D, which is produced through fewer biosyn-
thetic steps (4 —>» 12 =—=> 1, Schems 1), than in the higher 24-ethyl homolog 2D (4 —> 7 —»
13 —» 2). Surprisingly, the 24-ethyl starol 2D showed ca 30 times higher incorporation of
radicactivity (Table 2). This suggests that 24p-methyl-5,7,22-trien-3g-ol (1D) has a dif-
ferent origin from that (4 —> 12 —» 1) expacted acoording to Scheme 2 and that ancther
biceynthetic pathway cperates in this spongs utilizing different precursors.

Since a precedent of an alternmative biocsynthesis for 248-alkyl sterols exists in algae
belonging to the class Chlorocoooales?®® (Trebowcdia sp. and Chlcrela sp.), we attempted
incorporation experiments with several labeled stercl precursors assumed to ba intexmediates
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TAKE 1. STERCL. DISTRIBUTION AMONG SOME SPONGES

SPONGE MAKR STEROLS
% ooposTTION)®
. 'Y '
%, X *, *, A
(M 34989)** 40(39,37,39) 39(40,41,40) 13(12,11,13)
N a~A
2. estospengia ! FTr COT
testudinaria 85(91,90,87) 8(10,7,9) 22,1,3)
L WXL X
4, , %, A
3. Psendaxinyesa sp.24 | 5 N
(AM y4988)** 61(56,58,54) 38(43,4245) 1(0.5,0.7,0.9)

]
E
:
+

S92 88.0.6) 7459.8)
5. Phakellia aruensis  *. "" "'(\}\I/
o 24(R) 10(11,11)
16(15,16) 19(20,19) 2A(S) 809.9)
6. Agelas sp. .o ’ N
%, * !
7105 1821) @
7. Strongylophora
durissima %, “,
N D
£9652.51,94 89,65

*he $ camposition of sterols in brackets represents data cbtained at
diffexent seasons.
**australian Museun specimen rumber.
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in the biceynthesis of 24g-alkylated algal stexcls. Only a As-rn:laxsglj)mmedin the
labeled precursors, since we had already demonstrated (Table 2) that A”-stercls (N) were
equally as wall incorporated as their A7-1ms(g.

The results of these experiments (Table 2) clearly demonstrate a biocsynthetic C-24 and
c-28 alkylation sequence (Scheme 3) typical for algae of the class Chlorococcales.26 while
argosta-5,24 (28)-dien-3p-0l (4N) gave only poor incorporation into ergosterol (1D), contrary
to such incorporation experiments with fungi and plants, its double bond isamer, oodisterol
(2Y), gave the best incorporation of all the precursors tested. Furthermore, total stereo-
specificity was established in this conversion of codisterol (SN) into 1D, since epicodis-
terol (&) was not transformed (see Table 2) into exgosterol (ID). This proves that no
epimerization at C-24 or iscmerization into ergosta-5,24(28)~dien-3g-ol (4N) takes place,
which is further demonstrated by the lack of incorporation of either codisterol epimer (SN or
&) into the 24-ethyl hamolog 2D — a transformation which has been shown to operate in
Qucurbitaceae., 26 Finally, our results eliminate the possibility of participation of
224 (25) _intermediates as proposed for same plant:s.26b

The two altermative paths for the bicsynthesis of the 24-ethyl-5,7,22-triene 2D via
fucosterol (7N) (Scheme 2) or clerveterol (8N) (Scheme 3) were checked by feeding these
labeled sterols to the sponge Pseudaxinyssa sp. The ca 40 times higher efficiency of clercs-
terol (8N) utilization (Table 2) demonstrates that the biosynthetic sequence established in
higher plantsl® is insignificant by comparison to the algal route??:26 (scheme 3) in the
sponge. As expected, the 24-methyl analogs 1D and 12D remained unlabeled in the incubation
experiments with fucosterol (7M) and clerostercl (8N), which excludes the possibility of
dealkylation and subsequent alkylation occurring at some intermediate stage as was demon-
strated!® in the protozoan Tetrahymena pyriformis.

/\*(M(

19a,b

”

Scheme 3

The two principal sponge sterols 1D and 2D thus have parallel individual patiways of
biosynthesis (Scheme 3) from a common stervl precursor, such as desmosterol (9N), via the two
key intermediates codistercl (5N) and ergosta-5,24(28)-dien-3g-ol (4N). This sequence of the
side chain hipsynthesis, together with the 248-stereochemistry of the 24-ethyl substituent
2D, strongly suggests an algal rather than fungal origin for the sponge stercls. However,
neither fungi nor algae ware detected by electrun microsccpy; rather the sponge contained
only Mmomm mmmwmnmmucmmu- like so many
other tropicel, flattensd eponges.?’ thile frocaryotes are asamed to be incepeble of de novo

bimynﬂnsh”amly:isothohudormmmmimm the host
spanqs will ummmmmm sinos ina few cases low
1wm°£-wohmbmmmmmmwmu
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Radicactivity® [dmm) Recovered In:

Sterol
Precumsor at Incubated ‘(\*(
D | D D |
N ml 14
[28-14c) 20 42,000 869,200 1,422,300
Y _
4« [3-3H) 20 46,000 753,800 1,317,000
aN [28-14c) 20. 39,324 698,500 1,370,900
¢ 3-3y
«;l [3-H) 20 41,625 790,400 1,817,690
N sul [26-14c) 20 cold cold cold
N SN| [26~14c) 20 9,670,800 4,767,800 cold
N m; [22-3H) 32 cold cold 174,350
M 9N'I [24-14c) 16.7 223,625 302,300 422,580
M 8N.f [26-2%c) 20 cold cold 6,568,700
OH
M [22-3H) 20 cold cold cold
(18a)C
OH
‘g V’T (22-°H] 20 cold cold cold
(18b)C
V\J\( [23-°H) 20 cold cold cold
C OH
a9s)C
V\)Y [23-°H) 20 cold cold cold
C OH
a9)C
(28-14c) 20 cold cold 2,760,000**
Y
Mevalonate 2-14cy 50 Total Stercls = 2,500

*,
e TR

**This experinert wes dons with the
was courted directly on the frea A

redicactivity was measured after hydrogenation of the 83:7- vo
- starcls; this step was necessary for effective separation.

gporanap. and the radioactivity
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Since memlimewmkmbmmﬁl (see also last entry in
Table 2), but amapablnoteqnllytac.ﬂeAs-uﬂ 2 7~dauble bond introduction into the
sterol mxleus, the question of the sequence in which the second muclear double bord and the
mhmz&mlmummhmhmmmm,unmmmm
demvobiosynthesisornm A57-dim(_)inmn;i Therefore three-dimensional dia-
grams, 1like the ones used!8d for yeast biosynthesis, could be applied here as well to repre-
sent the parallel Bicaynthetic sequences taking place in the sponge.

Two major ditﬁantie:memmbemdd:rﬂgtheisalatimarﬂpmiﬂcatim of the
Pr7-stercls 1D and 2D: (1) their separation from admixing AS-stercls (N) co-migrating
during their HPIC separation on a reverse Altex column and (2) the undesired co-migration of
the 24-ethyl-triena 2D and the 24-methyl-diene 12D in a reverse HFIC system.

The first problem was solved bytmnting 257-gterols (D) with 4-phenyl-1,2,4-triazo-
line-35-dia\e 149 tnfomthaadductsls whidxmmadilyseparablebync fram the
unreacted A—sterola(g) m:adioactivityofunmmm correspanding to the peaks of
ma:ﬂznaftermcpxriﬂmtim dropped only by 2-2,5%, which is associated with the small
amoants of A -steroln@ﬂntomtmhutadﬂnerigﬁnlﬁactim The disadvantage of this
method was the unsatisfactory recovery of the ariginal a%¢7-sterols (D) from their adducts
(15), probably due to the small quantity of the coamplex sterol mixture. The above method
solved the problem of purification from admixing AP-sterols (N), but the HPLC separation of
2D from the co-migrating 12D oould only be achieved after catalytic hydrogenation of the
mixture with platimm on activated charcoal. The resulting mixture of ergost-8,14~en-38-ol
(12Q) and stigmast-8(14)-en-3p-0l (13Q) was then readily separable by HPIC.

The isolation of these corpowxds enabled us to f£imally establish the operative sequence
of the alkylation-(de)saturation steps in the extension of the side chain at C-24. Although
ergosta-5,24(28) ~dien-38-ol (4N) was efficiently conwverted into the 24-methyl-5,7-diene 12D
by reduction of the 24(28)-double bond and dehydrogenation at position 7, the subsequent
22(23)~dehydrogenation to ergosta-5,7,22-trien-3a-ol (1D) proceeded very pocrly. By contrast,
codisterol (R gave the best incorporation of all tested precursors into the triene 1b.

This suggests that the dehydrogenation at 22(23) requires the presence of the 25(26)-
dauble bond and that the biceynthesis (Sde)otthetrienes 1D and 2D proceeds via the
intermediate 22,25-dienes 10 and 11, as was demonstrated for the alga Trebouxia spzsa
smmlswimMadlmsidadninmmtdetactadinmrexperﬁnental sponge, probably
due toﬂwirfastmersimimotlnmajorshemlsofmespmge, but were encountered as
microcomponents in a few other sponges. mstxu)gevidaneforﬂmmlinbermdjacyofm
compoundds is the recent isclation of the tatraene 10D as the major sterol (>90%) of the
Hawaiian sponge Ci mspnbwlmitmyhavemmlatadduetothaabsemaorimibi-
tion of the 25-hydrogenase. Additional circumstantial support for the intermediacy of 22,25-
diene-sterols is the cbserved lack of incorporation {Table 2) of any of the epimers of 22- or
23-hydroxy-ergost-7-en-3g-ols (18a,b and 19a,b) (Table 2).

Incorporation of the A5-radiolabeled sterol precursor ergosta-5,24(28)-dien-3g-ol (4N)
into Agelas sp. showed similar high incorporation (Table 2) into the typical A7-unsaturated
plant sterol, spinasterol (3¢), which is the principal sterol of the sponge (Table 1). This
additiomal example, demonstrating the capability of sponges to alkylate at C-24 and C-28 as
do plants, raises intriguing questions about the evalutionary relationship between the most
primitive and ancient eucaryots — the sponges and plants.

This effective conversion in the sponge of 25~ {(N) into A= (C {© stemlsmstpmbably
proceeds via the A'7-stm13(5)bymrtherremctimof their -double bond. This
capability of sponges to convert -A (nginto A -sterols ((_.gaexwﬂsthismlmml phencme-
ron, obaerved earlier in some Mollusca A to the Porifera. An earlier
rq;pcthesix meo:wmcmwyammmoz
A-cmon (© in this most primitive class of the Mollusca to a lack of the A7 —» 2%

iscrerase, in ocontrast to the more advanced Pelecipoda ard Gastropoda of the same order,
which contain As-cumls(m This assunption, similar to that made for scme lower plants
and mmmmaa’wg, was disproved later whan it was demon—
strated ﬁatmllmmmclmmmmkmaav doubls bond by conver—
ting® A%- ) stercls into a7~ () analogs via A5'7-dim(_)sinilatto same  Echino-
dm-,m Mmunwtmmmfmtimmﬂmmirnwnm die-
tarya-prewrsors The reverse tnmsfomatim(ﬂ—»a)uasdmmttobecpexative.
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The origin and significance of A%'7-sterols, present in appreciable quantities (10-20%)
in the sterol mixtures of many mollusks, still await elucidation.l® There is only cne report
describing same incorporaticn of labaled Cyg sterols (sitosterol) inmto the 4%/7-sterol
fraction of two mollusks. 4

In summary, invertebrates containing A7- () and A3/7-stercls (D) can generate such
sterol nuclei via a pathway that is different fram thatl®® (0 ~» ¢ —» D) in de novo sterol
biceynthesis. Therefore evolutionary relationships based on the biosynthetic sequence 0 —>» C
—> D —> N is not applicable to these invertebrates.

The efficiency of incorporation of the labeled precursors in our incorporation  experi-
ments (Table 2) justifies some additional generalizations. The ratio of the stercls 12D, 1D
and 2D remained unchanged through different seascnal collections; this suggests that these
sterols are actually synthesized by the sponge Pseudaxinyssa sp. or its symbionts, unless the
sponge poesesses a complex mechanism for maintaining such a starcl ratio through selective
utilization of dietary sterols which wauld be expected to vary seasonally due to seasonal
changes in the alundances of microorganisms. An example would be the ingestion by the sporge
of brassicasterol (1N) and poriferasterol (2N), which are known planktonic constituents,
followed by introduction of the A7-double bond (Scheme 1). It seems that sponges have
evolved mechanisms for fine-tuning and maintaining their constant sterol camposition as a
species-specific pattern, hut it is as yet unknown through which of the discussed possibili-
ties such process is achieved.

Stervl composition in sponges, however, is not simply a reflection of the available
planktonic microorganisms (<50y) which are unselectively filtered by sponges. In the course
of our research, we have moved many sponges with totally different sterol patterns (Table 1)
from distant (5 to 30 km) and different ecological sites to two underwatar study sites; there
their sterol campositions remained essentially unchanged for periods of cne month to one
year, periods long enough to reflect seascnal changes in the plankton composition. Therefore,
we now believe that sponge sterol camposition is species-related, rather than a simple
reflection of the sterol cawosition of the available dietary plankton at the collection
site. The latter would be possible only if the spanges possessed an extraordinarily selective
mechanism for the uptake of specific plankton components present throwghout the different
seasons regardless of seasonal changes. Therefore, it is very unlikely that even a selective
uptake of planktonic microorganisms can provide such a constant composition in sponges with
such a wide variety of urusual sterols (see Table 1). The only other conceivable possibility
would be the presernce of cbligate species-specific symbionts, which provide in an unknown
manner the sterols for that characteristic and constant stercl pattern or induce their
production in the sponge. The last might be related to requirements for efficient furctioning
of the host-symbiont camplex. A closer examination of the symbionts in sponges containing
unusual sterol patterns would be neccessary to address this question.

EXPERIMENTAL

General: Waters HPIC equipment (M6000 A and M45 pumps, U6K injector, R401 differential
refractometers) as well as Rhecdyne model 7120 and a Valco model CV-6-UHPa-N60 injector were
used for separation of sterol mixtures. 'The colums for isolation and further purification
ware two Altex Ultrasphere ODS colums (10 mm i.d. x 25 cm) comnected in series. The purity
of HPIC fractions was checked by GC using a Hewlett-Packard mxdel 402 gas chromatograph with
FID (3% SP2250 colum, 2 mm i.d. x 1.80 m, 260° C). Low resclution mass spectra were recorded
with a Hewlett Packard 5995 spectroameter in either DI or GO-MS mode (capillary SE54 column,
15 m, 260°C); 300 Miz 1H NMR spectra were measured on a Nicolet NI 300 WB spectrometer.
Radicactivity was determined with a Beckman IZ7500 liguid scintillation counter.

Synthesis of labeled : The synthesis of the labeled sterol precursors has been
described elsewhere: [28-1%C]-ergosta-5,24(28)-dien-3g-01,3% (26-14c)-codistercl,3” [26-14c)-
epicodistercl,3® [26-14Cl-clervstarcl,?3 [24-14c)-desmostercl,3® (22-3H)}-fuccstercl,?l (3~
3H)-ergosta~7,24 (28) -dien-3g-01,37  [22~3H]-22(R) ~22-hydroxyergosta-7, 24 (28) ~dien-3g-ol and
its 22(5)-epimer,38 [23-2H}~23 (R)-23-hydroxy-ergost-7-en-3g-ol and its 23(8)-epimer.3®

wmg%gggmumw‘ Pseudaxinyssa sp. (Australian
Miseum specimen $24989) 4 was collected at depths of 20-25 m from mid-shelf reefs in the
central section of the Australian Great Barrier Reef: Iodestcne Reef, May 1983; Davies Reef,
February 1984; John Brewer Reef, June, 1985, Octcber 1985 and August 1986. Agelas sp. (Chris-
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tensen Research Institute specimen $85-026) was collected at 25 m along the outer reef slope
near Madaryy, Papaa New New Guinea, in July aml October, 1985.

Electron microscopy. For PFeeundaxinyssa sp., intact surface (<0.5 mm) and intermal tissue
was m—uﬂmwmm (3000 X) for the presence of microorganism
symbionts.

Incorporation esperiments. Specimens were collected and transplanted in situ onto plas-
tic plagues. The precursors wers then introduced into the specimens via 10-12 hour aquarium
incubations?1+3% and finally returned to their original collection site for approximately cne
month befare collectioni® and analysis. For Pseudaxinyssa sp., dates of experiments for each
precursor were: (1) Fehruary 1984 for [28-1%)-ergosta—5,24(28)-dien-3g-ol; (2) June, 1985
for [28-1%]-ergosta~5,24 (28)~dien-3g-al + [3-°H)-ergost-/-en-38-ol, and [3-°H}~ergost-’-en-
3g-ol; (3) Octcber 1985 for {24-1}%Cj-demmostercl, codistercl, epicodisterol, clexcsterol,
fucosterol, and mevalonate. For Agelas sp., [28-14])-ergosta-5,24(28)-dien-38-0l was incorpo-
rated in October 198S.

Financial support was provided by NIH grants GMD6840 and GQ28352. Use of the 300 Miz 1H
NMR facility at Stanford University was made possible by NSF grant CHE81-09064. We thank
Prof. R.D. Simni for the use of his liguid scintillation counter; T. Fram, J. Pierret, B.
L. Tharpson and C. R. Wilkinson for field assistance, B. Marshall ard F. Thomas for electron
microscopy, and C. D. Christensen for logistical support. This is contribution rmumber 347

fram the Australian Institute of Marine Science and contribution mumber 3 from the Christen-
sen Research Institute.

REFERENCES AND NOTES

1 For preceding paper, see I.L. Stoilov, J.E. Thampson, and C. Djerassi, Tetrahedron
lett., 27, 4821 (1986).

2 C. Djerassi, Pure and Applied Chemistry, 53, 873 (1981); N. Ikekawa, in "Sterols and
Bile Acids" (N. Danielson and J. Sjovall, eds.), Elsevier Science Publishers, Amsterdam,
1985, p. 199.

3 L. Minale and G. Scdano, J. Chem. Scc. Perkin Trans. I, 2380 (1974); L. Bohlin, U.
Sjéstrand, G. Scdano, and C. Djerassi, J. Org. Chem., 47, 5309 (1982) .

4 L. Minale and G. Sodano, J. Chem. Soc. Perkin Trans. I, 1888 (1974); S. Popov, R.
Carlson, A. Wegmamm, and C. Djerassi, Tetrahedron Lett., 39, 3491 (1976); B. Crist anmd
C. Djerassi, Steroids, 42, 331 (1983).

5 (a) A. De Stefano and G. Sodano, Exper. , 36, 631 (1980); (b) L. Bibolino, L. Minale
and G. Sodano, J. Chem. Soc. Chem. Comm., 524 (1978); (c) M. De Rosa, L. Minale and G.
Sodano, Experientia, 31, 408 (1975).

6 (a) L. Minale, D. Persico and G. Sodano, Experientia, 35, 296 (1979); (b) M. De Roea, L.
Minale and G. Sodano, Experi , 31, 758 (1975).

7 (a) C. Delseth, L. Tolela, P.J. Scheuer, R.J. Wells and C. Djerassi, Helv. chim. Acta,
62, 101 (1979); (b) T. Itch, D. Sica and C. Djexmssi, J. Chem. Soc. Perkin Trams. I,
147 (1983); (c) P. Cafieri, E. Fattorusso, A. Frigerio, C. Santacroce and D. Sica, Gazz.
Chim, Ital., 105, 595 (1975); F. Cafieri and L. De Napo,‘li, Gazz. Chim. Ital., 106, 761
(1976); (d) M. De Fosa, L. Minale and G. Sodarno, Oawp. Biochem. Physiol., 46B, 823
(1973).

8 (a) A. Gunatilaka, Y. Gopichand, F. Scmitz, and C. Djerassi, J. Org. Chem., 46, 3860
(1981); (b) Y. Sheikh and C. Djerassi, Tetrahedron, 30, 4095 (1974); (c) Reinvestigation
of the stercl camposition of the Black Sea sponge Dysidea frag , originally believed
(S. Popov and N.L. Marekov, private comumication) to oontain almost exciusively epidi-
oxides, showed that they are artifacts (I. Stoilov, unpublished cbsexrvation). Similar
results were cbtained on reinvestigation of the Pacific sponge Tethya aurentia which was
reported®® to contain such epidicxides; instead 55/ 7-stercls camprising over 253% of the
sterol mixture were isolated (I. Stoilov and P.T. Iuo, unpublished cbservation).

9 "Natural Products Chemistry” (K. Nakanishi, T. Goto, S. Ito, S. Natori, and S§. Nozoe,
eds.), Academic Press, New York, 1974, Vol. 1, p. 515.




2222 1. L. StoiLov et al.

10

14

16
17

18

19

20

21
22
23

24

25
26

27
28
29

30
31

32
33
34
35

36
37
38
39
40

(a) For general references, see; L.P., Fieser and M. Fleser, "Stercvids,” Reirhold Pub~
lishing, New York, 1959, p. 90; C.W. Shoppee, "Chemistry of the Stervids,” Butterworth,
London, 1968, p. 62: E. Heftman, "Sterolds Biochemistxy," Academic Press, New York,
1970, p. 31; (b) K. Wilbar, in “Chemical Zoology® (M. Florkin and B.T. Scheer, eds.),
Academic Press, New York, 1972, Vol. 7, p. 103.

W.R. Nes, "Advances in Lipid Research" (R. Pacletti and D. Kritchewvsky, eds.), 1977,
Vol. 15, p.233; L.J. Goad, "Lipids and Lipid Polymers in Higher Plants" (M. Tevini and
H.K. Lichtenthaler, eds.), Springer, Berlin, 1977, p. 146.

(8) K. Bloch. CRC Critical Reviews in Bicchemistry, 14, 47 (1983); (b) R.M.K. Carlscn,
G, Tarchini ard C. Djerasssi, Wofﬂmﬂcd@s@mﬂﬂoleaﬂarﬁology"
(IUPAC) (S. Ananchenko, ed.), Pergamom Prees, Oxford, 1980, p. 211.

(a) L.J. Goad, Rure Appl. cChem., 53, 837 (1981) amd references cited therein; (b} For
leading references see tha following extensive reviews: D.  Harrison, Nat. Prod.
Rept., 2 (6), 525 (1985); W.R. Nes and M.L. McKean, in "Biodxauistry of Stax:oids and
Other Isopentencids”, University Park Press, Baltimore, 1977, Chapt. 9; W.R. Nes in
"Iscpentenoids in Plants" (W.R. HNes, G. Fuller and L. Tsal, eds.), Marcel Dekker Inc.,
New York, 1984, p. 327, and refervences cited therein.

(a) G. Patterson, Comp. Biochem. Fhysiol., 47B, 453 (1974); (b) J. Giner, urgpublished
results on the stercls of the unicellular marine alga Chlamidomonas euryalis.

R.L. Conner, J.R. landrey, J.M. Joseph, and W.R. Nes, Lipids, 13, 692 (1978) and refer-
ences cited therein.

P. Bergguist, W. Hofheinz, and G. Oesterhelt. Biochem. Syst. Ecol., 8, 423 (1980).

(a) S. Teshima and A. Ranazawa, Bull. Japan Soc. Sci. Fish., 37, 63 (1971); (b) L.J.
Goad in "Biochemical and Bioghysical Perspectives in Marine Biology" (D.C. Malins and J.
R. Sargent, eds.), Academic Press, New York, 1976, Vol. 3, p. 213.

{a) A.M. Plerce, H. D. Plerce, A. M. Unrau, A. C. Oehlschlager, R. E. Subden, and R.L,
Renaud, Can. J, Biochem,, 57, 112 (1979); (b) T.W. Goodwin, Enzymes Biol. Membr,, 2, 205
(1985) .

F.F. Rwpp, L.J. Goad ard T.W. Goodwin, Phytochemistry, 16, 1683 (1977); (b) L.J. Goad
and T.W. Goodwin, Progr. Phytochem., 3, 113 (1972).

(a) F. Nicotra, B.M. Ranzi, F. Ronchetti, G. Russo, and L. Toarna, J. Chem. Soc. Chem.
Commmm., 752 (1980); (b) L.J. Goad, J.R. Lenton, F.F. Knapp, and T.W. Goodwin, Lipids,
9, 582 {1974).

I.L. stoilov, J.E. Thowpson, and C. Djerassi, Tetrahadron, 42, 4147 (1986).

I.L. Stoilov, T.G. Back, J.E. Thampson, and C. Djerassi, Tetrahedron, 42, 4156 (1986).
I.L. Stoilov, J.E. Thawpson, J.H. Cho, and C. Djerassi, J. Amer. Chem. Soc., 108, 8235
(1986) .

This blue, asmoth-surfaced Psendaxinyssa sp. (Australian Museum specimen #24969) should
ot be oomfused with another undescribed brown, rough-surfaced species (Australian
Museum specimen #24988) of M,n vhich has a capletely differemt sterol
composition. _

M. Marton amd G. Carls, ggids, 3, 256 (1968).

(a) B. Wilkemirski and L.J. Goad, Phytochemistry, 22, 929 (1983); (b} N.L.A. Misso and
L.J. Goad, Phytochemistry, 22, 2473 (1983).

C.R. Wilkinson, Science, 219, 410 (1983).

J. Vacelet, J. Microsc. Biol. Cell., 23, 271 {1975).

(a) M.C. Forin, B. Maume and C. Baron, C. R. Acad. Sci. Paris, 281, 195 (1975); (b)
G.P. lata, Proc. Iowa Acad. Sci., 81, 89 (1974); (c) N.J. de Sonza and W.R. Ness,
Science, 162, 363 (1968).

D.H.R. Barton, T. Shioiri and D.A. Widdowson, J. Chem. Soc. C, 1968 (1971).

{a) Ocanrence of 22,25-dienes in marine sponges: U. sjostnmd, 1981, I. Stollov, 1984,
from the coral Simularia sp.; (b} I. Stoilov, urgublished observation.

S. Teshima and A. Kanazawa, Nippon Swissan Gakkashi, 44, 1265 (1978).

D.R. Idler and P. Wiseman, Int. J. Biochem., 2, 516 (1971) and ruferences cited therein.
S. Teshima, A. Kanazawa and H. Miyawaki, Comp. Biochem. Physiol., B, 63, 323 (1979).
C.A.N. Catalan, J.E. Thempecn, W.C.M.C. Kokke and C. Djerassi, Tetrahedrom, 41, 1073
(1985) .

I. Stollov, F. Lo, J. Thompeon and C. Djerassi, in preparation.

C. siiva amd . Djerassi, in preparation.

J. Giner and ¢. Djerassi, in preparation.

J.E. Thompson, K.D. Barrow and D.J. Faulkner, Acta Zoologica (Stockh.), 64, 199 (1983).
N. Carballeira, J.E. fThampscn, E. Ayanoglu and C. Djerassi, J. Org. Chem., 51, 2751
(1986) .




