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Abstract - The biosynthesis of 24isopropyl sterols comprising 998 of the sterols of the Great 
Barrier Reef sponge ssp. was studied. TQzCyjor biosynthetic pathway was estsb- 
lished by incorporation of 24.methylenecholes$~rol-[28- 
122-W, (24R)i$4-isopropenylcholesterol-[29-14 C], (24S)-24:isopropenylcholesterol-[29- C], DL- 

fucosterol-[22-T], isofufesterol- 

mevalonste-[2- C] and L-methionine-[methyl- C]. Very efficient side chain branching through 
double alkylation at C28 was demonstrated in contrest to relatively poor de novq biosynthesis. A 
stereoselective mode for hydrogen migration is observed and a regioselective mode is proposed 
for this migration. 

Intensive studies on sterols from mariue organisms during the last two decades have fur- 
nished a bewildering variety of new sizerole 
patterns.' 

with unusual nuclei3*4 and si& chain alkylation 

The recent isolation of stesols 1 and 2 (Scheme 1) with an intriguing new pattern of 
side chain allcylation' demonstrates the ever expa?ding range of unprecedented sterola in marine 
organisms, suggesting that. ss predicted earlier, other examples are awaiting discovery. 

SCHEME1 

Biosynthetic rtudies on sponge sterols are largely limited to the unusual A-nor- (K) end 
19-nor-sterol IL> nuclei (Scheme l),'*' while the biosynthesis of sterols with unusual side 
chain alhylation patterns still remains unexplored.1o Only recently did we reportl' the first 
experimental demonstration of the course of side chain extension in msrine sponges through a 

study of the biosynthesis of 25,26dehydroaplystorol (2) and aplysterol (3) in the sponge 
v. Hethodological problems that hove hindered progress on the biosynthesis of 
sponge sterols have now +een largely solved in our lebcretory, thue l llowing repid progress in 
this field. The tecbnfques developed12 for separation of trace sterols. vhfch often provi& 

"missing links" in predicted biosynthetic pathways, as well as techniques develcped" for nicro- 

scale synthesis of radioactive labelled storol procursora made possible a systemetic epproech to 
the biosynthesis of these Intriguing sterols.. Pikly. a new field Psthod for the incorporation 
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of labelled precursor., tested simultaneously in the fatty acid biosynthesis of sponger, 13 

allows incorporation experiments with sponges that cannot be maintained under laboratory condi- 

tions or which occur in regioru without'accesa to running sea water or electricity. 
The Great Barrier Reef rponge B sp. (4xinallida)14 ia of particular interest 

since its sterol mixture consists of the unconventional aterola 1pI, u and u, with rterols u 
and 12 accounting for 988 of this mixture. 12V15*16 4nalysia of the membrane fractiona isolated 
from thin apon e confirmed that these unconventional sterolr are almost l xclu..ively associated 
with membranes, f7 which ruggemt# a role in membrane function.'* 

In or&r to define the precise biosynthetic course by which an isopropyl subatituent at C-24 
is introduced, we undertook a systematic bioaynthetfc study with appropriately labelled rterol 

precursors, baaed on plawible, but hitherto unproven, biosynthetic pathway* ae outlined in 
Scheme 2. The following seven labelled precursora were incorporated separately into each apong. 

specimen using the earlier described incorporation procedure: l3 [2-l4C]-DL -mevalonic acid DBED 
salt (z), [m.thyl-14C]-L-methionin. (Tp), [28-14C]-24-methyl.n.~hoi.~t.rol (I), [22-3R]-[242]- 

24-athyliden.chol.st.rol (fucosterol) (k), [22-3B]-[24E]-24-.thyli&nohol.~t.rol (iro-fucoo- 

terol) (#A), [30-14C]-(24R)-24-isoprop.nylchol.starol (a). and [30-14C]-(24S)-24-iaopropenyl- 

cholesterol (u). The five precursors 1, h, a, & and m were synthesized M outlined in 

Scheme 3. 

RESDLTS 4ND DI8CU8SIOU8 

The results of the incorporations for each radiolabelled precursor in B trp. are 

summarized in Table 1. Each sterol precursor tested was taken up by the sponge and was either 

effectively incorporated (>70#) into the major rteroln of the sponge, transformed into other 

minor sterols of the sponge, or recovered unchanged, depending on precursor fitness in the 

biosynthetic transformations. The biosynth.Bis (Scheme 2) fron desmosterol (1) to (iso)fucos- 
terol (&,a) presumably proc.e& along a similar pathway established for plants. l9 In addition 

wa established the further alkylation at C-28 (&,a --> a --> B) which, after proton migra- 

tion from C-28 (9p --> &l) or C-25 (a --> h), followed by proton abstraction from either of 

the adjacent methyl groups, gives rise to an isopropenyl oubstituent (pE,u --> &,l.&) at C-24 
(Scheme 2). u of subs- soecificifv towards the 2 and E isomer8 of 24-ethylidenecholes- 

terol (b,&) was observed in this key alblation step. This is probably due to the fact that 

both isomers have the 29-methyl group in the aam. plan. as the alkylated double bond (sp2); as 

a result, the two flat structures at C-24, C-28 and C-29 are indistinyiahable for the l nxym.. 

in easy approach of l4a+ from either aide of the ethylidene double bond is thus equally poasibl.. 

SCHEME 2 
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step. This_ with only two poasibilitier of 

regioselectivity in 9p: H28 or H25 --> C24. There are four possible conformers, A, 8, C and D 

(Scheme 4). with the most favorable orientation of the H-28 and H-25 perpendicular to the plane 

of the carbocation ph. Structures A and B correspond to allcylation from the a-face. while C and 

D result from g-face attack. a-Face alkylation determines a Bface migration of the proton and 

vice varsa (concerted mechanisn).23 Therefore routes B2 and C2 ara prohibited, establishing a 

rsgioselective Bl and Cl noda of proton migration (28H --• 24C). Furthermore Bl, but not Cl, 

will furnish the isomer with the natural (24s) stereochemistry at C-24. Structures A and D in a 

non-ragioselective hydrogen migration would afford a 1:l mixture of the two isomers, which is 

not the case. Therefore, a regioeelective hydrogen migration can be predicted for A and D along 

paths Al and D2. To determine the preferred regioselectivity (& vs.%), the above alternative 

paths Al and Bl must be distinguished from D2 proton migration. A high degraa of specificity in 

the proton migration requiring substrate/enzyme intermediates with conformations A, B, C and D 

(Scheme 4) of the isopropyl substituents at C-24 are likely to exist since ths two isopropyl 

groups, and hence their methyl substituants, are enantiotopic. 

In contrast to the lack soecificitv (see Table 1) in the original allylation step (a,& 

--• a), a sfrikinntive a for (24S)-24-isopropylcholesterol (1ph) as com- 

pared to (24R)-24-isopropylcholesterol (m) is observed in the next step (1p --> u) of the 

biosynthetic pathway. The resulting 24-isopropylcholesterol (11) in a final step of 22(23)- 

dehydrogenation gives 24-isopropyl-22-dehydrocholestarol (s). These latter two sterols (u and 

A2) accumulate in the sponga in an approximate ratio of l:l, and comprise 98% of the total 

sterol mixture, vhich suggests that they equally share a membrane function in this sponge. 

The validity of the biosynthetic sequences outlined in Scheme 2 is verified by the order of 

decrease in specific activity (cf Table 1) in the isolated star01 intermediates. The big drop in 

specific activity in the sequence & --> JJ --> u is apparently dua to the high factor of 

dilution in each subsequent biosynthetic pool. The sequential or&r of decrease in radioactivity 

shown in Table 1 serves to exclude the possible alternative biosynthetic intermediate & and 

the corresponding eh --• & --> U --• u --> LQP pathvey for which a reversed ratio of decrease 

in radioactivity should exist. Another alternative sequence, & --> pa --> u --> u was also 

excluded based on the lack of incorporation of the radioactive labelled intermediate u24 into 

any of tha sterols a, u and U. 

An analogous sequence of decreasing radioactivity was observed with the incorporation of 

mevalonate when de novR sterol synthesis was tested. However, contrary to the results for the 

labslled star01 precursors 1, &, a, m and 1pp, a relatively low efficiency of incorporation 

into the sponge sterols was detected (cf. Table 1). This result is in agreement with the 

earlier hypothesis .that filter-feeding invertebratas are characterized by poor 
wal:;z: biosynthesis due to an efficient feedback suppression by abundant dieter-y sterols. 

rive explanation for our result could be difficulty in uptake of low molecular weight, water- 

soluble compounds by the filter feeding-sponge. The extremly poor incorporation of [mathyl-14C]- 

L-mathionine (a) (Table 1). which has also been encountered earlier,25 may be due to the sSUl* 

reason or to the amino acid's much mora rapid and efficient utilization for other non-steroid 

biosynthetic processes. 

We can assume that all tha above biosynthetic transformations are exclusively perforwd by 

the sponge B sp. since its symbionts are primarily bacteria and Cyanobacteria. 26 

These are known to be &void of stsrols and ara incapable of star01 synthesis.27 



ThSLI 1. It:CORPOL4TION txPrxI!LEmS pnm PSEUDAIIUYSSA SP. 

Y Iti 

(24S)-¶4-Im- (248)-24-Iro- 

propylidum- propylidmm- 

chol*sr*r~l cholostarol 

(29-14C1 [29-14C] 

b.37 3.6 4.65 3.8 0.5 5.17 7.1 

41 30 23 30 41 41 41 

20 20 26 13.7 14.3 20 20 

Toul iI-** 

*C*?OlS (ma 

(dpr)b 

(dpn/w)= 

(9)d 

30.2 21.5 26.3 25.1 25.9 34.5 46.4 

1.35b.SOb 3.420.640 3.866.350 5,5S9,804 5.372.226 133.377 6.400 

44.927 159,100 141,010 222.701 207.422 3,066 138 

3.1 5.6 6.8 16.6 17.1 0.3 0.014 

0.41 0.29 0.36 0.34 0.36 0.5 0.63 

366.403 912,242 1.113.oD4 6.771.310 1.423.076 2S.000 l.SOO 

093,665 3.145.662 3.091.670 lb.033.264 3,955.211 56.000 2.057 

27.0 26.0 20.0 85.4 26.5 21.0 21.0 

i2.9 9.2 11.2 10.5 11.1 15.2 

760.247 2.400.000 2.655.bZO 704,394 3.SOO.320 89.300 

59.554 260.S70 237,109 67.005 342.371 5.1175 

56.6 70.2 68.7 12.6 70.7 67.0 

16.3 11.6 14.3 13.6 14.1 19.3 

2OS,722 74.530 97,726 SE.756 94.040 16,077 

lZ.SO5 6.425 6.034 4,320 6.726 133 

lS.4 2.2 2.5 1.0 1.9 12 

19.9 

3,400 

171 

53.0 

2S.l 

1,200 

40 

16.0 

I4 
(=69 

“,a 
(dWb 

W-/=8)= 
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Tha experiments described herewith, together with the accompaning report 28 demotutratfng a 
ragioaelective mode of the proton migration, settle the question of sterol nide chain biosynthe- 
sis of these narine sterols arising from a triple bfoallcylation. What has not yet been astab- 
lfshsd f# the nature and origin of the earlier sterol biosynthetic precursors. Are these sterols 

of dietary orfgln or doe8 w ~yntheoia play a l fgnificant role? We hope to uuwer thin 
question through additional experimente. 

*,*A” ,,,,,& ,,,+A. ,,,,, & 
N N N N 

IOb 101 1Ob 

General. Waters HPLC equipment (H6000 A and H45 pump‘, U6K injector, RhOI differential 
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occsaioMl shalci~. fxtracts vsro caabitwd and the aolvsnt rsnowd by 4vapormtioa. Ibia prws- 
dui-4 rsducss lo4s of radioactiv4 wotorial and avoida um8cesoug wntanination of-glunru6, in 
particulu mpurtory funrule -far vator-organic solvent partition ad u8ociat.d 4nulsi6nr 
th4rsaft4r. Aft4r th4 final l strretioa, rasidual naterial vas discarded.= bomoganation vith 
chloroforn in a Uuing B14n&r did not yield wibstantial 8dditional radioaotivirJ in a t0st 
expsrinsnt (>l*). The lipid utractvas sprichsd in etarols, as evid4nc4d by cryatalPixation, 
was practically fr44 froa saItm and othr nor4 polar coapou&a, 
rsl4tivsly anal1 munts of twxana. 

and vu rasdily~ soluble in 
Thw no userr/chlorofora psrtition wasn4comaary~ Ths gxo4n 

4xtract cant&nod chloropbylm, contributsd by rynbiotic Cyanobrct4rfa. Tha chlor4phylr wara 
rsnov4d by colunn ohrc4nstography on silica gel-florisil 3:l l ixtur4 and by l lution vith 254 
ether in h4xsne. This procsdurs.was us4d in preferanca to l aponiffcation as tb4 starols sra 
obtainad fraa from th4 chlorophyls which elute togsther if silica gal is uasd 4lon4; also tb* 
intact st4rol 4st4rs aanb4 isolstmd and analyzed saparatdy. &rther purification of tb* sterol 
fraction ~4s &n4 by saponification, r4chronatography on silica gal and racrystsllixatiaa yi4ld- 
ing pur4 whit4 crystals. 

a Conditions for isolation of tbs 
st4rols and l atablfahmsnt of thafr purity warr,ffrat establiahad with cold cofsrsnao uterial 
befors workup of th4 rsdioactits nst4rial. Thrss HPlG frscti4ns. corrs8ponding to th4 only three 
datsctab14 paaha, ver4 aollsct4d-u.v411 aa short intsrval bssslins fractions. Ths thr40 frsa- 
tions v4r4 furthar purifi4d to con&ant spscific radioactivity by rwhroutography fn differmt 
solant l y*t4lu: H4ox. GH3cN-WH-EtoAc 22:9:9, and IIuwl4Gli-H20 3:3:1. Praetionm from the 
barslin4 -1)4re reinjsctsd with corr4rponding cocarrisrs to loc~ta and r4covsr starting pr4cur- 
gors. gas4lins fractions containi- 14~ than O.OOM of th4 total r4covsr4d rsdioactivity (QOOO 
dpa/ag tots1 radioactivity) w4r4 not analyxad further. Purification vu slw t4rainat4d for 
cold fractions (C 200 dpn/ag spclcific radiosctivi~). 

Chanicrf 
tb4 incorporation srp4rimnt vitb [28:'A 

10 mg of 24-isopropyl-22-Qhydroehol4stsrol (I) fron 
C]-24-nethyl4n4cholsstrol aftmr protmction am i-nthyl 

4th4r and ozonolyxis in Cii2Cl2 gav4 4 nixtur4 of ths l ld4hydas 1p and 21 (Schams 3)~ r&y were 
conv4rt4d to th4 corresponding 2,4-dinitrophmylhydrazonw snd ssparatsd by TIJI. Th4 hydruonm 
of 2p (7.2 ag, 64* fron u) wss co-ld and was not purified furthsr. Ih4 hydrazani of fi (4.6 ng, 
6Ot from 12) ma r4crystalliusd to constant specific rsdioactivity of 5,442,125. w/ml 
(specific radioactivity of 12: 5,454,930. dpn/rmurl). Analogow chanicsl &gradation of the 
rterol u from the incorporation 4xpQrinsnt with isofucost4rol& gave 4 cold hydrazon4 of a 
and hVdraxon8 of 2p vfth specific rsdioactivfty of 2.892.964. dpn/xwl (opacific radioactivity 
of at&ting L;2: 2~11,264.‘dpa/rol). 
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at Stanford vaa mads po8aibh.by NIH grant RROO711. We thank Prof. RD. SWmi for tha usb of 
hi@ liquid scintillation count4r, E.A. Svans and l&J. Oarson for fiald aesistsncs and D. Tarhar 
of Bsef Link Pty. Ltd. for provision of facilities. This i# contribution number 319 from the 
Australian Institute of Marina Scianc4. 
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