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Abstract 

The fatty acid composition of the lipids from Chondrosia reniformis (Nardo, 1847) was investigated and 57 acids 
werz identified. One of them is new for nature and its structure was elucidated by GUmass-spectrometry. This 
acid was identified as 8.10-dimethyl-l6:O. The sterol composition was relatively simple and only 13 sterols were 
present. In the volatiie fraction, 21 compounds were identified, mainly fatty acids, their esters and hydrocarbons, 
while in the n-butano1 fraction we found mainly free fatty acids and free arnino acids, together with significant 
amounts of sterols which probably are included in some polar complexes. 

Introduction 

The marine sponges from Family Chondrosiidae 
(Class Demospongia) contain fatty acids and sterols 
with unusual compositions (Sica et al., 1978; Imre & 
Acikkoi, 1981; Lichfieid et al., i98O; Carbaiieira e[ 
al., 1993). Nothing is known for the composition of 
volatiles and for those polar compounds extractable 
with n-butanol. 

Mrthy!-branched fxty acids originate from the se- 
lcctivc incorporation of methylmalonyl-COA by the 
fatty acid synthetase. Such enzymes, resulting in 
the synthesis of methyl-branched fatty acids. were 
isolated from the harderian gland of the guinea pig 
(Seyama et al., 19s 1 )  Straight- and even-chain fatty 
acids with 14-15 carbon atoms and methyl branches 
on carbons 2, 4. 6 or S were isolated frorn the 
phospholipids of this gland (Seyama et al., 1983). 
From borley-fed !amhs wrrr iw!ated mcnmmnn 4,s- 
dimethyl- I?:Oand4.S-dimethyl-15:Oacids (Duncan et 

al., 1974). In some instances. these methyl-branched 
acids were typical of bacteria, and for example, 
in some Mycobactenum species. trimethyl-branched 
fatty acids such as 2,4,6-trimethyL22:O and 2,4,6- 
~imethyl-24:O occur. 

Recentiy, from a haiophiiic Baciiius sp. isoiatcci 
from the salt pans of Bourgas in Buiparia, six novel 
dimethylated iso-anteiso fatty acids with methyl sub- 
stituents at carbons 2 and 4 were identified (Car- 
balieira et a!.? 2001). In thir paper, we repon rhe 
identification of three homologous 3-methyl-branched 
fatty acids with 14, 15 and 16 C-atoms from the 
sponge Chondrosia renifotmis from the Canary Is- 
lands. Recently another methyl-branched fatty acid 
was isolated froin dcmospoiiges aiid was identiíied 
as 9-methvl-14:O (Thiel et al., 1999). One new acid 
named S, 10-dimethyl- 16:O was also prescnt. 

It is known that the volatiles from plants often con- 
tuir! rump~unds that are ins~!~h!c i:: water 2nd with 
defensive functions. attractants. repellents. antifeed- 
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ants, insecticides, etc (Jiang et al., 1997; Wang et 
al., 1999). Till now the research concerns almost en- 
tirely the volatiles from terrestrial plan&, while therc 
is a limited riumber of publications on marine algae 
(Mahran et al., 1993; Gally et al., 1993; Kamenarska 
et al., 7000). 

Materials and methods 

Collecrion of sponges and sepurarion 

of the main groups of constituents Sponges Chondro- 
sia reniformis (Nardo, 1847) were collected from the 
rocks of the Las Palmas shore at low tide in Novem- 
ber 1999. Thz samples were frozen at minus -30°C 
for one week. After transportation to the laboratory, 
the sponges were extracted with a mixture of chlo- 
roform and methanol ( 2 1  vlv), followed by filtration 
and addition of an equal volume of water. The lower 
layer, containing the total lipids. was evaporatedunder 
reduced pressure. The upper layer wai concentrated 
under vacuum and extracted twice with n-butanol. The 
butanol extracts were combined and evaporated un- 
der vacuum. ?he yield of lipids was 10.0% of the 
dry weight of the sponges. and the yield frorn the 
butanol extracts was 10.5% of the dry weight of the 
sponges (from 36 sponges - total dry weight 1 1.30 g). 
A voucher specimen was deposited in the University 
of Las Paimas, Canary isiands, Spain. 

Preparation of rhe farty acid methyi esters 

Part of the total lipid extract (40 mg) was uanses- 
terified with 15% acetyl chloride in methanol ac- 
cording Christie (1989). The fany acid methyl esters 
(FAME) were purified by preparative thin-layer chro- 
mitogripky (TJC', (piates 20 x 20 cm silica ge! 
Merck 60, layer 0.5 mm, inobile phase hexane - 

acetone 9 5 5  v/v). 

Saraiyric hyarogenarion 

Fatty acid inethyl esters in methanol solution were 
jubjected to catalytic hydrogenation with hydrogen 
n n c  .-...-r.I....-...-...---- 2nd nlltiniirn nuirlr  r l r n l v c t  .-., ... , I r h r i c t i ~  - . - -y 19891 

Gas Chromatography-Mass Specrromerry o f jürr~  
acid derivarives 

The lipids werc hydrolysed to free fatty acids be- 
fore conversion to the picolinyl esters (Balazy & 
Nies, 1989) and to 4,4-dimethyloxazoline (DMOX) 
denvatives (Fay & Richli, 1991) by the esrabiished 
methods. The derivatives were submitted to Gas 
Chromatography-Mass Spectrometry (GC-MS), with 
a Hewlett Packard 5890 Series 11 plus gas chrorna- 
tograph attached to an HP model 5989 MS engine. 
The latter was used in the electron impact mode at 
70 eV with a source temperature of 250°C. The GC 
was fitted with on-column injection, and equipped 
with a capillary column of fused silica coated with 
D B S - M S ~  (0.25 mm x 30 m, 0.25 Km film; J. 61 
W. Scientific, Folsom, CA, U.S.A.). After holding 
the temperature at 80°C for 3 min, the column was 
tanperanire-programmedat 20 "Clmin to 160 "C. then 
at 4 "Clmin to 350°C. where it was held for 20 min. 
Helium was the carrier gas. 

lsolation and analysis of sterols 

Part of the lipophylic extract (200 mg) was chromato- 
graphed on a silica gel column (20 g) with mixtures 
of hexane and acetone in ascending polarity. The 
fractions containing sterols TLC were combincd and 
purified by preparative TLC, with hexane-acetone 9:1 
as a mobile phase. The sterols obtained were analysed 
by gasc~omatography and by GC/M~ under the sarne 
conditions as for the picolinyl esters above. 

lsolation and analyses of the  volatrle compounds 

Part from the lipophylic extract (350 rng) was sub- 
jected to a 4-h distillation-extraction in a Ldcen- 
Nickerson apparatus (Hendriks ct al.. 1981). The 
volatiles were extncted from the distillate with diethyl 
ether and investigated by analytical GClMS Hewlett 
Packard 6890 + MS 5973 with a capillarg column 
HPS-MS (30 m x 0.25 mm, 0.25 pm film tliick- 
ness). The temperature was programmcd from 40°C 
to 280°C a t a  rate of 6"Cimin. Helium was used as a 
carrier gas (linear velocity of 3 1 c d s ) .  

lsolarion and ana1yre.r of the n-huranol frncrioti 

The n-butano1 fraction was isoiatcd as described 
above. Partof it (5 mg) was dissolved in 5 0 ~ 1  pyndinc 
and 75 p1 of bis-(trimethylsily1)-tritluoroacecmide 
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(BSTFA) was added. The mixture was heated at 80°C 
for 30 min and analyzed by GCIMS on the system, 
described above, but equipped with a capillary column 
HP-5 (23 m x 0.2 mm, 0.5 pm film thickness). As a 
carrier gas Helium was used with a temperature pro- 
gramme of 100°C - 315 "C at 5 "Clmin and a 10-min 
hold. 

Results and discussion 

Investigarion of lipids 

The GC analysis of the FAME indicated that at least 
57 different fatty acids were present in Chondrosia 
reni fomis (Table 1). The main fatty acid was the 
demospongic acid 5,9-262, a typical one for the 
sponges from Class Demospongia. Most of the re- 
maining fatty acids have been isolated previously from 
other marine sponges (Litchfield et al., 1980; Walkup 
et al., 198 1; Carballeira & Reyes, 1990; Carballeira 
et al., 1993), sea anemones (Carballeira and Medina, 
1994) and from a fresh water sponge (Dembitsky et 
al., 1994). It was interesting to note that there were 
significant differences between the fatty acid com- 
positions of our sample and a sarnple of Chondrosia 
remifomis from the Caribbean Sea (Carballeira et al., 
1993). The latter contained 5,923-30:3 and 3,7,11,15- 
tetramethyl-20:O acids as major components, while 
in our sample 5,9-26:2 predominated. The novel 27- 
methyl-5.9-28:2,26-methyl-5.9-28:2, and 15-methyl- 
5.9-16:2 acids found in the Caribbean sample were 
absent in that from the Canary Islands. This difference 
could be dueto the fact that we analysed the fatty acids 
L- - ~~ A, 1 '  ~. 3 irorn rne ~ o m i  iipiu exúací, wiiiie i i i  the Cxibbean 
sample the fatty acids were analysed from a phosphol- 
ipid fraction. On the other hand, our sponge contained 
new acids, namely 8.10-dimethyl- 16:O. 

Samples were analysed by GC-MS in the form of 
various derivatives before and after catalytic hydro- 
genation in order to simplify the chromatograms and 
make it easier to locate the branch points. 

Figure I representq the mass spectra of the pi- 
colinyl ester (above) and DMOX derivative (below) of 
the novel acid. 8,10-dimethylL16:O. [t was easy to ioc- 
ate the methyl groups in the spectmin of the picolinyl 
ester from the gaps of 28 amu between r d z  = 220 and 
?48!9,agd .m-/z = 262 fo  290 Similnrly, fnr rhe DMOX 
derivative rhe corresponding gaps were between tn/z = 
182 and 2 10, and r d z  = 724 to 757. 

Tuhle l .  Falty acid w m p s i t i o n  ( ~ 1 %  o f  thc total) from the sponge 
Chondrosiu renifmnis 
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Figure 1. Mas-spectrum of 8.10-dimethyl-16:0 acid as picolinyl ester (top) and DMOX-derivative (bottom). 

Tuhlr 2. Composition of total sterols isolated from Cliondrosiu lnvesfigafion ofsterols 
rrnifi>nis 

Sterol wt-9Óa 

(2iJ)-cholesta-5.22-dien-3@-ol 0.5 + 0.04 

(22E)-cholesta-5,22-dien-38-ol 1.2 + 0.21 

cholesterol 71.0 1 5 7  

24-methyl-cholesta-5.22-dim-3p-ol 5.0 f 0.4 

cholest-7-en-38-01 0.6 1 0.5 

24-methyl-cholesta-5,24(2Q-dien-3P-ol 2.0 + 0.2 

24-methyl-cholest-5-en-3@-o1 1 1 .O + 0.9 

24-cthyl-cholesta-5.22-dien-30-01 I .O + 0. 1 

24-ethyl-cholrsta-7,22-dien-v-ol 0.1 f 0.01 

24-eihyl-cholest-5-en-3p-ol 5 . 3  + 0.4 

24-ethyl-cholrita-5,24(28)-dien-3P-ol 6 2 + 0.5 

24-crhyl-cholestan-30-01 '- 0. I 
p~~ - 

nwt-% of totiil \tcrols f SD from thrce pariillcl GC:-analym 

Sterols were analysed by gas chromatography (qual- 
itative and quantitative analyses) and by GCIMS. The 
results obtained are summarized in Tabie 2.  It is evid- 
ent that in contrast to most of the rnanne sponges 
inx/ertigated e!! (n;erassi & Si!ra, !9?!). :he 

sterol cornposition of this sample is very simple, in 
accordance with the earlier results of Sica et al. ( 1978). 
Cholesterol is the rnain sterol in the sample invcst- 
igated by us, accompanied by low concentratioris of 

sterols typical of marine sponges. Some of thc ininor 
sterols are characteristic for phytoplankton, whilc clio- 
lesterol and 22-dehydrocholesterol could be produccd 
mainly by the zooplankton, but participitatioti of soiiie 
phyíopianicíon species cannoi be exciucied. iii contrast 
to most marine organisms, we found no stanols in 
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Componeni %a 

acids 
- 

nonanoic acid O.M 

tetrddecanoic acid (14:0) 0.52 
meihyl tetradecanoic acid (15:0 isomer) 1 .O0 

pentadecanoic acid (,15:0) 2.21 

hexadecanoic acid (16:0) 1.63 

hydrocarbons 
hexadecane (1 69) 1.71 

heptadecane (1 7:0) 0.20 
octadecane (1 8:0) 0.09 

alcohok 
phenol 0.07 

2-octano1 0.04 

benql alcohol 0.05 

2-methyl phenol 0.03 

p-~henyl &hyl alcohol 0.485 

esters 
tetradccanoic acid (Me ester) 0~20 

tetradccanoic acid (Et esta) 0. 12 

pcntadccanoic acid (Et ester) 0.22 

hexadecanoic acid (Me ester) 2.59 

hexddecanoic acid (Et eaer) 1.57 

octadccenoic acid (Me ester) 1.12 

aldehydes 
benzaldehyde c0. 1 

N-coniaining 
formamide 0.05 

aThe detemination IS semiquaotitattve. Only identified com- 
pounds are reported &S percent of total volatile compound.;. 

this sterol mixture with the exception of sitostanol. 
Prehah!y It cerner from m ~ t h e r  d i e t q  source. 

The 'H-NMR specúurn of the total sterol mixture 
confirmed the absence of stanols - there were peak  
for H-6 and H-3 with equal intensity. The peaks for H- 
22 and H-23 protons showed that in the sterol mixture 
the (22E) and (222) double bonds were presented in 
an aproximate ratio 1 2 .  

The concentration of the sterol esters was very low 
and no investigations on this group of compounds was 
perforiued. 

Irzvestigation oj'rhe volatile suh.rrances 

in conuasi io íiie aigae, whieii aie aIi iiiiipoitaii~ di- 
etary source for the filler-feeders, including sporiges, 
the coinposition of volatiles in Chondrosia retiiforrni.r 
appeared to be relatively simple (Table 3). Analog- 

ously to the algae (Kamenarska et al., 2000), free 
fatty acids and their esters predominated in the volatile 
fraction of this sponge, followed by hydrocarbons and 
alcohols. Free fatty acids have different functions in 
the organism compared to hose included in the lip- 
ids. They serve as energy substrates and allelopathic 
agents (Yasumoto et  al., 2000). It is also reported in 
literature that the antibiotic activity of some algae spe- 
cies could be attributed to the presence of a mixture of 
organic acids such as: capric, lauric, linoleic, myristic, 
oleic, palmitic, steanc (Kanias et al., 1992). Most of 
the fatty acids we identified were cornmon for marine 

:a-" ,.-A ,,-e ..,..--,,ll.. &....A -l.rma-,.l -..*-..e 
u i g a ~ i 3 ~ ~ ~ 3 ,  auu a i ~  i i u r i i i a i i y  ruuiiu a3 e ; i y b b r v i  L J L L ~ J  

in different groups of lipids. The presence of free acids 
is sometimes accepted as a result of hydrolysis during 
the isolation procedure. The distillation-extractioo is 
a relatively rnild process and we do not expect de- 
gradation of the lipids, so the identified fatty acids 
could exist in a free state in C. reniformix This is in 
agreement with the identification of the same acids in 
the polar fractions extracted with n-butano1 (discussed 
below), because during their extraction and silylation 
there was no possibility for hydrolysis. The identific- 
ation of one branched fatty acid and two fatty acids 
with an odd number of carbon atoms is an indica- 
t i m  f ~ r  the prerexe ef ass~?ci~?ed barter&, whirh are 
charactenstic for some sponges. 

Esters o€ fatty acids with methanol and ethanol are 
often considered as artifacts, formed by an alcoholysis 
of iipids through the extraction and separation proced- 
ures. In C. renifomis we found a mixture of methyl 
and ethyl esters, when only methanol was used in 
our experiments. This c o n h s  our staternent that the 
esters obtained are not artefacts. Analogous is the situ- 
ation in aigae investigared recentiy by us *amenarsKa 
et al., unpublished resultq). 

The rnain part of the identified hydrocarbons con- 
tains an even number of carbon atorns, which confinns 
our siiggestioni for the presence of assnciated bacteria 
in this sponge. 

Alcohols often possess important allelopathic 
functions. We identified two phenols, which have 
antibacterial and antimicotic functions and might pos- 
sess defensive functions in the sporige. Such phenols 
have been found in volatiles froiii scallop (Chung ct 

al.. 2001) and algae (Kamenarska et al., 2000) and 
probably are widely distributed in the sea. 

D n L  --.. I - .L . . !  - I - - L - I  ..,-- c -..- A :- ,.:--:c-,.-, 
p ~ ~ l l G l l ~ l G l l l ~ l  U l L U L l U l  W U h  LUULIU 111 h I ~ 1 I l l l L U l l L  

concentrations in the investigated sponge which is an 
indication that it might possess some irnportant func- 
tions in this organism. 6-Phenylethyl alcohol is often 
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(pyrirnidines, puñnes, hypoxanthine), which are char- 
acteristic for sorne marine invertebrates. Different es- 
ters of phosphoric acid are often found in marine algae 
and now we hnd one of them, monopropyl ester of 
phosphoric acid, in a sponge. We can assume that such 
compounds have a defensive role. 

Rccently, we found that macroalgae from the Black 
Sea contain significant concentrations of free fatty 
acids, amino acids, rnonosaccharides and hydrocar- 
bons, while some algae from the Mediterranean do 
not contain such compounds and we tried to explain 
this difference with the differences in the ecological 
conditions - ternperature, salinity, predators, etc. Now 
we investigate another type of organism inhabiting 
a sea with ecological conditions similar to these of 
the Mediterranean. It contains free fatty acids, amino 
acids and hydrocarbons analogously to the Black Sea 
algae. but no free monosaccharides were found. 

The identiíication of significant amounts of ster- 
01s in the polar fraction is of considerable interest. 
According to the extraction procedure that we fol- 
lowed, sterols should be completely extracted with 
chlorofonn from the total extract. However, significant 
arnounts of sterols with sarne relative concentrations 
as those from the chloroform extract were identified 
in the n-butano1 extract. Probably they form unstable 
complexes with some polar compounds (sugars, amino 
acids, etc.) which are not soluble in chloroform. They 
remained in the polar fraction, isolated by n-butano1 
extraction and probably are decomposed dunng the 
silylation procedure, liberating TMS-ethers of sterols. 
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