
Comp. Biochem. Physiol., 1972, Vol. 41B, pp. 823 to 829. Pergamon Press. Printed in Great Britain 

HYDROCARBONS IN THE LAND SNAIL CEPAEA 
N E M O R A L I S  (L.) (GASTROPODA, PULMONATA) 

D. J. VAN DER H O R S T  and R. C. H. M. OUDEJANS 

Laboratory of Chemical Animal Physiology, 40 Jan van Galenstraat, Utrecht, 
The Netherlands 

(Received 17 September 1971) 

Abstract--1. The biosynthesis of hydrocarbons in the snail Cepaea nemoralis 
was studied after injection of the 14C-labelled precursors acetate, valine, 
isoleucine and palmitic acid. 

2. The highest incorporation was achieved with palmitic acid, although 
with the other precursors the hydrocarbons were also distinctly labelled. 

3. The composition of the hydrocarbons was determined by gas-liquid 
chromatography, involving a series of n-alkanes (n-C15-n-C37) as the major 
components (over 83 per cent). 

INTRODUCTION 

IN THE last decade many representatives of plants as well as animals have been 
studied for the occurrence and structure of hydrocarbons (reviews: Eglinton & 
Hamilton, 1967; Albro & Dittmer, 1970; Jackson & Baker, 1970; Kolattukudy, 
1970a, b). The hydrocarbons of most species investigated constitute one of the 
major classes of lipids, especially in the cuticle. Apart from squalene (as an 
intermediate in sterol synthesis), no information to our knowledge has ever been 
presented about hydrocarbons in the phylum Mollusca, probably because from 
the molluscs investigated only very small hydrocarbon fractions have been 
isolated (Voogt, 1970), raising the question whether these hydrocarbons are 
significant endogenous metabolic products or perhaps just ingested with the food. 
However, in studies of the fatty acid metabolism of the land snail Cepaea nemoralis 
(L.) (van der Horst, 1970) attention was drawn to the hydrocarbon fraction 
because this snail appeared to incorporate several radioactive precursors into the 
hydrocarbons. Besides, in the literature evidence is presented for a relationship 
between fatty acid and hydrocarbon synthesis (reviews: Albro & Dittmer, 1970; 
Jackson & Baker, 1970; Kolattukudy, 1970a, b). 

In this paper the composition of the hydrocarbons of C. nemoralis is given, 
whilst biosynthesis of these products is reported with the precursors acetate, 
valine, isoleucine and palmitic acid. 

MATERIALS AND METHODS 
Four different groups of snails of the species Cepaea nemoralis (L.) (Mollusca, Gastro- 

poda, Pulmonata, Stylommatophora) were collected in the vicinity of Utrecht, except for 
group 1, of which most of the animals have been collected near Groningen. In a series of 
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experiments radioactive precursors were administered to the animals by injection into the 
foot. The most important data are listed in Table 1. 

Incubations lasted for 48 hr under the conditions described formerly (van der Horst, 
1970) and were ended by deep-freezing. Lipids were extracted according to van der Horst 
et al. (1969). From all groups hydrocarbon fractions were obtained by chromatography of 
the unsaponifiable lipids on an alumina (Merck) column (Voogt, 1970), except in the more 
comprehensive experiments in the first group, from which hydrocarbons were obtained 
equally well without prior saponification. In  the latter case part of the total lipid was divided 
into a phospholipid and a neutral lipid fraction (Lipsky et al. ,  1957) and the neutral lipid 
fractionated on a Florisil column according to Carroll (1961). 

TABLE 1 - - D A T A  CONCERNING THE DIFFERENT GROUPS OF C. nemoralis USED AND THE RADIOACTIVE 

PRECURSORS ADMINISTERED 

Group 

1 2 3 4 

No. of animals used 350 12 25 
Fresh weight 584 24'5 43"2 

without shells (g) 
Collecting date June 1970 October 1970 
Precursor Na-1-14C-acetate L-Valine-14C (U) 

Specific radioactivity 2 219 
mCdmM 

Dose OzCdanimal) 1 1 1 

36 
61-4 

February 1971 February1971 
L-Isoleucine-t4C 16-14C-palmitic 

(U) acid 
273 51 

1"25 

Reagent grade solvents were used. Hexane was redistilled over potassium permanganate 
and the fraction boiling at 67-68°C was collected (Hanahan et al. ,  1963). 

Precautions were taken to avoid any contamination of the lipid samples with dust 
hydrocarbons (Gelpi et al. ,  1970). Parts of the hydrocarbon fractions were hydrogenated 
in redistilled iso-octane according to Louloudes et al. (1962). Analytical gas-liquid 
chromatography of the total and hydrogenated samples was performed on a Becker 2300 
instrument equipped with dual flame ionization detection, using two different stationary 
phases: 

SE-52 (4%) coated on acid-washed Chromosorb W (100-120 mesh), precoated with 
5% dimethyldichlorosilane (Horning et  al., 1959), packed in an aluminium column (1"80 m 
x 4 mm i.d.); 20% polyethyleneglycoladipate (PEGA)+ 3% phosphoric acid coated on 

acid-washed Chromosorb W (60-80 mesh), packed in an aluminium column with the same 
dimensions. 

Nitrogen was used as carrier gas, outlet flow was 50 ml/min. Column temperature was 
170°C. 

A semilogarithmic plot of retention times against carbon number of the separated 
components was used for identification (James, 1960). 

The following standard hydrocarbons were available: n-Clz--n-Ca6 were purchased 
from Applied Science Laboratories; anteiso-C~0, anteiso-C26, iso-C2t and iso-C29 were a 
gift of Dr. S. A. Ballard (Koninklijke/Shell-Laboratorium, Amsterdam); iso-C~5, iso-Cat, 
anteiso-C25 and a mixture of the iso and anteiso-branched hydrocarbons from tobacco were 
donated by Dr. J. D. Mold (Liggett & Myers Tobacco Co., Durham, N.C.). 

Quantitative compositions of the hydrocarbon fractions were calculated from the peak 
areas on the chromatograms. 

Radioactivities of all fractions were measured in toluene-Omnifluor (New England 
Nuclear) with a Packard liquid scintillation spectrometer, Model 2420. 
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RESULTS 

The content of hydrocarbons in the various groups of C. nemoralis was quite 
low and ranged between 0.46--0.54 per cent of the total lipids. As the total lipid 
content in Cepaea is only 1.25-1.40 per cent of the fresh weight (van der Horst, 
1970) only a few milligrams of hydrocarbons were obtained in the various 
isolation procedures. Radioactivities of the lipid fractions are summarized in 
Table 2. 

The compositions of the isolated hydrocarbon fractions were determined. No 
notable differences were observed between the various groups and in the acetate 
group the content and composition of the hydrocarbons was not influenced by the 
application of two different isolation procedures. The hydrocarbon mixtures 
appeared to be fully saturated as the fractions did not change upon hydrogenation. 
Over 83 per cent of the hydrocarbons consisted of n-alkanes. Furthermore, 
minor branched-chain components of at least three types of branching could be 
detected. 

TABLE 2- -RADIOACTIVITIES  OF THE TOTAL LIPIDS AND HYDROCARBONS OF THE DIFFERENT 

GROUPS OF C .  nemoralis 

Group 

1 2 3 4 
Palmitic 

Acetate Valine Isoleucine acid 

Specific radioactivity 
total lipids (dis/min per rag) 

2729"0 393"4 429"0 84,676"0 

Specific radioactivity 164"2" 
hydrocarbons (dis/min per mg) 163"5 

144.0 57"0 16,784"8 

* After saponification of the total lipids. 
t After chromatography of the neutral lipids on Florisil. 

On the SE-52 column three parallel lines resulted by plotting the logarithm 
of the retention times of the various components against a linear ordinate, repre- 
senting the number of carbon atoms present in the hydrocarbons: one of the 
n-alkanes, a coincidental iso-anteiso line and a line of an unknown branched- 
type hydrocarbons which were eluted even before the iso and anteiso-branched 
ones. 

On the PEGA column iso- and anteiso-branched hydrocarbons were separated, 
but unfortunately with this type of column the iso-branched ones were eluted 
together with the unknown branched-type hydrocarbons of the consecutive carbon 
number, so in this plot again three parallel lines resulted. The combined results 
are summarized in Table 3. 
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TABLE 3--COMPOSITION OF THE HYDROCARBONS (IN mo le s  p e r  cent)  OF C, nemoralis AS 
DETERMINED BY G L C  ON TWO DIFFERENT STATIONARY PHASES 

C-number n-alkanes 
2-Methyl alkanes 3-Methyl alkanes 

(iso) (anteiso) 

Unknown 
branched 
alkanes 

15 0.11 - -  - -  - -  
16 0.32 - -  - -  0"07 
17 0.47 - -  - -  0'13 
18 0.64 - -  0.24 - -  
19 0.78 - -  0"30 0"27 
20 1.20 0"30" 0.75 
21 1-86 - -  0'50 0'74 
22 2"80 0'25 * 0"34 
23 3'98 0"16 0"14 0"46 
24 5'77 0"20 - -  0"26 
25 6"22 0"50 - -  0"41 
26 8'08 0.28 - -  0"57 
27 7.89 1.61 - -  0"52 
28 8"40 0"65 - -  0'47 
29 6"98 0"88 - -  0'22 
30 6"50 0"47 * 0"49 
31 6"23 0"52* 0'11 
32 4"33 0"59" 0"66 
33 3"75 0'05* 0"20 
34 2"70 0"21 * 0"61 
35 2"30 0"40* 0"60 
36 1"71 0'50* 0"3t 
37 Trace 

83"02 8"75" 8"19 

* Iso + anteiso. 

D I S C U S S I O N  

C. nemoralis is capable of  synthes iz ing hydroca rbons  f rom all p recursors  used 
(Table  2). T h e  remarkably  high specific radioact ivi ty of  the hydroca rbons  after 
injection with 15-14C-palmitic acid suppor t s  the view that  fat ty acids are inter-  
media tes  in the synthesis of  hydrocarbons .  W h e t h e r  a condensat ion  or an 
e longa t ion-decarboxyla t ion  mechan i sm is favoured cannot  be decided f r o m  these 
exper iments .  Valine and isoleucine are considered as precursors  of  iso- and 
an te i so-branched  fat ty acids and hydroca rbons  (Kaneda,  1967; Albro  & Di t tmer ,  
1969; Kola t tukudy ,  1970a). A l though  degradat ion of  the  injected amino acids to 
lower metabol ic  units  (e.g. ace ty l -SCoA and succ iny l -SCoA)  (Grigor  eta/., 1970) 
and incorpora t ion  of  these units  into the hydroca rbons  cannot  be ruled out,  f rom 
the  h igh radioactivi ty of  the  hydroca rbons  of  the  valine and isoleucine g roups  in 
compar i son  with those of  the acetate g roup  it is very plausible tha t  direct  
incorpora t ion  of  these b ranched-cha in  amino acids into the  b ranched-cha in  
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hydrocarbons takes place. In this connexion it is remarkable that in C. nemoralis 
no iso-branched fatty acids occur (van der Horst, 1970). 

The biosynthesis of hydrocarbons from acetate is rather low in comparison 
with other animals studied in this field, for instance, the millipede Graphidostreptus 
tumuliporus (Oudejans, 1972), the beetle Dermestes vulpinus (Clark & Bloch, 
1959), the housefly, Musca domestica (Robbins et al., 1960), the American 
cockroach, Periplaneta americana (Louloudes et al., 1961) and the boll weevil, 
Anthonomus grandis (Lambremont et al., 1966). 

The composition of the hydrocarbons of C. nemoralis is different from those of 
other animals, bacteria or plants. 

In most animals studied until now one or a restricted number of hydrocarbons 
is predominant, viz. C~7-diene in P. americana (Beatty & Gilby, 1969) or C~7 
(straight-chain and methyl-branched) in some cockroaches (Tartivita & Jackson, 
1970). 

In plant hydrocarbons a predominance of odd-chain n-alkanes is overwhelming. 
Very often 90 per cent or more of the paraffin fraction is Ca9 or CZl (Kolattukudy, 
1970a). 

Bacterial hydrocarbons are rather complex with great differences between the 
species. In Sarcina lutea the major hydrocarbon is a C29 di-branched one (Albro 
& Dittmer, 1970). 

In C. nemoralis there is no predominance of odd-chain n-alkanes over even- 
chain ones. The percentages of the spectrum of n-alkanes starting from pentadecane 
(n-C15) are regularly ascending to a maximum (octacosane, n-CaB) and descending 
slowly to heptatriacontane (n-C37). Of the branched-chain hydrocarbons 2- 
methylhexacosane (iso-CzT) is the predominant one (1.61%). 

In our experiments we failed to detect squalene in the hydrocarbon fractions, 
although Cepaea is quite capable of synthesizing sterols (van der Horst & Voogt, 
1972). These findings resemble those of another snail of the same family, 
Arianta arbustorum, in which also no traces of squalene could be detected 
(van der Horst, unpublished results) and from which very high labelled sterols 
have been isolated (Voogt & van der Horst, 1972). 

The unknown branched-chain hydrocarbons will be reinvestigated when a 
combined gas chromatograph-mass spectrometer is available. 
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