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THE LIPID COMPOSITION OF ASPIDOGASTER
CONCHICOLA VON BAER, 1826
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The Aspidogastrid trematodes are para-
sites primarily of poikilothermic animals,
chiefly molluscs and crustaceans. Presently
little information is available concerning
the chemical composition and metabolism
of these worms, even though certain species
are amenable to this type of study, i.e., they
can be maintained in vitro for relatively
long periods of time.

Recently, we reported on the ultrastruc-
ture of the integument (1) and on the
histochemical distribution of certain en-
zyme systems (2, 3) in one member of this
group, Aspidogaster conchicola, which oc-
curs as a symbiont in the pericardial and
renal cavities of many species of fresh water
mussels. In this paper we report on the
lipid composition of A. comchicola, data
which are a necessary prerequisite to future
studies concerning lipid metabolism within
the parasite-host relationship.

MATERIALS AND METHODS

Unionid collections were made from
Medicine Creek, 0.4 km south of Medicine
Park, Comanche County, Oklahoma. In all
cases, a single species of mussel, Anodonta
grandis, served as a source of A. comchicola.
Worms were rinsed from the pericardial
cavity with mussel Ringer’s solution, blot-
ted dry, and wet weights determined.
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Lipid extraction and purification

Total lipids were extracted into 20 vol-
umes of chloroform: methanol (2/1) (4)
and purified by passage through Sephadex
columns (5). Solvents were reagent grade,
but purified, nevertheless, by accepted pro-
cedures before use (6). They were prepared
on a volume basis and contained 2,6-di-sers-
butyl-p-cresol in a concentration of 50 mg/1
as an antioxidant (7).

Separation and identification of lipids

After purification total lipid samples
were applied to 20 x 20 cm glass plates
coated with a 0.5 mm layer of Silica Gel
G, and the neutral lipids fractionated by
unidimensional double development (8).
The first solvent (diethyl ether:benzene:
ethanol:acetic acid, 40/50/2/0.2) was al-
lowed to advance 16 cm from the origin,
and the second (hexane:diethyl ether,
94/6), to the top of the plate. Another
solvent system, hexane:diethyl ether:acetic
acid (80/20/1) also was used. Neutral lipid
components were identified by comparison
with standards and analysis of degradation
products.

Polar lipids were resolved on Silica Gel
G layers developed in chloroform:meth-
anol:water (65/25/4) or on Silica Gel H
layers (9). Polar lipids were identified by
comparison with standards run on the same
plate and by specific spray reagents.

In addition, plates were either charred as
an aid in determining the lipid classes or
visualized non-destructively with the aid
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of Rhodamine 6 G or 2,7-dichlorofluore-
cein and UV light

Gas-Liguid Chromatography

Methy! esters were prepared by treating
specific lipid classes isolated after thin-
Iayer chromawgraphy (TLC) with anhy-
drous HCl-methanol 1n a sealed tube under
nitrogen overnight at room temperature.
HCl-methagol was generated within 2
weeks of use and stored a¢ 4 C to diminish
the formation of methyl chloride, water
(10, 11) and other by-products (12) which
decrease yields. Methyl esters were extrac-
ted into hexane and purified by TLC on
Silica Gel G layers developed in hexane:
diethyl ether:acetic acid (80/20/1). The
methyl ester band was eluted with spectral
grade hexane and injected into the gas
chromatograph in carbon disulfide.

Methy! esters were identified by compari-
son with standards, relative retention times
(13) and equivalent carbon numbers (14).
To aid inegn identification of unsaturated
components, their methyl esters were frac-
tionated according to degree of unsaturation
on Silica Gel G layers impregnated with
5% (w/w) silver nitrate and developed in
ceagent grade chloroform. After separation
883 chromatograms of these unsaturated
methyl esters were compared both before
and after hydrogenation (15).

Most snalyses were carried out on a
Varian Series 1700 gas chromatograph
equipped with a hydrogen flame detector.
Test procedures of Horning s &. (16) were
used to aalibrate the instrument. Quantita.
tive results with National Heart Institute
Faety Acid Standards (A, B, and D) agreed
with the staced composition data with a
relative error of less than 2% for major
components (>10% of total mixture) and
less than 3% for minor components (<10%
of total mixture).

For fatty acid identification, a columan
6 feet long and 2 mm in diameter packed
with Gas Chrom Q (100 to 120 mesh)
coated with 1.5% diethyleneglycol succinate
was used with the chromatogrsph operating
isothermally at 180 C.

. The sterols isolated by TLC were sub-
jected to gas-liquid chromatography ia their
::r;e foero:l:,mma ar 205 (?oo Gas
rom t0 120 mesh i
3% QF-1. ) currying

Hydrocarbons were isolated in one of the
peutral lipid systems noted previously and
purified from any contaminating sterol
esters by rechromatography on Silica Gel
G layers developed in bexane. Tentative
identification of hydrocarbons was obtained
by gas-liquid chromatography using a 6 ft.
column ed with Gas Chrom Q (100 to
120 mesh) carrying 1% OV-1 and linearly

rogrammed from 150 to 200 C at 4 C/min.
fn addition, hydrocarbons also were chroma-
tographed on a Hewlett Packard Series 500
gas-chromatograph equipped with a 300 ft.
capillary column coated with 0.03% Igepal
Co-990 and linearly programmed from 110
to 180 C at 40 C/min.

RESULTS AND DISCUSSION

A. conchicola contains 2.8% lipid on a
wet weight basis, with neutral lipids com-
prising 63.4% of the total, and phospho-
lipids 44.6%. Thin-layer chromatographic
separations of A. conchicola neutral lipids
indicate that the major component was a
sterol fraction with lesser amounts of tri-
glycerides, free fatty acids, sterol esters,
and hydrocarbons. The phOsEholipid frac-
tion was dominated by phosphatidylcholine
with smaller amounts of phosphatidyl-
ethanolamine, phosphatidylserine and phos-
phatidylinositol. There were little or no
lysophosphatides or other phospholipids
such as sphingomylien. This distribution of
lipid classes is quite similar to that which
has been reported for the adult human
blood fluke, Schistosoma mansoni. In that
species sterols constituted approximately
half of the neutral lipid (17), with the
phospholipids comprising 37% of the total.
On the other hand, the major neutral lipid
component in cestodes (18, 19) and acan-
thocephalans (20) was triglycerides.

The major fatty acids occurring in the
total lipids of A. bicola are pr d
in Table 1. High levels of C,s (52.6%) and
Cie (25.8%6) fatty acids were found as well
as a relatively high percentage of unsatur-
ated components (42.3%). In contrast
to the similarities noted previously in re-
gard to lipid class composition this distri-
bution of fatty acids is quite distinct from
that known to occur in S. maemsowi (21).
This is not particularly surprising in the
light of the lack of a capacity for de movo
synthesis of fatty acids in many free living
and parasitic species of the phylum Platy-




TABLE 1. Compomens fatty acids im the total
ligids of A. comchicola
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The )primuy sterol of A. comchicols as
revealed by gas-liquid chromatography was

cholesterol (92%),

Fauty Acda Mole %b (Table 3) but the
14:0 7 p e of cam 1 was also noted
15:0 10 (8%). Other ies on sterol composition
16:0 215 in trematodes have shown that the non-
16:1 43 saponifiable fractions of adult Gastrothylax
e 256 Crumemifer (25) and S. mensons (17) con-
18:1 79 sist mainly of cholesterol along with minor
18:2 80 amounts of a few closely related sterols. It
18:2 H:}) is speculated that the sterols of A. comchi-

a Number of carbons: number of double bonds.

b Mean of six determinations from two seperate
lipid sampfes.

¢ Trace amounts (less than 1%).

belminsbes (22), and the demonstration
that in some members of this phylum the
fatty acid constituents closely resemble those
of the host organism (23).

The fatty acid composition of each
aeutral lipid class in A. comchicola is out-
lined in Table 2. The triglycerides were
characterized by high titers of arachidonic
and palmitic acids. Again these data are in
sharp contrast to those of S. mansoni in
which oleic acid was the predominate fatty
acid esterified to glycerol (21), and the
cestode Hymenolepis diminuta in which
linoleic acid was the major fatty acid com-
ponent of the triglycerides (24). The free
fatty acid pool of A. conchicola was typified
by high levels of saturated fatty acids
(79%), with palmitic (47.8%) and stearic
(23.19%) being the major constituents. The
major acid esterified to A. conchicola sterol
was oleic (73.3%) but considerable quanti-
ties of palmitic acid (16.9%) also were
detected.

TABLE 2. Fatty acid composition of the meutral
lipids of A. comchicola

Fatt Free Fatty Sterol
Acid Triglyceride Acid ester
14:0 12.2b 7.1 2.4
15:0 +c 1.0 +
16:0 248 47.8 169
16:1 64 L5 1.0
18:0 9.1 23.1 5.5
18:1 9.1 11.6 733
18:2 89 79 1.0
18:3 8.6 — —
20:4 208 —_ —_—
a Ni b of carb: (N of double bonds.

b Mean of six determinations from two separate
lipid samples in mole %.
¢ Trace amounts (less than 1%).

cols are derived from the environment,
since studies on the lipid mecabolism of
flatworms demonstrated that some of these
organi do not p the oxygen-dep
denc pathways necessary for synthesis of
sterols (26, 27).

TABLE 3. Sterols of A. comchicole

Sterola Mole %P
Cholesterol 920
Campesterol 8.0
* Chol I 5chol 38-ol; T

248 -methyl-S—cholesten-33-ol
b Mean of six determinations from two separate
lipid samples.

The outstanding feature of the hydro-
carbon spectrum was that the components
did not resemble a natural assemblage of
chain lengths and branching patterns nor-
mally associated with biological systems.
The major peaks within the complex mix-
ture were C;» and Ca, although it should
be noted that the methods used to prepare
the samples precluded the detection of any
short-chained components even if they were
originally present. The atypical nature of
the hydrocarbon spectrum points to a source
of these compounds other than biological
synthesis. Fresh-water clams have been
utilized as indicators of water pollution
and it is not unlikely that the parasite
hydrocarbons are derived from the mollusc,
which in turn has concentrated these
organics from the water during the course
of feeding. In support of this hypothesis,
hexane extracts of water samples taken from
the collecting site contain a relatively high
concentration of these types of hydrocar-
bons. Additionally, preliminary experiments
designed to determine the extent of incor-
poration of labeled acetate, glycerol, glu-
cose, palmitate, and oleate into the lipids of
A. comcbicola failed to show any labeling
of the hydrocarbon fraction, although sev-
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eral other lipid components were rapidly
labeled.

The fatty acids present in the various
phospholipid classes of A. conchicola are
summarized in Table 4. In general, the
pattern of structural organization of the
phospholipid classes is similar to those
found in many other tissues. The major
saturated scid in phosyhatidylcholine is

imitic, wh in phosphatidylinositol

» phosp y
and -serine, stearic acid predominates, On
the ocher hand phosphatidyl ethanolamine
contai i fly equal of palmi-
tic, stearic, and oletic acids .

TasLE 4. Compowent fassy ecids of the phos.
pbolipids of A. Comchicola

Phos- Phos-

Phos- phatidyl- phatidyl-

Fatty phatidyl- serine ethanola-
Actd choline inositol mine
14:0 6.2b 6 29
15:0 +¢ + +
16:0 429 17.1 235
16:1 49 43 4.5
18:0 15.1 29.2 24.7
18:1 182 223 246
18:2 20 49 50
18:3 104 7.6 8.7
20:4 + 11.0 5.7

A Number of carbons: number of double boads.
b Mean of six d inations from two

lipid samples in mole %.
¢ Trece amouncs (less than 1%).

The pathways of lipid synthesis and
metabolic regulation which are used to pro-
duce the lipid composition and facty acid
distribution noted in A. comchicola are not
known. Experiments designed to elucidate
tl;el mzns of proc and boli
of lipids in chis species are currently bein,
conducted. pect ’ 8
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