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Cholesterol Biosynthesis and Lipid Biochemistry in the

Scolex of Echinococcus granulosus

GEORGE A. DIGENIS*, RALPH E. THORSON+, and ARPINE KONYALIAN

Abstract (] When live scolices of Echinococcus granulosus were in-
cubated with labeled mevalonate in vitro, no radioactivity was in-
corporated into the parasites’ cholesterol fraction. However, labeled
cholesterol was recovered after a scolices’ homogenate was in-
cubated with 4-'“C-cholesteryl acetate. It is suggested that the
scolex of E. granulosus is unable to biosynthesize cholesterol and
that it obtains cholesterol in an esterified form from the host, which
is subsequently hydrolyzed within the scolex to free cholesterol.
The fatty acid content of E. granulosus was examined by gas-
liquid chromatography.

Keyphrases [[] Echinococcus granulosus scolices—cholesterol bio-
synthesis (] Cholesterol biosynthesis—E. granulosus scolices []
Lipid biochemistry—E. granulosus scolices [] Hydrolytic activity,
E. granulosus scolices—4-14C-cholesteryl acetate [[] TLC—separa-
tion [J GLC—identity [] Scintillometry-—analysis

It is a well-known fact that, in vertebrates, cholesterol
is biosynthesized from acetate or mevalonate. In many
insects, however, radioactive acetate or mevalonate is
not incorporated into cholesterol; some insects do not
even synthesize squalene, the noncyclic precursor of
sterols (1, 2).

In 1954, Butenandt and Karlson (3) first isolated 25
mg. of ecdysone, the molting hormone, from 500 kg. of
silkworm pupae. The compound [shown later to be a
steroid (4)] was effective in accelerating molting, even in
quantities below 7.5 X 10— mcg., when injected into
ligated fly abdomens. In 1963, Karlson and Hoffmeister
(5) demonstrated the incorporation of radioactivity
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from tritium-labeled cholesterol into ecdysone in
Calliphora larvae, indicating that cholesterol is a pre-
cursor to ecdysone. Clark and Bloch (6) showed that
95% of the dietary cholesterol in the beetle Dermestes
vulpinus could be replaced by S-sitosterol for structural
utilization, but 597 of it remained essential for meta-
bolic function; Clayton (7), working with the cockroach
Blattella germanica, obtained similar results. According
to Karlson (8), only a small part of the cholesterol in-
jected into insects was converted to ecdysone; the major-
ity still fulfilled cellular functions. Smissman et al. (9)
isolated dehydroepiandrosterone, pregnenolone, and
progesterone as the products of normal insect metabo-
lism of dietary sterols in the confused flour beetle,
Tribolium confusum. Horn et al. (4) isolated crustecdy-
sone from crayfish, a compound which proved to be
both chemically and biologically similar to ecdysone.
Carlisle (10) demonstrated the biological activity of
extracts from crabs, copepods, and locusts on the im-
mature shore crab Carcinus maenas, indicating the pres-
ence of a common set of interactive ecdysones in
crustaceans and insects.

The hormone that has an effect opposite to that of
ecdysone on the molting stages of insects was first
isolated from the abdomens of Cecropia males by
Williams (11). Karlson and Schmialek (12) injected
extracts of the excretions of the beetle Tenebrio molitor
into mature larvae of the same species and noted the
retardation of pupation in 88 7 of the treated larvae. In



1961, Schmialek (13) isolated 60 mg. of an oil from 80
kg. of Tenebrio feces, which was identified as farnesol and
its oxidation product farnesal. Later it was shown that
insects can biosynthesize labeled farnesol and farnesal
from tagged mevalonic acid (14). Using the farnesol
isolated by Schmialek (13), as well as the commercial
compound, Wigglesworth (15) showed that farnesol
reproduces all the effects of a juvenile hormone when
applied to the surface of the cuticle of the insect Rhodnius
prolixus. The main effects were retention of larval
characters and partial reversal of metamorphosis in the
molting adult. Other active compounds also have been
isolated from the microsporidian Tribolium castaneum
(16), various other microorganisms (17), and even from
the balsam fir tree (18). It appears from these studies
that in insects the pathway of mevalonate is directed
toward the synthesis of specific hormones and not
cholesterol, whereas in vertebrates part of the mevalon-
ate is incorporated into cholesterol.*

The work on cholesterol biosynthesis in cestodes is
still in its infancy. Frayha (20) observed that 1-!14C-
acetate did not incorporate into the cholesterol fraction
of E. granulosus scolices; but when 26-1“C-cholesterol
was fed to mice infected with the parasite, the label did
appear in the cholesterol isolated from the scolices.
Indeed, Meyer et al. (21) reported the Spirometra
mansonoides lacks the mechanisms required for the
synthesis de novo of its sterols.?

The authors of this article (23) have recently shown
that lipid extracts of Echinococcus granulosus, a cestode,
contained substances with both stimulatory and depres-
sive effects on the growth of excysted cysticercoids of
Hymenolepis diminuta in in vitro cultures. Since mevalo-
nate has been shown to be a precursor of farnesol and
farnesal in insects (14), an attempt was made to correlate
the biological activity of the different lipid fractions of E.
granulosus scolices with their biosynthesis from mev-
alonate.

MATERIALS AND METHODS

Collection and Preparation of Scolices—The livers and lungs of
the sheep and cattle infected with cysts of E. granulosus were
obtained within 2 hr. of slaughter. The hydatid fluid and scolices?
were collected aseptically from the cysts according to the previously
published methods (23) to be used in both the authors’ biosynthetic
studies and hydrolytic studies.

Biosynthetic Studies—For the biosynthetic studies, the live?
scolices were washed four times with an aqueous buffer solution
(pH 7.4) of disodium monohydrogen phosphate and potassium di-
hydrogen phosphate (25).

The washed scolices were then incubated in a water bath shaker
for 5§ hr. at 37° with 4 ml. of phosphate buffer (pH 7.0), 1 ml. of anti-

1Durr (19) recently provided evidence for the incorporation of
mevalonic acid into the nonsaponifiable lipids of omental and sub-
cutaneous adipose tissue of man, epididymal fat pad of rat, and the
fat tail of the Syrian sheep. His stoichiometric studies showed that
about one-half of the incorporated radioactivity in the nonsaponifiable
lipids was in squalene, 20%; in lanosterol and cholesterol, and the re-
mainder in unidentified substances,

2 However, Ginger and Fairbairn (22) working with Hymenolepis
diminuta demonstrated the incorporation of 1-14C-acetate into the
cestode’s cholesterol fraction.

3The viability of the collected scolices was determined by their
motility and staining properties (1:1000 eosin solution) according
to the procedure described by Meymerian et al. (24).

biotic solution,* and 1 ml. of 2-1¢C-pL-mevalolactone® (specific
activity 3.11 X 10° ¢.p.m.5/0.04 uM/ml.). At the end of the incuba-
tion period, 2 ml. of 3 N H;SO, was added to the flask.” The scolices
were separated by low-speed centrifugation, washed several times
with distilled water, and then transferred to a 125-ml. conical flask.
A quantitative sample taken from a combination of the incubation
supernatant fluid and the scolices washings was analyzed for radio-
activity. From this figure the amount of the label actually taken up
by the scolices was determined to be 1.33 X 105 c.p.m.

Isolation and Fractionation of the Lipids—The total lipids were
extracted from the scolices and fractionated by thin-layer chroma-
tography (TLC); the cholesterol was isolated according to the pre-
viously published methods (23).

Saponification of Neutral Fats—The lipids of Band III were
saponified by refluxing them in 5 ml. of 5% ethanolic KOH for 24
hr. under nitrogen. At the end of the time, 5 ml. of distilled water
was added to the mixture, and the ethanol was evaporated by bub-
bling nitrogen into the gently warmed (ambient 45°) flask. The solu-
tion was then extracted with three separate 5-ml. portions of ether.
The ether extracts were dried over sodium sulfate, and the solvent
was evaporated under nitrogen. The residue was taken up in a
minimal amount of chloroform which was transferred into a liquid
scintillation vial, evaporated, and assayed for C,

The aqueous layer, containing the saponifiable fraction of the
lipids, was acidified to pH 2.0 with 2 N H,SO, and then extracted
four times with ether. The ether fractions were dried overnight over
anhydrous Na.SO; and, subsequently, concentrated to a volume of
about 5 ml. An aliquot from the solution was assayed for 14C.

In another experiment the ether solution of the saponifiable frac-
tion of lipids from scolices (not treated with radioactive mevalon-
ate) was prepared for GLC analysis by prior treatment with diazo-
methane according to the method of Beames (26).

Gas-Liquid  Chromatography—Gas-liquid  chromatography
(GLC) of the fatty acids was performed by a Pye argon chroma-
tography apparatus equipped with a 1.21-m. (4-ft.) glass column (4
mm., in diameter) packed with 10%; ethylene glycol adipate on di-
atomaceous earth (Celite 545, 80/100 mesh). Ten-microliter sam-
ples were injected. The gas-flow rate was 30 ml./min. and the col-
umn temperature was 180°. The calibration of the GLC instru-
ment, as well as the quantitation and identification of chromato-
grams, was performed according to previously published procedures
27,

Enzyme Activity of a Scolex Homogenate—The hydrolytic action
of homogenates from E. granulosus scolices on cholesteryl acetate
was investigated as follows: 1 g. of live scolices® was homogenized in
a Potter-Elvehjem homogenizer for 3 min. The homogenate was
incubated with 1 ml. of antibiotic solution,* 4 ml. of phosphate
buffer pH 7.0, and 6.0 mg. of radioactive 4-14C-cholesteryl acetate?
in a water bath at 37° for 24 hr. with vigorous and continuous shak-
ing. At the end of the incubation period, the lipids were extracted
from the mixture with chloroform. The residue, obtained by
evaporation of the chloroform extracts, was subjected to TLC, and
its cholesterol fraction was isolated as described before (23) and
analyzed for its radioactivity content.

Scintillation Counting—All radioactivity measurements of the
cholesterol samples were performed in a Packard Tricarb scintilla-
tion spectrometer model 3003 with an efficiency of 70% and a
background count of 8 c.p.m. The samples were counted in liquid
scintillation glass vials (20-ml. capacity) with 18 ml. of liquid scin-
tillation cocktail containing 4 g. of 2,5-diphenyloxazol (PPO) as
primary scintillator and 50 mg. of dimethyl-1,4-bis[2(5-phenyloxa-
zol)benzene] (POPOP) as secondary scintillator per liter of toluene.
Samples that were insoluble in the cocktail were first solubilized in 3

4+ The antibiotic solution was prepared by diluting with distilled
water, 200,000 units of penicillin G and 200 mg. of streptomycin to a
final volume of 400 ml.

5 Purchased from the Radiochemical Centre, Amersham, Bucks,
England. .

6 This abbreviation will be used throughout this paper to denote the
number of counts per minute. )

7 Microscopic examination (24) of a sample of the scolices showed
them to be totally killed by the sulfuric acid treatment.

8 Radioactive cholesteryl acetate with a specific activity of 1.55 X
104 c.p.m./mg. was synthesized by treating 4-14C-cholesterol with acetic
anhydride in the presence of anhydrous pyridine (28). The ester was
shown to be pure by mixed melting point (115-116°) with authentic
cholesteryl acetate and by TLC in two solvents (29). Subsequent radio-
autography of the chromatograms exhibited only one radioactive spot.
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Table I—Incorporation of 2-1“*C-prL-Mevalolactone into Various
Lipid Fractions of E. granulosus Scolices

Incor-
Band c.p.m poration, %
I 1096 0.82
la 5 Negli-
gible
16 115 0.08
Ie 148 0.20
1d 502 0.37
11 171 0.13
1la Negli- Negli-
gible gible
115 (ec- 8 0.01
dysone
level)
Il 34 0.02
1id 93 0.07
e 9 0.01
11 826 0.62
Unsapon- Negli- Negli-
ifiable gible gible
fraction
of
Band 111
Saponifiable 827 0.62
fraction
of
Band 111

ml. of dioxane and then added to 15 ml. of the cocktail. In the case
of samples that were too small to be eluted from the TLC plates, the
silica gel was scraped off, mixed with the cocktail, and counted ac-
cording to the method of Snyder and Stephens (30). All samples
were counted twice for at least 10 min,

RESULTS

In a duplicate determination, 3.0 g. of live scolices of E. granulosus
was incubated at 37° with 1 ml. of 2-1¢C-mevalolactone (specific
activity 3.11 X 10 ¢.p.m./0.04 uM/ml.). At the end of the incubation
period (5 hr.), the lipids® were extracted from the scolices and frac-
tionated by TLC using 0.25-mm. thick layers of silica gel G with
methylene chloride-acetone (92:8, v/v) as a developer. The three
zones obtained ! were designated Bands I, I1, and III (23), Bands II
and I1I being the origin and front, respectively.

It was observed that the eluate from Band I inhibited growth
markedly (length 0.5 to 1.0 mm.) as compared with the growth of
worms under the influence of Band I1I or in a control (9.5 to 10 mm.)
(23). Band T was subjected to further chromatography ona 20 X 20-
cm. silica gel!! plate with chloroform-acetone (90:10, v/v) as
eluant. Four different zones were observed which were designated
Band Ia (origin), 16 (R; = 0.36), Ic (R; = 0.74), and Id (R; =
0.93). The extent of the incorporation of 2-*C-mevalonate into the
various lipid fractions of E. gramulosus scolices is presented in
TableI.

When Band Ic, containing the free cholesterol,12:1? was eluted
from the TLC chromatogram, it yielded 4 mg. of residue which was

¢ The classic saponification of the lipids prior to fractionation by
TLC was avoided because a correlation between the biological activity
of the various lipid fractions and their biosynthesis from mevalonate
was sought.

10 The visualization and the elution of the substances from the zones
?b;?med by TLC fractionation were performed as described previously

11 Chromagram, Eastman Kodak, Co., Inc., Rochester, N. Y.

127t was previously shown (23, 32) that when the hp]d fraction of
0.495 g. of lyophilized scolices!s was subjected to a similar TLC frac-
tionation, it yielded 0.022 g. of residue from Band I, Further purification
of the residue showed that 0.015 g. of it was cholesterol in its free form.
Only trace amounts of cholesterol were shown to exist in their ester-
ified form in Band III.

13 One gram of lyophilized scolices was found equivalent to 14.5 g.
of wet hve scolices (32).
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dissolved in 10.0 ml. of benzene. When 2.5 ml. from this solution was
mixed with scintillation cocktail and its radioactivity counted, it was
found to have a specific activity of 37 ¢.p.m./mg. To show whether or
not the label was incorporated into cholesterol, 7.5 ml. from the
cholesterol solution was mixed with 10 ml. of benzene containing
0.047 g. of pure, unlabeled cholesterol. The benzene was evaporated
under a stream of nitrogen and the residue recrystallized once from
95% ethanol. No radioactivity was detected in the recrystallized
cholesterol. In contrast, however, the supernatant solution was
found to contain all the radioactivity (110 ¢.p.m.), indicating that Ic
contained compound(s) other than cholesterol* to which the label
was incorporated.

Band 111, which was shown to contain the neutral fat fraction of
the lipids (31), was eluted and saponified. Aliquots from the sapon-
ifiable and nonsaponifiable fractions were counted for radioactivity.
The results in Table T demonstrate that the entire radioactivity of
Band TII from the 2-1*C-mevalonate was incorporated into the
saponifiable fraction.

With the significance of the saponifiable fraction in mind, the
authors proceeded to determine by GLC the type and quantity of the
fatty acids in this fraction. The results are shown in Table T1.

The presence of hydrolytic enzymes in the scolices was indicated
when a homogenate from 1 g. of live scolices was incubated with 6.0
mg. of radioactive cholesteryl acetate® at 37°. After incubation, free
cholesterol was isolated from the mixture, and it was found to be
radioactive (1056 c.p.m.). No radioactive cholesterol was detected in
a control mixture!s without the scolex homogenate.

DISCUSSION

With the recent findings on insect lipid biochemistry in mind, the
authors have attempted to elucidate the mevalonate-cholesterol
biosynthetic pathway of E. granulosus. First, however, a very
brief description of the parasite’s life cycle is necessary. The adult
worm discharges eggs in the feces of the primary host, often a dog.
When the eggs are ingested by an intermediate host, such as cow,
sheep, or man, the eggs hatch in the duodenum. The released onco-
spheres then travel via the lymphatics and bloodstream to various
parts of the body, usually the liver or lungs, where they become
hydatid cysts. In man these cysts may grow to 15-20 cm. in diameter
after several years. Within the cysts are found scolices which, if in-
gested by a suitable host, become adult worms within 7 weeks.

The only effective’® treatment of the hydatid disease (echinococ-
cosis), surgical removal of the cyst, suffers from both (4) a relatively
high risk if secondary cyst infection by the viable hydatid scolices
within the cyst and (b) the possibility of a violent and sometimes
fatal anaphylactic reaction by the patient to the cyst fluid.

It seems to the authors that a more knowledgeable approach to the
treatment and (or) control of echinococcosis could be made if more
was known about the biochemistry of the parasite. Also, the pos-
sibility of finding an endocrine system in parasites similar to the one
producing ecdysis in insects presents itself.

Cholesterol appears to be the major sterol in helminths. Fairbairn
and Jones (34) showed that 75 97 of the unsaturated sterols of Ascaris
lumbricoides was cholesterol. Thompson er al. (35) reported that
98 and 857 of the unsaponifiable matter of adult Taenia raeniae-
Jformis and Moniezia sp. (respectively) were cholesterol. The authors’
studies recently showed that in E. granulosus scolices, free cholesterol
per dry weight constituted a high 3.03% (23, 32) as compared to
1.4 for Taenia taeniaeformis reported by von Brand e al. (36).

The authors’ results showing the lack of incorporation of 2-14C-
mevalonate into cholesterol by the scolices suggest that the terpenic
pathway is directed towards compounds other than cholesterol. The
scolices’ apparent “inability to synthesize™ their own cholesterol is
substantiated by the results of Frayha (20) who demonstrated that
1-14C-acetate did not incorporate into the cholesterol fraction of
E. granulosus scolices. He also demonstrated the passage of 26-1C-

14 Preliminary examination of Ic by combined GLC-mass spectros-
copy revealed that this fraction consisted of cholesterol and other
compounds, the identities of which are under investigation.

15 The control mixture consisted of 6.0 mg. of radioactive cholesteryl
?cgate, 1 ml, of antibiotic solution, and 4 ml. of phosphate buffer

16Chemotherapy appears to be difficult since the permeability
of the membrane (particularly the internal germinal membrane) sur-
rounding the hydatid cyst is known to be highly selective (33).



Table II—Major Fatty Acid Composition of the Scolex of
E. granulosus

Methyl Esters

Shortened as Percentage
Fatty Acid Designation of Total Esters
n-Dodecanoic 12:0¢ 0.35
Tetradecanoic 14:0 1.67
14:1 1.34
Hexadecanoic 16:0 8.17
16:1 2.95
Heptadecanoic 17:0 0.63
17:1 1.78
Octadecanoic 18:0 23.5
18:1 27.7
18:2 7.44
18 un® 1.86
Eicosanoic 20:0 6.03
20:1 2.4
20:2 0.67
20:3 0.74
20:4 5.21
20 un® 2.60

@ The numerals following the colon refer to the number of double
bonds in the molecule, whereas the numerals before the colon refer to
the chain length (number of carbon atoms) of the fatty acid. b This ab-
breviation denotes unknown number of unsaturations.

cholesterol from the host (infected mice) to the scolices of E.
granulosus (20). Furthermore, Meyer et al. (21) reported that the
cestode Spirometra mansonoides lacked mechanisms required for the
de novo synthesis of sterols.

The fact that free radioactive cholesterol was isolated from the
scolices upon incubation with radioactive cholesteryl acetate indi-
cates the presence of an enzyme system within the cyst responsible
for the hydrolysis of the cholesteryl ester. This finding was con-
sistent with the results of Lee et al. (37) who reported the presence of
nonspecific esterases in various tapeworms.

Based on these recent findings, it seems reasonable to assume
that cholesterol passes, probably in an esterified form, from the
host through the cyst membrane into the scolices where the
cholesteryl ester is hydrolyzed to free cholesterol by an esterase
system within the scolices.
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