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STUDIES ON SPECIES SPECIFICITY OF PROTEINS
IN ASCARIS LUMBRICOIDES AND ASCARISSUUM

L. MIKULIKOVA

Institute of Parasitology, Czechoslovak Academy of Seienees, Prague

Abstract. The separale wlentity of A, lumbricoides and A. swwm was confirmed by means of the dise
clectrophorosis method in that differenees wore established in the protein profile of somatie and ribo-
somal proteins. In addition differences were found in the represontation of hpoproteins, glyeoproteins,
and in the activity of LDH, SDIL, peroxidase, esterase and alkalic phosphataso.

The necessity for an exaclt determination of species specificity has introduced to
biology the use of new, biochemical, analytical methods, which enabled the assessment
of signs influenced by the state of expression of genctic information in bacterial-, plant-
and animal cells. One of these methods suitable particularly for taxonomic purposes,
is the analysis of the spectrum of proteins by disc electrophoresis in acrylamide gels.
The method is highly sensitive and the results are reproducible (Clarke 1964, Davis
1962, Maurcer 1968, Ornstcin 1964, Raymond 1964, Mikhailov and Bogdanovy
1970). Earlier studies (Peter 1971, Yoshimura 1969 a, b, Yoshimura et al. 1970,
Ruft et al. 1973) obtained from a comparison of somatic proteins in parasitic worms
showed that these differences may be used as a criterium for the differentiation of the
species under congideration. The present report describes differences in the represen-
tation of somatic proteins and their enzymatic activity in various organs of A. suum
and A. lumbricoides. Several experiments have been performed with musecles of A. suum
and 4. lumbricoides in order to isolate ribosomes and ribosomal proteins, which are more
stable in structure and typical of the specics under consideration.

MATERIAL AND METHODS

A. suum was obtained from tho intestine of pigs at the abattoir, 4. lumbricoides from the stool
of patients treated with helmirazin.

Preparation of the extracts of somatic proteins. All materinl was treated three hours afler
recovery at the latest. Tho material was washed ropeatedly in saline (0.9 %, NaCl), rinsed in distilled
water, dried, weighed and homogenized in a prechilled Potter-Elvehjen homogenizer with a teflon
piston. Proteins wore extracted with 0.1 m Tris-glyeine buffer, pll 8.3. The homogenate was centrifu.
ged f:;w 26 min at 25.000 x g. The supernatant solution was divided into test Lubes and stored at
—20 °C.

Disc electrophoresis. Disc electrophoresis in acrylamido gels was performed by the methods of
Ornstoin (1964) and Davis (1962). The gel column (8x 0.6 em) was layered with 20 pg proteins
and separation was carried out under a constant flow of 2.5 pA. Tho gels were stained for 60 min
in a solution of 1 %, amido black in 7 %, acetie acid and destained electrolytically, The concentration
of proteins introduced to the gel for spocific enzyme detection was increased three times (600 — 700 pg).
Samples woro concentrated by means of Aquacid 11 at 4 °C. Lipoproteins were idontified with the
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method of Gobott (1969). The method of Arai and Wallace (1969) was used for the staining of gly-
coproteins. Enzymatie activitics were diselosed with modified histochemieal methaods. Taetie and
sucemic acul hydrogenases woro nlentificd with Sehrauwen’s method (1966), peroxidase with
a modification of Sahulka's (1969) method, arylesternse and alknlie phosphatase with Lojda’s
(1958) method. 'The localisation of the imdividual protein bands was expressad as relative motility
(BRp).

Preparation of cell-free exiraets and isolation of ribosomes from the muscles of Ascaris sulirn and
A. lmunbricoides. The muscle sample (6 g with the cuticle) was homogenized hy grinding with the
samo amount of sand for 10 min. The mixture was suspended in 30 ml buffor (10 gom Tris-HCL pH 7.5
containing 10 mM MgCly, 60 mM KCI, 6 mM mereaptocthanol and 1 %) zodivm-dodeeyl sulphate).
The suspension was stirred and centrifuged at 8,000 2 ¢ for 10 min. The sediment was removed
and the suparnatant contaiming the membranous and mitachondrial fraction was ecenteifugod agnin
at. 20,000 < g for 30 min. The =ediment with the mitoehondria and membranes was soparalcd and tho
supcrnatant eentrifiged at 80.000 < i for 20 min. The sapernatanl was contrifugod ngain at. 105,000 X
g for 2 hr, The sodiment. eontaining tho ribosamal fraction was washed twiee with bulfer. The ribo-
somal fraction was lyored on o 30 20 suerosoe solution i 10 mM Tris-HCL 10 M MgCly, pH 7.5,
After centrifugation for 15 hr at 105,000 x g, the supernatant was disenvded nnd the peilet containing
the ribosomes waos suspended in @ <mall aemoont of buffor and dialyzed over sagehit in {he same buffer
wilhout suerose. The ribosomal suspenston was stored ot —20 ("

Sedimentalion annlyses woro earrvicd out in the Beekman Spineo model Looab 37,020 rov/min,
The ribosomal supension (0295 mgz/iml) wes contrilaged in the rotor AN-D ar 20 “C and bhar angle 602,

Proparation of ribesomal proteins and electrophoresis. libo-
(-—) somal proteins were extracted [rom purilicd vibosormes with 66 95
CLELCOO0ML in S s urea (100 my ribosomes wore mixod with 1l

RPOO of extraction mixbare)., ‘T'he suspension was =tored for 1 hrat 0 °C,
and proteins wore ohtained feom the supernntant. by eentrifnga.-
" tion at 20,000 x g for 20 mmn. The sodiment eonlaining ribosomal
RNA was removed, Tho supernatant was dalysed against 6 M
- ﬁ urea. Eleetrophoresis of ribosomal profeins was performod by tho
mothod of Gestoland and Svaehlin (1967).
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Ll . . . . . . .
- . Qualitative dilferences in somatic proteins of A. suum
~ and A. lumbrivoides were disclosed solely in the protein
ey {raction Rp 0.07 (Fig. 1). In order to obtain a more detail-
¥ ] ed information on differences between tho two species, we
used electrophoresis for the study on the profile of pro-
4 i - teins and on enzymatic activity in the isolated organs
Sam (muscles with cuticle, musecles, gonads, perienterie fluid).
-1 M The results indicated that the composition of proteins
; ] | | in the isolated organs differed in the number and inten-
- . . . ~
sity of the protein bands. In view of the fact that the
1.0- majority of enzymatic reactions occurs in the helminth
L]

cuticle, we compared extracts of muscles, with a cuticle
(‘*‘] a b with those of muscles without a euticle. In extracls of

Fig. 1. Electrophoretic profile <. swwm, wo identified 19 proteins in muscles with a
of protcins:a - A. suum, cuticle, 10 in muscles without a cuticle, 17 in gonads and
b — A.lumbricoides 10 only in the perienteric fluid (I"ig. 2A). The Rp value

of proteins was analogous to that occurring in proteins of

the homogenate of the whole worm. The composition of proteins in the isolated organs of
A. lumbricoides dillcred in both quality and quantity in the varions organs. We identified
18 proteins in muscles with a cuticle, 14 in muscles without a cuticle, 17 in gonads and 10
in the perienteric fluid (Fig. 2A). Comparable were only the corresponding organs of
each species. The perienteric fluid of the two species was composed of proteins with
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a similar Rp value. The same applied to a comparison of the electrophoretic profile
of lipoproteins and glycoproteins, and of enzymatic activity in the isolated organs of
A. suum and A. lumbricoides (¥Figs. 2B—D, 3). Our examples indicated that several
of the identified enzymes such as esterase (Fig 3C) and dehydrogenase of malic acid
(SDH) (Fig. 3A) were similar in both A. suum and A. lumbricoides. On the other hand,
differences were found in the remaining enzymes detected, i.c., dehydrogenase of lactic
acid (LDH) (Fig. 2D) and peroxidase (Fig. 3B). Although in muscle- and gonad homo.
genates of A, suwm., alkalic phosphatase activity could be detected on geveral sites in the
gel (Tig. 3D), wo did not suceced in demonstrating it in the extract ol musceles with
a cuticle and without a cuticle, and in the extract of gonads of the species A. lumbricoides.
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Fig. 2. Xleetrophoretic profile of proteins isolated from tho individual organs of A. suum and A. lum-
bricoides, and the identification of LDI1l in the protein spectrum: A — total picture of somatic pro-
teins; B — lipoproteins; C — glycoproieins D/LDH; a — muselos with a cutiele; b — muselos without
a cuticlo; ¢ — gonads; d — perienteric fuid

In view of the fact that differences in the isosymes of A. suwm and A. lumbricoides
were not unanimous, I decided Lo compare the electrophoretic profile of ribosomal pro-
teins, which arc typical of the species under consideration, in order to determine differ-
ences in the two species (Girolamo 1968, Bielka and Welfe 1968, Low and Wool
1067). Since no literary data were available on these problems in parasitic worms,
1 had to start to isolate ribosomes and ribosomal proteins from both worm species in
a rather laborious fashion.

Figure 4 illustrates soluble basic proteins after centrifugation of the cellular extracts
at 8.000 x g (Fig. 44), at 20.000 x g (Fig. 4B), and of ribosomal proteins (Fig. 4C). For
A. lumbricoides T identified 28 basic proteins, for A. suum 26 only. Purified ribosomes
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Fig. 3. Identifiention of soveral enzymes in the protein speetrum of organs isolated from A. suum
and A. lumbricoides. A — SDH; B — peroxidase; C — csterase; 1) — alkalie phosphatase; n - museles
with a cuticle; b— muscles without a cuticle; ¢ — gonads; d - perienterie fluid

Fig. 4. Comparison of the electrophoretic profiles: A - supernatant after centrifugation at 8,000 x g
for 16 min.; B — supernatant after centrifugation at 20,000 x g for 30 min; C — basie ribosomal pro-
teins; & — A. suum; b — A. lumbricoides.

48



of both species were used for the sedimentation analysis. The values of eytoplasmie ri-
hosomes (Sz 78) were identical in both species. The presence of peroxidase (Fig. 5A, B),
with a maximum of 416, 545 and 583, was found in the supernatant fraction of both
specics. Similar values were obtained by Chance (1952).
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Fig. 5. Visible spectrum of peroxidase and sedimentation profiles of isolated ribosomes sedimen-
tation profile after 12 min. of centrifugation at 37. 020 rpm. A — A suum; B — B. lumbricoides.

DISCUSSION

The method of eleetrophoresis has heen employed most effectively in the classification
of microorganisms in both plant- and animal systematics. Little attention has been given
to similar studies on paragitic worms. Fundamental work on the identification of morpho-
logically similar species has heen performed by Yoshimura (1969 a, b,), Yoshimura
et al. (1970). In view of the faet that differences in the protein spectra of morphologi-
cally similar species are often minute, special methods such as immunoelectrophoresis,
methods for the determination of enzyme activity, various modifications of extraction
procedures, ote. are required for these studies. In our experiments wo have tried Lo assess
differences in enzyme activities of somatic proteins in the two species under considera-
tion. For these purposcs we have used both homogenates of the whole worms and those
of its individual organs. Other authors, e.g., Naumycheva and Sushehenko (1969),
Evans (1971), Fodge et al. (1972), Tan and Zam (1973) have tried to distinguish
and characterize csterases in 4. suum by means of various extraction methods by employ-
ing different substrates and inhibitors. In an attempt to obtain a maximum of reliable,
differentiating characters between A. suum and A. lwmbricoides, | have tried to assess
differences even in ribosomal proteins of 80 S cytoplasmic ribosomes, which are typical
of each species. Differences in the profile of somatic and ribosomal proteins in 4. suum
and A. lumbricoides procured with disc electrophoresis confirmed the concepl that
the two ascarids are independent species.

H3YUYEHWME BHAOBON CHEHHO®OHYHOCTH BEJKOB W3 ASCARIS
LUMBRICOIDLES W ASCARIS SUUM

dl. Maryanrosa

Peawone, Metonom amciosoro s.ekrpodopesa Obiita n3ydcua pasuuua B GuiaxosoM upofuie

coMatudeckux u pudocomurx Genixon u3 Ascaris lumbricoides m Ascaris suum. Kpome toro

G maiiicusl PpuSHMUB! B COTCPMRARNN JIHNONPOTENHOB, TIHKONPOTEHHOB H B AKTHBHOCTH

:leernnlmrenaau MOJIOTHOH M #ONUYHOM KHCJIOT, UCPORCHIAIL, JCTCPudn M IMcao4moi doc-
ATUIbL,
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