FOLIA PARASITOLOGICA 38:193—199, 1991,

ENZYME VARIANTS OF EIMERIA PARASITIZING
THE DOMESTIC FOWL AND POSSIBILITIES
OF SPECIES DIAGNOSTICS

J. KUCERA

Research Institute for Feed Supplements and Veterinary Drugs, 254 49 Jilové near Prague,
Czechoslovakia

Abstract. Electrophoretic variation of the enzymes lactate dehydrogenase (LDH) and gluco-
sephosphate isomerase (GPI) of Eimeria parasitizing the domestic fowl in Czechoslovakia is summari-
zed and the differentiation of species of poultry coccidia is discussed. A new method for evaluation
of zymograms of coccidial enzymes is presented. This method enables the resuits of different expe-
riments to be compared by calculating standardized rates of mobility of each enzyme band relative
to the positions of reference variants coded LDH-8 or GPI-9.

During 1987 and 1989 a study on the distribution of different species of coccidia
on 29 poultry farms was carried out in Czechoslovakia (Kulera 1990 a, b). The
identity of different coccidia species was determined using both classic diagnostic
methods (LLong and Reid 1982) and enzyme analysis (Shirley and Rollinson
1679, Shirley 1986, 1939). In this paper, a description of the enzyme variants
present iu zymograms prepared during the above work is presented together with
description of an improved method of zymogram evaluation based on methods used
previously for other protozoans, e.g. for Acanthamoeba {Ward 1985) and Leishmania
(I.e Blancg et al. 1886).

MATERIALS AND METHODS

1. Parasites. Most isolates originate from the study carried out in Czechoslovakia in 1987—1989
on the distribution of individual Eimeria species in domestic fowl (Kué&era 1990b, partly Kudera
1990a).

Laboratory strains are listed in Table 1. Coccidia were propagated in three weeks old Hybro cocke-
rels kept in isolators and some strains were passaged in chicken embryos.

2. Enzyme electrophoresis. The preparation of oocysts, electrophoresis in thin-layer starch gels
and detection of lactate dehydrogenase (LDH) and glucosephosphate isomerase (GPI) were as
described previously (Kudera 1989%a, 1990a). A strain of E. tenella characterized by LDH-8 and
GPI-9 (Table 1) was run in each experiment as a reference sample. Additionally other strains of
other species (Table 1) were sometimes run as reference samples.

3. Retrospective evaluation of zymograms. Zymograms, i.e. glass plates with starch gels dried after
electrophoresis and visualization of enzymes (Kué¢era 1989b), prepared during the >tudy by Kucera
(19909. b) were used for the retrospective evaluation. The distance from the origin to the centre
of each individual enzyme band was measured.

A standardized rate of mobility of an enzyme was determined from the measured distance using
a formula:

Sx = Sx‘ . Ax/Ary

whore Ay = actual distance migrated, Ar = actual distance migrated by reference variant LDH-8
or GPI-9 and S; = constant, which was defined according to the mean values of A; in our experi-
ments as Sypu_s = 3.62 cm and Srgpr_o = 2.51 cm.
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Table 1. Survey of laboratory strains of Eimeria and enzyme variants found

Eimeria sp. Strain Enzyme variants® Comment

E. praecox Trnové LDH-5, GPI-5, GPI-H Isolated from one oocyst from
isolate No. 1 (Table 1)

K. mitis Bylany KE LDH-1, GPI-C Passaged in chicken embryos

E. acervu-

lina Chotouni LDH-2, LDH-B, GPI-7

E. tenella Jena LDH-8, GPI-9

E. tenella Chotoun LDH-8, GPI-9

E. tenella Ch E-A LDH-8, GPI-9 Passaged in chicken embryos

E. tenella NEC

(Houghton?) LDH-8, GPI-1 Originated from a contaminated

strain of K. necatriz kindly pre-
sented by Dr. Chapman from
Houghton.

E. brunetts Chrudim | LDH-4, GPI-6 Isolated from one oocyst from
isolate No. 9 (Table 2)

E. maxima | Jesenice LDH-3, GPI-4

®Enzyme variants numbered in accordance with Shirley and Rollinson (1979) and Kudera

(1990a).
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RESULTS

Although the same conditions of electrophoresis were used in each experiment
there were considerable run-to-run differences in the mobilities of all variants including
reference variants LDH-8 and GPI-9 (Fig. 1). Direct comparison of zymograms was
not possible. However, the ratio of mobility of an enzyme variant to that of a re-
ference variant was constant (compare the ratio of the positions of LDH-2 or GPI-7
to the positions of LDH-8 or GPI-9 in Fig. 1).

Calculated standardized rates of mobility Sy of individual enzyme variants showed
only little variation (see e.g. Sppu-2 and Sgpi—; in Fig. 1), so that they could have
been used for comparison of different experiments.

Mean values of Sx of the different enzyme variants are presented in Table 3 and
in comparison with other up to now described enzyme variants are depicted in Fig. 2.
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Fig. 2. Comparison of mean Sx of individual enzyme variants. See also Table 3 and Materials and
Methods.

Fig. 1. Comparison of some experiments, in which large differences in mobilities of reference LDH-8
and GPI-9 (black circles) were encountered. Sppm_» and Sgp1-7 show the position of the standardi-
zed rate of mobility of LDH-2 and GPI-7, respectively, reduced by 1.
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Table 2. Survey of enzyme variants found in Eimeria of the domestic fowl in Czechoslovakia

Enzyme variants® found in E¢meriac
Locality? pra mit ace ten bru max nec
LDH GPI | LDH GPI | LDH GPI | LDH GPI | LDH GPI | LDH GPI |LDH GPI
1. Trnové 8 b 2 7
H
2. Pidin 1 2 7 8 9 3 4
3. Picin 2 5 5 6 10 2 7 8 9 3 4
H
4. Meely 1 2 2 7 3 4
5. Pisek 1 10 8 9 NDd
6. Balkova
Lhota 5 & 12 7 8 9
H B
7. Sedlec 5 & 1 10 2 7 8 9 4 6 3 4
H
8. Jenidkova
Lhota 1 2 2 7 8 9
6
9. Chrudim 2 7 4 6
10. Cimelice 1 1 10 2 8 8 9 4 6 3 4
11. Cimelice 2 1 2 2 8 8 9
12. Mirotice 6 10 2 7
8 .
13. Hradists 6 10 2 7
8
14. Jino%ov 1 2 2 7 8 9 4 6
6
15. Pisek 1 10 2 1 8 9 Te
6 8
16. Lisno 5 5 2 7 8 9
B
19. Police/M 8 9
20. §kalsko 1 2 2 7 3 4
21. Repniky 8 & 1 2 2 1 ND¢
22. Chotoun 5 b I .2 4 6
H 10
23. Luze 5 8 1 10 B 7 NDd
H
24. Velké 6 10 B 7
8
25. Markovice B 7 8 9 4 6
26. Kunovice 5 i1 1 2 2 7 7 3
H H 10
27. Selice 1 2 2 7 8 9 3 4
28. Bojano-
vice 1 2 2 7 8 9
10 8
29. Bratiinov 5 5 1 2 ° 2 7
10 8
No. isolates 10 19 24 i 15 i 6 7 2

2 Locality numbers correspond with those in Kudera (1990a, b).

b Enzyme variants numbered in accordance with Shirley and Rollinson (1979) and Kucera
1990a).

© é)ra, = Himeria praecox, mit = E. mitis, ace = E. acervulinag, ten = K. tenella, bru = K. brunetti,
max = H. maxima, nec = K. necatrix.

4 No living parasites suitable for enzyme analysis.isolated.

¢ GPI not seen due to small nurber of oocysts in the sample — pure culture of E. necatriz was not
isolated.
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Table 3. Mean Sk of individual enzyme variants?

LDH GPI1
Himeria sp.
variant n SxP variant n Sxb
E. mitis LDH-1 41 3.40 £+ 0.19 GPI-2 21 2.86 + 0.19
LDH-6 15 2.18 + 0.14 GPI-10 20 2.42 + 0.24
GPI-C 4 1.97 + 0.25
GPI-11 (3.5)c
E. acervulina LDH-2 59 1.93 4 0.16 GPI-7 60 2.09 £ 0.15
LDH-B 20 1.70 £+ 0.18 GPI-8 16 1.46 £ 0.15
E. praecox LDH-5 33 1.55 + 0.20 GPI-5 33 4.15 4+ 0.2
. GPI-H 22 3.30 + 0.17
E. necatriz LDH-7 3 2.46 + 0.06 GPI-3 2 2.55 + 0.18
LDH-9 (4.4)a
E. tenella LDH-8 3.62¢ GPI-1 5 2.22 + 0.19
GPI-9 2.54e¢
E. brunetty LDH-4 15 4.46 + 0.21 GPI-6 12 4.56 1+ 0.31
GPI-*f 4 4.36 4+ 0.33
E. maxima LDH-3 13 2.02 + 0.18 GPI-4 17 3.18 + 0.19

& Thin-layer starch gel electrophoresis, Tris/citric acid buffer system pH 6.7 (see KuGera 1989b
for more details).

b Arithmetic mean * standard deviation multiplied by 2 (interval showing the range of high and
low values).

¢ Recounted from Shirley et al. (1983), Pl 3, Fig. D.

4 Recounted from Shirley (1985), Fig. 3c.

f Constant defined for the reference strain of E. tenella. See Materials and Methods.

¢ Subband of GPI-6. See the Discussion. b

Table 2 shows a survey of enzyme variants found in coccidia isolated in Czecho-
slovakia. LDH-5 and GPI-5 accompanied in seven samples with the subband GPI-H
(see Kucera 1990a) were the only variants found in 10isolates of E. praecoz. Of 19
isolates of &. mitis, LDH-1 was found in 15 (79 %), LDH-6, in seven (37 %), GPI-10,
in 14 (74 %) and GPI-2, in ten (53 9%). In 24 isolates of E. acervulina LDH-2 was
found in 21 (88 %), a slightly slower variant LDH-B (see Kutera 1990a) in five
(21 %), GPI-T in 22 (92 %), and GPI-8 in eight (33 %,). The only variants found
in 15 isolates of K. tenelln were LDH-8 and GPI-9, in E. brunetti (6 isolates) LDH-4
and GPI-6, in £. maxima (7 isolates) LDH-3 and GPI-4, and in 2 isolates of E. ne-
catriz LDH-T and GPI-3, respectively.

DISCUSSION

Individual species and some strains of coccidia may be differentiated from each
other by comparison of their electrophoretic mobility profiles with those of reference
laboratory strains (Rollinson 1975, Shirley 1975, 1986, 1989, Shirley and Rol-
linson 1979, Chapman 1982, Kudera 1990a). Because seven species of Eimeria
infect the domestic fowl and some species possess more than one variant of some
enzymes (Shirley 1986), all known reference samples theoretically shall be necessary
for investigation of an unknown sample. The method presented here using the
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standardized rate of mobility, Sy, is more convenient because it reuires only one
reference sample on each zymogram. Comparison of calculated Sx with the tabulated
values (Table 3, Fig. 2) enables, in most cases, direct determination of an enzyme
variant and consequently the identity of the parasite species. The method also enables
comparison of results from different experiments:

Some enzyme variants overlap in their Sx values (Table 3 and Fig. 2). The interval
between high and low values reflects the statistical variability of Sy between different
experiments. On each particular zymogram, enzyme variants, whose mean Sy values
are sufficiently distinct from each other, will be depicted as clearly distinct bands.
However, mean Sy values for some variants are very close, e.g. LDH-3 and LDH-2;
LDH-9 and LDH-4; GPI-C and GPI-1 and GPI-7; GPI-7 or GPI-10: GPI-3 and GPI-4,
respectively. Common forms of GPI for E. tenella (now coded as GPI-1) and E. acervu-
lina (GPI-7) and LDH for E. tenella (LDH-8) and E. mitis (syn. mivati) (LDH-7)
have been already reported by Shirley (1975). Nakamura et al. (1986) also noticed
that GPI in K. mitis (probably GPI-C) and E. acervulina (probably GPI-7), as well
as GPLin . necatriz (GPI-3) and K. tenella (GPI-9) showed the same mobilities during
electrophoresis in starch gel. These “identical” variants can be distinguished according
to Shirley (pers. com.) and Shirley and Rollinson (1979) by modifications to the
buffer systems used during electrophoresis, namely by changing the pH.

Our results thus confirm the former opinions (Shirley and Rollinson 1979,
Ku&era 1989b) that the enzyme analysis cannot be the only method for species
differentiation and that it must be combined with other diagnostic characteristics
such as morphology of oocysts, approximate prepatent period and pathomorphological
findings on the gut of experimentally infected chickens.

The retrospective study of zymograms enabled to revise the previous survey
of enzyme variants found in Czechoslovakia (Ku&era 1990a). The presumed new
variant of E. acervulina coded LDH-C (Ku&era 1990a) proved to be LDH-6
of E. mitis. The variant from E. mitis coded GPI-C must be regarded as valid, be-
cavse the laboratory strain E. mitis-Bylany-ChE repeatedly passaged in chicken
embryos is also characterized by LDH-1 and GPI-C (Table 1). GPI-C is, however,
difficult to detect in mixture samples of E. mitis and E. acervulina, because the very
common variant K. acervulina GPI-7 has almost the same mobility.

It would be, therefore, desirable to verify the presence of GPI-C in purified cultures
of B. mitis. A distinctly different subband slower than GPI-6 occurred in two samples
" of E. brunetti (No. 7 and 8) in some experiments. Because this subband was not found
in some other experiments with the same cultures, it was probably an artefact. Re-
peated experiments also proved, that the presumed new variant E. maxima LDH-H
(Kutera 1990a) was in fact LDH-3.
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This publication is based on the conference,
organized by the World Health Organization
in Penang, Malaysia, in February 1988. The
first editor works at the Department of Zoology,
University of Glasgow, while the second one
is from the Division of Nutritional Sciences,
Cornell University in Ithaca/NY/. The' third
editor is from the Clinic of Parasitic and Tro-
pical Diseases of the Medical School in Poznan
and is known for his activities in the Parasitic
Disease Programme of the WHO in Geneva.
The conference, promoted by ICI Pharma-
ceuticals, followed one held in Canada in 1984.
Its results were published under the title
‘‘Ascariasis and its Public Health Significance”
by the same editors in the same publishing
house in 1985 (for review see Folia Parasito-
logica 34: 232, 1987). The present publication
is a team effort of 22 contributors, five being
from Great Britain, others from the U.S.A.,

the Philippines, Switzerland, Poland and
further from: Brazil, Tanzania, Burma, Ma-
laysia and Pakistan. In the welcoming address
Dr. H. Nakajima, the WHO Director for
Western Pacific, emphasized ascariosis as a very
important helminthosis in this region, espe-
cially with regard to those rural and semi-urban
areas with unsatisfactory environmental
hygiene. High rates of infection occur here in
connection with nutritional inbalance, intestinal
disorders and other complications. Heavy
infection in children causes retardation of
growth and development. Control measures
against ascariosis are to be aimed at the de-
velopment of mnational control programmes
within the framework of primary health care,
education and training of health personnel
and resource allocation. Opening articles empha-
#gize the high global prevalence of ascariosis,
affecting 22 9% of the world’s population,

199



	~LWF0255.pdf
	~LWF0256.pdf
	~LWF0257.pdf
	~LWF0258.pdf
	~LWF0259.pdf
	~LWF0260.pdf
	~LWF0261.pdf

