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ENZYME VARIATION IN PLASMODIUM BERGHEI

R. CARTER*
Protozoan Genetics Unit, Institute of Animal Genetics, University of Edinburgh

Since 1960 a number of isolations of Plasmodium berghei have been made from
different regions of Africa. The purpose of the present work was to make a comparative
study of the electrophoretic mobility on starch gels of some enzymes of a selection of
strains derived from these isolations.

Materials and methods

Strains. The strains of P. berghei used in this study are listed in the Table.

Preparation of free parasites from blood stages. For the purpose of this
work the most easily prepared material was that from the blood stages of the parasite in
laboratory mice. To obtain preparations from each strain 5-7 outbred male mice,
20-35 days old, were used. The mice were inoculated intraperitoneally with 0-1 ml.
of infected blood diluted 1 : 10 in citrate saline (0-9%, NaCl, 1-59%, Na citrate adjusted
to pH 7-2). When parasitaemia had reached a level of at least 5%, the mice were
etherized and bled from the brachial vessels. A little under 1 ml. of blood was collected
from each mouse. The blood was transferred immediately into an equal volume of
citrate saline and 4%, calcium chloride was added (one tenth of the volume of citrate
saline). Each preparation was then shaken manually with 3 mm. glass beads for 10
minutes, until the beads had clumped with precipitated fibrin. This procedure removed
platelets from the blood. Each defibrinated sample was filtered through glass wool and
centrifuged at 1,000 g. for 5 minutes, yielding a brown layer of parasitized cells on top
of uninfected erythrocytes. The brown layer was resuspended in up to 10 ml. of
phosphate saline, pH 7-4 (KreBs and EGGLESTON, 1940) and recentrifuged at 1,000 g.
for 5 minutes. The final parasitized layer was resuspended in phosphate saline (109, v/v).

The parasites were freed from the erythrocytes by immune lysis by the method of
BowMAN, GRANT and KERMACK (1960), using specific anti-mouse erythrocyte serum
with preserved guinea-pig serum as a source of complement. After lysis, parasites were
freed from the red cell stroma by vigorous manual treatment with a teflon pestle. One
drop of antiserum was added and the samples were allowed to stand for about 10
minutes until the stroma had flocculated. Each sample was then centrifuged at 300 g.
for 30 seconds. The supernatants, containing most of the freed parasites, were retained
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and another drop of antiserum added to each. The sediments were suspended in about
5 ml. phosphate saline and again broken up with the teflon pestle, treated with antiserum
and centrifuged as before. The combined supernatants, to which a further drop of
antiserum was added, were allowed to stand for about 10 minutes and again centrifuged
at 500 g. for 30 seconds. The final supernatant was centrifuged at 5,000 g. for 10
minutes, yielding a hard packed, dark brown pellet of parasites.

By this method parasite preparations entirely free from contamination with platelets
and with very little contamination from red blood cells were obtained. No precautions
were taken against contamination by white cells, but these were estimated to be less
than 109, of total cell mass by examination of preparations under a phase contrast
MiCroscope.

TaBLE. List of strains and their origins

Subspecies Strain Locality of collection

NK65 River Kisanga, Katanga

P. b. berghei Anka River Kasapa, Katanga
RLLL River Kisanga, Katanga
17X B Bangui, Central African Republic

P, b, yoeli gg)}é :; z: z: ::
32X » » » »
86X » » » »

P. b. killicki 194727 Brazzaville, Congo

“P. berghei-like’’ parasite o N67 Ilobi Forest, Nigeria

The “P. berghei-like” parasite is an unclassified strain of P. berghei isolated in 1967
(K1LLIck-KENDRICK et al., 1968).

The final pellet was resuspended in about 5 volumes of phosphate saline and stored
at 0° to 5°C. until required for use. For most enzymes examined samples could be
stored in this way for up to 5 days without significant loss of activity, as judged by the
intensity of band staining after separation by starch gel electrophoresis.

Samples of unparasitized mouse blood diluted 1 : 5 in citrate saline were used as
blood enzyme controls.

Lysis of all samples prior to electrophoresis was achieved by adding 5%, Triton X
to a final concentration of 19, in resuspended parasite preparations. Each sample was
then centrifuged at 5,000 g. for 5 minutes and the clear supernatant decanted.

Electrophoresis and staining of enzyme bands

Samples were separated by horizontal starch gel electrophoresis on the same day
as lysis of the samples. Strips of filter paper were soaked in extract samples and
inserted into slots in the gel along the line of origin (see Fig. 1). During electrophoresis
the gels were maintained at 3” to 5°C.  For a full description of the general technique
see SMITH (1968).
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Glucose phosphate isomerase : 50 mg. D-fructose-6-phosphate, 6 mg. NADP, 30 mg.
MgCl,, 2 units glucose-6-phosphate dehydrogenase, 1 mg. phenosine methosulphate,
5 mg. MTT—tetrazolium made up to 30 ml. in 0- 1M tris HCI at pH 8- 0; gels incubated
at 37°C. for about 2 hr.

Results

In a preliminary investigation extracts of P. berghei were tested for the activity of
about 20 enzymes, after electrophoretic separation on starch gels. In order to demon-
strate the presence of enzymic activity specific to the parasites it was necessary to show
not only that enzymic activity existed in the parasite extract but also that this activity
was not a product of residual contamination by blood enzyme. This was easy to
demonstrate on starch gels for the four enzymes included in this study, as the mobilities
of the host and parasite enzymes could be clearly seen to be different in most cases,
using as controls enzymes of unparasitized blood. The single exception is the adenylate
kinase band of the three strains of P.b. berghei which migrates at an almost identical rate
to that of the blood enzyme under the conditions of electrophoresis used in this work.

Fig. 1 shows the results for glucose phosphate isomerase from 4 strains of P. b. yoelii,
from blood and from a mixture of blood and the 4 parasite extracts. The distinction
between the blood and parasite enzymes is clear, and all but one of the parasite extracts
show no trace of the blood enzymes.

Of those enzymes which were shown to be present in the parasite extracts and
distinct from the host enzyme the following were chosen for inclusion in this study:

Glucose phosphate isomerase,
Adenylate kinase,

6-phosphogluconate dehydrogenase,
NAD dependent malate dehydrogenase.

Fig. 2 summarizes the observations on the electrophoretic forms of these enzymes
in the 10 strains of the P. berghei complex. These results fall into two categories:

(1) enzymic differences between subspecies
(2) enzymic differences within subspecies

Enzymic differences of the first category are shown by comparing the three strains
of P.b. berghei with P.b. yoelii, P.b. killicki and the “P. berghei-like” parasite. It will
be seen that P.b. berghei differs from all the other subspecies in regard to all 4 enzymes.

Variants of glucose phosphate isomerase constitute the second category. There are
two migratory forms among the strains of P.b. yoelii, a fast moving form designated
GPI-1 and a slow moving form designated GPI-2. The single strains of P.b. killicki
and the “P. berghei-like” parasite contain the types GPI-1 and GPI-2, respectively.
Fig. 1 shows these variants in 4 strains.

Discussion

The material examined in this work is representative of all known forms of P.
berghei. The findings confirm the distinction between the subspecies P.b. berghei and
the other subspecies, but do not show any differences between P.b. yoelii and P.b.
killicki. On the basis of our results the “P. berghei-like” parasite from Nigeria belongs
to the same enzymic class as P.b. yoelii and P.b. killicki.
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With the exception of glucose phosphate isomerase the enzymic patterns of all
strains of P.b. yoelii, P.b. killicki and the “P. berghei-like” parasite were identical for
each enzyme studied. The strains of P.b. berghei were distinct from the other 3
subspecies in regard to all 4 enzymes. 2 migratory forms of glucose phosphate iso-
merase were identified among the strains of P.b. yoelii, P.b. killicki and the “P. berghei-
like” parasite.
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