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Synthesis of Plasmodium knowlesi polypeptides in a
cell-free system* M. JANE Ewmr, L. TAPPENDEN, & K. N. BROWN'

Preliminary results are presented concerning the characterization of Plasmodium
knowlesi antigens. RNA with messenger activity has been e-xtractedfrom P. knowlesi and
translated in a rabbit reticulocyte cell-free system. The products of this system have been
analvsed both before and after precipitation with specific P. knowlesi antiserum and many
polypeptides ranging in molecular weightfrom over 100 000 to approximately 20 000 have
been found. A good correlation was found between these results and those obtained by
McColmn with in Nitro labelling of P. knowlesi with (31)-isoleucine. The majorpolypeptide
in both systems had a molecular weight ofabout 50 000-55 000. These results indicate the
parasite origin of the antigens.

As the malaria parasite progresses through its life
cycle it undergoes a number of changes (1). These
changes involve not only different morphological
forms but also changes in antigenicity (2).

Several different classes of antigen have been ident-
ified from Plastodium falciparum and have been
partially characterized (3-5), but it is not clear
whether all these antigens are of parasitic or erythro-
cyte origin. As with trypanosome infections, malaria
parasites are capable of undergoing antigenic vari-
ation (2). This variation has been demonstrated by
the schizont-infected cell agglutination (SICA) test
(6), but the variable antigen has not yet been charac-
terized.

It is the purpose of our work to investigate the oc-
currence of malarial antigens both common and vari-
able. For this we have examined P. knowlesi proteins
indirectly through P. knowlesi RNA, and directly by
extraction, fractionation, and analysis of parasite ex-
tracts. This report is solely concerned with the work
using P. knowlesi RNA.

MATERIALS AND METHODS

L-(35 S)-methionine (specific activity: 18.5-22.2 x
10 Bq (500-600,u1Ci) per mmol) was obtained from
the Radiochemical Centre, Amersham, Bucks, Eng-
land, biochemicals from Sigma, London, England,
and chemicals from BDH, Poole. Dorset, England.
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Preparation of cells

P. knowlesi: Macaca mulatta approximately 3 kg in
body weight were infected with a reference stabilate
of cryopreserved parasitized blood of the Nuri strain
(6). Parasitized erythrocytes, predominantly large
trophozoites and early schizonts, were isolated
according to the method of Brown et al. (6), except
that the temperature was maintained at + 2 °C
throughout.

RNA preparation
The parasitized cells were resuspended in a buffer

(pH 7.4) containing 0.3 mol of sucrose, I mmol of
EDTA, and 0.01 mol of Tris-HCl per litre, pelleted by
centrifugation at 1500 g for 5 min, resuspended in an
equal volume of the same buffer. and disrupted by
freezing (with solid carbon dioxide) and thawing
several times. The unbroken cells and cell debris were
removed by centrifugation at 30 000 g for 20 min, and
RNA was extracted from the supernatant using a
phenol/chloroform method described by Berridge et
al. (7). RNA was precipitated overnight at -20'C by
the addition of 2.5 volumes of ethanol, then pelleted
by centrifugation, washed twice with ethanol and
once with an ethanol-ether mixture (1:1); it was then
ready for assaying for messenger RNA activity.

Rabbit reliculocyte in vitro assay

The rabbit reticulocyte cell-free protein synthesiz-
ing system was prepared and set up as described by
Eggitt et al. (8), based on the methods of Clemens et
al. (9), Pelham & Jackson (J0), and Hunt et al. (11).
18.5 x 104 Bq (5 tCi) of (35S)-methionine and 26 pg
of P. knowlesi RNA were added to 100 pi of cell-free
assay preparation.
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Fig. 1. Autoradiograph of an SDS-10% polyacrylamide gel
on which total cell-free products were analysed.
A = cell-free system + no RNA
B = cell-free system directed by Trypanosoma bruceiRNA
C = cell-free system directed by P. knowles, RNA.

Soddium dodecyl sulfate-polyacrylamide gel
electrophoresis
Sodium dodecyl sulfate-polyacrylamide gel electro-

phoresis (SDS-PAGE) was performed as described by
Laemmli (12).

Specific P. knowlesi antisera

Scbizont-infected cells isolated according to Brown
et al. (6) were freeze-thawed 3 times as a source of
antigen. A 3-kg rhesus monkey wasinoculated intra-
muscularly with 2.0 ml of this concentrated ceH
material incorporated in an equal volume of Freund's
complete adjuvant, followed 14 days later by a similar
inoculum in incomplete adjuvant. The immunity of
the monkey was subsequently boosted on two
separate occasions by injections of alum-precipitated
antigen. Sera from 2 monkeys were used, one immu-
nized with antigen from parasites of the same variant
type (NKI) as used for a source of RNA, the other
with antigen from a different variant (NK4), Isolated
by the technique described earlier (6).

RESULTS

RNA was extracted from P. knowlesi as described
in the "Methods" section, and was translated in a
reticulocyte cell-free system. The total products of
this system were analysed by SDS-polyacrylamide gel
electrophoresis and the results are shown in Fig. 1,
together with those for controls in which no RNA or
Trypanosoma brucei RNA were added to the cell-free
system.

Cell-free assays were set up as above using
P. knowlesi RNA, and specific malaria products were
precipitated with anti-P. knowlesi serum. The prod-
ucts were analysed by gel electrophoresis and subse-
quent autoradio' aphy (Fig. 2). Controls were
included as described in the legend to Fig. 2.

Total counts in material precipitated from 100 pl of
cell-free assay systems by means of trichloracetic acid
or antisera are shown in Table 1.

Table 1. Radioactivity in material precipitated from the cell-
free system by means of trichloracetic acid (TCA) or antisera

cpr in cpmm in
cpma in TCA P knowksf normnal nonkey
preciptelaes antiserum serum B/A x 100

RNA (A) precipitates (8) precipeates (BI M%

Pkkowl 397 140 51 030 - 12 8
Pknowkso 308 590 - 1550 5 0

No RNA 76 900 4 220 - 55
NoRNA 79340 - 4660 59

8 Counts per minute.
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Fig. 2. Autoradiograph of an SDS-7 5% polyacrylamide gel on which various serum-precipitated products of the cell-free
system were analysed.
A = cell-free system + no RNA/P. knowles! antiserum
8 = cell-free system + P. knowlesi RNA/P. knowlesi antiserum
C = cell-free system + P. knowlesi RNA/normal monkey serum
D = cell-free system + P. knowlesi RNA/trypanosome antiserum.
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A comparison has been made between the results
obtained in the cell-free system using P. knowles,
RNA and the results McColm obtained by in vitro
labelling (with (3 H)-isoleucine) of P. knowlesi para-
sites (13). Specific products of the cell-free system
precipitated by malaria antiserum and total products
from the in vitro labelling with (3 H)-isoleucine were
analysed by gel electrophoresis (Fig. 3).
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Fig. 3. A comparison of in viro labelled protein from para-
sitized red cells (13) and antisera precipitated products from
the cell-free system.

Triangles: total protein from parasitized cells labelled in
vitro with (3H)-isoleucine; black squares; cell-free system +
P. knowles, RNA/P. knowfesiantiserum; open squares; cell-
free system + P. knowlesi RNA/trypanosome antiserum.

Molecular weight markers: BSA - bovine serum albumin
- MW 68 000; LDH - lactate dehydrogenase- MW35 000;
Cyt c-cytochrome c-MW 12 400.

Cell-free assays were set up using P. knowlesi RNA
from one variant and homologous and heterologous
antisera were used to precipitate malarial products.
The results did not reveal any significant differences
bctween the precipitated products.

DISCUSSION

The rabbit reticulocyte cell-free system is a very
efficient protein synthesizing system, which is capable
of processing a whole range ofmRNAs. Pretreatment
of the reticulocyte lysate with a Ca+ +-dependent
nuclease (10) before the translation begins greatly
reduces endogenous background activity. As can be
seen in Fig. 1, total RNA from P. knowlesi-
parasitized cells stimulates the incorporation of
(36 S)-methionine into a range of polypeptides. These
polypeptides are compared with those obtained when
RNA from T. brucei was added to the cell-free
system. The patterns are distinct for the particular
RNA used, although some common bands can be
seen.
Many of the polypeptides synthesized in the cell-

free system are antigenic, as shown in Table 1 and Fig.
2, where products were precipitated with trichlora-
cetic acid, specific P. knowlesi antiserum, or normal
monkey serum. These antiserum-precipitated prod-
ucts also compare well with the results obtained by
McColm (13) when parasitized red cells were labelled
in vitro with (3 H)-isoleucine. A range of polypeptides
with molecular weights ranging from over 100 000 to
around 20 000 were found in both the cell-free assays
and after in vitro labelling of parasitized cells. The
major product had a molecular weight of about
50 000-55 000 (peak f in Fig. 3). This correlation is
important as it is essential that the cell-free system
should provide a reasonably accurate view of the
protein synthesis that occurs within parasitized cells.

Having shown that the mRNA assaying system was
satisfactory we tried to detect the synthesis of variable
antigen by using RNA from one variant and precipi-
tating products using homologous or beterologous
antiserum. This did not, however, yield any conclu-
sive results. No easily detectable differences were ob-
served between the two polypeptide patterns in SDS-
polyacrylamide gels.

It has been assumed throughout that the variable
antigen is a polypeptide portion from either a glyco-
protein or a protein. It could, however, be another
component, such as a carbohydrate, but this seems
unlikely as carbohydrates lack the adaptability of
polypeptides. Even one different amino acid in a
polypeptide could cause a change in conformation of
a protein, and so lead to a change in antigenicity. It is
for this reason that the variable antigen is believed to

I
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be a polypeptide, and therefore the cell-free protein-
synthesizing system is an ideal method of assaying
for it.
Another problem that we have come across is the

likelihood that the antibody (or antibodies) to the
variable antigen(s) is a nonprecipitating antibody, or
is directed at a configuration formed by combined
parasite antigen and erythrocyte membrane com-
ponents, in which case it would be impossible to visu-
alize the product on an SDS-gel. The solution to this
problem is to compare a gel on which total cell-free
products have been analysed with a gel on which anti-
serum-precipitated products have been analysed, and
look for a missing band. In Fig. 3 certain bands
appear to be absent from the antisera-piecipitated
cell-free products, i.e., bands "a" and "'e". but this
apparent difference is due, in part anyway, to the gel-
slicing technique. Autoradiographic comparisons

provide a more accuraLe method for comparing
results. Apart from the possibiliy that the variable
antigen is not precipitable by antibody, there is also
the possibility that only a small quantity of antigen is
produced and that it is masked by other proteins
present. It is hoped that by combining improved RNA
extracton techniques with an increase in the quantity
ofmatenal analysed on SDS-gels (i.e., by oveiloading
the gel for most proteins), minor bands may become
visible.

Despite the difficulties in detectmg variable anti-
gens in the cell-free system, these iesults indicate the
parasite origins of many antigens from infected
erythrocytes. Further work is stll going on using this
indirect method of investigating malarial antigens,
and work is also in progress using the more direct
approach of extraction, fractionaton, and analysis of
parasite material.

RESUMN

SYNT1-tSE DE POLYPEPTIDES DE PLASMODIU. KNOWLESI DANS UN SYSTEME ACELLULAIRE

Les r6sultarLs pr6liminaires d'epreuves visanL a caract6riser
les ant1genes de Plasmodium knowlesi-dont certains
peuvent varier selon le stade du parasite-sont exposEs. Dc
I'ARN messager a ete extrait de P. knowiesi et transfere dans
un syst6me A base de reticulocytes de Japin-systeme particu-
lh6rement efficace pour la synth6se des proteines-apres lyse
des cellules et avec adjonction de (35 S) methioninc. L'analyse
des produits du systcme par 6lectrophor6se en gel de dod&cyl-
sulfate de sodium-polyacrylamide avant et apr6s une
epreuve de pr6cipitation avec un antiserum sp&fifique de
P.knowlesi a perinis de d&celer la presence d'un grand
nombre depolypeptides d'unpoids mok*culaire variant entre

plus de 100 000 et environ 20 000 On a constate une bonne
corrNlalLon entre ces resultats et ceux obLcnus par McColm
apres marquage in vitro deP knowlesr par la (3 H) isoleucLnc.
Dans les deux systWmes, le polypeptide principal a un poids
molculaire se situant vers les 50 000-55 000. Bien que les
essais n'aient pas encore petmis d'observer la synthise d'un
antigene variablc, il y a LOUL lieu de penser que celui-ci est un
polypeptide en raison de l'adapEabilite de ce compos6. Quoi
qu'id en soit, l'origine parasitaire de nombreux anfigQnes de
l'rythrocyce infect& est des a pr6sent etablbe par ces
expenences.
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