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In vitro production and partial purification of
Plasmodium falciparum antigen*

W. A. SIDDIQUI,' S. C. KAN, K. KRAMER,3 & S. M. RICHMOND-CRUM 3

A simple techniquejor achieving high yields ofPlasmodium falciparum parasites on a
continuous basis is described. The technique is applicabe in any laboratory. The culture ap-
paratus is also simple and inexpensive and allowvs mnltiple cultures to be run simnultaneously.
A total of approximately 1-2 x 10' parasites can be harvested per culture flask per week
requiring the use of only 40. 0 ml of culture medium (RPMI 1640), 5. 0 tnl of human sera,
and2.0 ml ofoutdated human whole blood. P. falciparum parasites (segmenterscontaining
individual merozoites) are cultured in vitro and concentrated 10-1S fold through the use of
discontinuous bovine serum albumin gradient centnfugation.
Commercial saponin is purified on a Sephadex 0-25 column. The haemolytic effect of

purifted saponin related to human red blood cell concentration is studied. Preliminary ob-
servations on the action ofsome synthetic detergents and enzymes on humzan erythrocytes
are also reported. Purified saponin is used to lyse red blood cells infected with in vitro
culiured P. falciparum for the preparation of merozoite antigen. Further purification of
parasite material is carried out by sucrose density gradient centrifugation.

For biochemical and vacci-ne studies of buman
malaria, large quantities of parasites (Plasmodiumn
falciparum) in mature stages are required. A few years
ago we reported in vitro cultivation of P.falciparum
giving high levels of parasitaemia (1). In that study,
the parasites were derived from Aotus monkeys and
the duration of the culture was limited to one schiz-
ogonous cycle. Trager & Jensen (2) showed for the
first time that P.faciparum could be propagated in
continuous culture in human erythrocytes. We report
here a simple technique for achieving high yields of
P.falciparun on a continuous basis. The population
of parasites in the continuous in vi-tro culture system
consisted predominantly of rings and trophozoites.
Schizonts and segmenters constituted only 10-20%
of the parasite population. In the absence of a syn-
chronous culture system, it is desirable to develop a
techmque for concentrating the merozoite-enriched
segmenter stage. In 1967, Rowley et al. (3) succeeded
in separating P. berghei-infected murine red blood
cells according to the developmental staees of the
parasite by ultracentrifugation on a continuous
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bovine serum albumin gradient. We report here an
improved version of this method that permits concen-
tration of the merozoite-enriched segmenter stage of
P.falciparuin obtained from continuous in vitro
culture.

Kreier (4) has recently reviewed the literature on
procedures for obtaining malaria parasites from in-
fected erythrocytes. With the exception ofa technique
for natural release of the merozoites of P. knowlesi
(5), all other methods described in the literature have
iInvolved the use of chemical or physical forces to
disrupt the host erythrocyte membrane so as to release
the contained parasites. Lysis of infected red blood
cells with saponin to obtain intraerythrocytic stages
of malarial parasites has been extensively used in
biochemical, immunological, and vaccination studies
(6-11). in the technique described here, purified
saponin is used to obtain the merozoite-enriched seg-
menter stage of in vitro cultured P.falciparum. A pre-
liminary report on the effects of some synthetic deter-
gents, proteolytic enzymes, and neuraminidase on red
blood cell lysis is also presented.

MATERIULS kND METHODS

In vitro culftivation
Medium. RPMI 1640 was obtained in powdered

form in pre-measured packets (10.4 g per packet, suf-
ficient to prepare 1 litre of medium). To one packet of
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powdered medium, 2 g of NaHCO3 and 5.95 g of
HEPES were added in a volumetric flask containing
slightly less than I litre of glass-distilled water. The
pH of the medium was adjusted to 7.45 and 200 000
units of penicillin G were added. The medium was
made up to 1 litre and sterilized through a 0.45-jm
Millipore fi'lter. The medium was then dispensed
aseptically into Erlenmeyer flasks and stored at 4°C
for up to 4-6 weeks.

Parasitized erythrocytes. Uganda-Palo Alto (FUP)
strain of P.falciparum has been maintained in our
laboratory for the last 10 years by serial passages of
blood-induced infections in Aotus trivirgatus. Since
May 1977, this strain has also been established and
propagated on a continuous basis in vitro in human
erythrocytes (type 0). It was from these cultures that
parasitized material was derived for the experiments
described here.
Normal erythrocytes. Outdated human blood

(type 0) was obtained from the Tripler Army Medical
Center, and the Blood Bank of Hawaii, Honolulu. It
was collected in the usual way in citrate-phosphate-
dextrose (CPD). It was transferred aseptically from
the collecting bag to flasks and stored at 4°C.
Human serum. The blood from volunteers (blood

type A) was collected without anticoagulant and kept
overnight at 4°C. The fluid portion from the collect-
ing bag was transferred aseptically into large centri-
fuge tubes and centrifuged. The serum thus obtained
was portioned out in 5-8-ml amounts and kept frozen
at -20 °C. Before use, the serum was thawed and kept
at4°C.

Cultivation procedure. Cultures were maintained
in 125-ml Erlenmeyer flasks containing 8 ml of
medium, I ml of serum and I ml of diluted parasitized

RED CELL LAER

Fig. 1. A simple culture system for the continuous in vitro
propagation of Plasmodium falciparum.

blood to give a fmal erythrocyte suspension of ap-
proximately 5% and an initial parasitaemia of 1-2'o.
The flasks (Fig. 1) were fitted with stoppers with entry
and exit ports of glass tubing, connected to the gas
cylinder (gas composition: 90% N2, 8% CO2, and
207. O,) by amber latex tubing.
The flasks were kept stationary at 37 °C during the

culture period, thus allowing the cells to settle to the
bottom. When the medium was changed, the flasks
were carefully moved to the culture hood area where
the supernatant fluid was removed aseptically with a
Pasteur pipette. At this time, blood films were pre-
pared for the evaluation of parasite growth and multi-
plication. Fresh medium and serum were then placed
in the flask, the cells were resuspended, and the flasks
were returned to the incubator.
During a 3-4 day culture period, parasitaemia rose

from 1-2fo to 10-20%. The cultures were then
diluted using the following procedure: First, the cul-
ture flasks were agitated gently so that the cells were
evenly suspended. The volume was then measured
and an aliquot was removed for the determination of
parasitaemia and red blood cell (RBC) count. After
allowing the cells left in the flasks to resettle, the
supernatant fluid was removed and the volume of the
remaining cells was measured. Normal blood (type 0)
was centrifuged at 1000 g for 10 mi and the plasma
and buffy coat were removed. The cells were then
washed 4 times with the culture medium, and diluted
to give a RBC count of approximately 5 x lO0/mm3.
The quantity of parasitized blood to be diluted with
I ml of this suspension was calculated from the
volume of culture fluid, parasitaemna, and RBC
count. The excess parasitized blood was then removed
from the flask, I ml of washed normal red blood cells
was added, anda slide was made for the determination
of parasitaemia. For most dilutions, the volume of
parasitized blood that was left in the flask was
0.05-0.2 ml, which, when combined with I ml of
normal blood, yielded a parasitaemia of 1-2% and a
507 red cell suspension after the addition of 8.0 ml of
medium and 1.0 ml of serum.

Haemolytic effect of detergents and enzymes
Detergents used in these experiments included sap-

onin (Harleco), Triton X-l00, sodium dodecylsulfate,
Lubrol WX, Hyamine Cl, Tween 20, Tween 80, Myrj
59, and Triton WR 1339. Enzymes used included
neuraminidase, pepsin, trypsin, chymotrypsin,
papain, and pronase. The normal human erythrocytes
used were from the same source as those used in in
vitro cultures of P.fakciparum whereas the P.falci-
parum-infected erythrocytes used were products of in
vitro cultures. Detergents or enzymes were added to
normal or P.falciparum-infected human red blood
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cells suspended in an 8.5 g/litre (0.85%b) solution of
sodium chloride. Cell suspensions were incubated at
37 °C for 30 or 60 mn and were centrifuged at 1000 g
for 10 min. The absorbance of the supernatants ob-
tained after centrifugation was then measured at
540 nm on a Gilford 2400-S spectrophotometer and
compared with that of 100%1o haemolysis. Samples
showing 100% haemolysis were obtamned by lysing the
same number of cells with distilled water.
Bovine serum albumin (BSA) gradient centrifu-

gation. Bovine serum albumin (Sigma, Cohn fraction
V) solutions were prepared as described by Leif &
Vinograd (12) with slight modifications. Instead of
using Amberlite resin, electrolytic contaminants were
removed by extensive dialysis against distilled water
prior to pH and tonicity adjustments. The dialysed
BSA solution was concentrated to a density of 1.10
g/ml (at 4°C) by ultrafiltration, using an Amicon
ultrafiltration cell, model 402 and a PM 10 mem-
brane. Sterile BSA solutions were prepared by filter-
ing through 0.45Sjm Falcon filter units after pH and
tonicity adjustments. BSA solutions with densities of
1.10, 1.09, 1.08, 1.07, 1.06 and 1.05 g/ml were layered
successively (7 ml of each), into a 50-ml plastic centri-
fuge tube to form a discontinuous gradient. In vitro
cultures of P.falciparum at a parasitaemia level of
about 20% were harvested. The red blood cells were
washed and resuspended in 8.5 g/litre (0.85%1)
sodium chloride solution, to about 3.5 x 109 cells/ml.
Two ml of the cell suspension were layered on each
BSA gradient. The loaded gradients were then centri-
fuged in an International centrifuge model PR-J with
a swing-bucket rotor at 4VC and at 1500 g for 60 min.
Separate bands obtained after centrifugaton were
then removed into separate tubes, washed, and
counted for total cells. Permanent slides were made
for determination of parasitaemia and a differential
cell count. All procedures were carried out aseptically.
Fractionation of saponin. Four ml of 50 g/litre

(5%o), aqueous solution of saponin were loaded on to
a 1.6 x 95 cm column of coarse Sephadex G-25, the
gel having been swollen and equilibrated in distilled
water. The saponin sample was then eluted witb dis-
tilled water and fractions of about 4.5 ml were col-
lected with a Gilson Mini-Escargot Fractionator' and
the ultraviolet absorbance of the eluant was moni-
tored with an ISCO absorbance monitor, model
UA-5. The haemolytic activity of the fractions col-
lected was measured as described above and the ab-
sorbance at 275 urn of each fraction was accurately
measured on the Gilford spectrophotometer.
Removal of proteins and sialic acids from the

plasma membrane ofred blood cells by the action of

a From Gilson Medical Electromcs Inc., 3000 West Beitline High-
way, Middleton, WI, USA

detergents and enzymes. Human red blood cell ghosts
(plasma membranes) were prepared as described by
Dodge et al. (13). The ghost suspension, after being
acted on by a detergent at 37 IC for 30 min or by an
enzyme at the same temperature for 60 min, was ana-
lysed for proteins by the method of Lowry et al. (14)
and for sialic acids by the method of Warren (15).

RESULTS AND DISCUSSION

In-vitro production of P. falciparum antigen
A typical record ofyields of parasites on a continu-

ous basis in our stationary culture flask system over a

Table 1. Continuousin vitro cultivation of Ptasmodium faici-
parum (Uganda-Palo Alto strain) line FUP/5-77 in human
erythrocytes type A. The line had been in culture since May,
1977

Erylhro- Total yield
Parasites cytes Parasites Culture of parasites
per 100 par ml per ml volume per culturs
erythro- culture culture per flask losk

Week Day cytes (x 10) tx 10 (mil) ix 10')

0 17 525 8 9 10.0 89 0
4 17 4 310 54.0 10.5 567 0
0 1.2 545 6.5 10 0 66 0

1 3 12.1 390 472 110 5190
0 0.9 485 4 4 10 0 440
4 14.9 340 50.7 10 0 607 0
0 0.5 550 4.4 10 0 44 0

2 3 11.5 420 48.7 10 5 5110
0 1.5 565 8 5 10 0 85.0
4 11.0 455 50 0 10 5 525.0
0 1.3 485 5.3 10 0 63.0

3 3 14.5 350 51.0 10.5 535.0
0 1.9 416 7 9 10.0 79.0
4 29 7 260 77 0 10 5 510.0
0 1.1 425 47 100 47.0

4 3 22.1 350 77 0 100 770.0
0 1.7 575 98 100 98.0
4 12.9 450 58 0 10 6 610.0
0 1.9 520 9 9 10 0 99.0

6 3 14.8 350 518 11.0 570.0
0 20 490 96 100 980
4 135 376 506 105 531 0
0 2 0 485 9.7 10.0 97 0

a 3 14 3 370 52.9 10.0 529.0
0 1 4 500 70 10.0 700
4 171 310 53.0 11.0 583.0
o 1.4 540 7 6 10.0 76.0

7 3 11.5 42D 48.3 10 5 510.0
a 0.9 525 4.7 10 0 47 0
4 14.8 375 55 9 10 5 587 0
0 12 450 54 100 540

a 3 167 315 526 11 0 5790
0 14 510 7.1 10.0 710
4 17 1 386 65.8 10.5 691 0
0 1 2 525 6.3 10.0 63.0

9 3 16 7 430 71.8 10.0 718 0
0 1 7 s5O 87 100 870
4 17.4 425 73 9 10 5 776.0
0 2.0 490 9.8 10 0 98.0

10 3 13.9 410 53 3 10.0 533.0
0 0.9 500 4 5 10.0 46.0
4 14.9 370 5b 1 11.0 606.0
O 10 540 5.4 10.0 54.0

11 3 15.3 405 62.0 100 620.0
0 1 9 450 8.5 10.0 B5 0
4 19 5 290 56 5 11 5 650 0
0 1 8 620 94 100 94.0

12 3 18 2 430 78 0 10 5 820.0
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12-week period is summarized in Table 1. The para-
sitaemia on days 0 was maintained at approxinately
0.8-2%, while on days 3 the parasitaemia ranged
from 11.6-22.1%, and on days 4 it ranged from
11-29.7%. The increase in parasitaemia for each
4-day period (Friday to Tuesday) averaged 14-fold,
and for the 3-day period (Tuesday to Friday) 10.5-
fold, resulting in a net total increase of 140-fold per
week. On days 0, the erythrocyte suspension was ap-
proximatply 5%, while on days 4 it dropped to 3.6%o
and on days 3 to 3.81o. The total yield ofparasites per
flask per week ranged between 1.0 and 1.6 x 109. The
peak parasitaemia remainedbelow 207o except during
the 4th week. By frequent changes of medium and by
the addition of red cell extract, parasitaemia can be
raised up to 40-60% but the erythrocyte population
decreases markedly so that there is very little gain in
the absolute number of parasites (Siddiqui, unpub-
lished results).

Table 2. Typical distributions of asexual stages of the para-
sites during continuous in vitro cultivation of PIasmodium
falciparum IFUP strain)

ParaMt Differentbal counts par 100 erythrocyts 8
per 100

Week Day ythr R T S, >S,

0 1.2 62 28 2 B
1 3 12.1 57 V7 5 11

0 1 9 50 25 10 15
4 4 29 7 49 40 3 B

0 1 4 47 38 4 11
7 3 115 64 16 2 1B

0 17 9 11 4 16
9 4 17 4 38 44 6 12

0 18 33 49 5 13
12 3 18 2 67 14 4 15

8 R ring forms, T = trophozoites, S, = 2-nucleated schizonts, >S. =
>2-nucleated schizonts

The distribution of intraerythrocytic asexual stages
of the parasites during continuous in vitro cultivation
was also monitored and a typical result is summarized
in Table 2. As is evident from the results, the popu-
lation of parasites in a continuous in vitro culture
system consisted predominantly of ring forms and
trophozoites. Schizonts and segmenters constituted
only 10-20/o of the parasite population. The number
of merozoites remained in the normal range, i.e.,
12-24 per segmenter. The distribution of asexual
stages obtained here is similar to that found in the
peripheral blood of P.fakciparum-infected Aotus
trivirgatus monkeys (16). It is also obvious that the
development of the intraerythrocytic stages was not
synchronous, although a 48-hour cycle was apparent.
The technique described here is simple and readily

applicable in any laboratory to the culture
P.falciparum on a continuous basis. The culture
apparatus, which is also simple, allows multiple cul-
tures to be run simultaneously. A total of approxi-
mately 1-2 x 109 parasites can be harvested per flask
per week, requiring the use of only 40.0 ml of culture
medium, 5.0 ml of human sera, and 2.0 ml of out-
dated human red blood cells. Jensen & Trager (17)
have used erythrocytes that have been stored in CPD
preservative for 3-4 weeks. In the present study the
use of erythrocytes stored for 6-8 weeks in CPD pre-
servative has been found to be suitable for growth and
multiplication of parasites.
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DISTFIBLMON OF DiSTRiBTiON OF
RED BLOOD CELLS SEGMENTERS

Fig. 2. Concentration of segmenters (containing individual
merozoites) of Plasmodlum falciparum from continuous
culture by discontinuous bovine serum albumin gradient
centrifugation. R = ring forms; T = trophozoites, S2 = 2-
nucleated schizonts; >S2 = >2-nucleated schizonts; FR =
fraction.

BSA gradient centrifugation of Plasmodium
falciparum-infected red blood cellsfrom
in vitro cultures
The result of a typical experiment is illustrated in

Fig. 2. A culture with a parasitaemia level of 20.7%o,
of which 6% were segmenters containing individual
merozoites, was separated into 4 fractions after low-
speed discontinuous BSA gradient centrifugation. Of
particular interest was fraction 2, which reached its
equilibrium position at the interphase between den-
sities 1.07 and 1.08 g/ml. This fraction consisted
of 1.9% of cells of the starting material. The para-
sitaemia of this fraction was enriched from 20.7% to
73% and the segmenters from 6W. to 93%. The yield
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of segmenters was 84.3%. No ring stages could be
found in slides prepared from this fraction.

Since the appearance of the work by Leif &
Vinograd (12), BSA has been and continues to be
favoured among cell biologists as a medium for
gradient centrifugation of cells, in preference to other
media, such as Ficoll, dextran, Stractan 1i, and
colloidal silica. Compared with most other media,
BSA is monodisperse, i.e., of uniform molecular
weight and has few toxic contaminants. Our present

method is an improvement over the early method by
Rowley et al. (3) in various aspects. Even with start-
ing material with a content of segmenters as low as

6%o, the product (fraction 2) is composed almost en-
tirely of segmenters (93%). The yield is amazingly
high. Most of the uninfected red blood cells are
removed. The product is therefore most suitable for
the preparation of merozoite antigen. Further, cen-

trifugation using a discontinuous rather than a con-
tinuous BSA gradient gives more repeatable results, is
less time-consunming, and can be carried outaseptically
with ease. Likewise, low-speed centnfugation is less
time-consuming than ultracentrifugation and is easier
to carry out. Our present method does not require
either an ultracentrifuge or a peristaltic pump with a
gradient maker. It can be carried out in most labora-
tories in developing countries as long as there is an
ordinary centrifuge equipped with a swing-bucket
rotor.
Though our main concern is the production of

merozoites as antigen for immunological studies, our
method can nevertheless be used for the separation of
different developmental stages of malarial parasites
for comparative biochemical studies and for ceIl cycle
studies. After BSA gradient centrifugation, either
fraction 2 (containing mainly segmenters) or fraction
4 (containing mainly ring forms and carly tropho-
zoites) may be used as a starting material for the study
of synchronization of in virro culture of the parasite.

Effects of detergents and enzymes on
red blood cells

The effects of various detergents and enzymes on
human red blood cells were studied and the results are
sunmnarized in Table 3. The detergents saponin,
sodium dodecylsulfate (SDS), and Hyamine Cl were
shown to be very potent lysins at a final concentration
of 0.05 g/litre (0.005%Wo). Triton X-100 was reasonably
potent whereas Lubrol WX was relatively mild.
Tween 20, Tween 80, Myrj 59, and Triton WR 1339
did not lyse red blood cells up to a concentration of
I g/litre (0.1%l). Saponin was most effective in the
removal ofplasma membrane proteins. Lubrol WX, a
non-ionic synthetic detergent, though a mnild lysin,
was found to be more effective in removing proteins

Table 3. Acton of detergents and enzymes on human red
blood cells a

Reroival of Removal of
Haemolyic membrane sialic

effect protein acid

DETERGENTS
Saponinr - + ~*1+ -
SDS + + + + - -
Triton X-100 -+ - -
Lubrol WX - *+ -
HyamineC1-C + + -
Tween 20, Tweer 80, Not Not
Myrj 59, clihol acid, - deternined delermined
Trton WR 1339

ENZYMIES.
Neuraminidase 4 + -4+ + + + +
Pronass -

Pepsin -

Trypsin - - -
Chymotrypsin - +
Papain - l-

a e + t + >95%, T + + 5-85-%, + - 20-45%, + <10%, - 0-1%

from plasma membranes than tle more potent lysins,
sucb as the anionic SDS and the cationic Hyamine
chloride.
None of the proteolytic enzymes studied caused

haemolysis, nor did they remove any considerable
amount of proteins or sialic acids from the plasma
membrane. Neuraminidase lysed red blood cells and
removed proteins from plasma membrane to a con-
siderable extent. It was, of course, expected to remove
sialic acids from the plasma membrane.

These experiments were conducted so as to provide
information for the design of a successful method of
preparation of merozoites free from host material to
be used for immunization experiments. It was hoped
that we might find a lysin or a combination of lysins
that would lyse red blood cells completely and would
break the plasma membrane of red blood cells down
into tiny debris easily separable from the parasite
unhurt by the action of the lysin(s). Failing that, we
could perhaps use a mild lysin or a combination of
mild lysins that would cause little haemolysis but
would remove a substantial amount of red cell mem-
brane components. The red cell membranes thus
u eakened could then be broken down by means of a
French pressure cell, by sonication, or by other
physical means into cell debris separable from intact
parasites. However. physical methods of cell break-
age, including sonication, osmotic shock or freezing
and thawing were not quite controllable in our hands
and the results were inconsistent: wve therefore aban-
doned this approach. As far as the extent of lysis
(udged both by haemolytic effect and by removal of
proteins) was concerned, none of the synthetic deter-
gents and the enzymes tested could match that of
saponin. We therefore concentrated our study on cell
breakage by saponin lysis to release parasites.

79



W. A. SIDDIQUI ET AL.

Fractionation ofsaponin by Sephadex G-25
column chromatography
The elution profile ofa typical column run is shown

in Fig. 3. The haemolytically active constituents of
commercial saponin were eluted in the void volume
with a relatively low absorbance peak at 275 nm. The
yield was over 95% and the potency of the pooled
fractions was about 3 times that of the crude saponin.
This preparation was found to be thermostable;
heating at 110 DC to dryness did not cause any loss of
haemolytic activity.
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Fig. 3. Elution profile of saponin on Sephadex G-25 column.
-D-O-o- % haemolysis.-- absorbanceat275nm.

Commercial saponins are commonly prepared by
extracting the inner bark of Quillaja saponaria with
hot alcohol. It is anticipated that the potency of
saponins from different manufacturers or that of dif-
ferent lots from the same manufacturer would vary.
Unfortunately, hardly any information on the source
of saponin is mentioned in the literature on the use of
saponin lysis for the preparation of malarial parasites.
Thus, even though the concentration of saponin used
is specified, little ground is provided for comparison.
We have a bottle of "purified" saponin (Baker)
which does not cause haemolysis at 0.1%o final con-
centration. While we made no attempt to purify com-
mercial saponins by laborious methods, such as
carried out by Higuchi & Kawasaki (18), a simple
column run to remove most of the non-haemolytic
impurities was certainly worth the effort.
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Fig. 4. Percentage haemolysis plotted against saponin con-
centration at different concentrations of normal human red
blood cell suspensions. Cell concentrations are as follows:
Curve I = 4.3 x 10ml; Curve 11 = 1.0 x 100/ml; Curve IlI
= 2.Ox 107/ml; Curve IV = 4.0x 106/ ml.

Haemolytic effect ofsaponin on normal and
Plasmodium falciparum-infected red blood cells at
different concentrations ofcell suspensions
Normal red blood cell suspensions of 4.3 x 10s,

1.0 x 108, 2.0 x 107, and 4.0 x 106 per ml were hae-
molysed by saponin at various concentrations. Fig. 4
shows the haemolytic curves as depicted by Thom
(19). As the number of cells per mililitre increases,
the curves shift towards higher concentrations of
saponin.

Fig. 5 shows a haemolytic curve of normal red
blood cells plotted alongside that of P.falciparum-
infected red blood cells. Normal cells were incubated
in the same way as cells in the in vitro culture of the
parasite prior to haemolysis experiments. Cell suspen-
sions of both were adjusted to 5.0 x 107 per ml. It can
be seen that compared with normal cells, parasitized
cels require higher concentrations of saponin to
effect the same degree of haemolysis.

Helenius & Simons (20) pointed out that "for
evaluation and reproduction of solubilization results,
it is not enough to state only the total detergent con-
centrations used without mention of the membrane
concentrations". Unfortunately, published works on
the use of saponin lysis for the preparation of malarial
parasites seldom mention the saponin/cell concen-
tration ratio.

It is not clear why parasitized cells require higher
concentrations of saponin for haemolysis. Perhaps,
as in duck red blood cells (21), the amount of free

IV)
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cholesterol in human red blood cells increases as a
result of malarial infection. More saponin is then
needed to bind to the increased cholesterol before
baemolysis can occur.

Unless proven otherwise, we believe that saponin in
excess may attack malarial parasites freed by saponin
lysis of the host cells. Further, there is no guarantee
that the nonhaemolytic portion of commercial sap-
onin would not harm the malarial parasite or would
not alter its antigenicity. While we do not claim that
our method of purification of saponin is the best pos-
sible, some method ofpurificationis needed if reliable
results are to be obtained. In deciding the concen-
tration of saponin to be used, both the saponin/cell
ratio and the saponin-parasitaemia relationship
should be taken into consideration.
The segmenter-enriched P.falciparum-infected

erythrocytes obtained from BSA density gradient
centrifugation were subsequently lysed with a con-,
trolled amount of purified saponin. The parasites
thus released were separated from cell debris and
lysate as described (10). By means of the above tech-
niques, we are able to accumulate enough purified
merozoite antigen for immunizaton studies.
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Fig. 5. Companson of haemolytic action of saporiin on
normal and Plasmodium faiciparum-infected human red
blood cells. Circles = haemolytic curve of normal red cells;
squares = haemolytic curve of infected red cells.

RESUME

PRODUCTION IN VITRO ET PURIFIC.AT1ON PART]ELLE D'ANTIGNIE DE PLASMODIUMFALCIPARUM

Les auteurs presentent une technique simple pour obtenir
des Plasmodium falciparum en culture continue a haut
rendement, technique qui peut etre appliqu6ec dans n'importe
quel laboratoire. L'6quipement ntcessaire est 6galement
simple et peu cofiteux, et permet d'effectuer des cultures mul-
tiples simultan6ment. Un total d'environ 1-2 x 109 parasites
par semaine peut 8tre r6colt& pour chaque flacon de culture
avec 40,0 ml seulement de milieu de culture (RPMI 1640),
5,0 ml de serum humain et 2,0 ml de sang humain entier
p6rim6. Les formes de segmentation contenant des
m6rozoites qui sont rtcolt6es au moyen de la culture in vitro
peuvent presenter une concentration de ID A 15 fois supe-
rieure apr6s centrifugation de la suspension d'6rythrocytes

infectEs obtenue dans un gradient discontinu de
sbrurnalbumine bovine.
Pour lib6rer Ies merozoites contenus dans les cellules-

hotes, on a eu recours A Ia saponine. La saponine du com-
merce a ete purifie sur une colonne de Sephadex G-25.
L'effet hemolytique de la saponine purifie, a 6t6 ftudi6 en
fonction de la concentration des krythrocytes humains. Des
observations preNiminaires sur l'action de certains d6tergents
syntheitiques et enzymes suir ces cellules sont aussi rapport6es.
Pour obtenir une purification encore plus poussee du mat6-
riel parasitaire. on a proced6 A une centrifugation dans ur
gradient de densit6 a base de sucrose.
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