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Qualitative Analysis of Phospholipids Isolated
from Nonviable Plasmodium Antigen?

Raana Beckwiti, Rosinrt H. ScrenkeL, axp Pavrn H. SILVERMAN

Department of Biology, Unicersity of New Mexico, Albuquerque, New Mexico 87131

( Submitted for publication February 4, 1974)

Becxwitn, Raana, Scuenker, Rosenr 1, Axp Siuvenyras, Pave H. 1975, Quali-
tative analysis of phospholipids isolated from nonviable plasmodium antigen. Expen-
mental Parasttology 37. 164-172. Plasmodm bergher infected mouse blood, and
Plasmodm knowlest infected monkey blood were processed by the French Press to
prepare Antigen “A,” a paraaitic fraction known to impart yimmunity, and Antigen
“B,” a byproduct of Antigen “A” production Normal mouse erythrooy te material was

alsu prepared.

The hpodal matenal from these preparations was extracted uvang chloroform:
methanol (1 1) and concentrated under mtrogen This matenal was resuspended in
chloroform and thi-layer chromatography was used to sepurate and adentify the
phospholipids theremn  Antizen “A” contamed sphingomyvelin, phosphatids lchohne,
phosphaty dylimoesitol, and phosphatidylethanolanune  Anticen “B,)” and  uminfected
mouse crythrocytic matenial, contined  sphingomyelia, phosphatidylchohine, phos-
phatidylserine, phosphatidy lethanolamme and possibly pliosphatidy inositol The ab-

sence of phosphatids lsenne 1in Antigen

“A” ats prescnee i Antgen B, and

in normal mouse matenal dicates that the protectne Antigen “A” 15 free of host

ervthrocytic membrane fragments.

Inprx Discrwrions  Plasmodium berghes, Plasmoadium knowlest, Membranes,
Antigens, Phospholipids, Host ery throcy tic cor tominants, Thin-lay er Chromatography,

Immunity.

Present and future attempts to control
malaria will most hikely mvolve the use of
vaccines  Anligenic  preparations,  from
Plasmodium  berghei (1) Antonio et al.
1970) and Plasmocim knowlest { Schenkel
et al. 1973), have been shown to be cffec-
tive vaccines.

The purpose of tlns research is to ana-
lyze the phospholipid content of the plas-
modial antigens prepared by Schenkel et
al. (1973) (Fig 1), and m <o domg to
determine the extent of red blood cell
membrane contammation in the antigen

1 This ivestigation was funded by the Ageney
for International Developiment, United States De-
partment of State, Contract No  AlD/csd-3689.

MaTeriaLs Axp METHODS

Antigen

Antigen “A” from Plasmodium berghei
and P. hnowlest was prepared according to
the method of Schenkel et ol (1973). The
French Presswe Cell and Press was used
to dwintegrate both imfected and normal
host 1ed blood cells at 530 pst The effluent
fron the press was centubnged at 1020 g
for 10 mm, and the superatant from this
recentifuged at 16,000 ¢ for 15 mm. At
this pomt the parasite fraction, in the sedi-
ment, was used to prepare Anligen “A
The supernatant contammg host red blood
cell stroma was centrifuged at 30,000 g for
20 mm. The sediment was discarded and
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Silverman 1973)

the supematant was subjected to molecular
sieve chiomatogiaphy to separate Antigen
“B” from the hemoglobhm frachion, as dem-
onstrated i i 10 Monse normal aed
cells (mouse,) were prepared from unin-
fected, normal mouse blood e a fashion
similar to the preparation of Antigen "B

Plates

Conmeraally prepared sihea gel 'THG
plates 20 ¥ 30 am (without {luorescence
indicator) were obtamed from M Labora-
tories (Ehnstord, N. Y.). These were cut

Retarded Fraciions
Non Protective

Anticeme preparation usmy the French Press method (Schenkel, Simpson and

mto 10 x 10 em squares and the origins
for spots were marked in pencil. Immedi-
ately before cach plate was used, it was
heated at 1O C for one hour to drive out
fined (Wien 1960). Tt was ihen
cooled at 100m tenipaature for 30 min,
danmg which time the antigen was pro-
cossed for ipnd analdy sis

water

Antigenic Lipid Inxtraction

Smee no dfterence in phospholipid con-
tent wis observed between fresh frozen,
or lyophilized antigen, the material was
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Fic. 2. Pb “A” and Pk “A” are Antigen A prepared from Plasmodium herghei and Plas-
modium knowles! infected blood, developed m C M AW (25 15 4 25 and visuahized with

sulfuric acid spray. Abbreviations,
Pl = phosphatidylmoaitol, PS =
or absence of the mdicated phosphatide, ST =

used most often in a lyophilized state. The
following procedure was carried out at
room temperature,

Lyophilized antigen (stored at =20 C)
was reconstituted to ity original velume
using double distilled water. From  this
material 1.0 ml was centifuged at 160 ¢
for six minuies. The supernatant  wos
placed in a 5.0 ml screw cap tube and 1.0
ml of methanol was added. The tightly
capped tube was then agitated for 10 see-
onds at sctting No. 5 on a Supcar-Miver
(Matheson  Scientific,  Chicage,  Ihnois).
To the aqueous—-methanol solution was
added 1.0 ml of chlotoform and this solu-
tion was agitated at No 3 for oue minute.
The mixture was centrifuged at 200 ¢ fo
six minutes, Using a disposable pipet, the
chloroform layer, contamning the lipids, was
removed from the resultant biphasic sys-

PC = phosphatidslchohne,
phosphatidylserme,

PE. = plhiosphatidy e thanolamime,

SEN = sphineonneln, 2 = the presence
I

= combined standards

tem, and transfenied to a clean, dry 3-ml
beaker. The content of the beaker was
tahen to dryness under a gentle constant
stream of nitrogen

Phospholipid Separation

The lipid material was resuspended in
appronimately 100 p1 of chlototorm. Cali-
brated 5 il pipets were used to apply the
sample ws a 13 4l spot (the aest of the
chlorofonm evaporated) on a silica gel
plate heated and cooled as previously de-
scrthed, Spots were placed 15 amapart
and 2 «am trom the bottom edge, Each
13-4 spot 1epresented the total hpid con-
tent from LO ml of antigen,

After spotting, the plates were diied at
room temperature for three to five minutes
and developed in a glass chromatographic
chamber cquilibrated with deseloping sol-
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are Antigen A prepared from Plasmodium bergher and Plas-
modium knowlest mfected blood, d(\(]np((l m GV
= phosphatuy I nolme, PR =

(2515 £.2) and visualized with

phosphatidy lethanolamme,

Pl = phosphatidylinositol, PS = plmsph.lh(l)Iwmu-

vent for 30 mm immediately prion to use,
Phosplohpid separation was achieved by
one dimensional ascending chromatography:.
One molbrle phase was used per plate, The
solvent giving the best 1esult was chloro-
form—methanol-acetic acid-water (25:15:
4:2) (Skipski et al 1961). The solveat hront
was alowed to nugrate 10 em, whereupon
the plate was removed from the chamber
and placed on a hot plate for two minutes
at 37 C.

Visualization and ldentification

A 500 aqueous sulfuric acid  spray
(Marinetti 1962, Wallace ef al. 1965) was
used due to ity high semsitivity to organic
substances and its permaneney, The plate
wits sprayed for about 30 sce and then
heated in an oven at 110 C for five minutes,

A preparation of mnhydrin in 059 butanol
(Nutritional Biochemicals, Cleveland, Ohio)
was used as a special test for phospholipids
witle free ammo groups like phosphatidyl-
serine and phosphatidy lethanolamine, The
plate was heated at 70 C for five minutes
before and after the spray was used.

Pure samples  of  phosphatidylcholine,
phosphatidy lethanolamme,  phosphatidyl-
inositel, phosphatidy lserme, and sphingo-
mycelin were obtained from Applied  Sci-
ences  (State College, Penna ) to verify
antigenic phospholipid identfications. Ra-
tio of fractions {(nr) values were calenlated
for these pure samples and {or those of the
antigen phospholipids,

Rusunas

Figures 2 and 4 show that Antigens “A”
and “B” are siniilar in phospholipid con-



168

tent. But Figs. 3 and 5 demonstrate the
absence of phosphotidylscrine in Antigen
“A” and its presence in Antigen “B.” The
mouse erythrocytic fraction (mouse,) is
the same in phospholipid content as Anti-
gen “B” as indicated in Figs. 6 and 7.

In summary, Antigen “A” from P. herghei
and P. knowlesi infected blood shows
sphingomyelin, phosphatidy Ichohne, phos-
phatidylinositol, and phosphatidy lethanola-
mine. Whereas Antigen "B” from the two
specics, and mouse, has sphingomyvehn,
phosphatidylcholine,  phosphatidy Iserine,
phosphatidy lethanolamine, and  posably
phosphatidylinaositol.

DiscussioN

Killby and Silverman (1969) through
EM studics observed that the parasites
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freed from erythrocytes by mcans of the
French Press appcear to be free of host red
blood cell membrane fragments. The re-
sults of this rescarch further suggest the
lack of red cell membrane eontamination
in the antigen prepared as deseribed by
Schenkel et al (1973). Antigen “A” con-
tams no phosphatidylserine, whereas  its
presence 1s casily demonstrated in Antigen
“B” and i umnfected mouse RBC Both
Rock et al. (1971) and Zecuw et al (1973)
demonstrated  the  enistence of  10-127%
phosphatidslserine in plasmodial mfected
or uninfected monkey  ervthroestic mem-
brane. They also stated that this class of
phosphatide is virtually absent in the para-
site. The results of this stud. prove the
existence of phosphatidylserme m normal
mouse red blood cells Smce 9776 of all
phospholipids are m the cell membrane
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Fic. 4. Pb “B” and Pk “B” arc Antigen B prepared from Plasmodium bergher and Plus-
modium knouwlesi infected blood, developed in C.M.AW (25.15.1.2) and visnahzed with
sulfuric acid spray. Abbreviations. PC = phosphatidyIcholine, PE = phosphatidy lethanolamine,
Pl = phosphatidylinositol, PS = phosphatidy lserme,  SPN = sphingomyclin, ? = the presence

or absence of the indicated phosphatide.
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1. 5. Pb “B” and PR ©
ninhydrin. Abbreviations.

(Van Deenen and de Gier 1964), any con-
tamination of the parasite with host cell
membrane would give a ninhvdiin positive
phosphatidylsetine spot. The results mdi-
cate the preseace of phosphatidylserme in
Antigen “"B” and ats absenee in Antigen

A" Thus, it may be concluded that the
method atihzed by Schenkel et al, (1973)
tor prepang antigenic material from P,
knowlesi and P. berghei produces a paia-
site antigen free of red blood cell contami-
nation, as assessed by phospholipid con-
tent,

It has long heen known that phospho.
lipids e 1esponsible for the differential
permeability of cells (Wemstein and Marsh
1969) and that they we impotant 1egu-
lators of cellular 1onic exchange activities
as indicated by McElhaney and Tourtel-
lotte (1969). Accordmg to Ansell and Haw-
thoine  (1964) the cexistence of  phos-
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B” are Antigen B piepared from Plasmodium berghei and Plas-
modium knowlesi mfected blood, developed m CM:AW (25:15:4:

2) and visualized with

Pl = phosphatidy lethanolamine, PS = phosphatidy lserine,

phatidylserine in membranes is related to
ion (Na*, K*) transport. This fact would
explain the presence of phosphatidy Iserine
in the host erythioevtic membrane (neces-
sary for buflering pH changes from oxida-
tion or reduction of hemoglobim) and its
virtual absence in the parasite membrane,
since the matunng parasite exists in a fairly
stable intracellular envoonment and it s
served by the sunounding host cell mem-
biane (Trager 197.1),

Antigen “A” shows a phosphatidy linositol
spot approximately the same size and color
as the combined spot for  phosphatidyl-
serine and possibly phosphatidylinositol of
antigen “B” Karlson (1968) states that in-
ternal membranes show a higher phos-
phatidylinositol than external membranes.
This might explain why the host erythro-
ceytie fraction (composed of a single plasma
membrane) shows little or no phosphatidyl-
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inositol and the parasite (with internal
membranous structures such as nucleus,
vacuoles, ER system) shows a fair amount
of this phosphatide.

Lately, it has been realized that phos-
pholipids play an important role in the
pathological changes in malaria. Through
enzymatic studics. Cenedella et ol (1968)
demonstrated that the parasite hydrolyzes
host cell phospholipids, thus increasing the
osmotic fragility of blood cells. The severe
anemia scen n the late stages of a plas-
modial infection has been related to an
autoimmunc response of the host ( McGhee
1964; Krcier et ol 1966). This autoim-
munity may be due to the physiochemical
changes in the ervthroeytic membrane
caused by the metabolism of host phospho-
lipids by the parasite. It has been sug-
gested by Angus et al. (1964) and Rao et

BECKWITH, SCHENKEL AND SILVERMAN

al. (1969) that the mectabolism of host
phospholipids release 1y sophosphatids Icho-
line and lysophosphatids lethanolamine
which have hemolytic properties and may
damage uninfected RBC's.

Only very recently it has been realized
that phosptolipids can act as antigens,
Kreier et al (1966) and Sced and Kreier
(1969) have shown that m malarions ani-
mals there occwrs an antibody that reacts
with phosphatids Icholine and  phosphati-
dy lethanolamine The presence of phospho-
hptds in owr protectne antigen indicates
their possible myvolvement m the produc-
tion of immumty agamst malaria.
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Fic. 6. Mouse, is material prepared from normal uninfected mouse bload (processed same
as Antigen B), developed in C:M:A:W (25:15.4 2) and visualized with sulfuric acid spray.

Abbreviations: STD = combined standards,
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