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BLCKWITH, RAANA, SCIA:"KEL, 1OilinT 11, A.N SlLLIUIMAV, PAUL If. 1975. Quali
tative analysis of phospholipids isolated from nonviable plasmodium antigen. Expen
mental Parasitology 37. 164-172. Plasmodinn berglici infected mouse blood, and 
Plasmodium kiottlesi infected inonkey blood were processed I)>the French Press to 

prepare Antigen "'A," a frac ti in to immu and Antigenparasitic knon Impart niiity, 
"B," a byproduct of AXntigen "A"production Normal mous er tlirocste material was 
also prepared. 

3 he lipoidal material fioin these prcparations %%as estracted usiig chloroform: 
methanol (1 1) and coicentrated under iitroven This materil %kas resmispended in 
chloroforni and thin-laser chromatozrapli as iisd to wcprate anid identify the 
phospholipids thereto Antigin "V' cont,ued sphli iflelm, p;IopItid) Icholhne, 
phospiat',dhlositol, -III] phosphatidN lethaijoliioie Atiwcin "'," and iiinfected 
mouse cr'thiroc. tic material, contined spmi1om11 cMt, h 1i0hi1e, phos11%'.phiitdl 
phati(dIserirei p)h ,td lethiiol.in' ,oadpiil.% phosphd.ti1Imhnositol "lie ab
sence of phosphati(lsciine in Antigen "A" its presl nce in Antgen "B," and 
in normal mouse iiaterial iidicate that the protectise Antigen "A" is free of host 
erythroc tic meiiirane fragments. 

INDEX Ils .iiI'iOs Plasynoihun brgi' , Plasivi'diun knotmlesi, Membranes, 
Antigens, l'hospliohpds, lIlost tic ta iianLs, 'Ihi-lay er Chromatography,vrN tlhroc c01 


Immunity.
 

Present and future attempts to control MATI:IALS AND METHODS 
malaria will most likely ireolve the use of Antigen 
vaccines .\nutgnic prepaiations, from 
Plasinodunn berghei ( l)'Antonio al.. kntigc Plaoodi bergheet .\ "A" from cai1970) and lPlasloodlmt knvinilcs (Schenkel iiid I'.kmi /esi \5 0 1)p'i,ed 1according to 
et al. 1973), hae leen 5(1 Into be ffc'c'- lcthe method of Schlinkel Ct al (1973). Thetiv vaccins.1r9e1ch essel'e Cell ,in( Press \%as usedto d(.smtegiLtec ioth imfected and ;iormal 

The )urlpose of this tes(.'arch is to a ]tl-st loodii l i )() psi Ile efflunt 
Iv e the phosphohlpid t of p t h ,I' ,f ,(c "lhd 102 ntConte the 1l .1- hos p('d dt at 
modial antigejis pm cptrcd b\ Sc henk ct or t10' 111n t]w 'litin itgidat fro1rl thisOS 

for o 
determine the ('\tent of red blood cell I1'clutiige(l ,t ](i,()(g in 15 mm. At 
membrane c'nitaina~tioii tli( aiiti' ths polit the l),.,sit' fiictiil, in the sedi

_Iojt, \, . used to liel)'t(' Antigen "A." 
'Tlis ne tigaton was funded by the Agencv ']'hie supei.jatant coit.aiing host red blood 

for International l)evelopuien,, Unitid States ell st((,I \\.%ccniihfhiged at 30,000 g for 

al. (1973) (Fig I), and it 50 (lo0 n1to (1iii adte1 , 0i' i 5init t 

D- ilola 
partinent of State, Contract No AliD/csd-3689. 20 inn. "ibe sedinment was distardcd and 

104 
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Pretective Atilen A NoR Protective 

Flo(. 1. pIcl us,,L the" l"iendih uI'", od (Sehtvnkel, Simpson,ntitIII( lmiatllon mti .and 

Sih rina 1971) 

thctsIIp(llatud \ ,I' Il)l((t(d to ni(iiolciiar ito 10 x 10 cm squares and the origins 

sew\ t'11olliitogi l)llto spi.d(t Antio'cit for Spot% were marked in pencil. finmedi

"!I"t1011 the tla(tioti, :1% athly each was it was1wtiihotl)I, (]111- (I)(f(lle plate isei, 
oiistratd III ,it 1. \1(i'1 11)omI1 led heated at 110 C fol one hohir to (rive ollt 

(.(ll% (iioici),, )\\(-I(-lalUld 110 110- fi(,dI ,lt (\VjcIn 190()0). It was then 

fected, li(11 1l1 II11 b)o(dl . , fashion c(old att io01 tci ip)('at'irc for 30 mill, 
sillital to tl. IIIc)p(1), i(l I o Altig(ll -B." (thlllig wllil tilili tie ailligell was pro. 

cn,'sc( N pid ,,itraction 

("(111111ii. ,11l\ipiclpU d Silihca, gu(-TIC ,'\tl lI il lJ r cio 

)lathe 20 v :30 (In (\mithoit tiorescn,(e Silo(c no (h1fl(,(,lle illl)h5)li~ipidl C1oll

f,'cshi,)(licat(l ) \\(,I l)lled,,(l fl,)m 1CM La)ora- (tuti \as (b)s(,,(l1 )(ctwi,(,I frozen, 

tories (El:I J(id, N. Y.). Th(,sc wre cut or iyophii/d al igei, the matel,'al was 
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Pt 

SPi
 

PS$ PISPN PE,PC sic PkA VP 

Fir. 2. Pb "A"and Pk "A"arc Antigen A prepared from Plaoodmli beralici and Plas
modiuns knot leli iInfCcted lHlOd, dv 'loped In C \ k X \V (25 1. -I 2 and \IS.li,ili/ed with 
sulfuric acid spra} . ,bhre\i tOins. I'C = phophattld 61 IT' = ph~)ph,ltldI h thu.liuie,kioI1t, 
P =phosphatid.Ihnosstol, 1") = phosphatd('.lserit., SI'N = spIhniu ci hn, ?= the presemte 
or absence of the indicated phosphiatide, STI) = umbitId standards 

used most often in a l ophili/ed state. The tern, and transfer ed to a clean, dry 5-ml 

following procedure was carried out at beaker. The cimtent of the beaker was 
room temperiture, taken to dr ness under a gentle constant 

Lyophilized antigen (stored at -20 C) stream of nitrogen 

was reconstituted to its original olhmne 
using double distilled v.ater. From this Pho)plolipidSepalation, 
material 1.0 ml was centiifuged at 160 g The lipid material was resuspended in 
for six minutes. The supernatant sprxiniaely,,i , 100 ,l of chlooform. Cali
placed in a 5.0 ml srew cp tube a d 1.0 braed 5 ,1lYipets r fsed to apply the 
ml of methanol \%as added. Ti1' tightly *,pllpie 15et'a eres e t .f the 

caped ub I~ttV~ f~ 1 t.alprated )capped tithe was then agitatted foi l0) stSO'_sampleclil rofin"si ae 15 I' spot (onthe ,alestsmheaof gelthe\%,isthn 
T 

( o.l
onds at setting N o. 5 on a Supei-\ti\er plaot lieitedl ,c.ii 4l)1 a si iilv l

(Matheson Scientific. Chit age, Illinois). pa ci e i t I 
que

To thc ani eofis-iiI'trnl adol 5 i5an id (i the edge. 
To hetismetano o itjn \as scibcd. Spots \\tv e l~ e 15 (11 apaIt 

solution 2 froim bottom Each 

added 1.0 in of choofor n thes s.l- 15-,l spot itpresentd ti' total lipid con

tion was agitemtedx at No 5 ufr at(,, i i0ite. telh, foino 1.0 ml of antig1i. 
The nikture ws'as ent ifiuged .it 2(01 fii After spotting, the plats \\cre (hied tit 

six minutes. Using a disposable pipet, the room temperature for three to five minutes 
chloroform layer, containing the lipids, Was and developed in a glass cbroinatographie 

removed from the resultant biphasic sys- chamber equilibrated with deseloping sol
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 PC I PStPI, .P.,PC, PS,P. •pbA 

Fm( .3.1P1 ".A" and IPk"A-' ,f(- \nhfwii k pipad homl M'~mmldmi berg./wl ,11dMitts

modium k loith'si ihud blooud, d hloped fi ( NI \ V, (2i 15 1.2) IjId NIIdAhZ/Cd with 
ninhydrin %pray A bit-N ,atiol IPC = phophlha d.k.m'lhivt. P'. = plhiuphtid%lthalcl,iijoiw, 
PI = pII~1mtt(IlyhifuitoI, I'S - plilht(I( I'c di 

vent for :30 min iimciihately pl 1 toi) its(.A )r(,pajaiion of inhydrli in0.1,i bItanol 

Ph()sphol~lil se,pai tioo was ,achim,\c by (Ni tritimoal Biochlmicals, Ch(,vlad, O]io) 

0111,(hl(iisimiii d sui(,ll I Ohidtog~rLphiywas use'd '1%a ,pecial tst t1plhospliolipids 
One ioli phase \\',aused per plate. The' \0ith frec anio gol(lps like pisphatidyl

solvent givimi\.the best 1esul1t was chiloo- s rinev and 1)l( s)hatl(l}]hthiaiiha],iiiie. i' 

froriii-ithauol-,atie a.id-;VateI (23:15: plate was heated at 70 C for five Iillites 

4:2) (Skipski c1 al 1961). Th' soelit Ifih(lt liti 011 an(d altei th' Spa\t \%,Is usedh. 

was allho\o('(1 to iigiate 10 (ii1, wheitipollO ilv samunps (, phiosphatidyvh.holiiie, 

tie plate \\,Is ('iiov(d tioii tht' chamber pho phiiti(IN eh'a olamioe, l)]()splilati(hyl

an(1 pladll oil I hot plate foi two minuitcs iliioitol, phih)l)atidi. Is'lt1, ald s g)lliigoo

-it :37 C. nivln \\Ic ohltaieh'd floillAppled Sci
en1ces (State College. 
iantigeilic phlsphoipid 

Petio ) to v'rifv 
idhiitiftatioiis. Ba

tio of fractions (Ir) ,,iih1,we ale ttd 

A 50'; a(q eotus sulfuric acid1 spray for these pure slmples a(d lo those of the 

(Mainiietti 1962, 'allace el al. 1965) was antigen plhosplholipids. 

ns td (I ,to its h igh s ii ivit y t oiorga,,nlic 1 S 

substances adllits p(lliail(llcy. The plate ])L:,.iS 

was sprayed for about 30 see aind thiein Figures 2 and -1 h]o\w that Antigens "A" 
]liat,(I illall ov'liat 110 C for five minutes. and "B3" are siuilar in phosl)holipid con
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tent. But Figs. 3 and 5 demonstrate the freed from erythrocytes by means of the 
absence of phosphotidylserine in Antigen French Press appear to be free of host red 
"A" and its presence in Antigen "B." The blood cell membrane fragments. The re
mouse erythrocytic fraction (mouse,) is stilts of this research further suggest the 
the same in phospholipid content as Anti- lack of red cell membrane contamination 
gen "B" as indicated in Figs. 6 and 7. in the antigen prepared as desciibed by 

In summary, Antigen "A" from P. berghci Schcnkel et al (1973). kntigen "A'"con
and P. knowlei infected blood sho%%s tains no phosphatid~lserine, %hereas its 
sphingomyclin, phosphatid~lcholine, phos- presence is easily demonstrated in Antigein 
phatidylinosittl, and phoslhatidx lethanola- "B" and in unnfected mouse 1BC Both 
mine. Whereas Antigen "B3"from the two Rock et al. (1971) and Zectiw et al (1973) 
species, and moose,, has sphin€onlvehn, demonstrated the e\istence of 10-12" 
phosphatidylcholine, phosphatid%lerine, phosphatid. Isetine in plasmodial iifected 

phosphatid)letliolmiine, and possibly or uninfected nionke% er\thro ticmein
phosphatidylinositol. brane. They also stated that this class of 

phosphatil, is virtuall% absent ini the para-

Discussio- site. The results of this stud, pIuoxc the 
existence of phosplatil Isernec in normal 

Killby and Silverman (1969) through moose red 1ood cells Since 97; of all 
EM studies observed that the parasites phospholipids are in the cell membrane 

°* -..
 

I • 

* - ., - pt? 

- "PS? 

PC 

I. ***SPN 

P C 

FiG. 4. Pb "B" and Ilk "B arce Antigen 13lirepmtrd from Plasmodmin berg/wi and Plas
moditum knotlesica infected blood, devvittpCd in C. \1.A.W (23.15. 1.2) and v inah,.cd with 
sulfuric acid spray. Abbre'viat ions~. P'C =phuttphtdi I I ilti e. PIE =phtospbtit Iet ld iolannii e, 
P1 =pho!,phatid) linosito1, P'S = pltoph~ttid} 1st-rote, SPlN spIInngoin) cjini ? =tile Presence 
or absence of thc indicate'd pluspatide. 
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Fiu. 5. Pb "B"and Ak "BI".mr Antigen 11 pitepared from Plainioditmi berg/wi and P'las
miodlium nou it ots C.NI: A: V (25:15: .1:2 ) and withia in fected bloos id, (1 i-d in v'isua~lized 
nin hydrin. Ahbbievia tios. PE = t Ofliphan lethanoi I , I'Std% laiW =pliOmpIhtidl% Netriie. 

(Van lenen and die ;3el 196-), ail con-
t+ifliiition of the pai isite with host cell 
nielibrame would give a iiilidi ii positive 
phiosphiat 1(1V~el ince spot. ]lie i estlts liii(i-
(ate tihe p,'CeC)C Of pliuspliatiNIscl 5( 33 il 
Antigen "B" and its absenmce inl Antigen 
A " fTi, it mi\ be conclodcd that tie 

miethol iltl /cd iby Sclienkel Nt al. (1973) 
for peiinzantigelluc inatem ial Ir-oni 1). 
knwu lesi and 1). I)(ghvi pr'odu(es a pai a-
site anltigen1 free of red blood cell conitailli-
nation, as asIsse( iby plmosplinlipidi Coil-
tent. 

It has long been kiiosmi that pluosplii. 
lipids aile msponlsible for the diiffei eiitial 
perm'aihit\ of (ells ( \eistcind Mamidsi 
1969) anld thlat till'\ aic(lfil taut 3(gil-

lators of cell ilai 303 ic exchmange activities 
as inmdicated11by Mchihmaiiey and 'hmnrtel-
lotte (1969). Accouiing to Aisell ai 3( flaw-
tiioi uw (1964) tile existeince of phos-

1)llatidlscrine inl membranes is related to 
ion ( Na, K*) tranport. This fact would 

('\latii the pic(selice of pli()phatid\ Iserinle 
ill tile host ci ythi ocvtic ineinhraie (necs
scirv Ioi 1lifling 1)11 chlanges fi omi oxida
tiom or iedizetion of hemnogloinm) and its 
viitoal absenc- in the paiaite mebrane, 
since the inatmi ng padrasite e\ists ill a fairly 
%tab~le ittiacelhijlar enlvm oiiinenit and it is 
served by~ thle solnd 3(ii g hlost cell lim
in amne (Ti ager 197-1). 

Anitigein "A'' slinss a plmosplidl mositol 
spot appi oiiinatei\ the same' siz.e anmd color 
as thle coiminied spot foi pliosphlatidyl
senuue anid 1)ossii) plnmsplatidyliiuositol (of 
auitigeil BT."Kai Isoit (1968) states that ill
1(3 iial 313(33310 *ivis show at highier jiliis
phatidyhituositol than extei nal nIelranles. 
lluis might explain whmy the 1]lost crythro
cytic fractionl (ComposedI of a Single plasmia 
membrane) shows little or 33o pliosphat idyl
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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 stuldies. Cencdefla et al ( 1968) 
demonstrated that the parasite h drolyzes 
host ccll phospholipids, thus incre.asing the 
osmotic fragility of Hlood cells. The severe 
anemia seen in the late stagecs of a plas-
modial infection has bt-n r.lated toi an 
autoimnunc resp(onlse of the host (NlitGhce 
1964; Kreicr et al 1966). This autoim-
munity may be duce to the plsiocheimial 
changes in the cr throcvtic menvnbrane 
caused by the metabolism of host phiolho-
lipids by the parasite. It has been sug-

gested by Angns et al. (1964) and Rao et 

al. (1969) that the metabolism of host 
phospholipids release lsophosplhatidicho
line and lysophosphatid, lethanolamiitic 
which have hemol tic properties and may 
damage uninfected RHC's. 

Only 'ery recentlv it has been rcalized 
that phospi ,olipids can act as antigens. 
Kreier et al (1966) 11d Sced and Kreier 
(1969) hax e slio\ n that in malar'otis ani
1eals thcrc occuls an dii ti body that reacts 
\.ith phosphatid It hol ne and phospliat
cl ltlianolallinc "'l pi esei lce of p)hosl)hio
hli)ids in ot protc tic anti.cin indicates 
thiI possil)C IMONVilIlt III the )rodic
tion of immiminitk against malaria. 
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. $Ill N~OUSE...., 

FIG. 6. Nfouse. is materiad prepared from uormal uninfetted imouse blood (procecSd same 
as Antigen B), de~eloped in C:M:A:W (25:15.4 2) and %isuahzed with sulfuric acid spray. 

Abbreviations: STD = combined standards, 
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STO MOUSE n 

Fo.. 7. Mlise. is materidl prep,red fi ni normaimIiLected mouse )lood (I )rOtesed S;iiiic 
aI%Antigen 11), deeloped in C I A NV (25.15 -1.2) and ' iilied with iiohydrin. Alircvi
altioi: SID = co i i itd standai(1. 

R:EFEILNC:I; S brgle'i. A teriun Journal of Tropical MAedi
cie and llrigicn 15, 811-81:3. 

Am(,x's, M. C;. X, THUHMIVn:,. 1) 1 , l lc1i , K111..11, J , IAPiRO, IL, AN) D)1 .,XY, 1). 191(f. 
K. A., AND NI s.i-.0I.i i1. G I(6I Biologicdl Aut)inlli, reation Il rats with Pl' modium 

aspect of the patiho ugen'ei of ,al,iria. Tram,- h'rglici iiif(l-tion Eptjul 'lfl Parasitology. 
attions of li' lloial Sue lty for Tro piil 19, 155-16I2 
, lchu i andi II ' ll , .. 1\ NIAMA :1 ni , ( V 19(62 Clhoi itogiapli ,vp,i

A'xsiLi. , C . 1 , %\) IIA \ IO)I,,Z, J N 1l.19. ilitioo , ldentificatloll, ] , iisiI of pho ,Ild % 

"IlisoploldpidS-(C 'l I)t v, \htt-d)0llil and photde" jolnnal of Lpid hee'arc.h :3, 1-20. 
FIiz t ,' 

' pp I-9), 212, 219 Pul' M(EL~n,S'iA , N , I 111.znL, L.I'ib- It ,NI Toiul Nt 
hiqIiiig (.i) . Ne.w V k I.9(19. . \l.OIA.MI memhr.ane lipils. 'ar-

C L .n.I-LLI A , It I . 1 MIi1 . 1 1 jI . Ni) SAX '., I . 11 atoo l Illf tt% *it u IlIiS tI e'I 1( 4, 
19(8 I'h ,solio, bI rghVI Production fi 133-13 1 
Iitr of (te i', it o(.. ] 'lii'(ilfd li Nrl ir ItI1 1901 Aiitouoi t' il malaria.,sitolotj 2-I, 1 30-1 30 (( z~: ] } lf- u~m u t ~ am 

*s.%I~oigiilk 24, Eii F1)- It Amlarie an Jonael ofi Ii iijo eelviheine andeif T
D I l inh l. l'. , S '. I) 1', ];, C.,i:3, 219-221]1(',in ) \1 \\o) Snl\nn ,,\t , 1). 11 l~ ~ '1 ,2 C- 2 

19)70 \lat ia '..mat c \tilmlud Iiduction IIAo, K N , S tIiiz'Ai\'.i ''\S, 1) , ANI) PIiAKA'SII, S. 

with paitiIh punidid pIlasodelium, frutiou 1969. Stuhw,- the lipid, of plin,a of rIts, 

ie,,th htln)'l i. IndianSeune c 1(68, 1117- 1118 Idected w I l h gl 
i if ' i iih57, 921-921.K inu..oN, I'. I19(08 Il i l iL (,iu ant.I h Jiourn l ,e'ei ae l' 

"Introdulcthn o ioii iiIolii'mtry" (p. lo(K, R3.C, Si AN!,,!uu J. C, CooK, It. '1', 

Karlso, Eel ), pp. 339-312 Academic Prcsv, ,1-11J, 'V., AND SP',INZ, 11. 1971. Lipid com-
NLw Ynk. pos.ition of Pla.smodium nllIh'cst memlrane: 

Kint.m.iv, V. A. A, ANi Sil'iA'IMAN, P. 11. 1969. Comparisn of Ii iSt e mnici osonal siil frw-

Iolated erythrocytc ol lnis of I'lasmOdlium W tIl ilie ei te tiiS.110 i "t Co thIOLu Iiellbli 
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