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SYNOPSIS. hIitritr'titral . lysis was performed on frceze-thawed and heat inactivated Plasozodium berghei NK65 sporo

zoite preparatioti, '. hi, ! in i ddl studies served as the inimotiogens against a malarial infection in A/J mice. Sporo

zoltes in the fit',I -h i am phI apteared scvercly diunage(l with most of their cytoplasmtic contents lost. The heat 

i: aclivated sporozoites 	 rt iained intact and closely resembled the untreated controls. 

1iilex Key "Words: Platmodium berghei; sporozoite antigen; sporozoltes. fretze-thiwed and heat inactivated: cleetron mi

•I .'si) y, 

SCATTI' F.) repo rts 	 appear ill tl literature stiggesting the latnd celI debris. The final sn perite was divided into 3 equal 

sporozoitws as sources of immunizing portions and tr'ated in the followingz manner. One samplefcasibilit% of usinz 
2nd sample wasag11s ill til' prol'etit l agiainst tialarial 	 infection. Most re- reliiained ntraid for control ptrposes. The 

entI Nissei,/w%igt et al. (1 de nonstrated the sccessfl pin- alternately frozen in liquid nitrogen vapor for 25-30 min and 

Itclio l itici tSiet I']ut itdilotit llci sporoz)its alteitated thawed .I tities. Th( 3rd sample was lvtetd for I hr at 10-12 C. 
the antigens were pelleted by cen

h\ X-irraiiiat itn. .. \lk.r ct al. I) presented additiotal evidence After he above treatnient, 
tf . lut, thi N IKhS5~ ,ri ite i n in ttge icit y by exposit g *1-5 trifugatio ii to facilitate processing for electron m irosc opy. T he 

wvik olt A/J ftiutal' mictcI ti frieze-Iliawed 	 and heat inactivated pelhlts were fixed at roon tenperattilre for -1 hr ii 61% (\/v) 

itid. ,/iiiiitv pripiItrttiolls. The spoirozoites wire obtained lttitralddetd' huffen'd \\ith a phosphate buffer giving a final 

f,'i nilaiiiiill disst'tti ifectid iiosquito sali:vary glantds. co'ictratflion of 0.1 -1 phosphate, pl1 7.2, followed bV over-

Uthrastrit,itral ittalssis f the freeze-thiawed and heat ill- Iizlt stioaue at .1 C. A soltion of 0.2 -,t sucrose in 0.1 M phos

phate ltff'r. 1lii 7.2. was used to wash out te tiunreactedactivaeld sporiziitttiti'lls \wa-it undertaken to determine their 

ifttlri anod coil)tisitlii'. 'I'lli tiltil tiiiiin ;is used here refit's tlhtarildehyd. The sampl's were stored oven'iglt at 1 C in 

ti iltatirials stid as s ll .r fri.(ztiinti'd sptwozoitis used to a fresh chiltg' of the sucrose solutio . After a brief rinse with 

stllitidati at itiItiunw rispi is'. It is l)ro h'il that Ilti sp oro- phoslhte buffir, the pi'llits were postfixed in 1% (w/v) OsO, 
ttitis. It is hoiled 	 thit lIh Itftaihing (I.1 N phosphatt buffer, pit 7.2. Dehydration wasziiih's cntaia1tt mtui'rtt1,; allitititl 

kiloii'dgv oltaitwd froi this S1ttv will facilitate dtvl'olhiint carried ot in an ascnding series of etlianols, the final step 

if ftirtlhi'r tIrificatiit[ Ircidti's if il t ruci iIfiIiiog'is. iilditig ill sivetal chages of propylene oxide. The samples 

'Il.irt ixist, ii thie h.,t if our ktiwlm'dI.', tn pltiblisliid electron were ' ttihlded in E'lpiot 812 (3). Sections were cut on a 

itirtiscopic studites d,.eliti \6 ii ti aalysis if sporozoiti Reichirt ()tit U2 tiltritticrott using a diamond kni,'. After 

• ligeni p-1ipiatiot s. bei.ig placed tn naked 300 iesh copper grids, the sections were 
stained for at liast 2 hr inI a sittirated solution of uranyl nitrate 

M.''I 	 I . I,S AND M1'E1O1)S /7) and stbstquently stained in li'ad citrate (6). The specimens 

froit w're oser'ved and )littolgraplht'd with a Ilitachi IIU 11-C 
Alirtti its were takin fti it i roit microscipic studies 

frisshly priparid sl.ro/'ils orditaril\ used for immunization of ihIctrot micrisctpe tsitig 75 kV as th :csh'|atitig voltage. 

itit in h Plasmoidiluo br- RI'SUILTSlIarallcl iittttilciiit'.stciattiis. 
Iohri NK65 sprozoilcs \%,rv. ni'hascl froin - 800 A.nophlcs
stepeii Slxtu hy frindi - the lands ill it Sithiellilar attalvsis of the various P. bcr,,hi sporozoite crudestii'v 1-i/iisN ;ill 

nalisity thaitl p-epitidiiin conta' clondious.ili'/iltinii lil ittttiill 
glas- colliti '. 'l't' lti' ll". llixti llt' aissWilslidttigitiS 	 I't ls hll ill tlhc p't'ip;.s 'wiOtiS Cilitii c o us 

It also ap-
Ibvdifferential .- trifittttiitl inl order to Ittittinizi' the salivats alllollllts tIf m.squito salivary gland cell fragments. 

pears that thi' preparationus are relativ'ely free tif bacterial con-
This \\si U. S. y foi- terna- lamination. Several tbviois diffirnces are evident as t result 

Tifrk i t Aecy f Islorti ilils tannts tt which the samples wre 
tional Dvelopitett. Cititract AID/(-3t9.fs 

.r fir Fluctro.tMicros- subjcted.I'resent addris. (if Dr. Jaksl:,, (ul 
copy, 8-IA Bvit'r Iill. Uliersily of Illitois. Urlbna. II, 61801. li the tontrl sample' (Figs. 1. 2), although there is no evi-

I adlr, of )r. Siherian: of B ology. Uni- of iniitact ceils, mn\y of mosquitoPreset ts Delpt. (hiiice ait sali'try gland the 
versity of Nt-\s Mexico. Alb uquerque. NM 87131. 

'he author "lik Mrs. S. S.lt for theiultrainicrotoiny ell or,L.illlvlhvs such is iitochondril, ribosonies and electron

a ii Ir. J.\A. Kopisch for printin i ,thetctron micrographs. dense pigiient gratiles are re latively intact. .lost important, 

4 

Figures 1-6 are elcctrii micrographs of tr,'ated and untreated sporozoites of Plasmodium berghei. 

Fig. 1. Partial lontgittdiial sictions of 2 spotozoites (S) in an untreated coitrol sample. The lackground cellilar debris is of mos
.t ito siivary gland origin. Ai intact thectrotl-dcisct pigment gra, tle (p) and nitociioneria (M) are most evident. The pellicle 
,') of thii sp rozoite cot tains i thin ott tr and a thick inner membrane and segients of p-ripial tubules (pt). Also present are 
the ini'rollinlts (ini). thoptrics (r). and nulear area (N). X 11.000. 

Fig. 2. Cross section of untreatecd control sample containing 2 (possibly a single doubled over) intact sporozoites (S). The clec
tron-densi piginttt granuile (p), ribosomes (R), initochondria (M) and various vesicles and membranes are of mosqutto cell 

rigiti. .X 3t.000. 

http:AID/(-3t9.fs
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rib
Fiqs. 3. 4. [Froven-ti;i,,il slpioi/oiii,: VS I 3. hi ilhCc ni r is a lprofih of 5as '~l daiiiaged sjoroioiti. X 58.0(Of. 4. Cross 
Si''LiOli, Most olf the' tYioliliii contltis are' lost li il lii iil ] riirogiiizailile featilre is its danliiagted pellicle ( P). x I06.00 

how\exveri, is the' fati thatl lhi iith'gritv ofthie sozit/l'i is til- ziit, Vsatiotiis miitilhs surh aisthe petilphi'ral tuiliitli's, rhoptihs, 
lti'tr'5l li\ lho' iiihlit i'liiiii tisi'(i to ilhi'5i , tlii sJorozoite'S tiiil'(ililiiis, tihii~sutiiis ,u lilehi ia:lnhe setihl. 
f'rlii the' sali\':irv) glliid "l'hi if lhii SporUozo~ites itthe freelze-thawedl satiiple (lFigs. 3, ,t), oC:tile otlher' hand~,i','1. pe'llitlis 
iiiilnil lhi, lol'nm tititililr ofllayers, aitlhiti outer initnlliane fillita sailivary" llaC till oganelles rarely' are fliiI. "l'h lin

.iid( a ihick iner inttitluatrii ai( row ofll Als, tegnitvt ofllh1'spiiniioZihe is ch'strined .l Spoirozoites linthe freez~etiticni ttrhitlelhs, ) 

dihtiding o lIt, o'''thel .si'etioi tak.eni thr'ough the spuro- thawed preraion n iIe reeogiicdif. at hig4her nagiifichationsi-I f 

c 
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oit.ts. Ilut also the 't ire range of A. stephensi salivary gland 

obstmices. It appla;s that nosquito salivary gland tissue cal-

]ot he eliniinated by washing and differential centriffugation 

a:oll. The question that need," to he answered is whetiher 

elimination (if ih(' iltlosviit tissues is nvecessary, or for that mat-

i'vr, (eit d4sira!bl(. Nussin-zwei t't al. (5) found no protection 

with it,,,mal sally viands. Aluer ('t al. (I), howevevr, delnoln-

vra' Ihilat injecti(ns (if 70 nllml mosquitoi salivary glands 
plr i'li,,in tvilhd sil ' prtit-'ctiill. :\lgt'r, olII tIe other 
hlid, fiond ii protection with 7 injectioins tof 2-6 noirnal 

,liivar'; "trJands1)('r iljt,(.(til npullislivd). At this linle it is 
iilipisilvh' to defill the intlmportance of till le of either till' 

o,,rils ,I Ithe mosquito ctlls itl tht itdutlio n oif immunity 
possile to iltaiil a pure sporozoiteit:) t,(a1l- it his iot 1l)lilof inl re sophisticat(' te chi cs suchprepl-~lalioll. 1,v enldhw use 

it sim'rte diensitv :iiraiiiin ctifui:ititii results il ;i slrozoite 
fraction collt;Ilnlilt conltalitilints oif losquito origiln (2). It 

iilay well i. that Ihti siIlstailtvs contribute to protection. 
RmIalinitis Iof dtiii' ll isquitoI lisslu' may Sottilrap tt' sportzttitl's 
d iu lo)111111vitstIfsliool aytio l. , : m li hevet (inexplailne(d iun-illihiiin t a so inducitZall sotl,'slijs do %Ilof -c-

l':is' of the spoUzoiite aitigei ill the :iniimal. lii this ilalinr 
lil' ililiittt Iissilt' 5,,(1lld (allst' adiivinaiiltg if tit-' si)oIOOite 

iilrit'ril. lt siltll Ihis plttiitiilt ighit bei' t'xplaintel oli Ilie 
s:i1111, hasli . as i mll (if Ihw schistosllinv protection Shtll of 

Sniiiilh, 'l.(1. 
Tht' gindilig ieili.;c villpltt'd ill this stildy to reltase till' 

sitltuhzttits front lN(joiittt salivariv ,lands di's ntl appi'-a tt 

;ihltt. tlit ilitgritv,.... tf tlt. parasite. Tll nmorpholog if c((lt l01 

sitlzt~ili's Ihitis frtid cltst'ly re~stiihh's ott of spii lzt t/s fixed 
illthati iatlire ticlvsts (1"1). 

)in- 4hItitoliiilt lii'ar olt Il' :isSi'rt ill (ill'ri tgrp'ils
ivt sliigilt ( I I t hst's are sovcrcly daliitagtd i' 

r't't'-t liliwi. iirthlntitt, Ilt' htit iiicii\'itd spiitrozoitts \ 
itstl'l'l', \hihi' tlloi' sely i'tStnliding the controls, aIso 

siow sitit' llicit lih,' atltel:ttios il1 ilitir phvsical naikt'-iip, 

iuil ike utist' <.ti Iy ,Slililvn & Ntissintzw('ig (9). Suc~h chtaill's 

as iwv tiiisr'l-vtd Il tinly would not lie detectaih' by light licrois-

(,if 
,is e\ine ltd it li' i n icrt graphs, tille difelictrt 	 primaiy 

SPoRozol'rE- ANFiGENS 

ference between the freeze-thawed and the heat inactivated 

slorozoites is a result of the physical nature of the inactivating 

process. The freezt-thawed sporozoites most likely were dis

rupted by iCe' crystal formation and their subsequent thawing. 

This type of disintegrating process causes not only fragmenta
tilt of tie parasites, bit also disruliion heyond recognition of 

the cytoplasmic contents. Heat ilactivation, oin the other hand, 

indluct's cM);iglat jon of the cytoplasmt and htence the, sllrozoitvs 

(xpos'dlto his method reiiaiied fairly well intact. That tlhes 
dissimilar ilethods of sporozolite antigen preparati(on should 

yiv(ld innnmplltglus c ible of inducing similar hels of protection 

(I stggests that the innulizing agent is of a rather stable 

nlecular clmposiioil, perhaps of in'nibrane origin. 
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