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Severa l  a s pe c t s  r e l a t in g  to malar ia  w e re  s tud ied  d u r i n g  these  con-
t r a c t  years .  They include: 1) e f f ec t s  of ant imala  n a  d rugs  on mala rial
pa r a s i t e s . 2) c y t oc h e n i i s t r y  of the pa ras i t e s , 3) host cell changes by
m a l a r ia  i n f e c t i o n , 4) a ntibod y - induced  changes of mala rial  p a r a s i t e s .
and ) i n t e r a c t i o n  between host ce l ls  and paras i t es .
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The e f fec t s  of selected an t im a la r i a l  d rugs  such as 8-aminoquinolines ,
4 -arn inoquinol ines ,  an t i fo l a t e s  and a n t i b i o t i c s  on mala r ial  pa r a s i t e s  and host
ce lls were  i n v e s t i g a t e d  by e l ect ron  microscopy ,  cy tochemis t ry  and auto-
r ad io g r a p hy. 8-aminoqu inol ine s produced marked  swell ing of pa r a s i t e ’s
mi tochondr ia  and the c o n c en t r a t i o n  of t r i t i a t e d  8-am inoquino l ines , on th e
othe r hand p roduced changes  in the  food v a cu o l e s  of m a l a r i a l  pa r a s i t e s .
Elect ron mic roacope -a uto rad iog  rap hy showed th e  concent ration of t r i t i a  ted
chioroquine w i t h i n  th e food v a cu o l e s .  Th i s  f inding indicated the food vacuole
as  the p r i m a r y  c o n c e n t r a t i o n  Si te  of chioroquine,  Pyr ime t hal ime a ffected
the nuclea r d i v i s i o n  of t he  pa r a s i t e s  and a r r e s t e d  at  metap hase . Clindamy-
cm appea red to a f f e c t  r ibosornes of ma la r i a l  pa rasites.  From these s tud ies
eac h g roup  of a n t im a la r i al s  has s p e c i f i c  concent  ra t ion  s i t e  and produces
s p e c i f i c lesion s in the pa r a s i t e .

Elec t ron  r u i c r o s c o pe - c y t och e m i s t r y  on malar ia l  pa ras i t e s  showed
acid  phosp hatase  a c t i v i t y  in the food vacuoles  and endop lasmic  re t icu lum.
This s tud y demons t r a t ed  the  food vacuol es  as  the s i t e  of d iges t ion  of cry-
th rocy te  cy toplasm by ma la r i a l  pa r a s it e s . On the other  hand , e l ec t r o n
nu c  r o s co p e  - c y t o c h e t u i s t r y  was  used to d i f f e  r e n t i a t e  m embrane s of host
e ry t h r o cy t e s  and of m a l a r i a l  pa r a s i t e s  by expos ing  them to p o s i t i v e l y charg-
ed i ron colloid . N e g a t i v e l y cha reed red c ell  membranes bind colloid , but
pa r a s i t e  memb r .4nes do not . T h e r e f o r e ,  t h i s  method can be u t i l i z ed  as an
i i d  in v i s u a l i z i n t ~ the  c o n t a m i n a t i n g  host cell m e m b r a n e s  in ‘Free ’-mala r ia l
pa ra s i ’s .

Elec t ron m i c r o s c o p y  on r v t h n o c y i e s  i n f e c t e d  b y P. vivax ,  P.
cynomol g i, 1’. s in i i o rale  and P. f i t ’l d i  showed caveola  - ‘  e s i c l e  i. omplext ’ s
along e r y t h r o t  V t e  plasma membrane  tha t appea r to correspond wi th
Sch u f f n e r ’ s dot ø b y li g ht T n i c  roscopy .  These  c a v e o l a - v e s i c l e  complexes
conta i n m a l a r i a  ant i i ~i ’ns a nd ar t ’  pinot. v i o l i t  in ori g i n . \Vher i rn e rozo i te s
and sp o r o z o i t e s  of m a l a r i a l  pa r a s i t e s  a r e  exposed to immune  s e rum , a
p rominent  s u r f a c e  coa t is  fo rmed  and appea r s  to  be immune complexes.

Fina l ly  w e examined host  eli  t n t  ry by ma la r i a  n i er o z o i t e s  by
ele C’ ron mi ros copy. Th i s  s t u d y  showed t h a t the  ap ic al end of the me ru-

• z o i t e  f o r m s  a junc t ion  w i t h  the e r y t h r o c y t e  membrane . As this junc t ion
move s along the  membrane , an i nv a g in a t i o n  is  c r e a t e d  in the ~ r y t h r o c y t e
memb rane . This  indicates  that the movement of the junction dur ing  in-
vas ion  is an i m p o r t a n t  component  of the mechanisms by which  the  m e  no-
zoit e en te rs  t he ~‘ ryth ro  vt e .
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Se v i ’  r a l  aspec ts r t ’lat  ing  t o  pta  la r t.s we r e  ~ t 4 , 1 ( 1  i ~-d du r i ng  t hi ’s e contract

y e ar s . They  i n c l u de :  i f  i ’ i f t - C t s  i i i  •ti; t iitt a l * nial d r u g s  on malar ial pa ra site i s .

.~) c v t o c I l e l n i ’~t ’-v tm t i ; - p.s r a s i t e — . , 111 host t i - l i  changi-s by malaria infe ction ,

4 )  . sn t ib o d y — i n d u ~~s -d c h a n g e s  of m a l a r i a l  pa r a s i t e s , and  5 I  i n t e r a c t i o n  h t - t W e I ’ f l

host . e l I~~ and pa r a 5 1 !  ‘‘s

t ; : u ’ ~‘ f f , - , - t s  of selected a n t i m a l a  n i a l  drugs S 4 , t C }t as ~ — a t n I t ~~n~t ; i ! l n l i n e s ,

4 - ,, t ninoi luinoli tii’~~, a n t i t - .~la t~’s and a n t t t ) t ’ ) (  1C S  on ina la  r i a l  pa ra s i t i - ~~ and host

c, u s  W i ’  r i  m e ’ - t ~ •s ted  Lv ~‘l~ - i t  r i f l u  m ic  r os  copy .  c v t oc h e ni i s t  ry  and a u t  , , —

ra d io C~ rap h y. -~~ — a m in oqu i n o l  ~ni ’s p rod u c t ’d ma ri ’ s d  s w e l l i n g  of pa ra S i t ’  
-

Thu  t u  bond r Ia an’ t ilt’ C st; C ,‘iu l r a t i On u t  I r i  ( i d t  ~‘d 8 — a  r t u in o q u i n o l in e s  wa s bound

w i t h i n  t h e  ma to~~ Lu nd n a  by a u t o  ~ad iog  ra p h~- 
- 4 — a in in o q u in o l  inc  - ,on ht  i t  be r

: , s n ’ i , p r o d u c~’ uI  l i a n g i ’ s  t f l  t n u  t u t o d  -,~~~ i n l , - s  ot  m a l a r i a l  pa r a s i t e s .  F l e c t r o n

mi c  ros cope—auto ‘-a h o g  ra t ) L V  showed t h e  ‘ u t u c  s l i t  r a t i o n  of t n i t i a  t • - d  chio roqu ine

w i t h i n  t he  I s  ,d va cuol ,‘s  - T f l  s f i n d i n g  t n d i i a l e ’ l  t h -  food va cuolt- s a.— t h e

p — l l l i a —v c u -  , - n t r a ! t . u n  S i t e  of c h l o — ’ ’ - 1 s i i i ; . - . l ’ ’. r t m e t h a l i : ; s -  a f f e , ( ‘ t i  t b ’

f l ’L i ’ . s r  di’, t ~~p ’i ; of t o  pa r a s i t e s  a nd  ar ’- , - s t s d  a t  ~i i~- t a p ha ss ’ _ ( l t n ’ i a i n v t t n

,s t)t~~ ’,i ed to  a : t t - c t  ‘ — t i u , ~~~ or i i e s  of i n a la  r i a l  pa r a s i t , - s  ~
- ‘m i i i  t h e se  s t u i d t e i —

ea~ i; g — i u ~’ ~ f an t t m a l a r t a l s  h~~s s p r 4 , i f i e  I o P t  , - n ! r a t i o n  s i n ’  and p roduce s

s p e c i f i c  l e s i ons  in  hs ’  t a  r a s i t , ’ .

F I . ’~~’ ron m l ’- ro s . ’ipe - c y t o c hem i  st r y  on mna la  n a t  pa ra~~i t r ~ showed

a c i d  n hosp hata se a c t i v i t y  n t h e  f o f ld  va 10, 15’S and  endop la s n i l u  r e t i c u lu m n

T h i s  study demonstran’d t h e  food ~‘a c uoles as  the s i t u ’  of d i g e s t i o n  of e r v t h r o -

- y t s ’  cy t op l a sm  by m a l a r i a l  pa r a s i t e s .  On the tiLe r hand , e l ec t r o n  micro-

sc o p e_ c y t och e n u i s t ry w a s  u sed  to d i f f e r e n t i a t e  m e m b r a n e s  of h o st  s ’ r v t h r o ,  v t e~

- ~~
—-
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and  of  m a l a r i a l  pa r a s i t e s  b y s ’x p o s i n g  t h em  t o  p o s i t i v e l y h a r g e d  i ron co llo id .

~~ egat i ve l  y h a  r g i - d  red cel l  zn e n i br a  l i t ’ s  bind o l lo i d  , but pa ra s i t s -  i i i e in b  r a nt ’ s

do not .  I he r et o r t ’  - t h i s  met  hod can in ’  u t  ilt i c d  a s an  ci id in vis ualizing (lie

contam inating h o s t  i ’ l l  membrant’s in  “I  reu ’ ’’ — rna la rial pa rabin’ s.

F’l ect r u n t  l t i t t ’ r ’ s C  opy  on t ’ r v t n r u , t - y t t -s j f l i e t  ( I ’ l l  b y P. ‘. i v a x ,  P. cynornolgi,

P. si mio  ra le  a n u l  P. ii e ld s  showed c c i \  cola  — S i c  Ic  ontpl s ’xt-s a long e rv t h ro cy t e

pla sma n t s - n t b r a n t ~ t h a t  appea r to  c o r r e s p o n d  w i t h  Schut fuer ’ S c~~u 1 t 8  by l i g ht

T i t l e  r o scopy .  ‘I hi’s ,’ d vt ’u ) 1~ — v e s t  C l , ’  ~oflt p l e x t ’s co n t a i n  mala  rid a n t igens and

ar e ’  p in u c y t o l i c  In  o n i ~~t n .  When i n er o i u o t s’ s  and sp~’rozotts’s u1 t t u . s l a r i a l  pa r a —

S i t e ”  a r c  s’ x p o s s ’d to  l i l l t ) l L i f l , ’ serU flu , a p r o m i n e n t  s u r f a c e  coa t is  f u i r n i c t l  a n d

appe~s rs to be Immune ctun ip l ’-xc ’ s  -

1” i na l lv  V.,’ e exa m i n e d  l:o ’~ I C c l i  s ’ f l t  rv  l u u ,’ rnala n a  hi l t’  r ’u 7 , ) i t e s  by i i  e c t  non

n i t  c n o sc op v .  I h i s  ~~t u n i v  showed tha t the  ap ical s-nd of the  n u t -  run ’  o i l  I’ I n  rins a

I li i l ç t i O n  w i t h  t i ; ,  e — v t h — , u c v ’ - i t u t - n u b r a n ’ - . A s  t h i s  j u ; i ;~~ t i u i ~; moves a l o ng  t h i s .

m e l’  ib rant’, an n v a  g ina  I i  - i n  i s  c r e a t ed  in I~~- ~ ‘ ‘-v t 1; — o c v  is’ Pus’ ii ; hu rane. This

m ica ( s ’s  t h a t  t h e  nuo~’ s ’ T m- f l t  ‘1 h - junct ion du ‘-ing I rivas i on  i s  an  i m p o r t a n t

comp o ne n :  of the ruus’ (.han msnls  Lv w h i c h  the ivl , ’r o / o i t ’ ’ en t t ’r s  t h e  - r y t h r ’n  v t ’ .

- * —•--t 
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Fo !- t’Wa rd

In c o n d u c t i ng  t h e  r e s”~’ r ch  d e s c r i b e d  in t h i s  r ep o r t ,  t he  i n v e s t i g a t o r s

ad h e r e d  to t h e  ‘Guide for l ..uboratory A n i m a l F’a e i l i t i s - s  and Ca re ’ , as  p r o —

m u l g a t t-d b y h u e  (‘ c u m m i tt ~~ c~ i ü~’ Gu idi-  l or  L a b o r a t o r y  A n i m a l  R s ’s o ur c e s ,

“. a t i o na l  A c a d e my  of S c i - n c s ’  — N a t i o n a l  Resea  r ch  Co u n ci l .  
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L)etailed t~~i - p o r t

s s t a t  c i i  in the ori ginal r s ’  .s t ’ c i  nc  h c on t  ra I a ppli  c~~ t i o f l , t he  o bj  ect  iv  c’s

of t h i s  r~’~~ - a r ’ h ws-  r e to s tud y t h e  e f f e c t s  u t  s t - l e ’c t t - c I  a n ti ma l a  r i a l  d r u g s  s u c h

as  5 — am i n o qt i i n o l i n e s  an d  thel r i i u e t a b n l i t c  s , 4 — ”  n - i i noqu inol ines  - , s t i t i t  u , I a  I s ’ s

and  a n t ib i o t i c s  on t i u ~t l a r i a t  p a r a s i t e s  and l~~u s (  ~‘l l ’~ by e l e c t r o n  n u i u r u u s t  u u ; ~ v ,

c v t u ’ t ’ h e n i i st r v  . t l l ’i  . s i i t - ’ r . s u t i o g r a p liv T h i s  ap p r o a c h  , f k ’  red an o ve r a l l  t o ;d e r —

st a n i~ n , of the a .  t i o n  0! a n t i m a l a r i a l  d n a ’ s on t h ~ pa r a s it e s  as w i - l i  as on

t h ~ - host  s’l~ s , Ip a c i i i t t t > n , h o s t  - l l — p a r a s i t ’ ’ i n t e r a c t i o n  and z u i o ’ - pho logy  of

cert ain ‘~ ; . u l , s n i a l  pa t- a~ 1 !i-s ‘xt ’ rt’ t t r u . p u u s e d  t o  St ’u t u l y  in t h i s  c , u f l t r .i u t _

R e s u l t s  .,nu ~~ g :u i  f t .  a n t ’ ,’

a) T u e  , ‘ f f s ’ c t s  of , t n t i n i a l a r i , t l  ~I n c a ~.’. ii i ) n u . s l a r i a l  p,, r a s  i t s - s .

t1 ~ Ef ls - !s u ) t ~~’ 4 — . i ! i l t P u ) ( ~ l I i f l 0 l t l i ( ’ 8 _

‘F he t ’t  f t ’c t  - of ~~ — aniinoqc~inol in-s i n c lu d i n g  p r i rn a q u in e  - pt ’nt a~ n m ’ -

.5 mt - t a b o L t ’ -  o t  p *’]it •s’iut n s- a n t i  i s . u ~ I . ’n t a 1 i t t ; s -  i ’l l  t i ,  e \ u t , ’ r v t h r o ,  ~‘ t t C

st a g e s  ‘1 F . f a l l a x  w er e  i l i v s - s t i g a t ’ - ’ ;  ‘v e l i - c t  r u n  c l i i i  r u i s ,  u i p v  S i f l t  e

:h e s~’ d n a ’ s  ~t’ ’’r e  k n ow n  t o  be , f f , ’ c t t v s ’ on t he - x u e r y t h r u n  y t i c  s t a g s - s .

i’h i s  st u d y  r , ’v s - a l . ’’i ma ru - d l v  swol len  m i t o c h o n d r i a  of the  pa r a s i t e ,

i n dic a  I t  n~ t h a t  S - a min o qu i n ol i ne s  have  a p r i m a r y  c f f , ’t  urn t h e  pa r a —

s i t e  n i i t u -’chondria .  F ’l . ’ ct r o n  m i c r o s  np s ’ - a u t o ra d i o g r a p hy shows -r i a

on cent r a t i on  of I r i U a  , ‘ ‘ i  p n i m a q u i n e  in the  m i t  ochon d n a  . T h er e f o re  -
8-a n i i n o q u i no l in e s  appea r t o  p r i ma  r i l y coi -s ent  r a t e  in t h e  pa r a s i t e

mi ’ochond ’-ia to i n t e r f e re  with  the  p a r a s i t e ’s mitochond s-t a . On th e

o t her  h a n d .  hos t  u c i l  mit o c h o n d ria s  a p p e a r e d  not ( i t  b~- a f f s ’ u  t e d  by

t h e  d r u g s .

(fl F f f e c t e  of 4 -a nu i n o q uln o i tn e s  
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Ch i or o qu i t ; ’ , i t o -  ot  ~~ 4~~ ,t t n t n u u u j i t i i u u l 1 n e s  i s  ‘ ‘ l t ~ - c t i - ,- e , s u - , s i r u ~~ t t i i t ’

e r~~ t h n u n y t t ,  s ta g e s  0! fl~o$t b ’ i’,t p l s  ol ! iu . i l a r t , s l pa r a s i t s - s . I’ f s ’ . ( “ ‘ u p

m i c ’ i’ - ’ ’ - C , , t ) \ ’  r s ’v t ’a l , ’d  t h a t  t i u t -  t i n s ’ ; u u i ” l u h . . l u a ’ I ,  c h a i l g e?. a f t , r a d l l l i l t i s I  — - i —

! ;Of l  at  ch l ’’- - - - . - t i o  ‘, c , ’ r , ’ in  ~h . - t uct r a s t t ’ ’  t oo c i  ~~~~~~~ 1’ ‘i l t ~s t f l i f l g n . ’. “ I I

h ;s  n o .  , t t , ’s  t ha t c h i o n i > u i u i n s ’ , , - i  i O t l , ’ S  h i g h l y  i .  u i . t  “ d t , - ’ !

in ( i t ’  s - r v ( l t r ~u c ’ , n - s i : t ’ - c t ~ ’ -~ Lv  n t a l . t r i , t l p a r . i s t t s - s  a nd  s - n t . - r s  m t ,  t i .

pa r i i s t t s ’ a~ i~ i f l~~s - s t s r e d  ~ s~ll . v t - ~, I , , s m .  } ‘ I s ’ c t ” o n  mie ros u  ‘~l~’’ a ! i - a d i u , —

g”~tt ih v t)c - n n i r m  e’i i i i  t h ; s ’  e r v t h r u -u .  ‘,‘ t i .  ~~!a ~~ ‘n- u i f  ci r u , u j , - n t  n , . s l a  ~ t a1  pa r a s i t s ~

I ’ , b i t ’ r~~t~t ’i . , i ( ! s - r s ’x p o s u r s ’  ¶ - - t ” i t l , i t s ’ !  c h l o u ’ .. . u i i ; ,  s h u u w , - u t  h- a t  
u i l _ c h i O , . ,~~

qumne b e c a n i s ’ s e t s - , t t v , ’ l v  l s n . t l t ; s ’ h  ‘~.‘ ‘l ’, b n n  ih~
, [‘,, r a s i , p o d  v a c - u c u l s ’ s  1 h o u r

.s t t s - r  a ’i~ n i n t s t r , s ’ ion -t  t h e  d r u g .  I h i s  s’ ; - - v ,  t b - r i  t . ” . . de :’ - . i s t r a t t - ’~

t h i a ’ t h e  food - ,,~~ t i o ls ’s c o n t . I i n i t ; g  r ed  - ‘- 11 v t u i ; u l a s n ;  w er ,  t h e  p s - I n s t  “‘C $ 1 ! ’

of c h I t —  .~ s t t ns ’ ~~~~~~~~~~~~~~~~~~ il l  -,‘ t t h ~~~ ‘ - pa “ ‘ s i t - ,

( ~) F f f r - : t s  ‘ i f  Ann :- ~.t ’ s ’s

~‘ v ’- t rn e th a ~ i~ in . ’ i s  a n u i t  her , s n t i i n a l a  —l a l d — u i s ~ which p -SS e ss ’s schi7.on—

1 1 ,  a ‘ ; ‘ , i ( v  in  ‘ . t ~ t i S s u e  a n d  blood t uhas i ’ — . A l ! i ; - i eh  IV 11fl’ t h a n~ i n e

is kn~’wn t . u  i n h i b i t  o h ,  aci ’~ n ; s ’ t c i l u u ’ l i~~ n .  u d ’ i~ u , s l , s r L a l  p ar ~t s i ( s - s by b i r . u~i n g

w i t h  f o l i c  a t  r ’ d t i  t~~~~i ’ . th~ c’.’t . i . c i u c i l  ‘ ‘ f t . ’ u  t t b .  pa r a s t t s -  was  n u t !

5
sl, ~‘ P ~~~~~~~~~~~~~~~~ w a s  g i ’. s ’n  t - -  ~ h t .  h n s  in ( ’  n h  w i t h  1’ .

g,a l l i n a c - eu n-i, lb . ’  n - ~‘-~‘ r d i , i s p u ;  of t h e  p a r a s i n -  W a s  a r r , - s ( s - ~ a t  m s - t a —

phase anh n i  f n r t h s - r  t u t u  l e a r  d i v i s i o n  p r o c s - ” s s ’ s  1 ( 1 1 t h  p l a u  e. A I s - u , a - u ’ r —

dination b,’tw. - e n t i - s  p r o c es s  ut nuclea r div ision anh c v ! , i l c i in 5 1 5  w a s  d i .  —

‘ 4 )  E f f s ’ - ’s  I f  ..‘s ’ - ( t h p i ! i s,

The d m 1  cal a n t i  n u n  rphologi  i e t t .  - of an !  i b j u s t  i cs ,  1 nida mycin and

L - ________ __________ -‘ 
_ _ 
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N — d s ’ r i i s ’ t h t y l — - — t i a r t v l  c’linda mi ~v ciii “~‘ i- r s -  s - ~~ , i 1 u i , * t s ’ i 1  u s i ng  P. krtow 1e~~i in

r h i s - S i t s  t ! i . u m l i ’ , s ’’,’ s . I h i u t l u  t ’ ompot inc l s  cured l u I u . i s d —  i n d u c e d  i n t i  c t i o i u s  w h e n

a d t o t i ~, s t s - r i n t  ‘ t a i l ’ , f o r  t t \ s ’ i O t s s ’ ’, t i l i ’ ,e  n , s V s _ .\ l o rpho log ic  c h a n g s - s  w i t h -

i n  t h e  p_ i  r a s it e  a s s, , ,  i . t t . . l  w i t h  d r u g  a c t i o n  w i -r e  s s l , s . - r v s ’ d  in  t h e  pa r a s i t e

n ibosomes  ~4 l u u u i r s  a ::~ - r  d r u g  a d t n i n t s: r a t i . ’ t u . .\ P . I . - - :  r i b O ~~onis ’s  ~h ,w , ’ i I

s - I e c !r , u n _ l t u . r n t  ~‘ u i ! ; . ’ 5 _ D u r i ng  ( P , f o l lowing  ,~-i ~u o u i r s  t h i s .  c h a m t g . - s  h i s ’ —

l in e c l a i r e  p r . u b m l t l u s ’ i l t  w i t h  f o c i  in  w i u i c l t  d i s t n t s ’ g  r a t .  ‘ I  Y~i b u , i s ’ , n , - s  w i ’ rs ’

r e p l a c e d  l i v  t i l t s - ! i b ’ — t h l , s r r n a t ’ - r t a h .  1 lii ’s.’ s!unui ,’s iiidi ~ .s t s  t l u . s I climnt , s t~iv ’, i n

, i r ; ’~ i t s  an a l o g  a t f e . . t u n i i i i . t r t l y t i . - n i t , u i s u i i n , ’ s  . i n u l  t h . - i —  r i u u o h s ’  -~~~ a P il l  i s

. l i t l s - ” . - : u t  ! r s s z i i  t h u s ,  . . t  t h u .  a l , u ~~~.- — r ; t i  n t m ’ u i e d  , s n t i m a l a r i a l s .

E- ’ n i s ’i ~L ’ - ” s -  i ’ I s ’ C t r u s m i  m i t  r o s c u i p l i - s t t m i ~ t s ’ ” u s i n g  s l i f f i - r s  m u !  . t n t t i ; . s h , r m a l a

i t  ~ M . i m p a ’— s -n ’ f t i t  d i f t ~ -‘s ’ nt  i t p i i . , I . s r i a l s  a c t  u s t u  d i l t . ’ r s ’ n t  s i t ’ s  of t i .  pa”~s—

t : s ’ ~~ . 1- a c h  , s n t n i i a ! - , ” i . , 1 h.i i, a s p s ’ c m t i ’  c u u l i c e t t ! r , , t i . i n  s i t . - an: has s ! u s , i t i c

~u o . ’ i s - i t  . i . . ! t . i n . E~~a f 4 s ’ ’ u  - - I ’ . ‘ . ‘ - ‘ . .  s !s i . i i , - 5 .  a n ! t i ’ ,t l a rj a l s  an  I i . ’  c I - ’ s s i t i . - d

. s c c o r c i i n g  t o  ‘ : ..- s i t s ’ of d r ug  c u l t i .  - - t u !

L i  F l ’ - c t r , u n  ! ; ; ic u i s C - ’ ! I s - ~~ , V t u i c ’ ! . . - l : i s ’ ” - , -

i i i  f , u s u a ~~j , ’ , s t t . u n  u !  . s C t r ~ p c l . i s~ u b a t - I s a c t i ’ . u ! , ’ w i t h i n  m a l a r i a l  p a — . s i ’ . -~~.

A c i d  n h osp i-  , s t a ’ , s ’  a c t i v j ’ v t a . 1 b u s  • n de n i o ns t rat , ’s~ in , s r p o u s  ! u n u ) t i s , s u a

b u y  r l ; ’ - a : u s ,~~~ ele ct r u t ;  r n l cr o s c u t ’ - - — c  \‘ t ’ ’ & ’ b : s ’ l l i I ~~ I ry .  h ow. ’ ‘- r , t h s ’r e  was a

lack a t  blo— - s n d  c ’ , - t - u .  h s ’ n i i c ’ii l , ‘v al ui.i t i ,tn ~~ t h i ’ — s ’t ; , ’ ’ , n u e  I n  t u u a l a ’oa l  :i,s r a —

- t i t • ’ ~~~. I h,’r .’fcir .- , w r’  ‘un’ P- rt ook ‘n mfi \ ’ s ’ S t i g a ! i ’ i u  t o  d e m on s t r a t e  t h i s  s i l t  r a —

.u ’ r t u c ’ cj r a l  l u ’ s  a l i z a t i . ’ n  ,u f acid p h u u i s p ha t a s s ’  in t h e  e r v t hr o v t i c  stags -s of !’.

g a l l i n a  C s -  inn .I l ; . l  1 ’ . be rgjuei .  A t d  phosp ha (a  s a s.- ti v ity w,-s ~~ det  - - .. .‘ r a t e d

in  t h u s - t - ’ - ’ ’ :  ‘, c i t  t io les  , *n h  ‘ t  ‘ ! . i t ’ I a ’ - t i u i c  n, p~~ u t i c i ni  i t  ‘ i l l - . pa r a s i t s - ’ . ‘rh is

s t u m ~h v  C O f l h~~n : u ; s - ’ ~ ‘ ‘ - ‘  f i i o d  \ c i u  u u u l s - s  ~~~ t h e ’  s i l t . - ..
~ dl ge-c t t u u i u  u u t  . ‘ r u ,’ t h r , u t  y t s ’
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. . v t u p l a s i i i .  ,‘ \ c m d p h i o s p h a t _ i s i ’ , u l I l s ’  of t he h t y i l  rol y t i c  s ’ m i / y n u e s  k i o u ’ ,t- n t o  I , ,

a S S o & ’i.L t e u i  w i t h  l\’ s, ’ s t u i f l e S  . t s s i st ~~ in  t h i s ’  i i g i ’s t i v s ’  ~‘a c t u , u l , - s , l i1, d s - i i i u i i ; -

st r . t ! t o i i  of a c i d  phospha ass ’  a . .  t i ’ ,  i t ’ , , t ! u u u s , u i l l ! i r l m f s ’ ( f  t h e  ! i i m t ~’t i o n al  r o l e

ot  t b ,  foci . . !  va c t m o l s ’s ,‘! m a l a r i a l  pa r a s m t .  ~~~ ~‘i n . .  5’ u h l l t u r u i u i u u i n s -  was demon—

- :  l ’ s  l oca i i i , e within t h i s ’ food ‘.- a c u c) l i ’s , h l . r . . i 1 i i m n , - l ! i ~&~~’ , * t t s  . . t  th i s

e n / y n ie  t i  i n t ~~’n  t h ; s~ ‘f i g ’ -  ~tive s \~~~t~~’ ! l ;  of ii’ialartal pa ra s i 1 , - ~~ ,

(~~) F l .  . ¶ r , u l l  ! n ic ” - - s .  - ‘ O s ’ — u y t - ’ , i ’ - t i i i c . s I c l i s ’ t l i i ) ’ I  P r  ‘ ! i f f s - r s - n t i a t i n g  y n e i n —

b r a i n ’s  u t  b . u ’ ,~ .‘r \ ’ t . n - - c ’~’t , ’ s  a n d  ,nal , s r i a l  pa r a s i t e s ,

In  o -‘ ‘ : s - t O  i n t s ’ r p r , ’ t  t he r u ’ S ’ : ! ’  — of  bmoc1 ~,n~i~ cii a n d  i n t t n u n u s h u s g i u  a l

~ t i d m , ’s a l t  .‘ r v t l ; r ’ c ’ vt s ~— ’ — , - ‘ — n i a ! , s  : ‘- a l  p a r a s i t s  ~~~. - - i i ’ -  i u ; u — t  con s i d s  —

‘he ’ t l l t ” h u i s ’l l u. s ’ ot h u t s  ~~- I l  n n ’ i n t u ” , t i . s ’ s  t b , s t  i n ’ , ’., ‘‘ ‘ a b ly  . - : , t .  i t l u i f l , i ’ s s, i ., h

p r s ’p a  n , t t i u s l i s , e g a  r ’~i ’ - ” ”  s f  t~~o-  i s ( s l . - i ’ u - - ! :  i u s ’ t h u n i  u ’~~1 i, ’ s - s i . I ) ~’ t s ’ r t i m i t u u ng

‘ h e  i ) ” r c ( ’n t d ~~e i t t  : , 5 ” a s i ! ’ s  s - n t r a t u u u , ’h i n  , ‘ “ v ! i , r , i V ! e  l’flCll u b - n . i f l s ’ S  and

-~ ‘:~i l ; t t t ~ i ’ i :1g  Los ’ c i ’ lL  d s ’ t i r t s  i s , t h : s - r i -  ‘ ‘ :‘ . - , an s ’ s s e i ; t i a l  p r i ’ .  e ’ i u t r s  i n

S t ’ ~ i 5 ’s . T h t — ’- . - t ’ . r s - , i ; u o r p h u l u a ’ i u  . I i ~~ : u. V t ’ ’ t  } s ’ n u i c a l  s u r f a c e  (‘ ha ra c - t . - r i s t i c

‘t “ - ‘ l a ’ . - ’ :  i i i a l , i — i  s p a”~i ’ - m t . -~ ( I ’ . s ’~~~~1 ! . ~~~~~) ai ; : • - ‘ ‘ - t  i’ v t b . n , — ,  y !, s ~ ‘ s ’ r ’  con’i —

pci r t’ (I  I ’ ’ ‘ t ~~‘ in l I l t  C r ‘ “ ca t  10 • ‘~h l  v

h’ r v ! b r o ~ ~‘t . ’ s  had ‘i~~t t o  r i o, ,  (m clv gs-anul a — surfac. - I “ ‘ —pa rasitc- s

C - ’-. ’ V t ’ . ‘ a  v a n i . - ’y  of s i t s ’ s , ~~h a t ’ s -~ a !-i -~ s i u r ! . ce t e x t u n ’ s ’i ’ . R e s u l t ’ -  of - v t .-

ch s ’ m ic al  a n a l y s i s ’ s U s i n g ,t s i a l o p h i l i c  u , i l l , ’ i ’ b a l  i n - ~ s t a i n  m n ’ i i c a , • t i n , !

the s u r f a c e  of i ” u . i a t s - ’ i  m a l a r i a l  pa r a s ; ! .  s h a -  ~‘ s - ’~ s -~~ , ‘ s e u i  s i a l i c  a c i d  g r n m ; u s

which g i v e  r u ’ - ’  - ‘ a l i s ’ t  n ’ ’ g c i ! i v s ’  siu r fa charge common t o  m i ’S !  ma m m al i a n

cel l ’. . , I~ t o c h . - t n i  a l  a s say  i , - n u , , n s r ,t ,’.’h t h a t ma la ria pa r a s i t e s  on t a mn e d

a b o u t  ‘ - ‘s f  ‘h , - ,t ’ ’ -  ‘ - l u ’ ‘.1 sialic at id P~’s-  ‘ • n t  w e i g ht t h a n  c i t i - u ! n , . h  n -: c e l l
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. - \ t r a c t s ,  S i i t i i P s r l y .  . ‘~t e rn a l  c i c t i l i c  i i u t i c o p o l v s .t c ch a r n ! s - u i , , t s  of t r e , ’ —

p., r a s m t s ’ s , as rs ’’,,- ..tc o i o.- r n t l u s ’ n i u : t ~ u re d s t ai n i n g ,  a r t ’  s - ’—. t t’ , - i ~~, s -  l v  t h i n  as

- . i np a r . ’ d I i ,  t he  ‘L ~~~k gl y c o c a t y x  l a y e r  at  red s - u s.

L ipo id . t l h .q t i s ’ s a t  t b ,  s c i r f a c e s  ‘i  ‘ t o . u t u ’ i ’ u n g  p l a s t u t a  n i r rnb r a t u s ’ s  ‘~~ s rs-

1o~ , i l i , . ’u !  - -y  l i t ) o t u b , i h i ,  — i n n  c n i l l o i ’~ s t a i n i n g. The d i s t r i b u t i o n  of l i p i d

P l a u ~~n s  s , r s ’~ ’ s’ ..l ’ ’’! v bound  co l lo id .  a t  t b  s t i n I i c s ’  . 1  pa r a s i t . - s  an d  .‘. - . ;

c i ’I l s  w er e  ‘- i r u u i l , t r .  H . u w s ’ ’ ,’ , - r .  su r f ac ’ ’s  a t  n i a l a — i a l  pa r a s i t s - s  ‘,t’ s ’ n s ’  i n —

P - n ’~el y — t a m .’.! ‘Sc- i L L  t u . , t ,  h w , , r h , ’ :- , s t ’ . - n l i s  a! h ) . i f l i u ’~ l ip o p h i l m u  c u s l i s s i d  r u ’ s - s

l a s t l y  k n i t  t h a i ’ , t h u , s s ’  ~~~~~~~ - :  by ‘ r , t ’ . r - ’ ,  ‘,‘ t s ’ s , ~ t i~~h 1i n ’~ings  i n d i c a t e d

s h i t ’ . - . ’ s - n c , - s  in  ~~~~ s : : s ’ - in ’ !  n u m b s - r I ’  u f  s ’’, p u i s s ’ d  phosp h u • u h i p i d  a “ s as at (I,

s u i r t ’a c - .’s of l i ru ’ii t i n g  ! u u . - t m u i , r . s n , ’s of h o s t  cs I l s  , snd p a r . s s i t . - s .

1 . - c a u s e  of t b : ’  d m t t ’ ’ r e n t ’ e s , h i r n i t m i : g  t~~u ’ ’ r i u h r a i i s ’ s  of  m a l a r i a l  pa r a s i t e s

an - : h o s t  . ‘ r v  11 ;” . - .  ‘.‘n’ s — t O i l ; . - - ’. ‘0 0 -‘ - n t  1 ‘,‘ ‘ ,c~~-en  s ’x po s  5 -d . . pi ‘s i t  I v s - I  v ‘ a — g i’d

r .’n u • , l l , u i t u ,  ~~s’g a t i ~ ’el y cha  — g s ’ i i  r ’ -d ‘ I l  n , ’ t u u h r a n i ’ s  h i n d  • - l l o ; ’ b , whereas

s ’ ; : ; s ’ ? n ’ 1 ’ ”a n s ’ s  do  n - ! , T h is  sr h s ’ c  t i v t t ’ , in u t i h h u t i d a l  i r o n  : ; i t _ ~ b . - by

‘ v p . ”  - ‘ !  r~~ u ’ m n l ’ a t ) . - s - an  be ‘ m i t t s - i l  a s  an aid in  vis . . s l i ~’in g  t h e

am o u n t s  • -i~ - . r u t a m m f l a t : r ) g hoi . .  c e l l  I ’ S !  r , l : u s ’ s in r s ’ s - — i’nala n a !  pa — a s I ! s - u —

p r -p a  r , , t i , r , — a n ’ ’, i n  — ‘  ~~~~~~ c e l l — I s - e s ’  rn e inh r an s ’  ‘ \t r ~i . .  t~~ .

c) Uos~ c s ’h l  c h . , n g . - s i  : 1 . ’: . .  • -u b y I ! 1 ’ib i  — i t  m i s - u  t i m .

!) Changes ot e~~v t h r i - v t ,  s i n t ’ ’ i  t s ’ r !  b y  !t . 5,’ i V , l \  a u i ’ ! ,~ i y n i ) t u m . ) l ~~m.

h ost  n t i s  i n l e t  n . !  b y c e r t a i n  s ;  ‘ n’s of m a l a r i a l  pa r a s i t s - ~ b u s - l o w

n o c e  r i  ~ t i c  r n o r p h o l o g m  cat a l t e r a t i o n s .  ‘ I h e cha ng s in t h . ’  ‘ r y t hn ’ . ’  ~‘( , ‘ s

i n f e c t e d  by vlv’ax t v t ’ s - m a l a  r i a l  pa ra — i t s  a s - s  a t -nong t h u . ’  m o s t  s t  r i b  tri g -

j  

~~

_ h o w ev er .  t b ’  n a ! i i — ’ - -.1 t h u s ’ s ’  u a n g . -~ was n t  b n r . w n . I h i .  “ ‘ - f o r e . v,’ ,

I
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— t i , ’i n ’d  t h e  c h a t i g s ’ s  in ‘ ‘ r \ - t h i ” o c \ ’ t c ’ ~ i m ’ t . - c ! . - ’ i b y 1- ’ . - - m ’ ~, i x  and  P. \ ‘ l i i u i i u u u i ~~~ i

by ~‘ l i ’~ t ron  m ’m c r o s c u u p v  t o g e t h e r  w i t h  i r m u n u i m n u ~ — c y t o ch s - r i u i s t r v .  I ’h e  h o s t

i l l  ch a r : g . ’ s j r i c l u : u ! s ’  t ’ r t n a t i . a n  of ca ’. s’ u , l a — v s ’ s i c ’ le  c o l l ip l s ’X e S  along t h u s ’

s ’ ” v t h r o c v t s ’  p l , i s l I l , s t e l n m ; u s  and  t , u r m a t i u i n  u t  • l s ’ f ! H  and l a r g e  v a c u i o l s ’ s  i l l

the cy top lasm.

I he Ca V s ’ 1, 5  — vu ’  i- i  e tc  complexes con s  1s t  • i t  • a v e u u l a  st i r raund.-d by  s cv ,’  rat

‘.‘ estc -le s in .,t ’,- ,’ola r !.i s h l L ( u t ’ L . I h ey  a p p e a —  t • i  c o r r e s pond w i t h  Si. h u u m f ! i i t ’ r ’ s

: t  ob~~c’ r~ ~-d hi ’ , ’  I t c h : !  to, ros copy , hs ’ca i t s , ’ c u t  t hei r pattern ‘ ‘! d i s t r ib u t i o n

and h e i r  s i t  ,‘ - Also , h or s . ’  r a  s b  p s- n i ix i ’ l c i  s. l a be l le d  a n t  i h i u ” h ~ ’ s t a ins  the

coTnp is ’\ t ’ s in a rna nn • - r  a n a l u u - g u u i i s  to t b . -  wa ’ , t h a t  ~
-‘, b u : t  t r i e r ’ S f i t s  a r e  s t ain ed

‘,s, m t ’i :  u l u m , u r s ’ s c . ’ i n — l a b . - l l , ’d .‘i n ! i ” ’ . ’~ v a g a i n — I  1’ . \‘ iv a x _  Thi ” a ’.’ s ’ u u l , s — v s - s i c  l e

o m u i p l . ’ x s ’s a rt ’ p t n . ’~ ‘,‘ t - . t i ~~ in o r i g i n  b . - c . s U ~~i’ t b u . - v  p i ck  up f s ’ r r i t i n  p a r t i c l e s .

( .~ ) (‘b;ar.g.’s - : s ’  r ’ , ’ t b i r . ’.. ‘. 0 ’s  in :~ - -. i s ’ : by P. r - i r n i o v a l s ’  a n d  1’ _ h e i di .

S c h t m f t n s ’ r ’ s d , . t s  - u - i s o  . t pPs ’a r  in  , ‘r ’ , ’t } : r u . ,  v ’ s - s  i n f e c t e d  by  u u v a l ,  - t y p e

m a l a r i a l  p,s n a s i ! e s .  So:. . . ’  v i v a x ~~ t v p e  pa r a s i t e s  m d : ,  s -  a n  a l I t -  r a t i o n  at

: ‘l,i sma lemma ‘f i n f s ’ u. n’ u! • ‘r v t h r o c - v t s ’ s  , s s  s t a n d  in  (1 ) ,  we

. - r v l b u r - n v t . ’ s  i n : i - - t ’ ’ d  w i t h l ’ . s i i n i u ’ ’ . , 4 l , ’ a m i d  I ’ , f i e l ’ l i .  F l .a  ! rs m  m i c r ’ - —

S c o p~ r , ‘rv ’, b : r u ) c ’ , ’ i r : t s ’ c i s - d  by t h e ~~,’ p a — a - s i t s - s  r s ’v s ’ a l , ’u !  c . t v i ’ o l a —

I ’ ’ c . s m u i p l ’ ’x s ’s  ~ i n : i l a r  t o  t b  - - ‘s  ( t i m i d  in  ~‘i v a x — t v p s ’  pa r a s i l s ’ s . T h i s

fi n d i n g  f u r t h e r  u - u s m i f i ” n a - d  ‘ ‘i n  p n s ’ v m o u ”  c.’n!’-t! ion that t h i s ’  c’a v e o l a — v s - s u - l s ’

c , u - n u p I s ’x s - s  a n , S.. h u f f n e r ’ s d o t s  Se - ru by l i g h t  r u u i u r o s c o p V .  Zn a d d i t i o n ,  the

e r y t h u r ’ . .  V t ’ S  i i i ! s ’ u  ! , - ‘j h u v  P . s i m n i , ’ ’ .’ a l s -  a n ’ ;  P. h e Id i  showed e l e c t r o n — d e n s e ’

s’ x c r ” s u  “n c  — ‘. c ’h i u  h ar ’ l .~~ a t . ’~ a t  the  p r o t ruded  t ip  of the s ’r v t h r o  y t e s .

T he se  i - h a n g s ’ s  may  be ‘b i e  b a s i s  f o r  t h e  u h a  ra t . ’ r i s t i c  f i m b r m n a t i o n  of
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• s ’~~s l s ’ — t y p e ’  m n t s ’ ct i ’ d  er ~’ t h i r ’ , y t . ’ ,~-. on ( i s - l u t u — a s t a m n s ’ d  blood f i l m s ,

— d l  A i i t i h u o d ~ ’ — j n d i t ,  ‘ h  u i m ra , s t r t p ,  t u i r o l  c h a n g s  s 01 m a l a r i a l  pa r a s i t s - s .

i i )  \ t e r o i . t ’ i t e  • b i . 5 I i ~~ s ’~~,

I n u n u u n h t ~~~i ,, i s !u e ’ , ’n  i n d u e ~ a g a m n ~~t t b .  s ; u , ” , , .’ , I t s  s a r t : t ’ r y t h r a i  y t i . .

s t a g .  s of m i i l , - ..- t i o n .  In t b : .  c a s . -  of i m n i r u ’ i r t i t ’ , ’  a g a i n s t  e r ’ , ’ t } u r u ‘ , ‘ ! i c  i f l t ’ ’ C ’ in ~~,

r a - n s f e r  ~~t s e ’ r i m n i  or  I gG t r a in  a b i , ’ s t  i n~ mu n , -  h i  m al a  n a  si ~i p p r s - s  s.~u i or

g r c a !  l v  r s ’du c  i ’d pa r ,, S i t  .‘mia in a non — i I nmune  b i u p ~ t -

I: ; t b , j ~ s tu d y .  t h u s - e I f s ’ t - t  u s t  i r n m n u l u . ’  5 5 - r u In on , u - n s ’ r o z o i t . ’s of  P . k n o w l e s i

w a s  u ’ v a l u a t , ’ , j  by :  1) d i r e .. t ~~b s i ’ r - , a t i u r u  a t  l t u s - r u u , u u i t , - s a i l s - n ‘ o , ’ l , ’ a - s s -  ( r u i n )

e r v t h r u . i  ‘. 1 .  ~~~, ‘.~ i ’ s t i ’ , o u u ,n of n u - r u .~~u , i t . -s .1 ,.~~cI : t m n a t i u ) , )  3) ~u : ,, n ti fi ca _

t i n of i r t ’ , . , s i u i r t  !‘.s t s - , m d  4 b  . ! ‘ - s - . ’ ’, . m t i , - ,f l  u t -  t h u s ’  t i l t  r , u s t ” u m ,  t u : ’ s of r n e r -,’ u s i n - s

in  i t i u i n n u t r i . - $ ,~~‘ ‘ - u f l u - .

I r n r : u u : u : . - s s ’ r i m r ’ ;  . sg g l t i t i n a ’ s - u  I -f l e  r ’ -n’. i i s ’ s  , I ’ . k n ow l e s i  i n :  • u t i t u i  s— c ,

I h . ’v a t t a .  b e d  !,‘  s ’ . v ’ h ,  ‘,- t e ø ,  h u t  ‘,c- - r s -  i s u : . s I I ’ , ’  ti n a l u l u  is u ’ : - , , ,  :~~ - , Ma r k s  ii

a g g r . ’c~m t i ~ in of nn- s- . ,’ - i t  “ w a s  . i ” s . u - t a t  .‘‘: ‘,c- i t b .  ~‘ ‘; i ’ ... ‘d i n v a s i o n  ‘ i f  s ’ r v —

t b u r u ’ c v t , ’ s  i n  t h . ’ s . -  u ’ i l t u — . - ’. . The a c c l u : ! i n a t i , , r u  m d  r ’ - d u u . .  • i n v a s i o n  v,’ s ’ n s

C t t i ) f l l t m n u ) l~~ g i  - sh y sp . ’ .. i f l c ,  h r  t b : ,  i - t i . ’ , t ‘f “ s ’r u ln  was g r . ’ a t s ’ s t  a c a i n s !

i u u i l i i u i t , , g u , t i . , s t ” a - ’, t i S  of 1’ . k r ; u - s~~’~ ,’~~~, \~~‘ — ; ~~~~ t s ’ a g g l u t i n a t i o n  wa~ ca i sed

by t b ; s ’  ~‘ i t u ’ i u r u g of s ’ : r t a ,  .‘ c ’ .u - t~ on , i d ;a c - e t :t  pa r a s i t s ’s . i b i s  ‘ ‘a t  ap p e a red

on t h e  p l a s m - na r r u ’ - r ; i b ’ ” ,u- r : ,  a t  r r ’ i s ’ n u u , - , , i t ,  s a - I t .  — i ’ was s ’ x p u i s s ’ s !  ‘ ‘ culture

r n ’ ’d iu r n , b u o t h  ~~u t h  a n d  w i t h u u u - u i t  iii rnune  s er ’m u .  ‘I he coa t c o n s i s t e d  u - i f

p~~ot . ’ m n  o r  g l y . .  o p r , u - t , ’ u l , s i n c e  i t  was s i ts ,  s ’p t a - b l e  t o  ‘ r v p ’ - i n  t r e a t m ent . It

app e a r s  t h a t  a nt i b o d i ~’’- ‘ i i  r ’ - ’ t e d  a g a i n s t  t h i s  surface coa t a r s ’ c m n - m a l  f o r

the r ’ ’’ h u i ( - s - d  i n v a s - . ’- sn of t h e  e’ r y t h r o u  y t s - s .
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(~~) ~‘pc ’ r ’ i t e  • h a -~ i~~~ s.

I r u m n ~uni ’ . , t i o n  w i t h  i r r a d i a t e d  s p a r u ,’ ’ u i t e s  p r . . s t l i i c  s - s  ,s t t ) i t 5 i ( l s ’~~ . bIt ’

‘ ! e ’ g r t - s - of p-’ . i t i . - c t iort a g a i n s t  r u o ! s ’n t , s i m ’ u u , m n and h u i r u i a r u  i na la  , ‘ ia,  I b i s

p r i i t t ’ c’ t i u u f l  i s i n  ;) a  r t  .i~~t i h a d ’ , ’ — t n i , ’ h a - t , ’d , A f l t i h , , i u ! i , - s  n t - i t t  s - a - l i ,’,’ s p i u n u ’ / u m t e s ,

i _ u - , - a b o l i s h  t h e i r  i r i t s ’ c t i ’ ,’ i t y _ a nd . . a - t i s~ ’ t h u s -  t ’ i r i n n a - t j o f l  c u t  a t h r e a d — l i k e -

;) r s ’ . . t p i t J i . ’  on ‘ he !~~‘ r a — i t e s .  A ~ t u d v  w a s  : n , b s ’ r t a k ’n is cha r a c  t s - n i z n  t b n

; i, ’ r a s t n u c t u r , s l  . i s p .’~ of a n t i u u i b ’ , - _ s p u u r u u i i u i t . - t r n t ’ ’r a u  t i m .  G r a d i e n t  on —

c s ’ n t r , t t s ’ t I  sp or o /. i s m t i - s  , . f  P . bs’ r~~hs’ i a n d  P. ~~v n m -u u l ~~ i v . s - r , ’  in  u t , , ! , ’ :  v, i t ! :

i n i m n u n . ’ , s t n ’ h  r ;o r u u ~m l  5,- na , l I e u  t n - u ; n i . .  r u u 5 , ’ u l u ’ ,’ “ ‘ ‘ s - a - ! . - :  t h u . ’ p r e s s - n t . -  of

a ; - s r o i u n  1 : - n ? , t h ick  • o at  s u r r u u u i r : d i n g  I }~ .‘ Q u : t .  m ; a - u u : h u n , s u , ’ i i i  t b u ~ - —‘ i ’ - ” - .~u , j t e ’ s

i n c u b i _ i t ’ d  in i m n u r n t u i r u . ’ s er u m .  I ; . . - i n n .  s t ” u i . .  O u r s ’  of t n . ~~- . pa ra s i t ’ s  app - a r . - d

is ’ be r s ’ l a t i v t - l ’ ,’ m a lt . ‘ “ ‘ : . l ’hv - s t  v . a - s  , s b s i ’ n t  u u r  i n i n i i n a l  on pa ’-as i ! ’  S

i ’ :, - , i ! u , s t s ’ d  in  n o ’— u : : . s l — . ‘ ‘ — - . ‘ ‘ - , _  I i ; . .  i i h u , i t t u m ’ t  ‘ i t  j f l ’~ii~ i i m u .  u — ’ - n u u r u u

s p o r o ’ ’ i t s - s  ~~~~~~ s-a - ! ; !  ‘m u t t  • l 1 ) o U S e  c , u - t u u t u u , s  g l ob u l i n  c o nj u g a t s  d w i t h  hi m , ’—

ev a-n-o n d e i - ni -,t’ts! ‘a ’ ,’~ b t b ’  pa n t ’ , c u ; u , u - t : 1 :  •! u i ; u rn u n o g l o b u i i n  in the ’ I o ” u u : . s t l o n

- i t  t h i s  s ’ ;r f a c s ’  d s ’ p o s t t u - u n . C - - s t f i u ’ - ’ : ; , , t t ’ ’ r ;  o . . u -u ” ’ a ’ : , s l s o  ‘n t h i ’  S U n f a c s-  ‘ i f

t n . ’ t . i h u u l i c a l ly  i l l ’ S  i s V, - . f l O f l —  t -’ - c— ’ t i n C  p.s “ a - s i t s ’ s  5 u - i (  h i s  f o r i n a l m n  t , - s a - t ,  d

s p o r u u t . . u t s - s ,s r n i !  Pa r J s i t . - s  k e pt  on i n ~ • - . S u . s n n u r : g  ‘ - I ’ ’ ’ t r ’ ’ n  m i . .- - ’ u ~ ‘ ‘ I ’ ~ a n d

Ii s ’ g a t i V s - - — ‘ s i n i n g  i n - ~ m c a t , ’d t ha t t b : ,  a - m : ’ s - t ’i ’ i ”  u -n d  of t h i s ’  pa ra t — i t .  s W a s  i~r . ’ i ’

- ‘ I  C - a t  ‘ O ’ p ’ - ’, t i O f l  a - n d  t h a t  t h e  t h r s - a d — i i k .  p c i p i t a t e  was l u  a - i s ’ i b  a t  t b : s

-~~~~~ ‘ n o n  end ‘‘I t h e  s p o r o i o i t . ’ s .

l u t e  ra c! ion b e t w e e n  ‘~~~st cells and  mala r i s i  pa r~’u- S~~~!e  -

( i t  h j o ~~t i ’ l l  ‘‘ r u t  r v  by P. k n o w i e s i  r u t s ’  r o i ’ ’i i t s - s .

I n ’ ’ a - ’ . . n o n  of . - r y t h r i . c v t e s  by r l i e” l ; u ! , - s  i t  -
. k n o w l e s i  w as  i n v s ’ s t i g a t s ’ d

by e l i -ct  r on  mi C r i . $ u  ‘u p v .  The ap i cal end u s t  t h e  me r o t s - s i  I s -  m a  ~ • s i n i t i a l
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c on t a c t  w i t h  the  s ’r ~’ th ’- s ’ c  y t e , c r u - . i t t r u c  a s m al l  d ep r e ss i o n  in  th~ i - ’ - v t h : s - u > c y t e

r n u t ’m b ’-an t -  ( F i g .  1) I b u s ’  a r s - .m of t h i s ’  e ’ r v th r o c ’ , - t ’ -  i n u . - m b r a n t -  to  w h i t ! ;  t h u . -

rne ’r o i , o l t , ’ i s  att ached be comes th i c ken e d and t o r i n s  a ) U f l c t j o f l  w i t h  t h i s ’

t i l ,t ~~m i u . t  u u u , ’ r n u b r an , ’  of t h e -  r u n s ’  r o z o it ,  - A s t h ~~ i t o ’  r i ) , ’ u , i t e ’ s - n t m ’  “s t ht ’ i n v a g i i u —

~m t 1 . . i n in  t h e  e r v t h n u c v t e  s u r f a c s ’ , l b s  j u n c t i o n  w h i c h  i s  in  t h e  f or m  of a - -

c i r c u r n l e ’ r e ’n t i a t  ‘ i i i . ’ of a t t . t c h r n s ’n t  b e t w e e n  t h e  e r y t h r o c y t e  an d nu - ’rozo it e - ,

along t h e  c o n !  r a nt  e’d n u s ’m br a  f le ’s to ma in t a  in  i t  p o s i t  ion  at t h e

a n i f i u s ’  of ths ’ i n v a g u u : a t i o n  ( F i g s . ~ ~ . 3 i _ \‘u ’h s ’n  s ’ r u t ry  is  c’onu p l e ’ t e d .  t b : s -

o r i t ’i .,’ e’ c h i t - s - s  b e h i n d  t b : , -  p a r ~u - s i t s ’  i n  t h i s ’  t a — h ion ot a n  i r i s  d i a p h — .’gm a n d

‘he  j u n c t i o n  b s ’ c o r u i , ’s  a p a r t  of t b ; - pa r a s i t u ’ t b : , u rous  va cuol e  b I- ’i g. 4 i _ I b u s -

mov, ’ r t u . ’n t  ot t b : s ’  t u m n c t i o n  d u m r i n c  m v-s s t u n  i s  ‘ s n  i r m i p o  • ‘ t a n u t  c- onu; p u ’ m:.- nt of

t b .  rns l’ u : , m n i s m  by w h i c h  t n  r m ’ i e ’ o z oj t e  s - t i t e r s  t h i s  . - ‘ - v t h r o c  ‘. ‘ ,‘ .

( 2 1  F t f . ’ , - t  ot  i ‘, ‘ o c h , s l a s j r n  B ‘ ru  h o s t  c~ 11 ott - v b u y  r : u . ’ r o -,’o i t .

A t t n  o u —  u n d s • r s ~ a n d i n g  ‘ , t  t h i s ’ i r : ’ .’ ra t ; o m u  ! i s ’ t ’ ,’, , - s - n  t h u . ’  t u u . - r u O ’ c u i t s ’  and

t b ; ,  n o r m a l  t - — v t b — o i , v t ’ ’ , our  , u - t t , ’ m u t i u u u  ‘. u a s  t o u ’u i s t - d  on t h  s t r u c ’ :r a l  an d

t u u n c - t i ona l  d i f f s ’ — s ’ n , . s : . ’  t w , ’ s - n  t h . ’ n o rm a l  i n v a s i o n  •~~u u e n c s ’  , snd  t b .  u j . - ( , ’ , t —

iv . ’ i u ; ’ ” r - m c ! i on i ,e t ’... - ,~ i~n I ) u f t v  n : e g a t i ’ . ’s- h u m a n  s - r v t h r u i u  y t . s  ‘nd  m a l a r i a l

m e r u , ’,’,o t t , ’s .  S i n c e  i d , ’ n t i t i c a t  n o n  of t h e-  d c f e ~~t in in v a s i o n  of l ) u ( f y nega —

‘i v, ’ . ‘ n v t b : n i ,  ‘, ‘t . ’~~ could :10! b~ e xp lo n s ’d by p — e v i ’ ’u s l v  a v a i l a b i s -  t . ’ c h n n { u m , ’ s ,

we  d ev e l op . ’u b  a r n - a - I  iuo ’ :  f o r  t s i so la t ion  ii  t b : . -  a- t i a  hn i s -nt  pha ~ s ’ b - s ’,  u s i n g

c y t ’n c h a i a s m n  B.  ( y t o c h a l a s m n  B is k n o w n  t o  a f f ’ -  t m i i i ,  r o f i l a m s ’n t s  and

gi i icos  . ‘ t r i  t ; $  pa r t  oi ce ll S -

W h e n  c y t o c b ; ~s l a s i n  P — t r e a t s ” !  ms’ r ’ u - 7 o i t s ’ s  of 1’ . k n o wl es i  v. s - n ”  in c u b a t e d

w i t h :  r he sus  .- v t h r e s u  v ’ e s,  f l u f f y  p o s i i n v s ’  b u u i r n a n  , - s -~ ’ t h r o ,  v h s  and I ) ’ n f f v

nega t  i v s -  h u m a n  C r y t  h s- o cy t e s  - 1 g I’m t m i c  “ u ’ ~ c ’’pv showed t h a t  t h i . ’  a p i c a l

-
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7
end of the i l l . -  r i ’ / u u i t , - S  w e -r e  oriented t ’w ,s rd t h 5 ~~’ , -  e - r y t h r s c y t e s .  h l o w e ’ - s ’ r ,

‘ h m . i n v a s i o n  p r o c e ’ s s i ’ s did r O u t  a d v an c e  f ur t h e r .  E l e c t r o n  nu i  r o s c op y

s b i u w , ’d  t h u s ’  , , t t , m~~ h r n u s ’ t u t  h s ’ t w s ’ s ’ r u th 1- ap i c a l  end at  a t r e ’a t , - r h  m e ’r o t e , it s -  and

r h s ’ s c i —  e r v t h r u u c v t , ’ , b r i n i ng  a j u n c t i o n  s i n u i l a  r to tha t Se - i ’ l l  f o r  .m n u n t r e a t e d

m e n ’ r o i t t -  ( F  ig .  ) .  b i t t  no f u r t h er  s t e p s  in t h t s  i n v a s i o n  p r o c e s s  t , i u i h ’  p l a t e ’ .

I he , i t t . i c b u r u i e ’n t  be tw i ’ ’ n a c y t o c - h a l a s i n  t r . ’ a t e u b  r n i , ’ r u , i u u j t e ’  a l l ’ !  I ) u m b  t y  p a s i t i ’

h un : , ,n  e ’ r v t } u r o c - y t i ’  i s  i d e ’n t i c a l  to  t h a ’, s e  s - m u  i o n  n i u e ’ s u m s  s ’r v t h r o c y t s ’  ( i - i g .  c h .

in contrast , no j u nc t ion  l u u r n t a t i o n  w a s  ~~t’ s’n t u , ’ t w s - , ’ i u  a f l u f t v  r i s ’ g a t i v . ’  h u m a n

s’ r v t h r o c ’ , ’ t ,- a n - b  t ’- ,- a t . ’ ’ i  me- t’ , ’ / u u i t , - s . The ’ ‘ ‘ p i c a - I  c-nd u t  t h e  r i t e ’ rO ? , t ’ i t e ’ i S

o n m e n t e d  t u u v . ’ ; S  r .h  t h e  • - r v t b u  r u t  v t , , b u t t  i n s t - s d  01 .i j u n c t i o n , t he  s ’ r v t ) u r o u  ~‘t e-

is  a b o u t  l ! O  n u n  .‘wa y f n u - s i i i  t h u s ’ r n u s ’ r o z o i t . ’ a - n d t b i e ’ ~~’ w e - r , ’  • o r u n t ’ c t s - d  by  t h i n

t m l a m s - n t s  ( I - m g  7o  ‘I he ’re i or s ’ , wi con c lud ed  t b - s i :  H c ~‘ t u u t ’ha 1asj n  I’ — t .’ s ’ a t e ’ sh

me n ’i o l t i ’s , i ’ ! , s c b ;  i s -  h o s t , ‘ n v t h n , ‘, ‘ i s-s  a m - ,d t~~r r i i s  a t u n c t i o n . bu t  -y t o c h a l a s i n

b n l o c k s  t n ,  m O v c u n s ’n t  u t  t h i s  l u n c t i u n  ; t n s ’v e - n t i n g  h i m - t h u  r i n v as i o n . and 21 t b ,

, sb s ’ ’n c e  of j u n c t i o n  t ’ ’ r m a t m ’ru w i t h ,  I i s u t t ’ , ’  u u , ’ ,~, m t i v e  h u mr’ nan  , ‘ r v t h u i c  v t s - 5 may

i n d i c a t . -  tha t t h u s ’  D u f t v  a s s o c i a t e d  a n t i g e n  a c t s  a s  a n e c .  pt i r  t u , r  j u n t  l i o n

h - - n i i i a - ! i ’ ’ t u o —  a ‘ I s ’ ! , ’ . - u ’u i n a n t  on I ) i t I v  n e g a - n \ ’ . ’ , ‘ v t b u r o c y t .  s b l o c k s  th -

!i m n c t m , n f ’ u r u m : , s ! i u u l ) .
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F i g u r e  Leg en d s

F i g ,  L E l e c t r o n  m i c r ’ i g r a p hs of a ms- ro ’, ,o i t , ’  c o n t a c t i n g  an . ‘ r y t b u r o c y t e .

N ‘ 0 , 000.

- 
i g - ,,~ F r y t h  r o cy t e -  s ’ru t ry  by  a r i t e ’  r , u / u u i t  s’ - ‘I b u s ’  inva g m n a t i o n  of t he  s- r v t  1 no—

c y t e ’  m~ c r c -a r e d  b u y  a mc- r ot a  i t s ’  - N 54 - 000,

F i g .  A further a d v a n c e d  s t a g e  of s ’ r v t h ’ - o u  v t . ’ s - m u t r v  b y a m e r o z o it e . The

lunc t i  ‘n (a r r sv.’ I i s  f~’ r t n ‘ ‘ s b  iu e t w c ’cfl t b u s ’  t h i  ckent ’d memb r a n .  of t h e

e r y t h n ’ i  s - n -  and n t i s ’  r n / o i l s ’  p l,s m- i iua l t - n i m : u ’ ’  ~ 
u,,0 ,  000.

i- ’ u g .  4 A n i u s ’ n , ’ / ’ ’ i t .  i s  i i u s i d s ’  of our  s ’r ~’ t b u ’- u o - v t e ’ . h owe-y en , t h u s ’  p o s t s ’ n t a r

e l i’ !  i s  ‘- t ; U  a t t a c h . . - ’ t  : -  t h 5 -  .‘ — ‘ ,- ! I u r i ~~’’t , ’  nit- i’n bra rp - , N 50,0(1(1 .

~- u g .  S A n :  a t t , S  b i r i i e i i t  b e t w e e n  a . ‘bo - , - : :~ ~~r ’,’ t h — , i c  ‘,o~ ’ a n d  c y t c c  h a l a s in  B —

re~m t , ’d me — O z o i t . ’ a n ”  w . N 60, 000,

• A n  a t l , s c b u r t t . ’ r ,t  b,’ ’,c - en  a I ) u i t ! ’ ,’ p . i s i t i v s ’  h u m a n  , ‘ r ’ , ’t b u o c ’ , ’ t s -  t i ’  I and a

a t y ! , ,  h , s l a s i n  B — : n . - , . t , - u i n s -  r i ’ i , ’ m t . - ( M ) .  N r - f l , 000,

F i g .  7 I n t s ’ , — a . t u ’ r u  b e t ’,u ’ . ’s ’n a I) u f f y n e ~~~, m i i ~~- e~ h uman s - n ’ , ’ i b , r o i, V t . ’ and a

cy t u u  u , i l a s m n  P — I  “ e a t .  (I f l t s ’ r ’ i f , u i t , - . N o t e ’  f i l a n n e ’ n t s  h i ,  t w e , ’n t t i e

r iu . - r o ’I a i t s ’  ‘nd u- r ~’ t h ~ro: y t s ’ . N ~s~’ , 0O O ,
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Public ati on s 1 1’ s - I - i  ‘~ / 3 1/78)

1 . ,‘\u k~tv. ’a , \L  s n - :  Ei , ’ , ’ u : ’ b o j n , R. L . - I- t ! s - ~ I s  om ( ‘h 1om ’ i s t ~ u i p n s  in t h u s  M u i r p h a l u s g y

— ot th s’  r v t  hi  r ot vi  S t- s  g e ,” - - t  ‘ I a s r i i u u u b m u m  ~ a f l in a  c e u m .  A in. L I  r op .  M ’ s !  -

I h  g .  • 1S :l ’ s - - I S 1 , 1~~s u .
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