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Fig. 2. Stages in the asexual cycle of P. ]alciparum from the smatl 
trophozoite (top left) to the schizont (bottom right). The cytoplasm 
of the parasite and 'stippling' in the cytoplasm of the infected 
erythrocyte are stained with the IF technique. • 2000. 

Fig. 3. Stages in the development of gametocytes of P. /alciparum 
from the earlier stages (tap left) to the mature gametocyte (bottom 
right). The parasites are unstained and the IF staining is restricted 
to the cytoplasm of infected erythrocytes. • 2000. 

t h a t  the  game tocy t e s  s t a in  b r i g h t l y  1. Since i m m a t u r e  
game tocy t e s  are  found  in pe r iphe ra l  b lood ve ry  ra re ly  
and  t h e n  on ly  in smal l  number s ,  we s tud ied  these  forms 
in t he  pa ras i t i zed  h a e m o r r h a g i c  asci t ic  f luid of a n  u n i q u e  
p a t i e n t  L The  pa ras i t e s  were shown  to  be  v iab le  on  in -v i t ro  
cu l tu re :  f u r t h e r m o r e  the  m a t u r a t i o n  of game tocy t e s  in 
v ivo  was followed in samples  of ascit ic f luid r e m o v e d  a t  

in t e rva l s  to  rel ieve a b d o m i n a l  d i s t ens ion  7. I t  is the re fo re  
h igh ly  p r o b a b l e  t h a t  our  obse rva t ions  on  the  a n t i g e n i c i t y  
of t h e  i m m a t u r e  g a m e t o c y t e  are val id ,  pa r t i cu l a r ly  since 
our  f indings  in m a t u r e  g a m e t o c y t e s  in  t h e  asci t ic  f luid 
were conf i rmed  b y  s imi la r  o b s e rv a t i o n s  on s c a n t y  m a t u r e  
g a m e t o c y t e s  in  the  pe r iphe ra l  b lood of ch i ld ren  conva-  
lescent  f rom acu te  P. /alciparum malar ia .  This  an t igen ic  
difference,  a l t h o u g h  p rev ious ly  unrecorded ,  is h a r d l y  
su rpr iz ing  in v iew of t h e  o t h e r  obv ious  changes  in  mor-  
pho logy  an d  m e t a b o l i s m  t h a t  t h e  o rgan i sm undergoes  
d u r i n g  gametogenes i s  ". This,  or some s imi la r  an t igen ic  
difference,  m i g h t  exp la in  t h e  suscep t ib i l i ty  of asexua l  
pa ras i t e s  an d  t h e  res i s tance  of g a m e t o c y t e s  in ma la r ious  
ch i ld ren  to pass ive  t r ans f e r  of m a l a r i a  i m m u n i t y  b y  t r ans -  
fusion of y g lobul in  f rom h y p e r i m m u n e  adu l t s  10. 

The  s t ippled  I F  s t a in ing  of t h e  c y t o p l a s m  of e ry th ro -  
cy tes  in fec ted  w i t h  a sexua l  pa r a s i t e s  has  no t  ye t  been 
a d e q u a t e l y  expla ined,  b u t  i t  co r responds  closely w i t h  t he  
IV[AURER'S clefts  seen in ROMANOVSKY-Stained p repa ra -  
t ions  4. T h e  c y t o p l a s m  of e r y t h r o c y t e s  pa ras i t i zed  w i t h  
P. /alciparum g ame t o cy t e s  n e v e r  con t a in s  IV[AURER'S 
clefts. Single, m u c h  larger ,  e longa ted  a n d  s o m e w h a t  
t o r t u o u s  clefts, k n o w n  as 'GARNHAM'S bodies '  are seen 
on  t h e  concave  side of g ame t o cy t e s  - these  would a p p e a r  
to  cor respond  to the  areas  l ack ing  t h e  I F  an t igen  11. 

Rdsumd. Des 6 tudes  effectu6es p a r  l ' immunof luo re scence  
en u t i l i s an t  les s4rums de ma lades  qui  o n t  subi  p lus ieurs  
infec t ions  de pa lud i sme  (P. /alciparum) on t  m o n t r 6  que  
l ' an t ig~ne  c o r r e s p o n d a n t  p e u t  6tre d6tect6 dans  le cyto-  
p la sme  de tou te s  les formes  asexuel les  du  p l a smod ium,  
mais  n o n  duns  les gam6tocytes .  P a r  contre ,  l ' an t ig~ne  
es t  moins  a b o n d a n t  duns  le c y t o p l a s m e  des globules  
rouges  c o n t e n a n t  les formes  asexuel tes  que  dans  celui des 
cellules a y a n t  des gam6tocytes .  
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The Effect of L-Asparag inase  on the Synthes i s  and Proces s ing  of R i b o s o m a l  Precursor  R N A  in P H A -  
St imulated  L y m p h o c y t e s  

The  m e c h a n i s m  t h r o u g h  which  L-asparaginase  affects  
g r o w t h  of L-asparag inase-sens i t ive  ceils is s t i l l  unclear .  
A m i n o  acid i n c o r p o r a t i o n  in to  t h e  mic rosoma l  f rac t ion  
of 3 sens i t ive  t u m o r s  is m a r k e d l y  i n h i b i t e d  1 a n d  th i s  
effect  seems to be  p receded  b y  a p r o n o u n c e d  i n h i b i t i o n  
of t he  i nco rpo ra t i on  of ur id ine  in to  18S a n d  28S r ibosomal  
R N A  s u b u n i t s  e. However ,  t he  r e l a t i onsh ip  be tween  t h e  
ac t ion  of L-asparaginase  a n d  t he  decrease  in r ibosomal  
R N A  syn thes i s  awa i t s  f u r t h e r  exp lana t ion .  

Ev idence  has  been  p resen ted  t h a t  t h e  me tabo l i c  ac t ion  
of L-asparaginase  is no t  l imi ted  to  ce r t a in  l y m p h o i d  
tumors ,  b u t  i t  is exe r t ed  on n o r m a l  l y m p h o i d  cells as 
well 1, 3. Since p h y t o h e m a g g l u t i n i n  ( P H A ) - s t i m u l a t e d  lym-  
p h o c y t e s  are cha rac t e r i zed  b y  a h igh  r a t e  of syn thes i s  of 
r i bosoma l  R N A  4, a g roup  of e x p e r i m e n t s  were pe r fo rmed  
in order  to  i nves t i ga t e  the  effect  of L-asparaginase  on 

mac romolecu l a r  m e t a b o l i s m  of r ibosomal  R N A  in PFIA- 
s t i m u l a t e d  l ymphocy te s ,  a n d  some of our  resu l t s  are here  
p r e l i m i n a r i l y  repor ted .  

Materials and methods. H e p a r i n i z e d  b lood  f rom n o r m a l  
donors  was s e d i m e n t e d  b y  g r a v i t y  a t  37 ~ in t h e  presence  
of 0.6% dex t r an ,  an d  t h e  s u p e r n a t a n t ,  d i lu ted  w i t h  1 
vo lume  of m i n i m a l  essent ia l  m e d i u m  (MEM), was f i l te red  
t h r o u g h  a co lumn  of ny lon  f ibers  (Leukopak,  F e n w a l  Lab.)  
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Lancet t969, 423. 
4 U. L. TORELLI, P. H. HENRY and S. M. WEISSMAN, J. clin. Invest. 

d7, 1083 (1968). 
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Fig. 1. Sedimentation patterns of labelled RNA from PHA-stimu- 
lated lymphoeytes incubated with uridine-SH (10 [xc/mI for 3 h). 
A) Cells were incubated with the labelled precursor without any 
previous treatment.  B) Ceils were incubated with uridiue-3H after 
30 min of t reatment  with L-asparaginase (5 U/ml). C) Cells were 
incubated with uridine-aH following 60 min of t reatment  with 
c-asparaginase. Since in all sedimentation studies labelled lympho- 
cyte RNA and unlabelled KB cell RNA were extracted simulta- 
neously, the optical density profile in this and in the following 
figure represents mainly the unlabelled KB cell RNA. Different 
amounts  of labelled RNA were put  on each gradient. Gradients 
were centrifuged at 16,000g for 16 h at 4~ 

to  s e p a r a t e  g r a n u l o c y t e s .  T h e  f i na l  cel l  s u s p e n s i o n ,  c o n -  
t a i n i n g  l y m p h o c y t e s ,  p l a t e l e t s  a n d  a s m a l l  n u m b e r  o f  
e r y t h r o c y t e s ,  w a s  c e n t r i f u g e d  a t  1000g  for  1 0  m i n ,  a n d  
t i le  cel l  pe l l e t  w a s  d i l u t e d  w i t h  M E M  a n d  2 0 %  a u t o l o g o u s  
p l a s m a  to  a c o n c e n t r a t i o n  of  4 - 6  • 10 ~ l y m p h o c y t e s  p e r  m l .  
10 m l  c u l t u r e s  w e r e  s e t  u p  i n  25 m l  s c r e w  s t o p p e r e d  c o n -  
t a i n e r s ,  a n d  a d d e d  w i t h  O. 2 m l  o f  P H A  s o l u t i o n  ( B o r r o u g h  
W e l l c o m e ) .  Al l  o p e r a t i o n s  we re  p e r f o r m e d  u n d e r  s t e r i l e  
c o n d i t i o n s .  

Al l  t r e a t m e n t s  we re  s t a r t e d  f o l l o w i n g  a t  l e a s t  24 h o f  
P H A  s t i m u l a t i o n .  I n  t i m e  c o u r s e  s t u d i e s ,  u r i d i n e - 5 - 3 H  
( R a d i o c h e m i c a l  C e n t r e ,  spec i i i c  a c t i v i t y  19 C / r a M )  a n d  
L - a s p a r a g i n a s e  (E. con l _ - a s p a r a g i n a s e ,  W o r t h i n g t o n  
]3ioch. Corp.)  o r  u r i d i n e - ~ H  a l o n e  w e r e  a d d e d  to  t h e  cul -  
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Fig. 2. Sedimentation patterns of labelled RNA from PHA-stimu- 
lated lymphoeytes incubated with H3-methyI-methiouine (10 ~c/ml) 
for 3 h. A) Cells were incubated with the labelled precursor without 
any previous treatment.  B) Cells were incubated with HS-methyl - 
methionine after 60 min of t rea tment  with L-asparaginase (5 U/ml). 
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tures ,  a t  t he  c o n c e n t r a t i o n  respec t ive ly  of 10 ~c and  
5 un i t s  per  ml. Dup l i ca t e  2 ml  a l iquo ts  were t a k e n  a t  
30 min  in te rva ls .  The  cells were h a r v e s t e d  b y  chi l l ing on  
f rozen sal ine a n d  cen t r i f uga t i on  a t  1200g and  washed  
once w i t h  cold saline.  

Fo r  R N A  s e d i m e n t a t i o n  studies,  L-asparaginase  was 
added  to  t h e  cu l tu res  a t  t he  c o n c e n t r a t i o n  of 5 un i t s /ml .  
A t  i n t e rva l s  v a r y i n g  f rom 30 m i n  to  3 h, ur idine-SH was 
added  to  t he  cu l tu res  a t  t he  c o n c e n t r a t i o n  of 10 ~c /ml  
a n d  3 h l a t e r  t he  cells were h a r v e s t e d  b y  chi l l ing on  frozen 
sal ine and  cen t r i fuga t ion .  I n  all  s e d i m e n t a t i o n  s tudies ,  
because  of t he  low n u m b e r  of l y m p h o c y t e s  ava i l ab le  for 
each  expe r imen t ,  un labe l l ed  R N A  f rom K B  cells was  
used as carrier .  These  cells were g rown in m o n o l a y e r  in  
R o u x  bo t t l e s  w i t h  Eag le ' s  m e d i u m  s u p p l e m e n t e d  w i t h  
5% horse  s e rum and  g lu tamine .  2 - 8 •  107 l y m p h o c y t e s  
were e x t r a c t e d  t o g e t h e r  w i t h  1-2 • l0  s I ( B  cells in  each  
expe r imen t .  

Fo r  k ine t ics  exper iments ,  R N A  r a d i o a c t i v i t y  was 
assayed  b y  t h e  modi f i ca t ion  of t he  SCHNEIDER 5 p rocedure  
a l r eady  descr ibed 4. 

Fo r  sucrose g r a d i e n t  ana lys i s  t he  R N A  was e x t r a c t e d  
b y  t he  mod i f i ca t ion  of t he  m e t h o d s  of SCHERRER a n d  
DARNELL 6 and  KIRBY 7 a l r eady  descr ibed 4. Cen t r i fuga t i0n  
was car r ied  ou t  for 16 h on  5 - 2 0 %  sucrose g rad ien t s  in 
0 . 0 1 M  tris buffer ,  p H  7.4, w i t h  0 . 1 M  NaC1, a t  16,000g in 
t he  S W  25.1 ro to r  of a Spinco L u l t racen t r i fuge .  45 frac- 
t ions  were o b t a i n e d  w i t h  a g r ad i en t  ana lyze r  (ISCO). 
R a d i o a c t i v i t y  d e t e r m i n a t i o n s  were pe r fo rmed  as pre-  
v ious ly  descr ibed  4. 

Results. Our  t i m e  course e x p e r i m e n t s  showed t h a t  t he  
add i t i on  of L-asparaginase  to t h e  m e d i u m  reduced,  
a l r eady  a f te r  30 mill, t h e  u p t a k e  of t r i t i a t e d  u r id ine  in 
acid insoluble  mate r ia l .  Af te r  1 h of i n c u b a t i o n  t he  r a t e  
of R N A  syn thes i s  was  a b o u t  50% of t h e  controls ,  whi le  
f rom the  second h o u r  o n w a r d  no f u r t h e r  pe r cen t  decrease  
was obse rved  (Table).  

F igure  1, A shows the  d i s t r i bu t i on  of r a d i o a c t i v i t y  of 
whole  cell R N A  e x t r a c t e d  f rom P H A - s t i m u l a t e d  l ympho-  
cytes  i n c u b a t e d  w i t h  ur idine-SH for 3 h. 2 m a j o r  peaks  of 
r a d i o a c t i v i t y  are ev i den t  in  coinc idence  w i t h  t he  opt ica l  
dens i ty  peaks  of t he  2 r i bosoma l  R N A  subun i t s ,  18S and  
28S IRNA. 

A m a r k e d l y  d i f fe ren t  d i s t r i b u t i o n  of r a d i o a c t i v i t y  in  
t o t a l  cell R N A  is obse rved  w h e n  i n c u b a t i o n  w i t h  ur id ine-  
8H is p receded  b y  a 30 ra in  per iod  of t r e a t m e n t  w i t h  
L-asparag inase  (Figure  1, B). A m a j o r  p e a k  of radio-  
a c t i v i t y  appea r s  a t  45S a n d  t he  p e a k  in t he  midd le  region 
of t h e  g r ad i en t  becomes  larger,  c o n s t a n t l y  showing  i ts  
h ighes t  p o i n t  a t  32S. 2 f u r t h e r  m i n o r  peaks  are observed  
in t he  18S a n d  4S region of t he  g rad ien t .  

W h e n  t h e  3-h i n c u b a t i o n  w i t h  ur id ine-aH was p receded  
b y  1 h of t r e a t m e n t  w i t h  L-asparaginase,  t h e  p a t t e r n  was 
qu i t e  s imilar ,  excep t  for t h e  c o n s t a n t  lack of t he  radio-  
ac t ive  p e a k  assoc ia ted  w i t h  18S R N A  (Figure  1, C). 

F igure  2, A shows t he  s e d i m e n t a t i o n  profi le  of radio-  
ac t ive  R N A  e x t r a c t e d  f rom P H A - s t i m u l a t e d  l y m p h o c y t e s  
i n c u b a t e d  w i t h  S H - m e t h y l - m e t h i o n i n e  for 3 h. Def in i te  
labe l l ing  of t he  2 r i bosoma l  s u b u n i t s  is ev iden t ,  besides  
t he  h igh  level  of r a d i o a c t i v i t y  in  t he  4S region,  p r e s u m a b l y  
r ep re sen t i ng  m e t h y l a t e d  soluble  R N A  and  m e t h i o n i n y l -  
S-RNA.  A fa i r ly  d i f fe ren t  p a t t e r n  is o b t a i n e d  w h e n  3 h 
of i n c u b a t i o n  w i t h  3 H - m e t h y l - n l e t h i o n i n e  are  preceded  
b y  a 1 h t r e a t m e n t  w i t h  L-asparaginase  (Figure 2, B). A 
m a j o r  p e a k  a t  45S is observed,  a n d  t h e  p e a k  in t he  midd le  
region of t he  g r ad i en t  is lowered and  enlarged.  F u r t h e r -  
more,  no  def in i te  r a d i oac t i ve  peak  is seen a t  18S. 

Discussion. The  resu l t s  of our  k ine t ics  s tudies  show t h a t  
ur id ine-3H i n c o r p o r a t i o n  in P H A - s t i m u l a t e d  l y m p h o c y t e s  
is m a r k e d l y  i n h i b i t e d  b y  L-asparaginase,  and  conf i rm 

Effect of L-asparaginase on incorporation of uridine-aH into acid- 
insoluble material by human lymphocytes incubated with PHA 
for 24 h 

CPM per 9 • 10 ~ cells 
Incubation with 
L-asparaginase and/or Control Enzyme- 
uridine-3H (min) treated 

30 184 125 
60 420 245 
90 770 335 

120 1370 550 
150 2010 850 
180 3170 1360 

Results of one experiment. 

t h a i  th i s  e n z y m e  causes  in  n o r m a l  l y m p h o i d  cells t he  
same m e t a b o l i c  effect  descr ibed  in L-asparaginase  sens i t ive  
t u m o r s  b y  STEVENS e t  al.  2. However ,  t he  s e d i m e n t a t i o n  
ana lys i s  gives a f u r t h e r  ins igh t  in to  t h e  m e c h a n i s m  t h r o u g h  
wh ich  t he  m e t a b o l i c  effect  of L-asparaginase  is de t e rmined .  
I n  fact,  ou r  obse rva t i ons  i nd ica t e  t h a t ,  fo l lowing t r ea t -  
m e n t  w i t h  L-asparaginase ,  a r e l e v a n t  p r o p o r t i o n  of radio-  
a c t i v i t y  is assoc ia ted  w i t h  t h e  45S R N A  even  a f te r  3 h of 
i n c u b a t i o n  w i t h  t he  label led  precursor .  This  c lear ly  indi-  
ca tes  t h a t  t he  decrease  in r i bosoma l  R N A  syn thes i s  is 
para l le led  b y  a decrease  in t he  r a t e  of c leavage  of t he  45S 
r ibosomal  R N A  precursor .  I n h i b i t i o n  of t h e  syn thes i s  of 
r i bosomal  R N A  precurso r  ha s  been  obse rved  in severa l  
cond i t ions  of r educed  cell g r o w t h  s, 9. However ,  as for the  
m e c h a n i s m  t h r o u g h  wh ich  L-asparaginase  causes the  
m e t a b o l i c  changes  descr ibed  above,  i t  m u s t  be po in t ed  
ou t  t h a t  r ap id  fall  of R N A  synthes is ,  para l le l  to  impa i r ed  
process ing  of 45S RNA,  has  been  obse rved  in H e L a  cells 
as a consequence  of p ro t e in  syn thes i s  i n h i b i t i o n  b y  cyclo- 
ex imide  lo. 

I t  the re fore  seems conce ivab le  t h a t ,  because  of t he  
m a r k e d  sens i t i v i ty  of nuc leolar  func t ion  to i n h i b i t i o n  of 
p ro t e in  synthes is ,  one of t he  ear l ies t  effects  of L-aspara-  
g inase  in sens i t ive  cells is t he  i m p a i r m e n t  in  syn thes i s  
a n d  process ing  of r i bosoma l  p recursor  RNA.  

Riassunto. Gli AA. h a n n o  s tud i a to  I ' e f f e t to  del la  L-aspa- 
r ag inas i  sutla s in tes i  d e l l ' A R N  net  l infoci t i  co l t iva t i  in  
v i t ro  con P H A .  L ' e n z i m a  p rovoca  u n a  m a r c a t a  r iduz ione  
del la  veloci t~ di s in tes i  d e l l ' A R N  e l ' ana l i s i  s ed imen t ime-  
t r i c a  d e l l ' A R N  m a r c a t o  suggerisce che l ' e n z i m a  r a l l en t a  
la veloci t~ di e laboraz ione  de1 <~precursore~ r ibosomiale .  
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