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excel lent  wi th  yeasts  requir ing high agar  concent ra t ion  
for regenerationS, proved  less efficient in this case. 

W i t h  the  employed mutants ,  he te rokaryon  format ion  
could also be a t ta ined  th rough  mycel ia l  fusion of in tac t  
growing cells under  appropr ia te  circumstances.  However ,  
in the  cases presented here, he te rokaryon  format ion  of 
this type  in the  course oi incubat ion  can be considered 
insignificant,  if i t  takes  place at  all. I f  protoplas ts  of the  
mu tan t s  were kept  under  condit ions favourable  for cell- 
wall format ion,  and then  t rea ted  as described above for 
protoplasts ,  there  was a rapid decrease of complementa t ion  
to a ve ry  low, or zero frequency.  The decrease was 
propor t ional  to the  t ime  of deve lopment  of cell-wall 
elements.  In te res t ing ly  enough, in spite of the  regenerat ing 
cell-wall, the  in tens i ty  of aggregat ion of the  cells in the  
first  6 h was similar  as in the  case of t rue  protoplasts .  
Resul ts  of o ther  exper iments  concerning the  k ine t i c s  of 
he te rokaryon  format ion  and cell-wall regenerat ion,  to be 
published elsewhere, also revealed t h a t  the  fusion process 
took  place before cell-wall regenerat ion.  

The fused and complemented  protoplas ts  could regener- 
ate cell wall, and colonies developed.  The first colonies, 
he te rokaryo t ic  in na tu re  could be seen by  naked eye on 
the  3rd day of incubat ion.  

Colonies developed f rom complemented  cells differed 
character is t ical ly  in morphology from the  paren t  mutants .  

In  general, the  he te rokaryon  colonies were irregular  and 
heterogeneous.  F igure  1 represents  some differences in 
colony morphology  between the  original A spergillus 
nidulans strain, to which the  colonies of the  mu tan t s  are 
ra ther  similar  on supplemented  medium,  and a typ ica l  
he te rokaryon  colony after  serial t ransfer  on min imal  
medium.  The morphological  differences are permanent .  

Aggregat ion  exper iments  carried out  at  var ious  p H  
levels (pH 3-12) and at  different  t empera tu res  (0-30~ 
revealed t h a t  these factors were not  decisive;  mos t ly  the  
size of the  aggregates was affected. For  two reasons, 
however,  the  use of low tempera tu res  af ter  pro toplas t  
format ion  and before p la t ing  is suggested. The  aggregates 
were be t t e r  packed at  low tempera tures ,  and the  sub- 
sequent  fusion f requency was somewhat  higher;  the  
deve lopment  of e lements  of a f ibri l lar  ne twork  was inhib- 
i ted a t  low tempera tures ,  bu t  t hey  appeared rap id ly  at  
room tempera ture ,  as seen in F igure  2. This observa t ion  
is in good agreement  w i th  the  earlier da t a  obta ined  wi th  
Saccharomyces cerevisiae8, 9. The fibri l lar  ne twork  can 
p reven t  protoplas t  fusion completely.  

Serial t ransfer  of complemented  cells could be perform- 
ed indef ini te ly  on min imal  medium.  However ,  the  conidia 
were segregated into the  original  mu tan t s  indicat ing the  
he te rokaryot ic  s ta te  of the  hyphae.  No rule could be 
established as regards rat ios  of segregation.  All types  of 
segregat ion pa t te rns  existed. 

The solutions of KC1 or NaC1 could aggregate  proto-  
plasts selectively.  No aggregat ion occurred wi th  Geo- 
trichum, Saccharomyces and Candida species. On the  o ther  
hand,  intense aggregat ion was found no t  only wi th  
Aspergillus nidulam, but  wi th  o ther  Aspergilli and 
Penicillia too, and pro toplas t  fusion has a l ready been 
achieved wi th  Aspergillus niger mutan ts .  

Zusammenfassung. Die H~Lufigkeit der  Protoplas t fus ion  
auxot ropher  Mutan ten  yon Aspergillus ~eidulans wurde  
durch Zugabe von 0.6 M KC1 oder  NaC1 gesteigert .  
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Fig. 2. Fibrillar network of the new cell wall of a regenerating 
protoplasf after a 1-h incubation in osmotically-stabilized liquid 
culture medium. The protoplasts were burst, washed, treated with 
0.1% trypsin for 2 h, washed again, applied to grids and carbon 
coated. Bar represents 1 jim. 
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Inhibition of Macromolecular Synthesis in the Malarial Parasites by Inhibitors of 
Proteolytic Enzymes 

l~ecently, we repor ted  tha t  acid proteases f rom several  
Species of t~lasmodium were ex t remely  sensi t ive to several  
protease inhibi tors isola ted f rom ac t inomycetes  cultures 1, 8. 
Since e ry throcyt ic  stages of the  malar ia l  parasi te  ob ta in  
much  of thei r  amino acids f rom breakdown of host  cell 
hemoglobin  3-5, and since they  also digest  some of thei r  

own organelles 6, we suggested tha t  the  organism m a y  be 
par t icular ly '  susceptible to inhibi tors  of pro teoly t ie  
enzymes 1, 3. This  may, be the  case, as low concent ra t ions  
of several  such inhibi tors  inhibi ted growth,  as measured 
as an  increase in paras i temia  of P. knowlesi incubated  - 
in v i t ro  i l l  monkey  red blood cellsL We  now report  on 
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Fig. 1. Effect of protease inhibitors on incorporation of isoleucine 
into protein. A, normal red cells; O, infected red cells; ~, infected + 
50/xg/ml chymostatin; �9 infected q- 50 [tg/mI pepstatin; A, infected 
q- 2 mM PMSF. 

s imi la r  s tudies ,  pe r fo rmed  on _P. berghei-infected mouse  
red  cells. I n  th i s  case, however ,  t h e  i n c o r p o r a t i o n  of 
labe led  precursors  in to  p r o t e i n  or nucleic  acids were used 
as i nd ica to r s  of growth.  Our  d a t a  show t h a t  pa r a s i t e  
p ro t e in  a n d  nucle ic  acid syn thes i s  were i n h i b i t e d  b y  
severa l  p ro tease  inh ib i to r s .  

F igure  1 shows t he  effects of 3 p ro tease  i nh ib i t o r s  on  t he  
i n c o r p o r a t i o n  of isoleucine in to  p r o t e i n  of in fec ted  b lood 
cells. P e p s t a t i n ,  an  i n h i b i t o r  of acid p ro teases  s i nh ib i t s  
the  p a r t i a l l y  pur i f i ed  p l a s m o d i a l  p ro tease  b y  50% a t  a 
c o n c e n t r a t i o n  of 0 2 5  ~tg/ml (4 • 10 -~~ M) ~. C h y m o s t a t i n ,  
wh ich  i nh ib i t s  c a t h e p s i n  B 9 is a l m o s t  equa l ly  effective,  
whereas  p h e n y l m e t h a n e  su l fonyl  f luor ide  (PMSF)  a n  
i n h i b i t o r  of ser ine proteases ,  comple t e ly  i nh ib i t s  t h e  

e n z y m e  a t  a b o u t  1 m M  ~. P e p s t a t i n  and  P M S F  i n h i b i t  
i n c o r p o r a t i o n  of labe l  in to  p ro t e in  b y  a b o u t  80 and  90%,  
respect ively ,  a t  t he  c o n c e n t r a t i o n s  tes ted .  C h y m o s t a t i n  
was less effective.  Leupep t in ,  a n o t h e r  i n h i b i t o r  of t he  
pa ra s i t e  protease~,2 also i n h i b i t e d  i n c o r p o r a t i o n  of 
isoleucine in to  pro te in ,  b u t  c o n c e n t r a t i o n s  of 1 m g / m l  or 
more  were requ i red  for 50% i n h i b i t i o n  (not  shown).  

Blood  f rom n o r m a l  and  Plas~nodium berghei-infected 
mice was col lected us ing  E D T A  as an t i coagu lan t .  Samples  
were mixed  w i t h  Tr igg ' s  m e d i u m  (TM)10 w i t h  t he  iso- 
leucine c o n c e n t r a t i o n  reduced  b y  50%, and  cen t r i fuged  
for 5 ra in  a t  250 •  The  s u p e r n a t a n t  f luid a n d  bu f fy  
layer  were r emoved ,  cells were su spended  in TM, a n d  
layered  over  a so lu t ion  of 10% (w/v) D e x t r a n  (MW 
500,000) in saline.  Cells were t h e n  cen t r i fuged  for  7 m i n  
a t  400 xg ,  r e suspended  in TM to  wh ich  i nh ib i t o r s  were 
added  and  recent r i fuged .  T h e y  were f ina l ly  suspended  
in TM which  c o n t a i n e d  t he  a p p r o p r i a t e  inh ib i to r .  Dup l i ca t e  
a l iquo t s  of 0.4 ml  were t r a n s f e r r e d  to t e s t  t u b e s  and  were 
i n c u b a t e d  w i t h  0.05 ixCi of isoleucine-l~C (70 mCi /mmole) .  
A t  t he  t imes  ind ica ted ,  50 btl samples  were r e m o v e d  a n d  
p i p e t t e d  on to  f i l ter  p a p e r  discs, w h i c h  were processed for 
sc in t i l l a t ion  c o u n t i n g  n The  po in t s  shown  are t he  ave rage  
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Fig. 2. Effects of pepstatin on incorporation of precursors into protein and nucleic acids. A, normal red cells; O, infected red cells; 
D, infected + 12.5 btg/mI pepstatin; A, infected + 25 ~tg/mI pepstatin; O, infected + 50 ~tg/ml pepstatin. The insert shows the 
inhibition when a mixture of 15 amino acids was added to the cells. Isoleucine and methionine are already present in the medium. 
O, infected cells + 50 lzg/ml pepstatin; A, same, but supplemented with amino acids. 
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of dup l ica te  tubes .  The  p a r a s i t e m i a  was a b o u t  4%,  
and  the  re t i cu locy te  c o u n t  was  less t h a n  0.5 %. The  wash-  
ing p rocedure  r emoves  over  90% of t he  leukocytes .  

F igure  2 shows t he  effects of p e p s t a t i n  on  t h e  incorpora-  
t i on  of p recursors  in to  p r o t e i n  and  nucleic  acids. I n  t h e  
l a t t e r  case less t h a n  10% of t he  i nco rpo ra t i on  is in to  DNA,  
as shown b y  select ive r e m o v a l  of RNA,  f rom t he  f i l ter  
p a p e r  discs ~. A dose d e p e n d e n t  response  was ob ta ined .  
P r o t e i n  syn thes i s  was i n h i b i t e d  b y  a b o u t  40% a n d  nucleic  
acid syn thes i s  b y  80 o/o a t  t he  h ighes t  p e p s t a t i n  concen t r a -  
t i on  tes ted .  Some v a r i a b i l i t y  in  t he  s ens i t i v i t y  to  t he  
inh ib i to r s  was  encoun t e r ed  in d i f fe rent  exper imen t s .  W e  
h a v e  no t  ye t  been  able  to  a ccoun t  for this .  

Cells were p r e p a r e d  as descr ibed for F igure  1. However ,  
t he  adenos ine  c o n t e n t  of t he  m e d i u m  was reduced  b y  
50% (to 5 vg/ml),  t he  p a r a s i t e m i a  was 11%, t he  vo lume  
of t he  i n c u b a t i o n  m e d i u m  was reduced  to  0.225 ml,  and  
0.075 txCi of isoleucine-14C were added.  For  i nco rpo ra t i on  
in to  nucleic acids, cells were i n c u b a t e d  w i t h  0.125 [xCi of 
orot ic  acid-6-14C (specific a c t i v i t y  25.2 mCi /mmole) .  I n  
th i s  expe r imen t ,  coun t s  in  in fec ted  cells h a v e  been  
cor rec ted  for coun t s  in to  a n  equ iva l en t  n u m b e r  of red  
cells. 

If  these  inh ib i to r s  are indeed  ac t ing  to  p r e v e n t  hemo-  
g lobin  b r e a k d o w n  b y  t he  paras i te ,  i t  m i g h t  be  poss ible  
to  reverse  the  i n h i b i t i o n  b y  supp ly ing  the  cells w i t h  a m i n o  
acids. F igure  2 (insert) shows t he  resul t s  of such  an  
expe r imen t .  The  add i t i on  of a m i x t u r e  of a m i n o  acids 
pa r t i a l l y  reversed  the  i n h i b i t i o n  due to peps t a t i n ,  a t  leas t  
d u r i n g  t h e  f i rs t  two hours .  W i t h  l eupep t in  (not  shown),  a 
so lu t ion  of e i the r  amino  acids or pro teose  p e p t o n e  
pa r t i a l l y  reversed  t he  inh ib i t ion .  

Our  d a t a  sugges t  t h a t  p ro tease  i nh ib i t o r s  m a y  be  
cons idered  as p o t e n t i a l  a n t i m a l a r i a l  agents .  Thus ,  4 
c o m p o u n d s  t h a t  i n h i b i t  t he  pa ra s i t e  p ro tease  also 
i n h i b i t e d  mac romo l ecu l a r  syn thes i s  in  in fec ted  red  ceils. 
These  f ind ings  are cons i s t en t  w i t h  our  work ing  h y p o t h -  
esis 1, ~ t h a t  agen ts  t h a t  i nh i b i t  h e m o g l o b i n  b r e a k d o w n  
could i n h i b i t  pa r a s i t e  g r o w t h  t h r o u g h  d e p r i v a t i o n  of 
amino  acids. The  f ind ing  t h a t  th i s  i n h i b i t i o n  was  pa r t i a l l y  
overcome in t h e  presence  of a m i n o  acids or p ro teose  
p e p t o n e  is cons i s t en t  w i t h  t h i s  hypo thes i s .  The  m a r k e d  
i n h i b i t i o n  of p e p s t a t i n  on p recurso r  i n c o r p o r a t i o n  in to  
nucleic  acid r e m a i n s  to  be  expla ined ,  as i t  is no t  c lear  
if t h i s  is a d i rec t  effect, or if i t  is s econda ry  to  t h e  inh ib i -  
t i on  of p ro t e in  synthes is .  

Our  d a t a  are also cons i s t en t  w i t h  resu l t s  f rom exper i -  
m e n t s  in wh ich  ' g r o w t h '  of P .  knowlesi was m e a s u r e d  b y  
fol lowing t he  increase  in p a r a s i t e m i a  in in fec ted  red  ceils 
over  a 24 h per iod  7. P e p s t a t i n  a n d  c h y m o s t a t i n  con- 
c e n t r a t i o n s  as low as 0.01 ~g/ml  m a r k e d l y  i n h i b i t e d  t h e  
increase  in pa ra s i t emia .  L e u p e p t i n  ac tua l ly  caused  a 
decrease  in t he  pa ra s i t emia ,  b u t  m u c h  h igher  concen t r a -  
t ions  were required.  I t  is no t  clear if t he  h i g h  c o n c e n t r a t i o n s  
needed  for i n h i b i t i o n  ill t h e  p r e sen t  s t u d y  are  due to  a 
species d i f ference or to  a d i f ference in t h e  m e t h o d  for  
m e a s u r i n g  ' g rowth ' .  However ,  t h e  p r e sen t  f ind ings  
i nd ica t e  t h a t  i t  m a y  be  of va lue  to  t e s t  o the r  i n h i b i t o r s  of 
p ro t eo ly t i c  enzymes  on  g r o w t h  of t he  ma la r i a l  paras i te .  

Zusammen/assung. Nachweis ,  dass  d iverse  H e m m s t o f f e  
der  p r o t e o l y t i s c h e n  E n z y m e  den  E i n b a u  ih re r  Vorg~Lnger 
in  P ro t e in  u n d  1RNS yon  Plasmodium berghei bei  in 
v i t r o - K u l t u r  in  M / i u s e - E r y t h r o z y t e n  ve rh inde rn ,  eine 
H e m m u n g ,  die tei lweise d u r c h  A m i n o s ~ u r e n  riiekg~tngig 
g e m a c h t  wird.  Diese D a t e n  sp rechen  fiir e inen  Amino-  
s~u re -En t zug  d u r c h  die P r o t e i n a s e - H e m m s t o f f e  im Para-  
si ten,  wobe i  der  H~ tmog lob inabbau  b lock ie r t  wird.  
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Structure Dependent Catalytic Effect of Cupric Ion 

All n a t u r a l  and  s e m i s y n t h e t i c  penici l l ins  are  ca t a ly t i -  
cal ly h y d r o l y z e d  b y  cupr ic  ion to  t he  co r r e spond ing  
microbio logica l ly  i nac t i ve  penicil loic acids or a complex  
of penic i l loyl -copper  ion 1-~. W e  h a v e  found  t h a t  cephalo-  
sporins,  t he  s t r u c t u r a l  r e la t ives  of penici l l ins ,  h a v e  a 
s t r u c t u r e - d e p e n d e n t  s ens i t i v i t y  to  t he  hyd r o l y s i ng  ac t ion  
of cupr ic  ion. 

W e  h a v e  e x a m i n e d  a large n u m b e r  of s e m i s y n t h e t i c  
cepha lospor ins  of d iverse  chemica l  compos i t i on  for t h e i r  
s ens i t i v i t y  to  t he  h y d r o l y s i n g  effect  of cupr ic  ion ill 
aqueous  solut ion.  Fo r  conven ience  of assay  a d isc-agar  
d i f fus ion  m e t h o d  w i t h  13. subtilis ATCC 6633 as t he  t e s t  
o rgan i sm a n d  a f ixed c o n c e n t r a t i o n  of cepha lospor in  
(4 ~g/ml)  was used. Fo r  c o m p o u n d s  w i t h  poore r  in t r ins ic  
ac t iv i t i e s  a t e s t  c o n c e n t r a t i o n  of 8 ~xg/ml was employed  
w i t h  t h e  same  genera l  p a t t e r n  of results .  The  a c t i v i t y  of 
t he  c o m p o u n d s  was d e t e r m i n e d :  a) in de ionized  w a t e r ;  

, b) in  t h e  presence  of 1 ~g/ml  CuSO 4 ( the ave rage  a m o u n t  
in  h u m a n  serum) ; a n d  c) in  a m i x t u r e  c o n t a i n i n g  1 txg/ml 

on the Hydrolysis of Cephalosporins 

CuSO 4 t o g e t h e r  w i t h  5 [zg/ml of n -pen ic i l l amine  (Cupri- 
mine) .  These  so lu t ions  were k e p t  a t  37~ a n d  samples  
were assayed  microbio logica t ly  a t  0, 3, 5 a n d  24 h. The  
resu l t s  o b t a i n e d  w i t h  severa l  k n o w n  or commerc ia l ly  
ava i l ab le  cepha lospor ins  are p r e sen t ed  in Tab le  I. I t  can  
be  seen f rom th i s  t a b l e  t h a t  t he  a c t i v i t y  of cephalo-  
spor ins  c o n t a i n i n g  a pheny lg lyc ine  m o i e t y  (cephalo-  
glycin a n d  to  a lesser degree cepha l ex in  a n d  cephrad ine )  is 
progress ive ly  lost  in  t he  presence  of cupr ic  ion. Th i s  
deg rad ing  effect  of cupr ic  ion can  be  i n h i b i t e d  b y  I)- 
pen ic i l l amine  (Cuprimine) ,  a h igh ly  specific copper  
che l a t i ng  agent .  
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