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Table II. Comparison between testicular growth induced by orange radioluminous paint and continuous light 

EXPERIENTIA 31/1 

Treatment Combined testicular weight (mg) after the following number of days of photostimulation 

0 7 12 18 

Short days 14.9 4- 1.3 (16) 16.9 i 2.5 (5) b 24.9 -- 3.1 (23) b 77.4 4. 23.6 (6) 
Continuous light 14.9 4. 1.3 (16) 208 4. 33 (8) 635 4- 36 (11) 2153 4- 319 (8) 
25 mgOrange RLP ~ 14.9 4- 1.3 (16) 91 4- 20 (5) 516 4- 91 (10) 2290 (2) 

RLP is an abbreviation for radioluminous paint, b Mean • SEN. Number of animals in parentheses. 

Green rad io luminous  pa in t  was w i thou t  effect  on 
gonado t roph in  secretion.  This  is pe rhaps  no t  too sur- 
pr is ing as red /orange  l ight  is m u c h  more  effective t h a n  
blue/green l ight  in inducing gonadal  g rowth  ~,16, 21. 
W h e t h e r  th is  ref lects  the  spect ra l  r e spons iv i ty  of the  
pho to recep to r  or mere ly  the  greater  t issue pene t r ance  of 
the  longer wave leng th  red l ight  is unknown.  The p resen t  
results  say no th ing  as to the  si te of fhe  ex t ra - re t ina l  
receptor .  Other  evidence,  however ,  argues aga ins t  it  
being the  pineal  gland l~,15,~G,ls,22 a l though  th is  organ 
m i g h t  p lay  a minor  role in quail  2a. This  does no t  of course 
exclude a func t ion  for the  pineal  in o the r  species ~*. A final 
caut ion  mus t  be en te red  as HOM~A et al. ~ have  recent ly  
repor ted  some expe r imen t s  in quail  where  t h e y  claim 
t h a t  t he  eyes do have  a role in the  pho toper iod ic  controi  
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mechanism.  They  migh t  be necessary  for b i rds  to  dis t in-  
guish shor t  days  under  some c i rcumstances  for enuclea t ion  
does no t  a lways lead to gonadal  regression when  bi rds  are 
t r ans fe r red  f rom 18L/6D to 8L/16D. 

Rdsumd. Pour  s t imuler  le pho to r6cep teur  ex t ra r6 t ina l  
de eailles japonaises  (Coturnix coturnix japonica), des 
disques  endu i t  de couleurs rad io lumineuses  ont  6t6 
in t rodu i t e  sous la peau de leur crane et soumis ~ un 
~clairement  de courte  dur6e en lumi~re naturel le .  A u n e  
dose de 25 nag, une t e in te  ma in t enue  dans  la r6gion de 
l 'orange de spect re  p rovoque  un no tab le  accro issement  
test iculaire.  Le t a n x  de ce t te  a u g m e n t a t i o n  ne ditf6ra pas 
de celui qui s 'observe  chez la caille soumise g u n  6claire- 
meri t  cont inu.  Des endui ts  6 m e t t a n t  la coulenr ver te  
fu ren t  sans effet. Ces donn6es la issent  supposer  que la 
caille n 'ut i l ise  pas son ceil comme pho to r6cep teur  s t imu lan t  
le d6ve loppement  p~riodique de ses gonades.  
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Increased Fusion Frequency of Aspergillus nidulans Protoplasts 

We earlier r epor ted  t h a t  p ro top la s t  fusion and  hetero-  
ka ryon  fo rma t ion  could be achieved wi th  auxo t roph ic  
m u t a n t s  of Geotrichum candidum 1. Nutr i t iona l  comple-  
m e n t a t i o n  occurred in low frequencies,  depend ing  on the  
condi t ions .  I t  was fu r the r  men t ioned  t h a t  p ro top las t  
fusion could also be a t t a ined  wi th  nut r i t iona l ly-def ic ien t  
Aspergillus nidulans mutan t s .  We  describe here the  
aggregat ion  and  an increased fusion f requency  of Asper- 
gillus nidulans protoplas t s .  

Materials and methods. Nutr i t iona l ly-def ic ien t  s table  
U V - m u t a n t s  of the  s t ra in  Aspergillus nidulans p a b a l ,  y, 
ts6 2-a were produced,  and the  m u t a n t s  requir ing lysine 
(lys) and me th ion ine  (met) were used in these  exper iments .  
The m u t a n t s  were cu l t iva ted  and ma in t a ined  on cul ture  
m e d i u m  conta in ing  0.5% yeas t -ex t rac t ,  1~ glucose and 
2% agar, a t  p H  6-6.2. 

If  no t  o therwise  s ta ted ,  the  m e d i u m  for p ro top las t  
fo rmat ion  consis ted of 0.6 2VI KC1 in McI lva in  c i t ra te-  
p h o s p h a t e  buffer  (pH 6.0), conta in ing  1% freeze-dried 
digest ive juice of the  snail  Helix pomatia. This enzyme  
solut ion was f i l tered t h rough  a m e m b r a n e  sheet  (pore size 
0.22 txm) to exclude par t ic les  deleter ious to  aggregat ion  
and  to fusion of pro toplas t s .  For  p ro top las t  fusion t h  e same 

solut ion was used, w i t h o u t  snail  enzyme.  For  regenera t ion  
of p ro top las t s  use was m a d e  of a minimal  m e d i u m  
(NH~/~SOI, 5 g; IZH 2 PO 4, lg ;  MgSO~.7 H20, 0.5 g; 
glucose, 10 g in 1000 ml dis t i l led water)  supp l emen ted  
wi th  v i t aminsL  KC1 (0.6 3/I) and agar  (2%). The same 
med i u m wi th  added  L-lysine and L-methionine (each 
50 ~g/ml) was employed  to  de t e rmine  the  n u m b e r  of 
co lony-forming uni ts  and the  f requency  of p ro top l a s t  
fusion. 

In  order  to cu l t iva te  the  auxo t roph ic  m u t a n t s  under  
o p t i m u m  condi t ions  for g rowth  and p ro top las t  p roduct ion ,  
a modi f ica t ion  of the  prevlous ly-descr ibed  cel lophane-  
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sheet  t e c h n i q u e  5, 6 was  appl ied.  I t  m a y  be m e n t i o n e d  t h a t  
w i th  these  m u t a n t s  l iqu id  m e d i u m  can  also be  used for 
c u l t i v a t i o n  ; however ,  in  m a n y  o t h e r  species of f i l amen t o u s  
fungi, t he  c u l t i v a t i o n  in l iqu id  is v e r y  u n f a v o u r a b l e  for  
p r o t o p l a s t  fo rmat ion .  Sheets  of ce l lophane,  p laced  on  t h e  
surface  of t he  cu l tu re  m e d i u m  in Pe t r i -d i shes  10 cm in 
d iamete r ,  were inocu la t ed  w i t h  smal l  d rops  of dense  
conidia l  suspensions .  The  d i s t ance  b e t w e e n  t he  drops  was 
a b o u t  1 cm. Af te r  a 30 h - i n c u b a t i o n  a t  30~ the  cello- 
p h a n e  shee ts  w i t h  t h e  fas t -g rowing  colonies were l i f ted 
off a n d  p laced  in to  p r o t o p l a s t - f o r m a t i o n  m e d i u m .  Fo r  
p r o t o p l a s t  p roduc t ion ,  i t  is p rac t i ca l  to  use Pe t r i -d i shes  
of t he  same  d i a m e t e r  as in t he  case of cu l t i va t ion .  
2 ml  of e n z y m e  so lu t ion  is suff ic ient  pe r  shee t  a n d  2 
ce l lophane  shee ts  can  be  appl ied  in each  dish.  Gen t l e  
s h a k i n g  a t  30~ led to r ap id  p r o t o p l a s t  fo rmat ion ,  a n d  
w i t h i n  90 min  a fa i r  ~mmber  of p r o t o p l a s t s  were released.  

The  p r o t o p l a s t  suspens ions  were c o m b i n e d  for  each  
m u t a n t  separa te ly ,  t h e n  f i l te red  t h r o u g h  a s in t e r ed  glass 
f i l ter  ( J ena  G2) w i t h o u t  suc t ion  or pressure .  P r o t o p l a s t s  
were col lected b y  cen t r i f uga t i on  (3,000 g, 10 rain,  2~ 
Af te r  d i sca rd ing  of t he  s u p e r n a t a n t ,  ice-cold fusion 
m e d i u m  was added  a n d  t he  c o n c e n t r a t i o n  of p r o t o p l a s t s  
in t he  suspens ions  of t he  2 m u t a n t s  was  d e t e r m i n e d  w i t h  a 
h e m o c y t o m e t e r .  More ice-cold fus ion m e d i u m  was added  
to give a p r o t o p l a s t  c o n c e n t r a t i o n  of 1 mi l l ion/ml ,  a n d  
1 ml  p r o t o p l a s t  suspens ions  of the  lys m u t a n t  were 
mixed  w i t h  1 ml  of those  of t he  m e t  m u t a n t .  The  suspen-  
sions were m a d e  up  w i t h  cold fusion m e d i u m  to 10 ml  an d  
cen t r i fuged  in i cm d i a m e t e r  t ubes  as above .  Af te r  
r e m o v a l  of t he  s u p e r n a t a n t  a n d  r e p e t i t i o n  of t he  cen t r i fu-  
ga t ion ,  t h e  agg rega t ed  p r o t o p l a s t s  were s h a k e n  in 1 ml  
fus ion m e d i u m  to  yield smal le r  aggregates ,  cons i s t ing  
m a i n l y  of 5-20 p ro top las t s .  Samples  of 0.05 ml  were 
mixed  w i t h  5 ml  po r t i ons  of a r egene ra t i on  m e d i u m  of 
1.5% agar  (42~ and  poured  over  a bas ic  r egen e ra t i o n  
p la t e  ( ' pour ing  m e t h o d ' ) .  Fo r  compar i son ,  samples  were 
also appl ied  to  t he  surface  of t he  r egene ra t i on  med i u m,  
sp read  careful ly  w i t h  a sealed capi l lary ,  dr ied  s l ight ly ,  
a n d  sp r ayed  w i t h  r egene ra t i on  m e d i u m  as descr ibed  
ear l ier  ( ' sp ray ing  m e t h o d ' ) .  The  p la t e s  were i n c u b a t e d  a t  
30 ~ a n d  checked  for c o m p l e m e n t a t i o n .  

I n  o rder  to  d e t e r m i n e  t he  f r equency  of p r o t o p l a s t  
fusion,  1:100 and  1:1000 d i lu t ions  were m a d e  f rom t h e  
suspens ions  of t he  aggrega ted  p ro top las t s ,  m ixed  w i t h  the  
r egene ra t i on  m e d i u m  s u p p l e m e n t e d  w i t h  t he  r equ i red  
a m i n o  acids, poured ,  a n d  i n c u b a t e d  as above .  Conidia  
f rom colonies g rown on m i n i m a l  m e d i u m  were col lected to 
p rove  h e t e r o k a r y o n  f o r m a t i o n  a n d  to  d e t e r m i n e  t h e  

p r o p o r t i o n  of segregat ion .  The  conid ia  were sp read  on  t h e  
surface  of aga r  p la t e s  c o n t a i n i n g  0.5% y e a s t - e x t r a c t  a n d  
0.02% L-sorbose. W e t  ve lve t  was  used for repl ica  p l a t i n g  
of conidia  of t h e  r e su l t i ng  smal l  colonies on to  m i n i m a l  
m e d i u m  an d  on to  t h e  same m e d i u m  s u p p l e m e n t e d  wi th  
e i t he r  lysine or m e t h i o n i n e  (50 ~xg/ml). All p rocedures  
were car r ied  ou t  u n d e r  s t r i c t ly  asept ic  condi t ions .  

Results and discussion. P r o t o p l a s t  fusion an d  he te ro-  
k a r y o n  f o r m a t i o n  could be ach ieved  a t  a cons ide rab ly  
h igher  f r equency  w i t h  Aspergillus nidulans t h a n  w i t h  
Geotrichum candidum. This  was m a i n l y  due  to  t h e  ab i l i t y  
of A spergillus nidulans p ro t o p l a s t s  to  fo rm f i rm aggrega tes  
if adpressed  b y  cen t r i f u g a t i o n  in so lu t ions  of KC1 or 
NaC1 as osmot ic  s tabi l izers .  T h e  m e c h a n i s m  of aggrega te  
f o r m a t i o n  a n d  increased  p r o t o p l a s t  fus ion  a t  h i g h  sa l t  
c o n c e n t r a t i o n s  is n o t  known.  

T h e  i n t e r d e p e n d e n c e  of t h e  abi l i t ies  of p r o t o p l a s t s  to  
aggrega te  a n d  to  fuse was v e r y  clear. W i t h o u t  p rev ious  
agg rega t ion  a s imi la r ly  low (or even  lower) c o m p l e m e n t a -  
t i on  f r equency  could be a t t a i n e d  as w i t h  Geotrichum 
(1.6 X 10 .6 pe r  p r o t o p l a s t  pair) .  This  was  t h e  case w h e n  
p r o t o p l a s t s  of t h e  2 m u t a n t s  were mixed  an d  i m m e d i a t e l y  
added  to  t h e  m i n i m a l  m e d i u m ;  w h e n  mixed  p r o t o p l a s t s  
were s e d i m e n t e d  in t h e  presence  of t h e  snai l  e n z y m e ;  
w h e n  a sugar  was  used as osmot ic  s t ab i l i ze r ;  or w h e n  
p r o t o p l a s t s  were fo rmed  in inorganic  s tabi l izer ,  b u t  
washed  w i t h  0.8 M glucose, t h e n  cen t r i fuged  an d  t r e a t e d  
as descr ibed.  On the  o the r  hand ,  good aggrega t ion  occurred  
an d  fa i r ly  good c o m p l e m e n t a t i o n  was found  if p r o t o p l a s t s  
were fo rmed  in a sugar  so lu t ion  (e.g. 0.8 M glucose) b u t  
washed  t h o r o u g h l y  w i t h  0.6 M KC1 or NaC1. 

The  h ighes t  f r equency  of c o m p l e m e n t a t i o n  w a s '  
a t t a i n e d  as descr ibed  in t h e  m e t h o d i c a l  p a r t  w i t h  t he  
ap p l i c a t i o n  of t h e  ' pou r ing  m e t h o d ' .  T h e  ave rage  fre- 
q u e n c y  of c o m p l e m e n t a t i o n  was 2.5 • 10 -3 as ca lcu la ted  
on  t h e  bas is  of c o m p l e m e n t a t i o n  pe r  co lony- fo rming  u n i t  
(aggregates  of va r ious  size an d  single ceils). Accord ing  to  
f u r t h e r  calcula t ions ,  an  ave rage  co lony- fo rming  u n i t  
cons is ted  of a b o u t  10 p ro top las t s .  KC1 an d  NaC1 yie lded 
s imi la r  resul ts .  The  ' s p r a y i n g - m e t h o d ' ,  wh ich  p r o v e d  
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Fig. 1. 5-day old colonies of 
Aspergillus nidulans on minimal 
agar medium after several serial 
transfers. A) Aspergillus nidulans 
pabal, y, ts6; B) heterokaryon 
colony of Iys and met mutants of 
the same strain. 
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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 


