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a Cytoplasmic radioactivity after incubation with tritiated thymidine 
(cytoplasmic DNA synthesis) in a cell from human ascitic fluid, 
cultivated in vitro. Giemsa, • 1200. 
b Cytoplasmic expansion of a living cell from human ascitic fluid, 
cultivated in vitro. • 3500. 

38 ~ A f t e r w a r d s  t h e y  were w a s h e d  3 t imes  w i t h  ca lc ium-  
an d  magnes ium- f ree  p h o s p h a t e  buf fe red  sal ine (CMF- 
PBS) ,  t h e n  f ixed 10 m i n  w i t h  e t h a n o l  95% :acet ic  acid 
(9:3) a n d  f ina l ly  a i r  dried.  
F o r  h i s t o a u t o r a d i o g r a p h y  we used t h e  t e c h n i q u e  de- 
scr ibed b y  G a h a n  2 : K o d a k  Nuc lea r  T r a c k  Emuls ion ,  t ype  
N T B  2 :d i s t i l l a t ed  water ,  1: 1; deve loper  K o d a k  D 19; 
d u r a t i o n  of exposure :  10 days  a t  4~ 2 con t ro l s  w e r e  
used for t h e  a c t i v i t y  of D N A  syn thes i s :  f i rs t  n e u t r a l  
deoxyr ibonuc lease  (3200 U / m g ;  0.05 mg/ml ,  24 h diges- 
t ion) on  the  f ixed ceils; secon ch ick  e m b r y o  f ib rob las t s  
c u l t i v a t e d  for 3 days  an d  t r e a t e d  w i t h  the  same his to-  
a u t o r a d i o g r a p h i c  t e c h n i q u e  as t h e  ceils of t h e  ascit ie 
fluid. 
The  ceils of h u m a n  ascit ic fluid, c u l t i v a t e d  in vi t ro ,  
showed  an  a c t i v i t y  of cy top la smic  D N A  syn thes i s  which  
was a t  t imes  v e r y  i m p o r t a n t  (figure, a). This  a c t i v i t y  was 
p r e s en t  in  5 - 1 0 %  of cells, i t  was  n o t  p r e s en t  in  t h e  cyto-  
p l a sm of f ibroblas ts .  T h e y  showed an  a c t i v i t y  of D N A  
syn thes i s  which  was exclus ive ly  nuclear .  Af te r  DNAse  
t r e a t m e n t  th i s  a c t i v i t y  d i sappeared .  T h e  ac t i v i t y  of cyto-  
p lasmic  D N A  syn thes i s  in  the  cells of h u m a n  ascit ic fluid 
is a p p a r e n t l y  n o t  c o n c o m i t a n t  w i t h  a nuc lea r  D N A  syn- 
thes is ;  t h i s  a f f i rma t i o n  is s u p p o r t e d  b y  t h e  fac t  t h a t  we 
did  n o t  see a n y  label led  nuc leus  in  t h e  same cells. W e  no te  
here  t h a t  t h e  cells showing  a n  a c t i v i t y  of cy top la smic  
D N A  syn thes i s  do n o t  d iv ide  b y  mi tos is  du r ing  t h e  con- 
t a c t  w i t h  the  thymid ine -3H.  
These  cells exh ib i t ed  large cy top la smic  expans ions ,  char-  
ac ter ized b y  a v e r y  r ich  n e t w o r k  of m i t o c h o n d r i a  (fig- 
ure,  b). Cy top lasmic  m i t o c h o n d r i a l  D N A  syn thes i s  and  
i ts  p a r t  in cell m e t a b o l i s m  was r ecen t ly  discussed b y  
Ried 3, C h 6 v r e m o n t  4 a n d  Mi tch i son  5 an d  i t  does n o t  seem 
to be  e luc ida ted .  

2 P. B. Gahan, in: Autoradiography for Biologists, p. 65-87. 
Academic Press, London and New York 1972. 
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I so la t ion  and fus ion  s tud ie s  on  p r o t o p l a s t s  f r o m  po l l en  te trads  
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Summary. Diffe ren t  enzymes  were t e s t ed  for i so la t ion  of i n t a c t  p ro top l a s t s  f rom pol len  t e t rads .  A b o u t  8 0 %  isola t ion 
was ach ieved  f rom pol len t e t r a d s  of Ca janus  ca )an  an d  Zea mays  an d  a b o u t  60% f rom Luffa  cy l indr ica  a n d  Lyco- 
pers icon  e scu l en tum a f t e r  4 h of t r e a t m e n t  w i t h  5% cellulase. W h e n  these  m o n o n u c l e a t e  p r o t o p l a s t s  were i n c u b a t e d  
in presence  of 0.05 M CaCI~ in 0.3 M glucose a t  pFI 10.5, 7 0 - 8 0 %  fusion was achieved.  Fus ion  was rare  i n  sod ium 
n i t r a t e  solut ions.  

A p a r t  f rom us ing  hap lo id  pol len  t e t r a d  p ro top l a s t s  as a 
s t a r t i ng  m a t e r i a l  for t he  p r o d u c t i o n  of hap lo id  p l a n t s  3, 
t h e y  are also su i tab le  for soma t i c  genet ics  s tudies ,  since 
m u t a n t s  would  easily be de t ec t ab l e  in hap lo ids  4, ~. Fus ion  
e x p e r i m e n t s  w i t h  hap lo id  p ro top l a s t s  could be  useful  for 
t he  s t u d y  of nuc lea r  b e h a v i o u r  in t he  fused cell an d  also 
for the  r egene ra t ion  p h e n o m e n o n .  Til l  now mos t  of t h e  
s tudies  conce rn ing  p r o t o p l a s t  isolat ion,  fusion and  cu l tu re  
h a v e  been  res t r i c ted  to mesophy l l  a n d  callus p ro to-  
p las t s  6 .n .  The  p r e sen t  s t u d y  deals  w i t h  t h e  feas ib i l i ty  of 
i so la t ing  i n t a c t  p ro top l a s t s  f rom pol len t e t r a d s  f rom 
var ious  p l a n t  species a n d  the i r  response  to  d i f fe ren t  
phys ica l  and  chemica l  agen t s  to  cause  fusion. 

Materials and methods. Pol len  t e t r a d s  an d  pol len gra ins  
f rom Ca janus  ca jan ,  Zea mays ,  Luf fa  cy l indr ica  and  
L y co p e r s i co n  e s c u l e n t u m  grown in o u t d o o r  cond i t ions  
h a v e  been  t e s t ed  for i so la t ion  of i n t a c t  p ro top las t s .  The  
ac tua l  d e v e l o p m e n t a l  s tages  were assessed b y  e x a m i n i n g  
one of t h e  a n t h e r  of a f lower or f lore t  u n d e r  microscope,  
a n d  t h e  res t  were s ter i l ized w i t h  5% ca lc ium h y p o -  
ch lor i te  for 5 ra in  an d  were t h e n  t r a n s f e r r e d  to t h e  enzyme  
so lu t ion  (0,2-0.4 ml  pe r  an the r )  c o n t a i n i n g  0.45 M man-  
n i to l  a t  p H  5.4: T h e  a n t h e r s  were  c u t  w i t h  a s h a r p  razor  
to  squeeze o u t  t h e  t e t r a d s  or pol len  gra ins  w i t h  gent le  
press ing  a n d  t h e  r e m a i n i n g  debr is  was  removed .  I n c u b a -  
t ion  of t h e  re leased pol len  t e t r a d s  a n d  pol len g ra ins  h a v e  
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Effect of enzyme-osmoticmn on release of protoplasts from pollen 
tetrads of Cajanns cajan 

Treatment Period of incubation (h) 

2 4 6 
Peetinase 5% -- 
Driselase 5% - + + 
Cellulase 5% - ]- + + + + q- 
Peetinase 5% + driselase 5% - + + 
Pectinase 5% +cellulase 5% - + + + + + 
Driselase 5% + cellulase 5% - + + + + + + 

, 0%;  + , 4 0  50%; + + , 5 0  60%; + + + , 7 0 - 8 0 % .  

of  a g g l u t i n a t i o n  a n d  fus ion .  W h e n  su f f i c i en t  a g g l u t i n a t i o n  
a n d  fus ion  h a d  b e e n  obse rved ,  t h e y  were  w a s h e d  w i t h  
0.45 M m a n n i t o l  a n d  were  r e s u s p e n d e d  in S H  m e d i u m  ~2 
for  f u r t h e r  s t u d y .  
Results and discussions. Ef fec t  of 3 d i f fe ren t  e n z y m e s  
alone,  o r  in c o m b i n a t i o n s  on  re leas ing  p r o t o p l a s t s  f r o m  
po l len  t e t r a d s  of C a j a n u s  ca jan ,  is s h o w n  in t h e  tab le .  
Cellulose a t  5% level w a s  f o u n d  to  be  m o s t  ef fect ive  in 
re leas ing  i n t a c t  p r o t o p l a s t s  in all t he  4 e x p e r i m e n t a l  sys-  
t e m s  e x a m i n e d .  P e c t i n a s e  w a s  f o u n d  to  be inef fec t ive  as  
was  r e p o r t e d  ear l ier  ~4, a n d  dr i se lase  was  less effect ive  
t h a n  cellulose. I t  w a s  also o b s e r v e d  t h a t  dr ise lase  in 
c o m b i n a t i o n  w i t h  cel lulase does  n o t  ace le ra te  or  increase  
t h e  r a t e  of isola t ion.  I t  t o o k  a b o u t  4 h to  re lease 5 0 - 6 0 %  

been  ca r r i ed  o u t  in h u m i d  c h a m b r e s  a t  28~ 3 e n z y m e s  
n a m e l y ,  p e c t i n a s e  (Serva) ,  dr ise lase  ( K y o w a  K a k k o  Co., 
O t h e m a c h i  Tokyo )  a n d  cel lulase ' O n o z u k a  SS '  (All J a p a n  
Biochemica ls ) ,  h a v e  been  t e s t ed  a lone  or  in c o m b i n a t i o n  
as s h o w n  in t he  table .  E n z y m e  so lu t ions  were  p r e v i o u s l y  
s ter i l i sed b y  f i l t r a t ion  t h r o u g h  a Mil l ipore f i l ter  (0.45 btm). 
All s u c h  o p e r a t i o n s  were  ca r r i ed  o u t  in a sep t i c  cond i t ions .  
F o r  t h e  i n d u c t i o n  of fus ion  t h r o u g h  t e m p e r a t u r e  t r e a t -  
m e n t s ,  i so la ted  p r o t o p l a s t s  h a v e  been  s u s p e n d e d  in S H  
m e d i u m  12 a n d  h a v e  t h e n  been  k e p t  in r e f r i g e r a t o r  a t  4 ~ 
or  k e p t  in i n c u b a t o r s  a t  45 ~ F o r  chemica l  i n d u c a t i o n  of 
fus ion,  0.45 M m a n n i t o l ,  0.56 M sucrose ,  1 M N a N O  a, 
0.4 M N a N O  a a n d  Kel le r  and  Melchers ' s  ta h igh  p H  a n d  
h igh  ca l c ium so Iu t ion  w i t h  s l igh t  m o d i f i c a t i o n  (buffer :  
45.8 ml  1 N  N a O H  a n d  54.2 m l  0.1 M glycine-  0.1 M NaC1; 
to  m a k e  it  0.3 M glucose  a n d  0.05 M CaCI 2 a t  p H  10.5) 
h a v e  been  tes ted .  A f t e r  i so la t ion ,  t he  p r o t o p t a s t s  h a v e  
been  w a s h e d  w i t h  0.45 M m a n n i t o l  w i t h  low speed  cen- 
t r i f u g a t i o n  (80 • g) and  h a v e  t h e n  been  s u s p e n d e d  in t he  
fus ion so lu t ion  to  be t e s t ed .  T h e y  were  k e p t  in s u s p e n s i o n  
for 4 h. S a m p l e s  were  t a k e n  a t  10 m i n  i n t e rva l  for  s t u d y  
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Fig. 1. Microspore protoplast of Cajanus cajan 
having a large mmleus. Phase contrast. • 690. 

Fig. 2. Isolated mierospore protoptasts of Zea 
mays showing adherence after 10 rain of treatment 
with high pH and high calcium solution. • 420. 

Fig. 3. 2 microspore protoplasts of Cajanus cajan 
in the process of fusion. Phase contrast. • 690. 

Fig. 4. Fused mierospore protoplasts of Cajanns 
cajan gradually becoming round with mixing of 
the cytoplasm. Phase contrast. • 750. 
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p ro top l a s t s  f rom pol len  t e t r a d s  of Luf fa  cy l indr i ca  a n d  
Lycopers icon  e s c u l e n t u m  w h e n  t r e a t e d  w i t h  5 ~o cellulase, 
whereas  w i t h i n  t he  same  per iod  a b o u t  7 0 - 8 0 %  isola ted 
p ro top l a s t s  was  o b t a i n e d  in t he  case of Caj anus  ca j an  a n d  
Zea mays .  Y o u n g  pol len  t e t r a d s  were found  to  be  m o s t  
respons ive  to  t he  e n z y m e  t r e a t m e n t ,  w i t h  r e su l t ing  re- 
lease of p ro top las t s .  Spherical ,  n o n - v a c u o l a t e  p r o t op l a s t s  
t h u s  i so la ted  were fa i r ly  u n i f o r m  in size, h a v i n g  a large 
nuc leus  a t  t h e  cen t re  (figure 1). Pol len  gra ins  did  n o t  
yield release of p ro top las t s ,  p r o b a b l y  because  of t h e i r  
exines  be ing  no t  respons ive  to e i the r  of t he  enzymes  
tes ted .  
Dur ing  t he  i so la t ion  process,  less t h a n  3% s p o n t a n e o u s  
fusion was observed .  E v e n  a f te r  fol lowing t he  m e t h o d  
deve loped  b y  I to  a n d  Media  a5 to cause  s p o n t a n e o u s  fu- 
sion, we d id  n o t  obse rve  more  t h a n  5% fusion. Agg lu t ina -  
t ion  or fus ion was n o t  induced  t h r o u g h  h i g h  or low t em-  
p e r a t u r e  t r e a t m e n t s .  
Ne i the r  0.45 M m a n n i t o l  no r  0.56 M sucrose could induce  
fusion even  a f t e r  4 h of t r e a t m e n t .  B u t  t r e a t m e n t  w i t h  
0.4 M sod ium n i t r a t e  for 4 h induced  a b o u t  8-10~ fusion. 

Over  p lasmolys is  resu l ted  w h e n  1 M sod ium n i t r a t e  was  
used. However ,  t he  m o s t  s i gn i f i c an t  r e su l t  was  obse rved  
t h r o u g h  t r e a t m e n t  w i t h  Kel ler  a n d  Melchers ' s  ~3 h igh  p H  
a n d  h i g h  ca lc ium fusion so lu t ion  w i t h  t he  modi f ica t ion .  
Adhe rence  of t he  n a k e d  p r o t o p l a s t s  could be  seen even  
a f te r  10 min  of t r e a t m e n t  (figure 2). The  r a t e  of agg lu t ina -  
t ion  and  fusion increases  w i t h  t he  increase  of t i m e  a nd  
a f te r  30 rain  of t r e a t m e n t  a b o u t  7 0 - 8 0 %  of a g g l u t i n a t i o n  
was observed.  Fus ion  of t h e  a d h e r e d  cells proceeds  
qu ick ly  to a d u m b - b e l l  shape  s t r u c t u r e  (figure 3) fol lowed 
b y  f o r m a t i o n  of a spher ica l  shape  (figure 4) w i t h  t he  
mix ing  of t he  cy top la sm.  I n  a b o u t  5% cases, nuc lea r  
fusion was obse rved  a f t e r  a b o u t  10 h of cu l tu r ing .  W h e n  
severa l  p ro top l a s t s  were seen to  fuse toge ther ,  m u l t i l o b e d  
s t ruc tu re s  were ev iden t ,  w h i c h  a f t e r  a lapse of t i m e  
r o u n d e d  off. 
W o r k  is in  progress  to  f ind a p p r o p r i a t e  cu l tu ra l  cond i t ions  
necessa ry  for these  hap lo id  p ro top l a s t s  for ca r ry ing  ou t  
e l abora te  somat i c  genet ics  s tudies .  

15 M. Ito and M. Media, Exp. Cell Res. 80, 453 (1973). 
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Summary. P r o t o p l a s t  fusion a n d  n u t r i t i o n a l  c o m p l e m e n t a t i o n  be tween  a u x o t r o p h i c  m u t a n t s  of Aspergillus nidulans 
and  Aspergillus /umigatus has  been  achieved.  I t  is conc luded  t h a t  t he  n u t r i t i o n a l  c o m p l e m e n t a t i o n  m a y  be  due to  
in terspeci f ic  aneuplo idy .  

W e  p rev ious ly  r epo r t ed  ~ t h a t  h igh - f r equency  in t r a -  
specific p r o t o p l a s t  fusion and  h e t e r o k a r y o n  f o r m a t i o n  
were o b t a i n e d  in Aspergilli and  Penicillia. W e  now de- 
scr ibe successful  e x p e r i m e n t s  to  fuse p r o t op l a s t s  of auxo-  
t roph ic  m u t a n t s  of t a x o n o m i c a l l y  d i s t a n t  A. nidulans 
and  A. /umigatus, r e su l t ing  ill n u t r i t i o n a l  c o m p l e m e n t a -  
t ion  and  in terspeci f ic  aneup lo idy  of h y p e r - h a p l o i d  type .  

Material and methods. Stab le  m u t a n t s  r equ i r ing  lysine 
(lys) and  aden ine  (ade) were p roduced  b y  U V - i r r a d i a t i o n  
f rom A. nidulans R21 (yellow conidia,  and  requ i r ing  p- 
a lu inobenzo ic  acid)3,1 and  A. ]umigatus 5085 (wild- 
type)  1. B a c k - m u t a t i o n  has  n e v e r  been  obse rved  w i t h  
these  m u t a n t s .  The  m e t h o d s  of p r o t op l a s t s  fo rmat ion ,  
fusion w i th  p o l y e t h y l e n e  glycol (PEG) and  r egene ra t i on  
were car r ied  ou t  u n d e r  o p t i m a l  cond i t ions  2. The  com- 
p l e m e n t e d  colonies were selected on  m i n i m a l  m e d i u m  
c o n t a i n i n g  p - aminobenzo i c  acid (PABA).  T he  comple-  
m e n t a t i o n  f r equency  is expressed as t h e  n u m b e r  of 
colonies deve lop ing  a f t e r  P E G  t r e a t m e n t  in  m i n i m a l  
m e d i u m  c o m p a r e d  to  t he  n u m b e r  growing  in yeas t -  
e x t r a c t  med ium.  The  m e t h o d  of s t a in ing  eonid ia l  nuclei  
was based  on  t h a t  of PUHALLA 4. 

Result and discussion. I n  P A B A - c o n t a i n i n g  m i n i m a l  
m e d i u m  p ro top l a s t s  were able  to  r egenera te  a n d  deve lop  
in to  colonies in  low f r equency  a f te r  in terspeci f ic  p ro to-  
p la s t  fus ion h a d  been  induced  be t w een  A. nidulans lys 
and  A./umigatus ade  or A. nidulans ade and  A./umigatus 
lys. W e  shal l  deal  here  mere ly  w i t h  cases w h e n  only  A. 
nidulans could be  recovered  f rom t he  in terspeci f ic  fusion 
p r o d u c t s ;  oppos i te  cases, w h e n  only  A. [umigatus could 
be regained,  are also k n o w n  and  will he  r epo r t ed  else- 
where.  The  m a i n  charac te r i s t i c s  of these  in terspecif ic  pro-  
duc t s  are  as follows. 

I n  interspecif ic  p r o t o p l a s t  fusion,  t h e  c o m p l e m e n t a t i o n  
f r equency  was of t he  order  of 10 -5 whereas  in in t raspec i f ic  
fusion as h i g h  as 40 to  60% can  regu la r ly  be a t t a i n e d  2, 5. 
C o m p l e m e n t a t i o n  was n e v e r  obse rved  w h e n  myce t ia  of 
t he  two  species were mixed  a n d  i n c u b a t e d  in a n  a t t e m p t  
to  ach ieve  h y p h a l  fusion, whereas  in t raspec i f i ca l ly  com- 
p l e m e n t a t i o n  is c o m m o n  w i t h  these  m u t a n t s  and  w i t h  
others6-9.  

The  colonies resu l t ing  f rom interspeci f ic  fusion were 
thick,  i r regular ly  growing a n d  dif fered m a r k e d l y  in ap-  
pea rance  f rom in t raspeci f ic  ones  (Figure  1). The  h y p h a e  
of ten  exh ib i t ed  de fo rma t ions  (Figure 2). Conid ium-for -  
m a t i o n  was in f requen t ,  w i t h  one nuc leus  in  each  coni-  
d ium.  Dip lo id iza t ion  ha s  n e v e r  been  found.  Never the less ,  
conidia  f rom interspecif ic  colonies were able  to  g e r m i n a t e  

1 The authors thank Mr. L. MANCZINGER and Mr. GY. ORNVECZ for 
producing and characterizing the required mutants; Dr. D. GOLD- 
STEIN for providing the strain A. nidulans R. 21 ; Dr: D. KERRIDGE 
for the wild-type strain A. [umigatus 5085; and Mr. L. NAGY, 
Miss ]~VA SZlRLkKI and Miss MJ, RIA P6L6S for skilful technical 
assistance. 
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