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who  de t ec t ed  c i r cannua l  p a t t e r n s  of mi tos i s  in  lens  
ep i the l i um of 2 species of frog. The  possible  fac tors  t h a t  
m a y  m o d u l a t e  t he  onse t  of mi tos is  in  t he  spr ing  are 
numerous ,  e.g., n u t r i t i o n a l  levels, day  length ,  t e m p e r a t u r e ,  
and  var ious  hormones .  P rev ious  s tudies  h a v e  shown  t h a t  
t e m p e r a t u r e  can  regu la te  t he  k ine t ics  of t he  cell cycle in  
t h e  frog l e n s ~ ,  ~2. I n  add i t ion ,  g r o w t h  h o r m o n e  can  
s t i m u l a t e  and  h y p o p h y s e c t o m y  can  cur ta i l  t h e  level  of 
mi tos is  in the  n o r m a l  frog lens 2~. Moreover,  t he  h y p o p h y -  
sec tomized  frog fai led to  show a m i t o t i c  response  w h e n  
cha l lenged  b y  e i t he r  m e c h a n i c a l  or chemica l  insu l t  ~4. 
T h y r o x i n  a n d  t r i i o d o t h y r o n i n e  a l t e r  t he  locus of prolif-  
e r a t i on  in t h e  frog lens ~5, e x t e n d i n g  i t  i n to  t h e  po la r  
ep i the l ium,  r e su l t ing  in p a t t e r n s  of D N A  syn thes i s  a n d  
mi tos i s  c o m p a r a b l e  to  those  n o t e d  here  in s p r i n g - s u m m e r  
toadf i sh .  W i t h  r e spec t  to  o t h e r  species, p e r c h  r e p o r t e d l y  
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do n o t  grow in t he  w in te r  w h e n  the  p i t u i t a r y  con t a in s  
l i t t le  g r o w t h  h o r m o n e  (GH) 26. W h e t h e r  g r o w t h  in t he  
t oad f i sh  lens is u n d e r  c o n s t r a i n t s  s imi la r  to  those  n o t e d  
in t h e  frog a n d  pe rch  r e m a i n s  to  be documen ted .  More 
i m p o r t a n t l y  however ,  t he  c u r r e n t  s t u d y  provides  a base  
of i n f o r m a t i o n  wh ich  p e r m i t s  such  ques t ions  to  be 
considered.  

Summary. The  toadf i sh  lens ep i the l i um is essen t ia l ly  
ami to t i c  f rom J a n u a r y  to May. F r o m  J u n e  to Augus t  mi t -  
ot ic  a c t i v i t y  is noted .  The  onse t  of p ro l i fe ra t ion  app rox -  
ima t e ly  cor responds  to  t he  t i m e  of yea r  when  t he  f ish 
e n t e r  t he  sha l low w a t e r  to  spawn.  The  epi the l ia l  mi to t i c  
response  to needle  i n j u r y  is n o t  p r o p a g a t e d  in a wave- l ike  
m a n n e r  f rom the  si te  of insul t .  
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Hi~h-Frequency Fusion of Fungal Protoplasts 

I n  a p rev ious  c o m m u n i c a t i o n  1, we descr ibed  a m e t h o d  
for o b t a i n i n g  a n  increased  fus ion f r equency  (2.5 • 10 -a) 
of Aspergillus nidulans pro top las t s ,  based  on s p o n t a n e o u s  
aggrega t ion  of p ro t op l a s t s  in inorganic  osmot ic  s tabi l izers .  
This  m e t h o d  was l a t e r  f u r t h e r  i m p r o v e d  b y  us ing  KC1 as 
s tabi l izer ,  Ca ions in t he  c o n c e n t r a t i o n  range  of 10 to  
100 m M  and  h igh  pH.  However ,  t he  f r equency  of p ro to-  
p l a s t  fusion, m e a s u r e d  v ia  t he  c o m p l e m e n t a t i o n  of 
n u t r i t i o n a l l y  def ic ien t  Aspergillus nidulans m u t a n t s ,  
r e m a i n e d  of the  same  order  of magn i tude .  

I n  a search  for h igh ly  eff ic ient  p rocedures  of p ro to-  
p la s t  fusion, w i t h  t he  a i m  of b r i ng ing  a b o u t  b iochemica l  
c o m p l e m e n t a t i o n  of gene t i ca l ly  d i s t a n t  fungal  species, 
we found  t h a t  h ighe r  molecu la r  we igh t  po l ye thy l ene  
glycols (PEG),  k n o w n  agen t s  for s tab i l i z ing  bac te r i a l  
p ro top l a s t s  2 and  aggrega t ing  and  fus ing h igher  p l a n t  
p ro top las t s3  s, can  sa t i s fy  t he  r equ i r emen t s .  

W e  descr ibe  here  a s imple  t e c h n i q u e  wh ich  resul ts  in  
h igh - f r equency  in t raspec i f ic  p r o t o p l a s t  fusion and  com- 
p l e m e n t a t i o n  of a u x o t r o p h i c  m u t a n t s  of Aspergillus 
(A.) /lavus, A. nidulans, A. niger, Penicillium (P.) /re- 
quentans a n d  P. ramigena. T he  m e t h o d  p resen ted  m a y  
also be  su i tab le  as a m e a n s  of in terspeci f ic  genet ic  t ransfer .  

Materials and methods. Large  n u m b e r s  of n u t r i t i o n a l l y -  
def ic ient  s t ab le  U V - m u t a n t s  of the  s t r a ins  d.  /lavus 
(SzMC 0552), A. nidulans 9,1~ (pabal,  y, ts6) A. niger 
(SzMC 0145), P, ]requentans (SzMC 0531) and  P. ramigena 
(SzMC 0519) were produced ,  a n d  t h e  m u t a n t  pa i r s  
r equ i r ing  lysine (Lys) a n d  m e t h i o n i n e  (Met) were used 
t h r o u g h o u t .  

M a i n t e n a n c e  a n d  c u l t i v a t i o n  of t h e  m u t a n t s ,  a n d  t he  
p r o t o p l a s t  f o r m a t i o n  were car r ied  ou t  as p rev ious ly  
described1,  w i t h  t h e  excep t ion  t h a t  p r o t o p l a s t  f o r m a t i o n  
was pe r fo rmed  in 0.6 M KC1 for Aspergilli and  in 0.8 M 
KC1 for Penicillia, a t  p H  6, in  b o t h  cases unbuf fe red .  
Af te r  col lect ion of p r o t op l a s t s  and  r e m o v a l  of t he  
enzymes  b y  r epea t ed  cen t r i f uga t i on  w i t h  i soosmot ic  KC1 

solut ion,  p r o t o p l a s t  suspens ions  ( abou t  1 mil l ion/ml)  of 
the  Lys  m u t a n t s  were mixed  w i t h  those  of t he  cor respond-  
ing Met  m u t a n t s .  The  mixed  suspens ions  were aga in  
cent r i fuged ,  t h e  s u p e r n a t a n t  was  r e m o v e d  b y  suct ion.  

One ml  solut ions  of P E G  (m. w. 4000) of d i f fe ren t  
concen t r a t i ons ,  c o n t a i n i n g  10 m M  CaCI~, were added  to  
the  p r o t o p l a s t s  to  f ind  t he  o p t i m u m  c o n c e n t r a t i o n  of t he  
fus ion agent .  The  suspens ions  were s t i r red  v igorous ly  for  
a few sec. No add i t i ona l  osmot ic  s tab i l izer  was used in t he  
e x p e r i m e n t s  r epo r t ed  in t h i s  paper .  Samples  were t a k e n  
a t  15 min  in te rva ls ,  mixed  w i t h  osmot ica l ly -s tab i l i zed  
m i n i m a l  med ium,  p l a t ed  for r egenera t ion ,  a n d  t h e n  check-  
ed for segreget ion  as desc r ibed  ear l ier  1. Osmot ica l ly-  
s tabi l ized  y e a s t - e x t r a c t  m e d i u m  served  as cont ro l  to  
d e t e r m i n e  b o t h  t he  s tab i l i z ing  effect  of P E G  a t  va r ious  
c o n c e n t r a t i o n s  a n d  t he  r a t io  of c o m p l e m e n t e d  p ro to -  
plasts .  I n  t he  s tabi l ized  y e a s t - e x t r a c t  med ium,  p rac t i ca l ly  
100% p r o t o p l a s t  r egene ra t ion  could be a t t a ined .  

I n  o t h e r  expe r imen t s ,  t h e  P E G  c o n c e n t r a t i o n  was  
k e p t  on  the  level  found  to be  o p t i m u m  and  the  Ca con-  
c e n t r a t i o n  was var ied.  
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Fig. 1. Relationship between PEG concentration and osmotic 
stabilization of protoplasts as expressed in colony-forming units 
after a 1-hour PEG treatment. The average result obtained at the 
optimum PEG concentration (30%) is taken as 100%. 
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Fig. 2. Relationship between PEG concentration and frequency of 
protoplast fusion, based on eomplementation and colony formation 
of A. nidulans (l,ys and Met} protoplasts in Ininiuml medium, com- 
pared to colony formation in nutritionally-sufficient medium. 

Fig. 3. Regenerating aggregate of nutritionally-complemented 
protoplasts of Aspergillus nidulans auxotrophie mutants. Nfarker 
represents 20 Ezra. 

All p rocedures  were car r ied  o u t  u n d e r  s t r i c t ly  asept ic  
condi t ions .  

Results  and discussion. C o m p l e m e n t a t i o n  of Lys-  a n d  
Met - r equ i r ing  m u t a n t  pairs,  fol lowed b y  n u t r i t i o n a l  
segrega t ion  of conid ia  or h y p h a e  in t h e  h e t e r o k a r y o t i c  
colonies, was acceptecl as ev idence  of p r o t o p l a s t  fusion.  
I n  t h e  following, as a n  example ,  d a t a  conce rn ing  pro to-  
p la s t  fusion of a u x o t r o p h i c  m u t a n t s  of A.  n idu lans  will be  
p resen ted .  

P E G  is a good s tab i l iz ing  compound ,  p r e v e n t i n g  
b u r s t i n g  of p ro t o p l a s t s  a t  25% or h ighe r  concen t r a t i ons .  
Resu l t s  r ega rd ing  r e l a t ionsh ip  b e t w e e n  P E G  concen t r a -  
t ions  a n d  s tab i l iz ing  a c t i v i t y  are shown  in F igure  1. 

P E G  b r o u g h t  a b o u t  i n t ens ive  aggrega t ion  of p ro to-  
p las t s  f rom 25% upwards .  Calcu la t ions  i nd i ca t ed  t h a t  in 
t h e  case of A.  n idu lans  an  ave rage  aggrega t ion  cons is ted  
of a b o u t  30 pro top las t s .  I t  m a y  be  m e n t i o n e d  t h a t  in t he  
cases of A.  flavus, A .  niger an d  Penici l l in ,  t h e  aggrega tes  
c o n t a i n e d  a lower n u m b e r  of p ro top las t s ,  p r e s u m a b l y  
because  these  are larger.  Resu l t s  conce rn ing  P E G  con-  
c e n t r a t i o n  an d  fusion f r equency  of A.  n idu lans  are g iven  
in F igure  2. 

For  osmot ic  s t ab i l i za t ion  an d  h i g h - f r e q u e n c y  p ro to -  
p la s t  fusion,  a P E G  c o n c e n t r a t i o n  of 25% was needed.  
At  25 an d  30% of P E G ,  the  c o m p l e m e n t a t i o n  d a t a  were 
s imi la r ly  h igh  and  reached  a level  of 40% if pos taggre-  
ga t ion  co lony- forming  un i t s  served  as t h e  basis  of calcu- 
la t ion,  an d  2,6% if t h e  t o t a l  n u m b e r  of p r o t o p l a s t  pa i r s  
invo lved  was used to ca lcula te  fusion frequencies.  The  low- 
f r equency  c o m p l e m e n t a t i o n  a t  20% or s o m e w h a t  less 
P E G  was due more  to the  h y p o t o n i c  so lu t ions  a n d  pro to-  
p la s t  b u r s t i n g  t h a n  to an  i n f r eq u en cy  of aggrega t ion .  
W h e n  an  a d d i t i o n a l  osmot ic  s tab i l izer  was added  to  
avo id  p r o t o p l a s t  bu r s t ing ,  a h ighe r  fusion f r equency  was 
a t t a ined .  Resul t s  conce rn ing  e x p e r i m e n t s  w i t h  P E G  
mixed  w i t h  o the r  osmot ic  s tab i l izers  will be  p u b l i s h e d  
elsewhere.  

Samples  t a k e n  af te r  d i f fe rent  i n t e rva l s  e x h i b i t e d  no 
s ign i f ican t  differences.  The  high-f req  uency  fusion o b t a i n e d  
in the  f i rs t  15 ra in  was ve ry  s imi la r  to  t h a t  in t h e  second 
hou r  of sampl ing .  

The  effect  of Ca ions on fusion f r equency  was s ignif icant .  
W i t h o u t  Ca ions, despi te  t h e  good aggrega t ion  of p ro to -  
p las t s  a t  h igher  P E G  concen t ra t ions ,  t h e  c o m p l e m e n t a -  
t ion  f r equency  was negligible.  On t h e  o t h e r  h a n d ,  as 
l i t t l e  as 1 m M  CaC12 was effect ive  in s t i m u l a t i n g  t he  
fusion process. In t e re s t ing ly ,  w i t h  f rom 10 m M  to 100 m M  
CaC12, t h e  s t i m u l a t i n g  effect  p r o v e d  similar .  

Af te r  p r o t o p l a s t  fusion a n d  c o m p l e m e n t a t i o n ,  h y p h a e  
appea red  wi th in  10 h of i n c u b a t i o n  in osmot ica l ly - s tab i l i z -  
ed m i n i m a l  m e d i u m  (Figure 3); t h i s  was  fol lowed b y  
rap id  an d  morpho log ica l ly  cha rac t e r i s t i c  d e v e l o p m e n t  of 
a h e t e ro k a ry o t i c  colony. 

I n  our  cases, all k inds  of conid ia l  segrega t ion  p a t t e r n  
were found.  However ,  in mos t  colonies growing  on  m i n i m a l  
med i u m,  m a n y  more  Lys t h a n  Met  conid ia  were ob t a ined .  
Mycel ia  r e m a i n e d  in t h e  h e t e r o k a r y o t i c  s t a t e  on  m i n i m a l  
med ium,  an d  could be  m a i n t a i n e d  indef in i te ly .  On t he  
o the r  h a n d ,  colonies g rown on m i n i m a l  m e d i u m  supple-  
m e n t e d  w i t h  lysine gave v e r y  r ap i d l y  on ly  Lys  con id ia  
a n d  h y p h ae .  I n  ra re  cases t h e  same he ld  t r ue  in r e spec t  
to  m i n i m a l  m e d i u m  s u p p l e m e n t e d  w i t h  me th ion ine ,  
wh ich  gave rise to  on ly  Met  conid ia  an d  h y p h a e .  

The  f r equency  of p r o t o p l a s t  c o m p l e m e n t a t i o n  of A. 
niger was s ign i f i can t ly  lower, whi le  t h a t  of A.  / lavus a n d  
Penic i l l ium m u t a n t s  was  r a t h e r  s imi la r  to  t h a t  of A. 
nidulans  auxo t rophs .  

The  m e t h o d  of h i g h - f r e q u e n c y  in t raspec i f ic  p r o t o p l a s t  
fusion m i g h t  also lead to successful  in terspeci f ic  fus ion  
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and genet ic  t ransfer .  A m o n g  others,  'Aspercillium' or 
'Penigillus' strains,  the  results  of Aspergillus-Penicillium 
pro top la s t  fusion, would be especially in te res t ing  f rom 
b o t h  theore t ica l  and prac t ica l  poin ts  of view. Resul ts  of 
a t t e m p t s  a t  interspecif ic  comp lemen ta t i on  will be pub-  
l ished elsewhere.  

Zusammen/assung. Es gelang, die int raspezif ische 
Pro top las t fus ion  von  Aspergillus flavus, A. nidulans, 
A. niger, Penicillium /requentans und  P.  ramigena mi t  
grosser H/iufigkeit  zu verwirkl ichen.  Die Fusionsh/~ufig- 
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kei t  wurde  durch  K o m p l e m e n t a t i o n  yon  Mange ln lu tan ten  
festgestel l t .  
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Electron-Microscopic  Invest igat ion on P e r o x i s o m e s  in the Epithel ia of Mice Gal l -Bladder  

The t e r m  'peroxisome '  or 'mic robody '  is unde r s tood  as 
a special t ype  of cy toplasmic  organelle charac te r ized  
b iochemica l ly  by  the  associat ion of one or more  oxidases 
p roduc ing  hydrogen  peroxide  wi th  catalase,  which  
des t roys  the  hydrogen  peroxide  1-a. The n a m e  'micro-  
body '  was first  proposed by  RHODIN in 1954 4 to descr ibe 
roughly  spherical  s ing l -membrane  l imited par t ic les  in 
the  p rox imal  convolu ted  tubu la r  ceils of the  mouse  

Fig. 1. Fragment of epithelial cell of mice gall-bladder. Mitochondria 
(1). Peroxisome (2). • 23,000. 

Fig. 2. Epithelial cell of mice gall-bladder. Nucleus (1). lV[itochondria 
(2). Peroxisomes (3). Lipid drop (4). • 12,000. 

k idney  0.3-0.5 n m  in d iamete r  con ta in ing  a f ine-grained 
mode ra t e ly  e lec t ron dense  mat r ix .  Subsequent ly ,  anal-  
ogous organelles were de tec ted  by  Rouil ler  e t  al. 5,6 in 
hepa t ic  p a r e n c h y m a l  ceils of t he  rat .  The microbodies  of 
the  liver cells have  an inner  e lectron dens i ty  or nucleoid. 
These initial  s tudies  have  been  conf i rmed and extended.  
F u r t h e r  s tudies  indica ted  t h a t  microbodies  or perox-  
ysomes  were cons t i t uen t  organelles of an imal  celU -~ .  
I n  the  course of e lec t ron-cy tochemica l  invest igat ion,  
peroxisomes  were found in the  epi thel ial  cells of mice gall- 
b ladder .  

Materials and methods. Normal  male albino mice (18- 
20 g) were anes the t ized  wi th  e the r  and small  pieces of the  
gal l -bladder  were removed,  f ixed in ice-cold 4% glutaral-  
dehyde  in 0.1 M p h o s p h a t e  buffer,  p H  7.2 for 6 h a t  0~ 
The  specimens were p re incuba ted  for 5 min in Tris-HC1, 
p H  9.5 conta in ing  3.5% sucrose (v/v) and incuba ted  for 
cy tochemica l  demons t r a t i on  of the  peroxida t ic  ac t iv i ty  
of cata lase  in a modif ied  D A B - m e d i u m  1~ p H  9.5 a t  37 ~ 
for 3 h ~6,~~ The final med i u m con ta ined  20 mg DAB 
(3,3 ' -d iaminobenzidine  t e t rahydroch lor ide ,  Chemapol,  
Praha) ,  0.2 ml  1% H20 2, 9.8 ml  Tris-HC1, p H  9.5 and 
3.5 % sucrose. 

The following contro l  expe r imen t s  were carried out :  
a) omission DAB, b) omission H20 2, c) hea t ing  a t  100~ 
for 10 rain. Af te r  the  incubat ion ,  the  specimens were 
washed  in 7 % sucrose Solution and pos t f ixed  in unbuffered  
4% O~O~ for 15 h a t  0 ~ They  were d e h y d r a t e d  th rough  
graded  concen t ra t ions  of acetone and  e m b e d d e d  in Epon  
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