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the  presence  in th i s  f r ac t ion  of a s u b s t a n t i a l  a m o u n t  of 
p i tu icytes .  Nea r ly  60% of t he  t o t a l  non-specif ic  ace ty l -  
chol ines te rase  a c t i v i t y  is also s ed imen ted  in f r ac t ion  I, 
s t rong ly  sugges t ing  an  associa t ion  be tween  th i s  e n z y m e  
and  the  pituiCytes.  However ,  since t he  neura l  lobe also 
con ta ins  e n d o t h e l i u m  and  b lood cells, i t  c a n n o t  be  ex- 
c luded t h a t  p a r t  of the  e n z y m e  ac t iv i t ies  d e m o n s t r a t e d  in 
f rac t ion  I o r ig ina tes  in these  s t ruc tures .  

Vasopress in  a n d  M g 2 + + N a + + K + - A T P a s e  m a y  be 
used as ma rke r s  for t he  ne rve  endings  of t he  neu ra l  
lobe24. The  d i s t r i bu t i on  b y  d i f ferent ia l  c en t r i f uga t i on  of 
these  subs t ances  ind ica tes  t h a t  t he  neu rosec re to ry  ne rve  
t e rmina l s  m a i n l y  a c c u m u l a t e  in f rac t ion  I I ,  b u t  also to 
some e x t e n t  in f r ac t ion  I. E l e c t r o n  microscopic  examina -  
t ion  of f r ac t ion  I I  d e m o n s t r a t e s  t he  presence  in th i s  frac- 
t ion  of large q u a n t i t i e s  of b r o k e n  off ne rve  end ings  
ident i f ied  b y  t h e i r  c o n t e n t s  of neu rosec re to ry  granules  
(Figure 2). The  c o n c e n t r a t i o n  in f rac t ion  I I  of non-  
specific ace ty lchol ines te rase ,  however ,  is m u c h  lower t h a n  
t h a t  of f r ac t ion  I and  i t  is r easonab le  to  conclude  t h a t  t h e  
ne rve  end ings  on ly  con ta in  smal l  a m o u n t s  of t h a t  e n z y m e  

if a n y  a t  all. The  non-specif ic  es terase  a c t i v i t y  obse rved  
in f r ac t ion  I I  could be due to t h e  presence  in t h a t  f rac t ion  
of a smal l  n u m b e r  of p i tu icytes .  

The  specific ace ty lcho l ines te rase  is f ound  in re la t ive ly  
h igh  c o n c e n t r a t i o n s  in b o t h  f rac t ion  I a n d  I I  an d  c a n n o t  
be  specif ical ly associa ted  w i t h  e i the r  t h e  p i tu i cy te s  or the  
ne rve  endings,  b u t  i t  m a y  be a c o n s t i t u e n t  of b o t h  par-  
ticles. A m u c h  larger  p a r t  of th i s  e n z y m e  was found  
in a soluble form (f ract ion VI) t h a n  was tile case for the  
non-specif ic  ace ty lchol ines te rase .  

In  conclusion,  th i s  i nves t iga t ion  ind ica tes  t h a t  tile 
non-specif ic  ace ty lcho l ines te rase  m a y  be p r imar i l y  loca- 
t ed  in t h e  p i tu i cy te s  of the  neu ra l  lobe. I n  th i s  respec t  
the  p i tu i cy te s  resemble  the  glial cells of b r a in  t issue. The  
ne rve  end ings  d i sp lay  specific ace ty lcho l ines te rase  ac- 
t i v i t y  an d  v e r y  l i t t le  non-specif ic  ac t iv i ty .  

24 H. VILHARDT, ]R. V. BAKER and D. B. HOPE, Biochem. J. 148, 57 
(1975). 
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Summary. F ac to r s  in f luenc ing  t he  fusion f r equency  of p ro top l a s t s  h a v e  been  e x a m i n e d  w i t h  a u x o t r o p h i c  m u t a n t s  of 
Aspergillus nidulans. The  o p t i m u m  condi t ions  were a t o t a l  of 5 to  15 mil l ion p ro t o p l a s t s  per  ml, an d  25% po lye thy l ene  
glycol (PEG) 4000 or 6000 as fusogenic a g e n t  in 10 to 100 m M  CaC12 solut ion.  

F o r m e r l y  we h a d  deve loped  m e t h o d s  for fusion of 
funga l  p ro top l a s t s  l-a, inc lud ing  a h igh - f r equency  pro-  
cedure  car r ied  ou t  w i t h  po lye thy l ene  glycol (PEG) an d  
Ca ions ~. Deta i l s  of P E G - i n d u c e d  p r o t o p l a s t  fusion were 
g iven  elsewhere 5, and  i n d e p e n d e n t l y  b y  ANNE an d  
PEBERDY 6-8. 

Here  we p r e sen t  resul t s  conce rn ing  1. t he  c o n c e n t r a t i o n  
of the  p ro top l a s t s  i nvo lved  in t he  aggrega t ion  and  fusion 
b y  P E G ,  2. the  s tabi l iz ing,  aggrega t ing  a n d  fusogenic  ca- 
pac i t ies  of P E G  p r e p a r a t i o n s  of d i f fe rent  molecu la r  
we igh ts  a t  d i f fe ren t  concen t r a t i ons ,  and  3. d i f fe ren t  in- 
organic  ma te r i a l s  as osmot ic  s tabi l izers  a n d  p r o m o t e r s  or 
i nh ib i to r s  of p r o t o p l a s t  fusion. A p p r o p r i a t e  con t ro l  of 
these  fac tors  renders  t he  fusion m e t h o d  more  rel iable  for 
'gene t ic  t r ans fus ion ' ,  i.e. for t r a n s f e r  of genet ic  m a t e r i a l  
v ia  p r o t o p l a s t  fusion. 

Materials and methods. A spergillus nidulans 9 m u t a n t s  
r equ i r ing  Iysine (SzMC 0443) a n d  m e t h i o n i n e  (SzMC 
0442) were used. The  m e t h o d s  of p r o t o p l a s t  fo rmat ion ,  
fusion, 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  a n d  h e t e r o k a r y o n  
f o r m a t i o n  were s imi lar  to  those  descr ibed p rev ious ly  2,4, 
excep t  t h a t  no buffer  was  inc luded  in t he  s tab i l iz ing  
0.6 M KC1 so lu t ion ;  p r io r  to  P E G  t r e a t m e n t  t he  p ro to-  
p las t s  were s u s p e n d e d  in  0.05 m l  osmot ic  s tab i l izer  a n d  
t h e n  P E G  so lu t ion  was added  to  give a t o t a l  of 1 ml ;  
a f te r  P E G  t r e a t m e n t  for 15 mil l  t i le samples  were d i lu ted  
w i t h  0.6 M KC1 and  p la ted .  The  fusion f r equency  is ex- 
pressed  as t he  n u m b e r  of colonies deve lop ing  on m i n i m a l  
m e d i u m  as a pe rcen t age  of those  growing on  nu t r i t i ona l l y -  
suff ic ient  med ium,  in b o t h  cases a f te r  P E G  t r e a t m e n t .  

P E G  p r e p a r a t i o n s  (F luka  and  Hoechs t )  w i t h  molecu la r  
weights  of 400, 1540, 4000, 6000 a n d  20,000 were used for 
compar i son  a t  d i f fe rent  c o n c e n t r a t i o n s  (%, w/v).  

Fig. 1. Sections of Aspergillus nidulans protoplasts before (A) and 
after (B) PEG treatment. N, nucleus; in, Initochondria. Markers 
represent 2 [xm. 
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F o r  e l e c t r o n  m i c r o s c o p y ,  t h e  p r o t o p l a s t s  we re  co l l e c t ed  
b y  c e n t r i f u g a t i o n ,  f i x e d  for  2 h in  KARNOVSKY'S s o l u t i o n  1~ 
w a s h e d  t w i c e  in  M i l l o n i g ' s  b u f f e r  ( p H  7.2), a n d  p o s t f i x e d  
for  1 h in  1 %  o s m i u m  t e t r o x i d e  in  t h e  s a m e  bu f f e r .  T h e  
p r o t o p l a s t s  we re  r i n s e d  t w i c e  in  M i l l o n i g ' s  b u f f e r  ( p H  7.2) 
for  5 m i n  each ,  d e h y d r a t e d  t h r o u g h  e t h a n o l  ser ies ,  t r e a t e d  
w i t h  p r o p y l e n e  o x i d e  t w i c e  for  10 m i n  each ,  t h e n  p u t  in  
D u r c u p a n  I m i x t u r e  for  1 n i g h t  a t  r o o m  t e m p e r a t u r e ,  
a n d  f i n a l l y  e m b e d d e d  in  D u r c u p a n  I I  m i x t u r e  a n d  p o l y -  
m e r i z e d  a t  56 ~ for  48 h.  U l t r a t h i n  s e c t i o n s  w e r e  d o u b l e -  
s t a i n e d  w i t h  u r a n y l  a c e t a t e  a n d  l e a d  c i t r a t e  ~ .  

Results  and discussion. V a r i o u s  a m o u n t s  of  t h e  p r o t o -  
p l a s t s  of  t h e  2 m u t a n t s  in  a 1 : 1 m i x t u r e  w e r e  a g g r e g a t e d  
w i t h  2 5 %  P E G  4000 in  t h e  p r e s e n c e  of 100 m M  CaC12. 
T h e  b e s t  f u s i o n  f r e q u e n c i e s  w e r e  f o u n d  a t  a t o t a l  of  5 to  
15 m i l l i o n  p r o t o p l a s t s  of  t h e  2 m u t a n t s  p e r  ml .  

B e f o r e  a n d  a f t e r  P E G  t r e a t m e n t ,  s a m p l e s  we re  t a k e n  
for  e l e c t r o n  m i c r o s c o p y .  T y p i c a l  p r e p a r a t i o n s  a r e  s h o w n  
in  F i g u r e  1. T h e  t r e a t e d  p r o t o p l a s t s  d i s p l a y e d  v e r y  s t r o n g  
a d h e r e n c e  of  t h e  cells.  

M i x t u r e s  of  t h e  p r o t o p l a s t s  of  t h e  m u t a n t s  we re  t r e a t e d  
w i t h  v a r i o u s  c o n c e n t r a t i o n s  of  P E G  of  d i f f e r e n t  m o l e -  
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Fig. 2. Relationship between PEG 4000 concentration and osmotic 
stabilization of protoplasts as expressed in colony-forming units. 
The result obtained at a 25% PEG concentration in 100 m M  CaC12 
solution is taken as 100% . �9 PEG 4000 in 10 mM CaC12; O, PEG 
4000 in 100 m M  CaC12. 
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Fig. 3. Relationship between PEG 4000, CaC12, KC1 and NaC1 con- 
centrations, and frequency of protoplast fusion, based on complc- 
mentation and colony formation of protoplasts of auxotrophic 
mutants  in minimal medium, compared to colony formation in 
nutritionally-sufficient medium. O, PEG 4000 in 10 m M  CaCI2; 
@, PEG 4000 in 100 mM CaC12; A, CaC12; El, KC1; I ,  NaC1. 
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Fig. 4. Relationship between different osmotic stabilizers and fre- 
quency of protoplast fusion in 25% PEG in the presence and absence 
of Ca. 
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cular  weights .  The  CaC12 concen t r a t i ons  was k e p t  a t  
100 m M .  All var ie t ies  of P E G  were able  to  s tabi l ize  a n d  
aggrega te  p ro top l a s t s  and  induce  p r o t o p l a s t  fusion a t  
a p p r o p r i a t e  concen t ra t ions .  P E G  4000 and  6000 p r o v e d  
to be  t he  m o s t  effective.  

The  p ro top la s t - s t ab i l i z ing  effects of P E G  4000 in t he  
presence  of 10 m M  or 100 m M  CaC12 are shown  in F igure  
2. B u r s t i n g  of p ro top l a s t s  was p r e v e n t e d  a t  and  above  
25% P E G  4000 in 10 m M  CaC12 solut ion,  and  a t  and  
above  20% P E G  4000 in t he  case of 100 m M  CaCI~. 

I n t e n s i v e  aggrega t ion  and  fusion of p ro top l a s t s  was 
b r o u g h t  a b o u t  in  b o t h  20% and  25% P E G  4000, depend-  
ing on  t he  Ca c o n c e n t r a t i o n  (Figure 3). The  f u r t h e r  ex- 
p e r i m e n t s  were car r ied  ou t  w i t h  25% P E G  4000. 

The  CaC12 c o n c e n t r a t i o n  of t he  P E G  4000 so lu t ion  
added  to  t he  p ro top l a s t s  bas ica l ly  inf luenced  t h e  fre- 
q u e n c y  of p r o t o p l a s t  fusion. The  d a t a  are also p re sen ted  
in F igure  3. The  IKC1 or NaC1 c o n c e n t r a t i o n  in t he  fus ion 
so lu t ion  con ta in ing  100 m M  CaC12 was also i m p o r t a n t  
(Figure 3). 

No t  on ly  the  c o n c e n t r a t i o n s  of the  m o n o v a l e n t  ca t ions  
a n d  Ca were cri t ical ,  b u t  also t he  means  of a d m i n i s t e r i n g  
t h e m :  a fusion f r equency  of more  t h a n  10% could be 
a t t a i n e d  in a so lu t ion  c o n t a i n i n g  25% P E G  4000 in 
0.1 M CaCI~ and  0.3 M NaC1 or KC1, b u t  the  f r equency  
was negligible if t he  p r o t op l a s t s  were f i rs t  suspended  in 
0.5 ml  0.6 M NaC1 or KC1, a n d  t h e n  0.5 ml  P E G  4000 in 

0.2 M CaC12 was s u b s e q u e n t l y  added  to give t he  p rev ious  
f inal  concen t r a t i ons .  In  th i s  case no fusion a t  all occur red  
w i t h o u t  Ca, a l t h o u g h  t he  i n t e n s i t y  of aggrega t ion  was 
high.  The  p l a t ed  p ro top l a s t s  of the  2 a u x o t r o p h s  re- 
m a i n e d  v iab le  for  as long as 1 week. 

D a t a  conce rn ing  the  effects of va r ious  osmot ic  s t ab i -  
lizers are shown  in F igure  4. The  p ro top l a s t s  of t he  
m u t a n t s  in 0.6 M tKC1 were mixed  a n d  t h e n  washed  twice  
b y  cen t r i f uga t i on  in KCI, NaC1, CaC12 or MgC12 (0.6 M); 
t h e  s u p e r n a t a n t  was r e m o v e d  a n d  p ro top l a s t s  were 
suspended  in 0.15 ml  of t he  osmot ic  s tabi l izers .  25% P E G  
4000 so lu t ion  was t h e n  added  w i t h  or w i t h o u t  CaC12, w i t h  
a s u p p l e m e n t  of t he  s tabi l iz ing  c o m p o u n d s  (0.3 M) or 
w i t h o u t  t hem.  F igure  4 ind ica tes  t h a t  1. K and  Na  are 
s imi lar  in  effect  a n d  the  presence  of Ca is needed  for h igh-  
f r equency  fusion, 2. a v e r y  h igh  fusion f r equency  can  be  
r eached  if IKC1 is replaced b y  CaC12, 3. add i t iona l  CaC12 
gives a lower f requency,  t he  Ca c o n c e n t r a t i o n  t h e n  be ing  
over  t he  o p t i m u m ,  and  4. a h igh  fusion f r equency  resul t s  
if K is rep laced  b y  Mg. U n d e r  h y p e r o s m o t i c  condi t ions ,  
t he  fusion process  is d iminished ,  to  zero in some cases, 
i n d e p e n d e n t l y  of t he  osmot ic  s tabi l izer .  

In  o the r  e x p e r i m e n t s  i t  was found  t h a t  mos t  of t he  
above  conclus ions  can  be genera l ized and  are va l id  for  
b o t h  f i l amen tous  fungi  a n d  yeasts ,  and  ' t r ans fus ion '  of 
genet ic  m a t e r i a l  can  be  car r ied  ou t  successful ly i n t r a -  
specifically and  interspecif ical ly .  

Das W a c h s t u m  der Zel lwand in synchroner  Chlorella 

Growth  of the Cell Wall in Sync hr onous  Chlorella 
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Summary. B y  pulse  labell ing,  i t  is shown  t h a t  the  re la t ive  g r o w t h  r a t e  of cell wal l  subs t ances  in synch ronous  Chlorella 
has  a s h a r p  m a x i m u m  a t  the  t i m e  of au tospore  fo rmat ion .  The  dependence  on t ime  of the  r a t e  of g r o w t h  of t he  cell 
wall  coincides w i t h  t h a t  of t he  r a t e  of increase  of t he  free space. Moreover ,  t he  increase  of the  n i t rogen  c o n t e n t  of t h e  
cell Wall also ha s  a m a x i m u m  r ough l y  a t  t he  same t ime  as t he  g r o w t h  ra te .  

Ka t ion i sche  mehrwer t i ge  S p u r e n e l e m e n t e  t r e t e n  n i c h t  
n u r  in  das  I n n e r e  v o n  Chlorella ein, s onde r n  sie werden  
a u c h  d u r c h  die Ze l lwand s t a r k  adso rb i e r t l - a .  Die U n t e r -  
s u c h u n g e n  sol l ten  n u n  auf  s y n c h r o n e  Algen a u s g e d e h n t  
werden.  Dazu  sol l ten  zun~chs t  Aussagen  fiber die Ver-  
t e i lung  der  Ze l lwandsyn these  t iber  den  W a c h s t u m s z y k l u s  
e r h a l t e n  werden.  Die V e r m e h r u n g  yon  Chlorella erfolgt  
d u r c h  Au tospo renb i l dung .  Die reife Algenzel le  t e i l t  s ich 
in 2-16 Tochterze l len ,  die n a c h  der  B i l dung  neuer  Zell- 
w a n d  u n d  te i lweisem A b b a u  der  a l t en  Zel lwand freige- 
se tz t  we rden  5, 6. 

Die synch rone  Z i i ch tung  erfolgte  im Hel l -Dunke l -  
Zyklus  7, 8. Chlorella/usca, S t a m m  211-8b, wurde  in e inem 
Zyklus  yon  16 h L ich t  u n d  12 h D u n k e l  in  einer  2,5 1 
Algensuspens ion  fa s senden  S~ule geha l t en  9. Zur  Be- 
s t i m m u n g  des Ze l lwandzuwachses  w u r d e n  die Atgen je- 
weils 20 min  in FIachgef~ssen,  wie sie auch  ftir I onenau f -  
n a h m e v e r s u c h e  v e r w e n d e t  werden10, m i t  laCO 2 pu l smar -  
kiert .  Die Geff~sse waren  m i t  e iner  zus~ttztichen, d u r c h  
eine S e r u m k a p p e  ve r sch l i e s sba ren  0 f f n u n g  versehen ,  
d u r c h  welche die Algen mi t t e l s  I n j ek t i ons sp r i t z e  einge- 
b r a c h t  wurden .  N a c h  M a r k i e r u n g  w u r d e n  die Algen im 
Ze l lhomogen i sa to r  au fgeb rochen  und  die Zel lw~nde d u t c h  
Zen t r i f uga t i on  bei  800 g i so l ier t l l ,  1~, zweimal  m i t  200 ml  
Wasse r  gewaschen  u n d  bei  95~ ge t rockne t .  Die Aus- 
b e u t e  an  Ze l lwand t rockengewich t ,  bezogen  auf  Algen-  

t rockengewich t ,  war  8%. Nach  N a s s v e r b r e n n u n g  13 wurde  
die spezifische Akt iv i tXt  d u r c h  Sz in t i l l a t ionsz~h lung  be- 
s t i m m t .  Die isol ier ten Zel lw~nde waren  - je n a c h  W a c h s -  
t u m s p h a s e  - m i t  0 - 5 %  St~rke  ve runre in ig t .  Deren  Bei-  
t r ag  zur  Masse u n d  Aktivit~Lt wurde  n a c h  Heisswasserex-  
t r a k t i o n  u n d  F i l t r a t i o n  d u r c h  die J o d - S d i r k e - R e a k t i o n  
bzw. d u r c h  Szint i l la t ionsz~thlung n a c h  V e r b r e n n u n g  be-  
s t i m m t  u n d  in R e c h n u n g  gestetl t .  

Die spezifische A k t i v i t ~ t  der  Zel lwand is t  d e m  w/ ihrend  
des Pulses  (At) erz ie l ten Zuwachs  (AZ) d i rek t  und  de r  
Menge an  bere i t s  v o r h a n d e n e r  Ze l lwand (Z) v e r k e h r t  pro-  
por t iona l .  Dabe i  is t  AZ < Z. Bei  k o n s t a n t e r  Rad iokoh len -  
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Fig. 1. Verh~iltnis der relativei1 Zuwachsgeschwindigkeiten der Zell- 
wandmasse und der Zellmasse bei synchroner Chlorella. 


