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locat ion f rom the  root  to  the  shoot  a. The effects of Mn on 
the  absorp t ion  of some m o n o v a l e n t  cat ions were invest i -  
ga ted  4, and  i t  was found t h a t  Mn inhibi ted  the  up take  of 
Na f rom 0.1 m M  NaC1 and t h a t  of K from 5 m M  KC1. Mn 
also reduced  the  absorp t ion  of Ca and Zn ~. In  contras t ,  
the  p resen t  s t u d y  reveals  t h a t  t he  effect  of Mn on the  
absorp t ion  of Fe is d i f ferent  f rom those  on o ther  cat ions 
r epor ted  earlier 4, 5. 
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Absorption of Fe from 0.1 mM (0 0) and 5 mM (O--�9 FeSO4 
by excized rice roots, in the absence and presence of different 
concentrations of MnSO 4. The absorption medium contained 0.1 mM 
CaSO4, besides others. The vertical bars are the standard errors of 
the mean. 

Fe absorp t ion  was measured  by  suspending  excized 
rice (Oryza saliva L. cv. I .R.  8) roots  6 in 59Fe labelled 
FeSO 4 solut ions (sp. act. 0.1 /~Ci/#mole, p H  5.5) conta in-  
ing var ious  concen t ra t ions  of MnSO 4. 5 repl icate  samples  
were used for each concent ra t ion .  A t  the  end of the  ex- 
per iment ,  the  roots  were desorbed  in unlabel led cold 
(5 ~ solut ions and rad ioassayed  in a y-ray spec t rometer .  
The concen t ra t ions  of MnSOl  were similar to those  of 
mechan i sms  1 and 2 of ~PSTEIN 7 and were chosen to un-  
de r s t and  the  ion in teract ions .  

The resul ts  (Figure) show t h a t  Fe absorp t ion  f rom 
0.1 m M  FeSO 4 is enhanced  by  the  presence of MnSO 4 a t  
concen t ra t ions  above 0.1 m M .  The absorp t ion  f rom 5 m M  
FeSO 4 is s ignif icant ly increased by  MnSO 4 above 0.5 raM. 
Tile f indings suggest  t h a t  rice roots,  which are general ly  
grown under  submerged  condi t ions ,  have  a capac i ty  to 
absorb  Fe in a m a n n e r  d i f ferent  f rom o ther  p lan t  roots.  
The exac t  mechanism,  however ,  is no t  known.  There is no 
evidence to  suggest  t h a t  Mn could br ing  abou t  a change in 
the  conf igura t ion  of the  ion-carr ier  and thus  influence the  
up take  of o ther  cat ions.  However ,  th is  possibi l i ty  is r a the r  
remote ,  because such an effect  on the  conf igura t ion  would 
influence the  up take  of o the r  ions in a more  or less s imilar  
manner ,  and our s tudies  ~, ~ reveal  t h a t  th is  is not  t rue.  
The p resen t  inves t iga t ion  fu r the r  shows t h a t  chemical ly  
similar ions need  no t  to be an tagonis t i c  to each o ther  in 
the i r  absorpt ion ,  a t  least  in some p l a n t  species. 

3 S. KANNAN and B. JOSEPH, Plant Physiol. 55, 1006 (1957). 
S. RAMANI and S. KA~NAN, Z. Pflanzenphysiol. 77, 107 (1976). 

s S. RAMANI and S. KA~NAN, Z. Naturforsch. 37, 12 (1976). 
6 S. KANNAN, Planta 95, 262 (1971). 
7 E. EPSTEIN, Int. Rev. Cytol. 3d, 123 (1973). 

Subce l lu lar  D i s t r i b u t i o n  of A c e t y l c h o l i n e s t e r a s e s  in the N e u r a l  Lobe of the  B o v i n e  P i tu i tary  Gland 
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Summary. Biochemical  analysis  of subcellular  f ract ions of bovine  neural  lobe t issue indica ted  t h a t  non-specific acetyl-  
chol inesterase  was pr inc ipal ly  associated wi th  the  p i tu icytes .  

In  cholinergic t ransmiss ion  of nerve  impulses,  the  
acetylchol ine reIeased is inac t iva ted  by  degrada t ion  by  
acetylchol inesterase .  In  the  cent ra l  nervous  system,  b o t h  
specific ace ty lchol ines terase  and non-specif ic  acetylchol in-  
esterase ac t iv i ty  can be demons t ra ted2 ,  ~. The specific 
enzyme ac t iv i ty  seems to be found main ly  in neurons  2, ~-G, 
whereas  the  non-specif ic  es terase  is pr incipal ly  located in 
t he  glial cells 3,~,8. This is in accordance  wi th  the  early 
f inding by  BOLBRING et  al. 9 t h a t  gliaI cell t umor s  are 
par t icu lar ly  enr iched in the  non-specific esterase.  

The pr incipal  cons t i tuen t s  of the  neural  lobe of the  
p i tu i t a ry  gland are the  neurosecre to ry  nerve endings  and 
the  pi tu icytes .  The nerve  endings  are the  distal  projec t ions  
of neurons  of the  h y p o t h a l a m o - n e u r o h y p o p h y s i a l  sys tem 
or iginat ing in pe r ika rya  located in the  supraopt ic  and  
pa raven t r i cu la r  nuclei of the  hypo tha l amus .  The nerve  
endings  conta in  the  ho rmones  vasopress in  and oxytocin ,  
which  are secreted f rom the  neural  lobe. 

In  the  neural  lobe, acetylchol ines terase  ac t iv i ty  has 
been d e m o n s t r a t e d  b o t h  biochemicallyl0,  11 and at  the  
u l t r a s t ruc tu ra l  level 12. The concen t ra t ion  of non-specific 
acetylchol ines terase  in neura l  lobes f rom ra ts  and rabbi t s  
was general ly  found to be lower t h a n  t h a t  of the  specific 

enzyme 10, 11. The h is tochemica l  s t u d y  by  BRIDGES et  al. 12 
indica ted  t h a t  in the  r abb i t  neura l  lobe p i tu icytes  main ly  
exhib i ted  non-specif ic  acetylchol ines terase  act ivi ty ,  where-  
as nerve fibres ident i f ied as neurosecre to ry  te rminals  oc- 
casionally displayed specific ace ty lchol ines terase  act ivi ty .  

In  t he  p resen t  s tudy,  homogena t e s  of bovine neural  
lobes were sub jec ted  to subcellular  f rac t iona t ion  by  ul t ra-  
cent r i fugat ion .  The d i s t r ibu t ion  of acetytchol ines terases  
among  the  f ract ions  was ex ami n ed  and compared  wi th  
the  d i s t r ibu t ion  of o ther  marker  substances .  

Materials and methods. Fresh ly  collected bovine neural  
lobes were homogenized  in ice-cold 0.3 M sucrose and 
subjec ted  to different ial  cent r i fugat ion  : 800 gay for 15 min 
(I), 3000 gay for 15 rain (II), 5000 gay for 15 min (III),  
26,000 gay for 15 min (IV), and 100,000 gay for 60 mill (V) 
leaving the  final par t ic le-free s u p e r n a t a n t  (VI). All 
opera t ions  took place a t  4~ 

The f ract ions  were resuspended  in 5 m M  Tris-HC1 
(pH 7.5) and assayed for p ro te in  la, vasopressm by  the  
me t h o d  of DEKANSK114 as descr ibed by  VILHARDT and  
HOPE15, succinate  dehydrogenase16 as modif ied by  
PORTEOUS and CLARK27, l ac ta te  dehydrogenase18 as 

modified by  PtCKUP and  HOPE 19, M g ~ + + N a + + K + - A T  - 
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Fig. 1. Differential centrifugation of neural lobe homogenate. The 
fractions were assayed lor a) protein, b) vasopressin, c) lactate 
dehydrogenase, d) succinate dehydrogenase, e) Mg 2+ + Na + + K +- 
ATPase, f) 5'-nucleotidase, g) DNA, h) specific aeetylcholii~esterase, 
and i) non-specific acetylcholinesterase. Recoveries ranged between 
80%-118%. 

PaseXS, D N A 2 ~  a n d  5 ' -nucleot idase2~.  Ace ty l cho l ine s t e r -  
ase (ace ty lchol ine  acy l -hyd ro l a se ,  EC 3.1.1.8) a c t i v i t y  
w a s  d e t e r m i n e d  b y  t h e  m e t h o d  of ELLMAN et  al. ~2 
w i t h  ace ty l - t h iocho l ine  as  a s u b s t r a t e .  B W  284c51 
( B u r r o u g h s  Wel lcome,  f inal  c o n c e n t r a t i o n  1.5 • 10 -~ M) 
w a s  u sed  as a n  i n h i b i t o r  of specif ic  a ce ty l cho l i ne s t e r a se  
a c t i v i t y  a n d  eser ine  s u l p h a t e  ( S i g m a  Chemica l  Co., f inal  
c o n c e n t r a t i o n  10 -5 M)  as gene ra l  i n h i b i t o r  of chol in-  
e s t e rase  ac t iv i ty .  

Results and discussion. B o t h  specific a n d  non-spec i f i c  
a c e t y l c h o l i n e s t e r a s e  a c t i v i t y  cou ld  be d e m o n s t r a t e d  in 
h o m o g e n a t e s  of b o v i n e  n e u r a l  lobes.  T h e  non-spec i f i c  
a c t i v i t y  c o n s t i t u t e d  71.7 ~ 13 .6% of t he  specific ace ty l -  
cho l ines t e ra se  a c t i v i t y  (6 e x p e r i m e n t s ) .  

T h e  d i s t r i b u t i o n  a m o n g  subce l l u l a r  f r ac t i ons  of e n z y m e s  
a n d  o t h e r  s u b s t a n c e s  is s h o w n  in F i g u r e  1. T h e  so luble  
c y t o p l a s m i c  e n z y m e  l ac t a t e  d e h y d r o g e n a s e  is m a i n l y  
loca ted  in f r ac t i on  VI ,  i n d i c a t i n g  t h a t  t h e  h o m o g e n i z a t i o n  
p r o c e d u r e  h a s  led to  a t h o r o u g h  d i s r u p t i o n  of ~he t i ssue .  
P a r t  of t h e  e n z y m e  f o u n d  in f r a c t i o n  u  m a y ,  h o w e v e r ,  
h a v e  leaked  o u t  of t h e  ceils d u r i n g  t h e  p repara t ion23 .  

F r a c t i o n  I c o n t a i n s  h i g h  a m o u n t s  of t he  n u c l e a r  m a r k e r  
D N A .  Sir~ce t h e  n e u r o n a l  e l e m e n t s  of  tile n e u r a l  lobe do 
n o t  c o n t a i n  nuclei ,  D N A  m a y  be  u sed  as a m a r k e r  for t he  
p i t u i c y t e s .  T h e  c o n c o m i t t a n t  o c c u r r e n c e  in f r ac t i on  I of 
t h e  p l a s m a  m e m b r a n e  m a r k e r  5 ' -nuc leo t idase  ind ica t e s  

Fig. 2. Electron microscopic appearance of fraction II .  After isolation 
the resuspended fraction was centrifuged at 100,000 g~v for 60 min 
before fixation. The fraction contains large numbers of broken off 
nerve endings characterized by their contents of nenrosecretory 
vesicles. • 40,000. 

1 Present address: Institute of Medical Physiology C, 71 Raad- 
mandsgade, DK-2200 Copenhagen N, Denmark. 
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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). 

Factors Affecting High-Frequency Fungal Protoplast Fusion 
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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. 


