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more  dis ta l  por t ions  of such hyphae ,  can be separa ted  
f rom the  auto lysed  hypha l  con t en t  by  a dense plug 
isolated beh ind  a res t r ic t ive  zone conta in ing  only smal l  
vesicula (Figure 4). The survival  of rhizoids,  suggested 
f rom the i r  still  dense, r ibosolnes-c0nta ining cy top la sm is 
in teres t ing  f rom a physiological  po in t  of view. 

s The support of the Swiss National Research Fund is gratefully 
acknowledged. 

Rdsumd. Les rhizoides d'Allomyces arbusculus, 6mis 
d ' h y p h e s  v6g6tatifs  et  ell cons6quence nomm6s  6pihy- 
phaux ,  sont  �9 en r ibosomes quand  ils sont  jeunes;  ils 
se rempl i ssen t  pa r  contre  de v6sicules et  ne con t i ennen t  
plus que quelques  mi tochondr ies  peu d6velopp6es dans  
les plus gg6s. 
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The G r o w t h  of Cell M e m b r a n e s  Dur in~  S y n c h r o n i z e d  Cell D i v i s i o n  of Saccharomyces cerevisiae 

The s tudy  of b iosynthes is  of complex  s t ruc tures  such 
as cellular m e m b r a n e s  p resen t s  several  p roblems like the  
growth  of these  m e m b r a n e s  in d ividing cells. In  the  p resen t  
paper,  the  d is t r ibu t ion  of r ad ioac t iv i ty  in t he  cy toplasmic  
m e m b r a n e s  of m a tu r e  and young  cells labelled by  pulse 
chase t echn ique  has  been inves t iga ted .  

Buds  and  ma tu re  ceils of yeas t  Saccharomyces cerevisiae 
s t ra in  IMI 140428 cul t iva ted  in E d i n b u r g h  Minimal  
Medium 1 wi th  L-Leucine-SH (105 cpm/ml)  added  dur ing 
the  last  30 min  of incuba t ion  were used. Cells (about 30 g 
wet  weight)  t aken  f rom the  cul ture in mid  log phase  were 
collected by  cen t r i fuga t ion  and  washed  twice wi th  the  
same b r o t h  free f rom radioac t iv i ty .  Sucrose dens i ty  
cen t r i fuga t ion  (tube 80 ml  capaci ty)  according to. MIT- 
CHINSON and  VINCENT 2 m e t h o d  was employed  to  ob ta in  
synchronous ly  growing cultures.  The top  layer  (--~ 5%) of 
ceils was collected and  incuba ted  ill new nonrad ioac t ive  
EMM broth�9 All the  opera t ions  were pe r fo rmed  at  25~ 
Samples  of the  synchronized  cell suspensions  were 
collected on 0.025214 cyanide  dur ing the  f irs t  d ivis ion 
cycle a t  60, 75 and  90 min  of incuba t ion  (in t h e  phase  
preceding  nuclear  division) and  at  115 rain (after nuclear  
division;  doubl ing t ime  125 rain). The ceils collected by  
cen t r i fuga t ion  were dras t ica l ly  shaken  in a "vVaring 

b lendor  for 30 sec. In  th is  way,  buds  are de tached  f rom 
p a ren t  cells wi th  a yield ranging f rom 10 to 25% (Table). 
The sample  conta in ing  buds  and  p a r en t  cells was layered 
on sucrose grad ien t  3. Af ter  centr i fugat ion,  the  top  layers 
conta in ing  the  buds  were separa ted  f rom the  o ther  layers 
conta in ing  bo th  the  budd ing  cells and large cells. Cells 
were checked for size d i s t r ibu t ion  by  phase  con t ras t  
microscopy.  

Membrane  isolation was carried out  b o t h  on buds  and 
ma t u re  cells. For  th is  purpose,  the  cells were t r ans fo rmed  
into p ro top las t s  by  the  EDDY and  WILLIAMSON 3 method ,  
using a c i t ra te  phospha t e  buffer  0.005 M p H  5.8 conta in ing  
0.55M rhamnose  and  1.0 mg /ml  freeze-dried snail  enzyme 
(Helix pomatia). Membranes  were then  puri f ied as 
descr ibed by  MATILX 4. Controls  for the  absence of hexo-  

1 j .  M. MITCHINSON and P. R. GROSS, Expl Cell Res. 37, 259 (1965). 
J. M. MITCmNSON and W. S. VINCENT, Nature, Lond. 205, 987 
(1965). 

a A. A. EDDY and D. H. WILLIAMSON, Nature, Loud. 179,.1252 
(1957). 

4 Ph. MATILR, Membranes Structure and Function; FEBS Sym- 
posium 20, 39 (1970). 

Specific radioactivity of protein and lipids of purified membranes obtained from mature cells and buds of syncronized cultures of Saccharo- 
myces 

Time (min) Cell recovery �9 Total Total radio- Specific Relative specific 
(% of total cells protein (mg) activity (cpm) radioactivity radioactivity 
layered on the (epm/mg) 
gradient) 

Inoculum ' .... 
Top layer (buds) 

Other layers (mature cells) 
:r 

Leueine-aH experiments 

3.92 17560 4479 1.00 
60 10 0.54 1670 3092 0.69 
75 16 1.09 2878 2641 0.59 
90 19 1.37 3390 2474 0.55 

115 25 1.94 4408 2272 0.51 
60 90 5.33 15936 2989 0.66 
75 84 5.38 14426 2681 0.59 
90 81 5.66 14619 2582 0.57 

115 75 6.22 14057 2259 0.50 

a2PO ~ experiments 

Inoculum 3.65 1270 348 1.00 
Top layer (buds) , 90 19 1.46 284 195 0.56 
Other layers (mature ceils) 90 81 5.50 1105 201 0.58 

Mature cells and buds were separated by centrifugation in sucrose density gradient. The data are the average of 3 experiments. �9 Cell count 
~n haemoeytometers. 



15.4.1973 Specialia 497  

k inase  a n d  t h e  presence  of Mg 2+ d e p e n d e n t  A T P a s e  5 were 
made.  An  a l iquo t  of t he  p r e p a r a t i o n s  was used  to  measu re  
p r o t e i n  c o n t e n t  s a n d  r a d i o a c t i v i t y  was m e a s u r e d  in a 
B e c k m a n  LS-100 l iquid  sc in t i l l a t ion  counter .  

The  same  e x p e r i m e n t  f rom g r o w t h  of Saccharomyces to  
m e m b r a n e  i so la t ion  was repea ted ,  excep t  t h a t  cells were 
g rown  in t he  presence  of 3epo 4 (105 cpm/ml )  to  labe l  t h e  
l ipid phase  a n d  col lected a f te r  90 ra in  of i n c u b a t i o n  (in t he  
f i rs t  synch ron ized  d iv i s ion  cycle). I so la t ed  m e m b r a n e s  
were e x t r a c t e d  3 t imes  w i t h  ch lo ro fo rm-me thano l ,  2:17, 
a n d  t he  e x t r a c t s  were a s sayed  for  l ip id  e x t r a c t a b l e  
p h o s p h o r u s  8 a n d  for r a d i o a c t i v i t y  in  D 4 7  Nuclear  
Chicago flow counter .  

The  F igure  shows t h e  g r o w t h  cu rve  of a s y n c h r o n o u s  
cu l tu re  a n d  t he  Tab le  gives ave rage  d a t a  f rom 3 exper i -  
men t s .  I t  is e v i d e n t  t h a t  t h e  specific r a d i o a c t i v i t y  for 
b o t h  leucine-3H a n d  32pO 4 of m e m b r a n e s  f rom buds  a n d  
p a r e n t  cells s epa ra t ed  b y  s u c r o s e . ~ a d i e n t  c en t r i f uga t i on  
is a b o u t  ha l f  t h a t  of cells p r e s e n t  in  t he  inoculum.  This  
fac t  suggests  t h a t  m a c r o m o l e c u l e s ' p r e s e n t  in  t he  m e m -  
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Growth curve of synchronous cultures of Saccharomyces cerevisiae. 
CS, cell separation was determined by particle count in haemocyto- 
meters ; ND, nuclear division was determined by HARTWELL 9, modifi- 
cation of the technique by ROBINOW and MARAK; BI, budding was 
determined by visual inspection in phase-contrast microscope. 

b r a n e s  of i nocu lum cells are r a n d o m l y  d i lu ted  b o t h  in 
p a r e n t  cells a n d  buds .  The  resu l t s  g iven  in t i le Tab le  
(ob ta ined  b y  fol lowing t he  change  of specific r a d i o a c t i v i t y  
in  m e m b r a n e s  pur i f ied  f rom b u d s  a n d  m a t u r e  cells a t  t he  
i nd i ca t ed  t imes)  also show t h a t  t he re  is no  di f ference i n  
m a t u r e  cells a n d  buds  in r a t e  of m e m b r a n e  growth .  

F u r t h e r ,  t he  b e h a v i o u r  of t he  change  r a t e  of specific 
a c t i v i t y  in  b u d s  a n d  m a t u r e  ceils excludes  t he  poss ib i l i ty  
t h a t  w h a t  is t r a n s f e r r e d  f rom p a r e n t  ceils to  newly  
fo rming  buds  is a pool  of m e m b r a n e  subun i t s .  The  experi-  
m e n t s  in  wh ich  ceils were i n c u b a t e d  in  t he  presence  of 
32po,  show t h a t  m e m b r a n e  l ip id  syn thes i s  fol lowed t he  
same p a t t e r n  (i.e. t h e  d i lu t ion  p a t t e r n )  as m e m b r a n e  
p ro t e in  synthes is .  The  fac t  t h a t  t he  d i lu t ion  effect  is 
obse rved  for b o t h  p ro t e in  a n d  l ip id  synthes is ,  s t rong ly  
suggests  t h a t  all  t h e  c o m p o n e n t s  of Saccharomyces m e m -  
b r a n e s  follow the  same  d i lu t ion  p a t t e r n  d u r i n g  cell d ivi -  
sion. 

Riassunto. Cellule di Saccharomyces cerevisiae v e n i v a n o  
co l t iva te  in  b rodo  c e n t e n e n t e  L-Leucina-3H o 3~po ~ rac-  
col te  in  fase log e qu ind i  co l t iva te  in modo  s incrono  in 
n u o v o  t e r r eno  pr ivo  di radioisotopi .  Le cellule e le g e m m e  
v e n i v a n o  sepa ra t e  pe r  c en t r i f ugaz ione  su g r ad i en t e  di  
saccarosio,  qu ind i  si i so lavano  .le m e m b r a n e .  La  radio-  
a t t i v i t ~  specif ica hel le  m e m b r a n e  pur i f i ca te  r i s u l t a v a  
circa il 50% di  quel la  p re sen te  i n i z i a lmen te  nelle cellule 
usa te  pe r  la co l tu ra  s incronizza ta .  
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S T U D I O R U M  P R O G R E S S U S  

Loca l i za t ion  of Ions  in Cel ls  of Potamogeton lucens 

D e t e r m i n a t i o n  of ion c o n t e n t  in  va r ious  organel les  a n d  
t he  r e l a t ive  d i s t r i b u t i o n  of ions w i t h i n  va r ious  cell- 
c o m p a r t m e n t s  is of g rea t  i n t e r e s t  to  biologis ts  a n d  ha s  
been  t h e  topic  of n u m e r o u s  inves t iga t ions  (ARNOLD2; 

ARISZ 9 ; OSMOND 4 ; OSMOND et  al. 5, LXUCHLI a n d  SCHWAN- 
DER 6, ZIEGLER a n d  LOTTGE 7, LXUCHLI a n d  L/21TTGE 8, 
JENNINGS9-11,  LARKUM12, ~X~OBtg L18, WAISEL e t  al .  14, 
WAISEL a n d  EsI~El, 15, etc.) U n d e s t a n d i n g  of physio logica l  
p h e n o m e n a  l ike t he  ionic r e q u i r e m e n t s  for e n z y m e  ac t iv i ty ,  
i n to  osmot ic  a d a p t a t i o n  of cells, i n to  s y m p l a s t  t r a n s p o r t  
etc., d e p e n d  v e r y  m u c h  on  ver i f i ca t ion  of t he  exac t  
c o n t e n t  of ions a t  t he  s i te  of opera t ion .  Thus ,  such  in fo rma-  
t ion  is of g rea t  s ignif icance for t he  s t u d y  of va r ious  pro-  
cesses wh ich  t a k e  place  w i t h i n  t h e  cells. 

However ,  in  sp i te  of t he  use of severa l  me thods ,  i.e. 
a u t o r a d i o g r a p h y ,  specific dyes, e lec t ron  microscopy,  etc. 
(cf. JENSEN 18 ; Lf)TTGE 17, 18, LXUCHL119, 20 ; VAN STEVtgN- 
INCK a n d  CHENOWETH 21 etc.), t h e  precise local iza t ion  a n d  
c o n t e n t  of ions in  subce l lu la r  c o m p a r t m e n t s  r e m a i n s  a 
m a t t e r  of specula t ion .  

L .  1 

C o m p a r t m e n t a l  ana lys is  h a d  c o n t r i b u t e d  a g rea t  deal  
to  a b e t t e r  e s t i m a t i o n  of ion c o n t e n t  inside va r ious  sub-  
cel lular  c o m p a r t m e n t s .  Never the less ,  be ing  based  on  
ce r t a in  u n m e a s u r a b l e  e s t i m a t e d  values,  i ts  resul t s  are  
sti l l  open  to cr i t ic ism. 

The  r ecen t  app l i ca t ion  of X - r a y  mic roana lys i s  to  
biological  m a t e r i a l  p rov ides  a b e t t e r  tool  for  d e t e r m i n a t i o n  
of ion d i s t r i b u t i o n  w i t h i n  cells, a n d  offers a d i rec t  m e t h o d  
for loca l iza t ion  of m o s t  of t h e m  in some subce l lu la r  
c o m p a r t m e n t s .  

A s tock  of _Potamogelon lucern p l a n t s  was  g rown ou tdoors  
for  severa l  m o n t h s  in t a p  wate r .  Leaves  a n d  b r a n c h e s  
were d e t a c h e d  f rom those  m o t h e r  p l a n t s  and  t r a n s f e r r e d  
in to  t ap  w a t e r  to  wh ich  100 m M  NaC1 were added.  Tile 
m a t e r i a l  was  k e p t  t he re  for 24 h u n d e r  c o n t i n u o u s  l igh t  
and  con t ro l l ed  t e m p e r a t u r e  (27 ~ J= 2 ~ Fol lowing such  a 
per iod  of a d j u s t m e n t ,  samples  of 1 cm ~ each  were t a k e n  
f rom the  m i d r i b  region of m a t u r e  leaves  for e x a m i n a t i o n .  
The  samples  were p laced  on t o p  of a cold ( - -70~ 
m i c r o t o m e  block-holder .  Dis t i l led  w a t e r  were used f o r  


