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O s m o t i c  C o n c e n t r a t i o n  of the  Contrac t i l e  V a c u -  
ole  of  Amoeba proteus F o l l o w i n g  U V - L i g h t  

I rrad ia t ion  

The  con t r ac t i l e  vacuole  of A moeba proteus e x h i b i t s  a n  
a typ ica l  appea rance ,  a n  e n l a r g e m e n t  in  size, a n d  a l t e r ed  
c o n t r a c t i o n  r a t e  a f t e r  mic ru rg ica l  r e m o v a l  of t h e  nuc leus  
or  a f t e r  t h e  Amoeba has  been  i r r a d i a t e d  w i t h  U V - l i g h t  1,2,K 
Since these  c h a n g e s  in t h e  con t r ac t i l e  vacuo le  are r ap id  
w i t h  r e spec t  to  o t h e r  changes  in  t he  cell x,a-8, i t  sugges ts  
t h a t  U V - i r r a d i a t i o n  m a y  affec t  t he  o s m o r e g u l a t o r y  func-  
t ion  of t he  con t r ac t i l e  vacuole .  I n  t h i s  p a p e r  we r e p o r t  on  
t he  o smot i c  c o n c e n t r a t i o n  of t he  con t r ac t i l e  vacuole  fol- 
lowing UV- i r r ad i a t i on .  

Materials and methods. T he  m e t h o d s  for c u l t u r i n g  a n d  
for U V - i r r a d i a t i o n  a t  254 n m  of A. proteus h a v e  been  de-  
scr ibed 7. The  mi l l iosmola l  c o n c e n t r a t i o n  of t h e  con t r ac t i l e  
vacuole  was d e t e r m i n e d  b y  a mod i f i ca t i on  s of t h e  m e t h o d  
descr ibed  b y  SCHMIDT-NIELSEN a n d  SCHRAUGER 9. 

Results and discussion. A b o u t  1 .0% of a p o p u l a t i o n  of 
u n i r r a d i a t e d  cells h a v e  en la rged  con t r ac t i l e  vacuoles ,  
whereas  a f t e r  U V - i r r a d i a t i o n  a b o u t  10% h a v e  en l a rged  
con t r ac t i l e  vacuoles  1,s. T he  mi l l iosmols  of t he  en la rged  
a n d  u n e n l a r g e d  con t r ac t i l e  vacuo les  in t h e  con t r o l  cells 
were  n o t  s t a t i s t i ca l ly  d i f fe ren t  (Table).  T he  mi l l iosmola l  
c o n c e n t r a t i o n s  for t h e  con t r ac t i l e  vacuo le  c o n t e n t s  of t he  
con t ro l  cells were  la rger  t h a n  t hose  r epo r t ed  b y  SCttMIDT- 
NIELSEN a n d  SCHRAUGER °, Th i s  m a y  be  due  to  t h e  dif-  

f e ren t  c u l t u r i n g  cond i t i ons  a n d  s t r a in s  of A. proteus used 
in t he  2 i nves t iga t ions .  

T h e  UV-dosages  used  decreased  t he  s u r v i v a l  of the 
cells a n d  a l t e red  t he  func t ion  of t h e  nuc l eusL  Althougl~ 
U V - i r r a d i a t i o n  resu l t s  in  a l a rger  % of t h e  cells having 
en l a rged  con t r ac t i l e  vacuoles ,  t h e r e  is no  s t a t i s t i c a l  di{" 
ference b e t w e e n  t he  mi l l iosmota l  c o n c e n t r a t i o n s  of the 
en l a rged  a n d  u n e n l a r g e d  con t r ac t i l e  vacuo le s  of t he  co~- 
t ro is  a n d  t h e  i r r a d i a t e d  cells. 

T h e  s imi l a r i t y  of t he  mi l l iosmola l  c o n c e n t r a t i o n s  in the 
con t r ac t i l e  vacuole  b e t w e e n  t h e  con t ro l s  a n d  t h e  i rr~" 
d in t ed  ceils sugges ts  t h a t  t h e  U V - l i g h t  m a y  n o t  be  affect" 
ing  t h e  m e c h a n i s m ( s )  b y  wh ich  t h e  con t r ac t i l e  vacuole 
c o n t e n t s  a re  regu la ted .  However ,  t h e r e  could  be ~n 
a l t e red  ra t io  of ions, or non-e lec t ro ly tes ,  w h i c h  would not 
be  de t ec t ed  b y  th i s  m e t h o d .  In  s u m m a r y ,  UV-ir radia t i0~ 
does no t  resu l t  in a d e t e c t a b l e  a l t e red  mi l l iosmola l  con" 
c e n t r a t i o n  of t h e  con t r ac t i l e  vacuole .  

Zusammen[assung. N a c h  U V - B e s t r a h l u n g  erweis t  sicl~ 
die osmot i sche  K o n z e n t r a t i o n  der  pu l sa t i l en  Vakuolen 
y o n  Amoeba proteus als u n v e r ~ n d e r t .  

L. M. MAYER a n d  R. M. IvERSON 

Department o] Biology, University o /Miami ,  
Coral Gables (Florida 33124, USA),  
Ju ly  8, 1966. 

MiltiosmolaI concentration of the contents of enlarged and unetflarged 
contractile vacuoles of Amoeba proteus 

Unenlarged Enlarged 
vacuoles vacuoles 

Control 68 (30 ~) (30.33 b) 56 (12 ~) (18.61 b) 
1000 crgs/mm ~ 76 (15) (28.56) 80 (15) (29.02) 
2500 ergs/mm 2 77 (40) (40.62) 49 (15) (16.90) 

= No. of samples, b = standard deviation of the mean. 
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T h e  P r o d u c t i o n  of Stable  S t e a d y - S t a t e s  in M o u s e  
A s c i t e s  M a s t  Cell  Cu l tures  M a i n t a i n e d  in  the  

C h e m o s t a t  1 

S u s t a i n e d  g r o w t h  of r a n d o m l y  p h a s e d  (a synchronous )  
f lu id - suspens ion  cu l tu re s  of un ice l lu la r  mic ro -o rgan i sms  in  
a c o n s t a n t  chemica l  e n v i r o n m e n t ,  a t  a c o n s t a n t  cell con-  
c e n t r a t i o n  a n d  a t  a d i c t a t e d  e x p o n e n t i a l  ra te ,  ha s  b e e n  
ach i eved  in t he  c h e m o s t a t  2-~. S imi la r  a t t e m p t s  w i t h  an i -  
m a l  ceils h a v e  been  on ly  p a r t i a l l y  successful  TM, l im i t i ng  
t h e  usefulness  of t he  c h e m o s t a t  for  t he  b iochemica l ,  
phys io logica l  a n d  gene t ica l  ana lys i s  of a n i m a l  ceils in  
v i t ro .  I n  th i s  ar t ic le  we s u m m a r i z e  c h e m o s t a t  e x p e r i m e n t s  
w i t h  neop las t i c  mouse  m a s t  cell cu l tu re s  in  w h i c h  t r u e  
s t ab l e  s t e a d y - s t a t e s  were es tab l i shed .  

The  c h e m o s t a t  3"1° is a device  for g rowing  cell cu l tu res  
in  s t e a d y - s t a t e  n a t  p rese t  d o u b l i n g  r a t e s  w h i c h  are  
smal le r  t h a n  t he  m a x i m u m  specific g r o w t h  r a t e  a n d  
wh ich  are  con t ro l led  b y  one or  more  ( l imit ing)  n u t r i e n t  
factor(s) .  I n  essence t h e  c h e m o s t a t  is a n  a g i t a t e d  cu l tu re  

vessel  w i t h  a n  over f low se t t i ng  t he  cu l tu re  vo lume .  Fresl~ 
n u t r i e n t  l iqu id  en t e r s  t he  cu l tu re  vessel  a t  a cons tan t  
r a t e  (d i lu t ion  ra te )  a n d  cell suspens ion ,  i nc lud ing  super;  
n a t a n t  m e d i u m ,  leaves  t h e  cu l t u r e  vessel ,  u n d e r  ideaJ 
cond i t i ons  of ope ra t i on ,  a t  t h e  s a m e  r a t e  (specific wasl~" 
o u t  ra te) .  I n  t h e  e x p e r i m e n t s  r e p o r t e d  here  2 t y p e s  ol 
a u t o m a t e d  m a m m a l i a n - c e l l  c h e m o s t a t s  were  used,  mode~  
I a n d  I I ,  d i f fe r ing  on ly  in t h e  des ign  of t h e  cu l t u r e  vesSe 
a n d  t h e  s t i r r i ng  m e c h a n i s m .  Model  I, w h i c h  is an  a d a p  t~" 
t i on  of t h e  c y t o g e n e r a t o r  TM t o  t h e  p r inc ip le  of t h e  chert0" 
s ta r ,  cons is t s  of a 2 -a rm cu l t u r e  vessel  w i t h  a n  overfloW' 
on  One a r m  a n d  a n  in le t  p o r t  for  l iqu id  n u t r i e n t  on  the 
o t h e r  a rm.  P r e m i x e d  gases (air, COs) u n d e r  modera te  
pressures  are  a l t e r n a t e l y  pu l sed  to  t he  2 a r m s  of the 
g r o w t h  c h a m b e r ,  a ccompl i sh ing  b o t h  a g i t a t i o n  of t he  cell 
suspens ion  a n d  e q u i l i b r a t i o n  of t h e  l iqu id  p h a s e  w i t h  O, 
a n d  CO s (pH control ) .  Model  I I  cons is t s  of a r o u n d  re ~c" 
t i on  f l a sk - type  cu l tu re  vessel  w i t h  a n  overf low,  a suS" 
p e n d c d  in le t  t u b e  for t he  a f fe ren t  n u t r i e n t  s t r e a m  whiCla 
is b r o k e n  b y  a d r o p p i n g  device,  a n d  a Vibro-Mixer '  
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MOdel ]~1 s t i r r i ng  dev ice  ~a, a n d  also i n l e t  a n d  o u t l e t  po r t s  
for the  gas mix tu res .  

All the  e x p e r i m e n t s  r e p o r t e d  in  th i s  a r t ic le  were  ca r r i ed  
out With the  P 8 t 5 ¥  m o u s e  asc i tes  m a s t  cel l  s t r a i n  ~.  Th i s  
Cell s t ra in  grows, u p o n  e x p l a n t a t i o n  f rom CBA/2  mice  
into adu l t  horse  s e r u m  s u p p l e m e n t e d  FISCHER'S g r o w t h  
~edium,  freely s u s p e n d e d  a n d  c o n t i n u e s  to  express ,  i n  

rig-term cu l ture ,  t he  cha r ac t e r i s t i c  p rope r t i e s  of m a s t  
Cells, n a m e l y  se ro ton ine ,  h i s t a m i n e  a n d  hepa r i  n syn thes i s .  

In  all  ou r  e x p e r i m e n t s  t he  l iqu id  m e d i u m  i n t r o d u c e d  
into the  s torage  t a n k  of t h e  c h e m o s t a t  c o n t a i n e d  t h e  12 
essential a m i n o  acids,  L-g lu tamine ,  t h e  9 essen t i a l  vit,- 
~mins, D-glucose, a n d  t h e  essen t i a l  e l ec t ro ly tes  m i n u s  
,~t~l, and  was s u n o l e m e n t e d  w i t h  asDaragine  l.-serine, 
• ~ dult horse serum, I00 U/cm of pemcllhn G potas- 

stnrrt and  2.5 /zg/cm a of t e t r acyc l ine .  E x c e p t  for  t he  
Variable a m o u n t  of D-glucose (50-300 r ag%)  t h e  m e d i u m  ~ °.raposition was  t h a t  p resc r ibed  for  m u r i n e  l eukemic  
ells by  FlSCHER~. D u r i n g  t h e  en t i r e  course  of t he  chemo-  

s ta t  e x p e r i m e n t s  t h e  a f f e r en t  m e d i u m  was  cooled a n d  
kept s tored a t  a c o n s t a n t  t e m p e r a t u r e  (9-11°C) in  t h e  
dark and  u n d e r  a f ixed pa r t i a l  p ressu re  of CO,. 
%. Theoret ical ly ,  u n d e r  c e r t a i n  r e s t r i c t i ng  cond i t i ons  ~,  

~able s t e a d y - s t a t e s  of f lu id - suspens ion  cell cu l tu res  in t h e  
ehemosta t  a re  poss ible  a t  a n y  va lue  of t h e  d i l u t i on  r a t e  
Which is sma l l e r  t h a n  t h e  m a x i m u m  d o u b l i n g  r a t e  of t h e  
Cell s t ra in  in the  t y p e  of n u t r i e n t  m e d i u m  used. M a t h e -  
tactical p roof  of t h i s  t h e o r e m  has  b e e n  g iven  for  idea l  
bacterial  cu l t u r e  systems~-~,~L T he  c h e m o s t a t  exper i -  
raents of COHEN a n d  EAGLE ~°, p e r f o r m e d  w i t h  a v a r i e t y  
of m a m m a l i a n  cell s t ra ins ,  fa i led to  yield tvue  t h e r m o -  
dynamic s t e a d y - s t a t e s  a t  smaI l  d i l u t i o n  r a t e s ;  t h e  cel l  
COncentration could n o t  be  s t ab i l i zed  p r o p e r l y  in  these  
exper iments  a n d  o f t en  v a r i e d  in  a cycl ical  p a t t e r n .  I n  o u r  
ow 
c n c h e m o s t a t  e x p e r i m e n t s ,  p e r f o r m e d  w i t h  P 8 1 5 Y  cell  
Ultures and  c o n d u c t e d  ove r  per iods  of up  to  5 m o n t h s ,  

we have  now o b t a i n e d  ev idence  of t r u e  s t a b l e  s t e a d y -  
states a t  d i l u t ion  r a t e s  as sma l l  as m = 0.0057 h -x 
(doubling t i m e  of cu l tu re ,  z* = 122 h ;  F igure  1) a n d  
as large as ~o = 0.022 h -x (doub l ing  t i m e  of cu l tu re ,  
~r*= 31.5 h ;  F igure  4). These  s t e a d y - s t a t e s  are cha rac -  
~r!zed b y  (1) a c o n s t a n t  c o n c e n t r a t i o n  of cells (_~ 
el ls /eras) ,  as h i g h  as 18 .2 .  10 ~ ce l l s /cm ~,xs (2) c o n s t a n t  
~ ncen t r a t i ons  in  t h e  s u p e r n a t a n t  cu l t u r e  f luid of D- 
~riCOse (~G m g % )  a n d  of L ( + ) - l a c t a t e  (~L m g % ) ,  a n d  

ence (3) a c o n s t a n t  D-glucose to  L ( + ) - l a c t a t e  n e t  con-  
Version factor ,  (4) a c o n s t a n t  d o u b l i n g  r a t e  (specific 
grOWth ra te ,  k* = o~ = (ln 2)/7* h -~ of t h e  cell  cu l tu re ,  
equal to  the  d i l u t i on  ra te ,  o~, (5) c o n s t a n t  r a t e s  pe r  cell 
of i~.glucose c o n s u m p t i o n  (QG g cell -z h -~) a n d  of n e t  
cO,L(+)'lactate ,nroduct ion .~fQ'~L ~e: cell -~ h -~), (6) a c o n s t a n t  

" p o p u l a t i o n  compos i t i on  w i t h  respec t  to  t h e  f r ac t ions  

of cells in  D N A  syn thes i s ,  i n  o b s e r v a b l e  mi tos i s  a n d  in  
R N A  syn thes i s ,  a c c o r d i n g  to  t h e  i n s t a n t a n e o u s  t h y m i -  

d i n e - H  a labe l l ing  i n d e x  (Js),  t h e  m i t o t i c  i n d e x  (fM) a n d  
t h e  i n s t a n t a n e o u s  c y t i d i n e - H  ~ or  u r i d i n e - H  s l abe l l ing  in-  

dex  (JRNA)- I n  a t y p i c a l  case (Figure  3) s t ab i l i z a t i on  of 
cu l tu re  g r o w t h  was a t t a i n e d  a t  a d i l u t i o n  r a t e  of ~o 
= 0.0123 h -~, a d i l u t i on  r a t e  w h i c h  co r r e sponds  to  a 
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Council of the City of New York under contract No. 1-428, and 
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chemistry}. 
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Fig. 1. Adjustment and maintenance of stable steady- 
state at a small dilution rate in a Model I chemostat. 
(In this case the afferent medium was storcd at room 
temperature; 'P '  indicates minor and temporary 
alteration of pH.) 
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d o u b l i n g  t i m e  of ~* = 56.5 h o r  2.36 d a y s .  U n d e r  o p t i m u m  
c o n d i t i o n s  m o u s e  a s c i t e s  m a s t  cel l  c u l t u r e s  d o u b l e  in  t h e  
s a m e  m e d i u m  e v e r y  12 h,  t h a t  is  a b o u t  4.7 t i m e s  f a s t e r  
t h a n  d u r i n g  t h e  p r e s c r i b e d  s t e a d y - s t a t e .  I n  t h i s  c a s e  t h e  
s t e a d y - s t a t e  is d e m o n s t r a t e d  b y  a c o n s t a n t  ce l l  c o n c e n -  
t r a t i o n  m a i n t a i n e d  a t  IV = 8 . 7 6 . 1 0  ~ c e l l s / c m  ~ ( s t a n d a r d  
d e v i a t i o n  of  N, s(N) = -t- 0.65 • 10~) ~ / o r  a p e r i o d  of  60 
d a y s  *°, a c o n s t a n t  D-g lucose  c o n c e n t r a t i o n  in  t h e  s u p e r -  
n a t a n t  m e d i u m  o f  EG = 2.36 m g %  ( s t a n d a r d  d e v i a t i o n  
of  ~G, S(~G) = -t- 0 . 4 6 ) n  a c o n s t a n t  ~ ( + ) - l a c t a t e  c o n c e n -  
t r a t i o n  m a i n t a i n e d  in  t h e  s u p e r n a t a n t  c u l t u r e  f lu id  
a t  ~L = 32.32 m g %  ( s t a n d a r d  d e v i a t i o n  of  g~, S(~L) 

----- ± 3,23) ~ ,  a n d  a c o n s t a n t  p o p u l a t i o n  c o m p o s i t i o n  of 

a b o u t  I 0 0 .  J s  = 2 6 %  o f  t h e  cel ls  e n g a g e d  in  D N A  s y ~  
thes i s .  S ince  t h e  c o n c e n t r a t i o n s ,  in  t h e  a f f e r e n t  n u t r  i e ~  

~ Estimate of error of measurement of cell concentration, 4- 0.56"10~ 
cells/era s. 

~0 Steady-state interrupted on purpose. 
~ Estimate of error of enzymatic assay of D-glucose concentratiO9~ 

4- 0.27 rag%. 
~ Estimate of error of enzymatic assay of ~(+)-lactate concentra" 

tion, 4- 1..58 rag%. 
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Fig. 2. Adjustment and maintenance of stable steadY' 
state at a relatively large dilution rate in a Model I 
chemostat. 
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Fig. 3. Final readjustment and maintenance of stable steadY" 
state in a 'perturbation of steady-state experiment' Ln 
Model I chemostat. (The initial steady-state was interrupted 
in this case by addition to the culture fluid and to the store~ 
medium of 20 mg% of D-glucose 1 month after the start  of 
flow.} 
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Fig. 4. Adjustment and maintenance of stable 
steady-state in a Model II chemostat. 
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stream, of D-glucose and of L(+)-lactate were kept in this 
.~e at ac = 83.32 mg% and aa : 3.40 mg% respec- 

d re!y, the specific rate of n-glucose consumption averaged 
Urmg the steady-state QG = o(aG -- ~c,)/N = 1.13 • 10 - n  

gcelt-1 h-1 and there was a net L(+)-lactate production in 
the culture averaging QL = cO(eL -- aL)]N = 0.33 • 10 -xl 
g Cell-1 h-L Hence, we have, during this steady-state, a 
constant factor of net  conversion of D-glucose into 
L(+)-lactate of 100-(QL/QG) = 35.5% (pH = 6.9). 

Stability of the steady-state condition in our experi- 
ments was indicated by minor oscillations of the culture 
Parameters (N, CG, eL) around their mean steady-state 
positions (~, ~G, eL). Since the experimental error of the ~ Says of cell concentration, D-glucose concentration ann  

(+)-lactate concentration were of the same magnitude 
as the standard deviations of the steady-state averages, 
"~, ~G and CL respectively, the fundamental  errors of the 
actual steady.state positions were insignificant and, 
therefore, probably the result of random osciUations. In  
the one case, where a larger than normal oscillation of 
Cell Concentration was observed (Figure 1), this event 
COuld definitely be related to an inst rumental  error (pH 
change due to change of CO 2 tanks). 
f in  P815Y cultures inoculated into chemostats containing 
~enS.hly prepared s tandard  FISCHER s growth medium, 
~able steady-states are established only after very ex- 

tensive adjustment  periods (Figures 1, 2 and 4). Signifi- 
cant oscillations of the cultural parameters extend over 
periods ranging between 20 and 50 days of continuous 
Operation of the chemostat. The duration of the adjust- 
~leat period tends to decrease with increasing dilution 
rate. Undoubtedly the existence of such long adjus tment  ~ e.riods in mammalian cell cultures has contributed to the 
allure ~0 to observe stabd~zatton of previous investigators " ' ' 

of Steady-states in the chemostat at  small dilution rates• 
The steady-states of mouse ascites mast cell cultures 

~ extremely sensitive, and axe readily displaced by 
'~eration of practically any  cultural  parameter. Abrupt  

changes of metabolite concentration(s) in the culture fluid 

of the chemostat or in the incoming nutr ient  fluid (for 
example by addition of a few mg% of D-glucose to the 
culture fluid), alterations of the medium composition (for 
example by addition of minute amounts  of thymidine to 
the culture fluid), or sudden change of pH, generate 
complex oscillations in the quantities measured, tha t  is 
of N, c~, eL, Js, JM, JRNA, degree of culture asynchrony 
etc. During perturbat ion of steady-state the final adjust- 
ment  to the original or to a new stable steady-state posi- 
tion is often preceded by  short-lived semi-stable steady- 
states with a smaller yield of de-nero cell synthesis. 

Because of their extreme sensitivity, steady-state 
P815Y cell cultures maintained in the  chemostate are a 
far more efficient device for s tudying the effects of growth 
factors, hormones, antimetabolites and other drugs on 
mammal ian  ceils in vitro than  are ordinary log phase 
batch cultures ~8 

Zusammen]assung. Neoplastische Mausmastzellen des 
Stammes P815Y wurden auf lange Dauer im Chemostaten 
geziichtet. Solche Versuche, in denen es erstmals gelang, 
stabile stationiire Zustiinde des Zellkulturenwachstums 
auch bei sehr tdeinen Durchfluss- bzw. Verdiinnungs- 
konstanten zu erzeugen, werden eingehend beschrieben, 
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S i g n i f i c a n c e  o f  ' E m p t y  V e s i c l e s '  in  P o s t -  
~ a n g l i o n i c  S y m p a t h e t i c  N e r v e  T e r m i n a l s  

Electronmicroscopic examination of postganglionic 
al~t0nomic nerves reveals essentially 2 types of nerve 
~diugs: (a) parasympathetic nerve endings which con- 
aria a homogeneous population of ' empty  vesicles', which 
~,~ most probably the storage sites of acetylcholine, and 

• ' . • ' 4 , ' 

la sy m . . . .  ~ pathetic nerve terminals (or pretermmals) is not  
~lear I li ~ • t has been assumed that  they contain acetylcho- 
~,~e:. thus representing the morphological correlate 2 of a 
s~t°tlnergic l ink in postganglionic sympathetic transmis- 
~O~]postulated by BuR~ and RAND s, 

he validity of this assumption was investigated in the 
~resent experiments on the cat 's iris. Irides were removed 
~.urn cats anaesthetized with pentobarbital  and imme- 
~ t e l y  fixed in 2% OsO~ buffered at pH 7.4 with 0.1M 
~:°Sphate buffer for 1-2 h at  4 °C. After dehydration with 

CObol and propylene oxide the irides were imbedded in 

epon 812. Ultra- thin sections were contrasted with 
uranium acetate and lead citrate. 

Electronmicroscopic examination was concentrated on 
the medium zone of the dilatator pupillae, as it  is known 
from fluorescence microscopic studies 4 tha t  this region 
contains a large number  of sympathetic nerves. 

We were therefore surprised to find tha t  vir tual ly all 
vesicles of the autonomous nerves were empty (Figure 1). 
The preparations did not  permit distinction between 
cholinergic and adrenergic nerves. To decide whether 
these findings were related to the mode of fixation, i.e. 
the classical technique of osmium fixation, irides were 
fixed in 3% glutaratdehyde s buffered with 0.1M phos- 
phate buffer (pH 7.4) for 1-2 h a t  4°C before treating them 
identically with osmium tetroxide• 
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