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P o t a s s i u m  Uptake  by Staphylococcus aureus and 
the Relation to its Water Content 

Staphylococcus aureus is  a b a c t e r i u m  w i t h  a h i g h  
c o n t e n t  o f  p o t a s s i u m  1,2, a n d  a m o n g  t h e  n o n - h a l o p h i l i c  
b a c t e r i a  i t  h a s  t h e  g r e a t e s t  r e s i s t a n c e  t o  h i g h  s a l i n e  c o n -  
c e n t r a t i o n  2. I t  w a s  c h o s e n  in  t h i s  w o r k  for  a s t u d y  of  t h e  
r e l a t i o n s  b e t w e e n  t h e  p o t a s s i u m  u p t a k e  a n d  t h e  v a r i a -  
t i o n s  of  t h e  ce l lu l a r  w a t e r  c o n t e n t .  T h e r e  is o n l y  f r a g -  
m e n t a r y  k n o w l e d g e  in  t h i s  f ie ld .  KOTVK a n d  KLEIN-  
ZELLER 8 s t u d i e d ,  h o w e v e r ,  t h e  m o d i f i c a t i o n s  o f  cel l  
v o l u m e  in  r e l a t i o n  to  t h e  v a r i a t i o n s  o f  t h e  s o d i u m  c o n t e n t ,  
a n d  KLEINZELLER 4,ti a n d  AEBI 6 s t u d i e d  t h e  b e h a v i o u r  o f  
s o d i u m ,  p o t a s s i u m  a n d  w a t e r  i n  r e l a t i o n  to  t h e  s w e l l i n g  
of  t h e  r e n a l  ce l ls  a t  0 ° C  a n d  3 7 ° C .  

Mater ia l  and  method. S t r a i n  22 I S I  o f  Staphylococcus 
aureus w a s  e x a m i n e d .  Cel ls  i n  t h e  l o g - p h a s e ,  c e n t r i f u g e d  
a t  + 4 ° C ,  w a s h e d  3 t i m e s  w i t h  d i s t i l l e d  w a t e r ,  w e r e  
d i v i d e d  i n t o  4 e q u a l  s a m p l e s  a n d  s u s p e n d e d  v a r i o u s l y  in  
d i s t i l l e d  w a t e r ,  in  p o t a s s i u m  c i t r a t e  ( f ina l  c o n c e n t r a t i o n  
0 . 2 M ) ,  i n  s a c c h a r o s e  ( f ina l  c o n c e n t r a t i o n  0.2 M) ,  a n d  in  
s a c c h a r o s e  a n d  p o t a s s i u m  c i t r a t e  ( f ina l  c o n c e n t r a t i o n  
0 . 2 M ) .  A f t e r  i n c u b a t i o n  fo r  30 m i n  a t  3 7 ° C  i n  a w a t e r  
b a t h  w i t h  s h a k i n g ,  t h e  w e t  w e i g h t ,  d r y  w e i g h t  a n d  p o t a s -  
s i u m  c o n t e n t  o f  t h e  ce i l s  w a s  m e a s u r e d  i n  t h e  f o u r  s u s -  
p e n s i o n s  ~. 

Resul ts  and discussion.  T h e  a n a l y s i s  of  t h e  m e a n s  o f  t h e  
d a t a  o f  T a b l e  I ,  i n  w h i c h  a r e  g i v e n  t h e  r e s u l t s  o f  10 e x -  
p e r i m e n t s ,  s h o w s  t h a t  t h e  d i f f e r e n c e  b e t w e e n  m e a n s  of  
w a t e r  c o n t e n t  in  ce i ls  w i t h  d i f f e r e n t  p o t a s s i u m  c o n t e n t  is 
s i g n i f i c a n t  a t  a l eve l  of  0 . 1 % ,  w h e r e a s  t h e  d i f f e r e n c e  b e -  
t w e e n  m e a n s  o f  w a t e r  c o n t e n t  o f  t h e  cel ls  s u s p e n d e d  in  
m e d i a  w i t h  d i f f e r e n t  o s m o t i c  p r e s s u r e  is s i g n i f i c a n t  a t  5 % .  
I t  a p p e a r s  a l so  t h a t  t h e  t w o  e x p e r i m e n t a l  f a c t o r s  ( c o n t e n t  
in  c e l l u l a r  p o t a s s i u m  a n d  e x t e r n a l  o s m o t i c  p r e s s u r e )  a c t  

s e p a r a t e l y  a n d  t h a t  t h e r e  is  n o  i n t e r a c t i o n  b e t w e e n  t h e m .  
T h e  s t r u c t u r e  o f  t h e  a v e r a g e  r e s p o n s e  o b t a i n e d  is  r e p o r t e d  
i n  T a b l e  I I ,  p a r t i c u l a r l y  so  a s  t o  c l a r i f y  t h e  e f f e c t  m a d e  

Table I I 

A0 A1 

B0 BI B0 B1 

d = average response 67.6 67.6 67.6 67.6 
in absence ol experi- 
mental  factors A and B 

a = deviation by  effect 0.87 0.87 -- 0.87 -- 0.87 
of factor A 

b = deviation by effect 2.2 -- 2.2 2.2 -- 2.2 
of factor B 

ab 0.12 -- 0.12 -- 0.12 0.12 

{AB} 70.8 66.1 68.8 64.6 

4d = ~ij{AiB~} 
4a = Z~{AoBi~ -- 27~ {AxB~} 
4b = ~7 i {AiBo} -- ~Y'i {AiB1} 
gab = Zi) {AiBj} -- T, ii {AIBj} 
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Table I 

A 0 

Cell suspension in the absence of saccharose 

B 0 Bx 
Cell suspension in the Cell suspension in the 
absence of potassium presence of 0 .2M 
citrate potassium citrate 

% H20 K + ill ~/o H20 K + in 
m-equiv.]g m-equiv.]g 
dry wt. of dry wt. of 
cells cells 

A 1 

Cell suspension in the presence of 0 .2M saccharose 

B0 B1 
Cell suspension in the Cell suspension in the 
absence of potassium presence of 0 .2M 
citrate potassium citrate 

% H~O K + in % H~O K + L'x 
m-equiv.Ig m-equiv.]g 
dry wt. of dry wt. of 
cells cells 

~ e a n s  

Deviations SS 

D.f. 

71 (0.38) 65 (1.23) 67 (0.37) 64 (1.24) 
71 (0.42) 66,6 (1.19) 67.8 (0.43) 63.2 (1.18) 
71 (o.4o) 67.3 (1.12) 70 (0.41) 65 (1.10) 
70 (0.47) 67 (1.17) 70 (0.45) 67 (1.17) 
71 (0.42) 67.6 (1.09) 71 (0.41) 66 (1.00) 
70 (0.41) 65 (1.18) 67.2 (0.41) 64 (1.10) 
71 (0.43) 67.2 ( 1.21 ) 70 (0.43) 65.3 (1.19) 
71 {0.39) 67 (1.12) 69.2 (0.38) 64.7 (1.08) 
71 (0.45) 66.5 (1.17) 67.8 (0.46) 64.2 (1.16) 
71 (0.47) 64.0 x (1.20) 68 (0.47) 64.2 (1.20) 

70.8 (0.42) 66.1 (1.17) 68.8 (0.42) 64.6 (1.14) 

1.60 13.76 17.76 13.06 

9 9 9 9 

A o -  A 1 = 2.485 +.  B 0 -  B 1 = 6.31 + + +.  (A 0 -  A1) (B 0 - B1) = 0.355 --.  Student 's  t tabulated for 40 ° of freedom; t5% ~ 2.021; tl% 
2.704; t0.1% = 3.551. 
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by  the  two exper imenta l  factors on the to ta l  water  con- 
t e n t  of the  cells. The  results show t h a t  the devia t ion  B 
due to the  presence or absence of po tass ium is greater  
t h a n  the  dev ia t ion  A due to the  presence or absence of 
the  0 . 2 M  saccharose. F r o m  the  results  obta ined  it  may  
be concluded t h a t  the  po tass ium up take  by  cells of 
Staphylococcus aureus is accompanied  by  a decrease of 
in t racel lu lar  water .  The  exp lana t ion  of this  is re la ted to 
t r anspor t  mechan i sm and consequent  on the  chemico-  
phys ica l  s ta te  of the  po tass ium of the  cells. The  concept  
of an  ac t ive  carr ier  t r anspor t  of the  po tass ium ~,8 is 
necessari ly l inked to  t h a t  of free po tass ium in the  cells, 
and in concent ra t ions  grea ter  t han  externa l  ones 9. If  the  
in t racel lu lar  po tass ium were in the  free s tate ,  in the  tests  
carr ied ou t  there  would  have  been an increase in wa te r  in 
conjunc t ion  wi th  the  s ta ted  increase in the  in t racel lular  
po tass ium ; on the  o ther  hand,  there  would  no t  have  been 
var ia t ions  in wa te r  con ten t  if  the  po tass ium were ex- 
changed wi th  o ther  intracel lular  substances.  The  average  
q u a n t i t y  of po tass ium in excess which enters into the  
cells in compar ison wi th  the  controls  is abou t  0.75 
m-equ iv . /g  of d ry  cells; this amount ,  considering a wa te r  
con ten t  in the  cells in a f lee state,  corresponds to a solu- 
t ion of abou t  ] M,  which in our  exper imenta l  condit ions 
would  cause an osmot ic  pressure of about  25 atmospheres .  
The  ex te rna l  osmot ic  pressure, however ,  in the presence 
of only  0 .2 / l l  po tass ium c i t ra te  or added to 0 . 2 M  sac- 
charose,  is abou t  5 and 10 a tmospheres  respect ively.  

All this is w i thou t  ca lcula t ing the  o ther  intracel lular  
osmot ica l ly  ac t ive  solutes or  substances.  E v e n  admi t t ing  
t h a t  only  30% of the  po tass ium is in the  free s ta te  ~°, the 
ex te rna l  osmot ic  pressure does not  exceed the internal  one. 
I t  is therefore  logical to conclude tha t  the  po tass ium is 
no t  in a free s ta te  b u t  adsorbed by  means  of bonds of 
var ious  kinds xl on dissociated groups of the polypept ide  
chains of the  p ro top lasmat ic  gel, the  hydra t ion  of which 

is modif ied.  Groups of the po lypept ide  chain wi th  anionic 
dissociation,  in fact,  are h y d r a t e d  groups which repulse 
each other.  When  po tass ium is adsorbed,  which balances 
the  nega t ive  charge,  the  repuls ion ceases, the  dis tance 
be tween  the  po lypep t ide  chains is reduced, and the 
q u a n t i t y  of free wa te r  decreased.  Such an exp lana t ion  is 
in agreement  wi th  the modern  theories  which relate the 
phenomena  of se lec t iv i ty  and  pe rmeab i l i t y  to  all  cell 
protoplasm,  the  polye lec t ro ly t ic  behav iou r  which is sub- 
jec t  to ever  more inves t iga t ions  1°,12,13. 

Riassunto. Cellule di Staf i lococco aureo in fase di  
cresci ta  logar i tmica incorporano potass io  e l iminando  
acqua.  Lo spos tamento  de l l ' acqua  in t race l lu lare  d ipende  
p i t  datla incorporazione det potass io  che dal la  pressione 
osmotica  del l iquido di sospensione. 
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The Effect of Serotonine  and 
5 - H y d r o x y t r y p t o p h a n  on the E r y t h r o p h o r e s  of 

Crustaceans  

The colour pa t t e rn  of the  prawns ]~alaemon serratus 
(Pennant)  and Palaemon elegans R a t h k e  is composed of 
var ious  types  of chromatophores .  Of these,  two kinds of 
red p igmen ted  cells, the  large and small  erythrophores ,  
are the  mos t  numerous.  B o t h  species of prawns possess 
charac ter i s t ic  da rk  bands  on the  cepha lo thorax  and ab- 
domen.  These  consist  pure ly  of large erythrophores ,  
while smal l  e ry th rophores  are  sca t te red  be tween  these 
bands.  

E y e s t a l k  ex t i rpa t ion  of the  prawns  results  in p igment  
dispersion, whi le  in jec t ion  of ex t rac t s  f rom the  eyes ta lk  
or  f rom the  pos t - -commissure  organs (PCO) induces pig- 
m e n t  concen t ra t ion  in bo th  types  of e ry throphores  of eye- 
stalkless specimens  of e i ther  species. In  a s tudy  of the  
colour changes of Palaemon adspersus Rathke ,  (3STLUND 
and FXNGE 1 not iced t h a t  5 - h y d r o x y t r y p t a m i n e  (seroto- 
nine) induces  p igment  dispersion in the  e ry throphores  of 
this p r a w n .  AOTO 2 found t h a t  this  substance causes 
p igment  dispersion in the  large e ry throphores  of the  fresh 
water  p rawn  .Palaemon paucidens De Haan.  To inves t igate  
whether  or  no t  serotonine also affects the  colour change 

of o ther  Palaemon species, the  e ry th rophore - s t imula t ing  
potency  of serotonine was tes ted  in Palaemon serralus and  
Palaemon elegans. In jec t ion  of serotonine in doses of 1 pg 
or  higher into in tac t  wh i t e -background-adap ted  Palaemon 
results in a dis t inct  p igmen t  dispersing react ion of the  
large erythrophores  only. This  select ive act ion of sere- 
tonine is also visible fol lowing in jec t ion  of a mix tu re  of 
PCO ex t rac t  and serotonine into eyestalkless prawns.  If, 
for instance, a mix tu re  conta in ing  1/200 par t  of one pair  
of PCO and 1 /zg serotonine  is g iven  to eyestalkless  
Palaemon serratus or .Palaemon elegans, a s t rong p igment  
concent ra t ing  react ion of the  small  e ry th rophorcs  sets in 
immedia te ly  following inject ion,  while such changes do 
no t  occur in the  large e ry th rophores  of these two species. 

The  presented  resul ts  are in ag reemen t  wi th  those  of 
(~)STLUND and FANGE 1 and AOTO 2. These d a t a  and  the  
fact  t h a t  the  presence of serotonine  in crus taceans  has  
been demons t ra ted  by  WELSH and MOORHEAD * indica te  
t ha t  serotonine m a y  p lay  an i m p o r t a n t  role in the  colour  
change react ions of prawns.  
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8 j .  H. WELSIt and M. MOORItEAD, J. Neuroehem. 6, 146 (1960). 


