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SUMMARY 

K + has been shown to be an absolute requirement for the growth of Mycoplasma 
laidlawii. A medium has been devised in which K+ is the growth-limiting constituent. 
An internal K÷ concentration of about 7o mM is maintained over external concen- 
trations ranging from o.135 to 5.37 raM. Cells have been adapted to grow at con- 
centrations of 0.034 raM. There is no Na + requirement, although there are l imitations 
on the ionic composition of the medium. Rb + can part ial ly substi tute for K +. Uptake 
experiments with ~2K + indicate a half-time for K + exchange of about 5 rain. Studies 
with inhibitors indicate tha t  the exchange is energy dependent and appears to be 
mediated by sulfhydryl-containing proteins. 

INTRODUCTION 

The plasma membrane of procaryotic cells, lacking a cell wall, has been shown 
to be a very useful system for the elucidation of membrane structure 1. The ul t imate 
ainl of such studies is to relate the biological functions of the membrat~e, to its mole- 
cular structure. Membrane-bound enzymes 2 as well as active transport3, 4 have been 
reported for the Mycoplasma. The purpose of this paper has been to investigate in 
detail  the t ransport  of potassium across the plasma membrane of Mycoplasma 
laidlawii. 

MATERIALS AND METHODS 

Organism and growth conditions 
Cells of M. laidlawii were grown stat ical ly at  37 ° in a modified form of the 

medium developed by Dr. Mark Tourtellotte in which the sole source of K + was in 
KC1 which was added in variable amounts. The medium shown in Table I was supple-- 
merited with 5.37 mM of KC1 for normal growth and for carrying stock cultures. In 
selected experiments the concentration of KC1 was varied or other monovalent 
cations were substi tuted in the growth medium. 

Abbreviation: PCMB, p-chloromercuribenzoate. 
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T A B L E  I 

T H E  C O M P O S I T I O N  O F  S J g M I D I ? ; F 1 N E D  C U L T U R E  

Component Conch. 
{nag/l) 

L - T y r  e o o  

t - T r y  eoo  

L - G l u  2oo  

L - A s p  ~ 5 ° 

L - A s h  ~ 5 ° 

L - A l a  725  

L - S c r  725  

L-Val  725 

L - A r g  44  ° 

L - H i s  3~o  

L-Ly~  840  

L - T h r  4 6 o  

L - g e u  lOlO 

L-I le  480  

L-Pro 5 0 0  

L-Phe 5 ° 0  

G l y  7 ° 0  

L - M e t  3~5 
~ 

L - C y s  C y s  30  

L - G l n  lOOO 

MEDIUM FOR 31.  laidlawii  

Component Conch. 
(mg/l) 

_ _  . 

A d e n o M n e  5 

Deoxyadenos ine  5 

Guanos ine  5 

Deoxyguano s in e  5 

Cytidine 5 

D e o x y c y t o s i n e  5 

Uridine 5 

T h y m i d i n e  5 

Sod ium acetate  5 ° 

N a ~ H P O ~  i 2 o  

(NH~)~SO~ 12o 

M g S O  4 • 7 H 2 0  200  

Pyr idox ine  o.2  

Niacine  0.2  

C o e n z y m  e A 0.5 

Biot ine  0 .08  

Thiamine  0 .08  

Ribof lav in  o .o8  

NaC1 8 o o o  

T r i s  i o o o  

Glucose io  ooo 

2o ml 

i o o o  1111 

Difco PPLO serum fraction 

Dist i l led water  

Cells were adapted to grow in low K ÷ by  culturing them in med ium containing 
success ively  reduced concentrations of KC1. Cells were transferred at a given concen- 
tration until  good growth was observed by turbidity and then transfers were made to 
lower K+ concentrat ions .  The serial transfers in KC1 were from 5.37 to o.537 to o.269 to 
o.135 to o.o68 mM, and at present the cells are being cultured in a m e d i u m  containing 

o.o34 raM. 
In studies of Na  + requirement,  the m e d i u m  shown in Table I was modified by 

replacing Na2HPO 4 and sodium acetate  by their potass ium salts. The NaC1 concen- 
tration in the m e d i m n  was varied and experiments  were carried out replacing NaCI 
by  a series of subst i tuents .  

Growth assay 
Growth was  determined either by absorbance at 420 m/ ,  measured on a Beck-  

man Model D.U.  spectrophotometer  or by colony count  on a med ium containing the 
fol lowing const i tuents  per 1: Bacto  tryptose  IO g, agar IO g, NaC1 5 g, Tris 1. 5 g, 
glucose IO g, Difco serum fraction 20 ml. 

K + concentration 
Direct  measurement  of K+ concentrations of media  and cell lysates  was made 

with  a flame photometer ,  Model 143 (Instrumentat ion Laboratory).  
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~ K  + uptake and concentration studies 
For studying K + uptake of normal cells, 5o ml of a log-phase culture growing 

at 37 o in normal medium (Table I) supplemented with 5.37 mM of KC1 were mixed at 
37 ° with 50 ml of uninoculated medium containing 2 mC of 4ZK+. At various times 
IO ml of the mixture were rapidly filtered through a 0.22-/, pore size filter (Millipore 
Corp.) which had been previously soaked with wash medium (the wash medium is the 
same as the culture medium in Table I except that it lacks vitamins and serum 
fraction). Filtration was carried out under a negative pressure of 7 ° mm Hg. In 
previous studies when the filtration of M. laidlawii was carried out with a hypodermic 
syringe and a Swinney adaptor, the fraction of cells passing through a o.22-/~ pore 
size filter was o.oi and 0.6 in duplicate experiments ~. However, in control experiments 
for the present procedure when the cells were filtered by the application of negative 
pressure of 7 ° mm Hg, the values for the fraction of cells passing the filter were 
2.1. IO ~ and 6.2.IO -~. These results indicate that the efficiency of the filtration 
of M. laidlawii depends on the pressure applied during the filtration. For the present 
experiments, the loss of cells during filtration was negligible. The cells on the filter 
were rapidly washed with IO ml of ice-cold wash medium divided into three aliquots. 
The filters were air dried and placed in 5 nil of o.25 % lubrol solution (Lubrol WX is a 
nonionic detergent made by Imperial Industries). After 2 h 4 ml of the suspension of 
cell lysate were transferred to a counter tube and counted for ~,-ray activity. As a 
control for the absorption of ~K + on cells, filters and elsewhere, the uptake experiment 
was carried out on a suspension of log-phase cells that had been killed by heating to 
6o ° for 3o rain. 

In one series of experiments ~K + uptake studies were carried out in medium 
containing o.537 mM KC1 and using both normal cells grown at 5.37 mM and adapted 
cells grown at o.o68 mM. For the study with unadapted cells, the uptake of ~K + was 
started by the addition of 12 ml of normal log-phase culture to 188 ml of fresh medimn 
containing o.25 mC of ~2K +. For the study with cells adapted to very low K + medium, 
the uptake of ~K + was started by direct addition of o.25 mC of ~K+ to the culture in 
the logarithmic phase. The final concentration of K + in both the test systems was 
o.537 mM KC1. Therefore, for the normal cells the concentration of K + in the medium 
was abruptly reduced by IO times, whereas for the cells adapted to very low K + 
niedium, the concentration was abruptly increased by 8 times. ~K + was obtained 
as the chloride from the Cambridge Nuclear Corp., and counting was carried out on 
the Automatic gamma counter, Model 4224 (Nuclear Chicago Corp.). 

Determination of cell volume 
1.5 1 of the culture in the logarithmic phase were harvested by centrifugation 

at 12000 × g for 15 rain at 4 °. The pellet of cells was resuspended in 6 ml of the 
supernatant, transferred to the calibrated tapered centrifuge tube, centrifuged at 
7000 × g for 3o rain and the volume of the pellet was measured. From the plate- 
count and pellet volume a rough estimation of the cell volume per colony-forming 
unit was made. 

RESULTS 

The growth of unadapted M. laidlawii cells as a function of the K + concen- 
tration of the medium is shown in Table II  for two independent experiments. These 
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r e s u l t s  i n d i c a t e  t h a t  f o r  t h e  m e d i u m  u s e d  K + is  g r o w t h  l i m i t i n g .  A d d i t i o n a l  s t u d i e s  

w e r e  c a r r i e d  o u t  w i t h  K + c o n c e n t r a t i o n  f r o m  5-37  (4 ° 0  rag /1  KC1) t o  x6 .x  m M  (~zoo  

lng /1  KC1) .  T h e  n e t  g r o w t h  a s  j u d g e d  b y  a b s o r b a n c e  d i d  n o t  v a r y  o v e r  t h i s  c o n c e n -  

t r a t i o n  r a n g e .  

T A B L E  i I  

GRO~.VTH O F  M .  laidlawii As A F U N C T I O N  OF l (  + C O N T E N T  IN T H E  M E D I U M  

KCl (raM) P2xpt. I (72-h growth) Expt. I I  (5o-h growth) 

A 4~o m~2 Viable cells per ml A 420 m/* 1 "iable cells per ml 
_ - -  ~ ~ 

5.37 o.247 8.6. io ~ o.247 1.39' lO 9 
2.69 o.231 5.5" I°s  - -  - -  
1.35 o-147 3.3" I°8 o.121 3.6. lO s 
I.OI o. lo 3 1. 5 • IO s o.o88 1.87 • IO s 
0.67 o.o84 8.5" lO s 0.084 1.28" lO s 
0.4o 0.064 6.0" IO ~ 0.069 7-5' ~o7 
o.27 0.039 6. 9 • IO ~ 0.047 1.6" IO; 
o.2o 0.036 I.I  ' IO ~ 0.043 4.0. IO ~ 
o.134 0.040 t.2" to ~ 0.049 6. 4 . io ~ 
0.067 0.040 o 0.059 I.O 5 • lO 5 
o,ot 3 0.039 o 0.047 9.0. io a 

In i t ia l  t i t re  to ° IO ~ 

T h e  g r o w t h  m e d i u m  fo r  t h e  e x p e r i m e n t s  in  T a b l e  I i  h a d  a N a  ÷ c o n c e n t r a t i o n  

of  137  m M  so  t h a t  i t  is  a p p a r e n t  t h a t  N a  + c a n n o t  s u b s t i t u t e  f o r  K +. T h e  o t h e r  m o n o -  

v a l e n t  c a t i o n s  w e r e  t r i e d  b y  r e m o v i n g  K + a n d  s u b s t i t u t i n g  a t  t h e  s a m e  c o n c e n t r a t i o n  

5.37 r a M .  T h e  r e s u l t s  a r e  s h o w n  in  T a b l e  I I I  a n d  i n d i c a t e  t h a t  R b  + c a n  p a r t i a l l y  

s u b s t i t u t e  fo r  K + b u t  L i  + a n d  Cs  + h a d  n o  e f f ec t .  

T A B L E  II1 

S U B S T I T U T I O N  OF M O N O V A L E N T  C A T I O N S  FOR I~. + IN T H E  G R O W T H  OF d~'/. laidlawii 

U~zivale~d cations / / 4 2 0  mp 

(~.~7 mSl) 

I{  + O . 2 O I  

Li + o.oo2 
Rb  - 0.068 
Cs ~ 0.007 

_ _ _  

A s e r i e s  o f  e x p e r i m e n t s  w a s  c a r r i e d  o u t  t o  e s t a b l i s h  t h e  N a  + r e q u i r e m e n t  f o r  

M .  laidlawii .  T h e  o v e r a l l  r e s u l t s  a r e  s h o ~ v n  in  T a b l e  I V .  I n  e a c h  c a s e  t h e  c o n c e n t r a t i o n  

o f  N a  ÷ w a s  d e c r e a s e d  f r o m  i t s  n o r m a l  l e v e l  a s  i n d i c a t e d  in  t h e  l e f t - h a n d  c o l u m n .  W h e n  

n o  a d d i t i o n s  w e r e  m a d e  t o  t h e  m e d i u m  t h e  g r o w t h  w a s  a m o n o t o n i c  f u n c t i o n  o f  t h e  

N a  + c o n c e n t r a t i o n  a s  i n d i c a t e d  i n  t h e  s e c o n d  c o l u m n .  W h e n  K +  w a s  s u b s t i t u t e d  fo r  

N a  + so  a s  t o  k e e p  t h e  t o t a l  c o n c e n t r a t i o n  a t  I 3 7  m M  in  a d d i t i o n  t o  t h e  5 . 3 7  m M  of  

K + a l r e a d y  i n  t h e  m e d i u m ,  t h e  g r o w t h  w a s  i n d e p e n d e n t  o f  N a  + c o n c e n t r a t i o n .  E x a m i -  

n a t i o n  o f  t h e  c o l u m n  h e a d e d  KC1 s h o w s  n o r m a l  g r o w t h  in  t h e  t o t a l  a b s e n c e  o f  N a ~ .  
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This po in t  was careful ly  checked by  the  use of ana ly t i ca l  grade  reagents  conta in ing 
insignif icant  t races  of Na  +. 

A t t e m p t s  to subs t i tu t e  xylose,  a non-metabo l ized  sugar,  for Na  + were un- 
successful. Thus  the  role of Na+ goes beyond  the regula t ion  of osmotic  pressure and 
depends  on the ionic na tu re  of the  sal t .  

T A B L E  I V  

GROWTH OF 3I .  laidlawii IN N a  +- SUBSTITUTED MEDIA 

~\:aCl A 420 m~ 
(m~-) 

No KCl Xylose MgCl~. 
substilulion 

Ionic Osmotic 
strenggh press ure 

~36. 7 o.151 o. 175 o.15o o.149 o .156 
68. 4 O. l l  3 o.133 o.176 o.183 o.192 
34.2 o.o61 o. 168 o.o81 o.165 0.032 
17. I 0 .054 o. 172 o .o73"  o. 149 o.026 

8.6 0.032 o. 174 0.077* o. lO2 o .o i  3 
4.3 o .o i  6 o. 175 o .o74"  0 .058 o.009 
2.2 o .o i  2 o. 178 0.078 ~ 0.023 o .o i  I 
i . I  o.o12 o.198 0.077 * O.Ol 3 O.Ol 3 
o.o o .o i  I o. 182 0.075 o .o i  I 0 .009 

* T h e  m e d i u m  in t h e  xy lose  e x p e r i m e n t s  d e v e l o p e d  a y e l l o w  color,  so t h a t  t h e  a b s o r b a n c e  is 
n o t  a v a l i d  m e a s u r e  of cell  g r o w t h .  B e l o w  a c o n c e n t r a t i o n  of 34.2 m M  N a  + t h e r e  w a s  no  v i s ib l e  
t u r b i d i t y  in t h e  x y l o s e  c u l t u r e s .  

Mg ~+ was subs t i tu t ed  under  two different  protocols  as is ind ica ted  in Tab le  IV. 
In  one set of exper imen t s  MgC12 is subs t i t u t ed  at  one- th i rd  the  molar  concent ra t ion  
of the  dep le ted  NaC1 in order  to main ta in  cons tan t  ionic s t rength.  In  the  second set 
MgCI~ is subs t i t u t ed  at  two- th i rds  the  molar  concent ra t ion  of NaC1 in order  to ma in t a in  
cons tan t  osmolal i ty .  Compar ison of Columns I ,  4 and  5 show tha t  Mg 2+ can in fact  
pa r t i a l l y  subs t i tu te  for Na  +, however,  a t  concent ra t ions  of 5 ° mM and grea te r  Mg 2+ 
appears  to exer t  an inh ib i to ry  effect. In general  the  role of NaC1 in the  med imn  
appea r s  largely in te rms of regula t ing  the ionic env i ronment  of the cells wi th  no 
absolu te  N a  + requ i rement  for the  growth  of M. laidlawii. 

The de ta i led  de t e rmina t ion  of K + con ten t  of cells was carr ied out  in two ways.  
F r o m  the s t eady - s t a t e  ~ K  + concent ra t ion  in up t ake  curves,  the  specific ac t iv i ty  of 
the  label, and  the volume per colony-forming uni t  as de te rmined  by  direct  vo lumet r ic  
measuremen t  and  t i t re ,  a K + concent ra t ion  was calculated.  Fo r  cells grown in med ium 
a t  5.37 mM of K + the  in te rna l  concent ra t ion  was 71 ± 9 raM. A single de t e rmina t i on  
on cells grown at  o.134 mM gave a value  of 72 mM. 

K + levels were also de te rmined  by  flame p h o t o m e t r y  and  gave values compa-  
rable  to  those ob ta ined  by  the ~2K + measurement .  A ~ K  + u p t a k e  curve is shown in 
Fig. I.  I t  is correc ted  for the  exponent ia l  growth  of cells which accompanies  the  
up take .  The mean  genera t ion  t ime is 4 h and  the t imes  for ha l f -max imal  up t ake  were 
5.2 and 4.8 min in two separa te  exper iments .  

In  a var ia t ion  of the  u p t a k e  exper iment ,  cells grown in normal  med ium and 

Biochim. Biophys. Acta, 183 (1969) 295 3o3 



B °O H. "W. CHO, H. J. MORO\.VlTZ 

t h o s e  a d a p t e d  to  0.067 inM of K ~ were  i n o c u l a t e d  in to  m e d i u m  wi th  a c o n c e n t r a t i o n  

of 0.537 raM. The  u p t a k e  cu rves  are  s h o w n  in iqg .  2. The  u n a d a p t e d  cells were  o n h  

able  to n l a i n t a i n  a K ~ c o n c e n t r a t i o n  of It) raM, which  is c o n s i s t e n t  w i th  Tab le  i [  

w h e r e  u n a d a p t e d  cells e x p e r i e n c e  p r o b l e m s  in g r o w i n g  in low K ÷ m e d i u m .  The  

a d a p t e d  cells t a k e  a longer  t i m e  to  reach  s t e a d y  s t a t e  b u t  e v e n t u a l l y  m a i n t a i n  a K~ 
c o n c e n t r a t i o n  of 110 filM. 

800C 

600( 
E ~ 400( 
c 
o ~ 
~ 200( 

/ 

40 80 120 
Time (mln) 

300C,~ . . . . .  

20~,0 i ~  - ~ 
/ 

/ 
I / 

_c / 
~ /~ 

~ lO00- /~ i / o / 

i' 
~ '£ 

~, ' - - b  - . o  20 ~ 5~ eb 
T[n'e(m[n ) 

Fig. I. l'[ + influx Expt.  I. Uptake of 42E' by exponentially growing cells of M. laidlawii in a 
medium coutaining 5.37 nlM of K +. The data are corrected for the growth of the cells. 

Fig. 2. 1{ + influx in adapted and unadapted cells. Uptake of a~-K + by :]I. laidlawii ill iutermediate- 
level K + medimn (o.537 raM). Unadapted cells grown in 5.37 nlM of K I are transferred to the 
intcrlnediate-level and uptake measured (O -O).  Cells adapted to low K + nledium (o.o67 raM) 
are also transferred to intermediate-level medium and uptake is measured ( ~ . - - ~ ) .  

TABLE V 

E F F E C T  O F  M E T A B O L I C  I N H I B I T O R S  O N  T H E  U P T A K E  O F  4~]5~+ B Y  J~I. laidlawii  

Inhibi tor 

. 

Phospholipase A (crude) 

Phospholipase C 

NaF 

Iodoacetate 

p-Chloromercuriphenylsulfonic acid (sodium salt) 

PCMB (sodium salt) 
N-Ethylmaleimide 

Sodium arsenite 
KCN 

Ouabain 
NaN a 
Dinitrophenol 

. _ 

Conch. of inhibitor lnhibit io~ 
(raM) (%) 

1.2 rag/22 ml 56 
aliquot 

1.2 mg/22 ml 9 
aliquot 

25 54 
2.5 5 
i 94 
o.i 34 
0 . 0 I  2 

I 9 9  

0 . I  2 9  

o.o5 24 
0.05 99 

io 98 
I 59 

IO 5 
Io 62 

I t 4 
I I 

IO 11.6 
I o 
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E~ects of metabolic ishibitors on uptake of 42/~+ 
Table V shows that the transport of K + is strongly inhibited by sulfhydryl 

blocking agents, p-chloromercuriphenylsulfonic acid (sodium salt) I mM and N- 
ethyhnaleimide I raM. NaY strongly inhibited the uptake. Sodium arsenite had little 
effect at a relatively high concentration of o.oi M. The uncoupling agents of oxidative 
phosphorylation, NaNs and dinitrophenol, and ouabain, an inhibitor of Na:-  
dependent ATPase in the cell menlbrane had little effect. Phospholipase A inhibited 
K + uptake markedly, xvhereas phospholipase C had no significant effect. CN- (o.oi M) 
exerted a significant inhibition. In order to see that the inhibitory effect by NaF at 
25 mM was not due to the increased salt concentration, 4SK+ uptake in the presence 
of 25 mM of additional NaC1 was carried out and no inhibition of 4~K+ uptake was 
observed. 

1)ISCUSSION 

For the study of active transport in M. laidlawii, K+ has the advantage of 
being highly concentrated and not undergoing metabolic breakdown or incorporation. 
ROTTESI AND RAZlN "l have reported a K + accumulation of 7 mg per g of cell protein of 
an oral strain of M. laidlawii. Assuming that the aqueous portion of the cell is 3 
times the protein mass, this corresponds to a concentration of 58 raM. Our values of 
7 ° mM in strain 13 are in close agreement with their values. 

K + appears to be an indispensable requirement for microorganisms, plants and 
animals. The addition of at least one species of mycoplasma to this list makes it 
likely that K + is a ubiquitous substance in cellular biochemistry. An aminoacyl- 
tRNA transfer enzyme from Escherichia coli showed its maximum activity in o.I M 
K +. The minimum concentration for the activation was 0.04 M (ref. 6). 

The K + content of cells adapted to o.068 mM of KC1 was 72 raM, essentially 
identical to that of normal cells. This observation indicates that the adaptation of 
M. laidlawii to grow in the low K + mediuln was made by its development of a greater 
ability to accumulate K + to the level of about 7o mM (rather than being able to 
develop the ability to grow at the low intracellular K+), and that for the normal 
growth and activity of certain enzymes of M. laidlawii cellular K + concentration of 
7 ° mM is required. K + requirement was further shown by the failure of M. laidlawii to 
grow in a medium containing no K + after being adapted to grow in only 0.034 mM KC1. 

K + requirement of M. laidlawii could not be replaced with Li +, Na + or Cs+. 
Rb + xvas not a good substitute but supported some gro~vth. LESTER 7 reported that 
Rb ÷ supported the growth of gram-positive and gram-negative bacteria when 
substituted for K +. 

K + effectively replaced Na + in the growth medium, indicating that Na + is not 
essential for the growth of M. laidlawii. Some growth was observed when 75-95% 
of Na + was replaced with Mg "+ at equal ionic strength. Upon reduction of Na + by 
99 %, Mg ~+ was without effect. Xylose did not substitute for Na +. These observations 
show that the normal growth of M. laidlawii requires a minimum of 5 ° mM inono- 
valent alkali ion such as K +, or at least 5 mM K + plus Na+; and that the main 
function of the minimal 5o mM of monovalent ions is not solely to maintain the 
adequate osmotic pressure of the medimn. 

Iodoacetate which is particularly active in inhibiting 3-phosphoglyceraldehyde 
dehydrogenase almost completely inhibits transport at I raM. Arsenite had little 
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effect a t  o.o* M. Oxida t ion  of ke toacids  including p y r u v a t e  are pa r t i cu la r ly  sensi t ive 
to the  act ion of arsenite*. The site of act ion of arseni te  xvas suggested to be the thiol  
( S H )  group of lipoic acid ". According to TOt:RTELLOTTE AN~) J~XCOBS ~°, 9O% of 
carbon of glucose were recovered as lac ta te  ph~s p y r u v a t e  and only ~.6°;  as aceta te .  
This indicates  t ha t  the  role of metabol ic  p a t h w a y  leading p y r u v a t e  to aceta te  is 
re la t ive ly  minor.  The negligible effect of arsenite  m a y  be due to the insignif icant  
con t r ibu t ion  of p y r u v a t e  b reakdown to the energy product ion  in M. laidlawii. 
Consistent  wi th  the  resul t  ob ta ined  with oral s t ra in  by  ROTTEM AND RAZ~N ~, ouabain  
was wi thout  effect. Din i t rophenol  had  no effect on the ~ K  + t r anspor t  (Table \ :)  
showing t ha t  the  cy tochrome systein is not  the major  source of energy for the ac t i ve  
t r anspor t  in M. laidlawii. 

VAN STEVENINCK e~ al. H have demons t r a t e d  tha t  react ion of /5-chloromercur i -  
phenylsulfonic  acid with in tac t  red blood cells was l imi ted  to the  - S H  group on the  
ou te r  melnbrane  surface area, whereas p -ch loromercur ibenzoa te  (PC.~IB) pene t r a t ed  
into the cell. In  addi t ion  EX(;ELMAN ANt) MOROWI'rZ ~ have repor ted  tha t  cvsteine 
conten t  of m e m b r a n e  of M. laidlawii was only o.x 9 mole %. 

In our s tudy ,  p-chloroinercur iphenylsul fonic  acid and N - e t h y h n a l e i m i d e  
s t rongly  inh ib i ted  K + t r anspo r t  at  ~ raM. At  5o #M inhibi t ion by  ]5-chloromercuri- 
phenylsulfonic  acid and PCMB was ~4 and 99%, respect ively.  F rom these results  it  is 
p resumed tha t  the effect of PCMB is far s t ronger  than  /5-chloronmrcuriphenyl-  
sulfonic acid, since i t  easi ly reacts  wi th  both  melnbrane  and in t race l lu lar  su l fhydry l  
groups.  Al though cysteine is present  in the  membrane  of M.  laidlawii at  very  low 
ra t io  it  appears  to have a significant role in act ive K + t ranspor t .  

When  placed in the  ~ K  + med ium conta in ing o.536 mM K~, the cells a d a p t e d  
to o.o68 mM K + were able to t r anspor t  4~K+ into the  cells more r ap id ly  than  the  
u n a d a p t e d  cells;  the  m a x i m u m  rad ioac t iv i ty  of the a da p t e d  cells was reached at  6o 
rain, whereas  tha t  of normal  cells a t  ~o rain. 

The in t race l lu la r  concent ra t ion  of K + in the a d a p t e d  and u n a d a p t e d  cells a t  
6o rain were ~ o  and  ~9 raM, respect ively.  Since normal  concent ra t ion  of K -  in 3I .  
laidlawii was 7 ~ mM, x9 mM in the u n a d a p t e d  cells indicates  tha t  they  were unable  to 
t ake  up K + fast enough to ma in ta in  normal  K+ concent ra t ion  when suddenly  t rans-  
ferred in the  medium conta in ing one- tenth  the  amoun t  of K~ 

The high in te rna l  K + concent ra t ion  along with  the  rap id  K + exchange suggest  
t ha t  the concent ra t ion  is ma in t a ined  by  an act ive  t r anspor t  mechanism working 
agains t  a leak. Assuming  a spher ical  cell radius  r and  pe rmeab i l i ty  h, the  t ime cons tan t  
for the  leak, ~:, is r/3h. For  the  K + t r anspo r t  in M. laidlawii, r is 3" ~o-~ cm aud r is 
~/o.693 or 433 sec for a ha l f - t ime of 5 rain. This gives a pe rmeab i l i ty  value of ~-3~" ~o-S 
c n l / s e c .  

Working  agains t  this  leak each cell mus t  p u m p  1.83-~o ~0 moles or I . ,O.  ~o ~ 
K + per  sec. For  an ex te rna l  concent ra t ion  of o.o68 mM the min imum ~w)rk per  mole  
t r anspor t ed  is R T  ln(7o/o.o68 ) or 4~8o cal /mole.  The min imum energy expend i tu re  
of the cell in ma in ta in ing  its K ~ level is thus  7.83. ro  ~v cal/sec. 
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