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S u m m a r y  

1. The  K ÷ r e q u i r e m e n t  o f  Escherichia coli  is on ly  par t ia l ly  fulf i l led b y  Rb  *. 
The  m o l a r  g rowt h  yie ld  on  Rb  ÷ was a b o u t  5% of  t ha t  on  K ÷ and  the  g rowth  
ra te  in Rb÷- supp lemen ted  m e d i a  is lower  t han  in K÷-supp lemen ted  media .  

2 .86Rb  ÷ is n o t  a sa t i s fac to ry  t r ace r  fo r  ne t  K ÷ inf lux by  any  o f  the  fou r  K ÷ 
t r a n s p o r t  sy s t ems  o f  E. coli. The  h igh-af f in i ty  K d p  sy s t em (Kin = 2 #M) is 
p o o r l y  t r aced  b y  86Rb÷. I t  d i scr imina tes  against  a 86Rb÷ t r ace r  a t  least  1000-  
fold.  The  t w o  m o d e r a t e  a f f in i ty  sys tems ,  the  high-rate  T r k A  sys t em (Kin = 
1.5 mM) and the  m o d e r a t e  ra te  T r k D  s y s t e m  (Kin = 0.5 mM),  d i sc r imina te  
against  a S6Rb ÷ t r ace r  by  a p p r o x i m a t e l y  10-fold  and  25-fold,  respect ive ly .  S6Rb + 
is p r e f e r r ed  by  the  low-ra te  T r k F  s y s t e m  and overes t ima tes  its K * inf lux by  
40%. 

I n t r o d u c t i o n  

Because  the  ha l f  life o f  the  K ÷ congene r  86Rb ÷ is 40 t imes  grea ter  than  t ha t  
o f  42K* (19.5  d a y s v s .  12.6 h) ,  86Rb + has b e c o m e  wide ly  a d o p t e d  as a conven i en t  
subs t i tu t e  fo r  the  m e a s u r e m e n t  o f  K ÷ f luxes  in cells. Never theless ,  the  val idi ty  
o f  us ing 86Rb* as a r ad ioac t ive  t r ace r  fo r  K +, or  the  abi l i ty  o f  chemica l  Rb  ÷ to  
sat isfy a cell 's  K ÷ r e q u i r e m e n t ,  has  n o t  been  a d e q u a t e l y  d e m o n s t r a t e d  fo r  m a n y  
biological  sy s t ems  including the  b a c t e r i u m  Escherichia coli. In those  sys t ems  
which  have  been  e x a m i n e d ,  Rb  ÷ subs t i tu t ion  fo r  K ÷ yields  a range o f  results.  
S o m e  species of  the  lact ic  acid bac te r ia  exh ib i t  equ iva len t  m o l a r  g rowth  yields 
on  K ÷ and  Rb  + while  o the r s  show no  g rowth  s t imu la t ion  by  Rb  ÷ [1] .  Yeas t  
t r a n s p o r t  Rb  ÷ a t  a b o u t  ha l f  the  ra te  t h a t  t hey  t r a n s p o r t  K ÷ [2] .  Bo th  Rb ÷ and 
K* are t r a n s p o r t e d  equal ly  well b y  the  Na * and  K ÷ t r anspor t i ng  adenos ine  tri- 
p h o s p h a t a s e  ( (Na  ÷ + K÷)-ATPase) of  an imal  cell p l a sma  m e m b r a n e s  [3 ,4] .  Our  
in teres t  in K * t r a n s p o r t  in E. coli led us to  invest igate  the  e x t e n t  to  which 86Rb ÷ 
accura te ly  t races  K ÷ f luxes  in this organism.  

K ÷ serves an o s m o r e g u l a t o r y  func t i on  in E. coli [5] .  The  mul t ip l ic i ty  o f  K ÷ 
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t r anspor t  systems in E. coli attests  to  the  impor t ance  of  this func t ion .  K ~ trans- 
po r t  is med ia t ed  by  four  t r anspor t  sys tems which have been resolved by genetic 
and kinetic t echniques  [6- -8] .  The  high aff in i ty  Kdp system (Km = 2 /aM) is 
sensitive to cold osmot ic  shock [9] which releases periplasmic pro te ins  involved 
in t r anspor t  [10] .  This sys tem is repressed by growth  on  high K + (>0 .5  mM for  
wi ld- type  strains) and is absent  in strains carrying muta t ions  in any one  of  4 
l inked kdp genes. The  abil i ty of  E. coil to  grow at m a x i m u m  rates in very low 
ex te rna l  K + concen t r a t i ons  is due  to  derepress ion of  this sys tem.  Tw o  const i tu-  
tive m o d e r a t e  aff in i ty  systems,  the T rkA system {Km = 1.5 mM) and the TrkD 
system (Km = 0.5 mM), are apparen t ly  coded  for  by single genes --  trkA and 
trkD, respectively.  The  TrkA system,  with a V at 37°C of  550 pmol /g  rain, 
is responsible  for  the major i ty  o f  K + up take  during growth in media  conta in ing  
high K +. The  V of  the TrkD system is 40 pmol /g  min at 30 °C. Both  of  the 
m ode ra t e  af f in i ty  systems are resistant  to  osmot ic  shock (ref. 9 and Woo, A. 
and Rhoads ,  D.B., unpubl i shed) .  In strains lacking all three  saturable K + 
t r anspor t  systems by  mu ta t i on ,  a low rate of  K + up take  l inearly d e p e n d e n t  on 
the  externa l  K" concen t r a t i on  occurs  by a sys tem referred  to as TrkF .  Muta- 
t ions in this sys tem have no t  been ident i f ied  to  date.  

We find tha t  Rb + only  part ial ly fulfills the K + r e q u i r e m e n t  o f  E. coll. a6Rb + is 
no t  a sa t i s fac tory  t racer  for  any of  the  K + t r anspor t  systems o f  E. coli. The  Kdp 
sys tem is very poor ly  t raced  by  S6Rb *. Both  the T rk A  and the TrkD systems 
media te  86Rb+ uptake ,  bu t  the  t racer  ref lects  on ly  a b o u t  10% and 4% of  the K + 
f luxes media ted  by these systems,  respect ively.  S6Rb + overes t imates  the T rk F  
sys tem by 40%. 

Materials and Methods  

Bacterial strains. The  five strains used in this work ,  all Escherichia coli K-12, 
are listed in Table  I along with the i r  geno type  and K ÷ t r anspor t  systems present .  

Media and growth of  bacteria. Phospha te -buf fe red  media,  descr ibed earlier 
[6 ,7] ,  are re fer red  to  by K ~ concen t r a t i on  in mM; e.g., K l 1 5  contains  115 mM 
K +. KO, to which no  K + is added,  conta ins  ab o u t  20 pM con tamina t ing  K +. K- 
free m e d ium is p repared  by incubat ing  a K+-limited wild- type strain in KO plus 
glucose for  30 min,  then removing the bacter ia  by f i l t rat ion.  Magnesium 
malea te  me d ium  [8] was used in several expe r imen t s  because it conta ins  less 
con t amina t ing  K +. Cells were grown at 37°C in the presence  of  11 mM glucose. 
Derepress ion o f  the  Kdp sys tem was accompl i shed  by  t ransferr ing growing cells 
to  KO me d ium  unti l  cells were K + l imi ted for  1 h. Cell growth  was m o n i t o r e d  
by tu rb id i ty  measu remen t s  at 610  nm with a Bausch and L o m b  Spec t ron ic  20 
co lo r imete r .  

Transport studies. Transpo r t  measuremen t s  were made  in K+-depleted cells. 
K + e f f lux  is very low dur ing  the initial phase of  K ÷ up take  by such cells [11] so 
net  K ÷ inf lux is essentially ident ical  to  the  unid i rec t iona l  K + influx.  Cells were 
grown in phospha te -bu f f e red  media,  harvested by cent r i fuga t ion ,  washed twice 
with KO med ium,  and dep le ted  of  K + by a 30 min incuba t ion  at  37°C in KO 
m ed ium conta in ing  10 mM 2,4-d in i t rophenol .  These K+-depleted cells were 
then washed twice wl~h Buffer  A (75 mM NaPO~, pH 7, 0.4 mM MgSO4, and 
0.15 mM ch lo ramphen ico l )  and suspended in the same buf fe r  conta in ing  11 



T A B L E  I 

B A C T E R I A L  S T R A I N S  

4 7  

S t ra in  K + R e l e v a n t  g e n o t y p e  R e f e r e n c e  

transport  system(s)  present 

F R A G - 1  All wi ld  t y p e  6 

T K 1 0 0 1  T r k A  T r k F  k d p A B C 5  trkD1 8 
T K l l l 0  T r k D  T r k F  k d p A B C 5  t r k A 4 0 5  
T A D 1 0 9  Kdp  T r k F  tr tzA405 trkD1 
T K 4 0 5 m  T r k F  k d p A B C 5  t r k A 4 0 5  trkD1 

9 
S imi l a r  to  T K 4 0 1  

(S) 

mM glucose. Uptake was initiated by the addition of  KC1 (KPO4, pH 7, was 
used to achieve K ÷ concentrat ions of  10 mM or more) containing a trace of 
S6RbC1. Timed cell samples were collected on 0.45 pm Millipore filters, washed 
with ice-cold 0.4 M glucose containing 10 mM Tris • C1, pH 7, and 0.4 mM 
MgSO4, dried and counted  in a liquid scintillation spectrometer .  Filters were 
removed from the scintillation vials, rinsed of  scintillation fluid by dipping 
them successively in two beakers of  petroleum ether,  and analyzed for K ÷ by 
flame pho tomet ry .  Assay of  the Kdp system was done by the medium deple- 
t ion method  [8].  Transport  rates are expressed as #moles taken up per minute 
and gram dry weight, the lat ter  determined from turbidi ty measurements and a 
calibration curve. 

Chemicals. RbC1 was prepared from RbOH (purity = 99.9%, Apache 
Chemicals, Rockford,  Ill.) by neutralization with HC1, dried to constant  weight 
and stored in plastic. SSRb ÷ and 42K+ were obtained from New England Nuclear 
Corp., Boston, Mass. 

Results 

The ability of  Rb + to fulfill the K ÷ requirement  of  E. coli was determined 
by examining the growth of  wild-type strain FRAG-1 on these two cations. The 
growth yields shown in Fig. 1 demonstra te  that  although a high concentrat ion 
of  Rb ÷ can stimulate the growth of  E. coli, the growth achieved is only a frac- 
t ion of  that  achieved on low concentrat ions of K +. Cells from this experiment  
were analyzed for K ÷ conten t  to determine whether  the Rb+-stimulated growth 
could be accounted for by K ÷ contaminat ion.  Assuming that  essentially all K + is 
intracellular in K÷-limited overnight cultures, cell K + conten t  and amount  of 
growth can be used to calculate the initial K ÷ contaminat ion in each culture. 
Cells grown in the absence of  added cation have 260 pmol K+/g consistent with 
a 4 pM K ÷ contaminat ion in this culture while cells grown to a considerably 
higher density in the presence of  10 mM RbC1 have 50 pmol  K+/g consistent 
with 6 pM K ÷ contaminat ion.  The increased growth supported by RbC1 cannot  
be accounted for by K ÷ contaminat ion.  When an overnight culture of  FRAG-1 
grown in Mg maleate medium plus 10 mM RbC1 is diluted 10-fold with the 
same medium, another  round of  growth ensues similar to the first round but  is 
not  accompanied by a fur ther  reduct ion in the intracellular K ÷ content .  E. coli 
K-12 is no t  unique among enteric bacteria in exhibiting a low growth yield on 
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F i g .  1. G r o w t h  y i e l d  o f  s t r a i n  F R A G - 1  o n  KC1 a n d  R b C l .  S t r a i n  F R A G - 1  w a s  g r o w n  i n  m a g n e s i u m  

m a l e a t e  m e d i u m  c o n t a i n i n g  2 m M  K C l  a n d  11 m M  g l u c o s e .  Cel l s  w e r e  c o l l e c t e d  b y  c e n t r i f u g a t i o n ,  w a s h e d  

t w i c e  w i t h  M g  m a l e a t e  m e d i u m ,  a n d  i n o c u l a t e d  a t  a d e n s i t y  o f  3 - 1 0 7  ce l l s  p e r  m l  i n t o  f r e s h  m e d i u m  

c o n t a i n i n g  11 m M  g l u c o s e  a n d  v a r i o u s  a m o u n t s  o f  K C I  ( o )  o r  R b C I  ( e ) .  Ce l l s  w e r e  i n c u b a t e d  w i t h  s h a k i n g  

f o r  2 2  h a t  3 7 ° C ,  a n d  a n  a d d i t i o n a l  11 m M  g l u c o s e  w a s  a d d e d .  2 h l a t e r  m e d i u m  t u r b i d i t y  w a s  m e a s u r e d  
a t  6 1 0  n m  in  a S p e c t r o n i c  2 0 .  N o t e  t h e  d i f f e r e n t  sca le  f o r  t h e  t w o  s a l t s .  

F i g .  2.  G r o w t h  o f  F R A G - 1  o n  KC1 a n d  RbC1.  T h e s e  d a t a  a r e  f r o m  t h e  e x p e r i m e n t  o f  F ig .  1. v n o  a d d i -  
t i o n ; O ,  3 0 p m  K C I ; A  5 0 p M  K C l : e  1 0 0 # M  K C 1 ; r J  1 0 r a M  R b C I .  

Rb ÷ as c o m p a r e d  to  K* s ince w e  f ind that  b o t h  the  d is tant ly  related E. coli 
strain ML 3 0 8 - 2 2 5  and a Salmonella typhimurium strain have  a similar pattern 
o f  growth  y ie ld  in Rb÷-supp lemented  m e d i a  {data n o t  s h o w n ) .  

Strain F R A G - 1  also exhib i t s  a l o w e r  g r o w t h  rate w h e n  g r o w n  o n  Rb ÷ than 
w h e n  grown o n  K ÷. Wild- type  cells growing  o n  l imit ing K ÷ grow at a m a x i m u m  
rate unti l  the  extrace l lu lar  K ÷ is e x h a u s t e d ,  at w h i c h  p o i n t  the  turbidity  p lo t  
inf lects  [ 1 2 ] .  The  growth  data  in Fig. 2 s h o w  that  the  growth  rate on  10 mM 
RbC1 is never  as great as the  rate w h e n  o n l y  K ÷ is present ,  and decreases  
progress ive ly  wi th  t ime .  

T h e  abil i ty  o f  Rb ÷ to  interfere  wi th  K ÷ u t i l i za t ion  was  tes ted  in three  strains,  
each o f  w h i c h  depends  on  a d i f ferent  K ÷ transport  s y s t e m  for K + u p t a k e  
during growth  (Table  II). Strain T K 1 0 0 1 ,  w h i c h  relies ma in ly  in the  TrkA 
s y s t e m  for  K ÷ uptake ,  grows  at a ha l f -max imal  rate in 0 .34  m M  K ÷ in Mg 

T A B L E  II  

E F F E C T  O F  R b C l  O N  T H E  G E N E R A T I O N  T I M E S  O F  K + T R A N S P O R T  M U T A N T  S T R A I N S  

E x p e r i m e n t a l  p r o t o c o l  is d e s c r i b e d  in t h e  l e g e n d  t o  F ig .  1. G r o w t h  w a s  m o n i t o r e d  b y  t u r b i d i t y  m e a s u r e -  
m e n t s  a t  4 5 - r a i n  i n t e r v a l s .  

S t r a i n  K + K + c o n c n .  
t r a n s p o r t  i n  m e d i u m  
s y s t e m  ( r a M )  

R b C I  c o n c e n t r a t i o n  ( m M )  

0 10  3 0  8 0  

T A D I 0 9  K d p  0 .1  6 3  * 67  
T K 1 0 0 1  T r k A  0 . 2  1 5 2  4 0 0  

20  6 0  6 0  
T K 4 0 5 m  T r k F  2G 1 8 8  

1 0 0  69  
3 1 0  

* V a l u e s  a re  g e n e r a t i o n  t i m e s  in  m i n u t e s .  
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m a l e a t e  m e d i u m  [8] .  In 0.2 mM K*, a c o n c e n t r a t i o n  at  which  g rowth  ra te  is 
very  sensi t ive to  K ÷ c o n c e n t r a t i o n ,  the  genera t ion  t i m e  o f  s t ra in T K 1 0 0 1  is 
increased  2 .5-fold  by  the  add i t ion  o f  30 mM RbC1 (Table  II) .  The  inh ib i to ry  
e f f ec t  o f  RbC1 is reversed when  the  K ÷ c o n c e n t r a t i o n  is raised to  20 mM. 
Similar ly ,  s train T K 4 0 5 m  which requires  very  high K ÷ to  s u p p o r t  rapid  g rowth  
exh ib i t s  a 70% increase in the  genera t ion  t ime  on 20 m M  K* when  a four - fo ld  
excess  o f  RbC1 is added .  In strain T A D 1 0 9  which uses the  Kdp  sy s t em at  low 
K* c o n c e n t r a t i o n s ,  no  s ignif icant  e f f ec t  o f  10 m M  RbC1 was seen in m e d i u m  
con ta in ing  100 pM KC1. A sensi t ive tes t  o f  Rb* inh ib i t ion  in this s train was n o t  
poss ible  by  this t y p e  o f  g rowt h  e x p e r i m e n t  because  add i t ion  o f  K ÷ to well 
above  the  2 pM Km of  the  K d p  s y s t em  was necessary  to  p r even t  K ÷ l imi ta t ion .  

The  ut i l i ty  o f  S6Rb* as a K ÷ t r ace r  was t es ted  in e x p e r i m e n t s  in which  t rans-  
p o r t  o f  b o t h  was m e a s u r e d  s imu l t aneous ly  in a s t ra in where  K ÷ u p t a k e  was 
sole ly ,  or  very  largely due  to  ac t ion  o f  a single K ÷ t r a n s p o r t  sys t em.  Figure 3 
shows  an e x p e r i m e n t  in which K*-deple ted  Kdp-de repressed  cells o f  strain 
F R A G - 1  were  i n c u b a t e d  in the  p resence  o f  42K÷ and S6Rb*. I t  can be seen t ha t  
the  cells t o o k  up  over  99% of  the  42K* in 4 min ,  while less t han  3% of  the  86Rb* 
was t a k e n  up  even a f t e r  25 min.  Es t ima t ions  o f  the  c o n c e n t r a t i o n  gradients  
ach ieved  were  m a d e  f r o m  cell samples  t aken  a t  25 minu tes .  42K* was concen-  
t r a t ed  6 • 106-fold while 86Rb ÷ was c o n c e n t r a t e d  no  m o r e  than  5000-fold .  Thus  
86Rb÷ is a very  p o o r  t r ace r  fo r  K ÷ wi th  the  h igh-af f in i ty  Kdp  sys tem.  

Tab le  I I I  shows  ne t  K ÷ u p t a k e  ra tes  in K÷-depleted cells via the  m o d e r a t e  
a f f in i ty  sys t ems  meas u red  by  a 86Rb ÷ t racer  as c o m p a r e d  to  the  ra tes  measu red  
b y  f l ame  p h o t o m e t r y  o f  chemica l  K ÷. The  K * u p t a k e  ra tes  d e t e r m i n e d  by  the  
86Rb ÷ t r ace r  were  ca lcu la ted  b y  dividing the  initial ra te  of  u p t a k e  o f  radio-  
ac t iv i ty  b y  the  c p m  of  86Rb* per  p m o l  o f  K ÷ in the  m e d i u m .  C o m p a r i s o n  o f  this 
value wi th  the  value der ived f r o m  chemica l  K ÷ m e a s u r e m e n t s  yields an es t ima-  
t ion  o f  the  accu racy  o f  86Rb ÷ as a K ÷ t racer .  I t  is clear  t ha t  fo r  b o t h  the  T r k A  
and the  T r k D  sys tems ,  the  S6Rb ÷ t racer  m e t h o d  unde re s t ima t e s  the  K ÷ inf lux.  
The  u n d e r e s t i m a t i o n  varies f r o m  5- to  13-fold fo r  the  T r k A  sys t em and f r o m  
23- to  30-fold  fo r  the  T r k D  sys tem.  The  resul ts  o f  a s imilar  e x p e r i m e n t  wi th  
the  low a f f in i ty  T r k F  sys t em are shown  in Table  IV. Here ,  a t  all th ree  K ÷ concen-  

4 JOD, , - ]  200 
[ = 

E i E 

i ° .6 " - nRbg  I00 *_o +v 240J O°°°~ nq ~ nr 

TINE (rnin) 

Fig. 3. U p t a k e  by  the  K d p  s y s t e m .  S t ra in  F R A G - 1  was K + l im i t e d  in KO m e d i u m ,  dep l e t ed  of  K + by D N P  
t r e a t m e n t ,  and s u s p e n d e d  in K-free  m e d i u m  plus  11 m M  glucose  at  1 8 ° C  and  a dens i ty  of  27/~g cells per  

ml. At  zero  t i m e  u p t a k e  was  ini t iated by  the  a d d i t i o n  o f  4 .5  pM 42KC1 ( 3 2 0 0  c p m / m l )  and  0 .67  n m  
8 6 R b C l  ( 1 0 0  c p m / m l ) .  M e d i u m  samples  obta ined  by  rapid f i l t r a t ion  were  c o u n t e d  i m m e d i a t e l y  and  13 
d a y s  la te r  w h e n  4 2 K  ÷ had  d e c a y e d  by  g r ea t e r  t h a n  7 o rde r s  o f  m a g n i t u d e .  8 6 R b  + r e m a i n i n g  in the  m e d i u m  
(o) was  d e t e r m i n e d  by decay  c o r r e c t i n g  the  l a t t e r  c o u n t s  and  42K+ r e m a i n i n g  (~-~) was  ca lcu la ted  by  sub-  

t r a c t i n g  the  8 6 R b +  c o u n t s  f r o m  the i m m e d i a t e  coun t s .  
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T A B L E  I I l  

M E A S U R E M E N T  O F  N E T  K ÷ U P T A K E  R A T E S  BY T H E  T r k A  A N D  T r k D  S Y S T E M S  W I T H  8 6 R b +  

Cel ls  w e r e  g r o w n  in K l 1 5 ,  d e p l e t e d  o f  K + b y  2 , 4 - d i n i t r o p h e n o l ,  a n d  a s s a y e d  f o r  K + u p t a k e  at the  

i n d i c a t e d  K + c o n c e n t r a t i o n s  in t he  p r e s e n c e  o f  2 p M  8 6 R b C 1  ( 6 0 0  0 0 0  c p m / m l ) .  K ÷ u p t a k e  b y  the  

c h e m i c a l  K* m e t h o d  w a s  d e t e r m i n e d  b y  f l a m e  p h o t o m e t r y .  K + u p t a k e  b y  the  8 6 R b  + m e t h o d  w a s  d e t e r -  
m i n e d  b y  a s s u m i n g  t h a t  8 6 R b  + is a p e r f e c t  t r a c e r  for  K + ( see  T e x t ) .  

S t r a i n  M e a s u r e m e n t  K + c o n c e n t r a t i o n  ( m M )  

m e t h o d  
0.1  0 .5  1.7 

T K 1 0 0 1  ( T r k A )  C h e m i c a l  K + 26  * 9 4  1 6 0  
8 6 R b  + 5 .4  12  12 

T K 1 1  10 ( T r k D )  C h e m i c a l  K + 7 14 18 
8 6 R b +  0 .3  0 .5  0 .6  

* V a l u e s  are ini t ia l  ra te s  o f  u p t a k e  in p m o l / g  rain  at  3 0  ° C. 

T A B L E  IV" 

M E A S U R E M E N T  O F  N E T  K + U P T A K E  R A T E S  BY T H E  T r k F  S Y S T E M  W I T H  8 6 R b  + 

S t r a i n  T A D 1 0 9  g r o w n  in K l 1 5  m e d i u m  to  r e p r e s s  t he  K d p  s y s t e m  w a s  u s e d .  T h e  e x p e r i m e n t a l  p r o t o c o l  

w a s  t h e  s a m e  as  d e s c r i b e d  in T a b l e  III .  8 6 R b C l  w a s  a d d e d  to  1 0  p M  (6 .4  • 106 e p m / m l ) .  

M e a s u r e m e n t  m e t h o d  
+ . 

K c o n c e n t r a t i o n  ( m M )  

1 0  3 0  1 0 0  

C h e m i c a l  K + 0 .8  * 2 .2  9 . 0  
8 6 R b  + 1 .2  3 .2  1 2 . 5  

• V a l u e s  are ini t ia l  ra te s  o f  u p t a k e  in p m o l / g  m i n  at  3 0 ° C .  

trat ions  tes ted,  the  S6Rb÷ tracer m e t h o d  overes t imates  K ~ inf lux.  On the  
average,  this  o v e r e s t i m a t i o n  is by a fac tor  o f  1.4.  

D i s c u s s i o n  

The  e x p e r i m e n t s  presented  in this  paper d e m o n s t r a t e  that  a) the  K + require- 
m e n t  o f  E. coli can o n l y  partial ly be fulf i l led by  Rb ÷ (Fig.  1) ,  b) Rb ÷ acts as a 
l ow-a f f in i ty  inhib i tor  o f  cell  g r o w t h  {Table II), and c )S6Rb ÷ does  n o t  
accurate ly  trace any  o f  the  K ~ transport  s y s t e m s  in E. coli {Fig. 3, Tables  III 
and IV).  Lester  [13 ]  has presented  ev idence  that  1.5 mM RbCl can fulfi l l  the  
K ÷ r e q u i r e m e n t  in E. coli. H o w e v e r ,  he  did n o t  rule o u t  K ÷ c o n t a m i n a t i o n  o f  
t h e  RbC1 by direct  analysis  o f  cell  K ÷ c o n t e n t .  Our results  s h o w  that  at this l o w  
c o n c e n t r a t i o n  o f  Rb *, E. coli g r o w t h  is barely  s t imulated .  Much  higher RbC1 
c o n c e n t r a t i o n s  are required to  s igni f icant ly  s t imula te  g r o w t h ,  and this  growth  
c a n n o t  be a c c o u n t e d  for by  K ÷ c o n t a m i n a t i o n  in the  Rb ÷ used in this  w o r k .  
The  f inding that  Rb* s t imulated  bacterial  g r o w t h  suggests  that  Rb ÷ can serve a 
f u n c t i o n  similar to  that  served by  K ÷, a lbeit  wi th  less e f f i c i ency .  Our inabil i ty  
to  reduce  cell  K ÷ c o n t e n t  b e l o w  50 p m o l / g  by  growth  in Rb÷-supplemented  
m e d i a  cou ld  be d u e  to  an abso lu te  r e q u i r e m e n t  for  at least  s o m e  K ÷ even in the  
presence  o f  Rb ÷. This  ~)ostulated K ~ r e q u i r e m e n t  n o t  c o m p l e t e l y  satisf ied by 
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Rb ~ could be in osmoregulation or in the activation of  cell enzymes. Our data 
do no t  distinguish between these possibilities. 

Three of  the four  K ÷ transport  systems of  E. coli are traced by 86Rb ÷ dur- 
ing net  K + uptake but  86Rb+ uptake does not  provide an accurate quanti tat ion 
of  K* influx by any of  the systems. We have used the accuracy with which 
86Rb + traces K ÷ uptake for each K + transport  system as a measurement  of  the 
discrimination of each system between S6Rb* and K ÷. Discrimination by each 
system was approximately  proport ional  to each system's apparent  affinity for 
K ~. The high-affinity Kdp system discriminated against the 86Rb ÷ tracer by at 
least 1000-fold. The moderate  affinity systems exhibit  an intermediate 
discrimination toward the 86Rb ÷ tracer -- about  10-fold for the TrkA system 
and about  25-fold for the TrkD system. The low-affinity TrkF system takes up 
86Rb ÷ preferentially to K *. This phenomenon  leads to a 40% overestimate of  K ~ 
influx by this system using the S6Rb+ tracer method.  Discrimination between 
86Rb+ and K + for uptake may be only apparent  if K + is retained while 86Rb + 
rapidly leaves the cell as soon as it is taken up. Discrimination in the efflux 
process is not  likely to account  for  our results since the uptake measurements 
were made with K+-depleted cells which have a low K" efflux [11] and would 
not  be presumed to have a high initial rate of  Rb ÷ efflux. Fur thermore,  86Rb ÷ 
efflux does not  appear to be rapid since the initial uptake slopes are linear for  
all three K ÷ t ransport  systems that  mediate significant 86Rb + uptake.  We con- 
clude that  for  E. coli, chemical Rb* is a poor  substitute for K ÷ and S6Rb ÷ is not  
a satisfactory tracer for  K* fluxes. 
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