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Abnormal phosphorus metabolism in a potassium transport mutant of 
Escherichia coli 

The recent  d iscovery  of microbial  m u t a n t s  wi th  defects in K + accumula t ion  
provides  a unique o p p o r t u n i t y  to explore the mechanism of  ion accumula t ion  with  
a flesh perspect ive.  Such m u t a n t s  have been repor ted  b y  LUBIN AND KESSEL 2, 
DAMADIAN AND SOLOMON 1, SLAYMAN AND TATUM 3, LUBOCHINSKY, MEURY AND 
STOLKOWSKI 4 and DAMADIAN 5. 

Because of the  common l abo ra to ry  experience tha t  ion t r anspor t  is keenly 
dependen t  on cellular  metabol i sm,  there  are numerous  repor ts  in the  l i t e ra ture  tha t  
l ink ion accumula t ion  to phosphorus  metabol i sm.  None of the  po tass ium mutan t s ,  
however,  has been shown to possess abnormal i t ies  of phosphorus  metabo l i sm tha t  
could be re la ted  to their  impa i rmen t  in K + t r anspor t .  I t  is the  purpose  of this  paper  
to repor t  t ha t  our K + t r anspor t  m u t a n t  of  Escher ich ia  coli (strain RD-2*) does not  
t ake  up Pi normal ly .  

In  each exper iment ,  single colony isolates of  pa ren t  s t ra in  (CBH) and m u t a n t  
(RD-2) were grown overnight  in t ryp t i e  digest med ium (Balt.  Biol. Labs.),  ha rves ted  
by  centr i fugat ion,  and washed with 300 mM sucrose to remove med ium phosphate .  
Cells were then  resuspended in a K + and Pi "free"  med ium (pH 7-4) conta ining IOO mM 
Tris-HC1 and 8 mM (NH4)2SO 4. The t u r b i d i t y  of the  suspension was ad jus ted  to 60 
Kle t t  spee t ropho tome te r  units.  The K + present  in the  med ium from the impur i t ies  in 
wate r  and  reagents  was measured  with  an I n s t r u m e n t a t i o n  Labora tor ies  flame pho- 
tometer .  I t  var ied  between IO and 20 #moles/1 of medium.  Any  phosphorus  present  
was less than  could be de tec ted  with  the phosphorus  me thod  of CHEN, TORIBARA AND 
WARNER~ (4.5 /~M). Since there is a small  but  un i fo rmly  present  popula t ion  of rever-  
ran ts  in each m u t a n t  culture,  the  r eve r t an t  dens i ty  of the  cell suspension (number  
of r eve r t an t s  per  n m t a n t  cell) was de te rmined  for each exper iment .  The r e v e r t a n t  
dens i ty  never  exceeded I • IO 6. 

a2pi up take  was s tud ied  by  measur ing cell r ad ioac t i v i t y  at  var ious  in te rva ls  
af ter  the  in i t ia t ion  of up take  by  an inject ion of Na2Ha2pQ-g lucose  into the  washed 
cell suspension. The cells in I -ml  al iquots  were collected on 25-mm Millipore filters 
(0.45 #), washed with  two 5-ml por t ions  of a 3oo mM sucrose - I  mM Na=HP04 wash 
solut ion and counted.  

The results  demons t r a t e  tha t  in a med ium low in bo th  K ÷ and Pi, the m u t a n t  
accumula tes  a2P i a t  a ra te  t ha t  varies from ~/2 to ~/a of the  pa ren t ' s  up take  ra te  as 
med ium Pi is var ied  (Fig. Ia) .  This impa i rmen t  of a~Pi accumula t ion  in the  m u t a n t  is 
associa ted  with  i ts K+-accumula t ing  defect  s. The reduced ra te  of a2Pi up t ake  in low- 
K+- low-Pi  med ium is accompanied  by  a reduct ion  in the  ra te  of K + uptake .  At  the  
s t a r t  of  the  exper iments  cell K + was 2.6 ± 0. 4 mM (S.E.) for CBH and I . I  ~ o.4 ° mM 
for RD-2.  15 min af ter  inject ion of Na2Ha2pO4-glucose cell K + values were 63.45 ± 
0.o4 mM and 24.625 ± o.oo5 mM for CBH and RD-2,  respect ively.  Cell K ÷ was 
de te rmined  by  methods  descr ibed in a previous  publ ica t ion  '~. The to ta l  phosphorus  

• strain RD-2 is now one of four potassium transport mutants that we have isolated. 
Three of these were produced with ultraviolet light as the mutagenic agent and one (RD-2) was 
produced with nitroguanidine. 
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Fig. i. 32Pi uptake from low-phosphate  medium by K + t ranspor t  m u t a n t  (strain RD-2) and contro l  
strain (CBH). Resting cells of t h e  t w o  s tra ins  in a final volume of io ml were incubated with  
shaking for 2o min at 37 ° in Tris-HC1 (NH4)2SO a medium (see t ex t ) ,  i ml of Na2H32PO4 (New 
England Nuclear Corp.; 3 ° mC/ml) in lO% glucose w a s  t h e n  added and i-ml s a m p l e s  were  t a k e n  
at the indicated t i m e s  for  analysis. Each sample contained i i o  #g of cells (dry weight). Sample 
activities were  grea ter  t h a n  t e n  t i m e s  background.  They were counted in an end-window gas- 
flow c o u n t e r  w i t h  an efficiency of 53.3% for a2Pi. The min imum total  count  was 254o. Medium 
Pi concentrat ion values are to values computed  f rom the amoun t  of Pi t ha t  is added in the glucose- 
a2P i injections. The Pi of the glucose Na2H32PO4 solution was measured by the  m e t h o d  of CHEN, 
TORIBARA AND WARNER 6. The medium lacks histidine, a nutr i t ional  requirement  of both  strains. 
A - - - A ,  paren t  s train (CBH); (D - -O ,  m u t a n t  (RD-2). (a): The initial velocity of 32pi uptake  in 
low-K+-low-Pi  medium as a funct ion of medium [Pi]. Medium Pl concentrat ion varied by varying 
the  amoun t  of Na2Ha~PO, added. K +concn.  is 20 ffM. The a2P i u p t a k e  rates  o f  the  t w o  s tra ins  
did not  differ when medium Pi was greater than  o. 5 mM. (b) and (c) : 32Pi uptake in low-K+-low - 
Pi medium;  the effect of added K + and Na +. Medium Pi concn, is i .8 ffM in (b) and 4 ° ffM in (c). 
2o ffM K + designates low-K+-low-Pi medium without  added 1{ + or Na+. 

content of the two strains at the start of the 32pi uptake differed bv, only 4%/. The 
values were 959 ~ 9 .6 for CBH and 919 i 8.47 for RD-2 (#moles/g dry wt.). Total 
phosphorus was determined by the method of BARTLETT 7 on cells that had been 
washed twice in normal saline to remove organic compounds present in the medium. 

When KC1 was added to the low-K+-low-Pi suspension to raise the K + concen- 
tration to 5 ° mM, it produced the unexpected result shown in Fig. lb. 32Pi uptake 
of the mutant increased Io-fold, whereas the parent strain only increased 1.75-fold, 
resulting in a mutant phosphorus uptake that was three times more rapid than parent 
strain uptake. In a similar experiment with the addition of 5o mM NaC1 instead 
of KC1, the low phosphate uptake was inhibited (Fig. IC). The stimulating effect of 
K + is therefore not the effect of change in medium ionic strength produced by the 
added salt. K + stimulation of a2Pi uptake in E. coli has been described by ROBERTS 
AND ROBERTS s and this result is consistent with their findings. In our experiments 
the increased rate of a~Pi accumulation produced by K+ was associated with an in- 
creased rate of cell K + uptake. In contrast to the results given above for K + accumu- 
lation during 32pi uptake in low-K+-low-Pi medium, 32Pi uptake in KC1 supple- 
mented medium was accompanied by a more rapid increase in cell K+. In the same 
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t ime interval ,  cell K+ increased from the  same ini t ial  levels to 120 ~ I mM in CBH 
and IIO ~_ I mM in RD-2.  

The K + s t imula t ion  and Na  + inhibi t ion manifes ted  b y  this a2pi up take  react ion 
are reminiscent  of the effects t ha t  these ions have on the K+-s t imula ted  systems tha t  
have  been s tudied  in vitro (KACHMAR AND BOYER 9 and MUDD AND CANTONII°). The 
grea t  s t imula t ion  of 32P i up t ake  tha t  K + produces  in the  m u t a n t  is unusual ,  bu t  a t  
th is  s tage is still  unexpla ined .  

In  sum, we have found tha t  our K+-accumula t ing  m u t a n t  (strain RD-2) does 
not  t ake  up Pi normal ly .  The m u t a n t ' s  32Pi up t ake  react ion is g rea t ly  s t imula ted  b y  
K ~ and is inhibi ted  b y  Na  +, character is t ics  which resemble the  behav ior  of the K ~- 
s t imula ted  enzymes tha t  are most  commonly  found ca ta lyz ing  react ions  in inter-  
media te  me tabo l i sm tha t  involve the t ransfer  of a phospha te  group. Perhaps  the 
m u t a n t ' s  K + t r anspor t  a b n o r m a l i t y  will even tua l ly  be t raced  to a K+-requir ing 
enzyme tha t  is essential  to phosphorus  metabol i sm.  

The au thor  is indeb ted  to his research ass is tant  Mr. CARL PAYNE for skil lfully 
per forming m a n y  of the  a2Pi up take  exper iments ,  to Lt. Col. HAROLD L. BITTER 
whose in teres t  and  encouragement  have con t r ibu ted  signif icant ly to these studies,  
and  to Dr. JA.~IES WILLIS who suggested the  to ta l  phosphorus  measurements  t h a t  
in i t i a t ed  these s tudies  in phosphorus  metabol i sm.  
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