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Summary 

Conservation of the 3 H/32 p ratio in [ 2 -3 H ]glucose 6- [ 32 P]phosphate 
transported by Escherichia coli strain DF2000 indicates that  the Glc-6-P 
molecule is transported intact, wi thout  a sequential mechanism involving 
hydrolysis and rephosphorylation. 

Escherichia coli,  and a number of other bacteria [1], have an active 
transport system for the uptake of hexose phosphates [2--5]. Studies on the 
induction properties [ 3,7--9 ], the specificity [ 3], genetic mapping and 
mutant  strains [3,10--13] and energy coupling [14--16], all indicate that  
the uptake of glucose 6-phosphate by this system is distinct from that  of 
glucose, and represents an active transport system, rather than a group trans- 
location [17]. No direct evidence has been presented showing tha t  the glucose 
and phosphate moieties remain intact during transport, although the 3 H/32p 
ratio was shown to be conserved after metabolism of the glucose 6-phosphate 
to nucleic acid [2]. In this report we demonstrate in a brief, simple and 
direct way what has been assumed from the published indirect studies: the 
ratio of 3H/32P in the intracellular pool of glucose 6-phosphate is the same 
as the extracellular pool of doubly labeled [ 2 -3 H ]glucose 6- [ 32 p ]phosphate, 
showing that  hexose phosphates are transported across the cell membrane 
intact and not  by a sequential mechanism, involving hydrolysis, transport of 
the neutral sugar, and rephosphorylation. 

Strain DF2000 (18, 19) of E. coli was used in these studies, as in prev- 
ious studies, because it lacks phosphoglucose-isomerase (blocking formation 
of fructose 6-phosphate from Glc-6-P and glucose-6-phosphate dehydrogenase 
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(blocking the phosphogluconate-oxidative pathway formation of  6-phospho- 
gluconate from Glc-6-P, thus limiting the metabolism of Glc-6-P to conversion 
to glucose 1-phosphate and polysaccharides. The E. coli cells were induced 
with Glc-6-P, washed, and then allowed to transport  [3H]Glc-6-32P (see foot- 
note to table) in a medium with excess cold phosphate. Dilution of  the 32p 
label, with respect to 3H would be expected if transport  involved hydrolysis 
of the Glc-6-P moiety with subsequent  Glc-6-P reformation. High voltage 
electrophoresis was used to purify the transported sugar phosphate in the 
initial extraction of  Glc-6-P, as well as in the subsequent  purification steps, as 
described in the foo tno te  to the table. The ratio of 3H/3~P in the extracellular 
[3 H]Glc_6_32p whether determined in the extract, the purified Glc-6-P, or 
enzymatically derived 6-phosphogluconate,  was essentially the same, 
4.8 + 0.2 (Table I). Likewise, the 3 H/32p ratio of the intracellular Glc-6-P was, 

T A B L E  I 

C O N S E R V A T I O N  OF 3H/32P R A T I O  D U R I N G  [3H]Glc-6-32P U P T A K E  

The  d o u b l y  labeled [ a H]Glc .6  32p was  p r epa red  wi th  hexok inase  plus [2-a l l ]g lucose  an d  [7-~ :P]ATP,  
and non- rad ioac t ive  carr iers  wi th  a slight excess of  ATP.  The  r eac t i on  was fo l lowed  b y  b o t h  the  fall in 
pH and  e n z y m a t i c  d e t e r m i n a t i o n  of  the  r e su l t an t  GIc-6-P p h o t o m e t r i c a l l y  w i th  g lucose -6 -phospha te  
dehydrogenase .  Nucleo t ides  were  a d s o r b e d  wi th  charcoal ,  and  the  final p r o d u c t  pur i f ied  b y  h igh  vo l tage  
e lee t rophores i s  [bu f fe r  sys tem:  p H  6.0 pyr id ine- -g lae ia l  acet ic  ac id - -H  2 0  ( 1 : 2 5 : 4 7 5 ,  by  vo l . ) ] ,  to yield 
[3H]GIc-6-3:P  (specific ac t iv i ty  of  0 .13  mCi  of  3H a nd  0 .027  mCi of 3:p per  m m o l e ) .  
The  ceils were  g r o w n  in Davis m e d i u m  A (20) ,  s u p p l e m e n t e d  wi th  t h i a m i n e  (1 ~ug/m]) FeSO 4 • 7H~ O 
(0 .0005%) ,  and  Difco Casamino  Acids  (1%) as c a r b o n  source.  I n d u c t i o n  was  a c c o m p l i s h e d  by  the  
add i t ion  of  Glc-6-P (1 raM), The  cells were  ha rves t ed  and w a s h e d  twice  in m in ima l  m e d i u m  ( w i t h o u t  
Glc-6-P be fo re  use. U p t a k e  assays were  p e r f o r m e d ,  fo i lowing a 2 rain r o o m - t e m p e r a t u r e  i ncuba t ion ,  
wi th  [3H]Glc-6-32P (1 mM),  a t  a cell t u r b i d i t y  of 200 Kle t t  uni ts  ( n u m b e r  42 fi l ter)  by  f i l ter ing a n  
a l iquot  on  a Millipore filter, as p rev ious ly  descr ibed  [16] .  These  fi l ters were  dr ied  an d  dissolved wi th  
e t h a n o l - - d i o x a n e  (1 :3 ,  by  vol)  p r io r  to  be ing  c o u n t e d  in t o luene -based  scint i l la t ion f luid con t a in ing  
33% Tr i ton  X-100. To d e t e r m i n e  the  in t race l lu la r  ra t io  of 3H/32P, the  rest  of the  i n c u b a t i o n  m i x t u r e  
was f i l tered a f te r  a 2 rain incuba t ion ,  washed ,  a nd  e x t r a c t e d  in boil ing w a t e r  for  five minu tes .  A co n t ro l  
r un  to  d e t e r m i n e  the  3H/32P ra t io  of  the  ex t race l lu la r  [ 3 H]Glc .6 .32p used  0.2 pmoles  [ 3H]Glc-6-s2P, 
a c lean filter,  and  an  a p p r o p r i a t e  a m o u n t  of  hea t -k i l led  ceils m i x e d  w i t h o u t  fi l tering. This m i x t u r e  was 
boi led  5 rain and  car r ied  t h r o u g h  the  s epa ra t i on  p rocedures ,  exac t ly  as wi th  the in t race l lu la r  poo l  deter-  
mina t ions .  The  bo i led  ex t r ac t s  we re  clarlf ied,  e v a p o r a t e d  to  dryness ,  an d  r e s u s p e n d e d  in disti l led water .  
A p o r t i o n  was c o u n t e d ,  and  the  r e m a i n d e r  p laced  on pa pe r  for  high vol tage  e lec t rophores i s  to  separa te  
Glc-6-P. The  area  of  the  e l e c t r o p h e r o g r a m  con ta in ing  Glc-6-P was  e lu ted ,  e v a p o r a t e d  to  dryness ,  and  
redissolved in Tris--HC1 (10 raM, p H  7.0) w i th  0.1 M MgC12. A p o r t i o n  of the  Glc-6-P e lua te  was  
c o u n t e d ,  and  the  GIc-6-P c o n t a i n e d  in the  r e m a i n d e r  c o n v e r t e d  to 6 - p h o s p h o g l u e o n a t e  by  the  add i t i on  
of N A D P  (0 .16  m g)  and  g lucose -6-phospha te  d e h y d r o g e n a s e  (0 .5  uni ts)  in a to t a l  r e ac t i on  v o l u m e  of 1 ml. 
This r eac t i on  m i x t u r e  was t h e n  s e pa ra t e d  b y  high vol tage  e lec t rophores is ,  in the s ame  s y s t e m ,  an d  the  
6 - p h o s p h o g l u c o n a t e  area  of  the  e l e e t r o p h e r o g r a m  e lu ted  a nd  coun ted .  Th e  6 - p h o s p h o g l u e o n a t e  on  the  
e l e c t r o p h e r o g r a m  could  be de r ived  only  f r o m  Glc-6op, since the  first  e l ec t rophore t i c  s epa ra t i on  r e m o v e d  
any  o the r  c o m p o u n d s  wi th  this  mobi l i ty .  Scint i l la t ion coun t ing  was p e r f o r m e d ,  in these  cases, b y  
adding Aquaso l  to a p o r t i o n  of redissolved sample ,  a nd  coun t ing  in a Packard  Tri-carb w i th  the  w i n d o w s  
set for  3H and  32p. T he  specific ac t iv i ty  used  was  such tha t  all c p m  were  grea te r  t h a n  1 7 0 0 .  

Pool Add i t i ons  E x p t  U p t a k e  3H/3:P Ra t io  Pe rcen tage  
No. (mM) of 

Original Glc-6-P 6-P.g luconate  ex t race l lu la r  
Ex t r a c t  Area  Area  Ra t i o  

Ext race l lu la r  None  1 - -  4 .38 5.06 4.97 
2 - -  4 .78 4 .82  5.00 (100)  

In t race l lu la r  None  1 14  4.67 4.31 4 .48  94 +- 8 
2 12  4 .50  4.30 4 .68  

In t race l lu la r  Glucose  1 25 4 .80  4.66 5.36 104  ± 7 
(10  raM) 2 16 5.05 4.76 5.14 

In t race l lu la r  F luor ide  1 11 4 .62  4.81 4 .74  9 7 ± 4  
(10  raM) 2 13 4.67 4 .52  4.68 
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within experimental error, the same as the extracellular, whether the exper- 
iment was done in the presence of  glucose or fluoride, or their absence. The 
ratio was also independent of  the degree of purification of the intracellular 
Glc-6-P, indicating that little or no hydrolysis and rephosphorylation of the 
[3 H]Glc_6_~2p had occurred. The mean value of the intracellular 3 H/32p Glc-6-P 
ratio was 98 -+7 (n = 18, -+S.D.) percent of the extracellular ratio. Glucose 6- 
phosphate is, therefore, transported intact by the inducible DF2000  mutant 
with no exchange of either the glucose or phosphate portions of  the molecule. 
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