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Summary: In  a 1 - o c t a n o l / p h o s p h a t e  buf fe r  sys t em,  s a c c h a r i n  was  m u c h  m o r e  
l ipophi l ic  t h a n  w o u l d  be  i n f e r r ed  f rom its d i s s o c i a t i o n  c o n s t a n t  w h i c h ,  h o w e v e r ,  
d e t e r m i n e d  t he  pa r t i t i on  b e h a v i o r  of  a c e s u l f a m e  a n d  cyc lama te .  T h e  u p t a k e  of  
s accha r in  in to  S t r e p t o c o c c u s  m u t a n s  led to a 30 to 40-fold h i g h e r  c o n c e n t r a t i o n  of  
th i s  i n t e n s e  s w e e t e n e r  w i t h i n  cells t h a n  in t he  i n c u b a t i o n  m e d i u m .  A c e s u l f a m e  a n d  
cyc l ama te  were  d i s t r i b u t e d  b e t w e e n  cells a n d  m e d i u m  essen t i a l ly  in  a d i f fus ion-  
con t ro l l ed  m a n n e r .  T h e  u p t a k e  of  s a c c h a r i n  in to  S. m u t a n s  was  f o u n d  to d e p e n d  
s t rong ly  on  s i m u l t a n e o u s  s u g a r  f e r m e n t a t i o n ,  a n d  in add i t ion ,  on  e x t e r n a l  pH, 
s w e e t e n e r  c o n c e n t r a t i o n s ,  a n d  cell  dens i t ies .  W i t h o u t  g lycolysis ,  c aused ,  for e x a m -  
ple, by  a n  e x h a u s t i o n  of  a d d e d  sucrose ,  too ac id ic  e x t e r n a l  pH, or t h e  a d d i t i o n  of  
g lycolys is  i nh ib i to r s ,  t he  u p t a k e  of  s a c c h a r i n  was  d i f f u s i o n - c o n t r o l l e d  as in  t he  case  
of a c e s u l f a m e  a n d  cyc lamate .  T he  u p t a k e  of  s a c c h a r i n  was  i n h i b i t e d  b y  a r eve r sa l  of  
the  d i r ec t i on  of  t he  l ac ta te  g r a d i e n t  f rom in --~ ou t  to ou t  ~ in. T h e  a c t i v a t i o n  e n e r g y  
of  s a c c h a r i n  u p t a k e  in to  g lyco lyz ing  S. m u t a n s  was  n e a r  18 k J/ tool ,  wh i l e  g lycolys is  
i t se l f  r e q u i r e d  82-98 k J / m o l  as a c t i v a t i o n  energy ,  d e p e n d i n g  s o m e w h a t  on  exper i -  
m e n t a l  cond i t ions .  U p  to 100 a t t o m o l  of  s a c c h a r i n  pe r  bac te r i a l  cell  was  o b s e r v e d .  I t  
was  c o n c l u d e d  t h a t  t h e  c y t o m e m b r a n e  of  S. m u t a n s  was  i n v o l v e d  in m e d i a t i n g  t he  
i n h i b i t o r y  effects  of  s a c c h a r i n  by  a n  a n t i p o r t  of  s a c c h a r i n  in to  cells  in  e x c h a n g e  for 
lactate.  

Zusammens In  e i n e m  1 - O c t a n o l / P h o s p h a t p u f f e r s y s t e m  war  S a c c h a r i n  
viel  s t t i rker  l ipophi l ,  als aus  s e ine r  D i s s o z i a t i o n s k o n s t a n t e  a b g e l e i t e t  w e r d e n  k a n n ;  
d iese  d a g e g e n  b e s t i m m t e  die V e r t e i l u n g  v o n  A c e s u l f a m  u n d  Cyc lamat .  Die  Auf-  
n a h m e  von  S a c c h a r i n  in  S. m u t a n s  e r g a b  e ine  30- bis  40fache  A n r e i c h e r u n g  d ieses  
StiBstoffs gegenf ibe r  d e m  M e d i u m .  A c e s u l f a m  u n d  C y c l a m a t  v e r t e i l t e n  s ich  zwi- 
s c h e n  Ze l l en  u n d  M e d i u m  im w e s e n t l i c h e n  n a c h  e i n e m  d i f f u s i o n s k o n t r o l l i e r t e n  
Vorgang .  Die A u f n a h m e  y o n  S a c c h a r i n  in  S. m u t a n s  e rwies  s ich  als v o n  e ine r  
g le ichze i t igen  Z u c k e r f e r m e n t a t i o n  abh~ng ig ,  f e rne r  a u c h  v o m  AuBen-pH,  y o n  de r  
S t iBs to f f -Konzen t ra t ion  u n d  de r  Zel lzahl .  O h n e  G l y k o l y s e  - z .B.  a u f g r u n d  des  
V e r b r a u c h s  de r  v o r g e l e g t e n  Saccha rose ,  w e g e n  e ines  zu s a u r e n  pH-Wer t e s  im 
M e d i u m  ode r  w e g e n  A n w e s e n h e i t  yon  G l y k o l y s e - I n h i b i t o r e n  - w a r  die  A u f n a h m e  
yon  S a c c h a r i n  e b e n s o  n u r  d i f f u s i o n s k o n t r o l l i e r t  wie  die  des  A c e s u l f a m s  u n d  die  
des  Cyc lamats .  D u r c h  Z u g a b e  yon  L -Lac t a t  ins  M e d i u m ,  w o d u r c h  die  R i c h t u n g  des  
L a c t a t - G r a d i e n t e n  u m g e k e h r t  wurde ,  w a r  die  S a c c h a r i n - A u f n a h m e  g e h e m m t .  Die  
A k t i v i e r u n g s e n e r g i e  de r  S a c c h a r i n - A u f n a h m e  b e t r u g  r u n d  18 kJ /Mol ,  wf ih r end  die  
Glyko lyse  se lbs t  je  n a c h  V e r s u c h s b e d i n g u n g e n  82-98 kJ /Mol  e r forder te .  Bis  zu 100 
a t t omo l  S a c c h a r i n  w u r d e n  pro  B a k t e r i e n z e l l e  g e f u n d e n .  D a r a u s  l~iBt s ich  schl ieBen,  
dag  die C y t o m e m b r a n  yon  S. m u t a n s  an  de r  V e r m i t t l u n g  de r  H e m m e f f e k t e  y o n  
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Saccharin auf die Zuckervergfirung - durch Antiport des Intensivs(iBstoffs in die 
Bakterienzelle im Austauseh gegen Laetat - beteiligt ist. 
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Introduct ion  

Sacchar in  and the related sweeteners  acesulfame and cyclamate  have 
recently been described as inhibitors of  bacterial  glycolysis (10, 15, 16). 
S t reptococcus  mutans  NCTC 10449 was the bacteria  mos t  f requent ly  used 
in these studies due to its high potential  for p roduc ing  acid from sugars, an 
impor tant  factor in the etiology of dental  caries. Inhibi t ion  of  glycolysis  by 
intense sweeteners in vitro should thus result  in a cariostatic action. Caries 
were indeed suppressed  in the animal model  by intense sweeteners  (11, 16, 
18) under  various exper imenta l  conditions.  

Data on the inhibit ion of bacterial g rowth  and metabol i sm by saccharin 
(1-7, 9, 12, 13) and on the inhibit ion of  bacterial enzymes  in vitro (1-3, 8) 
essentially suppor t  this laboratory 's  f indings regarding the inhibit ion of  
glycolysis and the suppress ion  of  dental  caries in the animal  mode l  (10, 11, 
15, 16, 18), for which dose/effect relations were established. 

When the carbon flux th rough  the glycolytic chain was decreased by 
saccharin and related intense sweeteners,  the invest igat ion of  anaerobic  
and aerobic fermentat ion products  of  S. mutans  NCTC 10449 demon-  
strated a qualitative shift in the pat terns of  acids formed,  concern ing  
mainly the lactate : pyruvate  ratio and the extent  of  formate  p roduc t ion  
(20). A crossover  analysis of glycolytic in termediary  metabol i tes  in S. 
mutans  cells revealed that intense sweeteners  interfere in vivo with some 
enzymes  of the bacterial glycolytic chain (19). 

Al though all of these effects require the intracellular presence  of  saccha- 
rin and related intense sweeteners  in S. mutans ,  intracel]ular concentra-  
tions of acesulfame, cyclamate,  and sacchar in  had not  been de termined  in 
any microorganism prior to the present  s tudy;  the quant i ta t ive aspects  of 
all studies previously reported were based, of course, on the concentra-  
tions of sweeteners  in the incubat ion media. The solvent/water  part i t ion of 
the intense sweeteners and their up take  in S t rep tococcus  mutans  were 
therefore studied here. 

Materials  and Methods  

Chemicals 

Acesulfame K was a gift from Dr. Rymon von Lipinski, Hoechst AG, Frankfurt, 
FRG; sodium cyclamate and sodium saccharin were commercial products of food 
quality. 
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Water-solvent partition o f  acesulfame, cyclamate and saccharin 

The swee teners  were  d isso lved  in 0.1 moYl p h o s p h a t e  buffer  at pH  va lues  f rom 7.0 
to 0.5 (HC1 added  w h e n  necessary).  Concen t ra t ions  of  acesul fame,  cyc lamate  and 
saccharin were  50.0, 5.0, 0.5 and  0.05 retool/l;  3 ml  of  a swee tene r  so lu t ion  was added  
to 3 ml  1-octanol in a g lass -s toppered  test  t ube  and shaken  mechan ica l ly  for 10 rain. 
Al iquots  of  the  aqueous  phase  were  t aken  after phase  separa t ion  and these  were  
diluted w h e n  necessary  for H P L C  analyses  of  the  swee tene r s  (see below). U p o n  
f inding less than 100% of the respec t ive  swee t ene r  in the  a q u e o u s  phase,  the  
organie phase  was twice  ex t rac ted  wi th  an equal  v o l u m e  of 1% (w/v) sod ium 
hydrogenca rbona te  for s u b s e q u e n t  H P L C  analysis.  

HPLC analyses for acesullhme, cyclamate and saccharin 

H P L C  analyses  were  m a d e  accord ing  to Zieseni tz  (17) wi th  0.004-0.008 NHzSO4 as 
eluent,  d e p e n d i n g  on which  swee tene r  was to be  analyzed.  A uv  de tec to r  was used  
at 210 n m  and cal ibra ted wi th  s tandard  solut ions  of  the  swee teners  in the  eluent ,  
which  had been  read in the  s p e c t r o p h o t o m e t e r  B e c k m a n  DU-8 at 210 nm. H P L C  uv 
detector  and pho tomet r i c  readings  were  in a g r e e m e n t  to wi th in  + 5 %. 

Growth conditions orS.  mutans  NCTC 10449 

Were descr ibed  in a p rev ious  paper  (17). 

Incubation for glycolysis and acid formation 

The me thods  used  here  have  been  desc r ibed  in p rev ious  repor t s  (16, 17); in mos t  
expe r imen t s  pH star t e chn iques  were  applied.  U n d e r  the  condi t ions  used  for 
growth,  d e t a c h m e n t  and suspens ion  of S. m u t a n s  NCTC 10449, the  re la t ions  exist-  
ing be tween  colony fo rming  units  (CFU), tu rb id i ty  at 578 nm, and cell  v o l u m e  of  
sa l ine-washed res t ing cells were  as follows: 1 x 109 C F U  ~ OD~78 0.82 ~- 2.6 ~tl. These  
data were  used  in ca lcula t ing the in t racel lular  concen t ra t ions  of  sacchar in  and 
re la ted sweeteners  in S. mutans .  

Uptake o f  sweeteners into S. mutans  

Incuba t ions  were  pe r fo rmed  as desc r ibed  above;  ceils were  then  separa ted  by 
rapid cent r i fugat ion  (2 min;  15 000 rpm) f rom the  incuba t ion  m e d i u m  and w a s h e d  
once with  a salt solut ion (75 mmol/1 each  of  NaC1 and KCl, plus 2 mmol / l  MgSO4). 
Cells (for ex t rac t ion  of  the  sweeteners) ,  incuba t ion  m e d i u m  and wash ing  fluid were  
heated  for 10 min  to 100 ~ this was fo l lowed by H P L C  analyses  (see above).  

Thin-layer chromatography 

for cye lohexy lamine  was done  on sil ieagel 60, 0.2 m m  thick,  on a lumina  foil 
(Merck # 5553) us ing  n-butanol /glacial  acet ic  acid/H20 = 4:1:5 as solvent ;  de tec t ion  
was m a d e  by means  of the  n inhydr in  reagen t  Merck  # 6758. 

Results 

D i s t r i b u t i o n  o f  s w e e t e n e r s  b e t w e e n  1 -oc tano] /phospha te  b u f f e r  

I n  o r d e r  to  d e t e r m i n e  p h y s i c o c h e m i c a l  c h a r a c t e r i s t i c s  o f  t h e  i n t e n s e  
s w e e t e n e r s  to  b e  t e s t e d ,  a c e s u l f a m e ,  c y c l a m a t e  a n d  s a c c h a r i n  w e r e  f i r s t  
e x a m i n e d  as  to  t h e i r  d i s t r i b u t i o n  b e t w e e n  1 - o c t a n o l  a n d  p h o s p h a t e  b u f f e r  
at  p H  v a l u e s  f r o m  p H  7.0 to  p H  0.5. T h e  r e s u l t s  ( s h o w n  in  F ig .  1) f u r n i s h  
e v i d e n c e  fo r  a d i s t r i b u t i o n  e q u i l i b r i u m  v e r y  c l o s e  to  t h e  d i s s o c i a t i o n  
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Fig. 1. Distribution of acesulfame (A), cyclamate (C), and saccharin (S) between 
1-octanol and 0.1 real/1 phosphate buffer. 

constant of the sweeteners in the case of acesulfame and cyclamate; pk,: 
0.76 for acesulfame, 1.70 for cyclamate. 

The distribution equilibrium of saccharin between aqueous phase and 
organic phase was found at approximately pH 2.3, thus exhibiting a 
deviation from the pk, of 1.5, and indicating a greater lipophilic tendency 
in the case of saccharin. From pH 4.0 to neutrality, all three intense 
sweeteners were exclusively present in the aqueous phase. 

Uptake m e c h a n i s m s  for in tense  swee teners  into bacterial ceils 

Activation energy o f  saccharin uptake  

A n  in i t i a l  a s c e r t a i n m e n t  of the  p r o p e r t i e s  of  the  u p t a k e  of  s a c c h a r i n  in  
s u c r o s e - f e r m e n t i n g ,  g l u c o s e - a d a p t e d  S. m u t a n s  NCTC 10449 w a s  per-  

F e r m e n t a t i o n  
I nrnol acid/rain) 

700- 

�9 - - o  Control  
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Fig. 2. Temperature dependence of sucrose fermentation and saccharin uptake by 
S. mutans NCTC 10449 ceils at pH 4.5. Experimental  conditions were those of 
Table 1. 

Uptake of saccharin 
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Table 1. Activation energy of sucrose fermentation and saccharin uptake in S. mu- 
tans NCTC 10449. 

Conditions Activation energy 

Sucrose Saccharin pH 7.0 pH 4.5 
(retool/l) (mmol/1) 

(kcal/mol) (kJ/mol) (kcal/mol) (kJ/mol) 

Fermentation 
20 _ 19.5 81.5 16.9 70.6 
20 5 20.6 86.0 - - 
29 1 - - 23.4 97.8 

Saccharin uptake 
20 5 4.3 18.1 
20 1 - - 4.3 18.1 

pH star experiments;  37 ~ anaerobic. Initial fermentation rates without  saccharin 
were determined at each temperature,  then saccharin was added and the fermenta- 
tion rates as well as saccharin uptake were determined. 
S. mutans NCTC 10449; glucose-adapted; 1.1 x 10 IU CFU/assay at pH 7.0 and 9 x 109 
CFU/assay at pH 4.5. 

f o r m e d  by  d e t e r m i n i n g  t h e  t e m p e r a t u r e  d e p e n d e n c e  o f  s u c r o s e  f e r m e n t a -  
t ion  and  s a c c h a r i n  u p t a k e  (Fig. 2). T h i s  p e r m i t t e d  a c a l c u l a t i o n  o f  t h e  
a c t i v a t i o n  e n e r g y  i n v o l v e d  in t h e s e  p r o c e s s e s .  T h e  u p t a k e  o f  s a c c h a r i n  
in to  bac t e r i a l  ce l ls  was  f o u n d  to be  n o n - t e m p e r a t u r e - d e p e n d e n t .  T h e s e  
da ta  (Fig. 2) s e r v e d  as a bas i s  for  t h e  a c t i v a t i o n  e n e r g y  d a t a  a t  p H  7.0 a n d  
4.5 as l i s t ed  in T a b l e  1. 

R e l a t i v e l y  h i g h  v a l u e s  w e r e  f o u n d  for  t h e  a c t i v a t i o n  e n e r g y  of  s u c r o s e  
f e r m e n t a t i o n ,  u n d e r s t a n d a b l e  in l i gh t  o f  t he  c o m p l e x i t y  o f  t h e  f e r m e n t a -  
t ion  p rocess .  M o s t  n o t a b l y ,  at  p H  4.5 t h e  a c t i v a t i o n  e n e r g y  of  s u c r o s e  
f e r m e n t a t i o n  rose  by  40 % in t he  p r e s e n c e  o f  s accha r in .  A t  4.3 k c a l / m o l ,  t h e  

Table 2. Influence of sucrose fermentation on accumulation of intense sweeteners 
in S. mutans NCTC 10449. 

Sweetener Concentration of intense sweeteners 
(mmoltl) 

Resting cells Ferment ing cells I) 

(retool/l) Factor of (retool/l) Factor of 
intra- accumulation intra- accumulation 
cellular internal/external cellular internal/external 

Acesulfame (7) 6.9 1.0 9.6 1.4 
Cyclamate (3.5) 1.2 0.34 1.1 0.31 
Saccharin (0.5) 0.08 0.16 3.0 6.0 

Anaerobic incubation in pH stat for 15 rain at pH 4.5 with and without sucrose; 
37 ~ 1.2 x 10 TM CFU/assay. 
1) 20 mmol/1 sucrose. 
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a c t i v a t i o n  e n e r g y  o f  s a c c h a r i n  u p t a k e  a m o u n t e d  to  o n l y  21% o f  t h e  
a c t i v a t i o n  e n e r g y  o f  s u c r o s e  f e r m e n t a t i o n  a t  p H  7.0; a t  p H  4.5, t h i s  v a l u e  
w a s  18 %. T h e  a c t i v a t i o n  e n e r g y  o f  s a c c h a r i n  u p t a k e  w a s  i n d e p e n d e n t  of  
pH.  F o r  th i s  r e a s o n ,  e n z y m a t i c a l l y - c a t a l y z e d ,  e n e r g y - d e p e n d e n t  m e c h a n -  
i s m s  do  n o t  a p p e a r  to  p l a y  a s i g n i f i c a n t  ro le  in  s a c c h a r i n  u p t a k e .  

Meta boric req u i r emen  ts 

S u c r o s e  f e r m e n t a t i o n  

S. m u t a n s  N C T C  10449 s h o w e d  a d i s t i n c t  d i f f e r e n t i a t i o n  in  c o n c e n t r a t -  
ing  t h e  i n t e n s e  s w e e t e n e r s  a c e s u l f a m e ,  c y c l a m a t e  a n d  s a c c h a r i n  (Tab l e  2). 
W h e n  f e r m e n t i n g  s u c r o s e  a t  p H  4.5, S. m u t a n s  a c c u m u l a t e d  1.4 t i m e s  m o r e  
a c e s u l f a m e  t h a n  w i t h o u t  f e r m e n t a t i o n .  S u c r o s e  f e r m e n t a t i o n  d i d  n o t  
a f f ec t  t he  u p t a k e  o f  c y c l a m a t e .  B y  c o n t r a s t ,  s u c r o s e - f e r m e n t i n g  S. m u t a n s  
was  f o u n d  to a c c u m u l a t e  38- t imes  as  m u c h  s a c c h a r i n  as  n o n - f e r m e n t i n g  
s t r e p t o c o c c i .  

R e s u l t s  e s s e n t i a l l y  s i m i l a r  to  t h o s e  o b t a i n e d  for  p H  4.5 w e r e  f o u n d  b y  
e x a m i n i n g  t h e  a c c u m u l a t i o n  o f  a c e s u l f a m e ,  c y c l a m a t e ,  a n d  s a c c h a r i n  a t  
p H  7.0 (Fig.  3); in t h e  c o u r s e  o f  t h e s e  a n a l y s e s ,  t w o  c o n c e n t r a t i o n s  o f  t h e  
i n t e n s e  s w e e t e n e r s ,  v a r i e d  b y  a f a c t o r  o f  5, w e r e  t e s t e d ,  e a c h  in  t h e  
p r e s e n c e  a n d  in  t h e  a b s e n c e  o f  f e r m e n t a t i o n .  I t  w a s  o n l y  in  t h e  c a s e  o f  
a c e s u l f a m e  t h a t  a t e n d e n c y  w a s  o b s e r v e d  t o w a r d s  i n v e r s e  r e a c t i o n  at  p H  
7.0 in  c o m p a r i s o n  to  p H  4.5, in  t h a t  s o m e w h a t  l ess  a c e s u l f a m e  w a s  f o u n d  
in t h e  S. m u t a n s  N C T C  10449 f e r m e n t i n g  s u c r o s e  t h a n  in  t h e  n o n - f e r m e n t -  
i ng  b a c t e r i a  (Fig.  3). 

C y c l a m a t e  was  n o t  d e t e c t a b l e  in  o n c e - w a s h e d  S t r e p t o c o c c u s  m u t a n s  
(Fig.  3, top) .  I f  t h e  w a s h i n g  f lu id  w a s  i n c l u d e d ,  t h e n  c y c l a m a t e  c o n c e n t r a -  
t i o n s  w e r e  f o u n d  w h i c h  w e r e  a n a l y t i c a l l y  de f in i t e ,  b u t  w e r e  i n d e p e n d e n t  
of  w h e t h e r  o r  n o t  S. m u t a n s  w a s  f e r m e n t i n g  s u g a r  (Fig.  3, b o t t o m ) .  

Table 3. Influence of fermentat ion inhibitors on saccharin uptake in S. mutans  
NCTC 10449 at pH 4.5. 

Sucrose (20 mmol/1) 

Saccharin substances added 
(mmol/1) (mmol/1) 

% inhibit ion % uptake ~tmol/1 
of fermen- of saccharin saccharin 
tation in 15 rain intracellular  

0.5 79.0 DMSO 7 6.7 973 
0.5 0.05 Nigericin 92 0.022 7.0 

in DMSO 

0.5 0.05 Gramicidin 94 0.033 9.3 
in DMSO 

0.5 0.5 Fluoride 1) >99 <0.4 <0.26 

pH stat exper iment  at pH 4.5; 37 ~ anaerobic preincubat ion for 10 min; afterwards 
saccharin and nigericin or gramicidin added, respectively,  anaerobic incubat ion 
with inhibitors for 15 rain. 
~) Fluoride was used without  DMSO; cells were pre incubated  with fluoride for 
5 min, then sucrose and saccharin were added.  [DMSO = Dimethylsulfoxide]  
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C y c l a m a t e  w a s  n o t  d e g r a d e d  b y  S. m u t a n s  i n to  c y c l o h e x y l a m i n e  a n d  
su l fa te  ( t h i n - l a y e r  c h r o m a t o g r a m s  n o t  shown) .  

In  t h e  c a s e  o f  s a c c h a r i n ,  t h e  r e s u l t s  o b t a i n e d  for  p H  7.0 w e r e  v e r y  s i m i l a r  
to t h o s e  f o u n d  a t  p H  4.5, in t h a t  s u c r o s e  f e r m e n t a t i o n  r a i s e d  s a c c h a r i n  
Up take  at  0.3 mmol/1  b y  a f a c t o r  o f  130, a n d  at  1.5 mmol /1  b y  a f a c t o r  o f  250, 
r e s p e c t i v e l y .  

F u r t h e r  p r o o f  o f  t h e  i n c r e a s e  o f  s a c c h a r i n  u p t a k e  in  t h e  p r e s e n c e  o f  
s u c r o s e  f e r m e n t a t i o n  w a s  f u r n i s h e d  b y  t h e  u s e  o f  f e r m e n t a t i o n  i n h i b i t o r s  
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Fig. 3. Uptake of acesultame, cyclamate, and saccharin into resting ( - )  and glycolyz- 
ing (+) cells of S. mutans NCTC 10449 at pH 7.0. When added,  20 mmol/l sucrose; 
anaerobic at 37~ 18 min; pH stat at pH 7.0. Upper  panel: percent  uptake  of 
sweeteners into once saline-washed cells; lower panel: percent  sweetener  in once 
saline-washed ceils plus the washing fluid (viz. Materials and Methods). 
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Table 4. In f luence  of  length  of  a fe rmenta t ion- f ree  in terva l  on sacchar in  up take  in 
S. mutans  NCTC 10449. 

Fermentation 
(without saccharin) 

Leng th  of  Fe rmenta t ion-  
fe rmenta t ion  free in terval  
(min) before  sacchar in  

added  (rain) 

U p t a k e  of  sacchar in  at ex te rna l  
concen t ra t ion  of  20 ~tmol/1 

pH 7.0 pH 4.5 

% ~mol/1 % ~mol/1 
up take  (intra- up take  (intra- 

cellular) cellular) 

15 ~) 0 3.58 36.6 12.70 130.3 
13 b) 2 0.68 6.9 5.58 57.1 
10 ~) 5 1.48 15.1 0.88 9.0 

7 a) 8 0.43 4.4 0.48 4.9 
0 r 15 0.43 4.4 <0.03 <0.26 

pH stat experiment; anaerobic', 37 ~ 1.5 x I0 ~~ CFU/assay. Length of fermentation 
period was determined by quantity of sucrose added. 
~) 5 mmol/l sucrose 
b) 1 mmol/l sucrose 
") 0.3 mmol/l sucrose 
d) 0.1 mmol/l sucrose 
e) sucrose-free. 

(Table 3). When sucrose fermentation was strongly inhibited by means of 
nigericin or gramicidin, and also by fluoride, the accumulation of saccha- 
rin in S. mutans was stopped. 

Fermenting S. mutans very quickly accumulated saccharin (Fig. 4); after 
pre-incubation for 8 rain with sucrose, the half-time of the intracellular 
saccharin uptake was approximately 0.3 rain. 

Saccharin 
in~rocellulor 
{ mmol/L) 

g-~-g 
.-EE 

OO 

J 

::" ~ . ( ~ )  

Fig. 4, Time elapsed for saccharin uptake in S. mutans NCTC 10449 at pH 4.5 during 
sucrose fermentation (20 retool/l). Addition of saccharin (0.5 retool/l) after 8 min of 
fermentation; 1.2 x 10 I~ CFU/assay. I) intracellular concentration of saccharin 
(retool/l), 2) concentration of saccharin in incubation medium (retool/l). 
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pH 4,5 = t pH 7,0 l 
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Fig. 5. Ef fec t s  of  s u c r o s e  a n d  of' m a l t o s e  i ' e rmen t a t i on  on s a c c h a r i n  u p t a k e  in  S. 
m u t a n s ,  pH star, anae rob ic ;  37 ~ 20 mmol/1  d i s a c c h a r i d e ;  2 x 10 TM C F U / a s s a y ;  S. 
m u t a n s  N C T C  10449. O = w i t h o u t  sugar ;  S = w i th  20 mmol/1  s u c r o s e ;  M = w i t h  20 
mmol/1 ma l tose .  
(+ or - )  = % of  ra te  o f  f e r m e n t a t i o n  w i th  s a c c h a r i n .  
. . . . . .  s a c c h a r i n  c o n c e n t r a t i o n  in  i n c u b a t i o n  m e d i u m .  

When a fermentat ion-free period was established before add ing  saccha- 
rin, it was seen that the length of the fermentat ion-free interval deter- 
mined  the extent  of saccharin up take  (Table 4). In this exper iment ,  an 
interval of approximate ly  2-3 rain was needed for reduct ion  of  the 
intracellular saccharin concent ra t ion  to half  the original level after fer- 
menta t ion was completed.  

A Saccharin 
fermentat ion I fmmol/L in ceils 

(% of control) 
1oo - 

" e ~ Q  j e  �9 = 80" 30- 

60- 
- 20- 

/.0- 

20- 10- 
/ 

�9 / 
0 , i  I I  , i i , i i i w i i ~ 

0 1 5 10 (mmol/L) 
Saccharin in medium 

Fig. 6. D e p e n d e n c e  o f  s a c c h a r i n  u p t a k e  by s u c r o s e - l ' c r m e n t i n g  S. m u t a n s  cells  on  
t he  e x t e r n a l  c o n c e n t r a t i o n  of  s a c c h a r i n  as wel l  as i n d e p e n d e n c e  o f  s a c c h a r i n  
u p t a k e  f ro m  f e r m e n t a t i o n  i n h i b i t i o n  via  s a c c h a r i n  (viz. Ta b l e  5 on  e x p e r i m e n t a l  
condi t ions ) .  O - - O  = f e r m e n t a t i o n ,  x - - x  = c o n c e n t r a t i o n  o f  s a c c h a r i n  in  S. 
m u t a n s .  
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A f u r t h e r  e x p e r i m e n t  s e r v e d  to  t e s t  w h e t h e r  t h e  h i g h l y  s t i m u l a t o r y  
e f f ec t  o f  s u c r o s e  f e r m e n t a t i o n  on  s a c c h a r i n  c o n c e n t r a t i o n  w a s  a s u c r o s e -  
s p e c i f i c  p h e n o m e n o n ,  o r  w h e t h e r  th i s  e f f ec t  c o u l d  a l so  b e  o b s e r v e d  
t o g e t h e r  w i t h  t h e  f e r m e n t a t i o n  o f  o t h e r  s u g a r s ,  s u c h  as  m a l t o s e .  F i g u r e  5 
p r o v e s  tha t ,  b o t h  at  0.3 a n d  3.0 mmol /1  s a c c h a r i n  in  t h e  i n c u b a t i o n  
m e d i u m ,  m a l t o s e  f e r m e n t a t i o n  s e r v e d  to i n c r e a s e  t h e  u p t a k e  o f  s a c c h a r i n  
at  p H  4.5 b y  a f a c t o r  of  28 to  50. A t  p H  7.0, t h e r e  w a s  a d i s c e r n i b l e  e f f ec t  
o n l y  at  3 m m o l / L  of  s a c c h a r i n  in  t he  m e d i u m ;  m a l t o s e  f e r m e n t a t i o n  l e d  to  
a 25-fold i n c r e a s e  in  s a c c h a r i n  u p t a k e  b y  S. m u t a n s  N C T C  10449. U n d e r  
t he  e x p e r i m e n t a l  c o n d i t i o n s ,  c h o s e n  for  th i s  e x p e r i m e n t ,  s u c r o s e  a n d  
m a l t o s e  f e r m e n t a t i o n  w e r e  g r e a t e r  in t h e  p r e s e n c e  o f  0.3 mmol /1  o f  s a c c h a -  
r in  t h a n  in  t h e  s a c c h a r i n - f r e e  con t ro l ,  i n d i c a t e d  in p a r e n t h e s e s  (Fig.  5). 

S a c c h a r i n  u p t a k e  w a s  t e s t e d  p r i m a r i l y  u s i n g  i n t e n s e  s w e e t e n e r  c o n c e n -  
t r a t i o n s  w h i c h  h a d  no  i n h i b i t o r y  e f fec t  on  t h e  f e r m e n t a t i o n  o f  s u g a r s ,  in  
c o n s i s t e n c e  w i t h  ea r l i e r  d a t a  (15, 16). T h e  q u e s t i o n  o f  w h a t  d e p e n d e n c e  
m i g h t  e x i s t  b e t w e e n  s a c c h a r i n  u p t a k e  a n d  t h e  c o n c e n t r a t i o n  o f  s a c c h a r i n  
in t h e  m e d i u m  w a s  t h e r e f o r e  c l o s e l y  a l l i ed  w i t h  t h e  q u e s t i o n  o f  w h e t h e r  
i n h i b i t i n g  f e r m e n t a t i o n  to a s u b - m a x i m a l  d e g r e e  c o u l d  a l so  h a v e  a n  in f lu -  
e n c e  on  s a c c h a r i n  u p t a k e  s t i m u l a t e d  b y  f e r m e n t a t i o n .  

F i g u r e  6 s h o w s  t h a t  s a c c h a r i n  c o n c e n t r a t i o n s  in  b a c t e r i a l  ce l l s  r o s e  in  
p r o p o r t i o n  wi th ,  b u t  n o t  l i n e a r  to,  t he  s a c c h a r i n  c o n c e n t r a t i o n  in  t h e  
i n c u b a t i o n  m e d i u m  in  t h e  r a n g e  b e t w e e n  0.7 a n d  8.9 mmoYl .  T h e  n u m e r i -  
cal  v a l u e s  o f  t h e s e  m e a s u r e m e n t s  a r e  f o u n d  in T a b l e  5. F u r t h e r m o r e ,  
i n h i b i t i o n  o f  f e r m e n t a t i o n  b y  80 % w a s  n o t  s e e n  to  i m p a i r  t h e  c o n c e n t r a -  
t i o n - d e p e n d e n t  r i s e  in  s a c c h a r i n  u p t a k e  d u r i n g  s u c r o s e  f e r m e n t a t i o n  
(Fig.  6). 

T h e  p H - d e p e n d e n c e  of  s a c c h a r i n  a c c u m u l a t i o n  in  S. m u t a n s  w a s  
e x a m i n e d  f i r s t  in  t h e  a b s e n c e  o f  f e r m e n t a t i o n  a t  a l e v e l  o f  20 ~mol/1 o f  
s a c c h a r i n  in  t h e  i n c u b a t i o n  m e d i u m .  A c l e a r  p H - d e p e n d e n c e  w a s  n o t  
d i s c e r n i b l e  ( d e t a i l e d  d a t a  n o t  shown) ;  f r o m  p H  5.5 to  p H  4.0; h o w e v e r ,  t h e  
c o n c e n t r a t i o n  o f  s a c c h a r i n  in  t h e  w a s h i n g  f lu id  r o s e  to  m o r e  t h a n  d o u b l e  
t h e  o r i g i n a l  leve l ,  i n d i c a t i n g  t h a t  s a c c h a r i n  w a s  m o r e  e a s i l y  w a s h e d  o u t  o f  
n o n - f e r m e n t i n g  ce l l s  a t  an  a c i d i c  p H  t h a n  at  n e u t r a l i t y .  

Table 5. Dependence of saccharin uptake upon its concentrat ion at pH 4.5 in S. 
mutans (viz. also Fig. 6). 

Saccharin Saccharin intracellular  Factor  of Inhibi t ion of 
in medium accumulat ion fermentat ion 
(mmol/1) (nmol/101~ CFU) (mmol/1) internal/external (%) 

0 0 0 - reference 
0.27 45 1.7 6.6 + 3 
0.53 85 3.3 6.1 - 5 
1.30 178 6.9 5.3 -28  
3.60 397 15.3 4.3 -44  
8.88 757 29.1 3.3 -80  

S. mutans NCTC 10449; 1 x 101~ CFU/assay; 20 mmol/1 sucrose; pH 4.5; 37 ~ anaero- 
bic; pH star experiment.  After fermenting with sucrose for 8rain, saccharin was 
added at the final concentration shown and incubat ion then cont inued for 15 rain. 
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Fig. 7. pH-dependence of saccharin uptake during sugar fermentat ion (20 mmol/1 
sucrose) and 0.5 mmol/1 saccharin in incubat ion medium. Cells were pre- incubated 
anaerobically for 8 rain, saccharin was then added  and cells were incubated  for 
another 18 min. S. mutans NCTC 10449; 1 x 101~ CFU/assay; 37 ~ anaerobic; pH star 
experiments.  

1) intracellular saccharin concentrat ion (mmol/1); 
2) fermentat ion rate (vl) in pre-phase (nmol H| 
3) fermentat ion rate (vl) during saccharin uptake (nmol Hr 

T h e  p H - d e p e n d e n c e  o f  s a c c h a r i n  u p t a k e  d u r i n g  s u g a r  f e r m e n t a t i o n  w a s  
t e s t e d  b e t w e e n  p H  6.0 a n d  p H  3.48 at  a n  e x t e r n a l  s a c c h a r i n  c o n c e n t r a t i o n  
o f  0.5 mmol/1 (Fig.  7). B e t w e e n  p H  6.0 a n d  4.0, t h e  u p t a k e  o f  s a c c h a r i n  
i n c r e a s e d  f ive fo ld ,  a n d  fel l  s h a r p l y  at  m o r e  a c i d i c  p H  v a l u e s ,  a t  w h i c h  
p o i n t  no  m o r e  f e r m e n t a t i o n  o c c u r r e d .  

I t  b e c a m e  e s p e c i a l l y  a p p a r e n t  in  th i s  e x p e r i m e n t  (Fig.  7) t h a t  a r i s e  in  t h e  
r a t e  of  f e r m e n t a t i o n  o c c u r r e d  at  l o w  c o n c e n t r a t i o n s  o f  s a c c h a r i n  (0.5 
re tool / l )  w h e n  a p H  v a l u e  n e a r  n e u t r a l i t y  w a s  a p p r o a c h e d ;  a s i m i l a r  e f f ec t  
w a s  a l r e a d y  i n d i c a t e d  in  F ig .  5 a t  0.3 mmol/1  o f  s a c c h a r i n .  

D u r i n g  s u c r o s e  f e r m e n t a t i o n ,  s a c c h a r i n  u p t a k e  b y  S. m u t a n s  o c c u r r e d  
in  p r o p o r t i o n  wi th ,  b u t  n o t  l i n e a r  to,  t h e  c o n c e n t r a t i o n  o f  ce l l s  (Tab l e  6); 

Table 6. Accumulat ion of saccharin at various concentrat ions of s treptococcal  cells. 

CFU/assay 
(x 108) 

Saccharin intracel lular  

nmol/CFU in assay (retool/l) 

pH 7.0 pH 4.5 pH 7.0 pH 4.5 

9 3.4 16 1.45 6.85 
110 50 187 1.75 6.54 
350 139 804 1.53 8.85 

S. mutans NCTC 10449; 20 mmol/1 sucrose; 37 ~ anaerobic; pH-stat  experiments .  
Saccharin (5mmol/1) was added alter preincubat ing for 5min;  incubat ion with 
saccharin lasted 10 min. 
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Table 7. Influence of acetate and lactate in incubat ion medium on saccharin uptake 
in S. mutans NCTC 10449 at pH 4.5. 

Fermentat ion Uptake Saccharin Decrease Inhibi- 
of intra- in tion of 

Sucrose Saccharin Acids saccharin cellular saccharin fermen- 
uptake tation 

(mmol/1) (mmoYl) (mmol/1) (nmol/1) (mmol/1) (%) (%) 

20 1.0 - 108 4.2 reference - 9 
20 1.0 2.0 acetate 94 3.6 -14  -13  
20 1.0 10.0 L-lactate 65 2.5 -40  -32  

S. mutans NCTC 10449; 1 x l0 ~~ CFU/assay; 37 ~ 15 rain; anaerobic; pH star experi-  
ment  at pH 4.5. 

t a k i n g  t h e  u p t a k e  d a t a  as  a b a s i s  for  c a l c u l a t i n g  t h e  i n t r a c e l l u l a r  c o n c e n -  
t r a t i o n  o f  s a c c h a r i n  as  mmoYl ,  t h e  a v e r a g e  c o n c e n t r a t i o n  w a s  a p p r o x i -  
m a t e l y  1.6 at  p H  7.0, a n d  7.4 mmol /1  o f  s a c c h a r i n  a t  p H  4.5, w h i l e  ce l l  
d e n s i t y  v a r i e d  a l m o s t  40-fold.  T h u s ,  s a c c h a r i n  a c c u m u l a t i o n  w a s  s h o w n  to 
be  e s s e n t i a l l y  i n d e p e n d e n t  o f  ce l l  c o n c e n t r a t i o n  in  t h i s  e x p e r i m e n t .  

S a c c h a r i n  u p t a k e  in  g l y c o l y z i n g  s t r e p t o c o c c i  w a s  a l so  e x a m i n e d  a d d i n g  
l a c t a t e  o r  a c e t a t e  to t h e  i n c u b a t i o n  m e d i u m  a t  a p H  of  4.5 ( T a b l e  7). A c e t a t e  
(2.0 mmol/1)  r e d u c e d  s u c r o s e  f e r m e n t a t i o n  a n d  s a c c h a r i n  u p t a k e  b y  13 % 
a n d  14%,  r e s p e c t i v e l y .  L - l a c t a t e  (10 re tool / l )  i n h i b i t e d  f e r m e n t a t i o n  b y  
32 % a n d  i n h i b i t e d  s a c c h a r i n  u p t a k e  b y  40 %. 

Discussion 

T h e  c o n c e n t r a t i o n s  o f  i n t e n s e  s w e e t e n e r s  a n a l y z e d  in  S. m u t a n s  p e r m i t -  
t e d  a f i r s t  d i f f e r e n t i a t i o n  to  b e  m a d e  b e t w e e n  t h e  t h r e e  s w e e t e n e r s  a c e s u l -  
f ame ,  c y c l a m a t e ,  a n d  s a c c h a r i n .  S a c c h a r i n  w a s  a c c u m u l a t e d  b y  S. m u t a n s  
i n t r a c e l l u l a r l y  to a c o n c e n t r a t i o n  far  g r e a t e r  t h a n  t h a t  o f  t h e  m e d i u m  
w h e n e v e r  s u g a r  w a s  b e i n g  f e r m e n t e d  s i m u l t a n e o u s l y .  Th i s  f e r m e n t a t i o n -  
d e p e n d e n t  s a c c h a r i n  a c c u m u l a t i o n  in  S. m u t a n s  c o u l d  w e l l  b e  i n d e p e n d -  
e n t  o f  t h e  c h e m i c a l  n a t u r e  o f  e a s i l y  f e r m e n t a b l e  c a r b o h y d r a t e s ,  as  m a l t o s e  
f e r m e n t a t i o n  f a c i l i t a t e d  t h e  a c c u m u l a t i o n  o f  s a c c h a r i n  v e r y  s i m i l a r  to  t h a t  
o b s e r v e d  d u r i n g  s u c r o s e  f e r m e n t a t i o n  (Fig.  5). D u e  to  t h e  r e l a t i v e l y  l o w  
leve l  o f  a c t i v a t i o n  e n e r g y  o b s e r v e d  (Tab le  1), t he  u p t a k e  p r o c e s s  for  
s a c c h a r i n  in to  s t r e p t o c o c c i  r u l e s  o u t  t h e  i n v o l v e m e n t  o f  e n z y m a t i c a l l y  
c a t a l y z e d  r e a c t i o n s  here .  

T h e  u p t a k e  o f  s a c c h a r i n  in to  b a c t e r i a l  ce l l s  w a s  d e f i n i t e l y  i n f l u e n c e d  b y  
t h e  s i m u l t a n e o u s  o c c u r e n c e  o f  s u g a r  f e r m e n t a t i o n  (Fig.  3, T a b l e s  2 a n d  4); 
on  t h e  o t h e r  h a n d ,  e x p e r i m e n t a l l y  a d d e d  l a c t a t e  o r  a c e t a t e  l e d  to  a n  
i n h i b i t i o n  o f  f e r m e n t a t i o n  a n d  to  a l o w e r  s a c c h a r i n  a c c u m u l a t i o n  ( T a b l e  
7). T h e s e  f i n d i n g s  m a k e  an  a n t i p o r t - m e c h a n i s m  of  t h e  m o d e l  s a c c h a r i n  --~ 
in,  w h i l e  l a c t a t e  -* o u t  a p p e a r  p r o b a b l e  for  s a c c h a r i n  a c c u m u l a t i o n  in  S. 
m u t a n s .  S u c h  a n  a n t i p o r t  m e c h a n i s m  for  t h e  u p t a k e  o f  s a c c h a r i n  in to  
s t r e p t o c o c c i  w a s  n o t  e v e n  a f f e c t e d  b y  an  i n h i b i t i o n  o f  s u c r o s e  f e r m e n t a -  
t i on  u p  to  80 %, s i n c e  a s t o i c h i o m e t r i c  a n a l y s i s  o f  t oo l  o f  l a c t a t e  f o r m e d  p e r  
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tool of saccharin taken up by s treptococci  showed  inhibit ion of  fermenta-  
tion of 80 % to be still compat ib le  with an ant iport  mechanism.  

The parti t ion equi l ibr ium in an organic/aqueous phase sys tem (Fig. 1) 
was governed  by the dissociation constants  (10) of acesulfame and cycla- 
mate, but  not  of saccharin, which  displayed a more  lipophilic character  
than would  be inferred from the existence of the undissocia ted  sacchar in  
molecules;  pka values of  acesulfame (0.76), cyc lamate  (1.7), and saccharin 
(1.5) yield undissocia ted  sweetener  molecules  at pH 7.0 of 6 x 10-4% 
aeesulfame, 5.4 x 10 .3 % cyclamate,  and 3.5 x 10 -a % saccharin,  and make  it 
highly unlikely that the uptake  of  intense sweeteners  at neutral  pH con- 
cerns the undissocia ted  species. At pH 4.0, which  is f requent ly  reached in 
glyeolyzing S. mutans,  less than �88 of  a percent  of acesulfame, and less 
than 1% of cyclamate  and saccharin exist in their undissocia ted  forms. 
The severalfold increased uptake  of saccharin at pH 4.5, compared  to pH 
7.0 (Table 4), may  reflect a contr ibut ion to its uptake  from its dissociat ion 
behavior, but  would have to be > 100-fold s t ronger  at pH 4.5 than at 
neutral  pH if the uptake  were dependen t  on the dissociat ion propert ies  of  
saccharin.  Thus, saccharin and related intense sweeteners  exhibi ted a 
distr ibution behavior  between resting S. mutans  ceils and the incubat ion  
m e d i u m  which  was essentially diffusion-controlled (Fig. 3) in the absence  
of  sugar  fermentation.  

However ,  saccharin behaved quite differently when  its dis t r ibut ion was 
de termined  be tween glycolyzing S. mutans  cells and incubat ion m e d i u m  
(see above). It did not  mat ter  whe ther  the external  concent ra t ion  of 
saccharin was chosen at inhibi tory (e.g., Figs. 3, 5; Tables 5, 6) or at non- 
inhibi tory concentra t ions  (e.g., Figs. 4-6; Tables 2, 4, 5); as long as the 
inhibit ion was incomplete  (Fig. 6), the dependence  of the up take  process  
on glycolysis  was clearly seen. At nearly 100 % inhibit ion (Table 3), how- 
ever, the uptake  of saccharin was negligible and similar to that  of rest ing 
cells. The dependence  on glycolysis (Table 4) was t ime-dependent  in that  
an interval of as little as a few minutes  be tween the end of acid p roduc t ion  
and the uptake  exper iment  sufficed to eliminate the effect of  glycolysis. 

It is to be conc luded  from the activation energies in the up take  of 
saccharin (about 4 kcal/mol) and of  glycolysis in the absence  or presence  of 
saccharin,  both at neutral  and acidic pH of 17-22 kcal/mol (Table 1) that  no 
cellular energy such as ATP or phosphoeno lpyruva te  is spent  for the 
uptake  of saccharin; rather, facilitated diffusion should be held respons-  
ible for concentra t ing saccharin 30 to 40-fold within S. mu tans  cells. As the 
driving force, an antiport  of saccharin e vs  lactate e is derived f rom the data 
of Table 7: saccharin can be enr iched within ceils as long as lactate and 
perhaps  other  acidic fermentat ion products  are discharged into the incu- 
bation medium.  Intraeellular concentra t ions  of saccharin ranged from 
about  6 attomol*)/cell to 75 amol/cell at pH 4.5 (Fig. 3), depend ing  on the 
external concentra t ion of saccharin;  about  3-4 amol/cell of saccharin was 
found at pH 7.0. 

In the studies reported above, saccharin had to be differentiated from 
acesulfame and cyclamate  in regard to its part i t ion be tween  organic/ 
aqueous  phases and its distr ibution between cells/medium. When ineubat-  

1) attomol = 1 0  -18 mol 
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i ng  S. m u t a n s  wi th  a c e s u l f a m e  a n d  cyc l ama te ,  it  is to be  e x p e c t e d  t ha t  the  
c o n c e n t r a t i o n s  of i n t e n s e  s w e e t e n e r  g iven  in  i n c u b a t i o n  m e d i u m  are 
a b o u t  the  s a m e  as t hose  in  the  c y t o p l a s m a  of  bac t e r i a l  cells.  I n  con t ra s t ,  
s u b s t a n t i a l l y  h i g h e r  i n t r a c e l l u l a r  c o n c e n t r a t i o n s  are to be  e x p e c t e d  w i t h  
s a c c h a r i n  t h a n  those  g i v e n  for i n c u b a t i o n  m e d i a  or a ca r ios t a t i c  t r e a t m e n t  
(14). By  the  a n t i p o r t - d r i v e n  e n t r y  of the  s a c c h a r i n  a n i o n  in to  ba c t e r i a l  
cells,  the  i n t r a c e l l u l a r  a c c u m u l a t i o n  r e su l t s  in  a d i s a p p e a r a n c e ,  or  p e r h a p s  
e v e n  a r eve r sa l  of, t he  d i f f e r ence  in  the  m o l a r  i n h i b i t o r y  p o t e n c i e s  
b e t w e e n  a c e s u l f a m e  a n d  s a c c h a r i n  (15); a c e s u l f a m e  was  f o u n d  to be  a b o u t  
s ix t i m e s  less p o t e n t  t h a n  s a c c h a r i n  in  i n h i b i t i n g  g lycolys i s ,  c a l c u l a t e d  on  
the  bas i s  of  e x t e r n a l  ( m e d i u m )  c o n c e n t r a t i o n s .  W h e n  the  da t a  of th i s  p a p e r  
we re  t a k e n  toge ther ,  i n h i b i t i o n  of  ac id  f o r m a t i o n  m i g h t  wel l  o c c u r  at a 
s m a l l e r  i n t r a c e l l u l a r  c o n c e n t r a t i o n  of a c e s u l f a m e  t h a n  t ha t  of  s accha r in .  
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