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Studies on the sugar carrier in skeletal muscle 

Tlte opera t ion  of the  insu l in-dependent  sugar  carr ier  in skeletal  nmscle does 
not  depend  on any  direct  coupling with energy-producing  mechanisms 1, nor does it 
require  the  presence of a Na + grad ien t  as is the  case with the insul in- independent  
sugar  t r anspor t  sys tem in the  in tes t ine  2. I t  is possible, however,  t ha t  the d is t r ibut ion  
of Na +, K 4 and also Ca z+ m a y  in some way  regulate  the effectiveness of the sugar  
t ranst)or t  sys tem in skeletal  muscle 3 s At  present  it is not  known whether  the basis  
of such an effect would be in the locat ion of the  cat ions at  specific, funct ional ly  cri t ical  
sites in the membrane ,  or whether  thei r  t r an sme mbra ne  movements  m a y  in some 
way influence the sugar  t r anspor t  process. We have found tha t  an electrolyte-deficient  
ex t race l lu lar  env i ronment  promotes  an increase in the up take  of the nonmetabol izab le  
sugar  der iva t ive  3-O-methyl-D-glucose by  ra t  hemidiaphragnls .  I n t ac t  henfidia-  
phragms  were ob ta ined  from young hooded rats  6. Both halves of each pair  were pre- 
incuba ted  for 2o rain at  3 7  in KREBS HENSELEIT v solution. Subsequent ly  one half, 
the  control,  was incuba ted  for a fur ther  3o rain in Krebs  Henselei t  solution to which 
had  been added  the approt)r ia te  addi t ives  as indica ted  later.  The other  half, the test,  
was incuba ted  for 3 ° rain in a solution which was s imilar  in composi t ion to the  
Krebs -Hense l e i t  solut ion,  except  for the isosmolar  rep lacement  of a certain fraction 
of the  sodium chloride with a nonionic, nonpene t r a t ing  substance  such as the hexitol  
D-mannitol .  The incubat ion  mixtures  used for the test  and  for the  control  conta ined 
5 mM 3-O-methyl-D-glucose,  o.z 5 mun i t s /ml  insulin, as well as t racer  quant i t ies  of 
~aK;.13-O-nmthyl-l)-glucose and i aH]manni to l ,  the  la t te r  for the de te rmina t ion  of 
effective ext race l lu lar  spaces s. Where  required,  ~Ca  was added  ins tead  of 3-O-methyl-  
D-glucose. Up take  of isotopes by  the tissue was de te rmined  by s t a n d a r d  double-  
label ing l iquid scint i l la t ion techniques and was eva lua ted  as the "percen tage  pene- 
t ra t ion  ''~. However ,  colnparison of the  test  with the control  was made  as Pt/Pe and 
was appra i sed  s ta t i s t i ca l ly  by  a two- ta i led  " / " - t e s t  ~, t ak ing  into account  possible 
values larger or smal ler  than un i ty  for Pt/Po. This manner  of comparison was neces- 
s i t a ted  by the var ia t ion of 1)e from one ra t  to another ,  p robab ly  because of seasonal,  
env i ronmenta l  and genetic factors.  Wheneve r  Pe was high, and close to the max imum 
value a t t a inab le  under  these exper imenta l  condi t ions ~, then Pt /Pe  was close to uni ty .  

Fig. i shows tha t  progressive isosmolar  rep lacement  of NaC1 with n-manni to l  
caused an increase in the up take  of 3-O-methylglucose and  at  the same time, also, 
of ~aCa. The ra t io  Pt/Pe reached a m a x i m u m  on replacelnent  of about  65 mM NaC1 
with manni to l  but  even tua l ly  decreased again and approached  un i ty  at  very  low 
Na  + levels, at  which all the NaC1 and also some NaHCO a had  been omit ted .  There  
was no significant enhancement  of sugar up take  on replacelnent  of 5 o mequiv  ('1 
with HCO a- or of 5 ° lnequiv Na + with Tris or choline. In  fact, in the  case of choline, 
such a rep lacement  led to an inhibi t ion (Fig. 2). I t  is known tha t  Tris may  affect 
some cellular processes "~, but  whether  i t  would affect the  opera t ion  of the membrane-  
located t r anspor t  processes is uncer ta in .  Absence of insulin caused low values for 
percent  pene t ra t ion  but  did not  have  much effect on the value of Pt/Pe. Replacement  
of 5 ° mM NaC1 with IOO lnM D-mannitol  did  not  counterac t  the inh ib i to ry  effect of 
phlorizin,  and  fully compet i t ive  inhibi t ion to the  ex ten t  of 8o % of the augmented  
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uptake was still observed. Passive permeability was not noticeably increased, for 
saturation kinetics were maintained, as was the rigorous stereochemical selectivity of 
the carrier as is seen in the discrimination between D- and L-arabinose, witll a distinct 
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Fig. 2. Effect of NaC1 replacement  on the uptake  of 3-0-methyl-D-glucose by  ra t  hemidiaphragms.  
5o mM NaC1 were replaced wi th  ionic and nonionic substances as indicated. Values given are 
means ± S.E., for at  least six animals per group. 
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Fig. 3. L ineweaver -Burk  plot for the uptake of 
3-O-methyl-D-glucose by  ra t  hemidiaphragms.  
At least six animals per point,  which gives mean 
± S.E. 
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preference for the  la t ter .  The re la t ive  up take ,  L : I) isomer was 8. 5 : i and  for L-arabinose 
Pt/P,. = 1.29, P%o_oI .  Rep lacement  of 5 ° mM NaC1 with IOO mM manni to l  led to 
a change in the  appa ren t  m a x i n m m  veloci ty  of the  t r anspor t  process wi thout  any  
a l te ra t ion  in the  appa ren t  affinity of the  carrier  for 3-0-methyl ->-glucose  (Fig. 3). 
The increased value for the  appa ren t  Vmax m a y  reflect an increase in the carrier  
mobi l i ty  and is reminiscent  of s imilar  changes produced  by  l imited proteolysis  u, or 
by  insulin alone 12, in the  up t ake  of sugar  by  skeletal  muscle. Mechanist ical ly,  an 
increased carr ier  inobi l i ty  m a y  be due to a par t ia l  reor ienta t ion of the s tereochemical  
configurat ion in the  v ic in i ty  of tile carr ier  and  could be a response to the  redis t r ibut ion  
of fixed cEarges in the cell membrane .  I t  is bel ieved tha t  rep lacement  of e lect rolyte  
by  a nonionic subs tance  could apprec iab ly  a l ter  the d is t r ibut ion  of fixed charges in 
the  e ry th rocy te  membrane  ma. It  has recent ly  been es tabl ished tha t  a change in the 
env i ronmenta l  ionic s t rength  does have  a considerable effect on the or ienta t ion  of 
specific s t ruc tu ra l  regions in the  membranes  of e ry th rocy tes  and mi tochondr ia  l:t, bu t  
s imilar  d a t a  for the  lnembranes  of skeletal  muscle cells are not  vet avai lable.  Our 
present  d a t a  do not  unequiw)cal ly  l ink tile increase in 3-0-methylg lucose  up take  to 
ti le decreased ava i l ab i l i ty  of Na  + as such, as is suggested to be the  case with adipo-  
cvtes  9. However ,  our da t a  also do not  exclude the poss ib i l i ty  tha t  the  deplet ion of 
unie lect roposi t ive  inns (Na ~) from the m e m b r a n e  m a y  indeed be a cont r ibu t ing  factor  
in the mani fes ta t ion  of the l~henomenon descr ibed here. lror when Tris or choline 
are used to replace Na~, there  is no increase in sugar  up take  as is the case with 
D-mannitol  as Na + replacement .  The increased influx of 45Ca seen here resembles tha t  
observed under  s imilar  c i rcumstances  with cardiac muscle la and  with nerve 1", in which 
the a l tered Ca 2 ~ movemen t  is bel ieved to be due to at c] lange in the charac te r  of the  
( 'a  ~ carrier.  Whi le  we have es tabl ished tha t  the  al tered Ca ~+ flux accompanies  the  
increased up take  of 3-0-methyl - I>glucose  under  our exper imenta l  condit ions,  the  
exact  role of in t racel lu lar  and  m e m b r a n e - b o u n d  Ca 2+ in the sugar  t r anspor t  inecha- 
nism has still to be de te rmined .  
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