
EXPERIENTIA 25/4 Speeialia 363 

Action of Sugars  on Methionine Transfer  in Ehrl ich Asci tes  Carc inoma Cells 

The en t rance  of nu t r i en t s  in to  the  cell should be con- 
s ide red  the  init ial  s tep  of the i r  fu r ther  t r ans fo rma t ion .  
In  some condit ions,  t r a n s p o r t  process m a y  be the  ra te-  
l imi t ing  factor  of metabol ic  reactions,  t hus  control l ing 
and regula t ing them.  The avai labi l i ty  of energy can l imi t  
ca r r ie r -media ted  ac t ive  t r anspo r t  1, and  the  metabo l ic  
effect  of several  ho rmones  consists  as well in nu t r i en t -  
t ransfer  regulat ion th rough  membranes~.  These consid-  
e ra t ions  led us to  inves t iga te  the  regula t ing effect  of 
some sugars on amino  acid t r anspor t .  

Various sugars  m a y  ac t  d i f ferent ly  on amino  acid 
t r ans fe r  in divers  t issue preparat ionsS-5;  moreover ,  there  
are m a n y  con t rad ic to ry  f indings in this  field ~,~. There-  
fore, we unde r took  our exper iments  on a more  s imple  
model,  viz. Ehr l i ch  ascites carc inoma ceils, using meth io-  
nine, which,  according  to OXE~D~R and  CHRISTI~NSEN 6, 
shares several  carr ier  sys tems  wi th  o the r  amino  acids 
in its t r anspor t .  We a t t e m p t e d  to s tudy  m a n y  aspec ts  of 
a s imple sys tem,  repor t ing  in the  p resen t  paper  our  f irst  
results.  

The m e thod  used was essential ly as descr ibed by  
JOHNSTONE v. Ehr l i ch  ascites carc inoma cells were incu- 
ba t ed  in Krebs -Ringer  phospha te -buf fe r  (pH ~ 7.4), wi th  
L-75Se-selenomethionine-labelled L~methionine. The ex- 
pe r imen ta l  d a t a  are given in the  Figures  1 and  2. We  
followed the  dynamics  of t ransfer  in to  the  cells dur ing  
the  f irs t  7 rain of incubat ion,  opposi te  to similar  experi-  
m e n t s  which showed the  effect  of sugars in s t eady  state,  
a f ter  30-60 min  incubat ion.  The d i s t r ibu t ion  ra t io  was 
calculated,  the  intercel lular  space being 20 ~= 2%. The 
results  shown are the  averages  of t r ip l icate  de te rmina t ions .  

Sugars,  when  intracellular,  s t imula ted  the  act ive 
t r a n s p o r t  of me th ion ine  by  abou t  50%, as shown in 
Figure 1. Contrari ly,  the  same sugars, if p resen t  in the  
m e d i u m  (in 30 m M  concentra t ion) ,  cause only a ve ry  
sl ight  inhibi t ion on meth ion ine  t rans fe r  (in average  
12 ~- 4%). 

The exchange  diffusion of L-7~Se-selenomethionine a t  
15 ~ - the  cells being pre loaded wi th  10 m M  unlabel led 
L-methionine -- is no t  inf luenced as well by  the  presence  
in t he  med ium (in 30 m M  concentra t ion) ,  ne i the r  of 
glucose, nor  of galactose (5 zL 2% inhib i t ion  in average).  

There  was no s ignif icant  difference ( •  4%), be tween  
the  to t a l  wa te r  con ten t  - measured  by  dry ing  to  c o n s t a n t  
weight  a t  110 ~ ~ of cells pre loaded or no t  wi th  sugars.  

D-galactose and  D-xylose, if p resen t  in the  medium,  
did no t  al ter  t he  t ransfer  of me th ion ine  a t  60 rain t ime  
intervals ,  opposi te  to  D-glucose and D-mannose,  which  
showed an increasing effect  (Figure 2). 

The mechan i sm of the  s t imula t ing  effect  on amino  
acid t ransfer  of sugars,  if p resen t  in the  cell, r emains  tO 
be de te rmined .  

The ineffect iveness  of sugars, if p resen t  in the  med ium,  
on meth ion ine  influx and exchange diffusion, is cons i s ten t  
wi th  t he  evidenceS, t h a t  act ive t r a n s p o r t  of amino  acids 
and sugars is med ia t ed  by  separa te  carr ier  mechanisms ,  
thus  excluding a car r ie r -media ted  exchange  diffusion, 
be tween  amino  acids and sugars. 

MUNCK 9 emphas ized  in in tes t inal  p repa ra t ions  the  
inf luence of w a t e r  shif t  on amino acid t ransfer ,  caused 
b y  sugars, especial ly glucose. In  our exper iments ,  s u g a r s  
did no t  increase the  wa te r  con ten t  of ceils, in ag reemen t  
w i th  the  f indings of SAUNt)ERS et  al. s. In  th is  way,  the  
s t imula t ing  effect  on meth ion ine  influx of sugars inside 
the  Cell, c anno t  be expla ined by  the  increase in wa te r  
space. 

Hexoses  m a y  increase amino  acid t r ans fe r  by  energy  
der ived f rom the i r  metabol i sm.  Thus,  the  increasing 

effect  of glucose and  mannose ,  if p r e sen t  extracel lulary,  
on meth ion ine  t rans fe r  a t  60 rain t ime  in tervals  (Figure 2), 
m a y  be due to the i r  metabol ic  action.  In  s imilar  condi-  
t ions, non-metabo l i zed  sugars  such as xylose and  galac- 
rose show no effect.  Therefore ,  t he  s t imula t ing  effect  of 
xylose and galactose,  if p r e s en t  intracel lularly,  canno t  be 
expla ined by  the i r  metabol ic  effect.  

In  a specula t ive  manner ,  an allosteric effect  of sugars 
on the  amino  acid carrier  m a y  be supposed,  causing pos- 
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Fig. 1. Effect of sugars, intracellulary, on methionine influx into 
Ehrlieh aseites carcinoma cells. Preloading with sugar in 30 mM 
concentration at 37 ~ 60 rain. L-methionine concentration, 2 mM. 
I.-~SSe-selenolnethionine activity, 2 ~xc. 37~ • no sugar, [] D- 
glucose, II D-fructose, ~ D-mannose, �9 D-galactose, �9 D-xylose, 
& D-glucosamine, HC1. 
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Fig. 2. Longer time intervals effect of sugars present in the medium 
on methionine influx into Ehrlieh ascites carcinoma cells. Sugar 
concentration, 30 mM. L-inethionine concentration, 2 raM. L-~Se - 
selenomethionine activity, 2 [xc. 37~ • no sugar, [] D-glucose, 

D-mannose, �9 D-galactose, �9 D-xylose. 
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s ib ly  i t s  d i ssoc ia t ion  f rom me th ion ine ,  a t  t he  inne r  surface  
of m e m b r a n e ,  in  a g r e e m e n t  w i t h  ALVARADO'S hypo-  
thes is  x~ I t  can  also be  a s s um ed  t h a t  sugars  ac t  on  t he  
coupl ing  b e t w e e n  ene rgy  supp ly ing  m e c h a n i s m s  a n d  
t r a n s p o r t ,  p r o b a b l y  r egu la t i ng  it. The  a p p r o a c h  of t h i s  
aspec t  of t h e  p rob lem,  conce rn ing  h o r m o n a l  ac t ion  u p o n  
th i s  process, is ob j ec t  to  f u r t h e r  inves t iga t ion .  

Zusammen/assung. Bei m i t  Zucker  au fge ladenen  E h r -  
l i ch-Asc i tes -Tumorze l len  s te iger t  s ich das  E i n d r i n g e n  des 
Me th ion ins  in  die Zelle. W e n n  sich d iese lben Zucker  i m  
ext raze l lu l i t ren  R a u m  bef inden ,  b l e ib t  dieser  E f fek t  aus.  

Die m6gl i chen  U r s a c h e n  dieses Ef fek tes  werden  be- 
sprochen .  

I. HiRSCHFELD a n d  MARIA FAGARASAN 

Institute o/Medicine and Pharmacy, 
Chair of Biochemistry, 
Tr (Rumania), 18 July  1968. 
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1 - 1 4 C - A c e t y l - C o e n z y m e  A a s  S t e r o i d  P r e c u r s o r  i n  t h e  M o n k e y  A d r e n a l  i n  v i t r o  

laC-Act iv i ty  f rom sod ium 1-1*C-acetate has  been  s h o w n  
to  be  i n c o r p o r a t e d  in to  s te ro ids  b y  va r ious  endoc r ine  
t i ssues  1. The  p r e sen t  p a p e r  r epo r t s  t he  i so la t ion  of 3H/14C 
double  labe l led  p regneno lone  (3f l -hydroxy-pregn-5-ene-  
20-one), D H E A  (d ehyd r o - ep i and r os t e r one  = 3 f l -hydroxy-  
andros t -5-ene-17-one)  a n d  p roges t e rone  (pregn-4-ene-  
3, 20-dione) a f t e r  in  v i t ro  i n c u b a t i o n  of m o n k e y  ad rena l  
slices w i t h  1A4C-acetyl-Coenzyme A and  3H-pregnenolone.  
E v i d e n c e  is p r e sen t ed  of d i f fe ren t  p a t h w a y s  for t he  bio-  
syn thes i s  of p regneno lone  a n d  D H E A .  

Methods. F r e s h  ad r ena l  slices (0.5 g; 0.5 m m  th ickness )  
f rom a Rhesus  m o n k e y  were i n c u b a t e d  2 in 4 ml  of Krebs -  
R i n g e r  a p h o s p h a t e  buf fe r  (pH 7.4) and  2 ml  of h e p a r i n -  
ized b lood p l a s m a  f rom the  s ame  monkey .  The  fol lowing 
subs t ances  were a d d e d :  50 ~C of 1-14C-acetyl-CoA 
(1.07 ~ M ;  111 • 106 d p m ;  p u r c h a s e d  f rom Trace r l ab  Inc. ,  
W a l t h a m ,  Mass., U S A ) ;  1.5 ~C of 7,r  
(0.0001 v M ;  3 .3 •  d p m ;  New E n g l a n d  Nuclear ,  
Bos ton ,  Mass.) ; 0.2 ml  of p ropy l ene  glycol;  8 m g  glucose 
e n d  50,000 I U  p o t a s s i u m  penic i l l in  G. Af ter  6 h t h e  t i s sue  
was homogen ized  in a v i r t i s  homogenizer .  Free  s te ro ids  
were  e x t r a c t e d  w i t h  e ther ,  free s terols  w i t h  n -hexane .  
The  isola t ion  of free n e u t r a l  s teroids  is descr ibed in de ta i l  
e lsewhere  2. I t  i nc luded  p ro t e in  p rec ip i t a t ion ,  pu r i f i ca t ion  
b y  so lven t  pa r t i t i ons ,  fourfold  t h i n  layer  or p a p e r  chro-  
m a t o g r a p h y  r e spec t ive ly  a n d  f o r m a t i o n  of ace ta t e s  4 a n d  
2, 4 - d i n i t r o p h e n y l h y d r a z o n e s  5. To each  of the  f r ac t ions  
of p regnenolone ,  D H E A  a n d  p roges te rone  1 5 m g  of 
s t a n d a r d  s te ro ids  were  added  a n d  twice  c rys ta l l ized  f r o m  
aqueous  e t h a n o l  to  c o n s t a n t  specific a c t i v i t y  (Table  I). 

Results and discussion. I n  t h e  h e x a n e  e x t r a c t  c o n t a i n i n g  
m o s t  of t he  pres terols ,  t he  free s terols  a n d  a few pe r  cen t  
of free s te ro ids  s, 32,900 dp ln  3H a n d  4,350,000 d p m  14C 
were found.  The  c o m p o u n d s  of th i s  f rac t ion  were n o t  
f u r t h e r  charac te r i zed .  

Tab le  I con ta ins  t he  specific ac t iv i t i es  of p regnenolone ,  
D H E A  a n d  p roges t e rone  a f t e r  add i t i on  of 15 m g  s t a n d -  
a rds  a n d  twofold  c rys ta l l i za t ion .  Tab le  I I  shows t h e  dis-  
t r i b u t i o n  of t o t a l  3H a n d  14C a c t i v i t y  in  d i f fe ren t  f rac-  
t ions  of t he  e the r  ex t rac t .  

Ace ty l - coenzyme  A was i so la ted  as a n  i n t e r m e d i a t e  in  
t he  convers ion  of a ce t a t e  to  pres te ro ls  and  to  choles- 
te ro l  x. The  p r e s e n t  d a t a  show t h a t  t he  m o n k e y  ad rena l  
in  v i t ro  can  syn thes i ze  14C label led  pregnenolone ,  D H E A  
a n d  p roges te rone  f r o m  1-14C-acetyl-CoA also, F u r t h e r  
resul t s  p rove  t h a t  ace ty l -CoA is a p re fe r red  p recurso r  
ove r  a ce t a t e  u n d e r  e x p e r i m e n t a l  condi t ions .  Th i s  will  
be  pub l i shed  later .  

Table I. Specific activity (dpm/mg) of pregnenolone, DHEA and 
progesterone after chromatography in specified systems, addition 
of 15 mg standards and twofold crystallization from aqueous ethanol 

Steroid ML �9 I Cr ~ I ML I1 Cr II 
3H 14C 3H 14C 3H 14C sH 

(R b) (R) (R) (R) 
x4 C 

Pregnenolone 19,600 71 18;700 76 19,900 74 19,100 76 
(277) (254) (268) (250) 

DHEA 3,680 61 3,200 58 3,400 67 3,100 62 
(6.01) (5.50) (5.10) (5.03) 

Progesterone 7,300 182 6,700 95 6,550 75 6,600 71 
(40.0) (75.1) (87.00) (92.8) 

ML, mother liquor; Cr, crystals, b R = dpm~HJdpm14C. 

Table II. Total ~H and 14C activity (dpm) in different fractions of 
free neutral steroids as calculated to 100% recovery 

Fraction ~H I~C aH]14C 
(dpm/dpm) 

Pregnenolone 588,000 2,350 250.00 
DHEA 111,000 22,000 5.03 
Progesterone 212,000 2,280 92.80 
X-P-1 �9 161,000 15,300 10.50 
X-P-2 a 358,000 133,000 2.69 

2 fractions more polar than DHEA, which were not further 
characterized. 
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