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D - X y l o s e ,  a S u b s t r a t e  for  the  P r o c e s s  of  S u g a r  
Act ive  T r a n s p o r t  by the  S m a l l  I n t e s t i n e  x 

W i t h  respec t  to  t h e i r  mode  of i n t e s t i n a l  a b s o r p t i o n  (see 
rev iews  b y  CRANE ~ a n d  WILSON s), sugar s  h a v e  been  clas- 
sified in to  two  ca tegor ies :  aa@e a n d  non-active ~. Act ive  
sugar s  are cha rac t e r i zed  b y  t r a n s p o r t  uphill or a g a i n s t  a 
c o n c e n t r a t i o n  di f ference a n d  the re fo re  b y  a d e p e n d e n c e  of 
t r a n s p o r t  ve loc i ty  on  ene rgy -y i e ld ing  m e t a b o l i s m  (see 
ROSENBERG~). I n  con t r a s t ,  n o n - a c t i v e  suga r s  a re  nega-  
t i ve ly  def ined  b y  a n  absence  of e x p e r i m e n t a l  d e m o n s t r a -  
t ion  of a n y  of these  f ea tu re s ;  consequen t ly ,  t he  mode  of 
i n t e s t i na l  a b s o r p t i o n  of t h i s  g roup  of sugar s  is a l m o s t  
comple t e ly  ignored.  

Th i s  paper ,  t h e  f i r s t  of a ser ies  a i m i n g  a t  a n  u n d e r -  
s t a n d i n g  of t h e  t r a n s p o r t  m e c h a n i s m ( s )  of t h e  so-cal led 
n o n - a c t i v e  sugars ,  deals  w i t h  D-xylose t r a n s p o r t .  Th i s  
pen tose ,  h i t h e r t o  cons ide red  as t y p i c a l l y  non -ac t ive ,  now 
a p p e a r s  to  be  t r a n s p o r t e d  t h r o u g h  a c o m m o n  p a t h w a y  
w i t h  t h e  ac t ive  sugars .  

I n  1961, SALOMON, ALLUMS a n d  SMITH showed  t h a t  
xylose  crosses t h e  i n t e s t i n a l  wal l  t h r o u g h  a downhill, 
c a r r i e r - m e d i a t e d  process,  w h i c h  t h e y  cal led ' t h e r m a l  
t r a n s p o r t '  as d i s t i n c t  f r om ac t ive  t r a n s p o r t  0. Severa l  
cons idera t ions ,  however ,  p o i n t e d  to  t he  poss ib i l i ty  t h a t  
xylose  t r a n s p o r t  m a y  be  c losely  r e l a t ed  to  t he  s u g a r  a c t i v e  
t r a n s p o r t  process .  F i rs t ,  CRANE f o u n d  t h a t  xylose  in-  
h ib i t s ,  a l t h o u g h  on ly  s l ight ly ,  ac t ive  t r a n s p o r t  of D- 
glucose a n d  1 ,5 -anhydro -D-g luc i to lL  Luter~ SALOMON et  
al. f ound  t h a t  glucose s u b s t a n t i a l l y  in te r fe res  w i t h  xylose 
t r a n s p o r t ,  b u t  were u n a b l e  to  show rec iproca l  i n t e r f e rence  
of xy lose  on  glucose m o v e m e n t ;  t h e y  conc luded  t h a t  a 
s ingle  ca r r i e r  m u s t  be  i n v o l v e d  %vith g r e a t e r  a f f in i ty  for  
D-glucose t h a n  for  9 -xy lose '  % I t  is n o t e w o r t h y ,  however ,  
t h a t  in  b o t h  t he  e x p e r i m e n t s  of CRANE ? a n d  of SALOMON 
et  al. ~ t he  same  re l a t ive  aff ini t ies  ho ld  t rue ,  xylose h a v i n g  
a m u c h  lower  a f f in i ty  t h a n  glucose for  b o t h  the  'xylose  
t h e r m a l  t r a n s p o r t '  a n d  t h e  'glucose ac t ive  t r a n s p o r t '  
m e c h a n i s m s .  

E x p e r i m e n t s  des igned  to  d e t e r m i n e  t h e  e x t e n t  of t h e  
a p p a r e n t  r e l a t i onsh ip  b e t w e e n  these  t w o  processes  are 
s u m m a r i z e d  here.  These  s tud ies  were  ca r r ied  o u t  us ing  
t he  in vitro t e c h n i q u e  of CRANE a n d  MANDELSTAM s. Ref-  
e rence  will be  m a d e  on ly  to  resu l t s  o b t a i n e d  w i t h  h a m s t e r  
sma l l  in t e s t ine ,  b u t  s imi l a r  resu l t s  were found  us ing  
ch i cken  in tes t ine .  

Results. Xylose  t r a n s p o r t  is s ign i f i can t ly  i n h i b i t e d  b y  
2, 4 -d in i t ropheno l  (DNP) ,  phlor iz in ,  a r b u t i n  a n d  lack  of 
Na+ f rom the  i n c u b a t i o n  m e d i a  (Figure  1); all  t h e  a b o v e  
effects  would  h a v e  been  e x p e c t e d  to  t a k e  p lace  on  t h e  
t r a n s p o r t  of a n y  ac t ive  sugar .  T h e  on ly  d i f ference  w i t h  
these  appea r s  to  be  t h a t  xylose  is n o t  a c c u m u l a t e d  aga in s t  
a c o n c e n t r a t i o n  difference.  T he  lack  of s imi la r  effects on  
t he  ep imer  a t  C-2 of xylose, D-lyxose (Figure  1), serves  to  
emphas i ze  t he  para l le l i sm b e t w e e n  xylose  a n d  t h e  ac t ive  
sugars .  L ike  t h e  l a t t e r ,  xylose  h a s  an  - O H  g roup  in t h e  
same  conf igu ra t ion  as D-glucose in  C-2 ~,*. 

S imi l a r i t y  b e t w e e n  xylose  a n d  t he  ac t ive  sugars  is 
ev inced  b y  t h e  lack of fill ing a b o v e  t he  ex t r ace l lu l a r  space 
w h e n  Na+ is o m i t t e d  f rom t he  i n c u b a t i o n  m e d i a  (Figure  1). 
As is t h e  case w i t h  ac t ive  sugars~,~% n e i t h e r  K + n o r  Li+ 
can  s u b s t i t u t e  for N a  +. 

Xylose  t r a n s p o r t ,  l ike suga r  ac t ive  t r a n s p o r t  (see 
ALVARADO a n d  CRANE ~x,t~), is i n h i b i t e d  b y  ph lor iz in  a n d  
a r b u t i n  (Figure 1), p r o b a b l y  due to  c o m p e t i t i o n  for a 
c o m m o n  carr ier .  Th i s  is s u p p o r t e d  b y  t h e  fol lowing fac ts :  
(I) ph lo r i z in  i n h i b i t i o n  is t y p i c a l l y  c o m p e t i t i v e  (F igure  2), 
w i t h  a Ki  on  t he  order  of 6 × 1 0 - ~ M ;  (2) on ly  ac t ive  com- 
p o u n d s  such  as glucose% a r b u t i n ,  me thy l -=-  a n d  m e t h y l -  

f l -g lucopyranos ide  s ign i f i can t ly  i n h i b i t  xylose t r a n s p o r t ;  
t h e  n o n - a c t i v e  c o m p o u n d s  sorbi tol ,  m a n n i t o l ,  inosi to l  a n d  
m e t h y l - ~ - m a n n o p y r a n o s i d e ,  o n  t h e  c o n t r a r y ,  are  essen- 
t i a l ly  i n e r t ;  (3) xylose,  b u t  n o t  lyxose,  m a n n i t o l  or  m a n -  
nose,  reciprocally- in te r fe res  w i t h  a r b u t i n  a c t i v e  t r a n s p o r t  
(see also ALVARADO a n d  CRANEZ~). F r o m  these  s tud ies  a 
Ki  for xylose  of t he  o rde r  of 100 m M  h a s  b e e n  ca lcu la ted ,  
in  good a g r e e m e n t  w i t h  K m  va lues  o b t a i n e d  f rom s a t u r a -  
t i o n  e x p e r i m e n t s  b y  t h e  m e t h o d  of L~N~W~AV~R a n d  
BVRK ~s. K m  va lues  o b t a i n e d  in t h i s  w a y  (F igure  2) h a v e  
a r aw  v a l u e  of 300 m ~ l ,  bu t ,  if co r rec t ions  are  app l i ed  for  
t he  ex t r ace l l u l a r  space  (~C-sorb i to l  was  used  for t h i s  
purpose) ,  t h e  a p p a r e n t  K m  decreases  to  a b o u t  100 m M .  
I n  con t r a s t ,  t h e  Ki  for ph lo r i z in  is n o t  s ign i f i can t ly  modi -  
fied b y  t h i s  cor rec t ion .  

Energy requirement /or xylose tra~s:bort. B o t h  D N P  
(Figure  1) a n d  anae rob ios i s  s t r ong ly  depress  xylose  t r a n s -  
por t ,  sugges t ing  t h a t  ene rgy  is r equ i r ed  for a t  leas t  a 
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Fig. 1. Rings of everted hamster small intestine were incubated s in 
4 ml Krebs-Henseleit iv bicarbonate buffer or in its Na-free, K-sub- 
stituted modification 0 ( K + medium), at 37 °. Gas phase, 95 % O 2 : 5 % 
CO v Initial concentrations were (mM): xylose and lyxose, 10; di- 
nitrophenol (DNP), 0.5; phlorizin, 0.1; arbutin, 5. Incubations were 
for 10 rain {xylose) or for 15 rain (lyxose). Pentose was determined 
with aniline-oxalic acid xs in deproteinized extracts lg. Results are 
expressed as ~tmoles of substrate per ml tissue water 8,%1~. Each 
column is an average of three determinations; figures on top of the 

columns are mean % values with respect to the controls. 
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por t ion of this  process. Since dependence  of the  t r anspor t  
veloci ty  on energy-y ie ld ing  metabo l i sm is one of the  
theoret ical  r equ i rements  for ac t ive  t r anspor t  5, th is  
s t rongly suggests t h a t  xylose is indeed ac t ive ly  t rans-  
ported.  Similar  evidence was adduced  by  BmLER, HAW- 
KI~s and CRANE~0 to  classify 6-deoxy-1, 5-anhydro-D- 
gluci tol  as ac t ive ;  a l though  this  compound  was n o t  found 
to be accumula ted ,  i ts t r anspor t  was inhibi ted  by  4, 6- 
dinitro-o-eresol  and  b y  anaerobiosis1% 

Evidence/or a two-stage mechanism in xylose transport. 
An appraisal  of the  above  findings suggests tha t ,  like the  
ac t ive  sugars  m**, ~a xylose t r anspor t  occurs in two stages : 
(1) a phlorizin-sensi t ive,  Na+-dependent ,  energy- inde-  
pendent  entry in to  the  epi thel ia l  cell and  (2) an  oxygen-  
dependent ,  DNP-sens i t ive  step, p robab ly  equ iva l en t  to 
the energy-dependen t  accumulation step, typ ica l  of ac t ive  
compounds .  

Concluding remarks. I t  seems clear  t h a t  xylose, a sugar  
h i ther to  considered as non-ac t ive ,  is t ranspor ted ,  in the  
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Pig. 2. Phlorizin competitive inhibition on xylose transport. Incuba- 
tions in oxygen atmosphere were for 10 rain in 4 ml Krehs-Henseleit n 
Phosphate buffer containing 2 ml of a mixture in varying proportions 
of isotonic (0.aM) xylose and mannitot, o, xyiose; *,, xylose plus 
8.33 x 10-SM phlorizin. VelocitiesU,~ and mean substrate concen- 
trations are plotted as reciprocals t3. Other experimental details as in 

Figure 1, 

hams t e r  small  intest ine,  t h rough  the  same p a t h w a y  as 
the  ac t ive  sugars. The  evidence  includes demons t r a t ion  of 
No+ requ i rement ,  compe t i t i ve  inh ib i t ion  by  phlorizin,  
sugar  ac t ive  t r anspor t  inh ib i t ion  by  xylose  and  reciprocal  
inhibi t ion of ac t ive  compounds  on xylose  t ranspor t .  
A l though  no xylose  accumula t i on  was observed,  par t ic i -  
p a t i o n  of an ene rgy-dependen t  c o m p o n e n t  in xylose  
t r anspor t  in the  hams t e r  is ev inced  by  the  inh ib i to ry  ac- 
t ion  of anaerobiosis  and d in i t rophenol .  Inves t iga t ions  now 
in progress 15 seem to indicate  t h a t  t he  a p p a r e n t  lack of 
xylose accumula t ion  agains t  the  g rad ien t  is due  to t~ae 
small  a f f in i ty  of this  pentose  for an  accumula t ion  process 
di f ferent  f rom entry .  This  con ten t ion  is suppor ted  by  the  
lack of s ignif icant  change in appa ren t  K m  va lues  for 
xylose, as de te rmined  in aerobiosis o r  in anaerobiosis.  In  
s ignif icant  contrast ,  typ ica l  ac t ive  compounds  such as 
a rbu t in  show a drast ic  decrease in appa ren t  a f f in i ty  for 
the  (overall) sys tem when n i t rogen instead of oxygen  is 
used while de te rmin ing  these constants .  These observa-  
tions, in ag reement  wi th  an  earl ier  suggest ion by  WID- 
DAS ~6, suggest  t h a t  sugar  ac t ive  t r anspor t  involves  two 
dif ferent  processes, the  first  of which  seems to be a typ ica l  
Iaci l i ta ted diffusion process ident ica l  to the  carr ier-  
med ia ted  xylose t r anspor t  mechan i sm of SALOMON et  al. 6. 
I t  seems war ran t ed  to conclude t h a t  the  proper t ies  of t he  
overal l  sugar  ac t ive  t r anspor t  process are indeed a compo-  
site of pa r t i a l  features  of a t  least  two  d is t inc t  s tereo-  
specific processes. Ev idence  in f avour  of this  hypothes i s  
will be  presented  in a fo r thcoming  series of papers*0. 

Rdsumd. Dons les cellules fipith61iales de l ' i n tes t in  gr~le 
du Hamste r ,  l ' absorp t ion  de  xylose  comprend  deux  
~tapes:  (1) une entrde sensible h la phlorizine,  e t  (2) une  
~tape sensible au dini t roph6nol ,  p r o b a b l e m e n t  ~quiva ten te  

l '~tape d'accumulation d~pendant  de l '4nergie e t  t yp ique  
des sucres actifs. 
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Synthetic Peptides Related to Eledoisin* 

After  the  s t ruc ture  of eledoisin, a powerful  vasodi la t ing  
and hypo tens ive  pep t ide  isolated f rom the  sa l ivary  glands 
of a molluscL had  been e lucidated  2 and conf i rmed by  
Synthesis 8, we prepared  a large number  of analogues of 
this substance in order  to inves t iga te  the  inf luence of 
s t ruc tura l  modif ica t ions  on its biological  propert ies .  In  a 
previous  commun ica t i on  4 we listed in a Table  those  ana- 

logues and par t i a l  sequences which h a v e  been found to be 
devoid  or  a lmost  devoid  of biological  ac t iv i ty .  

1 Part  II.  See 4 for part  I. 
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