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S u m m a r y  

The  inf lux o f  alanine across the  serosal m e m b r a n e  o f  Tes tudo  graeca intes- 
t inal  cells with preserved epithelial  o r i en ta t ion  was examined .  Our  results 
suggest tha t :  

1. The  mechanism of  alanine inf lux across the serosal m e m b r a n e  of  tur t le  
intest inal  cells is a car r ier -media ted  process tha t  has the character is t ics  of  facili- 
t a ted  di f fus ion.  

2. Alanine inf lux mechanism is i ndepen d en t  o f  intra- mid extra-cel lular  
changes in Na ÷ and K ÷ concen t ra t ions ,  and is no t  a l tered by  reversal of  Na ÷ and 
K ÷ gradients  across the  serosal membrane .  

3. In Na÷-free media  the mechanism of  t r anspor t  of  alanine at the  mucosal  
m e m b r a n e  has the  same pa t t e rn  o f  compe t i t ive  inhibi t ion by amino acids as the 
serosal. 

I n t r o d u c t i o n  

A func t iona l  po la r i ty  of  the intest inal  epithelial  cell is pos tu la ted  at charac- 
ter izing the  mechan ism of  abso rp t ion  of  amino  acids. The  mucosal  and serosal 
cell barriers are assumed to be dissimilar since the  epithelial  cell accumula tes  
amino  acids while it act ively t rans locates  them transcel lularly.  This c o n c e p t  is 
s u p p o r t e d  by  studies o f  the  proper t ies  of  the  individual cell barriers. The  brush 
b o r d e r  m e m b r a n e  being readi ly  accessible to  di rect  test ing was s tudied in 
details [1 ,2] .  The  func t ion  o f  the  serosal barr ier  is no t ,  however ,  as clearly 
u n d e r s t o o d ,  because its p roper t ies  c a n n o t  be tes ted by  d i rec t  t echniques  as 
those  e m p l o y e d  for  the  mucosal .  The  reversed f lux across the  serosal barr ier  
( the  f lux f r om the  serosal so lu t ion  in to  the  cell) c a n n o t  be as readi ly  assessed in 



122 

the intact epithelium. The only information about  the serosal barrier is derived 
from studies of amino acid influx across isolated intestinal cells [3] or across 
their plasma membrane vesicles [4,5]. However, under the conditions of these 
studies, the isolated cells or their membrane vesicles lose their spatial epithelial 
orientat ion and their transepithelial t ransport  function may thus become 
indistinct. The present study involves an a t tempt  to obtain information on the 
influx of  alanine across the serosal membrane of  intestinal cells with preserved 
epithelial orientat ion.  

Materials and Methods 

The intestine of  the fresh water turtle (Testudo graeca) was utilized. The 
turtles were pithed, their ventral shells removed and segments of their proximal 
intestine resected and stripped of their muscle coats by a method similar to 
that  described by Parsons and Patterson [6]. The remaining mucosal sheet was 
then mounted  in a Lucite chamber similar to that  described by Schultz et al. 
[2] in such a way that  a fixed area of its serosal surface was exposed to a 
compar tment  into which incubation and test solutions could be exchanged 
rapidly. The serosal solution was kept  at room temperature (24--26 ° C) and was 
stirred by bubbling compressed air. The intestinal basolateral surface was 
incubated in Ringer solution (120 mM NaC1, 1.9 mM KC1, 0.45 mM CaC12, 1 mM 
K2HPO4, 0.65 mM KH2PO4) for a period of 30 min following which the solu- 
t ion was replaced by a test solution containing an appropriate concentrat ion of 
L-alanine (Sigman Chemical Co., St. Louis, MO), L-[3H]alanine and [14C]inulin 
(Radiochemical Centre, Amersham, U.K.). This solution was kept  in contact  
with the serosal surface for a period of  40--60 s. It was then withdrawn and 
replaced by ice-cold mannitol  solution. The tissue was then removed and 
extracted in 0.1 N HNOa for 4--5 h and counted  in a liquid scintillation counter  
for  its ~4C and SH contents .  Amino acid influx was calculated from the alanine 
con ten t  in tissue extracts after  correct ion for the inulin space. 

In some experiments alanine influx across the mucosal brush border mem- 
brane was measured by a similar procedure as that  described above except  that 
the mucosal surface rather than the serosal was exposed to the test solution. In 
o ther  experiments where Na÷-free Ringer solution was used, NaC1 was sub- 
st i tuted by choline chloride or KC1. 

Results 

The method  described above, assumes that  the serosal surface of the stripped 
intestine is largely made up of the basolateral membranes of the intestinal 
absorptive cells. To validate this assumption and to show that  the adhering sub- 
mucosal cells do no t  significantly interfere with alanine influx across this cell 
barrier, the following preliminary experiments were carried out.  Tissue scrap- 
ings weighing up to 30--40 mg were incubated in the presence of a 5 mM solu- 
t ion of alanine, [aH]alanine and [14C]inulin. The submucosal cell alanine 
concentra t ion was estimated from the content  of [3H]alanine in the tissues 
after  subtracting the 3H in the extracellular space as measured by inulin. Cell 
alanine concentration'  in five determinations was 4.6 -+ 0.3 mM~ not  different  
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f r o m  the  a lanine  c o n c e n t r a t i o n  in the  i ncuba t i on  m e d i u m ,  while  in str ips o f  
mucosa l  cells it was 34.6  ± 3.4 mM. This  f inding suggests t ha t  the  submucosa l  
cells do  n o t  ac t ive ly  t r a n s p o r t  a m i n o  acids and  the i r  u p t a k e  of  a m i n o  acid dur ing  
the  inf lux  m e a s u r e m e n t s  c a n n o t  be  t h e r e f o r e  excessive.  Also the  s t r ipped  intes- 
t ine  was m o u n t e d  in the  c h a m b e r  wi th  the  mucosa l  surface  lying on a f i l ter  p a p e r  
t h a t  was p r e s o a k e d  wi th  a p h e n o l  red so lu t ion  (1 mg /ml ) .  The  serosal surface  
was t hen  e x p o s e d  fo r  2 min  to  a Ringer  so lu t ion  con ta in ing  0 .08% hya luron i -  
dase (Sigma Chemica l  Co.).  This  e n z y m e  was then  washed  o f f  three  t imes wi th  
Ringer  so lu t ion  and  the  Luci te  c h a m b e r  was p laced in an u l t rasonic  c leaner  
(Varian,  CA) fo r  4 rain dur ing  which  the  serosal surface  was f lushed with  fresh 
Ringer  so lu t ion .  Such t r e a t m e n t  r educed  the  n u m b e r  o f  submucosa l  cells 
( a b o u t  60% as judged  b y  l ight  m i c r o s c o p y )  w i t h o u t  d i s rupt ing  the a l ignment  of  
the  epi thel ial  cells, as judged  by  s p e c t r o p h o t o m e t r i c  d e t e r m i n a t i o n  of  pheno l  
red in the  serosal solut ions .  When p h e n o l  red was de t ec t ed  in the  w a s h o u t  or  
tes t  so lu t ions  the  t issue was discarded.  In f lux  was measu red  on ly  in to  non-  
d i s rup ted  t issues and  c o m p a r e d  wi th  inf lux into  tissues tha t  were  no t  t r ea t ed  
wi th  the  e n z y m e .  In the  p resence  o f  a 5 mM alanine concen t r a t i on ,  the  m e a n  
inf lux into seven e n z y m e - t r e a t e d  tissues was e s t ima ted  to  be 0.54-+ 0.08 
pequ iv . /h  per  cm 2, while inf lux into  an equal  n u m b e r  o f  con t ro l  u n t r e a t e d  
t issues was 0 .58 _+ 0 . 0 6 p e q u i v . / h  per  cm 2. These  results  suggest tha t  the  
in te rven ing  s u b m u c o s a l  cells do  n o t  pose  a m a j o r  c o m p l i c a t i o n  to  a m i n o  acid 
inf lux m e a s u r e m e n t s  across the  serosal border .  

In a n o t h e r  set  o f  p re l imina ry  expe r imen t s ,  alanine u p t a k e  across the  serosal 
b o r d e r  was measu red  as a func t ion  o f  t ime  of  exposu re  to  the  tes t  so lut ion.  
Our  resul ts  show tha t  dur ing  the  first  70 s there  is a negligible loss of  t racer  
f r o m  the  t issue and  the re fo re ,  the  u p t a k e  ra te  is very  l ikely a t rue  measu re  o f  
inf lux.  

The  e f f ec t  o f  an increasing alanine c o n c e n t r a t i o n  in the  serosal so lu t ion  on 
a lanine inf lux across the  serosal  b o r d e r  is shown  in Fig. 1. A hype rbo l i c  rela- 
t ionsh ip  is observed  which  can be descr ibed  by  Michael is -Menten kinetics.  A 
L ineweave r -Burk  p l o t  o f  these  resul ts  indicates  t ha t  the  po in t s  d e t e r m i n e d  can 
be descr ibed  b y  a s t ra ight  line wi th  a non-ze ro  in te rcept .  The  ca lcu la ted  average 
m a x i m a l  inf lux (Jmax) was 5.6 p m o l / h  per  cm 2 and  a p p a r e n t  Michaelis c o n s t a n t  
(Kt)  42 mM. These  character is t ics  are qui te  s imilar  to those  observed  for  the  
reversed  f lux (ef f lux)  o f  alanine across this m e m b r a n e  in the  same  animal  
species [7] .  The  Jmax fo r  the  e f f lux  o f  alanine f r o m  the cell to  the  serosal solu- 
t ion  was 6.1 # m o l / h  per  c m  2 and the  Kt 43 mM. These  values indica te  t h a t  the  
inward  and  o u t w a r d  f luxes  o f  a lanine at the  basola tera l  m e m b r a n e  have similar  
k inet ic  character is t ics ,  and  b o t h  m e c h a n i s m s  are sa tu rab le  m e d i a t e d  processes .  

Alan ine  inf lux  does  n o t  seem to be inf luenced  by  the  c o n c e n t r a t i o n  
gradients  o f  alkali me ta l  ions across  the  serosal m e m b r a n e .  In Tab le  I inf lux 
f r o m  a 5 or  20 mM c o n c e n t r a t i o n  o f  a lanine in the  tes t  so lu t ion  was measured  
u n d e r  cond i t i ons  where  in t racel lu lar  and  ex t race l lu la r  Na ÷ and K ÷ concen t ra -  
t ions  were  varied.  In cond i t ions  B and  C, (Table  I) Na ÷ subs t i t u t ion  wi th  
chol ine  or  K ÷ in the  tes t  so lu t ion  does  n o t  a l ter  alanine inf lux which remains  
a l m o s t  equal  to the  inf lux  measu red  unde r  con t ro l  cond i t ions  in A. In condi-  
t ions  D, E and  F, the  t issues were  p r e i n c u b a t e d  in a 10 -4 M c o n c e n t r a t i o n  o f  
ouaba in .  This  i nh ib i to r  raises the  in tes t inal  cell Na ÷ c o n c e n t r a t i o n  to  levels t ha t  
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F i g ,  1.  E f f e c g  o f  a l a n i n e  c o n c e n t r a t i o n  o n  a l a n i n e  i n f l u x  a c r o s s  t h e  s e r o s a l  b o r d e r ,  E a c h  p o i n t  is  t h e  m e a n  

o f  t e n  d e t e r m i n a t i o n s .  T h e  b a r s  r e p r e s e n t  ±1  S . E .  o f  t h e  m e a n .  T h e  c u r v e  i s  d r a w n  u s i n g  t h e  c h a r a c t e r i s t i c s :  

d m a  x = 5 , 6  p m o l / h  p e r  c m  2 a n d  K t = 4 2  r a M .  A r e c i p r o c a l  p l o t  o f  t h e  d a t a  is  s h o w n  i n  t h e  l o w e r  f i g u r e  

w i t h  t h e  l i n e  d r a w n  b y  t h e  l e a s t - s q u a r e  m e t h o d .  

are about  equal to those  in the incubat ion medium and lowers cell K ÷ concen-  
tration by about  50% [7] .  Under condi t ion  D (an outwardly  directed Na + 
gradient),  cond i t ion  E (an absent Na ÷ gradient) or condi t ion  F (an inwardly 
directed K ÷ gradient),  alanine influx across the serosal border was not  different 
from control .  The results show that the alanine influx process is independent  of  
intra- and extra-cellular changes in Na ÷ or K ÷ concentrat ions ,  and is not  altered 
by  reversal o f  the Na ÷ or K ÷ gradients that normally  exist  across the  serosal 
m e m b r a n e .  

T A B I ~ E  1 

T H E  E F F E C T  O F  A L K A L I  M E T A L  I O N  G R A D I E N T S  O N  A L A N I N E  I N F 1 , U X  A C R O S S  T H E  S E R O -  

S A L  S U R F A C E  O F  T U R T L E  I N T E S T I N E  

R e s u l t s  a r e  g i v e n  a s  m e a n  + S . E .  o f  e i g h t  d e t e r m i n a t i o n s .  

P r e i n c u b a t i o n  T e s t  I n f l u x  ( p m o l / h  p e r  c r n  2 )  

5 m M  2 0  m M  

A R i n g e r  R i n g e r  0 . 5 8  _+ 0 . 0 6  1 . 7 8  + 0 . 1 3  

B R i n g e r  C h o l i n e  R i n g e r  0 . 5 9  + 0 . 0 4  1 . 9 1  + 0 . 1 5  

C R i n g e r  K + R i n g e r  0 . 6 2  _+ 0 . 0 5  

I)  R i n ~ e l  + o u a b a i n  C h o l i n e  R i n g e r  0 . 6 0  + 0 . 0 4  1 . 8 2  4 0 . 1 4  

E R i n g e r  + o u a b a i n  R i n g e r  + o u a b a i n  0 . 6 3  + 0 . 0 8  2 . 2 0  ± 0 . 3 2  

F R i n g e r  e o u a b a i n  K + R i n g e r  0 . 5 4  + 0 . 0 5  1 . 7 2  + 0 . 1 2  
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Alanine influx is competi t ively inhibited by the presence of other  amino 
acids in the test medium. Glycine, leucine, and methionine reduced alanine 
influx by 35, 52 and 55%, respectively, while lysine and valine caused no signif- 
icant inhibition of this influx. This pattern of inhibition was qualitatively 
similar to that  observed when alanine influx across the mucosal membrane was 
examined in a Na*-free medium. Glycine, leucine and methionine inhibited 
alanine influx by 45, 63 and 72%, respectively, while lysine and valine caused 
minimal or no inhibition. These findings suggest a similarity between the speci- 
ficity of  the serosal amino acid transport  system and that of the Na÷-indepen - 
dent  mucosal system. 

Discussion 

Alanine influx across the basolateral membrane of the muscle-stripped turtle 
intestine may be measured, if two assumptions are made. First, the extra- 
cellular space between the cells and the serosal solution is not  exceptionally 
large. This is supported by alanine washout studies from the cell to the serosal 
solution [7]. Second, the influx into the intervening submucosal cells that 
remain attached to the contraluminal surface of the stripped epithelium, is 
small. The results repor ted in this manuscript  show that  the submucosal cells 
do not  accumulate alanine, and therefore do not  seem to possess an active 
accumulative alanine transport  mechanism. These observations suggest that the 
submucosal cells do not  interfere with alanine influx across the serosal surface 
of  the stripped intestine. 

Results of  the experiments on alanine influx as a funct ion of alanine concen- 
trat ion in the serosal solution show that  the entry of this amino acid into the 
cell across the serosal membrane is through a mediated saturable process. These 
data confirm similar observations made in isolated basolateral membrane 
vesicles [ 5]. 

Like efflux across this membrane [7], influx is Na÷-independent and not  
influenced by changes in the Na ÷ or K ÷ concentrat ion both in bathing medium 
and in the cells. This agrees with studies of amino acid transport  across baso- 
lateral membrane vesicles which were also not  affected by alkali metal cation 
gradients [4,5].  

The serosal alanine influx was inhibited by some amino acids but  not  by 
others. This also suggests that  the influx process is carrier mediated and 
displays certain specificities. The similarity of specificity of the brush border 
and serosal membranes suggest a similarity between the mucosal and serosal 
alanine carrier sites. 

Acknowledgements  

This investigation was supported by the American University of Beirut 
Research Funds and the Medical Research Service of the Veterans Administra- 
tion. 

References 

1 Curran,  P.F.,  Schul tz ,  S.G., Chez,  R.A.  and Fuisz,  R.E. (1967)  J. Gen. Physiol.  50, 1261- 1286 
2 Schul tz ,  S.G., Curran ,  P . F . , C h e z ,  R.A.  and Fuisz,  R.E. (1967)  J. Gen. Physiol.  50, 1241 -1260  
3 Bihler, I. and  Cybu l sky ,  R. ( 1 9 7 3 )  Biochim.  Biophys.  Ac ta  298,  429 - 4 3 7  
4 Murer,  11., Sigrist-Nelson, K. and  Hopfer ,  U. (1975)  J. Biol. Chem.  250, 7 3 9 2 - - 7 3 9 6  
5 Murer,  H. and  Hopfer ,  U. ( 1 9 7 7 )  in In tes t ina l  P e r m e a t i o n  (Kramer ,  M. and Lau t e rb ach ,  F., eds.),  pp. 

294,  Exce rp ta  Medica,  A m s t e r d a m  
6 Parsons, D.H. and  Pa terson ,  C.R. ( 1 9 6 5 )  Q. J. Exp.  Physiol.  50, 220- -231  


