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Penn inqa ' .  J .  F e r n a n d e s l ,  arid C.H.C.M. U u ! ~ s ~  
' D e p t  o f  P e d i a t r i c s ,  U n i v e r s i t y  I l o s p i t a l  t r o n i n q e n  
'Dept  o f  Human G e n e t i c s ,  u n i v e r s i t y  o f  ~ r o n i n g e n  

W i l s o r ~  d i s e a s e  (KO) i s  a n  a u t o s o e ~ a l  r e c e s s i v e  d i s o r d e r ,  c h a r a c t e -  
r i z e d  by r u ~ a s s i v e  c o p p e r  d e p o s i t i o n  i n  t h e  l i v e r ,  b a s a l  g a n g l i a  
a n d  o t h e r  o r g a n s , d u e  t o  a n  in lpa i rmen t  o f  b i l i a r y  c o p p e r  e x c r e t i o n .  
The b a s i c  d e f e c t  i n  I I ~  i s  s t i l l  unknown. R e c e n t l y  a  l i n k a g e  h a s  
b e e n  r e p o r t e d  be tween  t h e  g e n e  f o r  kD and  tk e s t e r a s e  0  l o c u s  by 
d e t e r m i n a t i o n  o f  e s t e r a s e  D p h e n o t y p e s  i n  a  l a r g e  i n b r e d  I s r a e l i -  
Arab  k i n d r e d .  T h i s  i m p l i e s  t h a t  t h e  q 1 4  band o f  chrolrrosome 1 3  
would  be t h e  l o c a t i o n  o f  t h e  UD g e n e ,  a t  l e a s t  i n  p a r t  o f  t h e  
M i d d l e  E a s t   population. 
To e x a ~ ~ l i n e  t h i s  a s s i ~ n m e n t  we a r e  riow s t u d y i n g  a  nuniber o f  u n r e -  
l a t e d  W D  f a m i l i e s  o f  C a u c a s i a n  o r i g i n .  L i n k a ~ e  s t u d i e s  a r e  c a r r ~ e d  
o u t  u s i n g  a  c0kA p r o b e  o f  e s t e r a s e  U and random p r o b e s  from a  
chrolnosonie 1 3  l i b r a r y .  P r e l i n r i n a r y  r e s u l t s  a r e  fro111 a  f i r s t  f i v e  
Dutch  KO f a m i l i e s ,  w i t h  2 7  c h i l d r e n  c l a s s i f i e d  a s  a f f e c t e d  o r  
norrrial b a s e d  o n  serul:i c o p p e r ,  c e r u l o p l a s m i n  and  24h u r i n a r y  
c o p p e r  e x c r e t i o n .  I n  t h e s e  f a r . i i l i e s  s e v e n  r e c o m b i n a n t s  were f o u n d  
w i t h  a  p r o b e  l o c a l i s e d  proxinial  o f  band (114, and  o n l y  o n e  w i t h  a  
p r o b e  l o c a l i s e d  i n  q 1 4 .  A  p o s i t i v e  l o d s c o r e  was o b t a i n e d  f o r  t h c  
l a t t e r  p r o b e  (2.0.35 0 = 0 . 1 5 ) ,  c o r r o b o r a t i n o  t h e  a s s i g n m e n t  o f  t h e  
I.10 g e n e  t o  band q 1 4  o f  chrolnosome 1 3  and  s u g g e s t i n g  a b s e n c e  o f  
h e t e r o g e n e i t y  f o r  I;D. 
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A w j o r  function of the c o l m  is the corwrvat ion of s a l t  and water M c h  m y  te 
aided by short  chain f a t ty  acids. Tne only previms studies  of the mhmisns 
involved i n  infants  have t e n  in h e r e  electrical gradients influence i m i c  
mvements. We have carr ied cut  a  more detai led study of transport in isolated 
h m  infant  colon using an k i n @ ;  h k r  and voltage c l w  pmedure .  Stripped 
L s ide  colonic rmcosa (n.6 pa i r s )  was m t e d  and bathed in Krebs solution. Under 
short  c i r c u i t  conditions Na ( 3 . 4 N . 5 3  ~ n n l l h r l &  l a )  and ~ 1 -  (0.6?3-61) 
we? absorbed and a  r e s i d m l  ion flux consisterit with H s f f r e t ion ,  approxirates ('3 Cl absorption. Short-circuit current (3.89.28)  a p p r o m t e s  net Na+ m v m n t .  
60 ITP! ace ta te  increased Na+ absorption (3.45z1.53 t o  7.749.25, p<O.OS) by a  large 
increase in  rrucosa t o  serasa f l w  (7.245.92 t o  13.559.62, pc0.01). T k  increased 
net absorption of k+ has w k e d l y  reduced by M amiloride (7.742.25 t o  
1.75~1.72, 60 .01)  which has a l so  m l a t e d  with a  w k e d  reduction in  t issue 
oonductance. mese  data clear ly show tha t  in  the infant Na+ is absorbed elect- 
vitally and C1 e l e c t m u t r a l l y  in exchange for HCOT unl&e - Mere C1- 
w v e s  according t o  the e lec t r i ca l  gradient. Short c h i n  f a t ty  acids f a v m b l y  
influence Na+ salvage and do so via the amiloride Na+ channel. Thus bacterial 
wtabo l i sn  of carkchydrate in  the infant colon my  be W r t a n t  in the conservation 
>f s a l t  and water. 
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S ~ m c l  I .  0 ,  S m i t h ,  Ilk'. T u r ~ c n h o u s c .  HS and S c r ~ r c r  CR 
MRC G c n c t ~ c  C r o u p .  ElcGil 1 i ~ n ~ v c r s i t y .  Elontr-r i l l ,  

C;ln;lda, and  f l e p a r l r w n t  c:f K u t r i  t  I o n ,  l l r i i v ~ - r - ~ ~  t y  o f  l i u o p i o ,  
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E f f l u x  o f  c ; l t r o n i c  .imlno , ~ c ~ d s  I y s i n r .  ~ ~ r g r n i r i c  .ind o r r ~ ~ t h i n c  ; i t  
t t i r  h ; ~ s o l a t e r ; ~ l  mcmhr~ i r~c  I RL\O o f  i n t c s t  ini l l  and r c n ~ i  l r ~ t h u l ; ~ r  
r p i t h e l ~ , ~  I S  d c f c c r i r c  I n  p ; ~ t i r n t z  w i t h  LPI .  Assumi r~g  t h a t  IIL?f ~ ) f  
e p i t h e l  i i ~ l  c c l  1 s  and  pl ; lsm;~ memhr-.~nr o f  p.~rcrlcIiym;il c c l  l h  . ~ r c  
f u n c t i o r i ; ~ l l y  ; l n a l o g ~ , u s .  k c  s t u d i e d  N, I ' - indcpcndcn t  t r .1nspor. t  ot. 
c ; r t i o n i c  amino  a r  i d s  ,lnd l i o m o a r g i r ~ i n e  ( ; I  nonmct;rhol i z c d  . in ; i l c~guc)  
i n  c l r l t l i r e d  LPI f ~ h r o h l , r s t . ; .  and mcasurcd  L-lcucint .  t r i ~ n s p o r t  ;IS 
irltcr.n;rl c o n t r o l .  S c t  u p t . ~ l i c  of c ; i t l o r ~ i c  .imino . t c ~ d s  w;~, In-  
c r r a s e d  i n  LPI c c l l c :  h o m o ; ~ r e ~ n ~ n c ' l e u c r r i c  up t i ihc  r ; ~ t i o  k.;~.\ 0 . ;c)  
i 0 . 0 7  ; ~ n d  0 . 2 6  i 0.01 (mc.111 i sICM) ( p < 0 . 0 5 )  In LI'I . ~ n d  c n r ~ t r o l  
c e l l s ,  r r s p e c t i v ~ l y .  , i t  I 0  mi:. The l n t r . l c c l l u l ; ~ r  pool  o f  c a t -  
i o n ~ ~  amino  a c i d s  KCIS i r i c - r ~ . i s ~ d  ( I y s  l i l r ~  0.4; < D.05 v s .  0.,:1 i 

0 . 0 2 :  p  < 0 . 0 1 ) .  Thc :' t r . i n s - s t i m u l n t i c ~ i i  o f  h o m z c ~ r g i n i n e  efflux- 
was 1.0 i 0 . 5  i' In  LI'I t iomozygotcs .  IO t 0 . 5  " i n  t ~ t - t c r o z y g i 7 t c s  
arid 2 2  + 8.5 ,.. iri c o n t r o l  c c l l s .  Our. f i n d i n g s  imply t h ; ~ t  t h e  - 
t r a n s p o r t  m u t a t i o n  i n  LPI i h  cxpr .csscd ; ~ r ; y n ~ m c t r i r ; ~ l l y  , i t  t h c  
mcmhranc and  c o n c o r d a n t l y  . ~ t  t h e  h ; i s c ~ l a t c r ; ~ l  mt.mhr,lnc o f  r p l -  
t h c l i a l  and p lasma  mcmhr,unc o f  pa renchymal  c c l l s .  
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I n t e s t i n a l  amlno a c i d  t r a n s p o r t  i n  r o d e n t s  d e c r e a s e s  a f t e r  b i r t h .  
S i m u l t a n e o u s l y ,  c h a n g e s  o f  o t h e r  f u n c t i o n  and  s t r u c t u r e  o c c u r  and  
i n f l u e n c e  o b s e r v e d  u p t a k e  r a t e s .  T h u s ,  it is  equivocally w e t h e r  
t h e  d e c l i n e  i s  c a u s e d  by a  c h a n g e  o f  t h e  t r a n s p o r t  s y s t e m  i t s e l f  
R a t e s  o f  u p t a k e  o f  L - p h e n y l a l a n i n e  I n t o  i s o l a t e d  b r u s h  b o r d e r  
membrane v e s i c l e s ( b b m )  and  l n t o  a n  i n t a c t  mucosa l  l a y e r ( i m 1 )  w e r e  
examined  i n  n e w b o r n ( n )  and  a d u l t ( a )  r a t s .  Up take  d e c r e a s e s  s i g n i -  
f i c a n t l y ( p > . O l )  I n  bbm and  i m l  a f t e r  b i r t h .  C o n c e n t r a t i o n  d e -  
p e n d e n t  u p t a k e  s u g g e s t s  a  n o n - s a t u r a b l e  and  a  s a t u r a b l e  component  
o f  t r a n s p o r t  o f  which  c o n s t a n t s  w e r e  d e t e r m i n e d .  

K (mM) v 
( l rnl?  (bbm) ( & )  (:!:m) ( lmlmaxbbm)  

( n )  0 . 2 5  3 . 3 3  2 . 7 3  0 . 2 6  2 .04 '  1 . 5 2 ' *  
( a )  0 . 1 5  1 . 4 4  1 . 1 8  0 . 1 2  0 .20 '  0 . 4 1 * *  

+ nM/mg w e l g h t l m i n .  * *  nM/mg p r o t e i n 1 4 0  s e c .  
R e s u l t s  show a  c o n s i d e r a b l e  c h a n g e  o f  t h e  d i f f u s i o n a l  c o n s t a n t s  K g  
and  t h e  V v a l u e s  d u r i n g  m a t u r a t i o n .  The c h a n g e  o f  K h a s  o n l y  
a  s m a l l  e P % c t  on t h e  o b s e r v e d  d i f f e r e n c e s .  T h l s  s u g g e g t s  a n  a l t e r -  
a t i o n  o f  t h e  membrane p e r m e a b i l i t y ,  a  d e c r e a s e  o f  t h e  number o f  
t r a n s p o r t  s i t e s  p e r  u n i t  s u r f a c e ,  a n d  a n  i n v o l v e m e n t  o f  t h e  b r u s h  
b o r d e r  t r a n s p o r t  s y s t e m  i n  t h e  p r o c e s s  o f  m a t u r a t i n g  i n t e s t i n a l  
f u n c t i o n .  
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Mmbrane transport p m e s s e s  are w r l y  developed in Ule kidney of the very pre- 
term neonate resul t ing in  reduced a b l l i t y  t o  acldify urine and i n c k  k+ loss. 
Ihere are close kno log ies  between the transport p m e s s e s  of the d i s t a l  
convoluted tubule and the L c o l m  but l i t t l e  is lawwn of the ontogeny of these 
p m e s s e s .  We have used mn-equilibriun mtal dia lys i s  t o  invest igi te  rectal 
e lec t ro ly te  transport in  n e w t e s  of different  g e s t a t i w l  ages: 32-33 Jxs 
(A n=15), 34-36 Jxs (B n = l 4 ) ,  38-44 Jxs (C n=5),  infants  (D n.17) and older 
chi ldren ( E  ns19). Na+ absorption was hiefiest in A (316i65 nrol/min/m) and 
lowest m E (149?44, pcO.M)5). Plasm a l d o s t e m  has w k e d l y  elevated in A and 
U (7570+2-X0 p 1 / 1 )  canpvrd ti, infant  rrfemce values (790C210, pUl.005). C1- 
absorption paralleled Na+ absorption. HU3mvement provides an M i c a t i o n  of 
anion excbnge and in A (59*14), B  (26230) and C ( P 2 0 ) w a s  absorbed but ul D 
t he re  was l i t t l e  net mvement (3f24) and i n  E (11t16) net secretion. 

T o  c o m p a r e  d i f f e r e n t  a s p e c t s  o f  p o s t n a t a l  MVM m a t u r -  
a t i o n ,  MVM w e r e  p r e p a r e d  f r o m  r a t s ,  s t a r t i n g  f r o m  n e w -  
b o r n s  t o  t he  age o f  12 w e e k s .  MVM f l u i d i t y  w a s  s t u d i e d  
by f l u o r e s c e n c e  p o l a r i z a t i o n  u s i n g  d i f f e r e n t  l a b e l s .  
C h o l e s t e r o l  a n d  p h o s p h o l i p i d  c o m p o s i t i o n  o f  llVM w a s  
a n a l y s e d .  MVM b i n d i n g  s t u d i e s  w e r e  p e r f o r m e d  u s i n g  
r a d i o i o d i n a t e d  p r o b e s .  M e m b r a n e  f l u i d i t y  w a s  i n c r e a s e d  
i n  n e w b o r n  MVE1, c o m p a r e d  t o  a d u l t s .  T h e r e  w a s  a c o n -  
t i n u o u s  d e c l i n e  o f  P i n 1  f l u i d i t y  t h r o u g h o u t  m a t u r a t i o n .  
C h a n c e s  i n  f l u i d i t y  w e r e  a c c o m p a n i e d  b y  a n  i n c r e a s e  o f  
cholcsterol/phospholipid m o l a r  r a t i o .  C o n t i n u o u s  matur- 
a t i o n a l  c h a n g e s  i n  m e m b r a n e  g l y c o s y l a t i o n  w c r c  i n d i c -  
a t e d  b y  d i f f e r e n t i a l  s p e c i f i c  b i n d i n r r  o f  c o n c n n n v n l i n  
A ,  s o y b e a n  a g g l u t i n i n ,  a n d  p e a n u t  l e c t i n .  C o n t r a r y  t o  

h e  datashow that  ~ l m l c ,  m l & e  r e d ,  k+ transport p m e s s e s  are eff icient  the con t inuous  b,ml food binding t o  
in the pretem remate and lht Is an =aatory home' ElVN ( c o w ' s  m i l k  p r o t e i n s ,  w h e a t  g l i a d i n  p c p t i d e s )  w a s  
Ihe is thus the m*r Or@ Of Na+ and the cwLsequences Of d e c r e a s i n g  s t e p w i s e  b e t w e e n  6-8 w e e k s  o f  age. T h i s  w a s  
colonicsurgerY*uldbeca~f~lYconsidered. m w e v e r , a n i o n e x c ~ s e e m s t o  n o t  r e l a t e d  t o  w e a n i n g .  It r e m a i n s  t o  be s h o w n  h o w  d i f -  
undergo similar d e v e l o p t a l  p m e s s e s  in both o r e  and t h i s  might explain 
the -ter susceptlbillty to acldosls than hmtraenia in the pretem 

f e r e n t  a s p e c t s  o f  p o s t n a t a l  MmI m a t u r a t i o n  a r e  i n t e r -  
r e l a t e d ,  a n d  h o w  t h e y  a re  connected t o  the  d e v e l o p m e n t  
o f  f o o d  p r o t e i n  t o l e r a n c e  o r  a l l e r g y  i n  y o u n g  i n d i v i d -  
u a l s .  
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