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Our p rcv ious  work sugges ted  t h a t  i n c r e a s e d  i n t e s t i n a l  p e r n ~ c a b i l i t y  
was r e l a t e d  t o  tht-  d e g r e e  o f  e x o c r i n e  p a n c r e a t i c  d y s f u n c t i o n  i n  
C y s t i c  F i b r o s i s  (i:F). O the r s  have sugges ted  t h i s  f i n d i n g  rep res -  
e n t s  a s p e c i f i c  abnormal i ty  of CF. To f u r t h e r  e v a l u a t e  t h i s  ques- 
t i o n  we s t u d i e d  CF (n=31) and non-CF (n=10) p a t i e n t s  (Shwachman 
Syndrome) w i t h  v a r i a b l e  degrees  of e x o c r i n e  p a n c r e a t i c  d y s f u n c t i o n  
They were c a t e g o r i z e d  i n t o  p a n c r e a t i c  i n s u f f i c i e n t  ( P I )  and pan- 
c r e a t i c  s ~ f f i c i e ~ i t  (PS) groups based on f e c a l  f a t  b a l a n c e  s t u d i e s .  
A f t e r  a n  o v e r n i g h t  f a s t ,  p a t i e n t s  were f e d  20 grams of l a c t u l o s e  
and u r i n e  was c o l l e c t e d  f o r  8 hours .  Ur ina ry  l a c t u l o s c  e x c r e t i o n  
(% i n t a k e )  was de te rmined  by t h i n - l a y e r  chromatography.  Mean u r i n -  
a r y  l a c t u l o s e  e x c r e t i o n  was no d i f f e r e n t  between CF and non-CF 
p a t i e n t s  wi th  e i t h e r  P I  (2.10f1.21 and 1.92f0.76)  o r  PS (0.63f0.49 
and 0 .61f0 .34) .  There was a s i g n i f i c a n t  d i f f e r e n c e  i n  l a c t u l o s e  
e x c r e t i o n  between P I  and PS p a t i e n t s  i n  CF and non-CF groups 
(p<0.0001 and p<0.013,  r e s p e c t i v c l y ) .  T h i s  r e l a t i o n s h i p  was exp l -  
a i n e d  by comparing p a n c r e a t i c  f u n c t i o n  ( t r y p s i n  o u t p u t ,  u n i t s / k g /  
hour)  w i t h  u r i n a r y  l a c t u l o s e  e x c r e t i o n  i n  26 p a t i e n t s .  A non-l in-  
e a r  i n v e r s e  r e l a t i o n s h i p  was observed between t h e  two p a r m e t e r s .  
A p l o t  o f  t h e  log(x )  t r a n s f o r m a t i o n  of duodenal  t r y p s i n  o u t p u t  
a g a i n s t  u r i n a r y  l a c t u l o s e  e x c r e t i o n  r e v e a l e d  a h i g h l y  s i g n i f i c a n t  
l i n e a r  r e l a t i o n s h i p  ( ~ ~ 0 . 7 7 8 ,  p=0.0001). These d a t a  conf i rm a 
d i r e c t  r e l a t i o n s h i p  between i n t e s t i n a l  l a c t u l o s e  p e r m e a b i l i t y  and 
t h e  d e g r e e  o f  e x o c r i n e  p a n c r e a t i c  d y s f u n c t i o n ,  u n r e l a t e d  t o  
e t i o l o g y .  
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STABLE ENTEROTOXIN (ST,)-MEDIATED DIARRHEAL DISEASE. 72 A G Mezoff. R A G i a n n e l l a .  M N Endr.  M li C o h ~ n .  
Div i s ions  o f  P e d i a t r i c  G a s t r o e n t e r o l o g y ,  C h i l d r e n ' s  

H o s p i t a l  Research Found. ,  D i g e s t i v e  D i s e a s e s ,  U. of C i n c i n n a t i  & 
VAMC, C i n c i n n a t i ,  011 6 Dept.  o f  Phys io logy .  Auckland,  NZ 

I n  o r d e r  t o  de te rmine  tlre p o t e n t i a l  c o n t r i b u t i o n  o f  tlie co lon  t o  
E.coli c n t e r o t o x i g e n i c  d i a r r h e a l  d i s c a s e ,  we coinpared ST, b i n d i n g ,  
gunny la te  c y c l o s e  a c t i v a t i o n  (CCA), and ST,-induced wa te r  f l u x  i n  
t h e  ilcutn and c o l o n  o f  a d u l t  lnale r a t s .  Receptor  b i n d i n g  
c l ~ a r a c t e r i s t i c s  were d e t e r l n i ~ ~ c d  by Sca tcha rd  a n a l y s i s  o f  l Z S ~ - S T ,  
b i n d i n g  t o  i s o l a t e d  i l e o c y t e s  and c o l o n o c y t e s .  ST, s t i ~ n u l a t c d  CCH 
was determined i n  crude ~nernbrnnc hoaogena tcs  p repa red  from ileum 
and proximal  c o l o n .  Water f l u x  was measured i n  segments  o f  ileum 
and c o l o n  con t inuous ly  pc r fuscd  wi th  a non-absorbol>le marker 
c o n t a i n i n g  s o l u t i o n ,  w i t h  and wit l iuut  ST,. Sca tcha rd  a n a l y s i s  
sugges ted  a s i n g l e  c l a s s  o f  ST, r e c e p t o r s  wi th  a K, of  = log  L/M i n  
b o t h  i l e o c y t e s  and co la r rocy tes ,  liowever ~naxi~num b i n d i n g  was 3 . 5  
f o l d  g r e a t e r  ( p . 0 2 )  i n  co lanocy tes  (8 .32  X 10' r e c e p t o r s / c e l l )  
t han  i l e o c y t e s  ( 2 . 3 3  X 10'). ST, s t i m u l a t e d  GCA i n  an  i d e n t i c a l  dose 
dependant  manner i n  i l e a l  and proximal  c o l o n i c  membranes. ST, 
i n h i b i t e d  n e t  wa te r  f l u x  t o  a s i m i l a r  degree  i n  Lotli i leum ( - 4 8  
ul /cm/hr)  and c a l o n  ( - 3 8  ul/cm/hr) .  In  the i l eum,  rhis chaneo 
induced n e t  s e c r e t i o n .  I n  t h e  c o l o n ,  because o f  a Ir igher  b a s e l i n e  
o f  a b s o r p t i o n ,  a b s o r p t i o n  c o n t i n u e d ,  b u t  a t  a d i ~ n i n i s h c d  l e v o l .  
Conc lus ion :  The co lon  may c o n t r i b u t e  t o  t h e  p a t l i o p l i y ~ ~ o l o g y  o f  ST; 
~a r .d i :~ tcd  d i n r r l ~ c a l  d i s e a s e  by a dvc rcased  absorptive c a p a c i t y  i n  
tlrc f a c e  o f  i n c r e a s e d  s ~ n d l l  i ~ r t r s t i n n l  f l u i d  s e c r e t i o n .  
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En te ro tox igen ic  E .  c o l i  t h a t  e l a b o r a t e  h e a t - s t a b l e  e n t e r o t o x i n  
(ST,) a r e  a world-wide cause  of d i a r r h e a l  d i s e a s e .  We have 
p r e v i o u s l y  demonstrated t h a t  ST,, a p o l y p e p t i d e  a b l e  t o  induce 
i n t e s t i n a l  s e c r e t i o n ,  b inds  t o  a s p e c i f i c  r e c e p t o r  in  huntan 
i n t e s t i n e .  In o r d e r  t o  c h a r a c t e r i z e  t h i s  r e c e p t o r ,  we used a 
ca lc ium p r e c i p i t a t i o n  t echn ique  t o  p repa re  brush borde r  membranes 
(BBM) from human small i n t e s t i n e .  BBM were incuba ted  wi th  
r a d i o l a b e l e d  ST, (4-Tyr-'2S1-ST,) i n  t h e  p resence  and absence o f  
e x c e s s  n a t i v e  ST,. Rad io labe led  ST, was c r o s s 1  inked t o  BBM us ing  
t h e  p h o t o a f f i n i t y  agen t  N-hydroxysucc in im idy l -4 -az idobenzoa te .  
These BBM, wi th  t h e  ST, r e c e p t o r  c o v a l e n t l y  c r o s s l i n k e d  t o  
r a d i o l a b e l e d  ST,, were s u b j e c t e d  t o  SDS-PAGE and au to rad iography .  
Two p r o t e i n s  o f  M, 66,000 and 98,000 were h i g h l y  r a d i o l a b e l e d  by 
t h i s  t echn ique .  C r o s s l i n k i n g  o f  r a d i o l a b e l e d  ST, t o  t h e s e  p r o t e i n s  
was markedly d imin i shed  i n  t h e  p resence  o f  un labe led  ST,. These 
same p r o t e i n s  were s p e c i f i c a l l y  c r o s s l i n k e d  i n  specimens from 25 
d i f f e r e n t  p a t i e n t s  as well as i n  m u l t i p l e  specimens ob ta ined  
th roughou t  the jejunum and i leum of  2 d i f f e r e n t  p a t i e n t s .  We 
conc lude  t h a t  t h e s e  p r o t e i n s  a r e  p robab ly  major  b ind ing  components 
o f  t h e  human i n t e s t i n a l  ST, r e c e p t o r .  
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In order to  elucidate the relation between the morphogenesis of the small 
intestine and the initiation of lactase gene expression, our  previously 
characterized rat lactase cDNA was used as  a probe for lactase mRNA. 
Detection of lactase mRNA by Northern blotting was correlated with 
intestinal development as assessed by microscopic examination of samples 
from the same fetus and by enzyme assay. Both mRNA and enzyme activity 
were detectable as  soon as  the stratified epithelium of the early intestine h3d 
been transformed into a single layer of columnar epithelium lining villi a t  
about 18 days of gestation. Although PAS staining was positive for the 
brush border, electron microscopy demonstrated that the epithelial cells were 
still immature, with sparse microvilli, endoplasmic reticulum, and Golgi 
apparatus, and a relatively homogeneous cytoplasm. Significant levels of 
lactase mRNA were present in these cells, thus indicating that lactase 
expression begins as soon as the definitive intestinal epithelial cell develops. 
During the period of transformation when the columnar epithelium and villi 

were fanning, no lactase mRNA was detectable in the immature distal third 
of the fetal intestine. CONCLUSIONS: 1) Initiation of lactase expression 
occurs concurrently with the morphogenesis of columnar epithelial cells. 

2) Lactase expression does not require the formation of mature brush 
border structure. 3) Lactase enzyme activity and mRNA appear 
simultaneously during development of rat intestine. Supported by NIH grant 
DK 32658 and the Whitaker Health Sciences Fund. 

PROTEIN mOSINE KlNASE SUBSTRATES IN RAT INTESTlNAL 
MlCROVlLLUS MEMBRANES (MVM). 
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Many growth factor receptors and proto-oncogenes regulate cellular proliferentintion 
and differentiation by an intrinsic w i n e  !iinase which phosphorylates specific cellular 
subtrates. These phmphopy l  prateiw (p-tyr) are likely to be second messengers which 
t raduce growth factor responses. To characterize these potential mediators of intestinal 
growth, we present the fust identification of p-tyr in rat intesoiwl MVM, which we have 
previously shown to exhibit p i n e  kinase actinry. (Gasuomterol 94:A460,1988). 

MVM, purified from small intestine of feral and adult rau by the calcium precipitation 
technique, or their corresponding intestinal hamogenate, were incubated fur 10 min at 
20% in vino in Hepg/MnCIJATP/Na orthovanadate. P-tyr were identified by either 
immunoprecipiration or Western blot using a highly specific anti phmphotyrosine 
monoclonal or polyclonal antilady, respectively. A 68 kDa protein was the most abundanr 
p-lyr identified in MVM (fetal > adult) wing either technique. Inmunoprecipitation 
demonstrated a 36 kDa p-tyr in fetal MVM and a 33 kDa p-tyr in adult MVM. A few other 
p-lyr were identified by Western blot in fetal MVM but only the 68 kDa was present in 
adult MVM. These p-lyr were sMcanrly enriched in MVM compared to hornogcnates. 

To determine if these p-tyr are present in vivo and to study their developmental 
expression, Western blou were performed on MVM prepared from fetal, suckling and adult 
rat intestine in the presence of vanadate and NaF. The 68 kDa p-lyr was present in all 
ages studied and in MVM of adult jejunum and ileum. 80, W and 175 kDa p-tyr, 
previously identified in vitro, demonstrated variable expression during development. 

The epidermal growth factor receptor (EGFR), a known phosphotyrosyl protein, was 
inmunoprecipitated horn fefal MVM with an and-ECFR antibody, incubated with 3 ? ~ . ~ l ~  
and identified as a single band of MW 175 kDa by autoradiography, suggesting that the 
175 kDa p-tyr expressed in MVM is the EGFR. 
CONCLUSIONS: 1) MVM tyrcsine kinase(s) phosphorylate p-tyr in vitra and in vivo. 2 )  A 
68 kDa protein is the most adundanr p-tyr present in fetal and adult MVM. 3) The 175 
kDa p-ty~ identified in MVM in nvo appears to be the EGFR which is autophosphorylnred. 

C h l o r i d e  (Cl)  t r a n s p o r t ,  d e f i c i e n t  i n  CF, may b e  p r o s t a g l a n d i n  
(PC) s e n s i t i v e .  Furthermore,  exogenous p a n c r e a t i c  enzymes (PEs) 
a r e  a c i d  l a b i l e .  The PGEl ana log  EN i n c r e a s e s  g u t  pH w i t h i n  
minu tes  of o r a l  a d m i n i s t r a t i o n .  We r e p o r t  a doub le -b l ind ,  p l acebo  
(P) c o n t r o l l e d  c r o s s o v e r  s tudy  of EN, 4-8 ug/kg/day,  i n  20 CF P t s  
who r e q u i r e d  PEs t o  c o n t r o l  s t c a t o r r h e a .  Ten P t s  (Cp I ,  a g e s  
5-23) were t r e a t e d  f o r  3 days  and t c n  (Gp 11, a g e s  5-14) f o r  1 3  
days .  We examined: s t o o l  (ST) f a t ,  sodium (Na), potassium (K) 
and c h l o r i d e  (C l ) ;  ST we igh t  ( W ) ,  f r equency  (F) and o s m o l a l i t y ;  
sweat  (SW) C1, Na, K; e s s e n t i a l  f a t t y  a c i d s  (EFA). K e s u l t s  
(mean ' SEM): 

F a t  STNa SWCl STWT S T  F 
(%) (%) (mEq/l.) (g lday)  (no. /day)  

GpI EN 43'10 3026 124'5 280'58 2.4'0.4 
P 41'8 21'4 122'5 280'53 2.0'0.2 

CPII  EN 7'2* 15'4 122'3 77f17* 1 . 0 t 0 . 2  
P 17'4 15'4 124'3 117'22 1.2'0.2 

*pCO. 04 
There  were no s i g n i f i c a n t  d i f f e r e n c e s  i n  ST o r  SW e l e c t r o l y t e s ,  o r  
EFA between t h e  two t r e a t m e n t s  f o r  CpI o r  GpI I .  Conclusions:  
EN i n c r e a s e s  f a t  a b s o r p t i o n  i n  CF P t s  when t r e a t e d  f o r  13 days bu t  
n o t  when t r e a t e d  f o r  3 days .  Long term a d a p t i v e  r e sponses  t o  PCs, 
r a t h e r  than  enzyme s p a r i n g  from shorL term changes i n  lumina l  pH, 
l i k c l y  u n d c r l i e  our  f i n d i n g s .  
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