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G l u c o c o r t i c o i d s  and t h y r o x i n e  modula te  p o s t n a t a l  i n t e s t i n a l  s u c r a s e  and 
lactase activities. Whether changes in enzyme activity are accompanied by 
changes in enzyme mRNA levels were detemined in day 6 rats given thyroxine~ 
cortisone~ or thyroxine plus cortisone and killed 3 day later. Cortisone 
induced precocious expression of jejunal sucrase activity which was enhanced 
when cortisone plus thyroxine was administered; sucrase mRNA changed in 
parallel. Jejunal lactase activity was unaffected by thyroxine and was 
increased after cortisone, but not after thyroxine plus cortisone. Jejunal 
lactase mRNA levels increased equally after cortisone or after cortisone 
plus thyroxine. Thusp cortisone induces coordinated increases in sucrase 
and lactase activities and in corresponding mRNA levels. Thyroxine only 
enhances cortisone induced sucrase expression and antagonizes cortisone by 
depressing lactase activity post-translationally. © 1991 Academic Press, Inc. 

I n t e s t i n a l  l a c t a s e  (L) and s u c r a s e - i s o m a l t a s e  (SI )  a re  b rush  borde r  

membrane i n t e g r a l  enzymes, the  former e s s e n t i a l  f o r  the  d i g e s t i o n  of l a c t o s e  

and the  l a t t e r  f o r  s u c r o s e .  I n  the  r a t ,  i n t e s t i n a l  L a c t i v i t y  i n i t i a l l y  i s  

expressed  p r e n a t a l l y  and i s  m a i n t a i n e d  p o s t n a t a l l y  a t  h igh  l e v e l s  u n t i l  l a t e  

i n  the  t h i r d  week a f t e r  b i r t h  when an ima l s  a r e  weaning ( 1 - 3 ) .  Conver se ly ,  

suc ra se  (S) a c t i v i t y  appears  and surges  a t  a t ime whi le  l a c t a s e  a c t i v i t y  

dec rease s  ( 2 - 5 ) .  The deve lopmenta l  changes i n  t h e s e  two enzymes a r e  c l o s e l y  

r e l a t e d  to  op t imal  i n t e s t i n a l  d i g e s t i o n  of ma te rna l  mi lk  or  of ca rbohydra te s  

i n  the  a d u l t  d i e t .  These concomi tan t  changes se rve  as impor t an t  i n t e s t i n a l  

m a t u r a t i o n  markers and t h e i r  r e g u l a t i o n  has been e x t e n s i v e l y  s t u d i e d .  Both 

ITo whom correspondence should be addressed at Division of Gastroenterology, 
S&R 12, St. Luke's-Roosevelt Hospital, Amsterdam Avenue at ll4th St. New York, 
NY 10025. 

Abbreviations used~ CortisonefC; Thyroxine-T4; Sucrase-isomaltase-SI; l~ctase-L. 

0006-291X/91 $1.50 
Copyright © 1991 by Academic Press, Inc. 
All rights of reproduction in any form reserved. 174 



Vol. i80 ,  No. 1, 1991 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

the  p i t u i t a r y - a d r e n a l  and p i t u i t a r y - t h y r o i d a l  a x i s  modula te  t he se  enzyme 

changes ,  s i n c e  hypophysectomy, adrena lec tomy or  thyro idec tomy impai r s  these  

deve lopmenta l  changes u n l e s s  c o r t i c o s t e r o i d s  a n d / o r  t h y r o i d  hormones a r e  

provided  ( 6 - 8 ) .  

The d e t a i l e d  mechanism by which c o r t i c o s t e r o i d s  and t h y r o i d  hormones 

modula te  p o s t n a t a l  changes i n  S and L a c t i v i t i e s  remain  i n c o m p l e t e l y  

unde r s tood .  The appearance  and i n c r e a s e  i n  i n t e s t i n a l  S a c t i v i t y  appear  to  

p a r a l l e l  SI mRNA l e v e l s  d u r i n g  normal development  and a f t e r  c o r t i s o n e  

a d m i n i s t r a t i o n  ( 9 ) .  P o s t n a t a l  dec rease  i n  L a c t i v i t y  has been r e p o r t e d  

e i t h e r  to  p a r a l l e l  (10) or  no t  to  p a r a l l e l  (11-12)  changes i n  L mRNA l e v e l s .  

Recen t ly  we r e p o r t e d  t h a t  t h y r o x i n e  (T 4) and c o r t i s o n e  (C) coopera t e  i n  the  

i n d u c t i o n  of SI s y n t h e s i s  and S a c t i v i t y  (13 ) .  Al though these  hormones a l s o  

s t i m u l a t e  L s y n t h e s i s ,  t hey  promote a f a l l  i n  i n t e s t i n a l  L c o n t e n t  and 

a c t i v i t y  (13 ) .  Whether T4+C induced enzymic changes a r e  accompanied by 

changes i n  i n t e s t i n a l  SI and L mRNA l e v e l s  i s  unknown. 

In this report, we show that T 4 cooperates with C in increasing 

intestinal SI mRNA levels and that T 4 does not reduce C stimulated L mRNA 

levels. Coordinated increases in intestinal SI protein content, sucrase 

activity and SI mRNA levels after T 4 plus C suggest that the nk~NA level is 

rate limiting in SI expression. The observation that C increases intestinal 

L mRNA levels is the first to show that L mRNA levels can be upregulated 

postnatally. C plus T 4 do not suppress L mRNA levels, but significantly 

reduce intestinal L content and activity suggesting that T 4 reduces 

intestinal L activity post-transcriptionally. 

MATERIALS AND METHODS 

Animals and e x p e r i m e n t a l  t r e a t m e n t s  
Sprague-Dawley s t r a i n  r a t  pups were used as p r e v i o u s l y  d e s c r i b e d  (13 ) .  

Day 6 r a t s  were s epa ra t ed  i n t o  4 groups and were s u b c u t a n e o u s l y  i n j e c t e d  
wi th  a s i n g l e  dose of v e h i c l e  ( c o n t r o l ) ,  t h y r o x i n e  (T4, 1 pg/g body w e i g h t ) ,  
c o r t i s o n e  (C, 50 ~g /g )  and T4+C r e s p e c t i v e l y .  Day 6 r a t s  were used,  s i n c e  
T 4 and C c o o p e r a t i v e l y  s t i m u l a t e  i n t e s t i n a l  $ and L s y n t h e s i s  a t  t h a t  age 
(13 ) .  Animals were k i l l e d  on day 9 by d e c a p i t a t i o n  and the  i n t e s t i n e  was 
q u i c k l y  r i n s e d  w i th  i c e  cold  a s e p t i c  s a l i n e  and b l o t  d r i e d  on a paper  towe l .  
The je junum ( t h e  m i d - t h i r d  of smal l  i n t e s t i n e )  was weighed and immedia te ly  
homogenized w i th  a T i s s u e - m i z e r  (Tekmar, C i n c i n n a t i ,  OH) i n  4 N g u a n i d i n i u m  
t h i o c y a n a t e  i n  10 mM Tris-HC1 b u f f e r ,  pH 7 .0 ,  c o n t a i n i n g  lZ m e r c a p t o e t h a n o l .  
To ta l  RNA was i s o l a t e d  as d e s c r i b e d  by MacDonald e t  a l  (14 ) .  A 3 cm segment 
of i n t e s t i n e  immedia te ly  above the  je junum was s t o r e d  a t  -72 ° C u n t i l  enzyme 
a s say .  

Measurements of j e j u n a l  L and S a c t i v i t i e s  and c o n t e n t s  
J e j u n a l  L and S a c t i v i t i e s  were de te rmined  by the  method of  D a l q v i s t  

(15) and p r o t e i n  was de te rmined  by the  method of Lowry e t .  a l  ( 16 ) .  J e j u n a l  
L and SI p r o t e i n  c o n t e n t s  were de te rmined  by rocke t  immunoe lec t rophores i s  
(13). 

A n a l y s i s  of j e j u n a l  L and SI mRNA l e v e l s  
The r ecove ry  of j e j u n a l  t o t a l  RNAwas measured by abso rbance  a t  260 nm 

wavelength  u s i n g  a H i t a c h i  Spec t rophotometer  (Danbury,  CT). I s o l a t e d  t o t a l  
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RNA from d i f f e r e n t  animal  groups showed s i m i l a r  OD 260/280 r a t i o s  i n  the  
range  o f  1 . 9 - 2 . 2 .  For L mRNA measurement ,  s l o t  b l o t  and Nor thern  a n a l y s l s  
were per formed us ing  3 2 [ p ] - l a b e l e d  cDNA probes  (a 1.8kb L cDNA segment)  as  
d e s c r i b e d  pE~v ious ly  (11 ) .  To n o r m a l i z e  t he  amount o f  RNA sample a p p l i e d  to  

3z each l a n e ,  [ P ] - l a b e ! e d  ~ - a c t i n  40 met (Oncogene S c i e n c e  I n c .  Manhasset ,  
NY) was i n c l u d e d  i n  t he  h y b r i d i z a t i o n  s o l u t i o n .  For SI mRNA d e t e r m i n a t i o n ,  
dot  and Nor the rn  b l o t  a n a l y s e s  were per formed u s i n g  N o n r a d i o a c t i v e  N u c l e i c  
Acid D e t e c t i o n  Ki t  ( B o e h r i n g e r  Mannhelm, I n d i a n a p o l i s ,  IN) .  The S I  cDNA 
probe ,  a 827 b segment ,  was p repa red  from p-Gom PRSI-1,  a kind g i f t  from Dr. 
Traber  (17 ) .  For Nor the rn  b l o t ,  t o t a l  RNA (10 pg)  from the  v a r i o u s  animal  
groups was f r a c g i o n a t e d  by lZ a g a r o s e - f o r m a l d e h y d e  g e l  e l e c t r o p h o r e s i s ,  g e l s  
were s t a i n e d  w i t h  e t h l d l u m  bromide t o  l o c a l i z e  28S and 18S bands and RNA was 
t r a n s f e r r e d  t o  Nytran  membranes (ICN B i o m e d l c a l s ,  Cos ta  Mesa, CA) by p a s s i v e  
d i f f u s i o n  i n  20X SSC (3M NaC1, and 0.3M sodium c i t r a t e ,  pH 7 .0)  s o l u t i o n  
o v e r n i g h t .  For  s l o t  o r  do t  b l o t ,  t o t a l  RNAwas d e n a t u r e d  i n  7.4Z 
formaldehyde i n  15X SSC and a p p l i e d  go Nytran membranes. The membranes were 
a i r  d r i e d ,  baked a t  80 ° C f o r  2h b e f o r e  h y b r l d i z a t i � n .  R a d i o a c t i v i t y  of  
32[p] -L  cDNA and ~ - a c t l n  probe was a d j u s t e d  t o  IxlO u cpm/ml and t h e  
d i g o x l g e n i n - S I  cDNA was about  40 ng/ml i n  the  h y b r i d i z a t i o n  s o l u t i o n .  A f t e r  
h y b r i d i z a t i o n ,  membranes were washed once i n  2X SSC, 0.1Z 8DS a t  room 
t e m p e r a t u r e  f o r  20 mln,  once i n  0.1X SSC, 0.1Z SD8 a t  42°C f o r  10 min and 2 
changes o f  0.1X SSC, 0.1Z SDS f o r  10 mln each a t  room t e m p e r a t u r e .  To 
d e t e c t  3 2 [ p ] - p r o b e s ,  t h e  wet membranes were wrapped w i t h  Saran Wrap (Dow 
Brands I n c ,  IN) and used t o  make c o n t a c t  exposure  o f  an X-Omat AR f i l m  
(Eastman Kodak Co, R o c h e s t e r ,  NY) f o r  24-48 h a t  room t e m p e r a t u r e .  The 
au to rad iog rams  were scanned wi th  a Z e i n e t h  Sof t  Laser  Scanning Dens i tome te r  
(Biomed I n s t r u m e n t ,  F u l l e r t o n ,  CA) t o  d e t e r m i n e  t h e  l a c t a s e  mRNA and ~ - a c t i n  
l e v e l s  i n  t he  same l a n e .  L ,LRNA l e v e l s  were no rm a l i zed  t o  t h a t  of  ~ - a c t i n .  
To d e t e c t  t h e  d l g o x l g e n l n - S I  cDNA p robes ,  immunochemlcal p rocedure  
recommended by Boehr lnge r  Mannhelm ( I n d i a n a p o l i s ,  IN) was used .  

RESULTS 

E f f e c t  o f  T 4 a n d / o r  C on j e j u n a l  S and L a c t i v i t y  and c o n t e n t s  

J e j u n a l  S a c t i v i t y  was u n d e t e c t a b l e  o r  n e g l i g i b l e  i n  day 9 c o n t r o l  r a t s  

o r  r a t s  g i v e n  T 4 , but  was induced t o  h i g h  l e v e l s  a f t e r  C and was f u r t h e r  

induced a f t e r  T4+C ( F i g u r e  1) .  J e j u n a l  SI p r o t e i n  c o n t e n t  i n c r e a s e d  in  

p a r a l l e l  w i t h  induced S a c t i v i t y  a f t e r  C and a f t e r  T4+C , be ing  1.57~0.20 and 

2.50+0.21 ng/mg mucosal  p r o t e i n  r e s p e c t i v e l y .  J e j u n a l  L a c t i v i t y  was h igh  in  

day 9 c o n t r o l s ,  d id  no t  change a f t e r  T 4 a d m i n i s t r a t i o n ,  and i n c r e a s e d  

s i g n i f i c a n t l y  a f t e r  C ( F i g u r e  1, P<0.01) .  This  i n c r e a s e  was a b o l i s h e d  when C 

was a d m i n i s t e r e d  t o g e t h e r  w i t h  T 4 ( F i g u r e  1) .  J e j u n a l  L p r o t e i n  c o n t e n t s  and 

L a c t i v i t y  a l s o  changed i n  p r o p o r t i o n  ( d a t a  not  shown). 

E f f e c t  o f  T 4 a n d / o r  C on j e j u n a l  SI and LmRNA l e v e l s  

Dot and Nor the rn  b l o t  a n a l y s e s  demons t ra t ed  t h a t  SI  mRNAappeared a f t e r  

C and t h i s  i n d u c t i o n  was f u r t h e r  enhanced a f t e r  T4+C ( F i g u r e  2 ) .  Nor thern  

a n a l y s i s  showed t h a t  t he  s i z e  of  SI mRNA was about  6.5 kb. The 288 and 188 

rRNA l e v e l s  a f t e r  e t h i d i u m  bromide s t a i n i n g  showed some d i f f e r e n c e s  i n  RNA 

a p p l l e d ,  but  t h i s  d id  not  co r re spond  t o  induced SI mRNA ( F i g u r e  2 ) .  
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Figure  1 .  E f f e c t  of  t h y r o x i n e  and c o r t i s o n e  on j e j u n a l  S and L a c t i v i t i e s .  
Rat pups a t  6 - d a y - o l d  were e i t h e r  g i v e n  v e h i c l e  ( c o n t r o l ,  8 r a t s ) ,  t h y r o x i n e  
(T4, 1 pg /g ,  7 r a t s ) ,  c o r t i s o n e  a c e t a t e  (C, 50 p g / g ,  8 r a t s )  or  T4+C (8 
r a t s )  and were k i l l e d  3 day l a t e r .  S and L s p e c i f i c  a c t i v i t y  a r e  e x p r e s s e d  
as  mU (nmole s u b s t r a t e  hydrolyzed/mg p r o t e i n / m l n ) .  Data a r e  means +SE. 
Analyzed by u n p a i r e d  s t u d e n t ' s  t - t e s t :  *P < 0.001 v s .  c o n t r o l ;  +P <-'0.01 and 
~P < 0.001 vs. +C. 

S l o t  a n d  N o r t h e r n  b l o t  a n a l y s e s  showed  t h a t  j e j u n a l  L BRNA l e v e l s  w e r e  

u n c h a n g e d  a f t e r  T4,  i n c r e a s e d  a f t e r  c o r t i s o n e  a n d  r e m a i n e d  h i g h  a f t e r  T4+C 

( F i g u r e  3 ) .  The h i g h  l e v e l  o f  j e j u n a l  L ~RNA a f t e r  T4+C c o n t r a s t e d  w i t h  t h e  
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Figure  2~ Dot b l o t  and Nor the rn  b l o t  a n a l y s e s  o£ j e j u n a l  SI aL~NA 
e x p r e s s i o n .  For do t  b l o t  ( a ) ,  t o t a l  RNA (10 pg)  from c o n t r o l ,  T4- , C-,  and 
T4+C- t rea ted  r a t s  was d e n a t u r e d  by formaldehyde and a p p l i e d  to  a Nytran  
membrane i n  row 1, 2, 3 and 4 r e s p e c t i v e l y .  For N o r t h e r n  a n a l y s i s  ( b ) ,  t o t a l  
j e j u n a l  RNA (10 p~g/lane) from c o n t r o l  ( l a n e  1, 5 ) ,  T 4 -  ( l a n e  2 and 61, C- 
( l a n e  3 and 71 or  T4+C- t rea ted  r a t s  were f r a c t i o n a t e d  by a g a r o s e -  
formaldehyde ge l  e l e c t r o p h o r e s i s ,  t r a n s f e r r e d  t o  a Nytran  membrane. RNA 
b l o t s  were h y b r i d i z e d  t o  D igox lgen ln -S I  cDNA and v i s u a l i z e d  by 
imaunochemical  s t a i n i n g  t e c h n i q u e s .  RNA i n  g e l  s t a i n e d  w i t h  e t h i d i u m  
bromide b e f o r e  t r a n s f e r  to  t h e  membrane showed 28S and 18S rRNA i n  each l ane  
( c ) .  
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Figure  3. S lo t  b l o t  and Northern  ana ly se s  of  j e j u n a l  L mRNA l e v e l s  a f t e r  
hormone t r e a t m e n t s  as in  the  Figure  2. For s l o t  b l o t  ( a ) ,  c o n t r o l ,  T&-, C- 
and T4+C-treated r a t s  a re  in  row 1-2,  3, 4-5 ,  and 6-7 r e s p e c t i v e l y .  For 
Nor thern  b l o t  a n a l y s i s  ( b ) ,  c o n t r o l ,  T4, C and T&+C r a t s  a r e  i n  lane  1 and 
~x 2 and 6, 3 and 7, and 4 and 8 r e s p e c t i v e l y .  RNA b l o t s  were h y b r i d i z e d  to 
~Z[P]-L cDNA and ~ - a c t i n  p robes .  Arrows i n d i c a t e  t h e  l o c a t i o n  of 285 and 
18S rRNA in  the  Northern  b l o t .  

d e c r e a s e  i n  L a c t i v i t y  ( F i g u r e  1 ) .  Changes  i n  j e j u n a l  L m RNA l e v e l s  

n o r m a l i z e d  t o  ~ - a c t i n m R g A  showed an  i n c r e a s e  a f t e r  C ( F i g u r e  &, P<0.05  v s .  

c o n t r o l )  and t h i s  i n c r e a s e  was m a i n t a i n e d  a f t e r  T4+C (P<0 .01  v s .  c o n t r o l ) .  
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Figure  4. E f f e c t  o f  T& and /o r  C on j e j u n a l  L and ~ -ac t inmRNA r a t i o s .  
Autoradiosrams from No~thern b l o t  were scanned wi th  a l a s e r  m i c r o d e u s i t o -  
meter  and the  r a t i o  of  peak absorbance  a reas  between L mRNA and ~ - a c t i n  
mRNA in  the  same lane  were c a l c u l a t e d .  Values a r e  means + SE from 4 r a t s  
in  each group.  *P< 0.05 and **P <0.001 vs .  c o n t r o l  o r  T4-~treated r a t s .  
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DISCUSSION 

Changes i n  i n t e s t i n a l  S a c t i v i t y  t h a t  occur  d u r i n g  normal development  

or  by p recoc ious  g l u c o c o r t i c o i d  i n d u c t i o n  have been r e p o r t e d  to  p a r a l l e l  

changes i n  SI mRNA c o n t e n t  i n  r a b b i t s  and i n  humans (18 ,19)  and i n  r a t s  

u s ing  r a b b i t  SI cDNA probes ( 9 ) .  The p r e s e n t  s tudy  used a r a t  SI cDNA probe 

and showed t h a t  T 4 enhances  the  e f f e c t  of  C by e l e v a t i n g  SI NRNA l e v e l s  

p r o p o r t i o n a l l y  to  SI p r o t e i n  c o n t e n t s .  This  i s  c o n s i s t e n t  w i th  our  

o b s e r v a t i o n s  t h a t  T4+C s t i m u l a t e s  g r e a t e r  SI p r o t e i n  p r o d u c t i o n  than  C a l one  

(13) .  Thus, s t e a d y - s t a t e  SI mRNA l e v e l s  appear  t o  de t e r mi ne  i n t e s t i n a l  SI 

s y n t h e s i s ,  SI a ccumula t i on  and S a c t i v i t y .  We p r e v i o u s l y  r e p o r t e d  t h a t  T 4 

alone did not induce SI expression until day 13 and that T 4 induced SI 

showed a lower S activity than SI induced by C or by T4+C (13). Whether 

post-translational, as well as pretranslational, regulatory mechanisms 

mediate T 4 induction of SI expression in rats older than day 13 remains to 

be clarified. 

The decrease in intestinal L activity that occurs late in the third 

week after birth has been reported either to be associated with (I0) or not 

a s s o c i a t e d  w i th  dec reased  L mRNA l e v e l s  ( 1 1 , 1 2 ) .  T 4 has been r e p o r t e d  to  

p r e c o c i o u s l y  dec rea se  j e j u n a l  L a c t i v i t y ,  bu t  no t  L mRNA l e v e l s  (20 ) .  The 

p r e s e n t  s tudy  shows a p a r a l l e l  i n c r e a s e  i n  L a c t i v i t y  and L mRNA f o l l o w i n g  C 

a d m i n i s t r a t i o n .  However, a f t e r  T4+C , L mRNA l e v e l s  remain  h igh  whi le  

j e j u n a l  L c o n t e n t  and a c t i v i t y  f a l l .  We p r e v i o u s l y  r e p o r t e d  t h a t  C or  T4+C 

i n c r e a s e s  j e j u n a l  L p r o d u c t i o n  (13) .  Thus, C i n c r e a s e s :  (a)  s t e a d y - s t a t e  

l e v e l  of L mRNA, (b)  j e j u n a l  L s y n t h e t i c  r a t e ,  and (c)  j e j u n a l  L c o n t e n t  and 

a c t i v i t y .  The e f f e c t s  of C on (a)  and (b)  a re  u n a l t e r e d  a f t e r  T4+C , bu t  L 

a c t i v i t y  and c o n t e n t  i s  reduced p robab ly  due to  i n c r e a s e d  enzyme t u r n o v e r  

(21) .  

The p r e s e n t  d a t a  show t h a t  T 4 and g l u c o c o r t i c o i d s  a l t e r  SI e x p r e s s i o n  

by r e g u l a t i n g  SI mRNA l e v e l s  and a l t e r  L e x p r e s s i o n  through changing  b o t h  L 

NRNA l e v e l s  and by p o s t - t r a n s l a t l o n a l  d e g r a d a t i o n .  The p r e c i s e  mechanism by 

which T 4 and C i n c r e a s e  s t e a d y - s t a t e  SI and L mRNA l e v e l s  i s  unknown, bu t  

t hese  hormones might  a c t  d i r e c t l y  to  s t i m u l a t e  SI or  L gene e x p r e s s i o n ,  o r  

i n d i r e c t l y  through o t h e r  p r o t e i n s  or  f a c t o r s .  R e c e n t l y ,  the  5 ' - f l a n k i n g  

r e g i o n  of human L gene up to  1026 n u c l e o t i d e s  has been r e p o r t e d  to  c o n t a i n  

no consensus  sequences  fo r  g l u c o c o r t i c o l d  r e c e p t o r  b i n d i n g  (22) ,  s u g g e s t i n g  

~ha t  g l u c o c o r t i c o i d s  e i t h e r  s t a b i l i z e  L NRNA or  i n d i r e c t l y  s t i m u l a t e  L gene 

t r a n s c r i p t i o  n .  The mechanism by which T4+C i n c r e a s e s  p o s t - t r a n s l a t i o n a l  

d e g r a d a t i o n  of L a l s o  remains  i n c o m p l e t e l y  known. S t u d i e s  a r e  i n  p rog re s s  

to  answer the  l a s t  q u e s t i o n .  
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