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prote in  synthesis  and for synthesis  of o ther  essential  
cellular materials .  

Another  factor  t ha t  m a y  be impor t an t  in the  in v ivo  
non- reac t iv i ty  of the  lysosomal  hydrolases towards  o ther  
lysosomal enzymes  in the  lysosomes of normal  dividing 
cells is the  possibi l i ty t h a t  ca thept ic  enzymes exist  intra-  
cel lularly in inac t ive  'ogen'  forms similar to those of the  
t ryps in- t ryps inogen and chymot ryps in -chymot ryps inogen  
sys tem of extracel lular  digestion. PRESS et aI. s have  iso- 
la ted several  forms of cathepsin  f rom beef spleen. Dur ing 
cell death,  changes in the  cellular env i ronment  or a 
vacuolar  change m a y  br ing about  modif icat ions in the  
ca thept ic  s tructure,  resul t ing in the ac t iva t ion  of pos- 
sible 'ogen '  forms. 

Binding of the  lysosomal  enzyme compl iment  to glyco: 
lipid, a nega t ive ly  charged envi ronment ,  a h igh in ternal  
pH,  and possible 'ogen '  forms m a y  contr ibute  to the  
re la t ive  inertness of the  lysosomal  enzymes to one another  
and their  substra tes  ill vivo.  Dramat i c  increases in lyso- 
somal  ac t iv i ty  occur when  lysosomal membranes  are 
broken or  damaged  and the  lysosomal enzyme comple-  
ment  is spilled out  into its ex terna l  envi ronment .  E x t r a -  
cellular factors such as env i ronmenta l  p H  and ionic 
s t rength  bo th  influence lysosomal  enzyme act ivi ty .  When  
cells die, the  env i ronmen t  is though t  to become more 
acidic, p robab ly  th rough  an accumula t ion  of shor t -chain  
f a t ty  acids. Lysosomal  enzymes  are known to have  their  
max ima l  ac t iv i ty  at  acid pH.  Another  factor  cont r ibut ing  
to lysosomal enzyme ac t iva t ion  af ter  the  lysosomal mem-  
branes are broken or damaged  m a y  be a sudden increase 
in ionic s trength.  I t  is conceivable  tha t  these enzymes 
exist  in an env i ronmen t  of re la t ive ly  low ionic s t rength  
(i.e. bound to glycolipid), and then  are ac t iva ted  by  
exposure to the  externa l  envi ronment .  Many enzymes 
are unstable  or have  l i t t le  ac t iv i ty  in regions of l i t t le  or 
no ionic s trength.  The  present  au thor  has found tha t  
pre incubat ion  wi th  bovine  uter ine eathepsin  D at  20 ~ 
in deionized distil led wa te r  m a y  reduce the  ac t iv i ty  of 
the  enzyme as much  as 50%. On the  o ther  hand,  pre- 
incubat ion  wi th  this enzyme in 0 .01M KC1 or NaC1 m a y  
produce a 2- to 3-fold ac t iva t ion  of the  enzyme.  

In  contras t  to the  d ramat i c  ac t iva t ion  of these enzymes  
when exposed to thei r  ex terna l  substrates,  lysosomal 
enzymes appear  to be iner t  toward each o ther  even  in 
rapidly regressing tissues. WEBER 9 has repor ted  a near ly  
30-fold increase in acid cathepsin  ac t iv i ty  in regressing 
tadpole  tails, wi th  l i t t le  ne t  gain in to ta l  units of enzyme.  
Similarly, WOESSNER ~~ has found tha t  the to ta l  ac t iv i ty  
of uter ine //-glucuronidase remained cons tan t  dur ing late 
p regnancy  and several days after  par tur i t ion.  SI~AMBeR- 
GER ~t has repor ted  s t r iking concentra t ions  of 6 lysosomal 
enzymes in regressing ra t  m a m m a r y  tumors.  P rese rva t ion  
of the  lysosomal compl iment  m a y  be impor t an t  not  only 
in regressing tissues bu t  also in ord inary  normal  cells. 
The  enigma of lysosomal enzyme preservat ion  m a y  be 

resolved by de te rmin ing  the  tu rnove r  rates of some of 
the  acid hydrolases in s i tuat ions  of rapid tissue breakdown.  

Greater  knowledge of t e r t i a ry  prote in  s t ructure  and 
prote in  chemis t ry  m a y  also yield clues as to why  lyso- 
somal enzymes undergo tu rnove r  more slowly than  do 
other  tissue components .  For  example,  clues regarding 
the  inertness of the  lysosomal enzymes  towards  one 
another  m a y  be gained f rom the knowledge of the  te r t ia ry  
s t ructure  of bovine  alkaline pancreat ic  r ibonuclease and 
papain,  which, even  though  not  lysosomal,  are nonetheless 
hydroly t ic  enzymes.  

X- ray  diffract ion studies show tha t  a molecule of 
bovine  alkaline pancrea t ic  r ibonuclease has inact ive  sulf- 
hydry l  bridges and is thus  inert  to sulfhydryl  reagentsl~. 
In  addit ion,  the  phospha te  ion binding site, which is 
p robably  the  ac t ive  center,  is located in a cleft  of the 
kidney-shaped molecule. The inertness of the  sul fhydryl  
groups and the  masking  of the ac t ive  center, resul t ing 
in a sterically h indered molecule,  m a y  explain why  lyso- 
somal  enzymes are unreac t ive  towards  one another  in 
regressing tissues as well  as in normal  dividing cells. 
Papa in  has also been shown by X- ray  diffract ion studies 
to be a k idney-shaped molecule 13. The act ive  site of 
papain  appears  to be a groove t h a t  contains  a number  of 
substrate,  b inding sites, including a sul fhydryl  group 
from cysteine ~4. His t id ine  may  also be a par t  of the 
act ive  site. The na tu re  of the  t e r t i a ry  s t ructure  of the  
lysosomal remains to be elucidated.  T h a t  nature,  when 
de termined  m a y  expla in  why  these enzymes are inert  
toward one another.  

Zusammenfassung. Die Reakt ionst r / ighei t  der  Lyso- 
somenhydrolasen  gegeneinander  in v ivo  kann aus der 
r / iumlichen Hinderung  ihrer ak t iven  Zentren entstehen.  
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Epithelial Cell Swell ing During Incubation of Rat Small  Intestine in vitro 

The up take  of fluid by  preparat ions  of intest ine incu- 
ba ted  in v i t ro  is well known 1,3. The magni tude  of this 
gut  fluid up take  (GFU) is propor t ional  to the  ra te  of fluid 
t ranspor t  8,4 and, in cont ras t  to tissues which do not  per- 
form transt issue fluid t ranspor t ,  is increased in the  pres- 
ence of  metabol izable  substrates  and reduced by  meta -  
bolic inhibitors.  Al though it  has been suggested tha t  the  
fluid t aken  up occupies a subepithel ial  extracel lular  

c o m p a r t m e n t  2, this d is t r ibut ion  has no t  been demon-  
s t ra ted exper imenta l ly ,  and no change in the extracel-  
lular  space of intest ine incubated  in v i t ro  could be de- 
mons t ra ted  by  convent iona l  marker  techniques  4 sug- 
gesting tha t  the  gut  f luid up take  m a y  occupy an intra-  
cellular compar tment .  In  the present  exper iments  the 
re la t ion be tween up take  of fluid by  intest ine and epithe- 
lial cell size is e x a m i n e d .  
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Methods. T h e  p r e p a r a t i o n  u s e d  w a s  t h e  e v e r t e d  sac  of  
r a t  s m a l l  i n t e s t i n e  p r e p a r e d  f r o m  t h e  m i d d l e  f i f t h  of  t h e  
c o m b i n e d  j e j u n u m  a n d  i l e u m  as  d e s c r i b e d  p r e v i o u s l y  s. 
F l u i d  t r a n s f e r  w a s  v a r i e d  in  d i f f e r e n t  e x p e r i m e n t s  b y  
t h e  a d d i t i o n  o f  a m e t a b o l i z a b l e  s u b s t r a t e  (g lucose)  o r  a n  
o s m o t i c  i n h i b i t o r  ( m a n n i t o l ) .  

A t  t h e  e n d  of  t h e  i n c u b a t i o n  t h e  s a c s  w e r e  b l o t t e d  
b e t w e e n  d a m p  f i l t e r  p a p e r s ,  w e i g h e d ,  o p e n e d ,  d r a i n e d  
a n d  w e i g h e d  a g a i n .  G F U  w a s  d e f i n e d  as  t h e  i n c r e a s e  in  
w e i g h t  of  t h e  t i s s u e  d u r i n g  i n c u b a t i o n .  A f t e r  t h e  f i na l  
w e i g h i n g  t h e  t i s s u e  w a s  i m m e d i a t e l y  f l o o d e d  w i t h  o s m i u m /  
d i c h r o m a t e  f i x a t i v e  a n d  s l i ced  i n t o  s m a l l  s e g m e n t s .  Fo l -  
l o w i n g  fu l l  f i x a t i o n  a n d  d e h y d r a t i o n  t h e  t i s s u e  w a s  
e m b e d d e d  in  E p o n  a n d  2 ~x s e c t i o n s  m a d e .  T h e  s e c t i o n s  
w e r e  e x a m i n e d  b y  p h a s e - c o n t r a s t  m i c r o s c o p y  a n d  es t i -  
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Fig. 1. The relations between gut fluid uptake and cell height, cell 
width and cell volume. The data are taken from experiments in 
which gut fluid uptake (GFU) was varied by the addition of glucose 
or inannitol to the saline bathing the luminal face of everted sacs 
of rat jejunum. 
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Fig. 2. Parameters of cell volume in an intestine performing net 
fluid transport froul lunfinal to ablulninal surfaces. Cell volume is 
dependent upon the difference between the net movement  of fluid 
into the cell at the luminal surface (kl) and the net movement  of 
fluid out of the cell at the abluminal surface (k2). Each of these net 
movements represents a difference between opposed unidirectional 
fluxes at each face (k a and h4, and k 5 and h~), and a steady state 
transepithelial fluid movement  in the direction indicated can only 
be maintained when k 1 aud k 2 have the same sign. 

m a t e s  of  cell  h e i g h t  a n d  w i d t h  m a d e  u s i n g  a c a l i b r a t e d  
m i c r o m e t e r  eyep iece .  A t  l e a s t  30, a n d  u s u a l l y  b e t w e e n  
50 a n d  70 o b s e r v a t i o n s  we re  m a d e  o n  a g i v e n  s a m p l e .  

Results and discussion. T h e  r e s u l t s  of  t h e s e  e x p e r i m e n t s  
a r e  s h o w n  in  F i g u r e  1. I t  c a n  be  s e e n  t h a t  t h e  h e i g h t  of  
t h e  cel ls  i n c r e a s e d  w i t h  G F U .  R e g r e s s i o n  a n a l y s i s  of  t h i s  
r e l a t i o n  g a v e  a c o e f f i c i e n t  of  c o r r e l a t i o n  o f  0 .800 ind i -  
c a t i n g  s t a t i s t i c a l  s i g n i f i c a n c e  (p < 0.05). I n  c o n t r a s t  n o  
s i g n i f i c a n t  c o r r e l a t i o n  b e t w e e n  cell  w i d t h  a n d  G F U  w a s  
o b s e r v e d .  T h e  t h i r d  p a r t  of  F i g u r e  1 s h o w s  t h e  r e l a t i o n  
b e t w e e n  a c a l c u l a t e d  cell  v o l u m e  a n d  G F U .  T h e  v a l u e s  
for  cel l  v o l u m e  we re  c a l c u l a t e d  f r o m  t h e  m e a s u r e d  cell  
h e i g h t s  a n d  w i d t h s  a n d  a r e  b a s e d  o n  t h e  a s s u m p t i o n  t h a t  
t h e  cell  c a n  be  c o n s i d e r e d  as  a r i g h t  c y l i n d e r .  I t  c a n  b e  
s e e n  t h a t  t h e  cell  v o l u m e  c a l c u l a t e d  in  t h i s  w a y  is l i n e a r l y  
r e l a t e d  t o  G F U .  R e g r e s s i o n  a n a l y s i s  o f  t h i s  r e l a t i o n  g a v e  
a c o r r e l a t i o n  coe f f i c i en t  of  0.951 i n d i c a t i n g  a v e r y  h i g h  
d e g r e e  of  s t a t i s t i c a l  s i g n i f i c a n c e  (p < 0.001).  

T h u s ,  a t  l e a s t  p a r t  of  t h e  u p t a k e  of  f lu id  b y  t h e  g u t  
wal l ,  d u r i n g  f lu id  t r a n s p o r t  in  v i t r o ,  c a n  be  a c c o u n t e d  
fo r  b y  a m e a s u r a b l e  i n c r e a s e  in  t h e  v o l u m e  of  t h e  epi -  
t h e l i a l  cells.  T h e s e  e x p e r i m e n t s  c o n f i r m  t h e  ea r l i e r  s u g -  
g e s t i o n  4 t h a t  t h e  i n t e s t i n a l  n m c o s a l  cel ls  m a y  swel l  d u r i n g  
i n c u b a t i o n  in  v i t r o ,  a n d  d e m o n s t r a t e  f u r t h e r  t h a t  t h i s  
s w e l l i n g  is p r o p o r t i o n a l  to  t h e  G F U .  

T h e  r e l a t i o n  of  cell  v o l u m e  to  G F U  is of  s o m e  i n t e r e s t  
for  t h e  i m p l i c a t i o n s  i t  m a y  h a v e  in  t h e  m e c h a n i s m  of  
f lu id  a b s o r p t i o n  in  t h e  i n t e s t i n e .  A c u r r e n t  h y p o t h e s i s  
for  t r a n s e p i t h e l i a l  f l u id  t r a n s p o r t  e m p h a s i z e s  t h e  role  
p l a y e d  b y  a c t i v e  s o l u t e  t r a n s p o r t  a t  t h e  l a t e r a l  b o r d e r s  
o f  t h e  t r a n s p o r t i n g  cel ls  ~. S u c h  a m e c h a n i s m  w o u l d  n o t  
e x p l a i n  t h e  p r e s e n t  o b s e r v a t i o n s  w i t h o u t  s o m e  m o d i f i c a -  
t i ons .  C o n s i d e r a t i o n  of  t h e  p a r a m e t e r s  g o v e r n i n g  cell  
v o l u m e  in  a s y s t e m  p e r f o r m i n g  n e t  t r a n s p o r t  of  f lu id  f r o m  
l u m i n a l  to  a b l u l n i n a l  c o m p a r t m e n t s  (see F i g u r e  2) i nd i -  
c a t e s  t h a t  a n  i n c r e a s e  in cell v o l u m e  c o u l d  be  d u e  e i t h e r  
to  a d e c r e a s e  in  t h e  n e t  m o v e m e n t  of  f lu id  o u t  of  t h e  
cell  a t  t h e  a b l u m i n a l  face,  or  to  a n  i n c r e a s e  in  t h e  n e t  
m o v e m e n t  o f  f lu id  i n t o  t h e  cell a t  t h e  l u m i n a l  face.  T h e  
f o r m e r  e x p l a n a t i o n  is o b v i o u s l y  i n c o n s i s t e n t  w i t h  a n  
i n c r e a s e  in n e t  t r a n s e p i t h e l i a l  f l u id  t r a n s p o r t ,  a n d  t h e  
r e l a t i o n  b e t w e e n  cell  v o l u m e  a n d  t l u id  t r a n s p o r t  m u s t  
be  d e p e n d e n t  u p o n  a v a r i a b l e  p r o c e s s  a t  t h e  l m n i n a l  face.  
S ince  t h i s  p r o c e s s  h a s  b e e n  s h o w n  to  be  l i n k e d  to  t h e  
m e t a b o l i c  s t a t u s  of  t h e  e p i t h e l i u m  4 t h e  p o s s i b i l i t y  of  
o s m o t i c a l l y  a c t i v e  s o l u t e  p u m p s  a t  t h i s  s i t e  r e q u i r e s  
f u r t h e r  c o n s i d e r a t i o n  7. 

Rdsumd. L ' a u g m e n t a t i o n  d u  t l u i d e  d u  t i s s u  de  l ' i n t e s t i n  
gr61e i n c u b 6  in  v i t r o  s ' a c c o m p a g n e  d ' u n  a c c r o i s s e m e n t  d u  
v o l u m e  de s  ce l lu les  6pi th61iales .  
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