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w a t e r  b a t h ,  aa~d a f t e r  f i l t r a t i on  t h r o u g h  fou r  thick_nesscs o f  c h e e s e - c l o t h  w e r e  
r a p i d l y  f rozen  in  a dxy  ice - -ace tone  b a t h .  F r o z e n  h o m o g e n a t e s  w e r e  e i t h e r  s t o r e d  
a t  - - z o  ~ for  s u b s e q u e n t  use  o r  i m m e d i a t e l y  th:~wed r a p i d l y  b y  i n t e r m i t t e n t  i m m e r -  
sion ~ i t h  ~-igorous s h a k i n g  in a w a t e r  b a t h  a t  37*- Care  w a s  t a k e n  n o t  to  a l low t h e  
t e m p e r a t u r e  o f  t h e  h o m o g e n a t e  to  r ise a b o v c  4 -5" -  T h a w e d  h o m o g e n a t e s  we re  
i m m e d i a t e l y  t r a n s f e r r e d  to  an  i c e - w a t e r  b a t h .  W h e n  h o m o g e n a t e s  we re  u sed  w i t h o u t  
s to rage ,  i n c u b a t i o n  w i t h  su[  s t r a t e  w a s  u s u a l l y  b e g u n  ,~i thin  z o - 3  o rain a f t e r  t h e  
d e a t h  o f  t h e  an ima l .  
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Studies of small inr.estine during development  

!1. The intracel lular  location of intestinal ~-iala~tosidase 

sc  x I o 3 9  

R e c e n t  s tud ies  h a v e  i n d i c a t e d  t h a t  i n t e s t i n a l  ~q-galactosidasc (EC 3 . z . x . z3 )  c a n  be  
s c d i m e n t c d  w i t h  t h e  " n u c l e a x "  a n d  m i c r o s o m a l  f r a c t i o n s  d e r i v e d  f r o m  a n  h o m o g e n a t e  
ofintest~:~al  m u c o s a  ~. I n  l iver  s e v e r a l  ac id  h y d r o l a s e s  axe c o n t a i n e d  w i t h i n  a l y s o s o m e ,  
w h i c h  w h e n  d i s r u p t e d  will r e lease  t h e  a c t i v e  enz)~rnes s. T h i s  s t u d y  wa~ d e s i g n e d  to  
d e t e r m i n e  m o r e  a c c u r a t e l y  t h e  d i s t r i b u t i o n  o f  / / - ga l ac tos idase  b y  c o m p a r i n g  i t s  
ce l lu la r  l oca t i on  w i t h  t h a t  o f  ac id  p h o s p h a t a s e  (EC 3.x.3.z)  a n d  ~ - g ] u c u r o n i d a s e  
( E C 3 . z . x . 3 ; )  ( t y p i c a l  l y s o s o m a l  e n z y m e s )  a n d  a l so  w i t h  a lka l i ne  p h o s p h a t a s e  
(EC 3.z .3 .x) .  an  e n z y m e  a s s o c i a t e d  w i t h  t h e  b r u s h  b o r d e r  s. 

R a t s  o f  ~ e  W t s t a x  s t ra i t , ,  z -  4 d a y s  o f  age  were  used .  T h e  m e t h o d  o f  p r e p a r a t i o n  
o f  t h e  i n t e s t i n a l  h o m o g e n a t e ,  t h e  c e n t r i f u g a l  f r a e t i o n a t i o n  ( e x c e p t  fo r  t h e  use  o f  a 
s o m e w h a t  h i g h e r  force ,  600 x g, fo r  . ~ d i m e n t a t i o n  o f  t h e  n u c l e a r  f r ac t i on )  a n d  t h e  
/~/-galactosidase a s s a y ,  u s ing  l a c t o s e  as s u b s t r a t e  h a v e  b e e n  d e s c r i b e d  1. H o m o g e n a t e s  
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of liver were t reated in the same manner,  fl-Glucuronidase and acid phosphatase  
were a~zayed a.s d~--~cribed t y  GIA~;F.TTO AND DE DUVE a. Alkaline phosphatase u~ing 
fl-glycerophosphate as substrate  was determined h,, the method of  MooG" with 
Tris buffer inste~ad of Veronal-carbonate  buffer. To test for "ac t iva t ion"  of  lysosomal 
enzymes  the cellular fractmns were assayed in the pre.caence ~f o.z°e~ deoxycholate.  
This  concentrat ion of  deox~'cholate .~lightly inhibitt~t act iv i ty  of inte.~tinal fl-ghtcu- 
ronidase but the  extent  was a~:ertained by comparing ac t iv i ty  in the presence of 
deoxychola te  with t ha t  obtained after pre-incubation in hypotonie  media. The 
activit ies of  fl-glucuronidase and fl-galactosidase were slightly lower {approx. 2o0/0) 
in homogenates  made with  o.z 5 M sucrose as compared to t h o ~  prepared with 
0.65 M manni to l  but  there was no effect on the cellular distr ibution of an,.' of th,- 
enzymes using either homog.~nizi~,g med iu ra  Typical specific activities of the three. 
acid hydrolases in fractions of young-rat  intest inal  homogenate,  and their recovery 
in each fraction are shown in Table I. The observed di.~tribution.~ of  acid phosphatase 
and  fl-glucuronida.~e are qui te  similar except tha t  there is more ~/-glucuronida~se 
associated with the soluble fraction. Dis t r ibut i .n  t~f fl-galacto.~idase in the various 
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fract ions differs quite s tr ikingly from tha t  of the other t~,o cn:._vmcs. In the presence 
of  deoxychola te  there was no increase in ac t iv i ty  of the three enzymes in various 
fract ions front i n t~ t ine .  Since these results are markedl3 different from those found 
for adul t - ra t  liver=, l ive~  f rom young  rats  (z days  old) were fract ionated,  and the  
act ivi t ies  of  these same enzymes were determined with and wi thout  deoxycholate.  
The ac t iv i ty  of fl .galactosidase was very low in this tissue and  could not  be measured 
accura te ly  in crude preparat ions except  in the mitochondrial  fraction (o.ooS,~¢moles 
glucose released/zo rain/rag protein). There wa~ a similari ty of distr ibution of fl- 
glue~ronidase and  a d d  phosphatase  in the various fraction_~ and the act ivi ty  of the 
two  enzymes (~-galactosidase also, in liver mitochondria)  was markedly  increased 
af*er distrupZive t r ea tmen t  with deoxycholate .  The rat io of ac t iv i ty  af ter  t reat-  
m e a t  of  the mitochondrial  fraction with deoxycholate  to t h a t  before t r ea tment  was 
as follows: fl-galactosidase, 6.z; acid phosphata~e, 5-5; and  fl-glucuronidase, 4.4- 
Tl~ese results are similar to those a l ready described for adul t - ra t  liver=. 
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From the distr ibution s t u d i ~  it wa~ concluded tha t  ~-galactosidase L~ not  a~o-  
d a t e d  with the same type of part icle in intest inal  mucosa as are /~-glucuronidase 
anti acid phosphatase.  Also, there is .!o indication chemically tha t  these la t ter  two 
enzym~-s arc associated with a lysos0mal-like particle in intestine. Thr: cellular 
dis t r ibut ion of ~-ga]acto~idase was also compared with  tha t  of alkaline phosphatase  
since histochemically this l~.hosphatase has been shown to  be associated with the 
int~tin~d epithelial brush border  ~. The dis t r ibut ion of the two enzymes iz similar 
(Table I l) a l though a high~:r ~ r c e n t a g e  ot alkaline phosph;ttase t l ~ n  of fl-gal~etn~i- 
dase has consis tent ly been found in the  soluble fract ion of the ceil. T ~ s  might  be 
interpreted ~s indicating t h a t  alkaline phosphatase  is less t igh t ly  bound to a particle. 
There is no "ac t iva t ion"  of intest inal  alkaline phosphatase  by  deo:¢ycholate. 

There ha~ been considerable work in recent  y e a ~  concerning the  intracel |u lar  
k~t:ati.n of  various enzymes in different t i s s u ~  (for references see reviews by No~t- 
~ot~  ~ and i)~. Duv~;  and the demons t ra t ion  by  D~ Dt:vv. e ta / .  a of a separate  cell 
particle in liver, the lysosome, as the locus of a number  of  acid hydrolazes s t imula ted  
fur ther  work in this field. In liver, the major  acid hyd ro l a s~ ,  ~-glucuronidase, acid 
pho~phata~e, acid rih~muclease (EC z.7.7.z6 ), acid deox~aribonuclease (EC 3.r.4. 5) 

TART_F. l l  
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and cathep~in are contained in a particle which effectively separates them from 
their substrates  azid from which they  can be released in ful ly act ive form by  rup tu re  
of the membrane  of  the particle. In k idney  as well, these enzymes  have been shown 
to be conta ined witilin lysosomes or "drop le t s"  a.," they were originally t e rmed  e and  
GREENBAUM ~ a/.* have described lysosomes in ra t  m a m m a r y  tissue. I t  has  been 
hsT~othesmed ~ tha t  ly.~nsomes have a digestive funct ion related par t icular ly  to phago- 
cytosis and pinocy"tosis. In an extensive f rac t ionat ion procedure of  mouse pancreas 
V/k.%" LA.N'CKER AND H g '  z~-~ t° fo~lnd a dis t r ibut ion of  acid phosphatase  similar to 
t h a t  found in liver ~ i t h  a z-fold ac t ivat ion when assayed in the presence of  t r i t o n  
X-xoo. In o ther  tissues, however,  these enzymes have not  a lways  been found 
elated with such particles. In heart  muscle for instance n ful ly  act ive acid phos- 
phatase  has Ueen found largely in the  par t iculate  fractions. In  ra t  vent ra l  p ros ta te  
this  enzyme is d is t r ibuted  th roughou t  all fractions and  i ts  ac t iv i ty  can be increased 
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b y  on ly  4 o ~ ,  by  homogen i z ing  in hypt>torn,: ~olutitm or b y  r e p e a t e d  f reezing ~mtl 
t h a w i n g  ta. T h e  s ignif icance of  the  d i f lerences  in a c t i v a t i o n  o f  fl-glucurtmida~se and  
acid  p h n s p h a t a s e  in in t e s t ine  as shown here  as c o m p a r e d  wi th  l iver  an<t k;.dney is a 
m a t t e r  for  c o n j e c t u r e  b u t  m a y  be. r e l a t ed  to  tit.-, d i f fe ren t  func*.ion~ p e r f o r m e d  b y  
the~e t issues.  

In  t he  in tes t ine ,  / J -g lucuronidase  and  acid p h o s p h a t a s e  h a v e  a s imilar  d i s t r ibu-  
t ion  p a t t e r n  which  differs  f rom tha t  of /~-gatactosida.-e  a n d  a lka l ine  pl,ostAlata~e in- 
d i c a t i n g  t h a t  t h e y  are  p r o b a b l y  no t  c o n t a i n e d  in or  upon  the  same par t ic les .  Of  
cons ide rab le  i n t e r e s t  in th is  r ega rd  is the  histt~:hemit:al d e m o n s t r a t i o n  b y  BARKA L~ 
of  d i f fe ren t  m t r a c e l l u l a r  loci for the  acid a n d  a lkal ine  p h o s p h a t a s e s  of  m o u se  in- 
t e s t ina l  ep i t he l i um.  The  acid p h o s p h a t a s e  wa~ found  in small  ~.,Tanules of  the  " t e r -  
m i n a l  w e b "  whereas  the. e n z y m e  ac t ive  a t  a lkal ine  pH was c o n c e n t r a t e d  in the  b r u s h  
b o r d e r  a n d  Golgi  zone. Alkal ine  phoslfl iata.-e has also bees  5howli b y  e lec t ron  
m ' , x o s c o p y  to  be .~s0c ia ted  wi th  the  b rush  b o r d e r  and  in t r ace l lu la r  g ranu les  of  the  
intestinal epithelial cells x*. [ n v e r t a s e  (EC 3.2.I.26) m a y  also have  b o t h  a b rush  
b o r d e r  m e m b r a v e  ts and  intrace!P.: '!ar g ranu le  l o c a h o n  ~*. "lhe hi : , tochemical  te :h- 
n ique  used  b y  DatttA3vtsa" ,~.x't> BRL:N to d e m o n s t r a t e d  t h a t  inver ta~e  a c t i v i t y  is not  
p a r t i c u l a r l y  c o n c e n t r a t e d  wi th in  t he  b rush  b o r d e r  b u t  ~ c o n c e n t r a t e d  in g ranu les  
o f  d i f fe ren t  sizes in t he  apical  par t  of  the  cyt,>ola~m. 

F r o m  the  d a t a  prese.nted it a p p e a r s  tha t  /~-galactosida~e aJxd -alkaLine pho~- 
p h a t a s e  o c c u p y  s imi lar  s i tes  wi th in  t he  in tes t ina l  ep i the l ia l  cell. T h e  o b s e r v e d  
b i m o d a l  ce l lu la r  d i s t r i b u t i o n  o f  a c t i v i t y  o f  f l -galavtosidase  (lacta_~e) m a y  r ep re sen t  
a s .~c i a t ion  o f  t he  e n z y m e  wi th  la rger  granule.~ a f t e r  -~vnthesi~ wi th in  or u p o n  mic ro -  
soma l  pa r t i c les  or  it  m a y  resul t  f rom mechzmical  ttis~ op t ion  o f  large par t i c les  d u r i n g  
h o m o g e n i z a t i o n .  

Th i s  in-:est igat~on was  sut~ported (in par t ]  hv - P H S  re sea rch  g ran t ,  A-35o i ,  
f r o m  the  N a t i o n a l  h t s t i t u t e  o f  Ar th r i t i s  a n d  Metabol ic  Diseases,  Pab l i c  H e a l t h  
Serv ice .  a n d  a g r a n t - i n - a i d  f rom the J o h n  A. H a r t f o r d  Foundat i~m.  
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