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Th e  Effect of  D e o x y c h o l a t e  on M i c r o s o m a l  A d e n o s i n e  T r i p h o s p h a t a s e  Prepared  f r o m  the Intest ine  
of Goldf i sh  Acc l imat i z e d  to Different T e m p e r a t u r e s  

D e o x y c h o l a t e  h a s  long  been  used  as a n a t u r a l  de-  
t e r g e n t  to  fac i l i t a te  t h e  d i spe r s ion  of wa te r - in so lub le  
s u b s t a n c e s  in aqueous  s o l v e n t s L  B u t  d i spers ion  of p a r -  
t i cu l a t e  f r ac t i ons  p r e p a r e d  f rom t i s sue  h o m o g e n a t e s  in  
d e o x y c h o l a t e  i n v a r i a b l y  causes  some  loss of e n z y m e  ac t i -  
v i ty .  Microsomal  Mg2+-ac t iva ted  a d e n o s i n e  t r i p h o s p h a t a s e  
(ATPase)  is f ound  to  be  more  labi le  t h a n  t h e  Mg~++ 
N a + +  K + - a c t i v a t e d  e n z y m e  u n d e r  these  cond i t i ons  a n d  
t r e a t m e n t  of m e m b r a n e  f r ac t ions  w i t h  d e o x y c h o l a t e  al-  
w a y s  causes  t h e  Mg ~+ + Na+ + K+/Mg2+ a c t i v i t y  r a t i o  to  
inc rease  z. P r e v i o u s  e x p e r i m e n t s  w i t h  t h e  goldf ish  in-  
t es t ine ,  whe re  t h e  mucosM t i ssue  was  h o m o g e n i z e d  in  
med ia  c o n t a i n i n g  deoxycho la t e ,  sugges ted  t h a t  t h e  
Mg2++ N a + +  K+/Mg2+-ac t iv i ty  r a t i o  d e p e n d e d  on  t h e  
p r ev ious  e n v i r o n m e n t a l  t e m p e r a t u r e  of t he  fish*. T h e  
effect  of d e o x y c h o l a t e  Oll goldf ish  i n t e s t i n a l  A T P a s e  
a c t i v i t y  h a s  n o w  b e e n  d e t e r m i n e d  s e p a r a t e l y  us ing  f ish 
acc l ima t i zed  to  2 d i f f e ren t  t e m p e r a t u r e s .  D e o x y c h o l a t e  
i n h i b i t e d  b o t h  t h e  Mg ~+- a n d  t h e  Mg ~+ + N a + +  K+_ 
a c t i v a t e d  p a r t s  of t h e  A T P a s e  s y s t e m  b u t  t h i s  ef fec t  
could  r ead i ly  be  d i s t ingu i shed  f rom o t h e r  changes  in t h e  
s y s t e m  assoc ia ted  w i t h  a c c l i m a t i z a t i o n  of t h e  f ish to  dif-  
f e r e n t  t e m p e r a t u r e s .  

Go ld f i sh  weigh ing  20-50  g were  k e p t  in  a e r a t e d  w a t e r  
a t  8 ° or  30 °C for  2 -8  weeks  before  use. G r o u p s  of 8°-accli - 
m a t i z e d  f i sh  were  a l t e r n a t e d  w i t h  30°-acc l imat ized  f ish 
t h r o u g h o u t ,  so t h a t  c o m p a r i s o n s  b e t w e e n  t h e  2 t e m p e r a -  
t u r e s  m i g h t  r e m a i n  i n d e p e n d e n t  of seasona l  changes .  The  
p r o c e d u r e  for  k i l l ing f ish a n d  for  col lec t ing  mucosa l  scrap-  
ings  f rom t h e  a n t e r i o r  i n t e s t i n e  h a s  a l r e a d y  been  desc r ibed  
in  de ta i l  4. H o m o g e n i z a t i o n  was  in  10 p a r t s  (v/w) of 0.2521C- 
sucrose  so lu t ion  c o n t a i n i n g  5 m M - d i a m i n o e t h a n e t e t r a -  
ace t ic  acid (EDTA) ,  a d j u s t e d  to  p H  7.1 b y  t he  a d d i t i o n  
of Tr i s - (hydroxymethy l ) -amino  m e t h a n e .  E a c h  h o m o -  
gena te ,  c o n t a i n i n g  t h e  pooled mucosa l  sc rap ings  f rom 
3 fish, was  cen t r i fuged  f i rs t  a t  10,000 g for 15 m i n  to  sedi- 
m e n t  nucle i  t o g e t h e r  w i t h  m o s t  of t h e  m i t o c h o n d r i a .  Th i s  
s e d i m e n t  was  d i s ca rded  a n d  a second  pe l l e t  s e d i m e n t e d  
f rom t h e  f i r s t  s u p e r n a t a n t  b y  a f u r t h e r  c e n t r i f u g a t i o n  a t  
20,000 g for 60 rain.  B o t h  c e n t r i f u g a t i o n s  were  ca r r ied  o u t  
in  t h e  cold us ing  a Spinco  model  L p r e p a r a t i v e  u l t r a -  
cen t r i fuge  ( ro tor  AH50) .  T h e  second pellet ,  f o u n d  p rev i -  
ous ly  to  cons is t  a l m o s t  exc lus ive ly  of m e m b r a n e - l i k e  
m a t e r i a l  4, was  r e s u s p e n d e d  in  10 m M  his t id ine ,  p H  7.1, 
for  i m m e d i a t e  e s t i m a t i o n  of A T P a s e  ac t i v i t y .  T h e  a m o u n t  
of N a  + a n d  K + in t he se  p r e p a r a t i o n s  was  d e t e r m i n e d  b y  
f lame p h o t o m e t r y  ( E v a n s  E lec t ro  Se len ium,  E E L ) .  Pro-  
t e i n  was e s t i m a t e d  co lo r imet r i ca l ly  us ing  c rys t a l l i ne  bo-  
v ine  p l a s m a  a l b u m i n  as s t a n d a r d  6. 

T h e  A T P a s e  a c t i v i t y  of each  m i c r o s o m a l  f r a c t i o n  was 
d e t e r m i n e d  a f t e r  a p r e l i m i n a r y  d i l u t i o n  a n d  i n c u b a t i o n  
w i t h  a n  e q u a l  v o l u m e  of 10 m M  h i s t i d i n e  or  w i t h  va r i ous  
h i s t i d i n e - d e o x y c h o l a t e  mix tu res ,  al l  a t  a p H  of 7.1. T u b e s  
c o n t a i n i n g  the se  e n z y m e - d e o x y c h o l a t e  m i x t u r e s  were  
s h a k e n  for 15 m i n  a t  37°C w i t h  no  Na+  or  K+ p resen t ,  
0.1 m l  s amples  t h e n  b e i n g  t r a n s f e r r e d  to  i n c u b a t i o n  t u b e s  
c o n t a i n i n g  5 m M  MgCI,, w i t h  or w i t h o u t  40 m M  NaC1 plus  
20 m 3 i  KC1, m a d e  u p  to  a c o n s t a n t  v o l u m e  of 0.9 ml  w i t h  
10 m M  his t id ine ,  p H  7.1. T h e  f inal  i n c u b a t i o n  was  s t a r t e d  
b y  t h e  a d d i t i o n  of 0.1 ml,  30 m M - T r i s  A T P .  I n c u b a t i o n  
was  for  15 m i n  a t  37 °C w h e n  hydro lys i s  was  s t o p p e d  b y  
t h e  a d d i t i o n  of 0.1 ml,  50% w / v  t r i ch lo roace t i c  acid.  De- 
oxychol ic  acid was inso luble  in  t he  acidi f ied m e d i u m  a n d  
th is ,  t o g e t h e r  w i t h  t h e  p r e c i p i t a t e d  p ro te in ,  was  sedi- 
mer i t ed  b y  c e n t r i f u g a t i o n  a t  1400 g for  5 min .  I n o r g a n i c  
p h o s p h a t e  (Pi) was  e s t i m a t e d "  in 0.8 ml  samples  of t h e  

c lear  s u p e r n a t a n t s  a n d  a co r rec t ion  app l i ed  for t he  smal l  
a m o u n t  of Pt p r e s e n t  in t he  Tr i s -ATP ,  i n c u b a t e d  u n d e r  
t h e  s ame  cond i t i ons  b u t  w i t h  no  e n z y m e  p resen t .  T h e  
a m o u n t  of  m i c r o s o m a l  p r o t e i n  used  in  these  e x p e r i m e n t s  
v a r i e d  f rom 40-95  ~tg. A T P a s e  a c t i v i t y  was  expressed  as  
btmoles of  Pi p r o d u c e d / m g  of p r o t e i n / h  i n c u b a t i o n .  

The  effect  of d e o x y c h o l a t e  on  t h e  ab i l i t y  of these  pre-  
p a r a t i o n s  to  h y d r o l y s e  A T P  is s h o w n  in  t h e  Figure .  T h e  
Mg"+-ac t iva t ed  A T P a s e  was  i n h i b i t e d  b y  p r e - t r e a t m e n t  
w i t h  t h e  lowes t  c o n c e n t r a t i o n  of d e o x y c h o l a t e  used  (0.25 
m M ) ,  a c o n c e n t r a t i o n  fa r  be low t h e  cr i t ica l  mice l l a r  con-  
c e n t r a t i o n  q u o t e d  for  t h i s  d e t e r g e n t  w h e n  used  to  so lubi -  
tize s imple  o rgan ic  molecules  in  a n  aqueous  p h a s e L  Accli- 
m a t i z a t i o n  to  a low t e m p e r a t u r e  increased  t h e  res i s tanc~  
of t h e  Mg~+-ac t iva ted  e n z y m e  to i n h i b i t i o n  b y  deoxy-  
cho la te .  T h e  e s t i m a t e d  c o n c e n t r a t i o n s  of d e o x y c h o l a t e  
n e e d e d  to  cause  50~/o i n h i b i t i o n  were 1.2 a n d  1.6 m M  for  
f r ac t i ons  p r e p a r e d  f rom 30 °- a n d  8° -acc l imat ized  f ish re-  
spec t ive ly .  Smal l  a m o u n t s  of d e o x y c h o l a t e  were  p i p e t t e d  
w i t h  t h e  e n z y m e  in to  t h e  f ina l  i n c u b a t i o n  m i x t u r e  a n d  
t h i s  m i g h t  h a v e  led to  a s l igh t  o v e r - e s t i m a t e  of t h e  in-  
h i b i t o r y  ac t ion  of d e o x y c h o l a t e  a t  t h e  h i g h e s t  c o n c e n t r a -  
t i on  used.  Th i s  wou ld  n o t  a p p l y  to  o t h e r  e s t i m a t e s  of 

~= 2o 

¢v  

_z~ 8 
.-=. 

0 1.25 2.5 

2O 

16< 

12 

8 

It 

1, .s 7.;5 
Pre-treatment with deOX,JChOlate (raM) 

Inhibition of goldfish intestinal AT Pase by pre-treatment with deoxy- 
cholate. Each enzyme preparation, consisting of a 20,000 g sediment 
of homogenized intestinal mucosa, was pre-treated with various 
concentrations of deoxycholate for 15 rain at 37~C at a pH of 7.1. 
Samples of these solutions were then incubated for a further 15 rain 
at 37 °C in medium containing 5 mM MgClI, 3 mM Tris-ATP and 
10 mM histidine, pH 7.1, (--o--) or in the same medium containing, 
in addition, 40 mM NaCI and 20 mM KCI (--e--).  Each point 
represents the mean of 3 estimates in duplicate, each estimate being 
made on a pooled preparation derived from the intestinal mucosa of 
3 fish. (A) and (B), fish acclimatized to 30 ° and 8 °C respectively. 
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A T P a s e  a c t i v i t y  ca r r i ed  o u t  a f t e r  p r e - t r e a t m e n t  w i t h  
lower  c o n c e n t r a t i o n s  of deoxycho la t e .  

T h e  s ens i t i v i t y  of Mg ~+ + N a  + + K + - a c t i v a t e d  A T P a s e  
to  i n h i b i t i o n  b y  d e o x y c h o l a t e  also d e p e n d e d  on  t h e  pre-  
v ious  e n v i r o n m e n t a l  t e m p e r a t u r e  of t he  fish. P r e p a r a t i o n s  
f rom 8°-accl imat ized  f ish were  more  r e s i s t a n t  to  inh ib i -  
t i on  b y  t h i s  d e t e r g e n t  t h a n  were  p r e p a r a t i o n s  f rom 30 °- 
acc l ima t i zed  fish. No i n h i b i t i o n  was  seen w i t h  8 ° - a d a p t e d  
p r e p a r a t i o n s  p r e - t r e a t e d  w i t h  d e o x y c h o l a t e  up  to  a n d  
inc lud ing  a c o n c e n t r a t i o n  of 1.25 m M .  Th i s  c h a n g e  f rom 
no i n h i b i t i o n  to  inh ib i t ion ,  seen w i t h  8° -adap ted  p r e p a r a -  
t ions ,  was  no t  found  w i t h  t h e  30°-acc l imat ized  fish. In  th i s  
case all  c o n c e n t r a t i o n s  of d e o x y c h o l a t e  i n h i b i t e d  t he  en-  
z y m e  b u t  t he  degree  of i n h i b i t i o n  b e c a m e  inc reas ing ly  
d e p e n d e n t  on  t h e  p resence  of d e o x y c h o l a t e  ove r  t h e  con-  
c e n t r a t i o n  r ange  1.25-2.5 r aM.  T h e  cr i t ica l  mice l la r  con-  
c e n t r a t i o n  for severa l  bi le  salts ,  t e s t ed  w i t h  azobenzene  
a n d  water ,  is of t h e  o rde r  of 2 m M  8. Poss ib ly  t h e  dis- 
c o n t i n u i t y  m e n t i o n e d  a b o v e  r ep re sen t s  t h e  p o i n t  a t  wh ich  
d e o x y c h o l a t e  beg ins  to  solubi l ize  m e m b r a n e s  c o n t a i n i n g  
t h e  A T P a s e  sys tem.  

The  m o s t  obv ious  d i f ference  b e t w e e n  i n t e s t i n a l  micro-  
somal  t r ac t ions  p r e p a r e d  f rom w a r m -  a n d  c o l d - a d a p t e d  
f ish was t he  ab i l i ty  of t he  A T P a s e  s y s t e m  to  be  a c t i v a t e d  
b y  N a + +  K +. A d d i t i o n  of these  m o n o v a l e n t  ions  to  
m i c r o s o m a l  f r ac t ions  p r e p a r e d  f rom c o l d - a d a p t e d  f ish 
n e a r l y  doub l ed  t h e  r a t e  of A T P  hydro lys i s .  P r e p a r a t i o n s  
f rom w a r m - a d a p t e d  f ish were m u c h  less sens i t ive  to  these  
ions. Th i s  r e m a i n e d  t r u e  a f t e r  p r e - t r e a t m e n t  w i t h  va r ious  
c o n c e n t r a t i o n s  of deoxycho la t e ,  t h o u g h  t h i s  a lways  in-  
c reased  t h e  Mg*++ N a + +  K+/Mg~+ a c t i v i t y  ra t io .  The  
d i f fe rence  in N a + +  K + - a c t i v a t i o n  was  n o t  caused  b y  
changes  in t h e  a m o u n t s  of N a  + a n d  K + f o u n d  in t he  
m i c r o s o m a l  pellets ,  T h e  m e a n  c o n c e n t r a t i o n s  of N a  + a n d  
K+, o b t a i n e d  f rom f rac t ions  p r e p a r e d  f rom fish acc l ima-  
t ized  to  b o t h  t e m p e r a t u r e s ,  were 0.3 m M  a n d  0.4 m M  

respec t ive ly .  E n z y m e  p r e p a r a t i o n s  were d i lu t ed  20-fold 
before  a s say  a n d  t h e  f ina l  c o n c e n t r a t i o n s  of ions f rom t h i s  
source  would  b e  m o s t  un l ike ly  t o  c h a n g e  t h e  overa l l  
A T P a s e  ac t iv i ty .  

A n  i n t e r e s t i ng  f ind ing  in t h i s  work  was  t he  ab i l i ty  of 
t he  Mg 2+ + N a  + + K + - a c t i v a t e d  ATPase ,  p r e p a r e d  f rom 
8° -adap ted  fish, to  r e m a i n  ful ly a c t i v e  a t  a t i m e  w h e n  t he  
MgY+-activated e n z y m e  was  be ing  depressed  b y  deoxy-  
chola te .  P r e p a r a t i o n s  f rom w a r m - a d a p t e d  f i sh  d id  n o t  
show t h i s  effect,  t h o u g h  t h e  fall  in A T P a s e  a c t i v i t y  was  
less w h e n  t h e  m e d i u m  c o n t a i n e d  N a  + +  K+. F u r t h e r  in- 
f o r m a t i o n  a b o u t  t he  mo lecu l a r  e v e n t s  w h i c h  lead to  t h i s  
t y p e  of d i f ference  could  p rov ide  a useful  way  of s t u d y i n g  
t h e  r e o r g a n i z a t i o n  w h i c h  m u s t  t a k e  p lace  in  a m e m b r a n e  
to  a l low i t  t o  f u n c t i o n  n o r m a l l y  a t  wide ly  d i f fe ren t  en-  
v i r o n m e n t a l  t e m p e r a t u r e s .  

Riassunto. L ' a t t i v i t A  di  A T P - a s i  ~ s t a t a  s t u d i a t a  nel la  
f raz ione  dei  mic rosomi  p r e p a r a t a  da l l a  m u c o s a  i n t e s t i na l e  
del  pesce dora to ,  a c c l i m a t a t o  a 8 ° o 30 °C. L a  d i f fe renza  
n o t a t a  p o t r e b b e  essere u n a  c o n s e q u e n z a  de l l ' a l t e r az ione  
nel la  s t r u t t u r a  de l la  m e m b r a n a  l ip ida  p l a s m a t i c a  p rovo-  
c a t a  pe r  c a m b i a m e n t o  del la  t e m p e r a t u r a  a m b i e n t e .  
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Paramagnetism of Human Serum Proteins Demonstrated by Two-Stfige Electromagnetophoresis 

I n  t h i s  p r e l i m i n a r y  r e p o r t  t h e r e  is desc r ibed  a new 
molecu la r  p r o p e r t y  a m o n g  some  of t h e  h u m a n  n o r m a l  
s e rums  p ro t e ins  ( H N S P ) ,  p a r a m a g n e t i c  suscep t ib i l i ty ,  b y  
use of a new t echn ique ,  two- s t age  e l ec t romagne tophores i s ,  
in  p o l y a c r y l a m i d e  gel sys tems .  S i m u l t a n e o u s  e lec t ropho-  
re t ic  t e c h n i q u e s  r e p o r t e d  b y  o t h e r s  1-5 descr ibe  m e t h o d s  
a n d  resu l t s  q u i t e  d i f f e ren t  f rom t h a t  d iscussed  in  t h i s  
paper .  To  ou r  knowledge  t h e  p a r a m a g n e t i s m  of H N S P  
has  n o t  p rev ious ly  been  recorded.  

Methods. The  t e c h n i q u e  of two- s t age  e l e c t r o m a g n e t o -  
phores i s  is as follows : a t r a n s p a r e n t  p las t i c  c h a m b e r ,  open  
a t  b o t h  ends,  was  filled b y  a p o l y a c r y l a m i d e  gel b y  t he  
m e t h o d  of ORNSTEIN e a n d  DAVIS 7 mod i f i ed  to  t h e  e x t e n t  
of e l i m i n a t i n g  t h e  space r  gel a n d  us ing  s o d i u m  pe r su l f a t e  
to  induce  po lymer i za t ion .  A t  one side on  t he  t o p  surface  
of t he  r e c t a n g u l a r  p r i s m  gel in  a s l igh t  depress ion  0.1-0.5 ml  
of h u m a n  n o r m a l  serum,  p r o t e i n  was  deposi ted .  T he  s y s t e m  
was t h e n  e l ec t rophoresed  for 30-45 m i n  us ing  a c u r r e n t  of 
30 m A  w i t h  a vo l t age  r a n g e  of 130-320 V de l ive red  b y  a 
v a r i a b l e  vo l t age  power  s u p p l y  as  a source  of d i r ec t  cu r r en t .  
Fo l lowing  t h e  c o m p l e t i o n  of e lec t rophores i s  (first  s tage) ,  

t h e  c h a m b e r  w i t h  t he  i n t a c t  gel was  p laced  for  1 h in a 
n o n - u n i f o r m  m a g n e t i c  field (second s tage)  g e n e r a t e d  b y  a 
4- inch  V a r i a n  e l e c t r o - m a g n e t  8. Typ ica l  va lues  of t h e  
p r o d u c t  of a m a g n e t i c  field t i m e s  t h e  m a g n e t i c  field 
g r a d i e n t  were a b o u t  25 × l0  s Oe r s t eds / cm ~. T h e  p ro t e in s  
so p a r t i t i o n e d  were  v i sua l ized  w h e n  t he  gel was  s t a i ned  
w i t h  0 .1% a m i d o - b l a c k  a n d  d e s t a i n e d  e l ec t rophore t i ca l ly .  
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