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Phosphatases VI. ~ pH Dependence of the Organ-Specific Thermostability of Alkaline Phosphatases 
in Tissue Homogenates 

T h e r m o s t a b i l i t y  of a lka l ine  p h o s p h a t a s e s  (orthophos- 
phor ic  monoes t e r  phosphohydro la se ,  E.C. 3.1.3.1) in 
t i ssues  has  been  i n t ens i ve l y  s tud ied  to d e t e r m i n e  those  
qual i t ies  w h i c h  would  enab le  t he  iden t i f i ca t ion  of iso- 
enzymes  in serum,  p a r t i c u l a r l y  in  l iver,  bone,  i n t e s t i n a l  
and  neop lasmic  diseases 2-4. As w i t h  o the r  p roper t i e s  of 
the  e n z y m e  (e lec t rophore t ic  mobi l i ty ,  L -pheny la lan ine  
inh ib i t ion ,  u rea  inhibi t ionS,6) ,  t h e r m o s t a b i l i t y  is a func-  
t ion  of the  cond i t ions  of m e a s u r e m e n t ,  as well  as of 
e n z y m e  p u r i t y L  These  p roper t i e s  are  well  k n o w n  for 
p a r t l y  pur i f ied  enzymes ,  b u t  no t  for a lka l ine  p h o s p h a t a s e s  
in  t i ssue  homogena te s ,  a l t h o u g h  assay  of t he  e n z y m e  
a c t i v i t y  in  t i ssue  h o m o g e n a t e s  (especial ly a t  a lka l ine  p H  
values)  is i m p o r t a n t  in  p rac t i ce  and  is also necessa ry  to 
c o m p a r e  pu r i f i ca t ion  steps.  

In  t h e  p r e sen t  expe r imen t s ,  a m a r k e d  decrease  in 
t h e r m o s t a b i l i t y  of r a t  in tes t ina l ,  l iver,  k i d n e y  a n d  bone  
a lka l ine  p h o s p h a t a s e s  has  been  found  w i t h  inc reas ing  pH.  
This  effect  depends  u p o n  d i lu t ion  of t he  t i ssue  h o m o -  
genate .  A t  phys io logica l  p H  values,  d i f ferences  in  t h e r m o -  
s t a b i l i t y  of a lka l ine  p h o s p h a t a s e s  f rom var ious  t i ssues  
were conf i rmed.  

Mater ia l  and methods. A d u l t  ma le  W i s t a r  r a t s  (180-200 
g b o d y  weight) ,  fed a s t a n d a r d  d ie t  and  w a t e r  ad  l i b i t um,  
were ki l led b y  d e c a p i t a t i o n  u n d e r  e the r  anaes thes ia .  
Liver ,  k idney,  p r o x i m a l  t h i r d  of t h e  smal l  i n t e s t ine  and  
long bones  were r e m o v e d  rap id ly .  The  t i ssues  were 
washed  w i t h  cold isotonic  NaC1 and  cu t  in to  smal l  pieces. 
The  mucosa  was sc raped  a w a y  f rom t he  in tes t ine .  The  
t i ssues  were t h e n  homogen ized  in 4 vo lumes  of d is t i l led  
w a t e r  in a W a r i n g  b lender ,  squeezed t h r o u g h  a n y l o n  

grid and  frozen a t  - - 2 0  ~ Af te r  t h a w i n g  t h e y  were re- 
homogen ized  in 2 vo lumes  of t h e  a p p r o p r i a t e  buf fe r  or 
water ,  i sotonic  NaC1, 0.25 M sucrose or a buf fe red  sucrose 
( m a i n t a i n e d  a t  p I I  7.4 w i t h  Tris- t tC1 buffer) .  The  follow- 
ing buffers  were used:  0.1 M ace t a t e  a t  p H  5.6, 0.1 M 
b o r a t e  a t  p H  7.9 (borax-HC1) or 8.6, 9.5 a n d  10.3 (borax-  
N a O t t ) .  A t  56~ t he  p H  va lues  of these  buffers  were 5.6, 
7.4, 8.0, 9.0 a n d  9.8, resp. The  t h a w e d  h o m o g e n a t e s  were 
r ehomogen ized  in 2, 5, 9 a n d  20 vo lumes  of b o r a t e  buffer  a t  
p H  7.9. All  t he  homogen iza t i ons  were car r ied  ou t  a t  4 ~ 

Af te r  r e h o m o g e n i z a t i o n  t he  t i ssue  samples  were h e a t e d  
in an  u l t r a t h e r m o s t a t  for precise ly  3, 6, 9, 12 a n d  15 m i n  
a t  56 ~ • 0.1~ and  t h e n  qu ick ly  cooled in  an  ice b a t h .  
A c t i v i t y  of a lka l ine  p h o s p h a t a s e  was d e t e r m i n e d  in these  
and  in con t ro l  u n h e a t e d  samples .  

Alka l ine  p h o s p h a t a s e  a c t i v i t y  was d e t e r m i n e d  for 10 
m M  p - n i t r o p h e n y l  p h o s p h a t e  (B.D.H.,  Eng land )  in  50 
m2VI c a r b o n a t e - b i c a r b o n a t e  buf fe r  a t  p H  9.8, c o n t a i n i n g  
5 x l 0  -4 M MgCI 2. p - N i t r o p h e n o l  re leased in 15 m i n  a t  
37~ was m e a s u r e d  b y  op t ica l  dens i t y  a t  405 rim. The  
p rev ious ly  h e a t e d  samples  were expressed  as % of the  
r e m a i n i n g  a c t i v i t y  as c o m p a r e d  w i t h  controls .  P r o t e i n  
c o n c e n t r a t i o n  was d e t e r m i n e d  b y  t he  LowRY m e t h o d  s . 

Results  and discussion. As shown in t he  Tab le  t he  in-  
t e s t i na l  a lka l ine  p h o s p h a t a s e  is r e l a t ive ly  t h e r m o s t a b l e  
a t  s l igh t ly  acid a n d  n e u t r a l  p H  values,  as c o m p a r e d  to  t h e  
l iver  and  p a r t i c u l a r l y  k i d n e y  a n d  bone  enzymes .  This  is 
in  good a g r e e m e n t  w i t h  p u b l i s h e d  resultsg,  10. No diffe- 
rences  were shown regardless  of r e h o m o g e n i z a t i o n  in  
water ,  i sotonic  NaCI, 0.25 M sucrose a lone  or buf fe red  or 
a ce t a t e  buf fe r  a t  p H  5.6. 

Susceptibility of alkaline phosphatases in homogenates of rat tissues 
to heat inactivation 

Organ No. of rats Mean =~ S.D. (%)~ 

Intestine 10 77 ~ 1.40 
Liver 10 35 • 1.58 
Kidney 10 25 • 1.30 
Bone 10 25 ~ 1.60 

% of remaining activity after 15 rain of heating at 56~ 
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Fig. I. Effect of pH on thermostability of alkaline phosphatases in 
i. pII 9.8; 2. pH 9.0; 3. pH 8.0;,4. pll 7.4; 5. pH 5.6. 
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rat tissue homogenates, a) intestine; b) l iver; c) kidney; d) bone. 
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A progress ive  decrease  in a lka l ine  p h o s p h a t a s e  t h e r m o -  
s t a b i l i t y  w i t h  inc reas ing  p H  va lues  of t he  h o m o g e n i z i n g  
m e d i a  was shown.  I t  was  e v i d e n t  in  a l l  t h e  t i ssues  s tud ied  
(Figure  1). As seen f rom t he  figure,  bone  a n d  l iver  
a lka l ine  p h o s p h a t a s e  res is ted  b e t t e r  t h e  del i r ious  effects 
of increased  a lka l in i ty .  Af te r  on ly  3 ra in  a t  56~ a t  p H  9.0 
t he  i n t e s t i n a l  a lka l ine  p h o s p h a t a s e  showed  t he  lowest  
ac t iv i ty ,  as opposed to  t he  e n z y m e  in o the r  organs.  Th i s  
d i f ference was h igh ly  s ign i f i can t  (n = 10, p 0.001). 15 m i n  
a t  56~ a t  p H  10.3 resu l ted  in c o m p l e t e  i n a c t i v a t i o n  of 
a lka l ine  p h o s p h a t a s e s  in  all  t issues.  Thus ,  i t  appea r s  t h a t  
t he  e n z y m e  t h e r m o s t a b i l i t y  depends  u p o n  t he  cond i t ions  
of m e a s u r e m e n t .  A c o m p a r i s o n  of t i ssue  h o m o g e n a t e s  is 
compl i ca t ed  b y  t h e  fac t  t h a t  t he  degree of e n z y m e  p u r i t y  
affects  i ts  t h e r m o s t a b i l i t y .  As s h o w n  in F igure  2, t he  
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Fig. 2. Effect of dilution of tissue homogenates on susceptibility of 
alkaline phosphatases to inactivation by beat at 56~ 20% horao- 
genate in isotonic NaC1 was diluted by buffer at pH 7.4. All the 
activities were caIeulated for the initial (20%) homogenate. The resp. 
dilutions 1. 1:20; 2. 1:9; 3. 1:5; 4. 1:2. 

i n t e s t i n a l  a lka l ine  p h o s p h a t a s e  is more  t h e r m o s t a b l e  in  
more  c o n c e n t r a t e d  homogena te s .  Th i s  f inding,  wh ich  
requi res  f u r t h e r  s tudy ,  aga in  shows t he  i n t e r r e l a t i o n s h i p  
b e t w e e n  molecu la r  c o n f o r m a t i o n  a n d  pH,  ionic s t r e n g t h  ~ 
and  t h e  s t r u c t u r e  of m e m b r a n e s  of cellsl'2. 

The  decreased  t h e r m o s t a b i l i t y  of t i s sue  a lka l ine  phos-  
p h a t a s e s  in  a lka l ine  buffers  is cons iderab le  for  se lect ion 
of homogen i z ing  media .  Also t he  usua l  cond i t ions  for 
e s t i m a t i n g  a lka l ine  p h o s p h a t a s e  a c t i v i t y  (d i lu t ion  of a n  
enzyme,  h i g h  p H  va lues  a n d  t e m p e r a t u r e  of 37 ~ m a y  
well  h a v e  a n  i n a c t i v a t i n g  inf luence  on  t he  enzyme.  The  
p r ac t i c a l  i m p o r t a n c e  is d e m o n s t r a t e d  b y  t h e  fac t  t h a t  
on ly  80% of a c t i v i t y  of i n t e s t i n a l  a lka l ine  p h o s p h a t a s e  is 
p re se rved  a f t e r  60 m i n  of i n c u b a t i o n  a t  cond i t ions  used 
r o u t i n e l y  for t he  a c t i v i t y  e s t ima t ion ,  i.e. 37~ a n d  
c a r b o n a t e - b i c a r b o n a t e  buf fe r  a t  p H  9.8, even  w h e n  t he  
h o m o g e n a t e  was d i lu t ed  1 :2  (Figure  2). The  fac tors  
m e n t i o n e d  should  be  cons idered  for t he  i n t e r p r e t a t i o n  of 
t he  t h e r m o s t a b i l i t y  of a lka l ine  p h o s p h a t a s e ,  p a r t i c u l a r l y  
u n d e r  pa tho log ica l  condi t ions .  

Zusammentassung. Die H i t z e i n a k t i v i e r u n g  der  alkal i-  
s chen  P h o s p h a t a s e  in Darm- ,  Leber- ,  K n o c h e n -  u n d  
N i e r e n - H o m o g e n a t e n  der  R a t t e  e r h 6 h t  sich m i t  s te igen-  
den  p H - W e r t e n ,  was  Iiir die i ibl iche B e s t i m m u n g  der  
G e s a m t a k t i v i t X t  des E n z y m s  b e d e u t e n d  ist. 
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The Energetics of Frog Rectus Abdominis  Muscle Shortening under Isotonic Load 

There  is cons iderab le  d i s a g r e e m e n t  in  t he  l i t e r a tu re  as 
to  w h e t h e r  or n o t  t he  large f r ac t ion  of h e a t  l i be ra t i on  
d u r i n g  musc le  s h o r t e n i n g  is a c c o m p a n i e d  b y  a hydro lys i s  
of A T P  or p h o s p h o r y l c r e a t i n e .  P a r t i c u l a r l y  the  d a t a  of 
DAVIES e t  al. 1, ~, who  ana lyzed  t he  chemica l  changes  in 
frog rec tus  a b d o m i n i s  for  c o n s t a n t  a m o u n t s  of work  a n d  
shor ten ing ,  respec t ive ly ,  h a v e  been  q u o t e d  as ev idence  
for  a mere  co r re l a t ion  be t w een  m e c h a n i c a l  work  and  
chemica l  ene rgy  expend i tu re .  In  v iew of t he  i m p o r t a n c e  
of th i s  k i n d  of conclusions,  b o t h  h e a t  and  chemica l  
changes  h a v e  been  m e a s u r e d  u n d e r  s t e a d y  s t a t e  m e c h a n -  
ical  condi t ions ,  where  t he  resu l t s  are no t  a f fec ted  b y  
changes , in  t he  level  of ac t iva t ion .  

Af te r  d i ssec t ion  pa i red  rec tus  a b d o m i n i s  muscles  of 
Rana esculenta were k e p t  in  R inge r ' s  so lu t ion  c o n t a i n i n g  
1 m M  iodoace ta t e  :for 25 m i n  a t  20~ Th i s  was  fol lowed 
b y  f lush ing  w i t h  i o d o a c e t a t e - R i n g e r  gassed w i t h  5% 
CO S and  95% N~ a t  1~ for a n o t h e r  20 min.  The  f resh 
muscle  we igh t  was  o b t a i n e d  b y  hook i ng  t he  t e n d o n  on to  
a spr ing  ba lance .  The  i n d i v i d u a l  muscle  Weight (M) va r i ed  
b e t w e e n  165-180 mg. T he  muscles  were f ixed w i t h  Duco  
c e m e n t  o n t o  2 anodized  a l u m i n i u m  disks,  be ing  connec t ed  
to a l e n g t h  a n d  force t r a n s d u c e r  3. T he  in i t i a l  free muscle  
l e n g t h  a t  v e r y  s l igh t  ex tens ion  (10) va r i ed  b e t w e e n  

4.5-4.7 cm. I so ton ic  e x p e r i m e n t s  were car r ied  ou t  b y  
reduc ing  t he  m a x i m a l  i somet r i c  t ens ion  a t  1 0 + 4  m m  
(which  was  in i t i a l ly  deve loped  b y  each  muscle)  t h r o u g h  
qu ick  release to a level  equa l  to  a n y  chosen  e x t e r n a l  load, 
wh ich  in th i s  way  could be  set  a t  a wel l -def ined f r ac t ion  
of t he  i somet r ic  t ens ion .  Th i s  f r ac t iona l  load t h e n  cons t i -  
t u t e s  t he  new reference va lue  for t h e  se rvo-con t ro l  
m e c h a n i s m  of t h e  a p p a r a t u s  3. 

Fo r  t h e  h e a t  m e a s u r e m e n t s  a WlLKIE- type  i n t e g r a t i n g  
t h e r m o p i l e  4 was used, t he  sens iv i ty  of w h i c h  was in- 
creased b y  i n c o r p o r a t i n g  10 c h r o m e l - c o n s t a n t a n  j unc t ions .  
The  gas was 99% 0 2 a n d  1% CO S . The  t e m p e r a t u r e  was 
m a i n t a i n e d  a t  0~ in a D e w a r  cessel. The  two muscles  of 
t he  pa i r  were s t i m u l a t e d  s i m u l t a n e o u s l y  w i t h  supra -  
m a x i m a l  condenser  d ischarges  a t  a f r e q u e n c y  of 10 Hz.  

Chemica l  ana lyzes  h a v e  been  carr ied  o u t  in  para l l e l  
expe r imen t s ,  so as to  aIlow a r ap id  f reezing in i s o p e n t a n e  
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