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a decrease  is seen of t h e  c o n t e n t  of A T P  a n d  G-6-P,  and  
a n  increase  of t he  A D P  a n d  A M P  c o n t e n t  in  t h e  ca rd iac  
muscle.  These  resu l t s  are cons i s t en t  w i t h  a n  increas ing  
p h o s p h o f r u c t o k i n a s e  a c t i v i t y  in  the  cell. 

Tab le  I1 shows a serie of e x p e r i m e n t s  in  wh ich  all  t h e  
h e a r t s  were per fused  for 10 min.  The  zero t i m e  r ep resen t s  
t he  cont ro l s  in  wh ich  t he  h e a r t s  were per fused  for 10 ra in  
w i t h  t he  D N P - f r e e  buffer .  T he  per iods  of 1x/2 a n d  5.0 m i n  
r ep re sen t  d e t e r m i n a t i o n s  in  wh ich  the  h e a r t s  were pre l im-  
i n a r y  per fused  for  81/2 a n d  5.0 m i n  respec t ive ly  w i t h  
DNP- f r ee  buffer ,  a f t e r  wh ich  t h e y  were r ap i d l y  swi tched  
to  a buf fe r  c o n t a i n i n g  D N P .  T ime  10 ra in  r ep resen t s  
d e t e r m i n a t i o n s  in  w h i c h  t h e  h e a r t s  were per fused  for  10 
ra in  w i t h  a D N P - c o n t a i n i n g  buffer .  As can  be  seen, a f t e r  
lz/2 m i n  of pe r fus ion  w i t h  D N P  t he  c o n t e n t  of G-6-P  in 
t he  muscle  was found  to  be  lower, a n d  a t  t he  same  t i m e  
only  a smal l  increase  in t he  c o n t e n t  of p h o s p h o r y l a s e  a 
could be  not iced.  

F r o m  these  resul ts ,  i t  was  possible  to  asgume t h a t  t he  
g lycogenolyt ic  effect  of D N P  is no t  exp la ined  b y  t he  
' p u s h  m e c h a n i s m ' ,  where  t he  G-6-P level  is f ound  to  be  
h igher  t h a n  in t h e  case of ca t echo lamines  4. T he  G-6-P  a n d  
nuc leo t ides  levels found  a f t e r  a shor t  per iod  of expos i t ion  
of t he  h e a r t s  to  t he  d rug  (11/2 min) ,  suggest  t h a t  t he  D N P  
m a y  cause  p r i m a r y  a c t i v a t i o n  of t he  phospho f ruc tok inase ,  
and  in consequence  a h igher  r a t e  of glycogenolysis .  On 
t he  o the r  h a n d ,  cons ider ing  t h a t  G-6-P  is an  i n h i b i t o r  of 
p h o s p h o r y l a s e  b k inase  a c t i v i t y  12, t he  low levels of t h i s  

m e t a b o l i t e  would  be  respons ib le  for t he  h igher  a c t i v i t y  of 
t h e  phospho ry l a se  b k inase  found  in t h e  h e a r t s  pe r fused  
w i t h  D N P .  

S tudies  to  be  descr ibed  e lsewhere  show t h a t  t h e  G-6-P  
c o n c e n t r a t i o n  obse rved  in to  t h e  ca rd iac  cell in  n o r m a l  
cond i t ions  of pe r fused  h e a r t s  causes  s ign i f ican t  i n h i b i t i o n  
of t h e  phospho ry l a se  b kinase .  

Summary. To exp la in  t h e  m e c h a n i s m  of D N P  ac t ion  t he  
c o n t e n t s  of ATP ,  ADP,  A M P  a n d  G-6-P  were d e t e r m i n e d  
in per fused  r a t  h e a r t s  in  a pe r iod  of t i m e  in which  t he  r a t e  
of t h e  glycogenolysis  was  increased.  The  levels of these  
m e t a b o l y t e s  in  t he  e x t r a c t  were cons i s t en t  w i th  a n  in-  
crease of t h e  p h o s p h o f r u c t o k i n a s e  ac t iv i ty .  On t he  o the r  
h a n d ,  t h e  f ind ing  of h ighe r  a c t i v i t y  of p h o s p h o r y l a s e  b 
k inase  in D N P - p o i s o n e d  a n i m a l s  could be  exp la ined  as due  
to t he  low c o n t e n t  of G-6-P  in  t he  per fused  h e a r t s  sub-  
j ec ted  to  t h e  ac t ion  of t he  drug.  
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P r e p a r a t i o n  and P r o p e r t i e s  of a So luble  T r y p s i n - D e x t r a n  Conjugate  

The  p roper t i e s  of insoluble ,  immobi l i zed  enzymes  h a v e  
been  ex t ens ive ly  i n v e s t i g a t e d  a n d  d o c u m e n t e d  z. B y  
compar i son ,  however ,  d a t a  ava i l ab le  for enzymes  i m m o -  
bi l ized in so lu t ion  are  l imi ted ,  a l t h o u g h  ear ly  inves t iga -  
t ions  b y  MITZ a n d  SUMMARIA 2 i nd i ca t ed  t h a t  soluble  
chymot ryps in -ce l lu lose  con juga te s  e x h i b i t e d  h ighe r  ca t -  
a ly t ic  ac t iv i t i e s  t h a n  t h e i r  insoluble  coun te rpa r t s .  More 
r ecen t ly  severa l  c h y m o t r y p s i n - d e x t r a n  gra f t  co-po lymers  
h a v e  b e e n  s h o w n  to  possess increased  s t ab i l i t y  w i t h  un-  
a l t e red  ca t a ly t i c  p rope r t i e s  3, 4. 

T r y p s i n  (EC 3.4.31.4) cova l en t ly  a t t a c h e d  to n e u t r a l  
p o l y a l d e h y d e  d e x t r a n  is also more  s tab le  t h a n  t h e  free 
e n z y m e  b u t  i t s  a c t i v i t y  t ow ar ds  po lymer ic  s u b s t r a t e s  a n d  
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pH-aetivity profiles for trypsin, I = 0,17 (�9 acetaldehydetrypsin, 
I = 0.17 (O); PADT, I = 0.17 (~)); PADT, I = 1.17 (@). All 
reaction mixtures contained 0.1 mg/ml protein and 1.27 • 10 -8 M 
BAPNA. 

i ts  pI-I-rate profi le  h a v e  b o t h  been  a l t e red  b y  immob i -  
l izat ion.  

D e x t r a n  TT0 (Pha rmac ia ,  G.B.,  L td)  was  oxidized b y  a n  
acidic so lu t ion  of sod ium pe r ioda t e  for 16 h, 25 ~ in t he  
dark .  The  po lya ldehyde  d e x t r a n  (PAD) so fo rmed  was 
recovered  b y  dia lysis  a n d  lyophi l i za t ion .  T ryps in  (Boe- 
r inge r  Corpora t ion ,  London ,  Ltd . )  was  s t i r red  w i t h  a n  
excess of P A D  for 24 h a t  5~ in 0.1 M c i t r a t e  buf fe r  
pI-I 7.0. No insoluble  m a t e r i a l  was  fo rmed  d u r i n g  con-  
j u g a t i o n  a n d  t he  soluble p o l y a l d e h y d e  d e x t r a n - t r y p s i n  
c o n j u g a t e  (PADT) was i so la ted  b y  gel c h r o m a t o g r a p h y .  
R e c h r o m a t o g r a p h y  of t he  i so la ted  complex  a t  h i g h  ionic 
s t r e n g h t  h a d  no  effect  on  t h e  p ro t e in  c o n c e n t r a t i o n  in  t h e  
complex.  A typ ica l  p r e p a r a t i o n  of t h e  P A D T  complex  
c o n t a i n e d  0.41% n i t rogen  e q u i v a l e n t  to  a p p r o x i m a t e l y  
3% t r y p s i n  (w/w). 

T r y p t i c  a c t i v i t y  was a s sayed  s p e c t r o p h o t o m e t r i c a l l y  
a t  30 ~ w i t h  benzoyl-D, L-arginine p -n i t r an i l ide  hydroch lo -  
r ide  (BAPNA)  (Boer inger  Corpora t ion ,  London ,  Ltd . )  
A p p a r e n t  Michae l i s -Menten  p a r a m e t e r s  for B A P N A  were 
e s t i m a t e d  f rom L i n e w e a v e r - B u r k  p lo ts  a n d  were re f ined  
us ing  a p rocedure  s imi la r  to  t h a t  of WILKINSON 5. The  
p ro teo ly t i c  a c t i v i t y  of t r y p s i n  was e s t i m a t e d  b y  i ts  
ca ta lyzed  release of TCA soluble  p r o d u c t s  f rom 0.5% 
casein so lu t ion  6. 
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The single s tage coupling of t ryps in  to the  p re -ac t iva ted  
d e x t r a n  m a t r i x  is comple te  wi th in  24 h a t  5 ~ as shown 
by  the  absence of free enzyme on gel ch roma tography .  
The r e su l t an t  graf t  is s table  a t  room t e m p e r a t u r e  in 
aqueous  solut ions of neu t ra l  pH.  

The Figure shows p H - r a t e  profiles for the  hydrolys is  of 
B A P N A  cata lyzed  by  free and bound  t ryps in  a t  ionic 
s t r eng ths  of 0.17 and  1.17. The p H  o p t i m u m  is displaced 
by  app rox ima te ly  1 p H  uni t  t owards  more  alkaline values 
b y  conjugat ion.  A similar shif t  t owards  higher  pI-I values 
has  been observed previous ly  for t ryps in-po lye lec t ro ly te  
der iva t ives  and in t h a t  case was a t t r i b u t e d  to the  neigh- 
bour ing carrier  bound  charged groups  7. For  th is  sys tem 
such an exp lana t ion  is inadequate .  Oxida t ion  of poly-  
saccarides by  s o d i u m  metaper ioda te ,  under  the above 
condi t ions  t e rmina tes  a t  t he  a ldehyde  level of oxidat ion,  
and  the  p H  shif t  is not  reduced by  the  large change in 
ionic s t r eng th  s 

The resu l t an t  p H - a c t i v i t y  profile af ter  t r e a t m e n t  of 
t r yps in  wi th  excess ace ta ldehyde  was de te rmined  in 
order  to  separa te  the  effects due to  the  ma t r i x  f rom those  
due to chemicaI modif ica t ion  of the  p ro te in  molecule 

Table I. Apparent Michaelis constants for trypsin catalyzed hydrolysis 
of BAPNA in 0.1 M verona1 buffers, plus 0.02 M calcium chloride, 
30 ~ 

K(~,v~) ( • 104 M) 
pH 8.0 pH 8.85 

Trypsin 7.40 5.80 
PADT 5.60 5.95 

Table If. Percentage retention of tryptie activity towards BAPNA, 
at 30~ in 0.1 M citrate buffer pH 7.0 (protein concentration, 1 rag/ 
ml). 

3 days 34 days 

Trypsin 2 0 
Trypsin plus 0.02 M CaCle 14 0 
PADT 46 42 
PADT plus 0.02 M CaC12 53 55 

(Figure). I n  ag reemen t  wi th  LABOUESSE and  GERVAIS 9 
a small  alkaline shif t  was observed,  b u t  smaller  t h a n  t h a t  
caused by  the  po lya ldehyde  dext ran .  

The ma t r i x  had  no effect,  wi th in  expe r imen ta l  error, 
on the  subs t r a t e  d e p e n d a n t  kinet ics  of t ryps in .  B o t h  free 
and  a t t a c h e d  enzyule obeyed the  Michael is -Menten 
equa t ion  for the  hydrolys is  of B A P N A  over  t he  range 
0.1-1.27 • l0  -a M ;  the  pa rame te r s  de t e rmined  a t  each p H  
o p t i m u m  are shown in Table  I. 

Immobi l i za t ion  impar t s  increased res is tance to auto-  
lysis (Table II).  Tryps in  loses 98% of its ac t ivy  wi th in  
72 h at  30 ~ p H  7.0, bu t  s o mew h a t  less (86 %) in t he  pres- 
ence of 0.2 M calcium chloride. By  con t ras t  the  conju- 
gate  re ta ins  42% of its initial  ac t iv i ty  even a f te r  34 days  
under  the  same condi t ions  ; calcium ions also have  a small  
s tabi l izing effect  on the  conjugate ,  Table  I (care was  t aken  
to avoid bacter ia l  con tamina t ion) .  

This reduced  auto ly t ic  capabi l i ty  of the  carr ier  bound  
enzyme is the  resul t  of two main  factors.  By  analogy wi th  
t he  usual reac t ion  p roduc t s  of a ldehydes  wi th  prote ins ,  the  
expec ted  si tes  of react ion would be to the  E -ami n o  groups  
of Iysine so p r even t ing  the  la t t e r  f rom b ind ing  to  t he  
act ive sites of o the r  t ryps in  molecules. In  addi t ion,  the  
presence  of the  a t t a c h e d  d ex t r an  will s ter ical ly  h inder  
the  mu tua l  app roach  of t ryps in  molecules. This  effect  is 
p robab ly  also responsible  for the  decreased degrada t ion  
of casein by  the  conjugate  which  is only 4% of t h a t  of the  
na t ive  enzyme.  

As a requis i te  to  fu r the r  e lucidat ion of the  observed  
kinet ic  p roper t ies  of the  conjugate ,  i ts  s t ruc tu re  is under  
invest igat ion.  

Zusammen[assung. Durch  kovalente  B indung  an Poly-  
a l d e h y d - d e x t r a n  wird Tryps in  immobil is ier t .  Die poly-  
merische Matr ix  s tabi l is ier t  das  E n z y m  und  bewirk t  eine 
p H - E r h 6 h u n g  der  max ima len  Aktivit / i t ,  bee inf luss t  aber  
den Michael is-Menten P a r a m e t e r  fiir die I-tydrolyse des 
Subs t ra tes  B A P N A  nicht .  
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Alteration of Erythrocyte (Na + + K+)-ATPase by Replacement of Cholesterol by Desmosterol  
in the Membrane 

I t  was shown by  us t h a t  t r e a t m e n t  of ra t s  wi th  an 
inh ib i to r  of desmosterol  reductase ,  i.e. 20.25-diazacho- 
lesterol, results  in an increased specific (Na+ + K+)- 
ATPase  ac t iv i ty  in m e m b r a n e s  of d i f ferent  t issues. Such 
an effect  was shown for the  sa rco lemma of skeletal  and  
cardiac muscle 1, 2 and e ry th rocy t e  ghosts  3, ,. P re l iminary  
s tudies  s suggest  t h a t  the  a l te ra t ion  in (Na+ + K+)- 
ATPase  ac t iv i ty  is due to the  r ep l acemen t  of cholesterol  
b y  demosterol  in the  m e m b r a n e s  of animals  t r ea t ed  wi th  
th i s  substance.  

Male ~ ' i s t a r  ra t s  were dai ly t r ea t ed  wi th  10 mg 20.25- 
diazacholesterol  d ihydrochlor ide  in 0.2 ml  of water  given 
b y  an oesophageal  cannula  for a per iod  of 8 weeks. Control  

animals  were subjec ted  to the  same procedure  using 0.2 
ml  of wa te r  only. Blood was d rawn  from one t r e a t ed  and 
one contro l  an imal  into hepar in ized  syringes by  aort ic  
punc tu re  of the  anes the t ized  animal.  P l a s ma  and red 
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