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t h a n  normal  value, which  suppor t s  our view. The course 
of the  first  2 cases was r a the r  d i f ferent  as t hey  were 
de t ec t ed  at  the  age oi  4 years  and 21 months .  The 
diagnosis of c i t rul l inemia is however  clearly es tabl ished 
in our pa t ient ,  and  dea th  early in the  neona ta l  per iod 
could be the  rule r a the r  t h a n  the  except ion.  Thus  citrul- 
l inemia would be d iagnosed much  more  rare ly  t h a n  
would correspond to its real occurrence 5. 

Citrullins yon den nicht  be t rof fenen  Fami l ienmi tg l iedern  
abgegrenz t  werden.  
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Z u s a m m e n / a s s u n g .  Die Fami l i enun te r suchung  eines 
3. Falles von Citrul l inaemie spr icht  ffir eine au tosomal  
he te rozygote  Vererbung.  Die Merkmalstr~iger khnnen  
du tch  eine einfache N t i c h t e r n s e r u m - B e s t i m m u n g  des 
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T h e  E f f e c t  o f  T e m p e r a t u r e  o n  t h e  P e p t i c  P r o t e o l y s i s  o f  O v a l b u m i n  

The t e m p e r a t u r e - d e p e n d e n c e  of pept ic  hydrolys is  of a 
pro te in  was s tudied  by  BULL and CrJRRIE z, who employed  
ovalbumir~ as subs t ra te .  We have  r e -examined  th is  pro-  
b lem in view of the  f inding t h a t  the  Michaelis cons tan t  for 
t h a t  react ion does not  depend  on p H  2 and in view of the  
evidence t h a t  Krn for the  pept ic  hydrolys is  of se rum albu- 
m~n 8 and of ova lbumin  2 is the  equi l ibr ium cons t an t  to t  
the  dissociat ion of the  enzyme-subs t r a t e  complex  into 
enzyme and subs t ra te .  

The kinet ics  of t h e  act ion of peps in  (Nutr i t ional  Bio- 
chemicals  Corp., twice recrystall ized) on ova lbumin  
(twice recrystallized~), bo th  na t ive  or ac id -dena tu red  2, 
was followed by  de te rmin ing  the  t r ichloroacet ic  acid- 
soluble mater ia l  absorbing  at  275 nm, in al iquots  r emoved  
periodical ly f rom the  incubat ion  media  ~. W h e n  na t ive  
ova lbumin  was used as subs t ra te ,  care was t aken  to 
measure  t he  initial  veloci ty  of proteotys is  w i thou t  inter-  
ference of subs t r a t e  dena tu ra t ion  ~,s 

The effect  of t e m p e r a t u r e  on the  initial  veloci ty  of 
pept ic  hydrolys is  of na t ive  and dena tu red  ova lbumin  was 
s tudied  at  the  respect ive  p H  opt ima,  and the  results  are 
shown in Table  1. Al though we have  observed t h a t  v~,~ 
values were cons is ten t ly  lower wi th  dena tu red  t h a n  wi th  
na t ive  ovalbumin,  t he  t e m p e r a t u r e - d e p e n d e n c e  of v~,~ 
was no t  s ignif icant ly di f ferent  for the  2 kinds of subs t ra te ,  
yielding ac t iva t ion  energies (EA) of 13.7 ( ~  1.0) kcal /mole 
and 12.7 (~- 1.0) kcal /mole for the  na t ive  and dena tu red  
snbs t ra ted ,  respect ively.  This would seem to indicate  a 
difference in ac t iva t ion  en t ropy  (A S*) for the  b reakdown  
of the  enzyme-subs t r a t e  complex  into products .  Unfor-  
t una t e ly  ~chis difference be tween  the  2 k inds  of subs t r a t e  
could no t  be de tec ted  by  es t imates  of zlS* f rom E A and 
ra te  cons t an t  values  because of the  large errors involved.  
We have  calcula ted f rom our da t a  t h a t  A S* for na t ive  and  
dena tu red  subs t ra tes ,  a t  25~ was - -8  and - -13  ca1/ 
~ respect ively,  bu t  the  e s t ima ted  s t anda rd  devia t ion  
for these  values was 3.5 cal/~ 

F r o m  the  Km values  a t  38 ~ we ob ta in  an estimafie of 
-- 5.8 kcal /mol  for the  free energy of associat ion be tween  
pepsin  and  ovalbumin,  bo th  na t ive  and dena tured .  Al- 
t hough  our sys tem does no t  allow m e a s u r e m e n t  of the  
ac t iva t ion  energy  for the  associat ion of enzyme wi th  sub- 
s t rafe ,  t he  m a x i m u m  value for this  p a r a m e t e r  should be 
7.9 (~= 1.1) kcal /mole for the  na t ive  and 6.9 (=~ 1.4) kcal/  
mote for t he  dena tu red  subs t ra te .  The absence of a signifi- 
can t  difference be tween  these  2 values cont rad ic t s  the  
hypo thes i s  5,7 t h a t  a ra te - l imi t ing  acid dena tura t ion ,  as 
the  first  s tep  in pept ic  proteolysis  would cause the  lower 
p H - o p t i m a  observed wi th  nat ive,  as compared  wi th  de- 

natured,  pro te in  subs t ra tes .  If this  hypo thes i s  were valid, 
the  ac t iva t ion  energy for the  associat ion of enzyme wi th  
na t ive  subs t r a t e  would  include t h a t  of the  acid dena tu ra -  
t ion s . We  have  found t h a t  acid dena tu ra t ion  of oval- 
bumin,  in the  condi t ions  prevai l ing in our enzyme reac- 
t ions, has  an ac t iva t ion  energy of 33.9 (~= 3.6) kcal /mole 

Table I. Effect of temperature on K m and Vma x for peptic proteolysis 
of native and denatured ovaibumin 

Temperature K m • 10 ~ Vma x 
(~ (M) (A A/rain) 

Native ovalbumin 
20.0 2.00 (:k 0.19) 0.340 {4- 0.026) 
25.0 1.43 (=c 0.25) 0.530 (:~ 0.035) 
30.0 1.00 (~ 0.11) 0.730 (-- 0.028) 
35.0 0.88 {:~ 0.23) 1.130 ( i  0.015) 
38.0 0.80 ( i  0.12) 1.180 (~= 0.020) 

Denatured ovalbumin 
19.0 1.47 (=c 0.13) 0.173 (•  0.007) 
29.0 0.97 (-~-0.09) 0.416 (~ 0.018) 
33.3 0.83 (:k 0.08) 0.476 (-[- 0.006) 
38.0 0.77 (• 0.640 (~=0.010) 
40.0 0.74 (~ 0.05) 0.675 (~- 0.006) 

Initial velocities at several substrate concentrations, ranging from 
5 • 10 -~ to 3 • 10 ~M, were measured at pH 0.8 with the native and 
pH 1.65 with the denatured ovaIbumin. K m and Vr~ax values were 
estimated from the least-square equation for the 1]v versus 1/[S] 
plots. Vma x is expressed by the increase of absorbance of the tri- 
chloraeetic acid filtrate at 275 nm/miu. Pepsin concentration was 
2.8 • 10 "M in all the experiments. Figures in parentheses indicate 
the standard deviations calculated from the error of the estimates 
of the intercepts and slopes of the least-square lines. 
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(Table  II) ,  in good a g r e e m e n t  w i t h  pub l i shed  d a t a  ob- 
t a i n e d  a t  h igher  p H  va lues  9, ~0 Th i s  is s ign i f ican t ly  larger  
t h a n  t he  m a x i m u m  va lue  for t he  assoc ia t ion  of peps in  
w i t h  n a t i v e  o v a l b u m i n .  

The  t e m p e r a t u r e - d e p e n d e n c e  of Krn (Table  I) yields 
va lues  for t he  changes  in n o r m a l  e n t h a l p y  and  e n t r o p y  
t h a t  are  no t  s ign i f i can t ly  d i f fe ren t  for t he  2 forms of t he  
subs t ra t e .  The  large errors  i n h e r e n t  in  t h e  m e t h o d  used 
for o b t a i n i n g  those  va lues  do no t  al low a f ine i n t e r p r e t a -  
t ion,  b u t  i t  is s ign i f ican t  t h a t  the  assoc ia t ion  of peps in  and  

o v a l b u m i n  is all e n d o t h e r m i c  process  w i t h  a large in- 
crease in en t ropy .  Th i s  also occurs  in t h e  pep t i c  hydro lys i s  
of smal l  s y n t h e t i c  s u b s t r a t e s  n,  a n d  would  ind ica t e  t h a t  
h y d r o p h o b i c  b o n d i n g  p lays  a p r e p o n d e r a n t  role in  t h e  
assoc ia t ion  of peps in  w i t h  i ts  subs t ra t e .  

Rdsumd. P a r t a n t  de l 'e f fe t  de la t e m p 6 r a t u r e  sur  la 
c in~t ique  de la p ro%olyse  p e p t i q u e  de l ' o v a l b u m i n e  
n a t i v e  ou denatur~e ,  on a es t im6 l%nergie d ' a c t i v a t i o n ,  
l ' en tha lp i e  et  ! ' en t rop ie  de l ' a s soc ia t ion  e n z y m e - s u b s t r a t .  

Table II. Effect of temperature on the rate of acid denaturation of 
ovalbumin 

Temperature (~ 25.0 30.0 35.0 40.0 
h I • 108 (mid -1) 7 20 55 130 
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The first-order rate constants (/~i) were estimated by following the 
decrease of solubility of 2.5 • 10-4M ovalbumin solutions kept at 
pH 0.8. The solubility was determined by periodically removing 
aliquots that were diluted 40-folt with 2M acetate buffer (pH 4.75} 
containing 0,5 M MgSO~, add reading the absorbanee of the filtrate 
at 275 rim. 
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N o r e p i n e p h r i n e - S e n s i t i v e  N a + / K +  A T P a s e  A c t i v i t y  

N o r e p i n e p h r i n e  (NE) released f rom s y m p a t h e t i c  neu-  
rona l  t e r m i n a l s  appea r s  to  m e d i a t e  the  increased t h e r m o -  
genesis in  b r o w n  adipose  t i ssue  du r ing  cold s t ress  2, a. This  
response,  wh ich  is b locked  b y  f l -adrenergic an tagon i s t s ,  
a p p a r e n t l y  invo lves  a c t i v a t i o n  of l ipolysis v ia  t he  a d e n y l  
cyclase, Y, 5 '-cyclic A M P  system4,  5. However ,  t he  bio- 
chemica l  m e c h a n i s m s  u n d e r l y i n g  t h e  N E - s t i m u l a t i o n  of 
r e sp i r a t ion  in b r o w n  fa t  are sti l l  con t rove r s i a l  a. 

The  uncoup l ing  agent ,  2 ,4 -d in i t ropheno l  (DNP),  
in jec ted  i.v. in to  co ld-acc l imated  rats ,  enhances  t he  
t h e r m o g e n i c  response  of the  b r o w n  fa t  du r ing  cold s t ress  
as well  as du r ing  N E  a d m i n i s t r a t i o n ;  th i s  impl ies  t h a t  in  
a c t i v a t e d  b r o w n  fat,  r e sp i ra t ion  is coupled  to  ox ida t i ve  
p h o s p h o r y l a t i o n  G, W e  thus  p roposed  a) t h a t  t he  NE-  
induced  r e sp i r a to ry  e l eva t ion  of t he  b r o w n  fa t  in i t i a l ly  
ref lects  increased  ava i l ab i l i t y  of s u b s t r a t e  r a t h e r  t h a n  
of ADP,  a n d  b) t h a t  th i s  is a ccom pan i ed  b y  a n  increased  
cel lular  A T P  r e q u i r e m e n t  6. 

The  f ind ing  t h a t  N E  (whe the r  of exogenous  or n e u r o n a l  
origin) depolar ized  t he  m e m b r a n e s  of these  cells in  v ivo  7, 
sugges ted  t h a t  in t h e  N a + / K  + d i s t r i b u t i o n  and  p e r h a p s  
also t he  N a + / K  + p u m p ,  a l t e r a t ions  m i g h t  occur  du r ing  
s t i m u l a t i o n  of t h e n n o g e n e s i s  b y  t he  ca techo lamine .  Hence  
we e x a m i n e d  t h e  effect  of N E  on  t he  Na+/K+ A T P a s e  
s y s t e m  associa ted  w i t h  t he  m e m b r a n e  ion pump .  

The  m e t h o d o l o g y  en ta i l ed  r e m o v a l  of b r o w n  adipose  
t i ssue  f rom d e c a p i t a t e d  male,  L o n g - E v a n s  r a t s  t h a t  h a d  
been  cold acc l ima ted  (exposure  to  5 ~ 50% R.H. ,  w i t h  
12 h h igh / low l igh t  cycle for 4-8  weeks). The  b rown  fa t  
was  c leared of e x t r a n e o u s  t i ssues  and  t h e n  homogen ized  
in a m i x t u r e  (9/1, vo lume/we igh t )  c o n t a i n i n g  250 m M  
sucrose, 2 m M  E D T A ,  a n d  2 m M  T E S  (N Tris (hydroxy-  
me thy l )  m e t h y l - 2 - a m i n o m e t h a n e  sulfonic acid), p H  7.0 
a t  0~ The  h o m o g e n a t e  was cent r i fuged  10 m i d  a t  
14,000 • g, t h e  over ly ing  f a t  r e m o v e d  and  t he  super-  
n a t a n t  d e c a n t e d  for assay.  A T P a s e  a c t i v i t y  was deter -  
m ined  in 2 med ia  (final v o l u m e  1.5 ml) :  i.e., (A) in  milli-  
moles pe r  l i te r :  20 T E S  (pH 7.2), 27 sucrose, 8.7 KC1, 
70 NaC1, 2.7 E D T A ,  5 MgC12, 4 NaCN, 6.7 Na2ATP 

i n  B r o w n  A d i p o s e  T i s s u e  1 

(Sigma) ; (B) differed f rom (A) on ly  in con ta in ing  190 m M  
sucrose a n d  no KC1 or NaC1. E a c h  r eac t ion  s y s t e m  con-  
t a i n e d  0.477 ~ 0.013 m g  s u p e r n a t a n t  n i t rogenK Af te r  
i n c u b a t i o n  a t  30 ~ for 20 miD, t he  r eac t i on  was t e r m i n a t e d  
w i th  015 ml  1 .0N HC104, t he  t u b e s  cen t r i fuged  a t  0~ 
for 10 ra in  a t  1000 • g and  t h e  inorganic  p h o s p h a t e  in  
the  s u p e r n a t a n t  assayed  9 aga ins t  a p p r o p r i a t e  controls .  
The  Na+/K+ A T P a s e  a c t i v i t y  is here  def ined as t he  
inorgan ic  p h o s p h a t e  re leased in t he  presence  of Na+, K +  
and  Mg++ (med ium A) minus  t h a t  in  t he  absence  of KCI 
and  NaC1 (med ium B)10. 

I n  t he  presence  of NE,  t he  Na+ /K+ A T P a s e  was mar -  
ked ly  s t imu la t ed .  The  increase  was dose d e p e n d e n t  
(Figure) and  m a x i m a l  w i th  6 m M  NE.  The  fac t  t h a t  th i s  
e n h a n c e m e n t  was  abol i shed  b y  o u a b a i n  (Table) suggests  
t h a t  th i s  A T P a s e  is p a r t  of the  N a + / N  + p u m p  assoc ia ted  
w i t h  the  cell m e m b r a n e .  
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