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In Paper  I I I  1 of this series it was shown that  by the action of liver esterase triprop- 
ionyl glycerol is hydrolyzed via 1,2-dipropionyl and 2-monopropionyl glycerol. Other 
intermediate degradation products need not be considered. The rate of hydrolysis of 
these esters showed a considerable difference, the 2-monopropionyl glycerol being split 
extremely slowly by an amount  of liver esterase having a great capacity for splitting 
tripropionyl glycerol; the 1,2-compound has a position between these two. 

The enzymatic hydrolysis of tripropionyl glycerol by  liver esterase is an example 
of a process in which enter consecutive reactions, proceeding at very different rates. 
HALDANE 2 points out the difficulties that  are connected with the t reatment  of the kinet- 
ics of such a type of process giving rise to differential equations which are not in general 
integrable. 

In  the case of the triglycerides such reactions have not been studied closely, and 
there is need of further work in this field both theoretical and practical. 

The object of the present work has been to s tudy the kinetics of the hydrolysis 
process of the separate esters in the degradation of tripropionyl glycerol in the hope tha t  
it would be possible on the basis of the results from the experiments with the separate 
esters to put forward a reaction scheme leading to an equation which fits the reaction 
course for the hydrolysis of tripropionyl glycerol much further than the liberation of one 
acid equivalent. 

METHODS 

Liver esterase was obta ined by  ext rac t ing  chopped, acetone and ether  dried rabbi t  liver t issue 
wi th  I °/o NaC1 solution. 

Tripropionyl,  1,2-dipropionyl and 2-monopropionyl  glycerol were synthesized as described 
previously 1. 

The enzymat ic  hydrolys is  was followed at  p H  7.1o and 22 ° by  means  of the continuous titration 
technique ~. 

EXPERIMENTAL AND RESULTS 

Kinetics o/ the reaction: Tripropionyl glycerol ~ 1,2-dipropionyl glycerol + propionic 
acid (tri ~ di) 

In Paper  114 of this series experiments were described in which the hydrolysis course 
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of rac. I -monocapry ly l  glycerol  ( enzyme:  l iver esterase) might  be rendered by the 
equat ion 

a a 
E t = A l n - - + B x o r t = A ' l n  + B ' x  (I) 

t g - -  X a - - X  

where A ' = I (2) 

and B'  = I Ek2 I - -  (3) 

a = initial  substrate  concentration,  x = concentrat ion of acid l iberated at t ime  t. 
Equat ion  (I) is obtained by  assuming the fol lowing two-s tep  reaction mechani sm:  

O H -  + Ester  + X 1 ~ X~ + C- (4-1) 

X~ ks '  X 1 + gl ( + 2 )  

X 1 and X 2 are different forms of the enzyme .  C-  = fat ty  acid, gl = glycerol.  O H -  con- 
centrat ion constant  during the exper iment .  

B y  differentiation of (I), putt ing  x = o, we get 

I I I I 
E - -  = - -  + - -  - -  (4) 

Vo k2 a k 1 

i.e. 1/% (% = init ial  ve loci ty)  varies l inearly wi th  I/a. When 1/% is p lot ted as ordinate 
against  I/a as abscissa, the abscissa intercept  = kl/k 2. 

In Table I are shown the data from a typical  exper iment  with  tri. The values  of 

T A B L E  I 

HYDROLYSIS OF TRIPROPIONYL GLYCEROL (1.838 m m o l  per litre) 
IN THE PRESENCE OF LIVER ESTERASE (Exp.  4) 

x 
robs. m. equiv, a tcalc. 
rain N a O H  added % min  

1.35 o.o96 5.2 1.29 
2.83 o.197 lO.7 2.7o 
4.21 o.297 16.2 4.22 
5.67 0.398 21.7 5.7 ° 
7.28 o.499 27.2 7.32 
9.00 0.60o 32.7 9.o2 

lO.79 o .7ol  38.2 lO.84 
12.84 o.8ol  43.6 12.76 
14.99 0.902 49.1 14.86 
17.3o 1.oo3 54.6 17.14 
19.9o I,IO 4 60.0 19.66 
22.75 1.2o5 65.6 22.48 
29.73 1.4o6 76.5 29.5 ° 
34.05 1.5o 7 82.0 34.21 
39.31 1.6o8 87. 5 40.49 
46.4 ° 1.7o9 93.0 50.20 
50.7 ° 1.759 95-7 58-27 

a is c o m p u t e d  as the  ratio of acid l iberated d iv ided  b y  one acid equivalent .  
tcalc, is c o m p u t e d  according to equat ion  (i) .  A'tri = I6.O; B' tr i  = 4.5. 
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A~r i a n d  Bta  are  d e t e r m i n e d  g r a p h i c a l l y  a n d  h a v e  b e e n  used  to  ca l cu l a t e  b y  e q u a t i o n  
(i) t h e  t ime ,  tcalc., c o r r e s p o n d i n g  to  each  o b s e r v e d  v a l u e  of  x. a = m o l a r i t y  of tri .  T h e  

re su l t s  s h o w  close a g r e e m e n t  w i t h  t h e  o b s e r v e d  t imes ,  robs., un t i l  a b o u t  8 0 %  hydro lys i s .  
T h e n  tcalc" is a l w a y s  l a rge r  t h a n  tob~., a n d  t h e  d i f fe rence  is inc reas ing .  Th i s  is no d o u b t  
due  to  t h e  in f luence  of t h e  n e x t  s t ep  in t h e  h y d r o l y s i s  of t r i p r o p i o n y l  g lyce ro l  (di ~ too). 

T a b l e  I I  shows  t h a t  w i t h  a c o n s t a n t  a m o u n t  of e n z y m e ,  t h e  v a l u e  of A~a increases  

l i nea r ly  w i t h  t h e  in i t i a l  s u b s t r a t e  c o n c e n t r a t i o n  (a), whe rea s  t h e  v a l u e  of B~r i r e m a i n s  
c o n s t a n t .  T h e  e x p e r i m e n t a l  r e su l t s  t h u s  agree  w i t h  e q u a t i o n  (I) d e r i v e d  f r o m  t h e  re-  
a c t i o n  s c h e m e  s u g g e s t e d  for  m o n o c a p r y l a t e  a n d  l i ve r  es terase ,  in wh ich  a r eve r s ib l e  a n d  

an  i r r eve r s ib l e  s t ep  is a s sumed .  

TABLE n 

E F F E C T  OF S U B S T R A T E  C O N C E N T R A T I O N  (a)  ON / l ' t r i ,  / 3 ' t r  i AND I / Y  o 

T R I P R O P I O N Y L  G L Y C E R O L  

A t . . 
Exp.  a A '  1/Vo = m + B '  
no. mmol per litre tri B'tri a ui 

I o.460 14.5 4.5 36.0 
2 o.919 15.2 4.5 21.1 
3" 1-685 15.5 4.5 13.7 
4,  1.838 16.o 4.5 13.2 
5 3.64 ° 18.2 4.5 9.5 

* Exps. 3 and 5 are carried out with other enzyme concentrations than in Exps. I, 2 and 4. 
As there is proportionality between initial velocity, Vo, and amount of enzyme, and A'tri/B'tri varies 
linearly with a, all the experiments could be worked together. 

F r o m  Fig.  11 i t  a p p e a r s  t h a t  1 /% va r i e s  l i nea r ly  w i t h  I / a ;  absc issa  i n t e r c e p t  = k l / k  ~ 

= 0.405 ( d e t e r m i n e d  b y  t h e  m e t h o d  of leas t  squares) .  
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Fig. i. Influence of initial substrate concentration, a, upon initial velocity, Vo. Abscissa i /a = mmol 
substrate-l-1. Ordinate I/Vo = re.equiv, base- l . l .min.  

i. Tripropionyl glycerol. Abscissa intercept ~ kl/k 2 = 0.405. 
2. 1,2-dipropionyl glycerol. Abscissa intercept = kJk~ = o.189. 
3- 2-monopropionyl glycerol. Abscissa intercept = k J k  e ~ 0.00245. 
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K i n e t i c s  o /  the  r e a c t i o n :  1 , 2 - d i p r @ i o n y l  g lycero l  ~ 2 - m o n o p r o p i o n y l  g lycero l  + p r o p i o n i c  

a c i d  (di  ~ '  mo)  

D e t a i l s  for  one  of  t h e  e x p e r i m e n t s  w i t h  di  a re  g i v e n  in  T a b l e  I I I .  T h e  v a l u e s  for  

tcalc, o b t a i n e d  f r o m  e q u a t i o n  (I) s h o w  close a g r e e m e n t  w i t h  o b s e r v e d  t i m e ,  toby., u n t i l  
a b o u t  8 0 %  h y d r o l y s i s  of  o n e  ac id  e q u i v a l e n t .  

T h e  r e s u l t s  o b t a i n e d  i n  a se r ies  of e x p e r i m e n t s  w i t h  di  a r e  s u m m a r i z e d  in  T a b l e  IV.  

A p p a r e n t l y  t h e  a c t i o n  of  l i v e r  e s t e r a s e  u p o n  di  c a n  b e  e x p l a i n e d  b y  t h e  s a m e  r e a c t i o n  

m e c h a n i s m  as g i v e n  for  l i v e r  e s t e r a s e  a n d  t r i ,  p u t t i n g  a in  e q u a t i o n  (I) e q u a l  t o  m o l a r i t y  

of  di. Adi v a r i e s  l i n e a r l y  w i t h  a, w h e r e a s  B~i is c o n s t a n t .  F i g  12 s l !ows a l i n e a r  r e l a -  

t i o n s h i p  b e t w e e n  I /Vo a n d  I / a ;  a b s c i s s a  i n t e r c e p t  ~ k3 /k  4 ~ o.18 9. 

TABLE I I I  
HYDROLYSIS OF 1,2-DIPROPIONYL GLYCEROL (2.855 mmol per litre) 

IN THE PRESENCE OF LIVER ESTERASE (Exp. 8) 

X 
robs. m. equiv, a tcalc" 
min  N a O H  added % rain 

7.27 o.114 4 .0 7.37 
13.8o o.213 7.5 13.91 
19.95 o.312 lO.9 2o.84 
26.86 o.412 14. 4 27.93 
34.33 o-511 17.9 35-25 
42.33 o.61o 21. 4 42.85 
50.65 0.709 24.8 50.76 
59.68 o.8o3 28.2 58.92 
68.58 0.907 31.8 67.41 
77-75 1.oo6 35.2 76.39 
87.65 1.1o6 38. 7 85.82 
98.52 1.2°5 42.2 95.74 

lO9.2o 1.3o 4 45.7 lO6.2o 
12o.56 1.4o 3 49.1 117.29 
132.2o 1.5o 3 52.6 129.25 
144.85 1.6Ol 56.1 141.88 
158.2o 1.7Ol 59.6 155.49 
172.65 1.8oo 63.1 17o.2o 
187.6o 1.899 66. 5 186.28 
203.78 1.998 70.0 2o4.ol 
221.55 2.o97 73.5 223.8o 
242.90 2.196 76.9 246.21 
267.2o 2.296 80. 4 272.15 

a is computed as the ratio of acid l iberated divided by one acid equivalent,  
/talc. is computed according to equation (I). A'di = i53 ; B'ai = io. 

TABLE IV 
E F F E C T  O F  S U B S T R A T E  C O N C E N T R A T I O N  (a) O N  A ' d i  , B ' d i  A N D  I/W 0 

1 , 2 - D I P R O P I O N Y L  G L Y C E R O L  

Exp.  a B" I /Vo ~ --A 'd, , 
no. m m o l  per  litre Atdi  di a -~ B di 

6 1.136 132 IO 126.2 
7 1.41o 139 IO lO8.6 
8 2.855 153 io 63.6 
9 18.11 346 IO 29.1 
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Kinetics o / the  reaction: 2-monopropionyl glycerol ~ glycerol + propionic acid (mo -~  gl) 

Liver  es terase  has  only  a ve ry  s l ight  a c t i v i t y  towards  this  ester.  I t  is therefore  
p rac t i ca l ly  imposs ib le  in expe r imen t s  wi th  th is  es ter  to  reach  the  degree of hydro lys i s  
which migh t  enable  us to ca lcula te  some A~o and  B~o values.  F o r  this  reason we were 
con ten t  to  de t e rmine  Vo for th ree  different  subs t r a t e  concen t ra t ions  using the  same 
e x t r e m e l y  large amoun t s  of l iver  esterase,  vo was de t e rmine d  g raph ica l ly  from the  slope 
of the  first  pa r t  of the  hydro lys i s  curve.  The  resul t s  are given in Table  V. F r o m  Fig.  I~ i t  
will be a p p a r e n t  t h a t  1/% var ies  l inear ly  wi th  i/a. 

The expe r imen t a l  d a t a  for 2 -monoprop iony l  g lycerol  m a y  thus  be i n t e rp re t ed  ac- 
cording to the  same reac t ion  scheme as in the  cases of t r i  ~ di  and  d i - -~  mo in the  
presence of l iver  esterase,  ks/k ~ is found  to be  0.00245. 

TABLE V 

EFFECT OF SUBSTRATE CONCENTRATION (a) ON I / v  o 
2-MONOPROPIONYL GLYCEROL 

Exp. a 1/Vo* 
no. mmol per litre 

IO 12.74 753.6 
II  31.87 316.2 
12 64.98 166.2 

* Vo is determined graphically from the slope of the first part of the reaction curve. 

Calculation o/the reaction velocity constants/or the processes tri -~ di, di _z, mo and mo --~ gl 
at the same concentration o] liver esterase 

As prev ious ly  descr ibed  4 i t  is a s imple m a t t e r  to compute  k 1, k_l  and  k~ when the  
expe r imen t a l  d a t a  sa t i s fy  equa t ion  (I) a n d  A and  B have  been de te rmined .  W h e n  E is 
pu t  equal  to  I and  B is known  there  will  be sufficient equa t ions  to  de te rmine  the  con- 
s tan ts .  I f  B is no t  known one can only ca lcu la te  k 1 and  ks, el. equat ions  (2), (3) and  (4). 

Using the  resul ts  in Tab le  I I  and  p u t t i n g  E ---- I the  fol lowing k-values  are found 
for the  process  t r i  ~ di: 

k 1 ~ o.o718 min - lmmo1-1 .  
k_ x ~ o.o1455 min- lmmo1-1  
k S ~ o.1772 rain -1 

On the  basis  of the  expe r imen t s  in Table  IV we de t e rmine d  the  ra t ios  be tween  the  
k-va lues  for the  process  di ~ mo :  

k a : k_a : k 4 = o.o84o : 0.00466 : 0.04454 

These  ra t ios  can be used in the  ca lcu la t ion  of k~, k_~ and  k 4 cor responding  to  the  
a m o u n t  of enzyme used in the  expe r imen t s  wi th  tri .  I t  is only  necessary  to  ca r ry  out  
some expe r imen t s  wi th  t f i  and  di using the  same a m o u n t  of enzyme (E'), c[. Table  VI .  

* In giving this dimension--as in the outlining of the equations which lead to ( i ) - - O H -  is 
left out of consideration. 
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T A B L E  V I  

DETERMINATION OF I/V 0 FOR THE SAME CONCENTRATION OF TRIPROPIONYL GLYCEROL AND 
1,2-DIPROPIONYL GLYCEROL IN THE PRESENCE OF THE SAME ENZYME CONCENTRATION (E') 

a v o 
Ester mmol  per re.equiv.~rain • /a Z /Vo 

litre per litre 

T r i p r o p i o n y l  1 .912  0 . 0 3 6 5  0.523 27 .4  
g l y c e r o l  

1 , 2 - d i p r o p i o n y l  1 .912  0 . 0 0 2 6 9  0 . 5 2 3  372  
g l y c e r o l  

A c c o r d i n g  to  e q u a t i o n  (4), u s ing  k l / k  2 = 0.405 a n d  ks/k  4 = o.189 we  ge t  

E'/vo (t~) = Ilk2 + o .523/k l  = o .928 /k l  

E'/vo(ai) ---- I lk4 + o.523/ks = o.712/k3 

B y  d iv i s ion  of t he se  two  
a n d  k_s/k4 = O.lO46 we  f ina l ly  

ks 
k -  s 
k4 

e q u a t i o n s  we  o b t a i n  ks/k  1 = o.o565.  F r o m  th i s  f rac t ion  
c o m p u t e  

= 0.004056 m i n - l m m o 1 - 1  

= 0.002245 min-Xmmo1-1 
_-- 0.02146 m i n  -1 

T h e  ra t ios  f o u n d  b e t w e e n  kl,  k_ 1 a n d  k~. on  one  side a n d  ka, k_ s a n d  k 4 on  t h e  o t h e r  
s ide h a v e  b e e n  c o n f i r m e d  b y  ca l cu l a t i ons  on  t h e  bas is  of  o t h e r  e x p e r i m e n t s .  

I n  a s imi la r  w a y  k~ a n d  k s were  c o m p u t e d  f r o m  e x p e r i m e n t s  w i t h  m o  a n d  t r i  u s ing  
t h e  s a m e  c o n c e n t r a t i o n  of e n z y m e .  

k 5 = 0.000286 m i n - l m m o 1 - 1  
k s = o.1167 m i n  -1 

As Bmo has  n o t  b e e n  d e t e r m i n e d  k_ 5 can  n o t  be  ca l cu l a t ed .  

A t t e m p t  to treat the hydrolys is  o / t r i p r o p i o n y l  glycerol as a consecutive series o / reac t ions  

W e  wil l  n o w  u t i l i ze  t h e  i n f o r m a t i o n  o b t a i n e d  in  s tud ie s  on  t h e  s e p a r a t e  es te rs  a n d  
p u t  f o r w a r d  a r e a c t i o n  s c h e m e  for  t h e  c o m p l e t e  h y d r o l y s i s  of  t r i p r o p i o n y l  g lyce ro l  in 
t h e  p re sence  of  l i ve r  es te rase .  

Re/erenaes p. 9 L 

k l \  
O H -  + t r i  + X 1 - - -  X 2 + P -  ( 2 ~ I )  

\ /~--1 
~, -x  x 1 x 2 x + y + z 

X 2 -k2-~ X 1 + di (4-2) 

x 2 x 1 x - y  

k3 
O H  + d i  + X ~  ......... Xa + P -  ( ± 3 )  

\ k _  3 

x - y  x 1 x a x + y + z 

X 3 ~ X 1 + mo  ( + 4 )  
x~ x 1 y - z  3 
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O H - + m o  + X  1 - x  4 + p -  (+5) 
\ k _  5 

y - z  x 1 x 4 x + y + z I I I 

X4 ~ k L  x~ + gl ( + 6) 
X 4 X 1 Z 

Xa, X2, Xa a n d  X 4 are  d i f fe ren t  f o rms  of  l i ve r  es te rase .  A t  t i m e  t x 1, x 2, x~ a n d  x 4 
are  c o n c e n t r a t i o n s  of X~, X~ etc . ,  x = t h e  m o l a r  c o n c e n t r a t i o n  of h y d r o l y z e d  t r i ;  

y ~ m o l a r  c o n c e n t r a t i o n  of h y d r o l y z e d  di  a n d  z = m o l a r  c o n c e n t r a t i o n  of h y d r o l y z e d  
mo.  a = in i t i a l  m o l a r  c o n c e n t r a t i o n  of tr i .  gl  = g lycero l .  T h e  c o n c e n t r a t i o n  of p r o p i o n y l  
ion  (P-)  is a s s u m e d  to  be  o a t  t = o. T h e  c o n c e n t r a t i o n  of  t h e  h y d r o x y l  ion  is c o n s t a n t  

a n d  does  n o t  e n t e r  in t h e  m a t h e m a t i c a l  t r e a t m e n t .  
W h e n  each  of t h e  r eac t i ons  (I), (I1) a n d  (Ill) is s u p p o s e d  to  be  in t h e  s t a t i o n a r y  

s t a t e ,  i .e .  

d x i  
d~- ~ o (i = 2, 3, 4) 

t h e  r a t e s  

d x  
dt  401xl - - 40_1x2  (Ia) 

d x  
dt 402x2 ( I b )  

d y  
d t  - -  °Jaxl ~ 40-ax~ (2a) 

d y  
- -  404x8 (2b) 

dt  

d z  
dt  - -  ° J s x l -  40-sx4 (3a) 

d z  
- -  40ex4 (3 b )  

dt  

(using CHRISTIANSEN'S notations 5) are 

401 = hi (a--x) ; 40-1 = k-1 (x + y +  z) 

40~ = k s 

403 = ks (x - -y )  ; o J_ 3 = k_ 3 (x + y + z) 

404 = k4 

405 = k5 ( y - - z )  ; 40-5 ~ k-5 (x + y + z) 

406 = k6 

oJi is a p r o b a b i l i t y  f a c t o r  a n d  ki t h e  v e l o c i t y  c o n s t a n t  of r e a c t i o n  (i). 

S o l v i n g  ( ia)  - -  (3 b) for  x2, x a a n d  x 4 we h a v e  

401 
x 2 - -  x 1 

40--1 ~-  0)2 

403 
X 3 - -  - -  X 1 

40-3 -~- 404 

405 
X 4 - -  X 1 

40 5 -~  406 

I n t r o d u c i n g  x2, x 3 a n d  x a i n t o  

we  ge t  
E = x 1 + x 2 q -  x a  + x 4 

401 

40--1 ~ -  402 

40 3 + 
40--3 @ 404 

q- x 1 
¢0_5 -~  40 

(5a) 

(5b) 

(5c) 

(6) 

(7) 
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F r o m  (Ia) and (Ib) 

f rom which with equat ion (7) 

co-1 + co~ dx 
Xl - -  

coxco~ dt 

dt I ( c o - i + c o ~  co-1 +co~)  
- -  CO2 -~ CO--1 "t- COl -~ OI3 -~ 0/5 (8a) 

Edx col co~ co-3 + co4 co-5 + 

Inser t ing the probabi l i ty  factor  coi in (8a), which is analogous with equat ion (5) in 
Paper  13 in this series, we get  

dt I [ k k 2  I E - - = - -  + - - -  
dx k j a - - x  

+ 
k_ 1 x + y + z  k 3 x - - y  k_ l ( x  + y  + z )  + k  2 

k 2 a - - x  k s a - - x  k _  a (x Jr  y ~- z) @ k 4 

k 5 y - - z  k - i ( x + y  + z )  + k z ]  
+ 

k~ ~--x k-5 (x + y + z) T ~J " 
(8b) 

For  t = o, when x = y = z = o, equat ion (Sb) reduces to 

E i i i 

Vo k s k 1 a 

where Vo = ~ -  t-~ dt t=o 

I t  will be very  difficult to integrate  equat ion (8b) unless k_l/k  s = k_a/k 4 = k_~/k e 
or these ratios are of the same order of magnitude.  F rom the calculations on p. 80 it 
appears tha t  k_a/k , = O.lO46 which agrees fairly well with k_l /k  2 = o.o821. The agreement  
demons t ra ted  is sufficiently good to just i fy the following simplification of (8b) to (9). As 
working hypothesis  we also assume tha t  k_6/k6, which could not  be determined, is of 
the order of magni tude  of o.i .  

~ - ~,  t k~ + -  + + . . . .  + -  u - . x /  (9) a - - x  k S a - - x  k~ a - - x  k~ 

Subst i tu t ing x + y + z = 3 a - - 3  (a--x) - -  2 (x--y) - -  (y--z) in equat ion (9) we get 

Edx -- ~ + 3a - -  + I - - 3  + __o  

(io) 

y - - x  y - - z  
In  order to integrate  equat ion (io/, - - - - -  and - -  mus t  be expressed as functions of ~. 

a - - - x  a - - x  

From lib/,  (2b) and (3 b) with (5a), (5 b) and (5c) we find 

dy co3coa co-1 + coz. dz cosco6 co-x  + °Jz 

dx °J1 co2 co 3 -~- o)4 dx cox co2 co-5 + °J6 

Re/erences p. 9 I. 
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and 

Insertion of coi, putting k_ l /k  ~ = k_3/k 4 ~ k_5/k 6 leads to 

d y _ _  hi x - -y  
dx a - - x  

dz = kn  y - - z  
dx a - - x  

( I I )  

(12) 

with hi = ka/kx and klI ~ k d k  ,. 
Equation (II) can be integrated to yield 

f 
y = a  I 

hence 

- -  k I 

a - - x  I - - k i  - -  I 

(I3) 

(14) 

z - a { 1 +  

Equation (12) can be integrated using equation (13) to yield 

kii ( a ~ , )  kI __ k, ( ~ a ,  x) kII 

( I - - - k i )  (k I - - - k l i  ) ( I - - - /e l i  ) (k I -  kii ) \ ~, , 

klkli a - -  X 

( I - -  kl) ( I - -  kii } a 
Hence 

y - - z  

a - - x  

ki + 
(1 - -  ki) (1 - -  ku) 

(15) 

(16) 

Introduction of (14) and (16) into (io) leads to 

dx kl I + 3 a - k 7  ) - + I - -  a - -  x L'~ 3 

I ki 

+ k-~ (I - -  kI) (I - -  kn) 

I ( k  5 

+ ~  ks 

i , 

fix I - - k l  - - 2  

k_l 

k - i  kl ] k l -  I 

(I --- kii ) (k[ - - - -  kli ) (17) 

Integration of equation (17) yields 

E t = A l n - - + B x + C  I - -  + D  I-- -  
a - - X  

ReJerences p. 9z. 
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in which 

A ~  - -  i + 3  a 
kl 

) k- j  I k5 
C ~- k3 L\ka 2 

(k5 k-l~ ki 
D = ~ ~ k 2 ] (I --- kii ) (k I - -  kxi ) 

ki 

ki /i kii,] 
(I - -  ki)  (kl - -  k . )  

I ( k s )  ki 
n = k i i  ~ - - I  ( I - - k H ) ( k  I - k I , ) ;  

F + G + H ~ - - 2 4 5 . 6 4 7  

ki ki kli 
K = I + " I =  0.940 ) 

1 --- ki (I - -  hi) (I - -  ki~) 

I kii 
L - -  ; ( =  0.980) 

i - -  ki (1 - -  ki) (ki - -  kn) 

ki 
M = (I - - hi0 (hi - - kn) ( =  I.o82) 

K + L + M = 3 . o  

I t  is seen tha t  F ,  G, H, K, L and M do not  contain E (enzyme concentrat ion) or a 
(substrate concentrat ion).  These constants  m a y  therefore be used in any  experiment  
with t r ipropionyl  glycerol and liver esterase. Their numerical  values are computed  by  
means of the numbers  given previously for kl, k_l, k,, k a, k_~, k 4, k~ and k s. We assume 
(c/. p. 83) k - 5 / k s  = k - 1 / k ,  = o.o821. Then k ~ / k - 5  = k s / o . o 8 2 I k  6. As previously ment ioned 
k i  -= k a / k l  = 0.0565 and ku --  k s / k 1  = o.oo398. 
References p. 91. 

F - - k _ 1  3 - -  - - 2  - - +  - - I  I - -  ki (I - -  ki) (I - -  kn) 

G = - -  - - 2  - - I  • 
I - - k  I ( I - -  kI) (k l - - k l I  ) 

(20) 

(--  2.083) 

(=- 15.96 ) 

( =  - -  263.69) 

Equat ions  (i3), (I5) and (18) form a parameter  description of the relationship 
between added  base (x + y + z) and t ime t, x (the amount  of acid liberated in the 
process tri -~  di) being the parameter ,  a 

I t  is, however,  more convenient  to use another  parameter ,  viz .  u = log10 a 
~ X ~ equat ion (18) being rewri t ten:  

t = T F + G + H + I . u - l n  I o  IO" IO kl" I ~  I'; ( I9 )  

The same parameter  is used for the calculation of added base (x + y + z) 

x + y  + z = - a  3 1° ~ iok,~ i ~ u  
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TABLE v n  

HYDROLYSIS OF TRIPROPIONYL GLYCEROL IN THE PRESENCE OF LIVER ESTERASE 
EXP. 5- a = 3.640 mmol PER LITRE 

tobs. 
rain 

x + y + z  
x + y + z tobs. lOgl o tobs .  re.equiv. N a O H  logl o tobs .  m.equic.  N a O H  rain 

added per l added per l 

0.69 - -o .141 o.16o 48.5 ° 1.686 4.o44 
1.27 O.lO 4 o.284 51.8o 1.714 4.1o6 
1.85 0.267 0.407 55-35 1.743 4.168 
2.36 0.373 0.530 59.2o 1.772 4.229 
3.00 0.477 0.653 62.6o 1.797 4.29i 
3.66 0.564 0.777 66.5 ° 1.823 4.352 
4 .12 o.615 0.9 °0 70.76 1.85o 4.414 
4.77 0.679 i.o23 75.oo 1.875 4.476 
5.46 0-737 i. 147 78.70 1.896 4.537 
5.78 0.762 1.2o8 82.5 ° 1.916 4.599 
6.47 o.811 1.332 87.15 1.94 ° 4.661 
6.83 o.834 1.393 91.88 1.963 4.772 
7.62 o.882 1.517 96.o 5 1.983 4.784 
8.29 o.919 1.64o lOO.85 2.oo 4 4.846 
9.oo o.954 1.763 lO5.28 2.o22 4.9o 7 
9.4 ° 0.973 1.825 lO9.68 2.o4I 4.969 
9.85 0.993 1.886 114.7o 2.o6o 5.o31 

lO.27 1.o12 1.948 119.95 2.079 5.o92 
11.19 1.o49 2.o71 125.o5 2.o97 5.154 
11.62 1.o65 2.133 13o.o5 2.114 5.216 
12.13 1.o84 2.195 I36.I5 2.134 5.277 
12.6o I.IOO 2.256 142.45 2.154 5.339 
13.18 1.12o 2.318 147.7o 2.169 5.4Ol 
13.63 I. 135 2.380 153.3o 2.186 5.462 
14.13 I. I5o 2.441 159.6 2.203 5.524 
14.7o 1.167 2.5o3 165. 4 2.219 5.585 
15.32 I. 185 2.565 172.0 2.236 5.647 
16.55 1.219 2.688 178.2 2.251 5.709 
17.o3 1.231 2.75 ° 185.6 2.269 5.77 o 
17.72 1.248 2.811 192.6 2.285 5.832 
18.43 1.266 2.873 2oo. 3 2.302 5.894 
19.12 1.282 2.935 2o8.4 2.319 5.955 
19.9 ° 1.299 2.996 216. 7 2.336 6.o17 
2o.67 1.315 3.056 224.8 2.352 6.o79 
21.52 1.333 3.II9 233.6 2.368 6.I4O 
22.40 1.35 ° 3.181 243. 9 2.387 6.202 
23.49 1.371 3.243 252.5 2.402 6.264 
24.67 1.392 3.304 261.3 2.417 6.325 
25.56 1.4o8 3.366 27o.5 2.432 6.387 
26.85 1.429 3.428 279.6 2-447 6.449 
28.1o 1.449 3.489 29o.0 2.462 6.51o 
29.3o 1.462 3.551 313.1 2.496 6.634 
31.o5 1.492 3.613 327.8 2.517 6.757 
32.82 1.516 3.674 355.8 2.551 6.818 
35.oo 1.544 3.736 370.5 2.569 6.880 
37.3 ° 1.572 3.798 387.9 2.589 6.942 
39.85 1.6oo 3.859 407.0 2.61o 7.o04 
42.63 1.63o 3.921 426.5 2.630 7.065 
45.32 1.656 3.983 

Re/erences p. 9 t .  
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T a n d  I b o t h  d e p e n d  on  a, T a lso  o n  t h e  e n z y m e  c o n c e n t r a t i o n  

T=k-l_ a 
klk~ E 

I k 2 
I - -  + 3  

k_ 1 

A n  e x a m p l e  ( E x p .  5) wil l  i l l u s t r a t e  t h a t  i t  is p o s s i b l e  b y  m e a n s  of  e q u a t i o n s  (19) 

a n d  (20) to  r e n d e r  t h e  c o u r s e  of  h y d r o l y s i s  of  t r i p r o p i o n y l  g l y c e r o l  i n  t h e  p r e s e n c e  of  

l i ve r  e s t e r a s e .  

E x p e r i m e n t  5 

T h e  c o n c e n t r a t i o n  of  t r i p r o p i o n y l  g l y c e r o l  w a s  3 .64  ° m m o l  p e r  l i t re .  T h e  h y d r o l y s i s  

w a s  f o l l o w e d  t h r o u g h  4 2 6 ~  m i n u t e s ,  w h e n  t h e  e x p e r i m e n t  w a s  s t o p p e d  b e c a u s e  t h e  

h y d r o l y s i s  n o w  p r o c e e d e d  e x t r e m e l y  s lowly .  A t  t h i s  t i m e  a n  a m o u n t  of  a c i d  c o r r e s p o n d -  

i n g  to  3 .64  × 1.94 m i l l i e q u i v a l e n t s  p e r  l i t r e  h a d  b e e n  l i b e r a t e d .  I n  T a b l e  V I I  a re  g i v e n  

c o r r e s p o n d i n g  v a l u e s  of  t i m e  (toby.) a n d  b a s e  a d d e d  to  n e u t r a l i z e  a c i d  l i b e r a t e d .  F o r  

p r a c t i c a l  r e a s o n s  (see la te r )  logl0tobs, is a l so  l i s t ed .  

TABLE VIII  

CALCULATION OF x @ y + z  ACCORDING TO EQUATION ( 2 0 )  

(EXP. 5) 

u klU klIU IO u iok~ u IOkllu K/io  u L/iok~ u M/iokllU x~-y~-z x+y~-~ a 

o o o I.OOOO I.OOOO I.oooo 0.940 0.98o 1.o82 o o 
o.025 o.ooi4I o.oooio 1.o592 I . O O 3 2  I.ooo2 o.887 o.977 1.o82 o.o56 o.2o 4 
0.050 0.00283 0.00020 1.122o 1.oo65 1.ooo5 0.838 0.973 1.o82 O.lO 9 0.397 
0.075 0.00424 0.00030 1.1885 1.oo98 1.ooo 7 o.791 0.970 1.o81 o.16o 0.582 
o.io 0.0o565 0.00040 1.2589 1.o131 1.ooo 9 0.747 0.966 1.o81 o.2o 4 0.757 
o.14 o.00791 0.00056 1.38o 4 1.o184 I.OOl 3 o.681 0.963 1.o81 o.277 1.oo8 
o.20 0.01130 o.00080 1.5849 1.o264 1.OOl 7 0.593 0.954 1.o8o 0.375 1.365 
0.25 o.o1413 o.ooloo 1.7783 1.o331 1.oo23 0.529 0.949 1.o8o o.444 1.616 
o.30 o.o17o o.oo12 1.995 1.o4o 1.oo2 o.471 0.942 1.o8o 0.509 1.853 
0.40 0.0226 o.oo16 2.512 1.o53 1.oo 3 0.374 o.93o 1.o79 o.617 2.253 
0.50 0.0283 0.0020 3.162 1.o68 1.oo5 o.297 o.918 1.o77 0.700 2.548 
0.60 0.0339 0.0024 3.981 1.o81 1.oo6 0.236 o.907 1.o76 0.783 2.850 
0.70 0.0396 0.0028 5.o12 1.o95 1.oo 7 o.188 o.895 1.o74 o.845 3.o76 
0.80 o.o452 0.0032 6.31o 1.1o9 1.oo 7 o.149 0.884 1.o74 o.895 3.258 
0.90 0.0509 0.0036 7.943 1.124 1.oo8 o.118 o.872 1.o73 o.939 3.418 
I.OO 0.0565 0.o040 io.ooo 1.139 1.oo 9 0.094 o.86o 1.o72 0.976 3.553 
1.5o 0.0848 0.0060 31.62 1.216 1.Ol 4 0.030 0.806 1.o67 1.o99 4.o0o 
2.00 o.1131 0.0080 lO 2 1.297 1.o19 o.009 0.756 1.o62 1.175 4.277 
3.00 o.1695 o.o119 lO 3 1.477 1.o28 o.ooi 0.664 1.o53 1.284 4.674 
4.00 0.2260 o.o159 lO 4 1.683 1.o37 o 0.582 1.o43 1.377 5.o12 
5.o0 0.2825 o.o199 lO 5 1.916 1.o47 o o.511 1.o33 1.458 5.307 
6.00 0.3390 o.o239 lO 6 2.183 1.o56 o 0.449 1.o24 1.529 5.566 
7.00 0.3955 o.o279 lO 7 2.486 1.o66 o 0.394 1.o15 1.593 5.799 
8.00 0.4520 o.o318 lO 8 2.831 1.o76 o 0.346 1.oo6 1.65o 6.006 
9.00 o.5o85 0.0358 lO 9 3.225 1.o86 o o.304 0.996 1.7o2 6.195 

io.oo 0.565o 0.0398 IO 1° 3.673 1.o96 o 0.267 0.987 1.748 6.363 
12.oo o.678o 0.0478 lO TM 4.764 1.116 o 0.206 0.97 ° 1.826 6.647 
14.oo o.791o 0.0557 lO 14 6.18o 1.137 o o.159 0.952 1.891 6.883 
16.oo 0.904o 0.0637 IO TM 8.Ol 7 1.157 o o.122 0.935 1.945 7.080 
18.oo 1.o17o o.o716 lO TM lO.4O 1.179 o o.o94 o.918 1.99o 7.244 

References p. 9r. 
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TABLE I X  

CALCULATION OF t ACCORDING TO EQUATION (19) 
(EXP. 5) 

u I u . l n  lO F/IO u G/Io klu H/IO kllu t /T tcalc, lOglotcalc. 

o o 2.o83 15.96o 263.69o o o 
o.o25 o.365 1.967 15.9o9 263.637 o.479 o.9o - -o .o46  
0.o50 0.730 1.856 15.857 263.558 0.927 1.75 0.243 
o.o75 i.o95 i. 753 15.805 263.5o6 i. 396 2.63 0.420 
o.io 1.460 1.655 15.754 263.453 1.857 3.5 o 0.544 
o.14 2.044 1.5o9 15.672 263.348 2.564 4.84 0.685 
0.20 2.920 1.314 15.549 263.248 3.652 6.89 0.838 
0.25 3.650 i. 171 15.449 263.085 4.468 8.43 0.926 
0.30 4.38 1.o 4 15.35 263.16 5.51 lO.39 1.Ol 7 
0.40 5.84 0.83 15.16 262.90 7.11 13.41 1.127 
o.50 7.3 ° 0.66 14.94 262.38 8.44 15.92 1.2o2 
0.60 8.76 0.52 14.76 262.12 9.96 18.78 1.274 
0.70 lO.22 0.42 14.58 261.86 11.44 21.58 1.334 
0.80 11.68 0.33 14.39 261.86 13.18 24.86 1.396 
o.90 13.14 0.26 14.2o 261.6o 14.64 27.61 1.441 
i.oo 14.6o o.21 14.Ol 26i .34 16.o8 30.33 1.482 
1.5o 21.9o 0.07 13.13 260,05 23.11 43.59 1.639 
2.00 29.20 o.o2 12.31 258,77 30.00 56.58 1.752 
3.00 43.80 o lO.81 256. 51 43.86 82.72 1.918 
4.00 58.4 ° o 9.48 254.28 57.56 lO8.6 2.036 
5.o0 73.0o o 8.33 251.85 70.88 136. 7 2.136 
6.00 87.60 o 7.31 249.71 84.35 151.1 2.202 
7.00 lO2.2o o 6.42 247.36 97.5o 183.9 2.265 
8.0o 116.8o o 5.64 245.07 1 lO.59 208.6 2.319 
9.0o 131.4o o 4-95 242.81 123.62 233.2 2.368 

IO.oo 146.oo o 4.35 24o.59 136.6o 257.6 2.41 I 
12.oo 175.2o o 3.35 236.28 168.49 306.5 2.487 
14.oo 204.4o o 2.58 231.92 188.1o 354.8 2.55 o 
16.oo 233.6o o 1.99 227.91 213.97 403.5 2.606 
18.oo 262.80 o 1.53 223.66 239.28 451.3 2.655 

T h e  c a l c u l a t i o n  of t a n d  x + y + z a c c o r d i n g  to  e q u a t i o n s  (19) a n d  (2o) w a s  c a r r i e d  
a 

o u t  as  fol lows.  T h e  p a r a m e t e r  u = l o 1 0 - -  w as  f i r s t  i n s e r t e d  in  e q u a t i o n  (2o) a n d  
a - - x  

x + y + z was  c o m p u t e d ,  c/. T a b l e  V I I I .  T h e n  t was  c a l c u l a t e d  a c c o r d i n g  to  e q u a i i o n  

(19) u s i n g  t h e  v a l u e s  of  IO u, IO k~ a n d  i o  ~xI~, w h i c h  a r e  r e c o r d e d  in  T a b l e  v i i i ,  t o g e t h e r  

w i t h  t h e  v a l u e s  of F ,  G, H a l r e a d y  m e n t i o n e d ,  c/. T a b l e  I X .  I n  t h e  c a l c u l a t i o n  of t f r o m  

e q u a t i o n  (19) i t  is a lso  n e c e s s a r y  to  k n o w  t h e  n u m e r i c a l  v a l u e s  of T a n d  I .  I n  E x p .  5 a 

I k 2 
is e q u a l  t o  3 .640,  h e n c e  I - -  + 3 -~ 6.34.  T h e  e n z y m e  c o n c e n t r a t i o n  i n  t h e  ex-  

a k _  1 

p e r i m e n t  m e n t i o n e d  is n o t  k n o w n .  H o w e v e r ,  i n  t h e  beg inn ing  of a n y  h y d r o l y s i s  e x p e r i -  

m e n t  w i t h  t r i p r o p i o n y l  g l y c e r o l  a n d  l i v e r  e s t e r a s e  t h e  e q u a t i o n s  ( i ) ,  (2) a n d  (3) a r e  

v a l i d .  O n  t h e  b a s i s  of  t h e  e x p e r i m e n t a l  d a t a  we d e t e r m i n e  g r a p h i c a l l y  

Bt~i - -  E Ek~ i - -  ~ 2 .04 

a n d  f ind  

T - - k -  1 a - -  1.886 
k I Ek~ 

Re]erences p. 9 I. 
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In  Fig. 2 log t~c. from equation (19), c/. Table IX,  and log robs., c/. Table VII ,  are 
plotted against added base in m.equivs, per litre (x + y + z). The points obtained from 
the experiment lie closely on the same curve as those obtained by  the calculations. The 
difference between log tcalc, and log tobs. for a given value of x + y + z is less than 0.0 4, 
usually o .oi - -o .o2,  which means that  the observed t values deviate only a few per cent 
from the calculated. 

Z2 

6.4 

S.6 

4.8 

,, / o  
~ o 

0 . 8 ~  

6 0:4 0:8 6 2; 2; 2.8 
lOglo t 

Fig. 2. Exp. 5- Comparison between experimental values of time t and base added (c/. Table VII 
and calculated values obtained from equations (19) and (2o). The curve is drawn through calculated 

values (c/. Tables v n I  and IX). o = experimental values. 

DISCUSSION 

In  the range of hydrolysis which has been studied the experimental findings agree 
with the equations derived from the reaction scheme suggested. I t  appears from Table 
VI I  tha t  in Exp. 5 about  65 % of the total  acid contained in the substrate has been 
liberated. At this t ime one is able to calculate from equations (13), (15) and Table V I I I  
tha t  x / a  ~ I.OO, y / a  = 0.865 and z /a  = o.o75.  I t  might have been of interest to at tain 
a higher degree of hydrolysis than reached. I t  should, however, be noted tha t  in order to 
proceed further within a reasonable t ime it is necessary to work with such large con- 

l~e/erences p.  9 z.  
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c e n t r a t i o n s  of  e n z y m e  t h a t  i t  wi l l  b e  i m p o s s i b l e ,  b y  m e a n s  of t h e  t e c h n i q u e  e m p l o y e d ,  to  

d e t e r m i n e  t h e  b e g i n n i n g  of t h e  h y d r o l y s i s  c u r v e  w i t h  a c c u r a c y .  I f  t h i s  p a r t  of t h e  c u r v e  

is n o t  wel l  de f i ned  b y  h e l p  of  s e v e r a l  o b s e r v a t i o n s  n o  e x a c t  c a l c u l a t i o n  c a n  b e  c a r r i e d  

ou t .  F u r t h e r m o r e ,  i t  is c l ea r  t h a t  we  h a v e  fo l l owed  a l m o s t  c o m p l e t e l y  t h a t  p a r t  of t h e  

h y d r o l y s i s  p r o c e s s  w h i c h  k i n e t i c a l l y  m u s t  b e  m o s t  d i f f icu l t  t o  i n t e r p r e t .  T h e  r e a c t i o n  

m o  ~ gl h a s  a l r e a d y  b e e n  e x a m i n e d  b y  u s i n g  2 - m o n o p r o p i o n y l  g lyce ro l  as  s u b s t r a t e .  

I t  is n o t  of  c o u r s e  p o s s i b l e  t o  c o n c l u d e  t h a t  t h e  r e a c t i o n  m e c h a n i s m  s u g g e s t e d  is 

t h e  o n l y  pos s ib l e  w a y  of e x p l a i n i n g  t h e  h y d r o l y s i s  of t r i p r o p i o n y l  g l y c e r o l  b y  l i v e r  

e s t e r a s e .  A p p a r e n t l y  t h e  r e a c t i o n  s c h e m e  p u t  f o r w a r d  is t h e  s i m p l e s t  poss ib le ,  a l l o w i n g  

a c l ea r  m a t h e m a t i c a l  t r e a t m e n t .  E a c h  s e p a r a t e  s t e p  in  t h e  p r o c e s s  c o n s i s t s  of  a m i n i m u m  

of p a r t i a l  r e a c t i o n s .  I f  t h e  r e a c t i o n  we re  t r e a t e d  in  a m o r e  t r a d i t i o n a l  m a n n e r  i t  w o u l d  

b e  n e c e s s a r y  to  a s s u m e  t h a t  in  e a c h  of t h e  s t e p s  e n t e r e d  t h e  f o r m a t i o n  of  a n  i n a c t i v e  

e n z y m e - p r o p i o n a t e  c o m p l e x .  T h i s  w o u l d  i m p e d e  t h e  m a t h e m a t i c a l  t r e a t m e n t .  T h e  

m a n n e r  of p r o c e e d i n g  o u t l i n e d  for  t h e  k i n e t i c  p r o b l e m  h e r e  m a y  b e  of i n t e r e s t  in  con -  

n e c t i o n  w i t h  o t h e r  e n z y m a t i c  c o n s e c u t i v e  r e a c t i o n s .  
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SUMMARY 

The kinetics of the hydrolysis of tr ipropionyl glycerol by  liver e s t e r a s e - - a  reaction which ac- 
cording to previously published invest igations proceeds via 1,2-dipropionyl and 2-monopropionyl 
g lycerol - -have  been made the subject of a closer examination.  

i. The experimental  findings justify the assumption t ha t  the t ransformat ion in each of the 
reactions tr ipropionyl glycerol to 1,2-dipropionyl glycerol + propionic acid, 1,2-dipropionyl glycerol 
to 2-monopropionyl glycerol + propionic acid and 2-monopropionyl glycerol to glycerol and propionic 
acid is explained by a reaction scheme which is a closed sequence consisting of two part ial  reactions. On 
the  basis of experiments in which the  init ial  substrate  concentrat ion is varied the following k-values 
are calculated for one and the same enzyme concentrat ion (E ~ I): k 1 = o.o718 min lmmo1-1, 
k_ 1 = o.o1455 min-lmmo1-1, k S = o.1772 rain 1, k3 = 0.004056 min- lmmol  1, k_a = o.oo2245 
min-lmmo1-1, k 4 ~ 0.02146 min -1, k s = 0.000286 min-lmmo1-1, k~ = o.1167 min 1, 

2. A conceivable reaction scheme is pu t  forward for the complete hydrolysis of tr ipropionyl 
glycerol by  liver esterase, c/. p. 81. One and the same enzyme is supposed to catalyze the degra- 
dation of tr ipropionyl glycerol and the intermediate glycerides. Each of the three consecutive reactions 
is assumed to consist of two part ia l  reactions which are in a s ta t ionary state. On the assumption 
t h a t  k _ l / k  2 = k _ ~ / k  a ~ k _ 5 / k  6 or t ha t  the ratios are of the same order of magni tude  equations are 

a 
derived which using log10 - -  as a parameter  are able to render the experimental  data  quite satis- 

a - - x  

factorily. 
3. The mathemat ica l  t r ea tment  of the kinetic problem invest igated may be of interest  in 

connection with other enzymatic consecutive reactions. 

RI~SUMI~ 

Nous avons soumis ~ un examen approfondi la cin~tique de l'hydrolyse du tripropionyl glycdrol 
par Faction de l'est6rase h$patique une r6action qui, selon nos investigations pr6cedentes, passe par le 
1,2-dipropionyl glyc6rol et le 2-monopropionyl glyc6rol. 

I. Les d~couvertes axp~rimentales justifient la supposition que la transformation du tripropionyl 
glyc6rol en 1,2-dipropionyl glye6rol et acide propionique, du 1,2-dipropionyl glycerol en 2-mono- 
propionyl glycerol et acide propionique et du 2-monopropionyl glyc6rol en glyc6rol et acide pro- 
pionique, peut ~tre expliqu~e par un m~canisme de r6action eorrespondant ~ un cycle compos~ de 
2 r~actions partielles. Sur la base d'exp~riences au cours desquelles l'on fait varier la concentration 

R e / e r e n c e s  p .  9 I .  
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i n i t i a l e  du s u b s t r a t  nous pouvons  ca lcu le r  (en p o s a n t  la  q u a n t i t 6  d ' e n z y m e  = i) : k I = o.o718 mi n  -1 
mmo1-1, k_ 1 = o.o1455 min- lmmo1-1 ,  k s = o . i772  rain 1, ka = 0.004056 mi n  lmmo1-1, k_ a = 
0.002245 min- lmmo1-1 ,  k 4 - -  0.02146 rain -1, k s = o.ooo286 min- lmmo1-1 ,  k 0 = o.1167 rain -1. 

2. Nous p roposons  un sch6ma  de r6act ion  pour  l ' h y d r o l y s e  t o t a l e  du t r i p r o p i o n y l  g lycero l  pa r  
l ' es tdrase  h6pa t ique ,  el. p. 81. Nous supposons  qu ' une  seule e t  m6me enzyme  c a t a l y s e  la  d6g rada t ion  
du t r i p r o p i o n y l  g lyc6rol  e t  des g lycdr ides  p a r t i e l s  in te rmddia i res .  Nous pos tu lons  que chacune  des 
rdac t ions  consdcut ives  est  composde de 2 r6aet ions  pa r t i e l l e s  qui  sont  g l ' d t a t  s t a t ionna i r e .  En  
s u p p o s a n t  que k _ l / k  = = k_3/k  4 = ks_/k 6 ou que ces p r o p o l t i o n s  sont  du mfime ordre de g randeur ,  

a 
nous ddduisons  des dqua t ions  qui,  en e m p l o y a n t  log10 a - - x  comme param~t re ,  s ' a cco rden t  de mni~re 

s a t i s f a i s a n t e  avec les donndes expdr imenta les .  
3. Le t r a i t e m e n t  m a t h d m a t i q u e  du probl~me c in6 t ique  6tudi6  p o u r r a i t  6tre in t6 res san t  en 

r e l a t i on  avec  d ' a u t r e s  rdac t ions  consdcut ives  ca ta lysdes  pa r  des enzymes .  

Z U S A M M E N F A S S U N G  

Die N i n e t i k  der H y d r o l y s e  yon T r ip rop iony lg lyce ro l  durch  L e b e r e s t e r a s e - - e i n  Prozess der 
naeh  f r i iheren U n t e r s u c h u n g e n  i iber  1 ,2 -Diprop ionylg lycero l  und  2 -Monoprop iony lg lyce ro l  v e r l / i u f t - -  
wurde  zum Gegens t and  e iner  genaueren  U n t e r s u e h u n g  gemach t .  

2. Unsere  Versuche r ech t f e r t i gen  d ie  Annahme ,  dass der  A b b a u  von T r i p r o p i o n y l g l y c e r o l  zu 
1 ,2 -Diprop ionylg lycero l  + Propions/ iure ,  von 1 ,2 -Diprop iony lg lycero l  zu 2 -Monoprop iony lg lycero l  
+ Propions /mre  und  yon 2 -Monoprop iony lg lyce ro l  zu Glycero l  + PropionsXure nach  e inem Reak-  
t i o n s m e c h a n i s m u s  verl/ tuft ,  der  eine geschlossene aus 2 T e i l r e a k t i o n e n  bes tehende  I ( e t t e  is t .  Auf  
Grund  von  Versuchen,  in  welchen die  A n f a n g s k o n z e n t r a t i o n  ge/ inder t  wird,  k a n n  m a n  far  d ieselbe  
E n z y m k o n z e n t r a t i o n  (E = I) die  folgenden k- 'Werte be rechnen :  k 1 = o.o718 m i n - l m m o l  1, k_ 1 = 
o.o1455 m i n - l m m o l  1, k2 = o.1772 min-1,  ka = o.oo4o56 m i n - l m m o l - 1 ,  k_ a = o.oo2245 m i n - l m m o l  1 
k 4 = 0.02146 min  -1, k~ = 0.000286 m i n  lmmol-1 ,  k 0 = o.1167 m i n  -1. 

2. E i n  R e a k t i o n s m e c h a n i s m u s  fiir die  vol ls t~indige H y d r o l y s e  yon  Tr ip rop iony lg lyce ro l  durch 
Leberes te rase  wi rd  aufges te l l t ,  vgl .  S. 81. Es  wi rd  a ngenommen ,  dass  dasselbe  E n z y m  be im Abbau  
des T r i p r o p i o n y l g l y c e r o l s  u n d  in  den  nachfo lgenden  Stufen  w i r k s a m  ist .  Jede  der drei  auf e inander  
fo lgenden Stufen be s t e h t  aus  2 Te i l r eak t ionen ,  die  in  s t a t i o n g r e m  Zus t and  sind.  N i m m t  m a n  an, 
dass  k _ l / k  2 = k_a/k  4 = k 5/k8, oder  dass  diese P ropo r t i onen  yon g le icher  Gr6ssenordnung  sind, so 

a 
k a n n  m a n  Gle ichungen  ab le i t en ,  die  un t e r  V e r w e n d u n g  des P a r a m e t e r s  lOgl0 a - - x  in  bef r ied igender  

Weise  die  Versuchsergebnisse  wiedergeben  k6nnen.  
3. Die m a t h e m a t i s c h e  B e h a n d l u n g  des u n t e r s u c h t e n  k i n e t i s c h e n  P r o b l e m s  k a n n  auch  in  Ver- 

b i n d u n g  in i t  ande ren  e n z y m a t i s c h e n  Re a k t i ons f o lge n  yon In te resse  sein. 
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