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PARTIAL PURIFICATION AND CHARACTERIZATION OF 

PIG LIVER ALKALINE LIPASE

CHAPTER I 

INTRODUCTION

The a b i l i t y  of mammalian l i v e r  to  hydro lyze sim ple o rgan ic  

e s t e r s  was recogn ized  a t  th e  beginning  of th e  cen tu ry  ( l ,  2 ) .  I t  was 

n o t  u n t i l  1965, however, t h a t  an enzyme capab le  of h yd ro lyz ing  e s t e r s  of 

lo n g -c h a in  f a t t y  ac id s  w ith  g ly c e ro l  was p o s tu la te d  to  e x i s t  in  t h i s  o r 

gan (3 , 4 ,  5, 6 , 7 ) .  I t  has now been e s t a b l i s h e d  t h a t  r a t  l i v e r  c o n ta in s  

a t  l e a s t  two lon g -ch a in  t r i g l y c e r i d e  l i p a s e s .  One of th e s e  enzymes pos

s e s s e s  an a c id ic  pH optimum and i s  lo c a l i z e d  in  lysosomes ( 8 , 9 , 10, 11, 

12, 1 3 ) .  The second has a n e u t r a l  o r  a lk a l in e  pH optimum and i t s  l o c a l 

i z a t i o n  has been v a r io u s ly  r e p o r te d  as  s o lu b le  ( 6 ) ,  microsomal (11, 14, 

lb )  o r  m i to ch o n d r ia l  (1 6 ) .

In 1970, M uller and Alaupovic (17) no ted  t h a t  p ig  l i v e r  a l so  

c o n ta in ed  a c id ic  and a lk a l in e  t r i g l y c e r i d e  l i p a s e s .  The a c id ic  enzyme 

was c l e a r l y  lysosomal in  o r ig in  w hile the  a lk a l in e  l i p a s e  showed h ig h e s t  

s p e c i f i c  a c t i v i t y  in  microsomes. The o b je c t iv e  of th e  p r e s e n t  s tudy  has 

been to  f u r t h e r  c h a r a c te r i z e  th e  lon g -ch a in  t r i g l y c e r i d e  l i p a s e s  of p ig  

l i v e r .  P a r t i c u l a r  emphasis has been p laced  on th e  l e s s  w e ll-u n d e rs to o d  

a l k a l i n e  a c t i v i t y .  The s u b c e l l u la r  d i s t r i b u t i o n s  of bo th  l i p a s e s  have
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been compared w ith  th e  d i s t r i b u t i o n s  o f  s e v e ra l  marker enzymes f o r  c e l 

l u l a r  o r g a n e l l e s .  The a l k a l in e  l i p a s e  has been p u r i f i e d  approx im ate ly  

9 0 - fo ld  from th e  s o lu b le  f r a c t i o n .  Optimal c o n d i t io n s  f o r  a ssay  o f  th e  

p u r i f i e d  enzyme and i t s  re sp o n se s  to  v a r io u s  e f f e c t o r s  have been d e t e r 

mined. The p r o p e r t i e s  of p ig  l i v e r  a l k a l in e  l i p a s e  a re  compared w ith  

th e  p r o p e r t i e s  of o th e r  known mammalian l i p a s e s .



CHAPTER I I

LITERATURE REVIEW

Enzymes of th e  mammalian l i v e r  a re  capable of hydro lyz ing  c a r -  

boxy lic  e s t e r  l in k a g e s  p r e s e n t  in  a wide range of o rgan ic  compounds. The 

p r e s e n t  rev iew  w i l l  d is c u s s  two groups of enzymes dem onstra ting  t h i s  gen

e r a l  s p e c i f i c i t y :  "sim ple" e s t e r a s e s  and l i p a s e s .  Simple e s t e r a s e s  have

been d e f in e d  as enzymes which c a ta ly z e  th e  h y d ro ly s is  of an e s t e r  linkage  

between an o rgan ic  ac id  and a monohydric a lc o h o l .  Enzymes c a ta ly z in g  

such r e a c t io n s  have been c l a s s i f i e d  by th e  Enzyme Commission as a l i p h a t i c  

c a rb o x y le s te ra s e s  ( E .C .3 .1 .1 .1 ) , a r y l e s t e r a s e s  ( E .C .3 .1 .1 .2 ) , and a c e ty l -  

e s t e r a s e s  (E .C .3 .1 .1 .6 )  (1 8 ) .  A l ip h a t ic  o r  c a rb o x y le s te ra s e s  p r e f e r e n 

t i a l l y  hydrolyze e s t e r s  of f a t t y  a c id s  w ith  a l i p h a t i c  a l c o h o ls .  Aryl

e s te r a s e s  show s p e c i f i c i t y  f o r  phenol e s t e r s ,  and a c e ty l e s t e r a s e s  a re  

c h a ra c te r iz e d  by p re fe re n c e  f o r  any e s t e r  of a c e t i c  a c id .  L ip a se s ,  as 

de f in ed  by the  Enzyme Commission, a re  those  enzymes which c a ta ly z e  the  

h y d ro ly s is  of e s t e r s  of o rgan ic  a c id s  and th e  t r i h y d r i c  a lco h o l g ly c e ro l  

(E .C .3 .1 .1 .3 )  (1 8 ) .

U n fo r tu n a te ly  t h i s  c l a s s i f i c a t i o n  of e s t e r o l y t i c  enzymes has  not 

proven e n t i r e l y  s a t i s f a c t o r y .  As e a r ly  as  1958, Sarda and D esnuelle  (19) 

re p o r te d  t h a t  p a n c re a t ic  l i p a s e  showed l i t t l e  or no h y d ro ly t ic  a c t i v i t y  

w ith  th e  t r i g l y c e r i d e  t r i a c e t i n  o r  th e  e s t e r  methyl b u ty ra te  when e i t h e r
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of th e se  s u b s t r a te s  was p re s e n t  in  t r u e  s o lu t io n  a t  a c o n ce n tra t io n  be

low i t s  s a tu r a t io n  p o in t .  When the  s a tu r a t io n  p o in t  of e i t h e r  compound 

was exceeded and th e  s u b s t r a te  was p r e s e n t  in  em u ls if ied  form, concen

t r a t io n -d e p e n d e n t  h y d ro ly t ic  a c t i v i t y  was dem onstrable . J u s t  th e  rev e rse  

was t r u e  fo r  h ep a t ic  e s t e r a s e .  Both t r i a c e t i n  and methyl b u ty ra te  were 

hydrolyzed in  a c o n ce n tra t io n  dependent fa sh ion  when in  t r u e  s o lu t io n ,  

but t h i s  a c t i v i t y  reached p la te a u  le v e l  p r i o r  to  the  s a tu r a t io n  p o in t  fo r  

each s u b s t r a t e ,  and no f u r th e r  in c re a se  in  a c t i v i t y  occurred when s a tu r a 

t i o n  was exceeded. These o b se rv a tio n s  formed th e  b a s is  of g e n e ra l ly  ac

cepted  a l t e r n a t i v e  d e f in i t i o n s  of e s t e r o l y t i c  enzymes according to  which 

a l ip a s e  a c t s  only a t  an o i l -w a te r  in t e r f a c e  on s u b s t r a te s  p re se n t  in  

aggregated  or em u ls if ied  form, while an e s te r a s e  c leaves  only compounds 

p r e s e n t  in  t r u e  s o lu t io n  r e g a rd le s s  of the  n a tu re  of th e  alcohol p re s e n t .

For purposes of th e  p re s e n t  s tudy th e  l a t t e r  d e f i n i t i o n s  are  

p r e f e r r e d .  The e s te r a s e s  to  be considered  are  those  enzymes c a ta ly z in g  

h y d ro ly s is  of e s t e r s  of a c e t ic  ac id ,  e s t e r s  of o th e r  f a t t y  ac id s  w ith  

a l i p h a t i c  a lc o h o ls ,  e s t e r s  of f a t t y  ac id s  w ith  a ry l  a lco h o ls  and so lub le  

e s t e r s  of sh o r t -c h a in  f a t t y  ac id s  w ith  g ly c e r o l .  The d isc u ss io n  of 

l i p a s e s  w i l l  be r e s t r i c t e d  to  enzymes c a ta ly z in g  the  h y d ro ly s is  of i n 

so lu b le  e s t e r s  of f a t t y  ac ids  w ith g ly c e ro l .  For the  purpose of c l a r i 

fy in g  th e  d i f f e r e n c e s  between l ip a s e  and e s te r a s e  s u b s t r a t e s ,  a d is c u s 

s ion  of th e  i n t e r r e l a t i n g  s u b s t r a te  s p e c i f i c i t i e s  of th e  two types  of 

enzymes w i l l  conclude the  review.

E s te ra se s  in  Mammalian L iver

An im pressive bulk of l i t e r a t u r e  e x i s t s  on the  a b i l i t y  of l i v e r  

to  hydrolyze simple o rgan ic  e s t e r s .  As e a r ly  as the  f i r s t  decade of the
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tw e n t ie th  cen tu ry ,  a t tem p ts  t o  c h a r a c te r i z e  and p u r i f y  l i v e r  e s te r a s e  

were re p o r te d  (1 , 2 , 2 0 ) .  In 1935 Baker and King (21) d e sc r ib e d  a 12- 

fo ld  p u r i f i c a t i o n  of e s t e r a s e  from l i v e r  acetone powders u t i l i z i n g  a 

s e r i e s  of p r e c i p i t a t i o n s  w ith  a c e t i c  ac id  and sodium s u l f a t e ,  and in 

1948 Mohamed (22) claimed th e  p re p a ra t io n  of l i v e r  e s t e r a s e  in  c r y s t a l 

l i n e  form by acetone p r e c i p i t a t i o n s  and c r y s t a l l i z a t i o n  from ammonium 

s u l f a t e .  In 1950 Connors e t  (23) achieved a 270-fo ld  p u r i f i c a t i o n  

of l i v e r  e s t e r a s e  by u t i l i z i n g  p r e c i p i t a t i o n  tech n iq u es  and s e le c t iv e  

h e a t  d é n a tu ra t io n .  B urch 's  method (2 4 ) ,  appearing  in  1953, y ie ld ed  a 

140 -fo ld  p u r i f i c a t i o n ,  and involved  s e v e ra l  p r e c i p i t a t i o n s  and adsorp

t i o n  on calcium phosphate g e l .

At about t h i s  same tim e, s tu d ie s  designed to  c h a r a c te r i z e  th e  

c a t a l y t i c  behavior of the  p a r t i a l l y  p u r i f i e d  e s te r a s e s  appeared. Sub

s t r a t e s  o th e r  than th e  s tandard  methyl b u ty ra te  were t e s t e d ;  k in e t i c  be

h av io r  was exp lo red ; i n h i b i t o r s  were d e sc r ib e d .  That p u r i f i e d  l i v e r  

e s t e r a s e  could be s t ro n g ly  in h ib i te d  by d i i so p ro p y l - f lu o ro p h o sp h a te  was 

r e p o r te d  by B oursnell and Webb (2 5 ) .  They f u r th e r  e s ta b l i s h e d  t h a t  ^^P- 

l a b e l l e d  in h i b i to r  was a t tach ed  t i g h t l y  to  th e  enzyme and th e re fo re  pos

t u l a t e d  t h a t  i t s  b inding occurred  a t  the  a c t iv e  c e n te r .  Connors e t  a l .  

(23) found t h e i r  e s te r a s e  p re p a ra t io n  to  have a pH optimum of 8 .0  and a 

Kju of 0 .022 M w ith  methyl b u ty ra te  as s u b s t r a t e .  Burch (24) d escr ibed  

Km's of 2 .32  x 1 0 '^  M f o r  methyl b u ty ra te  and 6 .2  x 10"^ M f o r  e th y l  

b u ty r a t e .  Her p re p a ra t io n  was in h ib i te d  by f lu o r e s c e in ,  e o s in ,  rhodamine 

B, ^ 5 - a c r i d y l b e n z o i c  a c id ,  p y ron ine ,  and N-m ethylacrid inium  c h lo r id e .  

H ofstee  explored th e  k in e t i c  behavior of l i v e r  e s t e r a s e  toward a s e r i e s  

of a ry l  e s t e r s  of s t r a i g h t  chain  f a t t y  a c id s  (Cg-Ci^) w ith  m-hydroxyl-
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benzoic  ac id  (26, 27 ).  I t  was re p o r te d  t h a t  f o r  each s u b s t r a t e ,  v e lo c 

i t y  cu rves  showed a d i s c o n t in u i ty  a t  h igher  s u b s t r a te  c o n c e n tra t io n s .

The lo n g e r  the  f a t t y  acy l chain  o f  th e  s u b s t r a t e ,  th e  lower th e  concen

t r a t i o n  a t  which t h i s  d i s c o n t in u i ty  o ccu rred .  The d i s c o n t in u i ty  was be

l i e v e d  to  correspond to  th e  c r i t i c a l  m ic e l l a r  c o n c e n tra t io n  f o r  each sub

s t r a t e ;  th e  form ation of m ic e l le s  was thought to  r e s u l t  in  a reduced 

r a t e  of a c t i v i t y .  At low s u b s t r a te  c o n c e n tra t io n s ,  th e  enzyme hydrolyzed 

th e  compounds co n ta in in g  longer  chain  f a t t y  ac id s  more e f f i c i e n t l y .

Since 1960, a v e r i t a b l e  p le th o ra  of in form ation  on mammalian 

l i v e r  e s t e r a s e  has become a v a i l a b l e .  This m a te r ia l  will; be d iscu ssed  

under s e v e ra l  head ings,  inc lud ing  l o c a l i z a t i o n ,  p u r i f i c a t i o n ,  k i n e t i c s ,  

i n h i b i t i o n  and p h y s ica l-ch em ica l  p r o p e r t i e s .

L o c a l iz a t io n  of L iver  E s te ra se  and 
Occurrence of Isozymes

K risch  (28) re p o r te d  in  1963 t h a t  an a c e ta n i l id e  d e a c e ty la se ,  

measured a t  pH 8 . 6 , showed h ig h e s t  s p e c i f i c  a c t i v i t y  in the  microsomal 

f r a c t io n  of l i v e r  from both  r a t s  and p ig s .  In the  case of p ig  l i v e r ,  

th e  microsomal a c t i v i t y  was 4 t o  5 tim es h ig h e r  than  t h a t  of th e  homo

g en a te ,  and approxim ately  1 0  t im es h igher  than  t h a t  of th e  so lu b le  or 

cy toplasm ic  f r a c t i o n .  This enzyme was a lso  capable  of c leav in g  simple 

a l i p h a t i c  e s t e r s  (29 ) .  With the  s u b s t r a te  p -naph thy l a c e t a t e ,  Shibko 

and Tappel (30) d esc r ib e d  th e  p resence  of one e s te r a s e  w ith a pH o p t i 

mum of 8 .5  lo c a l iz e d  in  r a t  l i v e r  microsomes and ano ther  w ith  a pH o p t i 

mum of 5 .0  p r e s e n t  in  lysosomes. The microsomal a c t i v i t y  was s tro n g ly  

in h ib i t e d  by E-600 (d ie th y l -p -n i t ro p h e n y l  p h o sp h a te ) ; th e  lysosomal was 

n o t .
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According to  C a r ru th e rs  ^  (31) approxim ate ly  80% of th e

e s t e r a s e  a c t i v i t y  of mouse l i v e r ,  w ith  p -naph thy l a c e ta t e  as s u b s t r a t e ,  

r e s id e d  in  th e  microsomes i s o l a t e d  from suc rose  homogenates, w hile  only  

6 % of th e  a c t i v i t y  occu rred  in  th e  cytoplasm . However, in c o rp o ra t io n  of 

g ly c e ro l  in to  th e  homogenizing medium caused a s h i f t  of a c t i v i t y  to  th e  

cy top lasm ic  f r a c t i o n ;  t h i s  f r a c t i o n  now co n ta in ed  approxim ate ly  50% of 

th e  t o t a l  a c t i v i t y  w ith th e  lo s s  r e f l e c t e d  in  th e  microsomes. Anion ex

change chromatography of th e  cy toplasm ic  f r a c t i o n  and of microsomes s o l 

u b i l i z e d  in  th e  n o n - io n ic  d e te rg e n t  Lubrol-W rev ea led  a number o f  peaks 

of enzyme a c t i v i t y  p r e s e n t  in  both  f r a c t i o n s .  Microsomes i s o la t e d  from 

g ly c e ro l  and sucrose  homogenates con ta ined  3 peaks in  common and two 

which d i f f e r e d .  The su p e rn a ta n t  f r a c t io n s  from both p rocedures  con ta ined  

4 common peaks ,  one of which was d i f f e r e n t  from any peak p r e s e n t  in  th e  

microsomal p r e p a r a t io n s .  The p o s s ib le  p resence  in  mouse l i v e r  o f  6  d i f 

f e r e n t  e s t e r a s e s  was suggested .

In 1962, Ecobichon and Kalow (32) i d e n t i f i e d  human l i v e r  e s t e r 

ases  in  th e  fo llow ing  manner. L iver  t i s s u e  was homogenized in  d i s t i l l e d  

w a te r ;  th e  homogenate was s u b jec ted  t o  f r e e z in g  and thaw ing, and the  

so lu b le  s u p e rn a ta n t  f r a c t i o n  was c o l le c te d  by c e n t r i f u g a t io n .  This  s o l 

uble f r a c t i o n  was subm itted  to  e l e c t r o p h o r e s i s  in  s ta rc h  g e l .  S l i c e s  of 

s ta r c h  g e l  were p e rm i t te d  to  r e a c t  w ith  e s t e r s  of a- or p -n ap h th o l ,  and 

th e  r e l e a s e d  naph tho l was d e te c te d  w ith in  th e  s ta rc h  block a t  th e  s i t e  

of the  enzyme r e a c t io n  by coupling  w ith  an azo dye. I t  was assumed th a t  

a l l  loose ly -bound  e s t e r a s e s  were re le a s e d  in to  th e  s o lu b le  s u p e rn a ta n t  

f r a c t i o n  by hom ogenization and f r e e z in g ,  and th e  h is to ch em ica l  "zymograms" 

o b ta ined  a f t e r  e l e c t r o p h o r e s i s  dem onstrated  th r e e  major zones of a c t i v i t y .
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each of which con ta ined  m u l t ip le  bands. By use of a wide range of sub

s t r a t e s  and i n h i b i t o r s ,  one zone was found to  have th e  p r o p e r t i e s  of an

a l i p h a t i c  or c a rb o x y le s te ra s e ;  one zone appeared t o  c o n ta in  se v e ra l  e s 

t e r a s e s  w ith  d i f f e r i n g  p r o p e r t i e s ,  and th e  t h i r d  was c l a s s i f i e d  as an 

a c e ty l e s t e r a s e .  The isozyme bands w ith in  th e  c a rb o x y le s te ra s e  and 

a c e ty le s t e r a s e  zones were subsequen tly  determ ined to  be due to  m u l t ip le  

forms of each enzyme d i f f e r i n g  in  n e t  e l e c t r i c a l  charge ,  bu t no t molec

u la r  s iz e  or shape (3 3 ) .

Ecobichon (33, 34, 35, 36, 37), Schwark and Ecobichon (38) ,  and

Holmes and Masters (39, 40) have a l l  exp lo red  t h i s  g en e ra l  method of ap

proach . Schwark and Ecobichon (38) re p o r te d  t h a t  r a t  l i v e r  so lu b le  e s 

t e r a s e s  a re  m u l t ip le  in  number and belong to  th e  a l i p h a t i c  o r  carboxy l

e s te r a s e  group ( E . C .3 . 1 .1 . 1 . ) .  Holmes and M asters (39) d e te c te d  m u l t ip le  

c a rb o x y le s te ra se s  and a minor a r y l e s t e r a s e  in  r a t  l i v e r  u s ing  v e r t i c a l  

polyacry lam ide gel e l e c t r o p h o r e s i s  f o r  s e p a ra t io n  of the  so lu b le  super

n a ta n t  f r a c t i o n .  S p e c ie s - s p e c i f ic  e l e c t r o p h o r e t i c  p a t t e r n s  of e s te r a s e  

a c t i v i t y  were noted fo r  e x t r a c t s  of p ig ,  b e e f ,  sheep and horse  l i v e r s  by 

Ecobichon (3 4 ) .  Most of th e  observed e s t e r a s e s  were c l a s s i f i e d  as a l i 

p h a t ic  e s t e r a s e s  (E .C .3 .1 .1 .1 ) ,  bu t  a c e ty l e s t e r a s e s  (E .C .3 .1 .1 .6 )  were 

d e te c te d  in  p ig  and sheep l i v e r ,  and an a r y l e s t e r a s e  (E .C .3 .1 .1 .2 )  in  

p ig  l i v e r .  Species s p e c i f i c i t y  was a l s o  dem onstra ted  by Holmes and 

M asters (40) fo r  l i v e r  of ho rse ,  sheep, ox, and possum. All l i v e r  t i s 

sues e x h ib i te d  high a l i p h a t i c  e s t e r a s e  a c t i v i t y .  Horse, sheep, and pos

sum a l s o  showed minor bands of a r y l e s t e r a s e  a c t i v i t y ,  bu t no a c e ty le s 

t e r a s e s  were re p o r te d .  In f u r th e r  s tu d ie s  Ecobichon (35, 36, 37) com

bined the  zymogram approach w ith  s e v e ra l  ty p es  of chromatography to
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e lu c id a t e  the  p h y s ic a l  p r o p e r t i e s  of l i v e r  e s te r a s e s  from la rg e  mammals. 

These r e s u l t s  w i l l  be d iscussed  l a t e r .

I s o la t io n  of e s t e r a s e  from l i v e r  microsomes. In 1963, Krisch 

(28) p u r i f i e d  an a c e ta n i l id e  d e ac e ty la se  approxim ately  7 5 -fo ld  from p ig  

l i v e r  microsomes, w ith a recovery  of 1 0 - 2 0 % of the  o r ig in a l  microsomal ac

t i v i t y .  This rep re se n te d  an o v e ra l l  300- to  400-fo ld  p u r i f i c a t i o n  from 

th e  homogenate. The enzyme was l a t e r  dem onstrated to  be much more a c t iv e  

on simple a l i p h a t i c  e s t e r s  than on a c e t a n i l i d e ,  and was th e re fo re  consid

ered  to  be a carboxyl-  or a l i p h a t i c  e s te r a s e  (29).  U l t r a c e n t r i f u g a l ly  

i s o la t e d  microsomes were s o lu b i l iz e d  in  10% g ly c e ro l  s o lu t io n .  This p rep 

a r a t io n  was brought to  50% s a tu r a t io n  w ith ammonium s u l f a t e ,  and the  in a c 

t i v e  p r e c i p i t a t e  was removed. A second p r e c i p i t a t i o n  occurred when the 

ammonium s u l f a t e  superna te  was ad ju s ted  to  pH 4 .2 ;  t h i s  p r e c i p i t a t e  was 

l ik e w ise  in a c t iv e .  The superna te  was re a d ju s te d  to  a lk a l in e  pH and brought 

to  80% s a tu r a t io n  with ammonium s u l f a t e ,  which y ie ld ed  an a c t iv e  p re c ip 

i t a t e .  The re d is s o lv e d  d ia lyzed  enzyme p re p a ra t io n  was chromatographed 

on DEAE-Sephadex A-50 w ith  a continuous sodium c h lo r id e  g r a d ie n t .  Several 

p r o te in  peaks were e lu te d ,  only one of which con ta ined  the  enzymatic ac

t i v i t y .  The enzyme could then be ob ta ined  in  c r y s t a l l i n e  form by fu r th e r  

p r e c i p i t a t i o n  from ammonium s u l f a t e  between 60 and 67.5% s a tu r a t io n .

Benohr and K risch  (41) l a t e r  i s o la t e d  a c a rb o x y le s te ra se  from 

beef l i v e r  by a s l i g h t  m o d if ica t io n  of the  same procedure . The acid  

p r e c i p i t a t i o n  was c a r r i e d  out a t  pH 5 .5 ,  and the  f i n a l  60-67% ammonium 

s u l f a t e  p r e c i p i t a t e  was d ia lyzed  and rechromatographed on DEAE-Sephadex 

A-50. P u r i f i c a t i o n  was s im i la r  to  t h a t  fo r  th e  p ig  l i v e r  enzyme. Homo

g e n e i ty  of t h i s  p re p a ra t io n  was dem onstrated by column chromatography.
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g e l f i l t r a t i o n ,  and paper e l e c t r o p h o r e s i s ;  however, a second f a s t e r -  

moving e s t e r a s e - a c t i v e  band was dem onstrable in  s ta r c h  ge l fo llow ing  

e l e c t r o p h o r e s i s .

I s o l a t i o n  of e s t e r a s e  from acetone powders of l i v e r . Homogen

iz a t io n  of whole l i v e r  t i s s u e  in  la rg e  volumes of ace tone ,  followed by 

removal of the  acetone and thorough dry ing  of the  p r e c i p i t a t e  has p ro 

duced the  s t a r t i n g  m a te r ia l  of choice fo r  a number of e s t e r a s e  p re p a ra 

t i o n s .  Adler and Kistiakowsky (42) e x t r a c te d  p ig  l i v e r  acetone powders 

w ith ammonium hydroxide, and f r a c t io n a t e d  th e  e x t r a c t  by sev e ra l  p re c ip 

i t a t i o n s  w ith  a c e t ic  a c id .  The enzyme p re p a ra t io n  from t h i s  s tep  was 

f u r th e r  f r a c t io n a te d  with ammonium s u l f a t e  and acetone p r e c i p i t a t i o n s .

The f i n a l  s tep  co n s is te d  of column chromatography on DEAE-cellulose, 

using  phosphate and sodium c h lo r id e  g r a d ie n ts .  The a c t iv e  peak was con

s id e red  to  be a homogeneous p ro te in  on th e  b a s i s  of rechromatography on 

DEAE-cellulose, u l t r a c e n t r i f u g a t i o n ,  and e l e c t r o p h o r e s i s .  However, no 

q u a n t i t a t iv e  d a ta  on p u r i f i c a t i o n  were r e p o r te d .  The s u b s t r a te  of choice 

was methyl n -b u ty r a te ,  in d ic a t in g  th e  enzyme to  be an a l i p h a t i c  e s t e r a s e .

A s im i la r  i s o l a t i o n  procedure fo r  p ig  l i v e r  ca rb o x y le s te ra se  

has been re p o r te d  by Horgan e t  (43 ).  The use of chloroform and ace

tone in  th e  p re p a ra t io n  of powders was recommended as a means of e l im i

n a t in g  a red  pigment, p robab ly  hemoglobin, which had p re v io u s ly  been a 

r a t h e r  te n ac io u s  contam inant. Powders were e x t ra c te d  a t  pH 4 .5 ,  and th e  

s o lu b le  m a te r ia l  was sub jec ted  to  ammonium s u l f a t e  f r a c t i o n a t io n .  The 

a c t iv e  f r a c t io n  occurred between 45 and 70% s a tu r a t io n .  This m a te r ia l  

was f u r th e r  p u r i f i e d  by chromatography on C M -cellu lose. A dditional chro

matography on CM-Sephadex, Sephadex G-lOO or Bio-Gel P-150, and CM-
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Sephadex again completed th e  scheme. The f i n a l  p re p a ra t io n  was 60-70- 

f o ld  p u r i f i e d  w ith  r e s p e c t  to  th e  o r ig in a l  ch lo roform -acetone powder as 

assayed a g a in s t  e th y l  b u ty r a te .  The enzyme showed only one band on 

s ta r c h  g e l  e l e c t ro p h o re s i s  when s ta in e d  e i t h e r  f o r  p r o te in  or e s te r a s e  

a c t i v i t y .  In polyacry lam ide ge l e l e c t r o p h o r e s i s ,  only one band s ta in in g  

f o r  p r o t e i n  was observed, bu t the  more s e n s i t i v e  e s te r a s e  s t a i n  revea led  

s e v e ra l  f a s t e r  moving minor components. Two components, one major and 

one minor were p re s e n t  on a n a l y t i c a l  u l t r a c e n t r i f u g a t i o n .

Runnegar e t  a l .  (44, 45) ap p l ied  a s im i la r  procedure to  ox l i v e r  

p r e p a r a t io n s .  The e x t r a c t io n  from l i v e r  powder, ammonium s u l f a t e  f r a c 

t i o n a t i o n  and CM-cellulose chromatography were i d e n t i c a l  to  Morgan's 

method (4 3 ) .  F u r th e r  p u r i f i c a t i o n  on CM-Sephadex and Sephadex G-lOO, or 

DEAE-Sephadex and Sephadex G-200 y ie ld ed  a p re p a ra t io n  of about 5 0 -fo ld  

p u r i f i c a t i o n .  Three e l e c t r o p h o r e t i c  v a r i a n t s ,  a l l  s ta in a b le  fo r  e s te r a s e  

a c t i v i t y  a f t e r  s ta r c h  g e l  e l e c t r o p h o r e s i s ,  could be i d e n t i f i e d  in  these  

p r e p a r a t io n s .  However, no o th e r  evidence could be ob ta ined  to  in d ic a te  

th e  p resence  of more than one enzyme p r o t e i n .

The p u r i f i c a t i o n  of an e s te r a s e  a c t iv e  on a ry l  e s t e r s  ( e . g . ,  

p -n i t ro p h e n y l  a c e ta t e )  has l ik ew ise  been r e p o r te d  by s e v e ra l  groups.

These methods were very  s im i la r  to  those  d iscu ssed  above fo r  carboxy l

e s t e r a s e .  Keay and Crook (46) e x t r a c te d  acetone powders of p ig  l i v e r  

w ith  d i s t i l l e d  w ater ,  subm itted  the  so lu b le  m a te r ia l  to  ammonium s u l f a t e  

f r a c t i o n a t i o n ,  and chromatographed th e  a c t iv e  p r e c i p i t a t e  on DEAE-cellu

lo s e  columns u t i l i z i n g  f i r s t  an ascending s a l t  and descending pH grad

i e n t ,  and second a descending pH g ra d ie n t  on ly . The f i n a l  p re p a ra t io n  

was 2 7 0 -fo ld  p u r i f i e d  compared to  th e  acetone powder e x t r a c t  when assayed
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a g a in s t  £ - n i t ro p h e n y l  a c e t a t e ;  i t  showed only  one peak of a c t i v i t y  on 

DEAE-cellulose and one band on paper e l e c t r o p h o r e s i s .

Bauminger and Levine (47) p u r i f i e d  an a r y le s t e r a s e  from beef 

l i v e r  by a method n e a r ly  i d e n t i c a l  t o  t h a t  of Horgan e t  a l .  (43) f o r  

c a rb o x y le s te r a s e .  Acetone powder e x t r a c t i o n  was followed by ammonium 

s u l f a t e  p r e c i p i t a t i o n  between 45 and 7(% s a tu r a t io n  and th e  fo llow ing  

s e r i e s  o f  column chrom atographic s te p s :  C M -cellu lose, CM-Sephadex,

Sephadex G-200, and DE-52 c e l lu lo s e .  This enzyme p re p a ra t io n  was 360- 

fo ld  p u r i f i e d  w ith a y i e ld  of 3 .5^ . The enzyme was immunogenic in  ra b 

b i t s  and showed a s in g le  p r e c i p i t i n  a rc  w ith  i t s  corresponding  an tiserum . 

Only one band was dem onstrab le  by e i t h e r  p r o te in  or e s t e r a s e  s ta in in g  

a f t e r  po lyacry lam ide  g e l  e l e c t r o p h o r e s i s .

Physica l-C hem ica l P r o p e r t i e s  of L iv e r  E s te ra se  

M olecular w eight and e q u iv a le n t  w e ig h t . Adler and Kistiakowsky 

(42) f i r s t  e s t im a te d  th e  m olecu la r  w eight of a p u r i f i e d  c a rb o x y le s te ra s e ,  

i s o la t e d  from p ig  l i v e r ,  to  l i e  between 150-200,000. Boguth e t  (48 ),  

us ing  p ig  l i v e r  microsomal e s t e r a s e  p rep a red  by the  method of K risch 

(2 8 ) ,  determ ined a more p r e c i s e  m olecu la r  w eight of 174,000. This value 

was o b ta ined  by s e v e ra l  u l t r a c e n t r i f u g a l  methods (s/D and A rc h ib a ld 's  

approach to  e q u i l ib r iu m )  and by ge l f i l t r a t i o n  on Sephadex G-200. More

over ,  i t  was found t h a t  0 .2% sodium d o d e c y ls u l f a te  caused d isag g re g a t io n  

o f  th e  enzyme m olecule in to  fo u r  s u b u n its  of M.W. ~ 42,000 each.

K risch  (49) found t h a t  an i d e n t i c a l  enzyme p re p a ra t io n  ca ta ly zed  

a ra p id  i n i t i a l  s p l i t t i n g  of d ie th y l  £ -n i t ro p h e n y l  phosphate  (E-600 or 

F araoxon).  This i n i t i a l  r e a c t io n  caused , however, i n h i b i t i o n  of th e  en

zyme a c t i v i t y  toward o th e r  s u b s t r a t e s .  S to ic h io m e tr ic  s tu d ie s  showed
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t h a t  86,300 g of e s t e r a s e  p r o te in  r e le a s e d  one mole of p -n i t ro p h e n o l  from 

th e  i n h i b i t o r ,  in d ic a t in g  th e  p resence  of two a c t iv e  c e n te r s  p e r  mole

cu le  of enzyme of M.W. 174,000. This f in d in g  was confirmed by Heymann 

and K risch  (50) w ith  a second i n h i b i t o r ;  b i s - [p -n i t ro p h e n y l Ip h o s p h a te .

In a s im i la r  s tudy Benohr and K risch  (51) were ab le  to  o b ta in  two a c t iv e  

e s t e r o l y t i c  f r a c t i o n s  by DEAE-Sephadex A-50 column chromatography of a 

p u r i f i e d  p re p a ra t io n  of beef l i v e r  e s t e r a s e .  One f r a c t io n  had a molec

u l a r  w eight of 167,000 and con ta ined  two a c t iv e  c e n te r s ,  as  determ ined 

by s to ic h io m e tr ic  r e a c t io n  with E-600. The o th e r  f r a c t io n  had a molec

u l a r  w eight of 85,000 and con ta ined  only  one a c t iv e  c e n te r .  These two 

forms were considered  to  r e p re s e n t  th e  dimer and monomer, r e s p e c t iv e l y ,  

of l i v e r  e s t e r a s e .

The s tu d ie s  by Barker and Jencks (52) on an enzyme p re p a ra t io n  

i s o l a t e d  from p ig  l i v e r  acetone powders by the  method of Adler and 

K istiakowsky (42) agreed w ell w ith  the  above r e s u l t s  on l i v e r  microsomal 

e s t e r a s e .  The m olecu la r  weight was found to  be 167,000 by s e v e ra l  u l t r a 

c e n t r i f u g a l  methods. The enzyme underwent r e v e r s ib l e  d i s s o c ia t io n  to  a c 

t i v e  su b u n its  of m olecu la r  w eight 75-90,000 under s l i g h t l y  a c id ic  condi

t i o n s  (pH 4 .5 ) ,  in  ex trem ely  d i l u t e  s o lu t io n  near  n e u t r a l i t y  or in  th e  

p resence  of s a l t s .  However, below pH 4, th e  enzyme was i r r e v e r s i b l y  

converted  to  in a c t iv e  h a l f -m o le c u le s .  Moreover, in  6  M guan id ine  hydro

c h lo r id e  -  0.1 M m ercap toe thano l,  an u nco rrec ted  m olecu la r  w eight of 

53,500 was o b ta ined .  This was in t e r p r e te d  as evidence fo r  f u r th e r  d i s 

s o c ia t io n  of th e  enzyme in to  su b u n its  of m olecu la r  weight 42,000 which 

i n t e r a c t e d  p r e f e r e n t i a l l y  w ith guan id ine  h y d ro ch lo r id e .  The r e s u l t s  of 

Horgan £ t  a l .  (53) are  a lso  in  agreement w ith  those  d esc r ib e d  above fo r
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p ig  l i v e r  c a rb o x y le s te ra s e .  A m olecular w eight of 163,000 was determined 

by s e v e ra l  u l t r a c e n t r i f u g a l  methods, and th e  presence of two su b u n its ,  

each co n ta in in g  an a c t iv e  c e n te r ,  was confirm ed. No evidence could be 

found, however, fo r  f u r th e r  d i s s o c i a t i o n .

Runnegar e t  (44, 45) i s o l a t e d  two a c t iv e  e s t e r o l y t i c  f r a c 

t i o n s  by DEAE-Sephadex A-50 column chromatography of p u r i f i e d  o x - l iv e r  

e s t e r a s e ,  s im i la r  to  those  i s o la t e d  by Bendhr and Krisch (51) from p ig  

l i v e r  enzyme. They re p o r te d ,  however, t h a t  th e se  two f r a c t io n s  r e p re 

sen ted  e l e c t r o p h o r e t ic  v a r ia n t s  of th e  enzyme, r a th e r  than monomers and 

d im ers .  Each e le c t r o p h o r e t ic  v a r i a n t  appeared capable of r e v e r s ib l e  

d i s s o c i a t i o n  upon d i l u t i o n .  The m olecu lar  weight of "mixed" enzyme (bo th  

v a r i a n t s )  was 150,000; an e q u iv a le n t  weight es tim ated  by t i t r a t i o n  with 

i n h i b i t o r s  was 6 8 , 0 0 0 .

In c o n t ra s t  to  most of th e se  r e s u l t s ,  Ecobichon (36, 37) ob

ta in e d  co n s id e rab ly  lower m olecular w eights fo r  th e  cy toplasm ic e s te r a s e s  

of a number of s p e c ie s .  In th e  case of bovine l i v e r  (3 6 ) ,  DEAE-cellulose 

column chromatography of crude cytoplasm ic l i v e r  e x t r a c t s  r e s u l t e d  in  the  

s e p a ra t io n  of a group of e l e c t r o p h o r e t i c a l ly  slow and a group of e l e c -  

t r o p h o r e t i c a l l y  f a s t  e s t e r a s e s .  Both the  slow and f a s t  e s t e r a s e s ,  how

e v e r ,  gave m olecular weight va lues  of 55,000, as es tim ated  by gel chro

matography on Sephac2 x G-100. F u r th e r  s tu d ie s  on e x t r a c t s  of bovine, 

o v ine , equ ine , and human l i v e r  (37) gave the  fo llow ing r e s u l t s .  The 

c a rb o x y le s te ra s e  a c t i v i t y  in  crude e x t r a c t s  of bovine, ov ine , and equine 

l i v e r  each was e lu te d  as a s in g le  peak from Sephadex G-100. M olecular 

w eights  were 55,000, 65,000, and 65,000, r e s p e c t iv e ly .  Human l i v e r  ex

t r a c t s  con ta ined  two peaks of a c t i v i t y ,  one of m olecular w eight 65,000
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and th e  o th e r  of m olecu la r  w eight 180,000. In a d d i t io n ,  s e v e ra l  e s t e r 

ase peaks of h ig h e r  m o lecu la r  weight could be induced in  equine e x t r a c t s  

by prolonged f re e z in g  or c o n c e n tra t io n .  The peaks of h igh  m olecular 

weight from both  human and equine e x t r a c t s  could be converted  to  the  

lower m olecu la r  w eight forms by in cuba tion  w ith  1 M NaCl or a t  pH 4 .5 ,  

sugges ting  t h a t  th e  h ig h e r  m olecu la r  w eight forms were d i s s o c ia b le  p o ly 

mers. I t  was suggested t h a t ,  in  th e  n a tu r a l  s t a t e ,  most e s t e r a s e s  oc

curred  in  an u n d is so c ia te d  form, and t h a t  th e  high m olecu la r  weights r e 

po rted  by most workers f o r  p u r i f i e d  enzymes were a r e s u l t  of aggrega tion  

induced during  the  p u r i f i c a t i o n  p rocedures .

I s o e l e c t r i c  p o i n t . The i s o e l e c t r i c  p o in t  f o r  p u r i f i e d  pig  l i v e r  

e s te r a s e  was re p o r te d  to  be pH 5 .0  + 0 .5  by Adler and Kistiakowsky (4 2 ) .  

Barker and Jencks (52) determ ined a value  of pH 5 .0 -5 .1 ,  a l s o  fo r  p ig  

l i v e r  enzyme.

Immunochemical p r o p e r t i e s . The p ig  l i v e r  enzyme i s o l a t e d  by 

Barker and Jencks (52) produced a s in g le  an tibody  in  r a b b i t s .  A s in g le ,  

i d e n t i c a l  an tibody was a lso  produced by a p ig  l i v e r  e s t e r a s e  p re p a ra t io n  

ob ta ined  according to  th e  method of Horgan e t  (4 3 ) .  Bauminger and 

Levine (47) produced a n t ib o d ie s  to  both  beef  and p ig  l i v e r  e s t e r a s e s .

Each an tiserum  was m onospecif ic ,  and c ro s s  r e a c t io n s  were noted between 

p ig  e s t e r a s e  and a n t i - b e e f  e s te r a s e  as w ell as between beef e s te r a s e  and 

a n t i - p ig  e s t e r a s e .  A s im i la r  c ro ss  r e a c t io n  was found by Hain and K risch 

(54) between beef l i v e r  e s t e r a s e  and a n t i - p ig  l i v e r  e s t e r a s e .  The immuno- 

p r e c i p i t i n  c ro ss  r e a c t io n s  showed spurs  w ith  im munoprecipitin  r e a c t io n s  

between homologous an t ig en -an t ib o d y  p a i r s ,  e s t a b l i s h in g  t h a t  beef and 

p ig  l i v e r  e s t e r a s e s  were s im i la r  bu t no t i d e n t i c a l .
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K in e t ic  P r o p e r t i e s  of L iver  E s te ra se

pH optimum. With a c e t a n i l i d e  as s u b s t r a t e ,  K risch  (29) found 

t h a t  p u r i f i e d  p ig  l i v e r  microsomal e s t e r a s e  e x h ib i te d  a pH optimum of 

8 . 6  to  8 . 8 . With p-naphthyl a c e t a t e ,  Shibko and Tappel (30) observed a 

r a t  l i v e r  lysosomal e s t e r a s e  w ith  pH optimum of 5 .0  and a microsomal one 

w ith  optimum pH 8 .5 .  Mahadevan and Tappel (55) observed a s l i g h t l y  lower 

optimum of 3 .6 -4 .0  f o r  r a t  l i v e r  lysosomal e s t e r a s e  as measured a g a in s t  

p -n i t ro p h e n y l  m y r i s t a te .  With methyl b u ty ra te  as s u b s t r a t e ,  A lbertson 

(56) re p o r te d  a pH optimum range of 7-9 fo r  r a t  l i v e r  homogenates.

Barker and Jencks (57) s tu d ie d  th e  pH dependence of a p u r i f i e d  p ig  l i v e r  

e s t e r a s e  measured a g a in s t  p -n i t ro p h e n y l  a c e ta te  and m-(n-pentanoyloxy) 

benzoic acid  (m-Cs). The f i r s t  s u b s t r a te  was hydrolyzed o p tim a lly  near 

pH 8 , by both  a s s o c ia te d  and d i s s o c ia te d  forms of the  enzyme. The sec 

ond s u b s t r a t e  was hydrolyzed most r a p id ly  between pH 4 and 5. As t h e i r  

p r e p a ra t io n  was no t b e l iev ed  to  co n ta in  two enzymes, the  r e s u l t s  with 

th e  an io n ic  m-C^ were in t e r p r e te d  to  r e f l e c t  a c t iv a t io n  of th e  s u b s t r a te  

by p ro to n a t io n  of i t s  c a rb o x y la te  group a t  lower pH, followed by forma

t i o n  of i n h ib i to r y  m ic e l le s  due to  continued  n e u t r a l i z a t i o n  of n e t  charge 

below pH 4.

S u b s tra te  s p e c i f i c i t y  and in f lu e n c e  of s u b s t r a te  on l i v e r  e s t e r 

ase k i n e t i c s . H istochem ical and e l e c t r o p h o r e t ic  s u b s t r a te  s p e c i f i c i t y .  

The approach u t i l i z e d  by Ecobichon and co-workers in  id e n t i fy in g  the  

e s t e r a s e s  p re s e n t  in  th e  so lub le  f r a c t io n  of mammalian l i v e r  has been 

d iscu ssed  e a r l i e r  (32, 34, 38). T heir  r e s u l t s  dem onstrated t h a t  a la rg e  

number of bands capable of hydro lyzing  a-naph thy l a c e ta t e  occurred  in  

zymograms of a l l  mammalian l i v e r s .  Most of th e se  bands a lso  re a c te d
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w ith  p -n ap h th y l a c e t a t e .  E s te r s  w ith  lon g -ch a in  f a t t y  ac id s  (p -naph thy l 

c a p r y l a t e ,  m y r i s t a t e ,  l a u r a t e ,  or s t e a r a t e )  were a lso  hydrolyzed b u t  a t  

slow er r a t e s .  In s e v e ra l  in s ta n c e s ,  a s in g le  band o r  a c lo s e ly  r e l a t e d  

group of bands e x h ib i te d  s p e c i f i c i t y  f o r  e i t h e r  p -nap thy l  benzoa te ,  in -  

doxyl a c e t a t e  o r  a -naph thy l  b u ty r a t e .  A lbertson  (56) re p o r te d  t h a t  d is c  

g e l e l e c t r o p h o r e s i s  of r a t  l i v e r  homogenates re v e a le d  only  one slow band 

capable  of hydro lyz ing  methyl b u ty r a t e .  T h is  was in  sharp  c o n t r a s t  to  

th e  m u l t ip le  bands observed to  hydrolyze a -naph thy l a c e t a t e .

S u b s t r a te  s p e c i f i c i t y  of lysosomal and microsomal e s t e r a s e s .  

Mahadevan and Tappel (55) determ ined th e  r e l a t i v e  r a t e s  of h y d ro ly s is  of 

£ -n i t r o p h e n y l  e s t e r s  c o n ta in in g  f a t t y  a c id s  w ith  8  to  18 carbon atoms by 

both  th e  lysosomal (a c id )  e s t e r a s e  and th e  microsomal e s t e r a s e  from r a t  

l i v e r .  The lysosomal e s t e r a s e  e x h ib i te d  h igh  a c t i v i t y  a g a in s t  e s t e r s  of 

lo n g -ch a in  f a t t y  ac id s  b u t  only low a c t i v i t y  a g a in s t  £ - n i t r o p h e n y l  ca 

p r y l a t e .  On th e  o th e r  hand, th e  microsomal e s t e r a s e  was most a c t iv e  t o 

ward jg -n i tropheny l c a p ry la te  and d isp la y e d  only  n e g l ig ib l e  a c t i v i t y  t o 

ward e s t e r s  of h ig h e r  f a t t y  a c id s .

In f lu e n c e  of s u b s t r a t e s  on k i n e t i c s  of p u r i f i e d  l i v e r  e s t e r a s e .  

I t  was e s t a b l i s h e d  on th e  b a s i s  of s u b s t r a t e  s p e c i f i c i t i e s  t h a t  the  ace- 

t a n i l i d e  d e a c e ty la s e  i s o l a t e d  from p ig  l i v e r  microsomes by K risch  (29) 

was i d e n t i c a l  to  c a rb o x y le s te ra s e .  The enzyme was capable  of c leav in g  

s e v e ra l  a c id  amides, w ith  the  fo llow ing  tu rn o v e r  numbers (m oles/sub- 

s t r a t e /m i n  X 100,000 g p r o t e i n ) :  a c e t a n i l i d e ,  50; L - le u c y l-p -n a p h th y l-

amine, 7 ;  m o n o e th y lg ly c in ex y lid id e ,  2400; x y lo c a in e ,  70. Simple e s t e r s  

were c leaved  g e n e ra l ly  a t  much h ig h e r  r a t e s :  p ro c a in e ,  50; L - ty ro s in e

e th y l  e s t e r ,  4260; t r i a c e t i n ,  5200; t r i b u t y r i n ,  20,900; e th y lb u ty r a t e ,
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21,400. Kj„'s f o r  th e  more r a p id ly  hydrolyzed s u b s t r a t e s  were much lower 

than those  fo r  the  l e s s  a c t iv e  ones. U t i l i z i n g  ty r o s in e  e th y l  e s t e r ,  i t  

was a l s o  shown t h a t  a t  h igh  s u b s t r a te  c o n c e n tra t io n  the  r e a c t io n  k in e t i c s  

no lo n g e r  followed Michaelis-M enten p r i n c i p l e s ;  th e re  occurred  an ap

p a re n t  s u b s t r a te  a c t iv a t i o n .  Benohr and K risch  (41) c a r r i e d  out a s im i

l a r  s e r i e s  of s tu d ie s  on beef  l i v e r  e s t e r a s e .  This enzyme a lso  hydro

lyzed sev e ra l  ac id  amides as w ell as carboxyl e s t e r s  b u t ,  in  c o n t r a s t  to  

th e  p ig  enzyme, showed a marked p re fe ren c e  fo r  e s t e r s  o f  a ry l  a lc o h o ls .  

Turnover numbers of hydrolyzed e s t e r s  (based on a M.W. of 170,000) were 

as fo llo w s; p ro c a in e ,  13, ty ro s in e  e th y l  e s t e r ,  5900; p heny la lan ine  

methyl e s t e r ,  9500; t r i b u t y r i n ,  < 1; methyl b u ty ra te ,  3100; e th y l  ace 

t a t e ,  750; _ g -n i t ro p h en y lac e ta te ,  13,200; o -n i t r o p h e n y la c e ta t e ,  1400. The 

enzyme p re p a ra t io n  showed reduced a c t i v i t y  when o- or m- m ethoxy-aceta- 

n i l i d e  was s u b s t i tu t e d  fo r  p -m ethoxyan il ide ,  dem onstra ting  t h a t  c o n f ig 

u ra t io n  of th e  a lcoho l m oiety  d id  a f f e c t  r e a c t i v i t y  of th e  ac id  amides. 

However, s u b s t i t u t i o n  of f lu o ro -  or n i t r o a c e t a n i l i d e  fo r  a c e ta n i l id e  d id  

no t reduce a c t i v i t y .  The enzyme was a lso  ab le  to  c a ta ly z e  th e  t r a n s f e r  

of amino ac id  r e s id u e s  to  form d ip e p t id e s ,  e . g . ,  p h e n y la la n y l -p h e n y la l -  

anine from pheny la lan ine  methyl e s t e r .

Adler and Kistiakowsky (58) in v e s t ig a te d  th e  k i n e t i c s  of p ig  

l i v e r  e s t e r a s e  w ith  methyl b u ty r a te ,  e th y l  b u ty r a te ,  and methyl ch lo ro -  

a c e ta t e  as s u b s t r a t e s .  With a l l  th re e  s u b s t r a t e s ,  d e v ia t io n  from c l a s s 

i c a l  k in e t i c s  was observed a t  high s u b s t r a t e  c o n c e n tra t io n .  At low sub

s t r a t e  c o n c e n tra t io n s  was id e n t i c a l  f o r  methyl and e th y l  b u ty r a te ;

methyl c h lo ro a c e ta te  was a l e s s  e f f e c t i v e  s u b s t r a t e .  At h igh s u b s t r a te  

c o n c e n tra t io n  fo r  methyl c h lo ro a c e ta te  was s u b s t a n t i a l l y  h ighe r
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than  t h a t  f o r  the  b u ty ra te  e s t e r s ,  but th e  f o r  th e  former s u b s t r a te  

was a lso  h ig h e r .  The d a ta  were in te r p r e te d  as favoring  both a nucleo- 

p h i l i c  a t t a c k  mechanism fo r  l i v e r  e s te r a s e  c a t a l y s i s  and the  p resence of 

two i d e n t i c a l  a c t iv e  s i t e s  which in te r a c te d  so t h a t  the  p resence of sub

s t r a t e  bound a t  one s i t e  changed th e  k in e t i c  param eters  of the  neighbor

ing s i t e .

Barker and Jencks (57) a lso  in v e s t ig a te d  k in e t i c  p r o p e r t i e s  of 

a p ig  l i v e r  e s te r a s e  p u r i f i e d  by the  method of Adler and Kistiakowsky 

(4 2 ) .  The s u b s t r a te s  of choice were g -n i t ro p h e n y l  a c e ta t e ,  m-carboxyl- 

g -n i t ro p h e n y l  a c e t a t e ,  m -(n-heptanoyloxy)benzoic ac id  (m-Cy) and m-(n- 

pentanoyloxy)benzoic  ac id  (m-C^). The phenomenon of s u b s t r a te  a c t iv a 

t i o n  was found to  occur a t  high s u b s t r a te  c o n ce n tra t io n s  of both  g - n i t r o -  

phenyl a c e ta te  and m-Cy. The an ion ic  s u b s t r a te  m -carboxy l-p -n itropheny l 

a c e ta t e  was hydrolyzed l e s s  than 1% as r a p id ly  as p -n i t ro p h e n y l  a c e ta t e ,  

r e f l e c t i n g  a low s p e c i f i c i t y  of t h i s  enzyme toward charged s u b s t r a te s .

An in t e r e s t i n g  o b se rv a tio n  made was t h a t  the  a c t i v i t y  of th e  enzyme was 

o f te n  h ig h e r  toward p re p a ra t io n s  of m-C^ which conta ined  m ic e l le s  than 

toward th e  com plete ly  d is so lv ed  s u b s t r a t e .

Stoops e t  (59) a lso  rep o r te d  b ip h a s ic  k in e t i c s  ( s u b s t r a te  

a c t iv a t io n )  f o r  hog l i v e r  ca rb o x y le s te ra se  w ith  phenyl b u ty ra te  as sub

s t r a t e .  Phenyl and e th y l  b u ty ra te s  served as eq u a l ly  good s u b s t r a t e s ;  

n i t r o -  s u b s t i tu t e d  phenyl b u ty ra te s  showed decreased  a c t i v i t y ,  although 

th e  p o s i t i o n  of the  n i t r o  group on the  benzene r in g  was not im portan t.

For a s e r i e s  of phenyl e s t e r s  w ith f a t t y  ac id s  of d i f f e r in g  chain len g th ,  

th e  r a t e  of h y d ro ly s is  d id  not seem to  depend upon th e  acyl m oiety. This 

was b e l iev ed  to  in d ic a te  t h a t  binding of th e  s u b s t r a te  was no t  respon-
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s ib l e  f o r  the  h igh  r e a c t i v i t y  of the  system s.

In c o n t r a s t  to  t h i s  s tudy , H ofstee  (60) dem onstrated  t h a t  the ' 

r a t e s  a t  which l i v e r  e s t e r a s e  hydrolyzed low c o n c e n tra t io n s  of a s e r i e s  

of e s t e r s  of m-hydroxybenzoic ac id  depended on th e  acyl chain  le n g th .  

S im ila r  behav ior  was shown by e s t e r a s e s  from p ig ,  h o rse ,  cow, r a t ,  and 

r a b b i t .  For e s t e r s  c o n ta in in g  C4 , C5 , or  C5  f a t t y  a c id s ,  th e  r a t e  in 

creased  n e a r ly  e x p o n e n t ia l ly  w ith  each a d d i t io n a l  carbon atom. At high 

s u b s t r a te  c o n c e n tra t io n ,  however, where s u b s t r a te  a c t iv a t io n  occurred , 

s p e c i f i c i t i e s  d i f f e r e d .  E s p e c ia l ly  in the  case  of p ig  enzyme, th e re  was 

only  a r e l a t i v e l y  small r a t e  in c re a se  between C4  and C5  e s t e r s ,  and no 

in c re a se  whatever between C5  and C5  e s t e r s .  The r e s u l t s  were in te r p r e te d  

as in d ic a t in g  t h a t  the  s t r u c t u r e s  of the  a c t iv e  c e n te r s  of enzymes from 

th e se  v a r io u s  sp ec ie s  were very  s im i la r ,  accounting  fo r  s im i la r  behavior 

a t  low s u b s t r a te  c o n c e n tra t io n .  A dd itiona l s u b s t r a te  b inding  s i t e s  or 

m o d if ie r  s i t e s ,  p robab ly  involved in  s u b s t r a te  a c t iv a t io n  a t  h igh sub

s t r a t e  c o n c e n tra t io n ,  were b e l ieved  to  vary  among sp ec ie s  and th e re fo r e  

to  g ive  vary ing  r a t e s  of a c t i v i t y  under i d e n t i c a l  c o n d i t io n s .

In f luence  of E f fe c to r s  on th e  K in e t ic s  of 
Mammalian L iver  E s te ra s e s

I n h i b i t o r s . C h o l in e s te ra s e s  a re  g e n e ra l ly  in h ib i te d  by the  

complex carbohydrate  e s e r in e  o r  physostigm ine and by v a r io u s  organophos- 

p h a tes  a t  low c o n c e n tra t io n .  A lip h a t ic  e s t e r a s e s  are  s e n s i t i v e  to  th e  

organophosphates, bu t no t to  e s e r in e .  Aromatic e s t e r a s e s  a re  r e l a t i v e l y  

i n s e n s i t i v e  to  both  th e se  c la s s e s  of i n h i b i t o r s  (3 2 ) .  Among th e  organo

phosphates  which have been dem onstrated to  i n h i b i t  l i v e r  e s t e r a s e  are  

M ala th ion , P hosdrine  (3 2 ) ,  DFP (d iiso p ro p y lf lu o ro p h o sp h o n a te )  (29, 32,
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42, 6 1 ) ,  b i s - [p -n i t r o p h e n y l1 phosphate (41, 5 0 ) ,  and E-600 (d ie th y l  p- 

n i t ro p h e n y l  phosphate or Paraoxon) (29, 30, 44, 49, 51, 53, 55, 5 6 ) .  

O ther i n h i b i t o r s  d e sc r ib e d  a re  o- and p -n i t ro p h e n y l  d im ethylcarbam ates 

(44, 53 ) ,  alkoxydyrenes (62 ) ,  Atoxyl (sodium a r s a n i l a t e )  (29 ) ,  calcium 

o le a t e  (2 9 ) ,  heavy m e ta ls  and high Mg"^ c o n c e n tra t io n  (4 6 ) ,  th e  ac id  

p ro d u c t  of th e  e s t e r a s e  r e a c t io n  (5 8 ) ,  sodium f lu o r id e  (41 ) ,  and sodium 

dodecyl s u l f a t e  (41 ) .

As d iscu ssed  e a r l i e r ,  i t  was th e  use of the  com binations of 

s p e c i f i c  s u b s t r a te s  and d i f f e r e n t i a l  i n h i b i t o r s  which p e rm it te d  s ev e ra l  

groups to  determ ine th e  e s t e r a s e - s p e c i f i c i t y  of e l e c t r o p h o r e t ic  bands ob

served in  zymograms of cytoplasm ic sup e rn a te s  from l i v e r  (32, 33, 34, 38, 

39, 40, 56 ).  Also as mentioned p re v io u s ly ,  i t  was the  use of the  a c t iv e -  

s i t e  b in d e rs  E-600, p -n i t ro p h e n y l  dim ethylcarbam ate, and b i s - [ p - n i t r o -  

pheny l]  phosphate which p e rm itted  e s t im a t io n  of the  number of a c t iv e  

s i t e s  p e r  mole of enzyme (44, 49, 50, 5 1 ) .  Shibko and Tappel (30) and 

Mahadevan and Tappel (55) re p o r te d  t h a t  w hile  r a t  l i v e r  microsomal e s t e r 

ase was q u i te  s e n s i t i v e  to  E-600 and DFP, th e  lysosomal e s t e r a s e  was n o t .

The n o n - c la s s ic a l  k i n e t i c s  e x h ib i te d  by l i v e r  e s t e r a s e  have 

been d isc u sse d  above. To exp la in  the  mechanism of s u b s t r a te  a c t i v a t i o n ,  

Ocken and Levy (63) s tu d ie d  th e  in h i b i t i o n  of e s te r a s e  w ith  bu tano l and 

2 -bu tanone . Their  p re l im in a ry  s tu d ie s  confirmed t h a t  p ig  l i v e r  e s te r a s e  

con ta ined  two a c t iv e  s i t e s  and th a t  the  r a t e  of h y d ro ly s is  in c reased  

w ith  in c re a s in g  acyl chain len g th  of a s e r i e s  of e th y l  e s t e r s .  This sug

g es ted  th e  p resence of one m od if ie r  s i t e  and only  one c a t a l y t i c  s i t e ,  

w ith  th e  m o d if ie r  s i t e  p r e f e r e n t i a l l y  b inding  hydrophobic compounds and 

se rv ing  as an in t e r n a l  a c c e le r a to r  of the  r e a c t io n .  I t  was found th a t
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b u tan o l and 2 -bu tanone , in  a d d i t io n  t o  i n h i b i t i n g  enzyme a c t i v i t y  toward 

e th y l  b u ty r a t e ,  caused a lo s s  of b ip h a s ic  k i n e t i c s ;  th e  a c t i v i t y  remain

ing a f t e r  i n h i b i t i o n  no lo n g e r  showed s u b s t r a t e  a c t i v a t i o n .  I t  was con

cluded t h a t  f o r  n o n - in h ib i te d  enzyme a t  h igh  s u b s t r a t e  c o n c e n t ra t io n ,  the  

c o n t ro l  s i t e  acqu ired  a s u b s t r a t e  m olecule caus ing  a p robab le  m o d if ica 

t i o n  of th e  r e a c t io n  pathway and an observed in c re a s e  in  v e l o c i t y .  Bu

ta n o l  and 2 -butanone were p ic tu r e d  as exc lud ing  s u b s t r a t e  m olecules from 

th e  c o n t ro l  s i t e  th e re b y  producing l i n e a r  k i n e t i c s ,  as w ell as  competing 

f o r  th e  e s t e r o l y t i c  s i t e  t o  produce i n h i b i t i o n .  These r e s u l t s  were in 

c o n t r a s t  to  th o se  o f  Adler and Kistiakowsky (58) who considered  bo th  s i t e s  

t o  be i d e n t i c a l  and e s t e r o l y t i c .
- t - J

A c t iv a to r s . Low l e v e l s  of Ca and Mg were found to  a c t iv a t e  

h y d ro ly s is  of p -n i t ro p h e n y l  a c e ta t e  by p ig  l i v e r  e s t e r a s e  (4 6 ) .  Barker 

and Jencks (57) r e p o r te d  t h a t  p ig  l i v e r  e s t e r a s e  was a c t iv a te d  by o rganic  

s o lv e n ts  such as ace tone  and d ioxane, as  w ell as  by in c reased  s u b s t r a te  

c o n c e n t r a t io n s .  Acetone in c reased  th e  maximal v e lo c i ty  a t  both  h igh  and 

low s u b s t r a t e  c o n c e n t ra t io n s .  This was in t e r p r e t e d  as favo ring  a c a t a 

l y t i c  mechanism in vo lv ing  two a c t iv e  s i t e s ,  one of which ac ted  as an e f 

f e c t o r  s i t e  t o  modify the  r e a c t i v i t y  o f  th e  second or e s t e r o l y t i c  s i t e .  

Acetone, d ioxane, and s u b s t r a t e  ( a t  h igh  c o n c e n tra t io n s )  were p o s tu la te d  

to  b ind a t  th e  e f f e c t o r  s i t e  and produce th e  in c reased  r a t e  of e s t e r o ly -  

s i s .  A s im i la r  conc lusion  was reached by Stoops e t  (5 9 ) ,  who found 

t h a t  benzene a lso  a c t i v a t e d  p ig  l i v e r  e s t e r a s e .

Methanol and o th e r  weakly a c id ic  a lc o h o ls  caused an in c re a s e  in 

th e  r a t e  of d isappearance  of phenyl a c e ta t e  c a ta ly z e d  by p ig  l i v e r  e s t e r 

ase accord ing  to  G reenzaid and Jencks (6 4 ) .  This was n o t  due to  an in 
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c rea sed  r a t e  of h y d ro ly s is ,  however, bu t  to  th e  occurrence  of methanoly- 

s i s .  A ceta te  was r e a d i l y  t r a n s f e r r e d  to  th e  n u c le o p h i l i c  methanol r a th e r  

than  to  w ater by th e  enzyme. The au th o rs  in t e r p r e t e d  t h e i r  r e s u l t s  as 

fa v o r in g  an acyl-enzyme mechanism, in  wiiich th e  acyl p o r t io n  of th e  sub

s t r a t e  remained bound to  th e  enzyme a f t e r  r e l e a s e  of the  a lcoho l and 

could then  be t r a n s f e r r e d  to  e i t h e r  w ater  or a n u c le o p h ile .

L ip ases  of Mammalian L iv e r

Uptake of Chylomicrons 
by L iv e r

That the  l i v e r  p la y s  an e s s e n t i a l  r o l e  in  mammalian l i p i d  metab

o lism  i s  no t  d isp u te d .  Whether or no t  the  l i v e r  has ,  however, th e  cap

a b i l i t y  to  remove and /o r  hydrolyze th e  plasma long chain  t r i g l y c e r i d e s  

i s  a m a t te r  of some c o n tro v e rsy .  For a number of years  i t  was b e l ie v e d  

t h a t  th e  l i v e r  c o n s t i tu te d  one of th e  major organs involved in  th e  uptake 

of d i e t a r y  t r i g l y c e r i d e s  c a r r i e d  by l i p o p r o te in  p a r t i c l e s  known as chy lo

m icrons .  Ashworth e t  (65) su b jec ted  l i v e r s  of r a t s  in g e s t in g  a h igh- 

f a t  d i e t  o r  re c e iv in g  corn o i l  by stomach tube to  e le c t ro n  microscopy. 

Chylomicrons were observed in  h e p a t ic  s in u s o id s ,  t r a c e d  in to  the  spaces 

of D isse ,  and d e te c te d  in  d i f f e r e n t  s ta g e s  of d i r e c t  t r a n s f e r  a c ro s s  the  

h e p a t ic  parenchymal c e l l  membrane. Larger cy top lasm ic  l i p i d  d r o p le t s  

then  formed w ith in  th e  l i v e r  c e l l s .

Another method of approach to  the  problem of chylomicron uptake 

has  been to  i n j e c t  r a d io la b e le d  d i e t a r y  f a t  p a r t i c l e s  in to  t e s t  anim als 

and to  fo llow  the  t i s s u e  d i s t r i b u t i o n  of th e  l a b e l  a t  v a r io u s  time pe- 

r o id s  a f t e r  i n j e c t i o n .  French and M orris  ( 6 6 ) found t h a t  la b e le d  chy lo

micron f a t ,  i n j e c te d  in to  r a t s ,  was taken  up p r i n c i p a l l y  by th e  l i v e r .



24

The in j e c t i o n  of heparin  a c c e le ra te d  t h i s  up take , and protam ine s u l f a t e  

and T r i to n  WR-1339 delayed i t .  Bragdon and Gordon (67) found the  r a d io 

a c t i v i t y  to  be lo c a ted  p r in c i p a l l y  in  th e  l i v e r  when in je c te d  r a t s  were 

in  the  f a s t i n g  s t a t e .  Adipose t i s s u e  took up th e  bulk of a c t i v i t y ,  how

e v e r ,  when animals were fed  a h igh carbohydra te  d i e t .  Carbohydrate feed 

ing g r e a t ly  reduced the  o v e ra l l  o x id a tio n  of in j e c te d  t r i g l y c e r i d e s .  I t  

was a lso  b e l iev ed  t h a t  the  chylomicrons d id  not undergo in t r a v a s c u la r  

h y d ro ly s is  and were removed i n t a c t  from the  c i r c u l a t i o n .  Blood plasma 

l i p o p r o te in s  of v a r io u s  d e n s i t i e s  were in j e c te d  in to  r a t s  by S te in  and 

Shapiro  ( 6 8 ) .  In a l l  c a se s ,  la rg e  amounts of the  r a d io a c t iv e  m a te r ia l  

(24-60^) were recovered  in  the  l i v e r  15 m inutes a f t e r  i n j e c t i o n .  Labeled 

t r i g l y c e r i d e s  were lo c a te d  predom inantly  in the  p a r t i c u l a t e  f r a c t io n s  of 

l i v e r  homogenates w ith  very  l i t t l e  p r e s e n t  in  th e  f lo a t in g  f a t  f r a c t io n .  

In travenous  h y d ro ly s is  d id  no t seem to  be necessa ry  fo r  t h i s  up take, bu t 

in t r a h e p a t i c  h y d ro ly s is  d id  occur a t  a l a t e r  tim e. A s im i la r  conclusion  

was reached by O livecrona (6 9 ) ,  who found 35% of th e  recovered a c t i v i t y  

from t r i g l y c e r i d e  f a t t y  acid  in  the  l i v e r  and 1 0 % in the  adipose t i s s u e  

of r a t s  20 minutes a f t e r  chylomicron in j e c t i o n .  According to  Ashworth 

e t  a l . (70) such chylomicron c le a r in g  i s  c a r r i e d  out by h e p a t ic  parenchy

mal c e l l s  r a th e r  than by K upffer or r e t i c u lo e n d o th e l i a l  c e l l s .

Havel and G oldfien  (71) re p o r te d  t h a t  hepatectomy reduced the  

r a t e  of removal of both in je c te d  chylomicron t r i g l y c e r i d e s  and f r e e  f a t t y  

a c id s  in  dog. However, f u r th e r  s tu d ie s  in  which chylomicrons were in 

fused  in to  dogs over a per io d  of time s im u la ting  p h y s io lo g ic a l  f a t  uptake 

convinced N este l  e t  (72) t h a t  most of t h i s  l i p i d  was removed d i r e c t l y  

by e x t ra h e p a t ic  t i s s u e s .  N es te l  e t  a l .  (73) in j e c te d  chylomicrons l a 
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beled  in  both  t r i g l y c e r i d e  and c h o le s te r o l  m o ie t ie s .  In normal dogs a l 

most a l l  th e  in fu sed  chylomicron c h o le s t e ro l  r a d i o a c t i v i t y  bu t  only a 

sm a lle r  and more v a r i a b le  f r a c t i o n  of th e  t r i g l y c e r i d e  r a d i o a c t i v i t y  was 

removed by th e  l i v e r .  While exc lu s ion  of th e  l i v e r  from th e  c i r c u l a t i o n  

d id  r e s u l t  in  decreased  r a t e s  of removal f o r  t r i g l y c e r i d e ,  th e  in c reased  

h a l f - t im e  fo r  removal of c h o le s t e ro l  under th e se  c o n d i t io n s  was much 

g r e a t e r .

P e rfu s io n  of i s o la t e d  l i v e r s  w ith  chylomicrons has p rov ided  a 

d i r e c t  s tudy  of th e  a b i l i t y  of t h i s  organ to  handle d i e t a r y  l i p i d  p a r 

t i c l e s .  M orris and French (74) re p o r te d  t h a t  p e rfu sed  r a t  l i v e r s  were 

capable  of ta k in g  up approx im ate ly  54% of a f a t t y  a c id - la b e le d  chy lo

micron p re p a ra t io n  in  3 hou rs .  P re - t re a tm e n t  of th e  chylomicrons w ith  

h e p a r in -s t im u la te d  c l e a r in g  f a c t o r  l i p a s e  (75, 76) in c re a sed  t h i s  uptake 

to  76%. The removed t r i g l y c e r i d e s  were ox id ized  to  carbon d io x id e .  Up

take  proceeded more r a p id ly  in  l i v e r s  from s ta rv e d  than  from fed r a t s  

(7 7 ) .  O xidation  of chylomicron t r i g l y c e r i d e s  a lso  occurred  more r a p id ly  

in  l i v e r s  of s ta rv ed  r a t s  (78 ) .  I t  was observed in  t h i s  s tudy  t h a t  f r e e  

f a t t y  ac id s  were taken  up and ox id ized  to  carbon d iox ide  more r a p id ly  

than  chylomicron t r i g l y c e r i d e s .  Rodbell e t  (79) a lso  suggested  t h a t  

chylomicron t r i g l y c e r i d e s  were taken  up from the  blood w ithou t p r io r  

h y d ro ly s is .  In c o n t r a s t  to  p rev io u s  s tu d ie s  ( 6 8 , 70 ) ,  however, i t  was 

e s ta b l i s h e d  t h a t  both parenchymal and r e t i c u lo e n d o th e l i a l  c e l l s  p a r t i c i 

p a ted  in  t h i s  r e a c t io n .  The bulk  of th e  recovered  r a d i o a c t i v i t y  was a s 

so c ia te d  w ith  th e  f l o a t i n g  f a t  la y e r  r a t h e r  than th e  p a r t i c u l a t e  f r a c 

t i o n s  of l i v e r  homogenates.

In d i r e c t  c o n t r a s t  to  the  above r e p o r t s ,  s e v e ra l  r e s e a rc h e r s
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u t i l i z i n g  p e r fu s io n  te ch n iq u es  have re p o r te d  t h a t  th e  l i v e r  removes and 

o x id iz e s  only  i n s i g n i f i c a n t  amounts of chylomicron t r i g l y c e r i d e .  F e l t s  

(80) and F e l t s  and Mayes (81) p re sen te d  evidence t h a t  th e  bulk of the  

t r i g l y c e r i d e  taken up by r a t  l i v e r  during chylomicron p e r fu s io n  had 

simply been trapped  w ith in  e x t r a c e l l u l a r  compartments, and could  be r e 

moved by r e t ro g ra d e  p e r fu s io n .  They observed t h a t  in fu sed  f a t t y  ac id s  

were ox id ized  to  a g r e a t e r  e x te n t  than chylomicrons and t h a t  th e  ad d i

t i o n  of h e p a r in - s t im u la te d  c l e a r in g  f a c t o r  to  th e  p e r fu s io n  medium in 

c rea sed  th e  uptake of f a t t y  a c id s .  On the  b a s i s  of th e se  experim ents ,  

th e  au th o rs  suggested  t h a t  l i v e r  c e l l s  could no t  remove i n t a c t  chylo

micron t r i g l y c e r i d e  from th e  bloodstream  b u t  r a t h e r  took up only f r e e  

f a t t y  ac id s  der ived  from e x t r a h e p a t i c  l i p o l y s i s .

L iv e r  s l i c e s  have been used only r a r e l y  in  s tu d ie s  on th e  up

ta k e  of chylom icrons. Edgren and Z i lv e rsm i t  (82) re p o r te d  t h a t  l i v e r  

s l i c e s  from fed dogs were capable of tak in g  up la b e le d  chylomicron l i p i d s  

v i t r o . However, l i v e r  s l i c e s  from fed r a t s  d id  no t o x id ize  la b e le d  

chylomicrons _in v i t r o  (83 ) .

There are  only  two r e p o r t s  d e s c r ib in g  th e  uptake of chylomicron 

f a t t y  ac id s  by i s o la te d  l i v e r  c e l l s  (84, 85 ).  Rat l i v e r  c e l l s  were 

found to  be capable of b ind ing  in je c te d  chylomicrons (40 |ig l i p i d  p e r  mg 

of t i s s u e  n i t r o g e n ) ,  and th e  bound chylomicrons were hydrolyzed a t  the  

plasma membrane t o  y ie ld  f a t t y  a c id s .

Presence of L ipop ro te in  Lipase in  the  L iver  

The ques tion  of whether chylomicron t r i g l y c e r i d e  i s  u t i l i z e d  

d i r e c t l y  by th e  l i v e r  i s  in t im a te ly  t i e d  to  th e  q u es tio n  of whether the  

l i v e r  c o n ta in s  an enzyme w ith  th e  c h a r a c t e r i s t i c s  of l i p o p r o te in  l i p a s e .
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In 1955, Korn ( 8 6 , 87) d e te c te d  in  h e a r t  a l ip a s e  w ith  an a b so lu te  r e 

quirem ent f o r  t r i g l y c e r i d e  complexed in  th e  form of l i p o p r o t e i n .  This 

enzyme, d is p la y in g  a h igh  s p e c i f i c i t y  f o r  chy lom icron -l ike  p a r t i c l e s ,  

was b e l ie v e d  to  be i d e n t i c a l  w ith  " c le a r in g  f a c to r "  l i p a s e .  S ince t h a t  

t im e ,  i t  has been g e n e r a l ly  assumed t h a t  any organ norm ally  involved  in 

chylomicron uptake should co n ta in  an enzyme w ith  c h a r a c t e r i s t i c s  of l i p o 

p r o te in  l i p a s e .

E ar ly  s tu d ie s  on r a t  l i v e r  in d ic a te d  the  absence of c le a r in g  

f a c t o r  l i p a s e  in  t h i s  o rgan . In c o n t r a s t  w ith  a number of o th e r  r a t  

organs (71, 78, 8 8 ) ,  p e r fu s io n  of r a t  l i v e r  w ith  h e p a r in iz e d  medium 

f a i l e d  to  cause r e l e a s e  of c l e a r in g  f a c t o r  in to  the p e r f u s a t e .  In f a c t ,  

S p i tz e r  and S p i tz e r  (89) observed t h a t  th e  r a t e  of c l e a r in g  of an emul

sion  by serum c o n ta in in g  c l e a r in g  f a c t o r  was decreased  a f t e r  p e r fu s io n  

through th e  l i v e r .  Mayes and F e l t s  (90, 91, 92) confirmed t h a t  l ip o p ro 

t e i n  l i p a s e  a c t i v i t y  could  no t  be measured in  acetone powders o f  r a t  

l i v e r ,  whereas r a t  h e a r t  showed h igh  l e v e l s  of a c t i v i t y .  I f  l i v e r  ex

t r a c t s  and h e a r t  e x t r a c t s  were combined and assayed to g e th e r ,  th e  l i v e r  

caused su p p re ss io n  of th e  normal a c t i v i t y  p r e s e n t  in  h e a r t .  This  sup

p re s s io n  could be overcome by th e  a d d i t io n  of very la rg e  amounts of 

h e p a r in .  With h igh  h ep a r in  c o n c e n t ra t io n s ,  l ip o p r o te in  l i p a s e  a c t i v i t y  

could be d e te c te d  in  both  l i v e r  t i s s u e  and l i v e r  p e r f u s a te s .  I t  was 

p o s tu la te d ,  t h e r e f o r e ,  t h a t  an i n h i b i t o r ,  p o s s ib ly  a h e p a r in a s e ,  main

ta in e d  th e  l i v e r  enzyme in  an in a c t iv e  form v ivo .

Severa l g roups, however, have r e p o r te d  l ip o p ro te in  l i p a s e - l i k e  

a c t i v i t y  in  r a t  l i v e r .  Payza e t  (93) dem onstrated t h a t  such a c t i v i t y  

was p r e s e n t  in  ace tone  powder e x t r a c t s  of l i v e r  a lthough not in  whole
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homogenates. Heparin adm in is te red  to  i n t a c t  r a t s  caused a drop in  the  

amount of a c t i v i t y  measurable in  th e  l i v e r  concom itant w ith  a r i s e  in  

th e  l e v e l  observed in  th e  serum. A c t iv i ty  was d e te c te d  in  crude r a t  

l i v e r  e x t r a c t s  by Yasuoka and F u j i i  (9 4 ) .  Approximately 50% of t h i s  ac

t i v i t y  could be p r e c i p i t a t e d  and in a c t iv a te d  by r e a c t io n  w ith  an a n t i 

serum to  p u r i f i e d  p o s t -h e p a r in  r a t  plasma l ip o p r o te in  l i p a s e .  I t  must be 

n o ted ,  however, t h a t  th e  t e s t  emulsion used as s u b s t r a te  in  bo th  th e se  

r e p o r t s  was E d io l ,  a commercially a v a i la b l e  p re p a ra t io n  of coconut o i l ,  

which i s  known to  c o n ta in  s i g n i f i c a n t  amounts of mono- and d ig ly c e r id e s  

as w ell as t r i g l y c e r i d e s  (95 ) .

The r e le a s e  of l ip o p r o te in  l i p a s e  from l i v e r  under th e  i n f l u 

ence of heparin  has a l s o  been s tu d ie d  in  dogs and humans. The l i v e r s  of 

bo th  th e se  sp ec ie s  seem to  be an e x c e l l e n t  source o f  t h i s  enzyme.

LeQuire ^  a l .  (9 6 ) ,  i n j e c te d  hepa rin  in to  th e  p o r t a l  vein  of dogs, and 

removed blood samples from th e  h e p a t ic  v e in s  a t  v a r io u s  tim e p e r io d s  

a f t e r  th e  i n j e c t i o n .  Twenty seconds fo llow ing  h e p a r in ,  p r i o r  to  any pos

s i b l e  r e c i r c u l a t i o n ,  th e  l ip o p r o te in  l i p a s e  a c t i v i t y  in  blood samples 

from th e  h e p a t ic  v e in s  in c re a sed  some tw e n ty - f iv e - fo ld  over p reh ep a rin  

v a lu e s .  This response  to  hepa rin  was s i g n i f i c a n t l y  g r e a t e r  than t h a t  

observed in  a s im i la r  experiment w ith  th e  dog hind limb. The r e s u l t s  

were considered  to  be c o n s i s t e n t  w ith  a h e p a r in - t r ig g e re d  r e l e a s e  o f  en

zyme from the  v a s c u la r  endothelium , th e  h igh  t i t e r  of a c t i v i t y  r e le a s e d  

by th e  l i v e r  being  due to  i t s  e x ten s iv e  c a p i l l a r y  bed. Boberg e t  a l .

(97) observed th e  r e l e a s e  of l ip o p r o te in  l i p a s e  a c t i v i t y  from i s o l a t e d ,  

p e r fu se d  dog l i v e r  in  response  to  h e p a r in .  Moreover, the  r e le a s e d  ac

t i v i t y  was in h ib i t e d  by NaCl and p ro tam ine , showing i d e n t i c a l  p r o p e r t i e s
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to  the  l i p o l y t i c  a c t i v i t y  r e le a s e d  in to  th e  plasma of an i n t a c t  animal 

fo llow ing  h e p a r in .  The r e l e a s e  of l i p o l y t i c  a c t i v i t y  from dog l i v e r s  

a f t e r  in  v ivo in j e c t io n  of heparin  was confirmed by Condon e t  a l .  (98 ).  

The r e le a s e d  a c t i v i t y  behaved l i k e  l ip o p r o te in  l ip a s e  with r e s p e c t  to  i n 

h i b i t o r s ,  and hepatectomy s e v e re ly  hampered the  heparin  response .  More

o ver ,  in c re a sed  l e v e l s  of a c t i v i t y  were noted  in  blood from th e  h ep a t ic  

ve in  of two human su b je c t s  w ith in  15 seconds of systemic i n j e c t io n  of 

h ep ar in  (98 ) .  And f i n a l l y ,  Muir (99) recorded  r e l e a s e  of l ip o p ro te in  

l i p a s e  ac ro ss  the  sp lanchn ic  bed under heparin  s t im u la t io n  in  seven hu

man b e in g s .  However, the  p o s s i b i l i t y  t h a t  the  e x t ra h e p a t ic  p o r t io n s  of 

th e  sp lanchn ic  bed c o n t r ib u te d  s ig n i f i c a n t l y  to  the  measured r e le a s e  

could  no t  be e l im in a te d .

Other L ipases  in  th e  L iver

All ques tion  of whether th e  l i v e r  fu n c t io n s  as a s i t e  of uptake 

and h y d ro ly s is  of chylom icron-type s u b s t r a te s  a s id e ,  th e  presence  of 

o th e r  l i p a s e s  in  the  l i v e r  might be suspected  simply from th e  knowledge 

of th e  r o l e  of the  l i v e r  in  th e  tu rnover  of many k inds  of l i p i d s .  A num

ber of such a c t i v i t i e s  have been rep o r te d  and w i l l  be d esc r ib e d  below.

Endogenous l i p o l y s i s  in  th e  l i v e r . Incubation of r a t  l i v e r  

s l i c e s  a t  37° f o r  s e v e ra l  hours caused a r i s e  in  f r e e  f a t t y  ac id  con ten t 

accord ing  to  Mosinger and Vavrinkova (3 ) .  Free f a t t y  ac id s  inc reased  

more s t r i k i n g l y  in  l i v e r s  from f a s te d  than fed  r a t s .  I t  was e s ta b l i s h e d  

t h a t  th e  in c re ased  f a t t y  ac id  r e l e a s e  in  s ta rv ed  l i v e r s  was due to  an 

in c re a sed  r a t e  of l i p o l y s i s  r a th e r  than a decreased  r a t e  of r e - e s t e r i f i -  

c a t io n .  Rat l i v e r  homogenates incubated  in  g ly c y l-g ly c in e  b u f fe r  a t  pH 

6 .5  showed an in c re a se  in  f r e e  f a t t y  ac id  co n ten t  (100).  T o ta l l i p i d
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a n a ly s i s  of th e  homogenates a f t e r  in c u b a t io n  showed a 65^ d ec re a se  in  t r i 

g ly c e r id e  c o n te n t .  The t r i g l y c e r i d e  was a p p a re n t ly  com plete ly  hydro lyzed , 

as  no s i g n i f i c a n t  accum ulation of lower g ly c e r id e s  could  be d e te c te d .

L iver  l i p o l y t i c  a c t i v i t y  w ith  E d io l  as  s u b s t r a t e . As mentioned

e a r l i e r ,  E d io l ,  a commercial p re p a ra t io n  of e m u ls if ie d  coconut o i l ,  con

t a i n s  some mono- and d ig ly c e r id e s  as  w ell as  t r i g l y c e r i d e s  (9 5 ) .  The

major f a t t y  ac id  component of th e  g ly c e r id e s  i s  l a u r i c  ac id  (Cj^2 )* As

i t  i s  d i f f i c u l t  to  de term ine  whether the  a c t i v i t y  measured a g a in s t  such 

a mixed s u b s t r a te  i s  due to  one or s e v e ra l  enzymes, d is c u s s io n  o f  s tu d 

ie s  u t i l i z i n g  t h i s  s u b s t r a t e  i s  sep a ra ted  from d is c u s s io n  of s tu d ie s  

u t i l i z i n g  homogeneous s u b s t r a t e s .

In 1965, a number of s tu d ie s  were re p o r te d  a t t e s t i n g  t o  the  

a b i l i t y  of l i v e r  p r e p a ra t io n s  to  hydrolyze E d io l .  In a l l  c a se s ,  the  

d a ta  were b e l iev ed  to  i n d i c a te  the  p resence  of a long -ch a in  t r i g l y c e r i d e  

l i p a s e  d i f f e r e n t  from l i p o p r o te in  l i p a s e .  The r e l e a s e  of f a t t y  ac id s  

from E d io l by r a t  l i v e r  homogenates was n o t  s t im u la te d  by p re in c u b a t io n  

of th e  s u b s t r a t e  w ith  serum according to  Vavrinkova and Mosinger (4 ) .

The ac t iv i ty«% 3 e—stim u la te d  by albumin and showed two pH optim a, one a t  

pH 8 , th e  o th e r  a t  pH 5. L iver  s l i c e s  incuba ted  w ith  E d io l caused a r i s e  

in  f r e e  f a t t y  ac id  c o n c e n tra t io n  in  th e  medium, which was n o t  due to  lo s s  

of f r e e  f a t t y  ac id s  from th e  c e l l s  ( 3 ) .  The a c t i v i t y  re q u i re d  albumin, 

bu t was no t  in h ib i te d  by e i t h e r  NaCl o r  p ro tam ine . L ip o ly t i c  a c t i v i t y  

could n o t  be r e le a s e d  in to  th e  medium by h e p a r in ,  nor was p r e t r e a t e d  

Edio l any b e t t e r  a s u b s t r a t e  than  u n t r e a te d .  In c o n t r a s t  to  endogenous 

l i p o l y s i s ,  vAiich occurred  more r e a d i ly  in  f a s t e d  l i v e r s ,  e x t r a c e l l u l a r  

l i p o l y t i c  a c t i v i t y  was h ig h e r  in  fed  l i v e r s .  The Ediol hydro lyz ing
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system of  r a t  l i v e r  homogenates s tu d ie d  by G r a f n e t t e r  and G ra fn e t te ro v a  

(5) was l ik e w ise  enhanced by albumin, and was, in  f a c t ,  i n h i b i t e d  by p r e 

t re a tm e n t  of the  s u b s t r a t e  w ith  serum. A sodium d e o x y c h o la te -s t im u la te d  

h y d ro ly s is  of E d io l by r a t  l i v e r  p r e p a ra t io n s  was noted by Olson and 

Alaupovic ( 6 , 7 ) .  However, s u b s t i t u t i o n  of albumin f o r  deoxycholate  

caused i n h i b i t i o n  of a c t i v i t y .  S u b c e l lu la r  f r a c t i o n a t i o n  o f  th e  l i v e r  

homogenates showed lo c a l i z a t i o n  of maximal s p e c i f i c  a c t i v i t y  in  th e  s o l 

uble  f r a c t i o n .  The pH optimum f o r  t h i s  p r e p a ra t io n  was approxim ate ly

7 .2 .

Long chain  t r i g l y c e r i d e  l i p a s e s  in  l i v e r . L ipases  w ith  n e u t r a l  

o r  a l k a l in e  pH optim a. In 1965, Olson and Alaupovic (7) f i r s t  r e p o r te d  

h y d ro ly t ic  a c t i v i t y  o f  r a t  l i v e r  ace tone powders a g a in s t  o l iv e  o i l  emul

s i f i e d  in  gum a r a b ic .  As o l iv e  o i l  i s  e s s e n t i a l l y  f r e e  of p a r t i a l  g ly 

c e r id e s  and has a f a t t y  a c id  com position of g r e a t e r  than  75% o le ic  ac id  

( lO l ) ,  i t  i s  considered  a d e f i n i t i v e  s u b s t r a t e  f o r  long chain  t r i g l y 

c e r id e  l i p a s e .  The pH optimum determ ined in  t h i s  study was 7 .2 ;  sodium 

deoxychola te  s t im u la te d  and albumin decreased  th e  l i p o l y t i c  a c t i v i t y .

In th e  same year B ia le  e t  a l .  (102) noted a r a t h e r  low le v e l  of a c t i v i t y  

in  r a t  l i v e r  homogenates toward t r i p a l m i t i n  d is p e rs e d  in  gum a r a b ic .  The 

pH used was 7 .2 ,  and bovine albumin was inc luded  in  th e  system. F u r th e r  

s tu d ie s  (14) showed i n h i b i t i o n  of t h i s  l i p o l y s i s  by homogenization of th e  

t i s s u e  in  th e  p resence  of ATP o r  d iv a le n t  c a t i o n s ,  or by p re in c u b a t io n  

o f  th e  l i v e r  t i s s u e  w ith  uncouplers  of o x id a t iv e  p h o sp h o ry la t io n .  Maxi

mal s p e c i f i c  a c t i v i t y  observed f o r  t h i s  s u b s t r a t e  was in  th e  microsomal 

f r a c t i o n .

T r ip a lm i t in  d is p e rs e d  only  in  w ater was found by C a r te r  (103)
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t o  be a s u i t a b l e  t r i g l y c e r i d e  s u b s t r a t e  f o r  r a t  l i v e r  l i p a s e .  The pH 

used was 7 .4 ,  and albumin was inc luded  in th e  system. P roduc ts  of the  

r e a c t io n  between whole homogenates and t r i p a l m i t i n  were p r im a r i ly  f r e e  

f a t t y  a c id s  and g ly c e r o l .  The h ig h e s t  s p e c i f i c  a c t i v i t y  fo r  t h i s  l ip a s e  

a lso  o ccu rred  in  th e  microsomes. A dd itiona l con firm a tio n  of th e  p resence  

of long chain  t r i g l y c e r i d a s e  a c t i v i t y  in  microsomes has come from sev

e r a l  o th e r  g roups. Guder e t  (11, 15) d e s c r ib e d  maximal s p e c i f i c  ac

t i v i t y  a g a in s t  t r i o l e i n  a t  pH 8 .5  in  r a t  l i v e r  microsomes. Gum a ra b ic  

was used as em u ls ify in g  agent but no albumin was added. The d i s t r i b u 

t i o n  of th e  l i p o l y t i c  a c t i v i t y ,  however, d id  n o t  p a r a l l e l  th e  d i s t r i b u 

t i o n  of th e  microsomal marker enzyme g lu c o se - 6 -p h o sp h a tase .  In a d d i t io n ,  

l a rg e  amounts of h ep a r in  were found to  s t im u la te  t r i o l e i n  h y d ro ly s is  in  

a crude plasma membrane p re p a ra t io n  in  the  p resen ce  of Ca"^. Although 

th e  pH optimum f o r  t h i s  a c t i v i t y  was 8 .5  w ithou t h e p a r in ,  maximum s tim 

u l a t i o n  by heparin  occurred  a t  pH 7 .5 .  This was in t e r p r e t e d  as p ro v id 

ing ev idence  f o r  a second, heparin -dependen t l i p a s e .  M üller and Alaupovic 

(17) r e p o r te d  t h a t  th e  maximal l i p o l y t i c  a c t i v i t y  of p ig  l i v e r  s u b c e l lu 

l a r  f r a c t i o n s  occurred  in  microsomes. The s u b s t r a t e  was p u r i f i e d  o l iv e  

o i l  e m u ls i f ie d  in  sodium ta u ro c h o la te  s o lu t i o n ;  no albumin was p r e s e n t .
I  I ^

The pH optimum was 7 .5 ,  and T r i to n  X-100, Ca , and MH4  were in h i b i t o r y  

t o  th e  system.

Waite and van Deenen (16) found th a t  th e  r e l e a s e  of la b e le d  

f a t t y  a c id  a t  pH 7 .4  from mixed s o n ic a te s  o f  ^^C -o le ic  a c id  t r i g l y c e r i d e  

w ith  p h o sp h a t id y l  e thanolam ine was g r e a t e s t  in  th e  m ito ch o n d r ia l  f r a c 

t i o n .  The p ro d u c ts  of r e a c t io n  were f r e e  f a t t y  ac id  and d ig ly c e r id e .

No albumin was inc luded  in  the  system. The a c t i v i t y  was s e n s i t i v e  to
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p -ch lo ro m ercu r ib en zo a te .

L ipases  w ith  a c id ic  pH optim a. As mentioned e a r l i e r ,  Vavrinkova 

and Mosinger (4) re p o r te d  Ediol hydro lyz ing  a c t i v i t y  in  r a t  l i v e r  to  

show a pH optimum a t  5 .0 .  H iggins and Green (104) found t h a t  i s o la t e d  

l i v e r  c e l l s ,  when incuba ted  in  th e  p resence  of h e p a r in ,  r e le a s e d  a chylo

micron l i p a s e  w ith  pH optimum 4 .0 - 4 .5 .  The l i p a s e  could a lso  be re le a s e d  

from th e  c e l l s  in  th e  absence of heparin  b u t  was in a c t iv e  u n t i l  heparin  

was added. This enzyme was b e l iev ed  to  be lo c a te d  in  th e  plasma mem

brane . In 1967, S to f f e l  and Greten ( 8 ) dem onstrated  th e  l o c a l i z a t i o n  of 

a long chain  t r i g l y c e r i d e  l i p a s e  in  th e  lysosomes of r a t  l i v e r .  The 

measured pH optimum was 6 .5 ,  and th e  s u b s t r a t e ,  l , 2 - d i p a l m i t o y l - 3 - l i n -  

o lo y lg ly c e r o l ,  was d is p e rs e d  in  sodium deoxycho la te .  Mahadevan and 

Tappel (9) i s o l a t e d  lysosomes from l i v e r s  of normal and T r i to n  WR-1339 

t r e a t e d  r a t s  and e s t a b l i s h e d  the  p resence  of a l i p a s e  w ith  pH optimum of

4 .2 .  While th e  p r e p a r a t io n s  d isp la y ed  maximum s p e c i f i c  a c t i v i t y  a g a in s t  

g ly c e ry l  t r id e c a n o a te  ( to  be d iscu ssed  l a t e r ) ,  a c t i v i t y  was a lso  e s ta b 

l i sh e d  w ith  t r i l a u r i n ,  t r im y s t in ,  t r i p a l m i t i n ,  t r i s t e a r i n  and t r i o l e i n .

The p resence  of T r i to n  X-100 was re q u ire d  f o r  optim al a c t i v i t y ;  the  r e 

a c t io n  was in h ib i t e d  by NaCl, NaF, io d o a c e ta te ,  and Hg"^. Fowler and 

de Duve (10) observed t h a t  a s im i la r  p r e p a ra t io n  o f  lysosomes hydrolyzed 

t r i p a l m i t i n  o p t im a l ly  a t  pH 4 .1  and r e q u ire d  5% T r i to n  X-100 f o r  a c t i v i t y .  

Guder e t  (11) r e p o r te d  a pH optimum of 5 .0  fo r  t r i o l e i n  l i p o l y s i s  by 

r a t  l i v e r  homogenates. P u r i f i c a t i o n  of T r i t o n - f i l l e d  lysosomes y ie lded  

a 300-fo ld  p u r i f i c a t i o n  of t h i s  l i p o l y t i c  a c t i v i t y .  The enzyme was ac

t i v a t e d  by s o n ic a t io n  o r  hypotonic  t re a tm e n t  of th e  i s o la t e d  lysosomes. 

Complete s o l u b i l i z a t i o n  of th e  l i p a s e  could be achieved by suspending
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p u r i f i e d  lysosomes in  0 .05  M phosphate b u f f e r  a t  pH 6 .5  accord ing  to  

Hayase and Tappel (1 2 ) .  This p re p a ra t io n  hydrolyzed t r i o l e i n  to  o le ic  

a c id  and d ig ly c e r id e  e x c lu s iv e ly ,  and was s t ro n g ly  in h ib i te d  by s u l f -  

hydry l r e a g e n ts .  The e s t e r a s e  i n h i b i to r  d i iso p ro p y l  f luo rophospha te  did 

no t a f f e c t  the  a c t i v i t y .  K ariya and Kaplan (13) were ab le  to  sep a ra te  

r a t  l i v e r  lysosomal l i p a s e  from an endogenous l i p i d  a c t i v a t o r .  Although 

th e  a c t iv a t o r  was no t p u r i f i e d ,  s ev e ra l  p re p a ra t io n s  of phospho lip id  

were found to  in c re a se  markedly th e  a c t i v i t y  of the  enzyme. Lysosomal 

l i p a s e  has a lso  been dem onstrated  in  and p a r t i a l l y  p u r i f i e d  from pig  

l i v e r  by M uller and Alaupovic (17 ) .  Peak a c t i v i t y  w ith  t r i o l e i n  as sub

s t r a t e  occurred  a t  pH 4 .5 ;  th e  enzyme was s t im u la ted  by low bu t in h ib i te d  

by h igh  co n c e n tra t io n s  of T r i to n  X-100.

An in t e r e s t i n g  c o r r e l a t i v e  to  th e  s to ry  of ac id  l i p a s e  i s  the 

r e c e n t ly  r a i s e d  p o s s i b i l i t y  of i t s  absence in  the  inborn e r r o r  of metab

o lism  known as Wolman's d i s e a s e .  This d is e a se  i s  c h a ra c te r iz e d  by la rge  

accum ula tions  of t r i g l y c e r i d e  and c h o le s te ry l  e s t e r  in  th e  l i v e r  and 

sp leen  of young i n f a n t s ,  and i s  g e n e ra l ly  f a t a l  w ith in  th e  f i r s t  year of 

l i f e .  In 1969, P a t r i c k  and Lake (105, 106) dem onstrated h y d ro ly t ic  ac

t i v i t y  a g a in s t  bo th  t r i p a l m i t i n  and c h o le s te ry l  o le a te  a t  pH 4 .6  in  human 

l i v e r  homogenates. The a c t i v i t y  a g a in s t  both s u b s t r a te s  was e n t i r e l y  

ab sen t  from t i s s u e  specimens of p a t i e n t s  w ith  Wolman's d i s e a s e .  Young 

and P a t r i c k  (107) f u r th e r  re p o r te d  t h a t  g r e a t l y  reduced le v e ls  of an 

ac id  e s t e r a s e  a c t in g  on f a t t y  ac id  e s t e r s  of p -n it ro p h e n o l  were p re se n t  

in  th e s e  p a t i e n t s ,  while o th e r  types  of lysosomal hydro lase  a c t i v i t i e s  

were in c re a se d .  Burke and Schubert (108) observed t h a t  ac id  l i p o l y t i c  

a c t i v i t y  a g a in s t  long -cha in  t r i g l y c e r i d e  and c h o le s te ry l  e s t e r  was a lso
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absen t from l i v e r s  of p a t i e n t s  w ith  c h o le s t e r y l  e s t e r  s to ra g e  d i s e a s e .

In t h i s  syndrome la rg e  amounts of c h o le s t e ry l  e s t e r ,  bu t  n o t  t r i g l y c e r i d e ,  

accumulate in  th e  l i v e r ;  th e  o v e ra l l  course of th e  d is e a s e  i s  r e l a t i v e l y  

benign compared to  Wolman's d i s e a s e .

S h o r t-  and medium-chain t r i g l y c e r i d e  l ip a s e s  in  th e  l i v e r . A 

number of r e p o r t s  have d esc r ib e d  th e  p resence  of l i v e r  h y d ro ly t ic  a c t i v 

i t y  toward emulsions of t r i b u t y r i n  a t  n e u t r a l  or a lk a l in e  pH v a lu e s .  Un

f o r tu n a t e ly ,  in  none of th e se  cases  were comparisons drawn between the  

a c t i v i t y  toward th e  em u ls if ied  t r i b u t y r i n  and p o ss ib le  a c t i v i t y  toward 

f u l l y  s o lu b le  t r i b u t y r i n  a t  lower s u b s t r a te  c o n c e n tra t io n s .  A p u r i f i e d  

l i v e r  c a rb o x y le s te ra se  p re p a ra t io n  has a l re ad y  been shown to  have a high 

degree of s p e c i f i c i t y  fo r  so lu b le  t r i b u t y r i n  (2 9 ) .  E m uls if ied  t r i b u t y r i n  

was hydrolyzed by r a t  l i v e r  homogenates a t  a much g re a te r  r a t e  than t r i 

p a lm it in  in  th e  experim ents of B ia le  e t  a i .  (102).  The same s i t u a t io n  

e x is te d  f o r  t r i o l e i n  according to  Guder e t  a l .  (11) and B ia le  e t  

(14 ) .  _In vivo in j e c t i o n  o f  n -b u ty l  carbamic ac id  methyl e s t e r  (BCME) 

in  dogs was found to  i n h i b i t  s t ro n g ly  t r i b u t y r i n  h y d ro ly s is  by l i v e r  

homogenates in  th e  s tudy  of Wallach and Ko (109).  I n t e r e s t i n g l y  enough, 

th e  removal of in j e c te d  p roca ine  from the  blood of dogs, b e l ie v e d  to  be 

c a r r i e d  ou t by an e s t e r a s e ,  was in h ib i te d  to  th e  same e x te n t  by BCME.

H ydro lysis  of t r i c a p r y l i n  (Cg f a t t y  ac id )  a t  pH 7 .4  by r a t  l i v e r  

s u b c e l lu la r  f r a c t io n s  was maximal in  m itochondria  according to  Glaycomb 

and K ilsheim er (110).  The enzyme a c t i v i t y  was s o lu b i l i z e d  by so n ic a t io n  

in  T r i to n  X-100 and p u r i f i e d  7 7 -fo ld  by ge l f i l t r a t i o n .  The p u r i f i e d  

p re p a ra t io n  was n e a r ly  8  t im es more a c t iv e  a g a in s t  e m u ls if ie d  t r i b u t y r i n  

than  a g a in s t  t r i c a p r y l i n  and was l e s s  than  h a l f  as a c t iv e  a g a in s t  long-
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chain  t r i g l y c e r i d e s  ( t r i p a l m i t i n ,  t r i o l e i n ,  t r i l i n o l e i n ,  t r i l a u r i n )  than 

a g a in s t  t r i c a p r y l i n .  As mentioned b e fo re ,  th e  ac id  l i p a s e  p re s e n t  in  

p u r i f i e d  lysosomes (9) showed maximal a c t i v i t y  toward t r id e c a n o in .  Ac

t i v i t y  decreased  ve ry  s t r i k i n g l y  w ith  t r i g l y c e r i d e s  of lower chain le n g th ,  

and somewhat l e s s  s t r i k i n g l y  w ith  h ig h e r  t r i g l y c e r i d e s .

H ydro lysis  of mono- and d ig ly c e r id e s  by l i v e r . In 1965, hy

d r o ly s i s  of monoolein by r a t  l i v e r  homogenates a t  n e u t r a l  to  a lk a l in e  pH 

was observed by S e l f  rag e  ( i l l )  and by B ia le  e t  al_. (102).  In th e  former 

case  th e  r e a c t io n  was s t im u la ted  by sodium tau rodeoxycho la te  and serum 

albumin. In the  l a t t e r  ca se ,  h y d ro ly s is  of monoolein was approxim ate ly  

37 tim es as e f f i c i e n t  as h y d ro ly s is  of t r i p a l m i t i n  under s im i la r  cond i

t i o n s .

The phenomenon of h igher  r a t e s  of h y d ro ly s is  f o r  mono- and d i 

g ly c e r id e s  than fo r  t r i g l y c e r i d e s  a t  a lk a l in e  pH has been f u r th e r  r e 

p o r te d  by a number of w orkers. B ia le  £ t  a l .  (14) e s ta b l i s h e d  t h a t  l i p o 

l y t i c  a c t i v i t i e s  in  l i v e r  showed in c re a s in g  r a t e s  of c leavage from t r i -  

to  d i -  to  monoolein. Both t r i o l e i n  and monoolein h y d ro ly s is  proceeded 

maximally in  the  microsomal f r a c t io n  and responded s im i l a r l y  to  th e  e f 

f e c t s  of ATP, d iv a le n t  c a t io n s  and uncouplers  of o x id a t iv e  phosphoryla

t i o n .  However, th e  d i f f e r i n g  e f f e c t s  of o th e r  i n h i b i t o r s  and unequal 

r a t i o s  of t r i o l e i n  t o  monoolein h y d ro ly s is  observed in  a number of t i s 

sues s tu d ie d  led  them to  p o s tu la t e  t h a t  d i f f e r e n t  enzymes were respon

s i b l e  f o r  the se  two a c t i v i t i e s .  The same conclusion  was reached  by 

C a r te r  (103),  who was a lso  ab le  to  d i f f e r e n t i a t e  the  two a c t i v i t i e s  in  

th e  s o lu b le  f r a c t io n  of r a t  l i v e r  by t h e i r  response to  p re - in c u b a t io n  a t  

37® and th e  e f f e c t  o f  d i i so p ro p y l  f luo rophospha te .
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The a l re a d y  mentioned (110) p u r i f i e d  l i p a s e  p r e p a ra t io n  from 

r a t  l i v e r  m itochondria  which dem onstrated  high s p e c i f i c i t y  f o r  s h o r t -  

ch a in  t r i g l y c e r i d e s  was a l so  capable  of hydro lyz ing  lo n g -ch a in  p a r t i a l  

g ly c e r id e s .  The s p e c i f i c  a c t i v i t y  of t h i s  p re p a ra t io n  toward monopal- 

m i t i n ,  monoolein, and m ono lino le in  was about th e  same as t h a t  toward t r i 

c a p r y l in .  D io le in  and d i l i n o l e i n  were hydrolyzed about o n e -h a lf  as e f 

f i c i e n t l y  as th e  co rresponding  m onoglycerides.

In c o n t r a s t  t o  th e  above s tu d i e s ,  the  p u r i f i e d  lysosomal p re p 

a r a t i o n  of Hayase and Tappel (12) hydrolyzed t r i - ,  d i -  and monodecanoate 

in  d ec re as in g  o rd e r  of a c t i v i t y  a t  ac id  pH. With a s im i la r  enzyme p rep 

a r a t i o n ,  however, Fowler and de Duve (10) observed good r e le a s e  of f a t t y  

ac id  from monopalm itin , a small r e l e a s e  from d ip a lm i t in  and no r e l e a s e  

from t r i p a l m i t i n .  When T r i to n  X-100 was inc luded  in  the  system, th e  ac

t i v i t y  toward d i -  and t r i p a l m i t i n  was s t im u la te d ,  b u t  t h a t  toward mono

p a lm i t in  was s u b s t a n t i a l l y  dep ressed .

The p resence  of h o rm one-sens it ive  l i p a s e  in  l i v e r . The s t im u la 

t i o n  of th e  i n t r a c e l l u l a r  ad ipose  t i s s u e  l i p a s e  by such hormones as 

ep in ep h r in e  and glucagon and in h i b i t i o n  of i t s  a c t i v i t y  by in s u l in  are  

w ell accep ted  phenomena. The occurrence of such an a c t i v i t y  in  l i v e r  

has a lso  been p o s tu la te d .  In 1966, Bewsher and Ashmore (112) observed 

in c re a se d  ketone body p ro d u c t io n  by l i v e r  s l i c e s  of s ta rv e d  r a t s  given 

glucagon j j i  v ivo be fo re  s a c r i f i c e .  This e f f e c t  could be d u p l ic a te d  in  

v i t r o  by th e  a d d i t io n  of glucagon to  in c u b a tin g  l i v e r  s l i c e s  o r  homogen

a t e s .  I t  was f u r th e r  found t h a t  f r e e  f a t t y  ac id  p roduc tion  by l i v e r  

s l i c e s  was s t im u la te d  in  g lu c a g o n - t re a te d  r a t s  and t h a t  l i v e r  t r i g l y c e r 

ide  c o n c e n tra t io n  was decreased  in  th e se  an im als .  The r e s u l t s  were i n 
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t e r p r e t e d  as favo ring  th e  p resence  of a h o rm o n e-sen s it iv e  l i p a s e  which, 

a f t e r  glucagon s t im u la t io n ,  provided  in c re a se d  l e v e l s  of f a t t y  a c id s  and 

hence in c re a sed  l e v e l s  of p -o x id a t io n  and ketone body fo rm ation .  In f u r 

th e r  s tu d i e s ,  Claycomb e t  a l .  (113) observed t h a t  l i v e r  l i p o l y t i c  and 

ke togen ic  a c t i v i t i e s  were in c re a sed  in  a l lo x a n - d ia b e t i c  r a t s  and could 

be reduced by in j e c t i o n  of in s u l i n .

O ther a t tem p ts  to  e s t a b l i s h  the  p resence  of a ho rm one-sens it ive  

l i v e r  l i p a s e  have f a i l e d ,  however. Sarkar (114) found t h a t  n e i t h e r  the  

s y n th e t ic  g lu c o c o r t ic o s te r o id  tr iam cin o lo n e  d ia c e t a t e  nor d ib u ty ry l  cy

c l i c  AMP s t im u la te d  r a t  l i v e r  t r i o l e i n a s e  a c t i v i t y ,  i f  in j e c te d  4 to  6  

hours p r i o r  to  s a c r i f i c e  of th e  an im als . No s t im u la t io n  of th e  l i p o 

l y t i c  a c t i v i t y  of r a t  l i v e r  homogenates could  be found a f t e r  a d d i t io n  of 

n o ra d re n a l in  to  th e  in c u b a tio n  m ixture  by S ca r ia  and Prabha (115).  P a r

t i a l l y  p u r i f i e d  t r i c a p r y l i n a s e  was no t s t im u la te d  iri v i t r o  by e i t h e r  

glucagon or c y c l ic  AMP accord ing  to  Claycomb and K ilsh im er (110) .  And 

f i n a l l y .  C a r te r  (103) re p o r te d  a lo s s  of approxim ate ly  80^ of t r i p a l m i t i n  

hydro lyz ing  a c t i v i t y  when r a t  l i v e r  homogenates were p re in c u b a ted  f o r  1  

hour a t  37“ fo re  a ssay .  Epinephrine  d id  no t  r e s to r e  the  l o s t  a c t i v i t y .

I n t e r r e l a t i o n s h i p s  of l i p a s e s  and e s te r a s e s  in  th e  l i v e r . The 

q u es tio n  of what type of compound r e p re s e n t s  a t r u e  e s t e r a s e  s u b s t r a t e  

as compared to  a t r u e  l i p a s e  s u b s t r a te  rem ains somewhat u n c e r ta in .  As 

mentioned e a r l y  in  t h i s  rev iew , the  c l a s s i f i c a t i o n  of e s t e r a s e s  as en

zymes a c t in g  on e s t e r s  of monohydric a lco h o ls  and l i p a s e s  as enzymes 

a c t in g  on e s t e r s  of g ly c e ro l  i s  u n s a t i s f a c to r y .  Sarda and D esnuelle  

(19) have adequa te ly  proven t h a t  p a n c re a t ic  l i p a s e  a c t s  on e s t e r s  of 

g ly c e ro l  on ly  when they  a re  p re sen te d  in  aggregated  o r  em u ls if ied  form.
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While t h i s  f a c t  has not y e t  been proven fo r  h e p a t ic  l i p a s e s ,  i t  has been 

w ell e s ta b l i s h e d  (19, 29) t h a t  h e p a t ic  e s t e r a s e  w i l l  a lso  hydrolyze tru e  

s o lu t io n s  of g ly c e ro l  e s t e r s  w ith  no in c re a se  in  le v e l  of a c t i v i t y  when 

s a tu r a t io n  i s  reached and th e  compound becomes aggrega ted . This c l e a r ly  

p o in t s  to  a d iv i s io n  of s p e c i f i c i t i e s  f o r  th e se  two types  of enzymes 

based on th e  s o l u b i l i t y  of th e  s u b s t r a te  involved . Com plications have 

a r i s e n  in  th e  s tu d ie s  on l i v e r  e s t e r o l y t i c  a c t i v i t i e s  due t o  th e  f a c t  

t h a t  the  s u b s t r a t e s  used have n o t  been c l e a r l y  defined  as being s p e c i f ic  

e i t h e r  fo r  l i p a s e s  or e s t e r a s e s .

F u r th e r  com plica tions  stem from th e  n a tu re  of the  enzymes them

s e lv e s .  L ipases  and e s te r a s e s  are  both considered  to  be r a t h e r  non

s p e c i f i c  enzymes, and th e re  i s  ques tion  of how ex ten s iv e  th e  overlap  be

tween t h e i r  a c t i v i t i e s  may be. Evidence was p resen ted  e a r l i e r  t h a t  th e re  

were a number of d i f f e r e n t  e s t e r a s e s  in  mammalian l i v e r  showing p r e f e r 

ence fo r  v a r io u s  e s t e r  s u b s t r a t e s ,  b u t  s p e c i f i c i t i e s  o f ten  overlapped 

w idely  (29, 4 1 ) .  On the  o th e r  hand, i t  i s  be l ieved  th a t  long-cha in  t r i 

g ly c e r id e  l i p a s e s  are  probab ly  d i f f e r e n t  enzymes from long-cha in  mono

g ly c e r id e  l i p a s e s  (1 4 ) .  However, no p u r i f i e d  l i v e r  l i p a s e s  have been 

s tu d ie d  w ith a wide enough range of s u b s t r a te s  to  perm it any very s trong  

conc lu s ions  concerning t h e i r  s p e c i f i c i t i e s .

A few s tu d ie s  are  a v a i l a b l e ,  however, which touch upon some of 

th e s e  p o s s ib le  i n t e r r e l a t i o n s h i p s  and d i f f e r e n c e s ,  and th e se  w i l l  be 

d iscu ssed  now. P o ss ib ly  the  most comprehensive paper on t h i s  s u b je c t  i s  

th e  one by Hayase and Tappel (116) d e s c r ib in g  the  p u r i f i c a t i o n  of a g ly 

c e ry l  -monodecanoate hydro lyzing  enzyme from r a t  l i v e r .  The enzyme was 

p u r i f i e d  254-fo ld  w ith  r e s p e c t  to  t h i s  s u b s t r a te .  The s p e c i f i c i t y  of
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th e  p re p a ra t io n  f o r  o th e r  s u b s t r a te s  was then determ ined . The h y d ro ly t ic  

r a t e s  f o r  d i -  and t r i - d e c a n o a te  were o n e - th i rd  and one-hundredth  of t h a t  

f o r  monodecanoate, r e s p e c t iv e ly .  Very l i t t l e  a c t i v i t y  could be found 

f o r  long -cha in  mono-, d i -  or t r i g l y c e r i d e s .  In a d d i t io n ,  th e  enzyme 

hydrolyzed _g-nitrophenyl c a p ry la te  very  w e l l ,  bu t p - n i t ro p h e n y l  e s t e r s  

of long -cha in  f a t t y  ac id s  ( 0 ^ 2  t o  C^g) were hydrolyzed l i t t l e ,  i f  a t  a l l .  

The enzyme could be in h ib i te d  by E-600, a ty p i c a l  e s t e r a s e  i n h i b i t o r .

These da ta  s t ro n g ly  favored  d es ig n a t io n  of t h i s  enzyme as an e s te r a s e  

r a t h e r  than a l i p a s e ,  d e s p i te  i t s  a b i l i t y  t o  hydro lyze th e  C^o-monogly- 

c e r id e .  I t  was noted in  the  r e p o r t  t h a t  g ly c e ry l  1-monodecanoate was 

s p a r in g ly  w a te r - so lu b le .  I t  may a lso  be mentioned here  t h a t  p -n i t ro p h e n y l  

l a u r a te  i s  no t w a te r - s o lu b le ,  and th a t  D esnuelle  and Savary (117) have 

considered  i t  a s u i t a b le  s u b s t r a te  fo r  p a n c re a t ic  l i p a s e .

In c o n t r a s t  to  t h i s  e s t e r a s e ,  Mahadevan and Tappel (9 ) ,  as men

t io n e d  e a r l i e r ,  p u r i f i e d  l i v e r  lysosomes and d e t a i l e d  the  s p e c i f i c i t y  of 

th e  l i p a s e  p re s e n t  in  th e se  p a r t i c l e s .  Among t r i g l y c e r i d e s  t e s t e d ,  t r i 

decanoate  was hydrolyzed most e f f i c i e n t l y .  Both s h o r te r  and longer chain 

t r i g l y c e r i d e s  were a t tack e d  a t  a l e s s e r  r a t e .  I t  was a lso  found (55) 

t h a t  d is p e r s io n s  of p -n i t ro p h e n y l  e s t e r s  of long-cha in  f a t t y  ac id s  were 

hydrolyzed e f f i c i e n t l y  by the lysosomal p re p a ra t io n .  In f u r th e r  s tu d ie s  

Hayase and Tappel (12) dem onstrated t h a t  th e  same enzyme p re p a ra t io n  

hydrolyzed t r i - ,  d i - ,  and monodecanoate in  dec reas in g  o rder of a c t i v i t y ,  

w ith a c t i v i t y  toward t r id e c a n o a te  being 5 7 -fo ld  h ig h e r  than t h a t  a g a in s t  

monodecanoate. Although i t  was no t proven t h a t  only  one enzyme was p r e s 

e n t  in  t h i s  p r e p a ra t io n ,  the  system showed a c l e a r  p re fe re n c e  fo r  longer 

ch a in ,  in s o lu b le  e s t e r s  of g ly c e ro l  or p -n i t r o p h e n y l .
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Although somewhat more d i f f i c u l t  to  i n t e r p r e t ,  th e  r e s u l t s  of 

Okuda and F u j i i  (118, 119) on s u b s t r a t e  s p e c i f i c i t i e s  of s e v e ra l  l i v e r  

f r a c t i o n s  a l so  p rov ide  some i n t e r e s t i n g  com parisons. When a so lu b le  

f r a c t i o n  from r a t  l i v e r  homogenates was su b jec ted  to  ammonium s u l f a t e  

f r a c t i o n a t i o n ,  th e  d i s t r i b u t i o n  of E d io l-h y d ro ly z in g  a c t i v i t y  p a r a l l e l e d  

t h a t  of methyl b u ty r a te  h y d ro ly s is .  L ikew ise , when th e  0-30% ammonium 

s u l f a t e  f r a c t io n  c o n ta in in g  th e se  a c t i v i t i e s  was su b jec ted  to  ge l f i l 

t r a t i o n  on Sephadex G-200, both  a c t i v i t i e s  were recovered  in the  void 

volume. I f  th e  0-30% ammonium s u l f a t e  f r a c t i o n  was t r e a t e d  w ith  acetone 

p r i o r  to  gel f i l t r a t i o n ,  th e  Ediol hydro lyz ing  a c t i v i t y  of the  p re p a ra 

t i o n  was abo l ished  and the  methyl b u ty r a te  hydro lyzing  peak m igrated  

more slow ly through th e  column. Acetone t re a tm e n t  of th e  ammonium s u l 

f a t e  f r a c t i o n  a lso  reduced the  s p e c i f i c  a c t i v i t y  of t h i s  p re p a ra t io n  

toward a-monoolein, a-m onom yristin, and a-m onolaurin . The a c t i v i t i e s  

toward a-monocaprylin and a-  and p-monobutyrin were no t  reduced. U t i l 

iz in g  th e  E d io l-hyd ro lyz ing  peak from gel f i l t r a t i o n  of a crude l i v e r  

e x t r a c t ,  i t  was found t h a t  the  a-monomyristin s p l i t t i n g  c a p a b i l i t y  of 

t h i s  p r e p a ra t io n  was co m p e ti t iv e ly  in h ib i t e d  by a-monobutyrin. A 320- 

fo ld  p u r i f i c a t i o n  of l i v e r  e s t e r a s e  was ach ieved . A ntibodies  p repared  

to  t h i s  p re p a ra t io n  were found to  p r e c i p i t a t e  the  chromatographic f r a c 

t i o n s  which e x h ib i te d  h y d ro ly t ic  a c t i v i t i e s  a g a in s t  E d io l ,  methyl bu

t y r a t e ,  a-m onom yristin, and t r i b u t y r i n .  F in a l ly ,  i t  was found t h a t  

s o n ic a t io n  of an a c e to n e - t r e a te d  l i v e r  e s t e r a s e  p re p a ra t io n  w ith  l i v e r  

l i p i d  r e s to r e d  Edio l hydro lyz ing  a c t i v i t y .  Moreover, th e  e s t e r a s e  which 

had shown slow m ig ra tio n  through a Sephadex G-200 column was p a r t i a l l y  

converted  to  a f a s t e r  void volume peak , in  which the  E d io l-hyd ro lyz ing
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a c t i v i t y  r e s id e d .  I t  was concluded from th e ?e  s tu d ie s  t h a t  th e  p r o te in  

m oiety  of the  l i v e r  e s t e r a s e  s tu d ie d  was i d e n t i c a l  to  t h a t  of th e  " l i 

p a s e ” a c t iv e  on E d io l ,  a-monoolein, a-monom yristin  and a-m onolaurin . I t  

was b e l ie v e d  t h a t  ace tone  t rea tm e n t  o f  l i v e r  f r a c t i o n s  caused removal of 

a l i p i d  component from th e  p ro te in  and dec reased  i t s  l i p o l y t i c  a c t i v i 

t i e s ,  w hile  a d d i t io n  o r  b ind ing  of l i p i d  to  th e  e s t e r a s e  p r o te in  con

f e r r e d  th e  a b i l i t y  t o  hydro lyze l i p a s e  s u b s t r a t e s .



CHAPTER I I I  

MATERIALS AND METHODS 

M a te r ia ls

So lven ts  used in  th e s e  s tu d ie s  inc luded  n -hep tane ,  isop ropano l ,  

a ce to n e ,  a b so lu te  m ethanol, e th y l  a c e t a t e ,  d i e th y l  e t h e r ,  and n-hexane, 

a l l  o b ta ined  from J .  T. Baker Chemical Company. Absolute e thano l was 

purchased from U.S. I n d u s t r i a l  Chemicals Company and methyl c e l lo s o lv e  

(e th y len e  g ly co l  monomethyl e th e r )  from F is h e r  S c i e n t i f i c  Company. V ari

ous p re p a ra to ry  p rocedures  r e q u ire d  th e  use of sucrose  (Baker 'A n a ly zed ') ,  

sodium-EDTA (Calbiochem), o l i v e  o i l  ( Sargent-We1ch) ,  sodium ta u ro c h o la te  

(Maybridge Research Chem icals),  sodium deoxycholate  (Mann), T r i to n  X-100 

(Calbiochem), snd S i l i c a  Gel G (Brinkmann). B uffer components inc luded  

sodium a c e t a t e ,  m aleic  anhydride , potassium  dihydrogen phosphate ,  2 - 

am ino-2 -(hydroxy-m ethy l)-1 ,3 -p ropaned io l ( T r i s ) ,  a l l  ob ta ined  from Baker, 

and g ly c y l -g ly c in e  from Calbiochem. Chemicals re q u ire d  f o r  a n a ly t i c a l  

d e te rm in a t io n s  ywere-^-leucine (Mann), denatured  hemoglobin (N u t r i t io n a l  

B iochem ica ls ) ,  n inhyd rin  (B aker) ,  sodium cyanide (B aker) , t r i c h lo r o a c e 

t i c  ac id  (as  4C% s o lu t io n  from C u rtin  S c i e n t i f i c ) ,  potassium  f lu o r id e  

(B aker) ,  g lu c o se - 6 -phosphate  (Sigma), ammonium molybdate and l-am ino-2 -  

n a p h th o l -4 - s u l fo n ic  ac id  (M a ll in c k ro d t) ,  sodium s u l f i t e  (Matheson, Coleman 

and B e l l ) ,  sodium b i s u l f i t e  (F is h e r  S c i e n t i f i c ) ,  po tassium  c h lo r id e  and

43
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magnesium c h lo r id e  (B aker) ,  adenosine-5 '-m onophosphate (Sigma), sodium 

s u c c in a te  (Sigma), io d o n i t ro te t r a z o l iu m  v i o l e t  (INT) and INT formazan 

(N u t r i t io n a l  B iochem ica ls ) ,  sodium c h lo r id e  and sodium carbonate  (B aker), 

c u p r ic  s u l f a t e  and sodium t a r t r a t e  (M a ll in c k ro d t) ,  F o l in -C io c a l te a u  phenol 

r e a g e n t  (C u r t in ) ,  human albumin (H oechst-Behringwerke), bovine albumin- 

f r a c t io n  V p o w d er-fa t ty  a c id  f r e e  (P en tex ) ,  p a lm it ic  ac id  and t r i o l e i n  

(s igm a), gum a ra b ic  (F is h e r  S c i e n t i f i c ) ,  and thymol b lue  and N ile  blue A 

in d i c a to r s  (A ll ie d  Chem ical). Several compounds t e s t e d  fo r  in h ib i to r y  ac

t i o n  on l i p o l y t i c  a c t i v i t y  were e s e r in e  s u l f a t e  (Merck), iodoacetamide and 

pro tam ine s u l f a t e  (Sigma), and d ie th y l -£ -n i t ro p h e n y l  phosphate (K & K).

Methods

P re p a ra t io n  of T issue 

P ig  l i v e r s ,  from animals of e i t h e r  sex , were o b ta ined  f r e s h  from 

a lo c a l  meat packing f irm  and were he ld  on ic e  fo r  l e s s  than 1  hour be

fo re  u se .  Fresh l i v e r s  were e i t h e r  p rocessed  immediately or d iv ided  in to  

p ie c e s  of approxim ately  100 g each and frozen  a t  -12° .  Frozen t i s s u e  was 

used w ith in  a 1  month p e r io d .

Homogenization. F resh  or thawed t i s s u e ,  always ob ta ined  from 

s e v e ra l  d i f f e r e n t  lobes  of the  same l i v e r ,  was chopped in to  p ie c e s  of 

about 1 cm^ s i z e .  Twenty-five grams o f chopped t i s s u e  were mixed with 

200 ml of ic e -c o ld  0 .25  M sucrose  con ta in in g  0.001 M sodium-EDTA, pH 7 .2 .  

The m ix tu re  was homogenized in  a S o rv a ll  Omnimixer (Ivan S o rv a ll  Co.) 

f o r  30 seconds a t  s e t t i n g  3 ( " g e n t le "  homogenization) o r  fo r  an a d d i t io n a l  

minute a t  s e t t i n g  10 ("h a rsh "  hom ogenization). Homogenates were f i l t e r e d  

through  8  l a y e r s  of coarse  cheesec lo th  in to  a c h i l l e d  c o n ta in e r ,  and the



45

pH ¥ï3 s ad ju s te d  to  7 .2  w ith 5 N KOH.

S u b c e l lu la r  f r a c t i o n a t i o n . Homogenates p repared  from 50 g of 

f r e s h  t i s s u e  accord ing  to  th e  " g e n t le "  p rocedure  were f r a c t io n a t e d  e s 

s e n t i a l l y  according to  the  method of de Duve e t  (120) and y^pelmans 

e t  (1 2 1 ) .  The p rocedure  i s  summarized in  F igure  1 . All s te p s  were 

performed a t  0 ° .  C e n t r i fu g a t io n s  were c a r r i e d  ou t e i t h e r  in  a r e f r i g e r 

a ted  S e rv a l l  c e n t r i f u g e  (Ivan  S o rv a l l  Co.) w ith  GSA r o t o r  o r  in  a Spinco 

Model L 2-65B u l t r a c e n t r i f u g e  w ith  Type 42 r o t o r .  A f te r  each c e n t r i 

f u g a t io n ,  su p ern a te s  were removed by g e n t le  s u c t io n .  Sediments ob ta ined  

from th e  i n i t i a l  sp in  a t  each speed were resuspended by s h o r t  homogeniza

t i o n  in  100 ml of th e  sucrose-EDTA s o lu t io n  and washed by an id e n t i c a l  

c e n t r i f u g a t io n .  F in a l  p e l l e t s  were resuspended in  approxim ate ly  50 ml 

of sucrose-EDTA s o lu t io n  by s h o r t  homogenization, and th e  suspensions  

were f ro zen  immediately in  small a l iq u o ts  u n t i l  ana lyzed . Wash super

n a te s  were combined w ith  those  from th e  i n i t i a l  c e n t r i f u g a t io n s  a t  each 

s te p .

P u r i f i c a t i o n  of a lk a l in e  t r i g l y c e r i d e  l i p a s e . For each e x p e r i 

ment a homogenate was p repared  from 50 g of f r e s h  or f rozen  p ig  l i v e r  by 

"harsh"  homogenization. The homogenate was c e n tr i fu g e d  f o r  30 m inutes 

a t  113,000 X g  in  a Spinco Model L 2-65B u l t r a c e n t r i f u g e  w ith  Type 60 

r o t o r .  The so lu b le  f r a c t io n  was decanted  and frozen  a t  -12° i f  no t  used 

im m ediately .

Binding of enzyme t o  l i p i d  em ulsion. An a r t i f i c i a l  l i p i d  emul

s ion  was p repared  by mixing 3 .32  g of o l iv e  o i l  w ith  21 .3  ml 12 mM sodium 

ta u ro c h o la te  s o lu t io n  and s o n ic a t in g  th e  m ix tu re  fo r  two 1  m inute p e r io d s  

a t  s e t t i n g  5 on a Bronw ill Biosonik I I .  Assuming a m olecu la r  weight of



H om ogenate ( h )
C e n t r i f u g a t i o n  
1 0  m in , 1 , 0 2 0  x g

Nucle*ar p e l l e t  (N)

N u c le a r  sed im en t
C e n t r i f u g a t i o n  
1 0  m in , 1 , 0 2 0  x g

S u p ern a te  S u p e rn a te
C e n t r i f u g a t i o n
10 m in , 3 ,3 0 0  x g

Mi too lO n d r ia l  sed im en t 
C e n t r i f u g a t i o n  
10 min, 3 ,3 0 0  x g

M l to c io n d r ia l  o e l l e t  (Ml S u n e rn a te  S u p e rn a te

[ C e n t r i f u g a t i o n  
22 m in, 11 ,700  x g

L ig h t  m i to c h o n d r ia l  sed im en t 
C e n t r i f u g a t i o n  
22 m in, 11 ,700  x g

L ig h t  m i to c h o n d r ia l  p e l l e t  (L) S u p e rn a te  S u p e rn a te
C e n t r i f u g a t i o n  
25 rain, 135 ,000 x g

M icrosomal p e l l e t  (P)

M icrosomal sed im en t
C e n t r i f u g a t i o n  
25 m in, 135 ,000 x g 

1 ~

S u p e rn a te  S u p e rn a te  (S)

&

F ig u re  1 .  S u b c e l lu l a r  f r a c t i o n a t i o n  o f  p ig  l i v e r  homogenate.
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t r i o l e i n  f o r  th e  o l iv e  o i l ,  th e  f i n a l  c o n c e n tra t io n  of t r i g l y c e r i d e  in  

th e  p rep a red  em ulsions was 150 jjmoles/ml. Tw enty-five  m i l l i l i t e r s  of 

emulsion were mixed w ith  205 ml of so lu b le  f r a c t i o n  and the  pH of th e  

m ix tu re  was a d ju s te d  to  7 .5  w ith  1 N NaOH. The m ix tu re  was h e ld  on ic e  

fo r  5 m inutes w ith  s t i r r i n g  to  p e rm it  b ind ing  of enzyme to  l i p i d  sub

s t r a t e .

C e n t r i fu g a l  i s o l a t i o n  of emulsion-bound l i p a s e .  The m ix tu re  of 

l i p i d  emulsion and so lu b le  f r a c t i o n  was p la ced  in to  p r e c h i l l e d  tubes  and 

c e n t r i fu g e d  f o r  30 m inutes a t  93,000 x £  in  an L2-65B u l t r a c e n t r i f u g e  

w ith  Type SW-27 swinging bucket r o t o r .  R otor tem pera tu re  was c a r e f u l l y  

m a in ta ined  a t  0 ° .  At th e  conc lu s ion  of th e  ru n ,  th e  t i g h t l y  packed l i p i d  

cakes were removed from th e  c l e a r  in f r a n a te  w ith  a small p l a s t i c  spoon. 

The l i p i d  cakes were suspended in  a small volume of sucrose-EDTA s o lu 

t i o n ,  pH 7 .5 ,  by a s p i r a t i o n  through an 18 -1 /2  gauge need le  w ith  sy r in g e .  

The suspension  was d i l u t e d  to  230 ml with  sucrose-EDTA s o lu t io n  and 

washed by c e n t r i f u g a t io n  under i d e n t i c a l  c o n d i t io n s .  The washing p ro 

cedure was re p e a te d  once. The f i n a l  l i p i d  cakes were suspended in  

sucrose-EDTA s o lu t io n  when d i r e c t  a ssay  was d e s i r e d ;  o th e rw ise ,  they  

were t r e a t e d  as  d e sc r ib e d  below. The c e n t r i f u g a l  i s o l a t i o n  of em ulsion- 

bound l i p a s e  i s  o u t l in e d  in  F igure  2.

S ep a ra t io n  of bound l i p a s e  from l i p i d  em ulsion. Two p rocedu res  

were used to  accom plish  t h i s  s te p .  In th e  f i r s t  p rocedu re ,  th e  f i n a l  

l i p i d  cakes were suspended in  a t o t a l  volume of 10 ml of sucrose-EDTA 

s o lu t io n .  The suspension  was mixed w ith  20 ml of 0 .01 M phosphate  bu f

f e r ,  pH 7 .5 ,  co n ta in in g  e i t h e r  0.5% sodium deoxycho la te  or 1 mg/ml T r i to n  

X-100. The m ix tu re  was s t i r r e d  f o r  1 .5  hours a t  4 ° ,  and then  c e n t r i fu g e d



H om ogenate

C e n t r i f u g a t i o n
30 m in, 113 ,000  x g ,  0 '

P a r t i c l e s  ( d i s c a r d ) S o lu b le  f r a c t i o n

A dd it io n  o f  t r i g l y c e r i d e  em uls ion  
A djustm ent t o  pH 7 . 5 ,  s t i r r i n g  on i c e  5 min 
C e n t r i f u g a t i o n  
30 m in, 9 3 ,0 0 0  x g ,  0°

I n f r a n a t e  ( d i s c a r d ) Em ulsion-bound l i p a s e - 1  (EBL-l)

I n f r a n a t e  ( d i s c a r d )

S uspension  a t  pH 7 .5
C e n t r i f u g a t i o n
30 m in, 93 ,000  x g , 0*

Emu sion -b o u n d  l i p a s e - 2  (EBL-2)

Suspension  a t  pH 7 .5
C e n t r i f u g a t i o n
30 min, 93 ,000  x g ,  0"

f t
00

I n f r a n a t e  ( d i s c a r d )  Em ulsion-bound l i p a s e - 3  (EBL-3)

F ig u re  2 .  C e n t r i f u g a l  i s o l a t i o n  o f  em uls ion-bound  l i p a s e .
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f o r  30 m inutes  a t  93,000 x g  in  th e  Type SW-27 r o t o r .  The somewhat 

cloudy in f r a n a te  was d ra in e d  from a ho le  punctured  in  th e  bottom of the  

c e n t r i f u g e  tu b e .  The second procedure , a re f inem en t of the  f i r s t ,  con

s i s t e d  of d e n s i ty  g ra d ie n t  c e n t r i f u g a t io n  of the  l i p i d  cakes in  d e t e r 

g e n t -c o n ta in in g  media. The media were p repared  by d is s o lv in g  sucrose in  

0.01 M phosphate b u f f e r ,  pH 7 .5 ,  to  g ive  s o lu t io n s  of d e n s i ty  1 .25 , 1 .15 ,

1 .05 , and 1 .00 g/m l. To each s o lu t io n  was added T r i to n  X-100 a t  a con

c e n t r a t i o n  of 3 mg/ml. The l i p i d  cakes were suspended by a s p i r a t io n  in  

17 ml of th e  s o lu t io n  of d e n s i ty  1.25 g/m l, and the  suspension was 

s t i r r e d  fo r  1 .5  hours a t  4 ° .  E igh t m i l l i l i t e r  a l iq u o ts  of t h i s  m ixture 

were then  la y e re d ,  by means of a long need le  with sy r in g e ,  under d iscon 

t in u o u s  d e n s i ty  g r a d ie n ts  formed by s e q u e n t ia l  la y e r in g  of 1 0  ml of each 

of th e  th r e e  l i g h t e r  s o lu t io n s  in  c e n t r i fu g e  tubes  (1 x 3 .5  in c h e s ) .  

C e n t r i fu g a t io n  was c a r r i e d  out f o r  18 hours a t  93,000 x g  and 0° in  the  

Type SW-27 r o t o r .  A number of d i s c r e t e  bands could be v i s u a l iz e d  by 

t h e i r  o p a c i ty ,  and a t o t a l  of 6  f r a c t io n s  was c o l le c te d  in a d d i t io n  to  

th e  packed l i p i d  cake. The l i p i d  cake was removed by spoon and succeed

ing f r a c t i o n s  by g e n t le  su c tio n  w ith  need le  and sy r in g e .  When only the 

bottom f r a c t io n  was d e s i r e d ,  i t  was p e rm it ted  to  d r ip  through a hole 

punctured  in  th e  bottom of the  tube .

F ra c t io n s  c o l le c te d  from e i t h e r  procedure were d ia ly zed  and 

c o n ce n tra te d  in  a 150 ml Amicon u l t r a f i l t r a t i o n  appara tus  w ith  D iaflo  

PM-10 f i l t e r .  Each f r a c t io n  was p laced  in  th e  appara tus  along with 3 

volumes of i c e -c o ld  d i s t i l l e d  w ate r .  P re s su re  was app lied  by a flow of 

5-7 J!/min N2 , and d i a l y s i s  was continued u n t i l  the  p re p a ra t io n  was r e 

duced to  l e s s  than  10 ml in  volume. The p re p a ra t io n  was washed 3 times
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w ith  1 0  ml volumes of w a te r ,  the  t o t a l  volume being reduced to  1  o r  2  ml 

a f t e r  each wash. The f i n a l  f r a c t i o n s ,  removed from th e  app ara tu s  w ith  a 

P a s te u r  p i p e t t e ,  were frozen  a t  -12° in  small a l iq u o ts  u n t i l  analyzed .

The u l t r a f i l t r a t i o n  appara tu s  was m ain ta ined  in  an ic e -w a te r  ba th  during 

th e  e n t i r e  f i l t r a t i o n  p rocedure . The s e p a ra t io n  of bound l i p a s e  from th e  

l i p i d  emulsion i s  o u t l in e d  in  F igure  3.

P re p a ra t io n  of L ip id  S u b s tra te s  

P u r i f i c a t i o n  of o l iv e  o i l . Ten grams of o l iv e  o i l  were d is so lv ed  

in  acetone and s lu r r i e d  w ith  10 g of s i l i c a  gel G. The m ix ture  was d r ie d  

by r o t a r y  evapora tion  under vacuum. The d r ie d  m a te r ia l  was s lu r r i e d  in  

n-hexane and app lied  to  th e  top of a 2 .5  x 60 cm column packed w ith  120 

g of s i l i c a  gel G (a d ju s te d  to  10^ w ater co n ten t)  in  n-hexane. The c o l 

umn was washed with n-hexane o v e rn ig h t .  The e lu t in g  s o lv e n t  was changed 

to  6% d ie th y l  e th e r  in  n-hexane by volume, and 7 ml f r a c t io n s  were c o l 

le c te d .  This so lv en t  was pe rm itted  to  run u n t i l  approxim ately  1 had 

passed  through th e  column. Thin la y e r  chromatography of th e  r e s u l t i n g  

f r a c t io n s  on s i l i c a  ge l G in  the  so lv en t system petroleum  e th e r r d ie th y l  

e th e r  (95 :5 , v :v )  rev ea led  small amounts of f a s t e r  moving m a te r ia l s  p re 

ceding th e  t r i g ly c e r i d e  peak from the  column. Chromatography in  th e  sy s 

tem n -h ex an e :d ie th y l  e th e r z g la c ia l  a c e t i c  ac id  (80 :20 :1 ,  v :v :v )  demon

s t r a t e d  t h a t  th e  bulk of t r i g l y c e r i d e  was e lu te d  between f r a c t io n s  40 

and 85 (approxim ately  280-600 ml of e lu t in g  s o lv e n t ) .  L a te r  f r a c t io n s  

con ta ined  slower moving components and small amounts of t r i g l y c e r i d e .

The p u r i f i e d  t r i g l y c e r i d e  f r a c t i o n s  were combined, d r ie d  by r o t a r y  evap

o ra t io n  under vacuum, and s to red  in  th e  dark under N2  n ea r  0 ° .  The f i n a l  

p re p a ra t io n  was a c l e a r ,  n e a r ly  c o lo r l e s s  l i q u id  and con ta ined  only t r i -



Suspension
T rea tm en t w i th  sodium 
d e o x y c h o la te  o r  T r i to n  
X-100, pH 7 .5  
S t i r r i n g  1 .5  h r ,  4° 
C e n t r i f u g a t i o n  
30 min, 9 3 ,0 0 0  x £ ,  0°

E m u lsio n -b o u n d  l i p a s e - 3  (EBL-3

Suspension  in  T r i t o n  X-100 medium 
a t  d 1 .2 5  g /m l ,  pH 7 .5  
S t i r r i n g  f o r  1 .5  h r ,  4°
L ay e r in g  under d i s c o n t in u o u s  d e n s i t y  
g r a d i e n t  o f  T r i to n  X-100 media a t  1 .1 5 ,
1 .0 5 ,  and 1 .0 0  g/ml 
C e n t r i f u g a t i o n  
18 h r s ,  93 ,000  x g ,  0°

I n f r a n a t e L ip id  cake L ip id  cake S ix  f r a c t i o n s
CP

D i a l y s i s  a g a i n s t  w a te r  
by u l t r a f i l t r a t i o n

D eoxycho la te  i n f r a n a t e - f i l t e r e d  (DOCIF) 
T r i t o n  i n f r a n a t e - f i l t e r e d  ( t i f T

D i a l y s i s  a g a i n s t  w a te r  
by u l t r a f i l t r a t i o n

Den s i t y  g r a d i e n t  
f r a c t i o n s  I -V I  

( d q - i  th ro u g h  dq -V l)

F ig u re  3 . S e p a ra t io n  o f  bound l i p a s e  from l i p i d  em ulsion ,
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g ly c e r id e  by t h i n - l a y e r  chromatography. This method of p u r i f i c a t i o n  re p 

r e s e n t s  a m o d if ic a t io n  of th e  p rocedure  of C r id e r  e t  (122).

Chyle and plasma l i p o p r o t e i n s . Very-low d e n s i ty  l ip o p r o te in s  

were i s o l a t e d  from a f a s t i n g  h y p e r t r ig ly c e r id e m ic  s u b je c t  accord ing  to  

th e  method of G ustafson  e t  (123).  Chyle chylom icrons were i s o la te d  

from th e  abdominal f l u i d  of a p a t i e n t  s u f f e r in g  from a chylous f i s t u l a .  

Chylous f l u i d  was c e n t r i fu g e d  a t  93,000 x £  in  a Type SW-27 swinging 

bucket r o t o r  f o r  1 .5  h r  a t  0 ° .  The packed l i p i d  cake was suspended in  

0 .15  M NaCl c o n ta in in g  0.001 M sodium-EDTA a t  pH 7 .0  and washed by r e 

c e n t r i f u g a t io n  fo r  1 h r .  Washing was re p e a te d  a second tim e, and th e  

f i n a l  l i p i d  cake was resuspended in  a small volume of 0 .15  M NaCl.

A n a ly t ic a l  Methods 

P ro te in  d e te rm in a t io n . P ro te in  was determ ined  by th e  method of 

Lowry e t  a l .  (124 ) .  Samples showing mild t u r b i d i t y  due to  th e  presence  

o f  l i p i d  o r  d e te rg e n t  were c le a re d  by shaking w ith  a sm all volume of 

d ie th y l  e th e r  a f t e r  development of th e  c o lo r  r e a c t i o n .  Phases were sep

a ra te d  by b r i e f  c e n t r i f u g a t io n  a t  room tem pera tu re  and th e  c l e a r  i n f r a -  

n a te s  were analyzed s p e c t ro p h o to m e t r ic a l ly .  Samples c o n ta in in g  excess 

l i p i d  were d e l ip id i z e d  p r i o r  to  the  p r o te in  d e te rm in a t io n .  O ne-half  

m i l l i l i t e r  of sample was in j e c te d  in t o  2 0  ml of e th a n o l :d i e th y l  e th e r  

(3 :1 ,  v :v )  o r  ch loroform :m ethanol ( 2 :1 ,  v :v ) .  The r e s id u e  was c o l le c te d  

by c e n t r i f u g a t io n ,  washed once w ith  d ie th y l  e t h e r ,  and a i r - d r i e d .  The 

re s id u e  was r e d is s o lv e d  in  0 .25  ml o f  0 .1  N NaOH, n e u t r a l iz e d  w ith  the  

same amount of 0 .1  HCl, and analyzed .

Marker enzyme a s s a y s . Succ in ic  dehydrogenase. Succ in ic  de

hydrogenase was used to  m onitor th e  p resence  o f  m itochondria  du ring  sub-
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c e l l u l a r  f r a c t io n a t io n  p ro ced u re s ;  i t  was determ ined accord ing  to  the  

method of Pennington (125) .  The o x id a t io n  of s u c c in a te  was coupled to  

th e  re d u c t io n  of the  dye io d o n i t ro te t r a z o l iu m  v i o l e t  (INT). The reduc

t i o n  p ro d u c t of the  dye, a co lo red  formazan, was determ ined sp ec tro p h o to 

m e t r i c a l ly  a t  490 nm.

C athepsin  D. This  p ro te a se  r e l e a s e s  amino ac id s  from denatured  

hemoglobin a t  a c id  pH and i s  a marker f o r  th e  p resence of lysosomes. The 

methodology of Beck e t  (126) was fo llow ed, and r e le a s e d  amino ac id s  

were q u a n t i t a t e d  by r e a c t io n  with n inhydrin  accord ing  to  th e  method of 

Rosen (127) w ith  th e  m o d if ic a t io n  of Grant (128).

G lucose- 6 -p h o sp h a tase .  Removal of in o rg an ic  phosphate  from 

g lu c o s e - 6 -phosphate  i s  c a ta ly z e d  by t h i s  microsomal enzyme. The assay  

was c a r r i e d  out by th e  method of Hübscher and West (129).

5 '-N u c le o t id a s e .  O ccurring  p r im a r i ly  in  plasma membranes, t h i s  

enzyme r e l e a s e s  ino rgan ic  phosphate  from 5 '-a d e n o s in e  monophosphate.

The method of Emmelot e t  (130) was used. Ino rgan ic  phosphate  r e s u l t 

ing from 5 ' - n u c le o t id a s e  and g lu c o se - 6 -phosphatase  assays  was determ ined 

accord ing  to  F iske  and Subbarow (131).

Lipase a s s a y s . P re p a ra t io n  of l i p i d  em ulsions. A weighed 

amount of p u r i f i e d  o l iv e  o i l  was mixed w ith  th e  n ece ssa ry  volume of 

0 .012  M sodium ta u ro c h o la te  to  b r in g  the  f i n a l  c o n c e n tra t io n  of t r i g l y 

c e r id e  t o  approxim ate ly  1 2 0  jimoles/ml in  an even d i s p e r s io n ,  assuming a 

m olecu la r  w eight of t r i o l e i n  f o r  th e  o l iv e  o i l .  D ispers ion  was accomp

l i s h e d  by 3 su ccess iv e  s o n ic a t io n s  of 20 seconds each a t  s e t t i n g  5 on a 

Bronw ill B iosonik I I  equipped w ith  c a te n o id a l  probe . To p re v e n t  over

h e a t in g ,  s o n ic a t io n s  were in t e r r u p te d  by one minute p e r io d s  of s t i r r i n g .
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The f i n a l  milky emulsion was c h i l l e d  on ic e  and used immediately fo r  as

say . Commercially ob ta ined  t r i o l e i n  (99^) was em u ls if ied  in  sodium 

ta u ro c h o la te  by an i d e n t i c a l  procedure  excep t t h a t  f i n a l  c o n ce n tra t io n  of 

th e  t r i g l y c e r i d e  was 90 [unoles/ml. An a l t e r n a t i v e  procedure f o r  em ulsi

fy in g  t r i o l e i n  c o n s is te d  of s u b s t i tu t in g  a 1 (% s o lu t io n  of gum a ra b ic  fo r  

th e  sodium ta u ro c h o la te ;  a l l  o th e r  s te p s  were i d e n t i c a l .

A lka line  l ip a s e  assay system s. P re p a ra t io n s  r e s u l t i n g  from the  

s u b c e l lu la r  f r a c t io n a t io n  of l i v e r  t i s s u e  were assayed in  a system com

p r i s e d  of 0 .5  ml 0.1 M g ly c y l-g ly c in e  b u f f e r ,  pH 7 .5 ,  0 .5  ml of p u r i f i e d  

o l i v e  o i l  emulsion con ta in ing  60 pmoles t r i g l y c e r i d e ,  and 0 .5  ml of en

zyme p re p a ra t io n  d i l u te d  in  0.25 M sucrose  to  con ta in  1 .0 -2 .0  mg of p ro 

t e i n .  Contro l assays  con ta ined  0 .5  ml of 0 .012 M sodium ta u ro c h o la te  in  

p la c e  of em ulsion. Reaction components were p laced  in  c h i l l e d  16 x 150 

mm c u l tu r e  tu b e s ,  capped w ith T e f lo n - l in e d  screw caps under N2 , mixed 

b r i e f l y ,  and incubated  fo r  15 minutes a t  37° in  a shaking w ater b a th .  Re

a c t io n s  were stopped by in j e c t io n  of 5 ml of a m ix ture  of iso p ro p an o l;n -  

h e p ta n e : l  N H2 SO4  ( 4 : 1 : 0 . 1 , v :v :v ) ;  f a t t y  ac id s  were e x t ra c te d  and quan

t i t a t e d  as d e sc r ib e d  below. All r e a c t io n s  were run in  d u p l i c a te ;  assays 

la ck in g  enzyme were inc luded  p e r io d i c a l ly  to  check f o r  breakdown of t r i 

g ly c e r id e  during  é m u ls i f ic a t io n ,  non-enzymic h y d ro ly s is ,  and aging of sub

s t r a t e .  This method i s  id e n t i c a l  to  t h a t  of Muller and Alaupovic (17).

Assays of in te rm ed ia te  and f i n a l  f r a c t io n s  ob ta ined  during  p u r 

i f i c a t i o n  of l i v e r  l ip a s e  were c a r r i e d  out w ith  a few minor d i f f e r e n c e s .  

P ro te in  c o n c e n tra t io n s  were reduced to  a le v e l  necessa ry  to  keep t o t a l  

f a t t y  ac id  r e l e a s e  w ith in  l im i t s  of th e  s tanda rd  cu rve .  Denatured hemo

g lo b in  was d is so lv e d  in  th e  assay b u f fe r  a t  a co n ce n tra t io n  of 4 mg/ml
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to  s t a b i l i z e  th e  emulsion during in c u b a t io n .  Contro l assays  of f r a c t io n s  

c o n ta in in g  high l e v e l s  of endogenous t r i g l y c e r i d e  (EBL's) were no t incu

bated  b u t  were stopped a t  zero time to  avoid s u b t r a c t io n  of f a t t y  ac id s  

r e le a s e d  from endogenous s u b s t r a te  from th o se  r e le a s e d  from exogenous 

s u b s t r a te .

The e f f e c t s  of v a r io u s  compounds on th e  a c t i v i t y  of p u r i f i e d  

a lk a l in e  l i p a s e  were t e s t e d  in  a s l i g h t l y  d i f f e r e n t  assay  system. The 

r e a c t io n  m ixture was composed of 0 .5  ml 0 .0 2  M phosphate b u f f e r ,  pH 7 .2 5 ,  

con ta in ing  2 mg of f a t t y  a c id - f r e e  albumin, 0 .5  ml of t r i o l e i n  emulsion 

p repared  in  10% gum a ra b ic  s o lu t io n ,  pH 7 .2 5 ,  and co n ta in in g  45 pmoles of 

l i p i d ,  and 0 .5  ml of enzyme p re p a ra t io n  d i l u t e d  in  0 .25 M su c ro se ,  pH 

7 .2 5 ,  t o  con ta in  0 .0 1 -0 .0 2  mg p r o te in .  C on tro l assays con ta ined  0 .5  ml 

of 10% gum a ra b ic  s o lu t io n  in  p la ce  of em ulsion. Handling was id e n t i c a l  

to  t h a t  desc r ib ed  above except t h a t  in c u b a tio n s  were c a r r i e d  out f o r  30 

m inutes .  Compounds added to  th e  b a s ic  system were d is so lv e d  in  th e  a s 

say b u f f e r ,  and th e  pH c o rre c te d  i f  n ece ssa ry .

Acidic l i p a s e  assay  system. The method fo r  assay  of ac id  l ip a s e  

was id e n t i c a l  to  t h a t  of Muller and Alaupovic (1 7 ) .  The r e a c t io n  m ixture 

was comprised of 0 .5  ml 0.1 M g ly c y l-g ly c in e  b u f f e r ,  pH 4 .5 ,  con ta in in g  

2 mg T r i to n  X-100, 0 .5  ml of p u r i f i e d  o l iv e  o i l  emulsion co n ta in in g  60 

liraoles t r i g l y c e r i d e ,  and 0 .5  ml of enzyme p re p a ra t io n  a p p ro p r ia te ly  d i 

lu te d  in  0 .25  M su c ro se .  Crude p re p a ra t io n s  were d i l u t e d  to  p rov ide  ap

p rox im ate ly  1 . 0  mg p r o te in  p e r  t e s t ;  p u r i f i e d  l i p a s e  was d i l u t e d  to  pro

v ide approxim ately  0.01 mg p ro te in  p e r  t e s t .  Handling was i d e n t i c a l  to  

t h a t  d e sc r ib e d  above excep t t h a t  incuba tion  was c a r r i e d  out f o r  60 min

u te s .
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Q u a n t i ta t io n  of f a t t y  a c id s .  F a t ty  ac id s  were e x t r a c te d  from 

r e a c t io n  m ix tu res  e s s e n t i a l l y  accord ing  to  the  method of Dole (132).

A fte r  a d d i t io n  of e x t r a c t in g  so lv e n t  as d e sc r ib e d  above, samples were 

recapped and mixed by in v e rs io n  f o r  10 m inu tes .  Phases were formed by 

a d d i t io n  of 4 ml of w ater and 4 ml of n -hep tane con ta in in g  1 pmole p a l 

m i t ic  a c id .  F u r th e r  mixing was c a r r i e d  out f o r  30 m inu tes ,  and samples 

were p e rm i t te d  to  s tand  f o r  a t  l e a s t  90 m inutes p r i o r  to  a n a ly s i s  of the 

upper heptane phase f o r  f a t t y  a c id .  S tandard s o lu t io n s  of p a lm i t ic  ac id  

in  n -hep tane  were e x t r a c te d  and analyzed in  id e n t i c a l  fa sh io n .

Two methods were used fo r  measurement of f a t t y  a c id s .  In the  

f i r s t  p rocedu re ,  3 ml of upper heptane phase were t r a n s f e r r e d  to  the  

sample cup of a Radiometer TTT-IC t i t r a t o r  equipped w ith  TTA31 t i t r a t i o n  

assembly and SBR-2 r e c o rd e r .  A f te r  a d d i t io n  of 4 ml of a t i t r a t i o n  mix

t u r e  c o n s i s t in g  of i s o p ro p a n o l ;e th a n o l : 0 . 1 ^  aqueous thymol b lu e  in d ic a to r  

( 3 :0 . 9 : 0 . 1 ,  v : v : v ) ,  each sample was t i t r a t e d  to  an end p o in t  of pH 9 .8  

w ith  s ta n d a rd iz e d  0 .02  N NaOH. The volume of NaOH re q u ire d  to  e f f e c t  

the  t i t r a t i o n  served as a measure of f a t t y  ac id  p re s e n t  in  th e  sample.

For t h i s  p rocedu re ,  s tandard  samples of p a lm i t ic  ac id  in  n -hep tane  con

ta in in g  from 1 to  3 [xmoles of f a t t y  ac id  were used.

For th e  a l t e r n a t i v e  method of f a t t y  ac id  q u a n t i t a t i o n ,  3 ml 

a l iq u o t s  of upper heptane phase were t r a n s f e r r e d  to  1 2  ml co n ica l  cen

t r i f u g e  tu b es  equipped w ith  ground g la s s  s to p p e rs .  To each tube were 

added 1 .5  ml of a f r e s h ly  p repared  m ixture  of e th a n o l :0 .02^ aqueous N ile  

Blue A s u l f a t e : 0 .0 2  N NaOH (9 :1 :0 .2 ,  v ; v : v ) .  In d iv id u a l  tu b es  were s to p 

pe red ,  shaken ra p id ly  by hand fo r  1 0  seconds, and th e  phases were p e r 

m i t te d  to  s e p a ra te .  The lower e th a n o l ic  phase was t r a n s f e r r e d  by P as teu r
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p i p e t t e  to  a 1 .5  ml q u a r tz  c u v e t te  and i t s  absorbance a t  640 nm was de

te rm ined  s p e c t ro p h o to m e t r ic a l ly  a g a in s t  a so lv e n t  b la n k .  S tandard  s o lu 

t i o n s  of p a lm i t ic  ac id  in  n -hep tane  c o n ta in in g  from 1 . 0  to  1 . 6  pmoles 

f a t t y  a c id  were used as r e f e r e n c e s .  Stock s o lu t io n s  o f  0 . 0 ^  aqueous 

N ile  Blue A s u l f a t e  were washed w ith  s e v e ra l  volumes of n -hep tane  a f t e r  

p r e p a r a t io n  to  remove e x t r a c ta b l e  im p u r i t i e s  and s to re d  a t  room tem pera

t u r e .



CHAPTER IV 

RESULTS

C o lo r im e tr ic  Assay f o r  Lonq-Chain F a t ty  Acids 

Gordon e t  a l .  (133) f i r s t  recommended th e  use of N ile  Blue in 

d i c a t o r  in  manual t i t r a t i o n  of f r e e  f a t t y  ac id s  to  a v i s u a l  end p o in t .

A v a r i a t i o n  of t h i s  procedure  has  been in  use in our l a b o r a to r i e s  f o r  a 

number of y e a r s .  A small volume o f  e th a n o l ic  N ile  Blue in d i c a to r  ( e th 

ano l ;  0 . 0 ^  aqueous N ile  Blue 9 :1 ,  v :v )  i s  added to  an a l iq u o t  of f a t t y  

ac id  e x t r a c te d  in to  hep tane  by th e  Dole (132) p rocedure ,  and th e  r e s u l t 

a n t  two-phase system i s  t i t r a t e d  w ith d i l u t e  NaOH. Change of the  b lue  

in d i c a to r  to  i t s  pink end p o in t  in d i c a te s  the  completion of t i t r a t i o n .  

The amount of NaOH re q u ire d  to  e f f e c t  t i t r a t i o n  p ro v id es  a measure of 

th e  f a t t y  ac id  p re s e n t  in  the  sample.

Attempts to  u t i l i z e  t h i s  method in  the  p r e s e n t  s tudy  were no t  

cons idered  s a t i s f a c t o r y  due to  th e  d i f f i c u l t i e s  in  v i s u a l  d e te c t io n  of 

th e  end p o in t .  However, th e  f a c t  t h a t  a c o lo r  change was involved  in  

t h i s  r e a c t io n  suggested th e  p o s s i b i l i t y  t h a t  th e  assay  might be adapted 

to  sp ec tropho tom etr ic  q u a n t i t a t i o n .  The e th a n o l ic  N ile  Blue in d i c a to r  

tak en  to  i t s  p ink  co lo red  p o in t  d id  n o t  d is p la y  an ab so rp tio n  maximum 

w ith in  th e  wavelength range 220-800 nm. In  th e  absence of b ase ,  however, 

th e  b lu e  in d i c a to r  s o lu t io n  was found to  absorb maximally a t  640 nm. I t  

was reasoned  t h a t  samples of f a t t y  ac id s  could be mixed w ith  in d i c a to r

58
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s o lu t io n  p re v io u s ly  taken  to  i t s  a lk a l in e  end p o in t ,  producing a rev e rse  

t i t r a t i o n  of th e  in d i c a to r  and a r e tu rn  t o  th e  c o lo r  b lue  which could be 

q u a n t i t a t e d  s p e c tro p h o to m e tr ic a l ly .  A ccordingly, experim ents were s e t  

up t o  de term ine c o n d i t io n s  necessary  to  produce a re v e rs e  t i t r a t i o n  and 

to  e s t a b l i s h  whether th e r e  was a d i r e c t  r e l a t io n s h ip  between co lo r  y ie ld  

and amount of f a t t y  ac id  used. Known amounts of f a t t y  a c id ,  d is so lv ed  

in  4 ml n -hep tane ,  were assayed as desc r ib ed  in  Methods, u t i l i z i n g  ex

pe r im en ta l  c o lo r  re a g e n ts  in  which the volume r a t i o s  of e th a n o l ,  0 . 0 2 % 

aqueous N ile  B lue, and 0 .02  N NaOH were v a r ie d .  The r e s u l t s  of two rep 

r e s e n ta t i v e  assays  a re  shown in  Figure 4 . Development of b lue  c o lo r  was 

s igm oidal w ith r e s p e c t  to  f a t t y  acid  c o n c e n tra t io n .  A range of l i n e a r i t y  

occurred  in  each p l o t ;  t h i s  range was found to  be determined p r im a r i ly  

by th e  r a t i o  of NaOH to  N ile  Blue p re s e n t  in  the  c o lo r  re a g e n t .

On th e  b a s is  of th e se  r e s u l t s ,  th e  method was considered  to  be 

q u i te  s a t i s f a c t o r y  fo r  q u a n t i t a t io n  of long-cha in  f a t t y  ac id s  re le a se d  

by l i p o l y s i s  and was adopted fo r  use under th e  fo llow ing  s p e c i f i c  condi

t i o n s .  S tandard  s o lu t io n s  of p a lm it ic  ac id  in n-heptane con ta ined  from

1 . 0  to  1 . 6  jjmoles of f a t t y  a c id ;  a l l  assay samples con ta ined  1 . 0  [imoles 

f a t t y  a c id ,  added in  n -hep tane  during th e  e x t r a c t io n  p rocedure ,  and the  

enzyme co n ce n tra t io n  of assay  samples was ad ju s ted  to  m a in ta in  f a t t y  ac id  

r e l e a s e  a t  l e s s  than 0 . 6  pmole.

S u b c e l lu la r  F ra c t io n a t io n

S u b c e l lu la r  f r a c t io n a t io n  of f r e s h  p ig  l i v e r  r e s u l t e d  in  quan

t i t a t i v e  i s o l a t i o n  of f iv e  s u b c e l lu la r  f r a c t io n s :  th e  n u c le a r  ( n) ,  th e

m ito ch o n d r ia l  (M), th e  l i g h t  m itochondria l  (L ),  th e  microsomal (P ) ,  and 

th e  s o lu b le  cytoplasm (S ) .  The homogenate and each of the  i s o la te d
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F igure  4 . R e la t io n sh ip  of c o lo r  y i e ld  to  f a t t y  ac id  concen tra 
t i o n  w ith  s e v e ra l  experim ental c o lo r  r e a g e n ts .  Color r e a g e n t  m ix tu res  
con ta ined  ab so lu te  e th a n o l ;  0.02^ aqueous N ile  Blue: 0 .0 2  N NaOH in  v o l 
ume r a t i o s  of 9 . 0 : 1 .0 : 0 .5  ( • -----•) and 9 . 0 : 1 .0 : 0 .2  (o— o ) .
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f r a c t i o n s  were assayed fo r  t h e i r  p r o te in  co n ten t  and a c t i v i t i e s  of s ix  

d i f f e r e n t  enzymes. The e n t i r e  experim en ta l scheme was c a r r i e d  ou t  on 

l i v e r s  of th r e e  d i f f e r e n t  an im als , and th e  d a ta  re p o r te d  a re  based on the  

means of th e  th r e e  experim en ts .

The a b so lu te  v a lu es  of p r o te in  co n ten t  and enzyme a c t i v i t i e s  of 

whole homogenate a re  shown in  Table 1 . As th e  d a ta  f o r  th e  v a r io u s  sub

c e l l u l a r  f r a c t io n s  w i l l  be p re sen te d  in  r e l a t i v e  r a th e r  than a b so lu te  

f i g u r e s ,  t h i s  t a b l e  p ro v id es  th e  b a s e l in e  d a ta  f o r  each assay  to  which 

th e  corresponding  d a ta  from th e  s u b c e l lu la r  f r a c t io n s  w i l l  be compared.

The p e rc e n t  d i s t r i b u t i o n  of p r o te in  and enzyme a c t i v i t i e s  in  a l l  

s u b c e l l u l a r  f r a c t io n s  a re  shown in  Table 2 .  An o v e ra l l  reco v e ry  f o r  each 

assay  has a lso  been inc lu d ed .  An almost q u a n t i t a t iv e  recovery  of p ro te in  

and th e  enzyme a c t i v i t i e s  ca th ep s in  D, g lu c o se - 6 -phospha tase ,  and t r i g l y 

c e r id e  l i p a s e  a t  pH 7 .5  was achieved . The recovery  of su c c in ic  dehydro

genase , l i p a s e  a t  pH 4 .5 ,  and 5 ' - n u c le o t id a s e  a c t i v i t i e s  was somewhat 

l e s s  s a t i s f a c t o r y .  The l a t t e r  enzyme, e s p e c i a l l y ,  appears  r a th e r  l a b i l e  

under th e  experim enta l c o n d i t io n s .  V e r t ic a l  scanning of the  d i s t r i b u 

t i o n  p a t t e r n  fo r  each enzyme p o in ts  ou t th o se  f r a c t io n s  in  which the  ac

t i v i t y  appears  to  c o n c e n tra te .  Succin ic  dehydrogenase, a marker fo r  

m itochondria ,  was d i s t r i b u t e d  eq u a l ly  in  the  n u c le a r ,  m i to c h o n d r ia l ,  and 

l i g h t  m itochondria l  f r a c t i o n s ;  i t  was e s s e n t i a l l y  absen t from th e  so lu b le  

cytoplasm (S ) .  R e la t i v e ly  small and equal amounts of c a th ep s in  D, a 

marker f o r  lysosomes, were p re s e n t  in  a l l  p a r t i c u l a t e  f r a c t i o n s ;  by f a r  

th e  l a r g e s t  bulk of a c t i v i t y  was lo c a te d  in  th e  cytoplasm. G lucose- 6 - 

phospha tase  co n ce n tra te d  h e a v i ly  in  th e  microsomal f r a c t i o n ,  f o r  which 

i t  i s  c l a s s i c a l l y  a m arker. The 5 ' - n u c le o t id a s e  a c t i v i t y ,  s p e c i f i c  to
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TABLE 1

ABSOLUTE VALUES OF PROTEIN AND ENZYME ACTIVITIES IN 
PIG LIVER HOMOGENATE

Assay S p e c i f ic  A ctivity® T o ta l  A c t iv i ty ^

P ro te in 19.042^ 
(17.250 -  20.250)

7189 
(6124 -  7850)

S u cc in ic  Dehydrogenase 0.816 
( 0.707 -  1.031)

5941 
(4331 -  8093)

C atheps in  D 0.660 
( 0.489 -  0 .825)

4842 
(2995 -  6476)

G lucose- 6 -Phospha tase 6.141 
( 5.510 -  6 .804)

44,517 
(33,741 -  53,411)

5 '-N u c le o t id a se 0.884 
( 0 .702  -  0.988)

6058 
(5162 -  7503)

L ip a se ,  pH 4 .5 1.049 
( 0.671 -  1.619)

7710 
(4109 -  12,295)

L ip a se ,  pH 7 .5 0.916 
( 0.640 -  1.458)

6649 
(3852 -  11,072)

^Expressed as mg/ml f o r  p r o t e i n ,  jjmoles product/mg p r o te in / t im e  
o f  in c u b a t io n  f o r  enzymes.

^Expressed as  mg/ml x t o t a l  volume f o r  p r o te i n ,  s p e c i f i c  a c t i v 
i t y  X t o t a l  p r o te in  f o r  enzymes.

^F igures  a re  means of th re e  experim en ts ;  numbers in  p a re n th e se s  
g iv e  range of v a lu e s .



TABLE 2

PERCENTAGE DISTRIBUTIONI OF PROTEIN AND TOTAL ENZYME ACTIVITIES IN SUBCELLULAR FRACTIONS OF PIG LIVER

F r a c t i o n
P e rc e n t o f  T o ta l  P resen t®

P r o te i n S u c c in ic
Dehydrogenase C a th e p s in  D G lu c o se -6 -

P h o sp h a ta se
5 '-N u c le o 

t i d a s e
L ip a se  a t  

pH 4 .5
L ip ase  a t  

pH 7 .5
H 100 100 100 100 100 100 100

N 1 3 b
( 7 - 1 8 )

24
(10  -  35)

12
( 5 - 1 9 )

13
( 9 - 2 1 )

16
( 7 - 2 7 )

11
( 3 - 1 8 )

9
( 5 - 1 3 )

M 9
( 4 - 1 3 )

20
( 12 -  27)

7
( 4 - 9 )

9
( 1 - 1 7 )

12
( 0 .4  -  25)

8
( 5 - 1 1 )

6
( 2 - 8 )

L 7
( 4 - 9 )

23
(10 -  33)

10
( 9 - 1 2 )

4
( 3 - 6 )

2
( 0 .6  -  3)

10
( 6 - 1 3 )

5
( 4 - 7 )

P 16
(15 -  17)

12
( 7 - 1 8 )

8
( 3 - 1 1 )

61
(51 -  76)

28
(23 -  34)

9
( 8 - 1 0 )

17
(16 -  19)

S 47
(41 -  51)

1
( 0 .2  -  1 .3 )

51
(43 -  66)

3
( 1 - 4 )

10
( 5 - 1 7 )

42
(21 -  56)

58
(51 -  61)

Recovery 92
(90 -  94)

79
(73  -  85)

89
(80 -  95)

91
(83 -  95)

68
(63 -  74)

80
(64 -  89)

95
(87 -  102)

mq/ml x volume o f f r a c t i o n  ^ f o r  p r o t e i n  and s p e c i f i c  a c t i v i t y  x t o t a l  p r o t e i n  of
X volume o f homogenate ’ s p e c i f i c  a c t i v i t y  x t o t a l  p r o t e i n  o f

f r a c t i o n
homogenate

b.

X 100, f o r  enzyme a c t i v i t i e s .

F ig u re s  a re  means o f  t h r e e  e x p e r im e n ts ;  numbers in  p a r e n th e s e s  g iv e  ran g e  o f  v a lu e s .

o\w
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plasma membrane fragm ents ,  lo c a l iz e d  mainly in  th e  microsomal f r a c t i o n ,  

b u t  was a l s o  p r e s e n t  in  th e  h e a v ie r  n u c le a r  and m itochondria l  f r a c t io n s .  

The a c i d i c  t r i g l y c e r i d e  l i p a s e  was d i s t r i b u t e d  in  a p a t t e r n  n e a r ly  iden

t i c a l  t o  t h a t  of th e  a c id ic  lysosomal marker c a th ep s in  D. F in a l ly ,  th e  

a l k a l in e  t r i g l y c e r i d e  l i p a s e ,  l i k e  th e  a c id ic  l i p a s e  and the  lysosomal 

m arker, showed d i s t i n c t  p re fe re n c e  f o r  th e  s o lu b le  f r a c t i o n .  Unlike 

th e s e  two enzymes, however, th e  p o r t io n  of a c t i v i t y  a s so c ia te d  w ith  th e  

p a r t i c l e s  was p r e s e n t  p r im a r i ly  in  th e  microsomal f r a c t io n .  No o th e r  ac

t i v i t y  t e s t e d  showed a d i s t r i b u t i o n  s im i la r  to  t h a t  of a lk a l in e  t r i g l y 

c e r id e  l i p a s e .

The r a t i o s  of th e  s p e c i f i c  a c t i v i t y  of each s u b c e l lu la r  f r a c 

t i o n  to  th e  s p e c i f i c  a c t i v i t y  of the  homogenate fo r  each enzyme assayed 

a re  p re s e n te d  in  Table 3. A r a t i o  g r e a t e r  than 1 .0  in d ic a te s  a c e r t a in  

degree o f  p u r i f i c a t i o n  of the  enzyme in  t h a t  f r a c t io n  w ith  re s p e c t  to  the 

homogenate; a r a t i o  le s s  than  1 .0  in d i c a te s  th e  converse. The da ta  are  

comparable t o  th o se  p resen te d  in Table 2: in  g e n e ra l ,  th e  f r a c t io n s

d em onstra t ing  g r e a t e s t  p e rcen tag e  of t o t a l  a c t i v i t y  of a given enzyme 

a re  th e  ones in  which g r e a t e s t  p u r i f i c a t i o n  has been achieved. Several 

e x c e p tio n s  should be no ted , however. While the  g r e a t e s t  pe rcen tage  of 

t o t a l  a c t i v i t i e s  o f  the  lysosomal marker c a th ep s in  D and the a c id ic  t r i 

g ly c e r id e  l i p a s e  were p r e s e n t  in the  so lu b le  f r a c t i o n ,  g r e a t e s t  p u r i f i 

c a t io n  of th e s e  enzymes occurred  in  th e  l i g h t  m itochondria l  f r a c t io n .

The h ig h e s t  s p e c i f i c  a c t i v i t y  r a t i o  f o r  a lk a l in e  t r i g l y c e r i d e  l i p a s e  was 

p r e s e n t  in  th e  so lu b le  f r a c t i o n .  Unlike a l l  o th e r  enzymes t e s t e d ,  essen 

t i a l l y  no p u r i f i c a t i o n  of t h i s  a c t i v i t y  was achieved in  any p a r t i c u l a t e  

f r a c t i o n .



TABLE 3

DISTRIBUTION OF ENZYME SPECIFIC ACTIVITY RATIOS IN SUBCELLULAR FRACTIONS OF PIG LIVER

F r a c t io n
S p e c i f i c  A c t i v i t y  Ratios®

S u c c in ic
Dehydrogenase C a th e p s in  D G lu c o se -6 -

P h o sp h a ta se
5 '-N u c le o 

t i d a s e
L ip a s e  a t  

pH 4 .5
L ip a s e  a t  

pH 7 .5

H 1.000 1 .000 1.000 1 .000 1.000 1.000

N 1 . 7 7 9 b
(1 .4 2 4 -1 .9 6 6 )

0.891
(0 .7 4 5 -1 .0 6 5 )

1.093
(0 .6 9 4 -1 .3 6 7 )

1 .498
(1 .0 7 1 -1 .9 3 7 )

0 .776
(0 .4 2 4 -1 .0 3 6 )

0 .663
( 0 .5 9 7 -0 .7 3 9 )

M 2.418
(2 .0 5 1 -2 .9 6 4 )

0 .846
(0 .5 5 9 -0 .9 9 8 )

0 .8676
(0 .2 1 7 -1 .2 7 9 )

1 .060
(0 .0 8 5 -1 .8 3 9 )

0 .987
(0 .7 8 7 -1 .1 1 6 )

0 .6 1 3
(0 .5 0 2 -0 .7 0 8 )

L 3.217
(2 .6 0 9 -3 .8 6 2 )

1.629
(1 .1 9 4 -2 .1 8 5 )

0.701
(0 .6 4 0 -0 .8 1 7 )

0 .2 9 0
(0 .1 6 0 -0 .3 8 5 )

1 .430
(1 .3 4 5 -1 .5 0 8 )

0 .807
(0 .6 2 2 -1 .0 2 2 )

P 0.756
(0 .4 2 5 -1 .1 9 5 )

0 .528
(0 .1 6 6 -0 .7 1 1 )

3.799
(3 .3 4 3 -4 .3 8 0 )

1 .773
(1 .4 9 9 -2 .2 5 5 )

0.671
(0 .4 7 2 -0 .8 9 6

1.097
(0 .9 7 1 -1 .2 5 0 )

S 0 .016
(0 .0 0 5 -0 .0 2 5 )

1.093
(0 .8 3 8 -1 .3 2 5 )

0 .0 5 4
(0 .0 2 2 -0 .0 8 1 )

0 .206
(0 .1 3 9 -0 .3 3 9 )

0 .987
(0 .8 3 5 -1 .0 8 9 )

1 .223
(0 .9 9 8 -1 .4 7 7 )

s p e c i f i c  a c t i v i t y  o f  f r a c t i o n  
s p e c i f i c  a c t i v i t y  o f  homogenate

^ F ig u r e s  a r e  m eans o f  th r e e  e x p e r im e n ts ;  f i g u r e s  in  p a r e n th e s e s  g iv e  ra n g e  o f  v a lu e s .

O '
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As noted  above, the  o v e ra l l  r e c o v e r ie s  of a c t i v i t y  were v a r ia b le  

from enzyme to  enzyme. To c o r r e c t  fo r  t h i s  v a r i a b i l i t y ,  th e  amount of 

p r o te in  and a c t i v i t y  of each enzyme v\hich were a c tu a l l y  recovered  in  the  

f iv e  s u b c e l lu la r  f r a c t i o n s  have been summed up and th e se  f ig u r e s  taken 

as lOOÇé. The amount of p r o te in  or t o t a l  a c t i v i t y  which occurred  in  a 

given f r a c t i o n  has then been expressed  as a p ercen tage  of t h i s  v a lu e .

The e f f e c t  of t h i s  t re a tm e n t  i s  to  p rov ide  a l l  enzymes w ith  a common 

b a s e l in e  of 1 0 0 % a c t i v i t y  so t h a t  the  p e rce n tag es  of in d iv id u a l  enzyme 

a c t i v i t i e s  in  any s u b c e l lu la r  f r a c t io n  may be compared w ith  one an o th e r .  

These d a ta ,  p re sen te d  in  Table 4, were based on the  assumption t h a t  a 

p r o p o r t io n a te  amount o f  each enzyme a c t i v i t y  was l o s t  in  each s u b c e l lu 

l a r  f r a c t i o n .  The c o r re c tn e s s  of t h i s  assumption was no t t e s t e d .

I f  th e  pe rcen tage  of t o t a l  enzyme a c t i v i t y  in  a f r a c t io n  i s  

d iv id ed  by th e  pe rcen tage  of t o t a l  p ro te in  in  t h a t  f r a c t i o n ,  th e  r e s u l t 

ing f ig u r e  i s  defined  as a r e l a t i v e  s p e c i f i c  a c t i v i t y .  I t  p ro v id es  a 

measure of p u r i f i c a t i o n  s im i la r  to  t h a t  of th e  s p e c i f i c  a c t i v i t y  r a t i o .  

The r e l a t i v e  s p e c i f i c  a c t i v i t i e s ,  c a lc u la te d  from the  d a ta  c o r re c te d  fo r  

lo s s  of p r o te in  and a c t i v i t y ,  a re  shown in  Table 5.

The d a ta  in  Tables 4 and 5 are  p re sen te d  in  a more i l l u s t r a t i v e  

fa sh io n  in  F igure  5. The enzyme p r o f i l e s  p re sen te d  in  th e se  graphs have 

been o b ta ined  by p l o t t i n g  th e  mean r e l a t i v e  s p e c i f i c  a c t i v i t y  of the  

f r a c t i o n s  a g a in s t  t h e i r  mean percen tage  of t o t a l  p r o te in .  The a rea  under 

each block i s  th e re fo re  p ro p o r t io n a l  to  th e  t o t a l  percen tage  of a c t i v i t y  

recovered  in  t h a t  f r a c t i o n ,  and th e  h e ig h t  of each block i s  a measure of 

th e  r e l a t i v e  p u r i f i c a t i o n  of th e  enzyme. The t r e n d s  d esc r ib e d  e a r l i e r  

f o r  th e  l o c a l i z a t i o n  of each enzyme a re  c l e a r l y  ev id en t  h e re .  The m ito-



TABLE 4

PERCENTAGE DISTRIBUTION OF PROTEIN AND TOTAL ENZYME ACTIVITIES IN SUBCELLULAR FRACTIONS OF
PIG LIVER, BASED ON ACTUAL RECOVERIES OF ACTIVITY

P e r c e n t o f  T o ta l  P resent®
F r a c t io n

P r o t e i n S u c c in ic
Dehydrogenase C a th e p s in  D G lu c o se - 6 -

P h o sp h a ta se
5 '-N u c le o 

t i d a s e
L ip a s e  a t  

pH 4 .5
L ip a se  a t  

pH 7 .5

N 1 4 b
( 8 - 1 9 )

30
(13  -  44)

13
( 6 - 2 1 )

15
(10  -  23)

2 2

(12 -  36)
15

( 3 - 2 8 )
1 0

( 5 - 1 3 )

M 1 0

( 4 - 1 5 )
26

(15 -  35)
8

( 4 - 1 2 )
1 0

( 1 - 1 8 )
19

( 0 .5  -  37)
1 1

( 5 - 1 6 )
6

( 2 - 8 )

L 7
( 4 - 9 )

27
( 13 -  39)

1 2

(10 -  15)
5

( 4 - 6 )
3

( 1 - 5 )
1 2

( 9 - 1 5 )
6

( 4 - 8 )

P 17
(17 -  18)

14
( 8 - 2 0 )

9
( 3 - 1 3 )

67
(55 -  80)

42 
(35 -54)

1 1

( 9 - 1 3 )
18

(16 -  2 0 )

S 52
( 45 -  57)

1

( 0 .3  -  2)
58

(50  -  69)
3

( 1 - 5 )
14

( 8 - 2 3 )
51

( 33 -  63)
61

(59 -  64)

O '

H o t a l  p r o t e i n  of f r a c t i o n __________  ^ ^qq p r o t e i n  and t o t a l  a c t i v i t y  o f  f r a c t i o n __________
t o t a l  p r o t e i n  o f  f i v e  s u b f r a c t i o n s  ’ t o t a l  a c t i v i t y  o f  f i v e  s u b f r a c t i o n s

X 100, f o r  enzymes.

*^Figures a re  m eans o f  t h r e e  e x p e r im e n ts ;  num bers in  p a r e n th e s e s  g iv e  r a n g e  o f  v a l u e s .



TABLE 5

DISTRIBUTION OF ENZYME RELATIVE SPECIFIC ACTIVITIES IN SUBCELLULAR FRACTIONS OF PIG LIVER

F r a c t io n
R e l a t i v e  S p e c i f i c  A ctiv ity®

S u c c in ic
D ehydrogenase

C a th e p s in  D G lu c o s e -6 -
P h o sp h a ta se

5 '-N u c le o 
t i d a s e

L ip a se  a t  
pH 4 .5

L ip a se  a t  
pH 7 .5

N 2 . 0 5 5 b
(1 .7 5 2 -2 .2 5 8 )

0 .919
(0 .8 4 5 -1 .0 6 2 )

1 .113
(0 .6 8 7 -1 .4 7 2 )

1.666
(1 .0 0 8 -2 .4 5 5 )

0 .9 4 0
(0 .4 3 1 -1 .4 7 4 )

0 .683
(0 .6 5 9 -0 .7 2 6 )

M 2 .770
(2 .3 5 5 -3 .2 8 5 )

0 .894
(0 .5 5 7 -1 .1 3 5 )

0 .882
(0 .2 1 5 -1 .2 3 8 )

1.478
(0 .1 0 8 -2 .5 2 4 )

1 .128
(1 .0 7 5 -1 .1 9 1 )

0 .5 9 4
(0 .5 5 8 -0 .6 6 3 )

L 3.731
(3 .0 0 0 -4 .2 8 0 )

1.689
(1 .1 7 7 -2 .1 8 1 )

0 .707
( 0 . Î 4 1 - 0 .7 9 2 )

0 .3 9 4
(0 .2 1 9 -0 .5 5 1 )

1.841
(1 .6 0 9 -2 .0 4 5 )

0.787
(0 .5 8 3 -0 .9 1 2 )

P 0 .799
(0 .4 8 8 -1 .1 9 3 )

0 .558
(0 .1 6 3 -0 .8 0 5 )

3 .842
(3 .2 3 8 -4 .3 3 2 )

2 .425
(1 .9 8 3 -3 .2 3 3 )

0 .609
(0 .5 0 4 -0 .6 6 8 )

1 .068
(0 .9 5 4 -1 .1 7 0 )

S 0 .018
(0 .0 0 6 -0 .0 3 0 )

1 .122
(0 .9 4 9 -1 .3 0 5 )

0 .055
(0 .0 2 1 -0 .0 8 7 )

0 .268
(0 .1 7 4 -0 .4 3 0 )

0 .9 7 2
(0 .7 3 3 -1 .1 0 8 )

1 .182
(1 .1 1 0 -1 .3 1 8 )

^ c o r r e c t e d  p e rc e n ta g e  o f  t o t a l  enzyme a c t i v i t y  in  f r a c t i o n  
c o r r e c t e d  p e rc e n ta g e  o f  t o t a l  p r o t e i n  in  f r a c t i o n

^ F ig u r e s  a re  m eans o f  t h r e e  e x p e r im e n ts ;  num bers in  p a r e n th e s e s  g iv e  ra n g e  o f  v a l u e s .

O '
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Figure  5. D i s t r ib u t io n  p r o f i l e s  of enzymes in  p ig  l i v e r  sub- 
c e l l u l a r  f r a c t i o n s .
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ch o n d r ia l  m arker, s u c c in ic  dehydrogenase, dem onstra tes  s p e c i f i c i t y  fo r  

th e  h eav ie r  p a r t i c u l a t e  f r a c t i o n s ,  w ith maximum p u r i f i c a t i o n  in  the  l i g h t  

m itochondria  ( L) . The lysosomal marker, c a th e p s in  D, and th e  a c id ic  t r i 

g ly c e r id e  l i p a s e  a re  c h a ra c te r iz e d  by a h igh  p e rcen tag e  of t o t a l  a c t i v i t y  

in  th e  S f r a c t i o n  bu t  peak p u r i f i c a t i o n  in  the  l i g h t  m itochondria  (L ). 

G lucose- 6 -phospha tase ,  th e  microsomal m arker, shows c l a s s i c  s p e c i f i c i t y  

f o r  t h a t  f r a c t io n  (P ) ,  while th e  plasma membrane enzyme, 5 ' - n u c le o t id a s e ,  

d i s t r i b u t e s  somewhat e r r a t i c a l l y  in  both  heavy (N and M) and l i g h t  (?) 

p a r t i c l e s .  S im i la r ly  to  the  a c id ic  enzymes, the  a lk a l in e  t r i g l y c e r i d e  

l i p a s e  i s  c h a ra c te r iz e d  by a h igh percen tage  of t o t a l  a c t i v i t y  in  S but 

f a i l s  to  p a r a l l e l  t h e i r  d i s t r i b u t i o n  in  th e  p a r t i c u l a t e  f r a c t i o n s .  In 

f a c t ,  t h i s  enzyme does no t show c l e a r  evidence of p u r i f i c a t i o n  in  any 

s u b c e l lu la r  f r a c t i o n .

P u r i f i c a t i o n  of A lkaline  T r ig ly c e r id e  Lipase 

S u b c e l lu la r  f r a c t io n a t io n  of p ig  l i v e r  homogenates d isp la y ed  a 

r a t h e r  s t r i k i n g  i n a b i l i t y  to  y ie ld  u se fu l  in fo rm ation  concerning the 

a lk a l in e  t r i g l y c e r i d e  l i p o l y t i c  a c t i v i t y .  No s u b c e l lu la r  lo c a l i z a t i o n  

could be ass igned  to  th e  a c t i v i t y ,  and i t  was considered  p o s s ib le  t h a t  

s e v e ra l  enzyme a c t i v i t i e s  were a c tu a l l y  being observed. The la rg e  p e r 

cen tage  of t o t a l  a c t i v i t y  p re s e n t  in  the  so lu b le  f r a c t i o n  was of e s p e c ia l  

i n t e r e s t ;  th e r e f o r e ,  pH curves were run on se v e ra l  p r e p a ra t io n s  of t h i s  

f r a c t io n  to  determ ine whether i t s  pH optimum d i f f e r e d  n o t ic e a b ly  from 

t h a t  re p o r te d  by M uller and Alaupovic (17) f o r  p ig  l i v e r  microsomal l i 

p a se .  The pH optima of so lub le  f r a c t io n s  from d i f f e r e n t  l i v e r s  v a r ied  

from 7 .25  to  7 .5 0 ,  bu t no c l e a r  d i s t i n c t i o n  could be made between these  

curves  and t h a t  p re sen te d  by th e  above au tho rs  fo r  th e  microsomal enzyme.
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In one experim ent, pH curves  were run  on both  th e  s o lu b le  f r a c t i o n  and 

th e  p a r t i c u l a t e  f r a c t i o n  i s o la te d  by c e n t r i f u g a t io n  of a homogenate a t

113,000 g f o r  30 m inu tes .  As may be seen in  F igure  6 , th e  shapes of the  

curves were n e a r ly  i d e n t i c a l .

P u r i f i c a t i o n  of th e  a lk a l in e  t r i g l y c e r i d e  l i p o l y t i c  a c t i v i t y  

seemed th e  nex t lo g i c a l  s te p  in  a t tem pting  to  o b ta in  in fo rm ation  about 

t h i s  enzyme o r enzymes. A ccordingly, th e  p u r i f i c a t i o n  scheme p re sen te d  

in  Methods and o u t l in e d  in  F igures  2 and 3 was developed . The b a s ic  con

c e p ts  of t h i s  approach, i s o l a t i o n  of the  enzyme bound t o  a l i p i d  sub

s t r a t e  and removal of th e  enzyme from th e  lip id-enzym e complex w ith  a 

d e te r g e n t ,  were d e r iv e d  from the  work of Anfinsen and Quigley (134) and 

F ie ld in g  (135, 136) on th e  p u r i f i c a t i o n  of p o s t -h e p a r in  plasma l ip o p ro 

t e i n  l i p a s e .  The s o lu b le  f r a c t io n  ob ta ined  by c e n t r i f u g a t io n  of l i v e r  

homogenates was chosen as s t a r t i n g  m a te r ia l  because of i t s  high p e rc e n t

age of t o t a l  l i p a s e  a c t i v i t y  and i t s  lack  of membranous p a r t i c l e s .

I s o l a t i o n  of Emulsion-Bound Lipase

Table 6  shows t h a t  th e  i n i t i a l  c e n t r i f u g a t io n  of the  m ix ture  of 

s o lu b le  f r a c t i o n  (S) and l i p i d  em ulsion, y ie ld in g  EBL-1 as p ro d u c t ,  r e 

s u l te d  in  a s u b s t a n t i a l  p u r i f i c a t i o n  of a lk a l in e  l i p a s e  compared to  the  

s t a r t i n g  m a te r ia l  and e l im in a ted  more than 98^ of th e  p r o te in  of t h i s  

s t a r t i n g  f r a c t i o n .  Successive c e n t r i f u g a t io n s ,  y ie ld in g  EBL-2 and EBL-3 

as p ro d u c ts ,  removed f u r th e r  small amounts o f  ex traneous  p r o te in  w ith 

minimal lo s s  of a c t i v i t y  and r e s u l t e d  in  moderate in c re a s e s  in  p u r i f i c a 

t i o n .  Recovery and p u r i f i c a t i o n  of enzymatic a c t i v i t y  were improved in 

a second s e t  of e i g h t  experim ents in  which a c t i v i t y  was measured only on 

EBL-3, th e  f i n a l  p ro d u c t  of c e n t r i f u g a t io n .  These f ig u r e s  a re  p resen ted
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Figure  6 . A lk a l in e  range pH curves f o r  p ig  l i v e r  so lu b le  ( . — .)  
and p a r t i c u l a t e  (o— o) f r a c t i o n s .  G ly cy l-g ly c in e  b u f f e r  was ad ju s ted  
to  c o r r e c t  pH v a lu es  w ith  NaOH. S p e c i f ic  a c t i v i t y  i s  d e f in e d  as imoles 
f a t t y  a c id s  re leased /m g  p r o t e i n / l 5  m inu tes .
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TABLE 6

PURIFICATION AND RECOVERY OF EMULSION-BOUND LIPASE^

F ra c t io n P e rc e n t  Recovery 
of P ro te in ^

P e rcen t Recovery of 
L ipase Activity® P u r i f i c a t i o n ^

S 1 0 0 1 0 0 1

EBL-1 2 ® 28 17
( 1 - 2 ) (26 -  31) (15 -  19)

EBL-2 60 80 2 2

(57 -  62) (60 -  1 0 0 ) (18 -  26)

EBL-3 8 6 92 27
(80 -  92) (87 -  98) (22 -  34)

^ A c t iv i ty  was measured a g a in s t  p u r i f i e d  o l iv e  o i l  a t  pH 7 .5 .

’̂ Expressed as t o t a l  p r o te in  in  f r a c t i o n  _______  % 100.
t o t a l  p r o te in  in  p rev io u s  f r a c t io n

^Expressed as t o t a l  a c t i v i t y  in  . f r a c t io n  x 100.
t o t a l  a c t i v i t y  in  p rev ious  r racc io n

^Defined as s p e c i f i c  a c t i v i t y  of f r a c t io n  
s p e c i f i c  a c t i v i t y  of S

^Figures  a re  means of th r e e  experim ents; numbers in  p a ren th eses
g ive  range of v a lu e s .
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in  Table 7.

The development o f  th e  i s o l a t i o n  p rocedure  fo r  emulsion-bound 

l i p a s e  was f r a u g h t ,  of co u rse ,  w ith  te c h n ic a l  d i f f i c u l t i e s ,  and numerous 

v a r i a t i o n s  in  th e  procedure  were re q u ire d  to  d e f in e  optim al co n d i t io n s  

f o r  th e  system. B r ie f  mention of some of th e se  param eters  should be 

made.

In  e a r l y  experim en ts ,  i t  was observed t h a t  when i s o l a t e d  EEL 

f r a c t i o n s  were assayed f o r  a lk a l in e  l i p o l y t i c  a c t i v i t y ,  co ag u la tio n  of 

th e  a ssay  s u b s t r a te  ( p u r i f i e d  o l iv e  o i l  e m u ls if ied  in  sodium ta u ro c h o la te )  

o ccu rred .  This phenomenon d id  no t occur when the  so lu b le  f r a c t i o n ,  S, 

served  as enzyme source . C oagulation  was d ef ined  as th e  fo rm ation  of 

l a rg e  p a r t i c l e s  of e m u ls if ie d  s u b s t r a t e ,  which ro se  to  th e  top  of the  

a ssay  m ix tu re .  This c o n t ra s te d  w ith  the  smooth, creamy, and uniform ly 

d is p e r s e d  appearance of th e  s u b s t r a t e  under optimal assay  c o n d i t io n s .  As 

th e  major d i f f e r e n c e  between assay  of p u r i f i e d  EEL f r a c t io n s  and assay of 

crude S f r a c t io n s  was the  g r e a t e r  amount of p ro te in  r o u t in e ly  used as en

zyme source  in  th e  l a t t e r  c ase ,  i t  was hypothesized  t h a t  some minimal 

l e v e l  of p r o te in  might be re q u ire d  fo r  s t a b i l i z a t i o n  of the  emulsion dur

ing in c u b a t io n .  To t e s t  t h i s  h y p o th e s is ,  a p re p a ra t io n  of so lu b le  f r a c 

t i o n  was assayed f o r  a l k a l in e  l i p o l y t i c  a c t i v i t y  a t  "high" and "low" p ro 

t e i n  c o n c e n t ra t io n s .  V isual obse rv a tio n  was made of th e  appearance of 

th e  em ulsions fo llow ing  in c u b a t io n ,  and s p e c i f i c  a c t i v i t i e s  were measured. 

In a d d i t io n ,  two ex traneous  p r o t e i n s ,  denatured  hemoglobin and bovine 

serum albumin, were t e s t e d  f o r  t h e i r  e f f e c t s  in  the  system. The r e s u l t s  

p re se n te d  in  Table 8  show t h a t  when th e  amount of so lu b le  p r o te in  assayed 

was g r e a t e r  than  2  mg, th e  emulsion remained smooth and a good s p e c i f i c
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TABLE 7

PURIFICATION AND RECOVERY OF ALKALINE LIPOLYTIC 
ACTIVITY OF EBL-3

F ra c t io n P ercen t of 
P ro te in

P e rcen t  of Lipase 
A c t iv i ty

P u r if ic a t io n ®

S 1 0 0 1 0 0 1

EBL-3 1 ^ 37 41
(0 .4  - 1 .3) (22 -  49) (26 -  56)

'^Figures are means o f  e ig h t  ex p er im en ts;  numbers in  p a r e n th e se s
g ive  range of v a lu es .
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TABLE 8

DEPENDENCE OF ALKALINE TRIGLYCERIDE LIPASE ACTIVITY OF 
SOLUBLE FRACTION ON QUALITY OF EMULSION 

AND PRESENCE OF PROTEIN

Amount of P ro te in  
Assayed

Extraneous P ro te in  
Added

S p e c i f ic
Activity®

Appearance of 
Emulsion 

a f t e r  Assay

2.275 mg None 1.454 Smooth

2.275 mg Albumin, 2 mg 1.472 Smooth

2.275 mg Hemoglobin, 2 mg 1.639 Smooth

0 .758 mg None 0.488 Severely
coagulated

0.758 mg Albumin, 2 mg 0.699 M ildly
coagula ted

0 .758 mg Hemoglobin, 2 mg 2.335 Smooth

0 Albumin, 2 mg 0 Smooth

0 Hemoglobin, 2 mg 0 Smooth

^Defined as ixmoles f a t t y  ac id s  re leased /m g p r o t e i n / l 5  m inu tes .



77

a c t i v i t y  was observed . N e ithe r  albumin nor denatu red  hemoglobin had any 

e f f e c t  under th e se  c o n d i t io n s .  When the  enzyme p r o t e i n  assayed was r e 

duced to  l e s s  than 1  mg, however, severe  co ag u la t io n  of th e  emulsion and 

lo s s  of a c t i v i t y  o ccu rred .  Hemoglobin, bu t no t  albumin, was ab le  to  

overcome th e s e  e f f e c t s ,  and, in  f a c t ,  appeared to  s t im u la te  th e  a c t i v i t y .  

T h e re fo re ,  th e  r o u t in e  assay  system used to  m onitor th e  p u r i f i c a t i o n  of 

a l k a l in e  l i p a s e  inc luded  denatu red  hemoglobin, d is s o lv e d  in  th e  assay  

b u f f e r  a t  a l e v e l  of 2  m g / te s t .

The success  of th e  i s o l a t i o n  of emulsion-bound l i p a s e  a lso  de

pended on m aintenance of a smooth, unbroken emulsion. P a r t i a l  b reaking  

of th e  em ulsion , le ad in g  to  th e  p resence  of f r e e  o l iv e  o i l  a t  th e  s u r 

face  of the  packed l i p i d  cakes a f t e r  c e n t r i f u g a t io n ,  i n t e r f e r e d  with 

hand ling  of th e  l i p i d  cakes and reduced th e  e f f i c i e n c y  of th e  system.

This occurred  when em ulsions p repared  in  1(% gum a ra b ic  s o lu t io n  were 

s u b s t i t u t e d  f o r  those  p repared  in  sodium ta u ro c h o la te .  Sodium ta u ro 

c h o la te  s t a b i l i z e d  em ulsions , however, tended  to  co ag u la te  under c e r t a in  

c o n d i t io n s  of i s o l a t i o n ,  in  a fa sh io n  s im i l a r  to  t h a t  observed during  

l i p a s e  a s sa y s .  C oagula tion  le d  to  th e  i s o l a t i o n  of l i p i d  cakes which 

were ex trem ely  d i f f i c u l t  to  suspend by a s p i r a t i o n .  The suspended EBL 

f r a c t i o n s  were lumpy, and when d i l u t e d  w ith  wash medium, th e  lumps ro se  

r a p id ly  to  th e  s u r face  of the  s o lu t io n  w ithou t c e n t r i f u g a t io n .  Mild 

c o ag u la t io n  r e s u l t e d  in  th e  b ind ing  of ex traneous  p r o te in  t o  th e  emul

s io n ;  p r o te in  recove ry  was in c reased  and p u r i f i c a t i o n  d ec re a se d .  Severely  

coagu la ted  em ulsions f a i l e d  to  b ind p r o te in  a t  a l l .  C oagula tion  occurred  

e i t h e r  when ions  were p r e s e n t  in  th e  so lu b le  f r a c t io n  or when the  temper

a tu re  of th e  i s o l a t i o n  system was p e rm it te d  to  vary  by more than  a degree
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from 0 ° .  In th e  former case ,  p re p a ra t io n  of the  so lu b le  f r a c t io n  in  s a l t  

o r  b u f f e r  s o lu t io n s  r a t h e r  than sucrose ,  or p r i o r  t rea tm e n t of th e  s o l 

u b le  f r a c t io n  w ith  s a l t s  such as ammonium s u l f a t e  in troduced  s u f f i c i e n t  

amounts of ions  in to  th e  s t a r t i n g  m a te r ia l  to  cause co ag u la t io n  of th e  

em ulsion. In th e  l a t t e r  case ,  the  p r e c i s e  tem pera tu re  re q u ire d  could be 

m a in ta ined  only  by use o f  an u l t r a c e n t r i f u g e  in  wdiich r o to r  tem pera tu re ,  

r a t h e r  than  chamber tem p era tu re ,  was c o n t ro l le d .

S ep a ra t io n  of Bound Lipase from L ip id  Emulsion

To f r e e  th e  l i p a s e  from the  t r i g l y c e r i d e  em ulsion, e x t r a c t io n  

of EBL-3 p r e p a ra t io n s  w ith  o rgan ic  s o lv e n ts  was f i r s t  t r i e d .  T o ta l l i p i d  

e x t r a c t i o n s  were c a r r i e d  out w ith  m ix tu res  of e th a n o l -d ie th y l  e th e r  or 

ch loroform -m ethanol. P a r t i a l  e x t r a c t io n  was performed e i t h e r  w ith  n- 

hep tane o r  d ie th y l  e t h e r .  Regard less  of the  co n d i t io n s  employed, s o l 

v en t  e x t r a c t i o n  of EBL-3 p re p a ra t io n s  led  to  th e  recovery  of t o t a l l y  i n 

s o lu b le  and e n zy m a tica lly  in a c t iv e  p ro te in  r e s id u e s .

The nex t  approach was to  t r e a t  EBL-3 p re p a ra t io n s  w ith  d e te rg e n t  

s o lu t io n s  and to  t e s t  f o r  p ro te in  and l ip a s e  a c t i v i t y  in  the  in f r a n a te s  

i s o l a t e d  a f t e r  removal of the  emulsion by c e n t r i f u g a t io n .  In accordance 

w ith  th e  method of F ie ld in g  (136), the  f i r s t  d e te rg e n t  employed was so

dium deoxycho la te .  The procedure has been p re sen te d  in  Methods; average 

r e s u l t s  f o r  a s e t  of s ix  experiments are  p re sen te d  in  Table 9 . I t  w i l l  

be no ted  t h a t  a p o r t io n  of th e  bound p r o te in  p r e s e n t  in  EBL-3 could be 

s t r ip p e d  from th e  emulsion by t h i s  method. However, in only two of the  

s ix  experim ents  was any l i p o l y t i c  a c t i v i t y  measurable in  the  f i l t e r e d  

deoxychola te  in f r a n a te s  (DOCIF). In one case  the  a c t i v i t y  re p re se n te d  

no ap p a re n t  p u r i f i c a t i o n  over th e  s t a r t i n g  m a te r i a l ;  in  the  o th e r  case
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TABLE 9

RECOVERY OF PROTEIN AND PURIFICATION OF FILTERED 
DEOXYCHOLATE INFRANATES (DOCIF)

F ra c t io n % Recovery 
of P ro te in

P u r if ic a t io n ®

EBL-3 1 0 0 41*̂
(28 -  56)

DOCIF 27 [ 1 ; 5]=

^Expressed as s p e c i f i c  a c t i v i t y  of f r a c t i o n _________
s p e c i f i c  a c t i v i t y  of so lu b le  f r a c t io n  ( 8 )

*^Figures a re  means of s ix  experim ents; numbers in  p a ren th eses
g ive  range of v a lu e s .

^Values from in d iv id u a l  experim ents.
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p u r i f i c a t i o n  was minimal. These poor r e s u l t s  s tand  in  c o n t r a s t  to  the  

e x c e l le n t  p u r i f i c a t i o n  observed f o r  the  p a r e n t  EBL-3 f r a c t i o n .

Severe te c h n ic a l  d i f f i c u l t i e s  a l s o  a t ten d ed  th e  use of th e  de

t e rg e n t  sodium deoxycholate . D ia ly s i s  and c o n c e n tra t io n  of th e  i s o la t e d  

deoxycholate  in f r a n a te s  by u l t r a f i l t r a t i o n  were marked by ex trem ely  slow 

flow r a t e s  and the  development of excess ive  t u r b i d i t y  in  th e  f i l t e r e d  

p r e p a ra t io n s .  When DOCIF f r a c t io n s  were p e rm it te d  to  s tan d ,  vAite s e d i

ments appeared in  th e  tubes  concomitant w ith  p a r t i a l  c le a r in g  of th e  so

l u t i o n s .  The sediments were i d e n t i f i e d  as p r e c i p i t a t e d  sodium deoxy

ch o la te  r a th e r  than p ro te in  by t h e i r  s o l u b i l i t y  in  chloroform :methanol 

(2 :1 ,  v ;v ) .  Attempts t o  remove excess sodium deoxycholate from DOCIF 

p re p a ra t io n s  by c e n t r i f u g a t io n ,  ge l f i l t r a t i o n  on Sephadex G-200 or g rad 

i e n t  e l u t io n  from hydroxylapatit%.-^e.l f a i l e d .  In no case could an en

zy m a tic a lly  a c t iv e  f r a c t io n  be recovered .

In one experiment a so lu t io n  of 0.5% sodium ta u ro c h o la te  was sub

s t i t u t e d  fo r  th e  sodium deoxycholate . While handling  of t h i s  system was 

much e a s i e r ,  sodium ta u ro c h o la te  f a i l e d  to  s t r i p  p ro te in  from th e  emul

s io n .  The t r a c e  amount of p ro te in  recovered  in  the  f i l t e r e d  ta u ro c h o la te  

i n f r a n a t e ,  however, was enzym atica lly  h ig h ly  a c t iv e .

The t h i r d  d e te rg e n t  t e s t e d  fo r  i t s  a b i l i t y  to  s p l i t  th e  l i p i d -  

p ro te in  complex was T r i to n  X-100. Average r e s u l t s  f o r  th re e  experim ents 

a re  p re sen te d  in  Table 10. This d e te rg e n t  was capable of r e le a s in g  ap

p rox im ate ly  50% of the  bound p r o te in  and an even g r e a t e r  p e rcen tage  of 

l i p o l y t i c  a c t i v i t y .  F i l t r a t i o n  of T r i to n  in f r a n a te s  proceeded r a p id ly ,  

a l though  TIF p re p a ra t io n s  r e ta in e d  some t u r b i d i t y .

The p rocess  of s e p a ra t io n  of enzyme p ro te in  from i t s  complex
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TABLE 10

PURIFICATION AND RECOVERIES OF PROTEIN AND LIPASE 
ACTIVITY IN FILTERED TRITON INFRANATES (TIF)

F ra c t io n P e rcen t  Recovery 
of P ro te in

P ercen t Recovery 
of A c t iv i ty P u r if ic a t io n ®

EBL-3 1 0 0 1 0 0 37*̂
(31 -  50)

TIF 56 76 53
(41 - 6 6 ) (55 -  105) (35 -  83)

as a c t i v i t y  gf

^F igures  are  means of th re e  experim ents; numbers in  p a ren th eses  
g ive range of v a lu e s .
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w ith l i p i d  was r e f in e d  even f u r t h e r  in  experim ents  in which T r i to n  X-100- 

t r e a t e d  EBL-3 p r e p a ra t io n s  were su b jec ted  to  d e n s i ty  g r a d ie n t  c e n t r i f u 

g a t io n .  The d e t a i l s  of procedure  have been p re sen te d  in  Methods; a f t e r  

c e n t r i f u g a t io n ,  s ix  f r a c t i o n s ,  d g - I  th rough  dg-VI, were removed from 

tubes  as shown in F igure  7 . L ip id  cakes were d isca rd e d  due to  te c h n ic a l  

d i f f i c u l t i e s  in  hand ling  them. The combined re c o v e r ie s  of p r o te in  and 

l i p o l y t i c  a c t i v i t y  f o r  a l l  s ix  d e n s i ty  g r a d ie n t  f r a c t io n s  a re  p re sen te d  

in  Table 11. The r e s u l t s  a re  averaged from two experim ents .  Table 12 

shows th e  p u r i f i c a t i o n ,  pe rcen tage  of recovered  p ro te in  and pe rcen tage  

o f  recovered  enzyme a c t i v i t y  p r e s e n t  in  each of th e  s ix  f r a c t i o n s  based 

upon d a ta  from th e  same experim en ts .  The h ig h e s t  percen tage  of recovered  

a c t i v i t y  and h ig h e s t  p u r i f i c a t i o n  occurred  in  f r a c t io n  dg-VI. The r e 

s u l t s  of a s e r i e s  of f i v e  f u r t h e r  experim ents  in  which assays  were p e r 

formed only  on th e  s t a r t i n g  m a te r ia l  (S) and th e  f i n a l  f r a c t i o n  (dg-VI) 

a re  averaged in  Table 13. P u r i f i c a t i o n  of th e  a lk a l in e  lo n g -ch a in  t r i 

g ly c e r id e  l i p o l y t i c  a c t i v i t y  of p ig  l i v e r  was te rm ina ted  a t  t h i s  p o in t .

The p u r i f i c a t i o n  f ig u r e s  c a lc u la te d  throughout th e  i s o l a t i o n  

scheme fo r  th e  a lk a l in e  t r i g l y c e r i d e  l i p o l y t i c  a c t i v i t y  have been based 

on the  s t a r t i n g  m a te r ia l  S. As may be seen by r e f e r r i n g  to  th e  s u b c e l l 

u l a r  f r a c t i o n a t io n  d a ta  (Table 3 ) ,  th e  s p e c i f i c  a c t i v i t y  o f  th e  s o lu b le  

f r a c t io n  was q u i te  s im i la r  to  t h a t  of th e  homogenate. T h e re fo re ,  c a lc u 

l a t i o n  of p u r i f i c a t i o n  f ig u r e s  based on th e  homogenate would g ive s im i

l a r  va lues  to  those  p re s e n te d .

C h a ra c te r iz a t io n  of A lkaline  T r ig ly c e r id e  L ipase

Presence  of Acidic T r ig ly c e r id e  Lipase 

Although th e  p u r i f i c a t i o n  scheme was developed fo r  th e  purpose
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d 1.00 g/ml

d 1.05 g/ml

d 1.15 g/ml

d 1.25 g/mi

ipld Cake

dg-t

dg-0

dg'lD

dg'IZ

dg-Z

dg-SI

Figure  7 . D ensity  g ra d ie n t  c e n t r i f u g a t io n  of T r i to n  X-lOO 
t r e a t e d  EBL-3.
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TABLE 11

REœVERIES OF PROTEIN AND LIPOLYTIC ACTIVITY IN 
SIX DENSITY GRADIENT FRACTIONS

F ra c t io n P ercen t  Recovery 
of P ro te in

P ercen t  Recovery 
of A c t iv i ty

EBL-3 1 0 0 1 0 0

d g -I  through dg-VI 62^ 63
(58 -  65) (49 -  77)

^F igures  a re  means of two experim ents; numbers in  p a ren th eses
g iv e  ran ge o f  v a lu e s .
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TABLE 12

PURIFICATION AND RECOVERY OF PROTEIN AND LIPOLYTIC 
ACTIVITY IN DENSITY GRADIENT FRACTIONS

F ra c t io n P ercen t of 
Recovered P ro te in

P e rcen t  of 
Recovered A c t iv i ty

P u r if ic a t io n ®

dg-I 8 *) 1 3
( 8 - 8 ) ( 1 - 2 ) ( 3 - 3 )

dg-I  I 4 1 6

( 4 - 4 ) ( 1 - 1 ) ( 4 - 7 )

d g - I I I 9 4 13
( 6 - 1 2 ) ( 4 - 5 ) ( 6 - 1 9 )

dg-IV 2 2 19 29
(12 -  33) (17 -  20) ( 9 - 4 8 )

dg-V 41 28 16
(30 -  52) (23 -  33) ( 1 1  -  2 1 )

dg-VI 15 47 6 8

(13 -  18) (44 -  49) (59 -  77)

^Expressed as s p e c i f i c  a c t i v i t y  of f r a c t io n __________
s p e c i f i c  a c t i v i t y  of so lu b le  f r a c t io n  (s)

*^Figures a re  means of two experim ents; numbers in  p a ren th eses  
g ive  range of v a lu es .
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TABLE 13

PURIFICATION AND RECOVERY OF ALKALINE LIPOLYTIC 
ACTIVITY OF dg-VI

F rac t io n P e rcen t  of 
P ro te in

P e rcen t  of 
L ipase A c t iv i ty

P u r if ic a t io n ®

S 1 0 0 1 0 0 1

dg-VI 0 . 2 ^ 16 92
( 0 . 1  -  0 . 2 ) ( 1 2  -  26) (84 -  111)

^Defined as s p e c i f i c  a c t i v i t y  of f r a c t io n  
s p e c i f i c  a c t i v i t y  of S

F igu res  a re  means of s ix  experim ents; numbers in  p a ren th eses  
g ive  range of v a lu es .
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of i s o l a t i n g  th e  a lk a l i n e  t r i g l y c e r i d e  l i p o l y t i c  a c t i v i t y ,  i t  was con

s id e red  im portan t to  de term ine  th e  behav io r  of th e  a c id ic  l i p a s e  during  

th e  p rocedu re .  I t  w i l l  be remembered t h a t  a la rg e  p ercen tage  of th e  

a c id ic  a c t i v i t y  was a l s o  p r e s e n t  in  th e  so lu b le  f r a c t i o n ,  th e  s t a r t i n g  

m a te r ia l  f o r  the  i s o l a t i o n  of a lk a l in e  l i p a s e .  In fou r experim en ts ,  th e  

a c id ic  and a lk a l in e  l i p o l y t i c  a c t i v i t i e s  were measured on bo th  s t a r t i n g  

m a te r ia l  (S) and th e  f i n a l  f r a c t i o n  dg-VI. Comparison of th e  p u r i f i c a 

t i o n s  achieved f o r  each enzyme i s  shown in  Table 14. Some p u r i f i c a t i o n  

of the  a c id ic  l i p a s e  occurred  in  a l l  experim ents ,  bu t in  only  one case 

was i t  p u r i f i e d  to  th e  same e x te n t  as th e  a lk a l in e  a c t i v i t y .  The p u r i 

f i c a t i o n  o f  th e  a c id ic  enzyme appeared to  vary independen tly  from t h a t  

of the a lk a l in e  enzyme.

D eterm ination  of Optimal Assay C onditions  
f o r  A lka l ine  T r ig ly c e r id e  L ipase

Among the  f i r s t  c h a r a c t e r i z a t i o n  s tu d ie s  c a r r i e d  ou t  on p u r i 

f i e d  dg-VI f r a c t io n s  were th o se  designed  to  d e f in e  or r e d e f in e  optim al 

co n d i t io n s  fo r  the  l i p o l y t i c  a ssay .  P re p a ra t io n s  were t e s t e d  f o r  pH de

pendence, com parative behav io r  toward p u r i f i e d  o l i v e  o i l  and t r i o l e i n  as 

s u b s t r a t e s ,  time dependence, and s u b s t r a te  co n ce n tra t io n  dependence.

D eterm ination  of pH optimum. The pH curve fo r  a dg-VI p re p a ra 

t i o n  i s  shown in  F igure  8 . Based on th e se  r e s u l t s ,  a l l  f u r t h e r  c h a ra c 

t e r i z a t i o n  s tu d ie s  were c a r r i e d  ou t a t  pH 7 .25  in  0 .02  M phosphate  b u f 

f e r .  The use of g ly c y l -g ly c in e  b u f f e r  was d isco n t in u ed  because of i t s  

la ck  of b u f fe r in g  c a p a c i ty  a t  t h i s  pH.

Comparative behav io r  toward p u r i f i e d  o l iv e  o i l  and t r i o l e i n .

The amounts of f a t t y  ac id  r e le a s e d  by a dg-VI p re p a ra t io n  from p u r i f i e d
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TABLE 14

COMPARATIVE PURIFICATIONS OF ALKALINE AND ACIDIC 
TRIGLYCERIDE LIPASES

Experiment P u r i f i c a t i o n  of P u r i f i c a t i o n  of
Number A lka l ine  Lipase® Acidic L ipase

1 59 2 0

2 77 7

3 77 41

4 103 93

^ S p e c if ic  a c t i v i t y  of dg-VI a t  pH 7 .5  
S p e c i f ic  a c t i v i t y  of S a t  pH 7 .5

^S p e c i f ic  a c t i v i t y  of dg-VI a t  pH 4 .5  
S p e c i f ic  a c t i v i t y  of S a t  pH 4 .5
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F igure  8 . pH dependence of a lk a l in e  t r i g l y c e r i d e  l i p a s e .  En
zyme source was dg-VI p r e p a ra t io n ;  enzyme co n ce n tra t io n  was 14 pg p ro 
t e i n / t e s t .  S u b s t ra te  was p u r i f i e d  o l iv e  o i l  a t  co n ce n tra t io n  of 60 
| im o le s / te s t  based on MW of t r i o l e i n .  B u ffe r  system was 0 .02  M phosphate 
- 0 .1  M g ly c y l -g ly c in e .  Incu b a t io n s  were c a r r i e d  o u t  f o r  15 m inu tes .
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o l iv e  o i l  and commercially p u r i f i e d  t r i o l e i n  (99-t^) are shown in  Table 

15. The r e le a s e  from t r i o l e i n  was lower than  t h a t  from p u r i f i e d  o l iv e  

o i l  but was s t i l l  q u i te  s a t i s f a c t o r y .  While o l iv e  o i l  p re p a ra t io n s  con

ta in e d  only long-cha in  t r i g l y c e r i d e ,  approxim ate ly  25% of t h e i r  f a t t y  

ac id  con ten t co n s is te d  of f a t t y  ac ids  o th e r  than o le a te  (101).  T r io le in  

was considered  the  s u b s t r a te  of choice f o r  f u r th e r  c h a r a c te r i z a t i o n  s tu d 

i e s  because of i t s  f a t t y  acid  homogeneity.

Time dependence. The r e le a s e  of f a t t y  ac id s  from t r i o l e i n  by 

p u r i f i e d  l ip a s e  as a fu n c tio n  of time i s  shown in  Figure 9 . The re a c t io n  

proceeded ra p id ly  fo r  the  f i r s t  ISminutes; le v e l in g  o f f  occurred t h e r e 

a f t e r .  The choice was made to  in c rease  th e  s tandard  incubation  time of 

a ssays  to  30 m inutes. Although the  r e a c t io n  r a t e  slowed during  t h i s  

p e r io d ,  the  increment in f a t t y  acid  r e le a s e d  was f e l t  to  j u s t i f y  th e  ex

te n s io n  in tim e.

S u b s tra te  c o n ce n tra t io n  dependence. In F igure  10 th e  r e l e a s e  

of f a t t y  ac ids  by a p re p a ra t io n  of p u r i f i e d  l i p a s e  i s  p l o t t e d  as a func

t io n  of the co n ce n tra t io n  of th e  t r i o l e i n  s u b s t r a t e .  The s u b s t r a te  o p t i 

mum was 45 ( j ino le / tes tî  l e s s  a c t i v i t y  occurred  a t  c o n c e n tra t io n s  both  be

low and above t h i s  v a lu e .  F u r th e r  c h a r a c te r i z a t i o n  of the  p u r i f i e d  l i 

pase has been c a r r ie d  out a t  t h i s  co n ce n tra t io n  of s u b s t r a t e .

Proofs  of Enzymic Nature of Lipase Reaction 

Heat i n a c t iv a t io n . P re trea tm en t of a p u r i f i e d  dg-VI f r a c t io n  

a t  60° or 1 0 0 ° r e s u l t e d  in  lo s s  of a l l  l i p o l y t i c  a c t i v i t y  toward t r i o l e i n .  

The p re p a ra t io n  was q u i te  s t a b l e ,  however, t o  p re in c u b a tio n  a t  37° . These 

r e s u l t s  are p resen ted  in  Table 16.

Release of f a t t y  ac id s  as a fu n c tio n  of p ro te in  c o n c e n t r a t io n .
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TABLE 15

RELEASE OF FATTY ACIDS FROM PURIFIED OLIVE OIL AND TRIOLEIN 
BY ALKALINE TRIGLYCERIDE LIPASE

Substrate® imole F a t ty  Acid Released^

P u r i f ie d  o l iv e  o i l 0.452

T r io le in 0.377

^C oncentra tion  of o l iv e  o i l :  60 ^ m o le s / te s t  based on MW of t r i 
o l e in .  T r io le in  c o n c e n tra t io n :  60 ^ m o le s / te s t .

^As assayed a t  pH 7 .5  w ith  dg-VI f r a c t io n  a t  c o n c e n tra t io n  of
1 1  jjig p r o t e i n / t e s t .
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F ig u re  9 .  Time dependence o f  a l k a l i n e  t r i g l y c e r i d e  l i p a s e  r e a c t i o n .  B u f f e r  was 0 .0 2  M phos
p h a te  a t  pH 7 .2 5 ;  s u b s t r a t e  was 60 pmoles t r i o l e i n / t e s t .  Enzyme so u rc e  was dg-VI f r a c t i o n  a t  c o n c e n t r a 
t i o n  o f  14 M  p r o t e i n / t e s t .
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F igure  10. S u b s tra te  co n ce n tra t io n  dependence of a lk a l in e  t r i 
g ly c e r id e  l i p a s e .  Incuba tion  was c a r r ie d  out fo r  30 m inutes in  0 .02  M 
phosphate  b u f f e r  a t  pH 7 .2 5 .  Enzyme source was dg-VI f r a c t io n  a t  concen
t r a t i o n  of 23 p g / t e s t .
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TABLE 16

LIPOLYTIC ACTIVITY REMAINING IN HEAT TREATED 
ALKALINE LIPASE PREPARATIONS®

P re tre a tm e n t  of Enzyme Source P e rcen t  A c t iv i ty  Remaining

None 1 0 0

100°; 5 m inutes 0

60°, 1 0  m inutes 5

37°, 15 m inutes 94

37°, 30 m inutes 99

37°, 60 minutes 89

®Assay of t r e a t e d  p r e p a ra t io n s  was c a r r i e d  ou t in  phosphate buf 
f e r  a t  pH 7 .25  w ith 45 ( im o les / tes t  t r i o l e i n  as s u b s t r a t e .  Incubations  
were f o r  30 m inutes a t  37°.
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The l i p o l y t i c  response was l i n e a r  over a 4 - fo ld  range in  enzyme p ro te in  

c o n c e n t ra t io n ,  as  shown in  F igure 11.

Development of A l te rn a t iv e  Assay System 
fo r  A lkaline  Lipase

In p re l im in a ry  s tu d ie s  on the  e f f e c t s  of v a r io u s  a d d i t iv e s  on 

t r i o l e i n  l i p o l y s i s  by p u r i f i e d  l i p a s e ,  c a r r i e d  out under the  optim al con

d i t i o n s  d e t a i l e d  above, i t  was n o t iced  t h a t  the  s u b s t r a te  emulsion coag

u la te d  when io n ic  compounds such as NaCl o r  protamine s u l f a t e  were used 

as a d d i t iv e s .  Decreased a c t i v i t i e s  were in v a r ia b ly  p re se n t  when coagula

t i o n  o ccu rred .  This was rem in iscen t of the  problems encountered during  

p u r i f i c a t i o n  and during assay  of p u r i f i e d  f r a c t io n s .  The coag u la t io n  

appeared to  be caused by the  p resence of ions  but was no t coun te rac ted  

by th e  denatured  hemoglobin r o u t in e ly  p re s e n t  in the  assay  system. I t  

was decided to  in v e s t ig a t e  the p o s s i b i l i t y  of s u b s t i tu t in g  a 1 0 % s o lu t io n  

of gum a ra b ic  fo r  th e  12 mM sodium ta u ro c h o la te  normally  used as em uls i

fy ing  agent in  an a t tem pt to  overcome th e  problem of c o a g u la t io n .  While 

i t  was observed t h a t  emulsions of t r i o l e i n  in  gum a ra b ic  were indeed 

s t a b l e  in  the  presence of io n s ,  they  were poor s u b s t r a te s  fo r  the  l i p a s e .  

Nor could a c t i v i t y  with th e se  emulsions be s t im u la ted  by the  in c lu s io n  

of denatured  hemoglobin. The experim ents were then extended to  inc lude  

the  e f f e c t s  of seve ra l  o th e r  p ro te in s  on both  types  of emulsions in an 

a t tem pt to  f in d  e i t h e r  a second p ro te in  which might s t im u la te  a c t i v i t y  

w ith  ta u ro c h o la te  s t a b i l i z e d  emulsions and provide  p ro te c t io n  a g a in s t  

ions o r  a p ro te in  capable of s t im u la t in g  a c t i v i t y  w ith  gum a ra b ic  s t a b i l 

ized em ulsions. R esu lts  of th e se  experim ents are p resen ted  in  Table 17. 

The s t im u la to ry  e f f e c t  of denatured  hemoglobin on a c t i v i t y  w ith  emulsions
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F ig u re  11. R e lea se  o f  f a t t y  a c id s  as  a f u n c t io n  of enzyme p r o t e i n  c o n c e n t r a t i o n .  Assay was 
perfo rm ed  in  p h o sp h a te  b u f f e r  a t  pH 7 .2 5  w ith  a dg-VI p r e p a r a t i o n  as  enzyme s o u rc e .  S u b s t r a t e  was 45 
pmoles t r i o l e i n / t e s t ;  i n c u b a t io n  was f o r  30 m in u te s  a t  37° .



TABLE 17

EFFECTS OF PROTEINS ON LIPOLYSIS BY PURIFIED ALKALINE LIPASE OF TRIOLEIN 
EMULSIFIED IN SODIUM TAUROCHOLATE AND GUM ARABIC®

P r o te i n mg P r o t e i n
Added^ E m u ls ify in g  Agent S p e c i f i c

A c t i v i t y

None - Sodium ta u r o c h o la t e 13 .778

D enatured  hemoglobin 2 Sodium ta u r o c h o la t e 56 .667

Bovine serum albumin 2 Sodium ta u r o c h o la t e 22 .4 4 4

Human plasm a A-I p o ly p e p t id e 0 .8 4 Sodium t a u r o c h o l a t e 7 .3 3 3

Human plasm a A - I I  p o ly p e p t id e 0 .5 4 Sodium ta u r o c h o la t e 11 .556

None - Gum a r a b i c 4 .0 0 0

D enatured  hemoglobin 2 Gum a r a b ic 14 .778

Bovine serum album in 2 Gum a r a b ic 65 .667

Human plasm a A-I p o ly p e p t id e 0 .8 4 Gum a r a b i c 51 .889

Human p lasm a A - I I  p o ly p e p t id e 0 .5 4 Gum a r a b i c 3 .4 4 4

^ P r e p a r a t io n  o f  dg -V I.

^A ll  amounts r e p r e s e n t  an approx im ate  m olar c o n c e n t r a t i o n  o f  2 x 1 0 ” ^ in  th e f i n a l  m ix tu r e .

so
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in  t a u ro c h o la te  could no t  be d u p l ic a te d  by any o th e r  p r o te in  t e s t e d .  On 

th e  o th e r  hand, em ulsions in  gum a ra b ic  were s t im u la te d  very  w ell by both  

albumin and A-1 p o ly p e p t id e  of human a p o l ip o p ro te in  A. I t  should be men

tio n e d  t h a t  none of th e se  p r o te in s  e x h ib i te d  i n t r i n s i c  l i p o l y t i c  a c t i v 

i t y .  On th e  b a s i s  of th e s e  r e s u l t s ,  i t  was decided  to  c a r ry  out s tu d ie s  

on th e  e f f e c t s  of a d d i t iv e s  in  a system which inc luded  bovine serum a l 

bumin and t r i o l e i n  em ulsions p repared  in  10% gum a r a b ic .  Sodium ta u ro 

c h o la te  and denatu red  hemoglobin were o m itted .  O ther c o n d i t io n s  of a s 

say (pH, s u b s t r a te  c o n c e n t ra t io n ,  time of in c u b a t io n )  remained a t  t h e i r  

p re v io u s ly  determ ined optim al v a lu e s .  A check of the  f a t t y  ac id s  r e 

le a se d  by p u r i f i e d  l i p a s e  from an emulsion p repared  in  gum a ra b ic  as a 

fu n c t io n  of the  amount of albumin p re s e n t  in  th e  system showed t h a t  the  

va lue  of 2  mg pe r  t e s t ,  s e le c te d  p re v io u s ly  in  an a r b i t r a r y  fa sh io n ,  was 

a p p ro p r ia te  (F igure  12).

E f f e c t s  of A dditives  

Table 18 l i s t s  th e  e f f e c t s  of a number of compounds on albumin- 

s t im u la te d  l i p o l y s i s  by p u r i f i e d  dg-VI f r a c t i o n s  of t r i o l e i n  em u ls if ied  

in  gum a r a b i c .  Compounds p rov ing  in h i b i to r y  inc luded  NaCl, T r i to n  X-100, 

iodoacetam ide, and h ig h e r  c o n c e n tra t io n s  of EDTA and sodium ta u ro c h o la te .  

N o n - in h ib i to r s  inc luded  protam ine s u l f a t e ,  E-600, e s e r in e  s u l f a t e ,  Ca"*  ̂

and sodium ta u ro c h o la te  a t  lower c o n c e n tra t io n .  The lower co n ce n tra t io n  

of EDTA t e s t e d  appeared s t im u la to ry .  Of i n t e r e s t  was th e  f a c t  t h a t  Ca"*  ̂

ions  were no t ab le  to  s u b s t i t u t e  f o r  albumin in  t h i s  system.

Comparison of L iv e r  L ipase  and 
L ip o p ro te in  Lipase

The s t a r t i n g  m a te r i a l  (S) and p u r i f i e d  l i p a s e  (dg-VI) f a i l e d  to
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F ig u re  12. R e le a se  o f  f a t t y  a c id s  from t r i o l e i n  e m u ls i f ie d  in  gum a r a b i c  as  a f u n c t i o n  o f  
added bov ine  serum a lbum in .  Enzyme so u rc e  was a dg-V I f r a c t i o n  a t  a c o n c e n t r a t i o n  o f  16 p,g p r o t e i n /  
t e s t . .  T r i o l e i n  c o n c e n t r a t i o n  was 45 [x m o le s / te s t ;  i n c u b a t io n  was f o r  30 m in u te s  a t  37° .
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TABLE 18

EFFECTS OF ADDITIVES ON LIPOLYSIS OF TRIOLEIN BY 
PURIFIED ALKALINE LIPASE

Compound C oncen tra tion  P e rcen t  of
C ontro l A c t iv i ty

NaCl 5 .00 X 10-1 M 6 6

NaCl 1 . 0 0 M 45

Protamine s u l f a t e 0 . 1 0 mg/ml 90

Protamine s u l f a t e 1 . 0 0 mg/ml 109

NaF 2 . 0 0 X  10"1 M 35

T ri to n  X-100 0.07 mg/ml 27

T ri to n  X-100 0.67 mg/ml 3

Sodium ta u ro c h o la te 4 .00 X 10-3 M 109

Sodium ta u ro c h o la te 1 2 . 0 0 X 10-3 M 63

Sodium deoxycholate 4 .00 X 10-3 M 0

E-600 1 . 0 0 X 10-5 M 98

E ser in e  s u l f a t e 5 .00 X 10-4 M 98

Iodoacetamide 5 .00 X 10-2 M 19

EDTA 1 . 0 0 X 10-2 M 150

EDTA 1 . 0 0 X 10-1 M 80

Ca++ 1 . 0 0 X 10-3 M 104

Ca"^ (albumin om itted) 1 . 0 0 X 10-3 M 14

(Albumin om itted) - 8
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r e l e a s e  f a t t y  ac id  from t r i o l e i n  when measured in  a system s p e c i f i c  f o r  

th e  d e te c t io n  of l i p o p r o te in  l i p a s e  (137, 138), a s  shown in  Table 19.

The converse was a lso  t r u e ;  a p re p a ra t io n  of human p o s t-h e p a r in  plasma 

l i p o p r o te in  l i p a s e ,  p u r i f i e d  according to  Ganesan and Bradford (139), 

d id  no t  r e l e a s e  f a t t y  acid  from t r i o l e i n  in  th e  l i v e r  l i p a s e  assay  sys

tem.

L ip o p ro te in  l i p a s e  has been r e p e a te d ly  dem onstrated  to  r e l e a s e  

f a t t y  ac id s  from human chylomicrons and plasma l i p o p r o te in s  ( 8 6 , 87, 140, 

141). Attempts were made to  dem onstrate  h y d ro ly s is  of human chyle chylo

m icrons and plasma l i p o p r o te in s  by p u r i f i e d  dg-VI p re p a ra t io n s  under a 

number of experim ental c o n d i t io n s .  As may be seen in  Table 20, r e l e a s e  

of f a t t y  ac id s  from a l l  s u b s t r a t e s  was minimal o r  ab sen t.  The amount of 

enzyme p r o te in  t e s t e d  a g a in s t  th e se  s u b s t r a t e s  had, in each ca se ,  p r e 

v io u s ly  been dem onstrated to  r e le a s e  0 .3 -0 .4  jjjnole of f a t t y  ac id  from 

a r t i f i c i a l  t r i o l e i n  em ulsions. In c o n t r a s t ,  amounts of p u r i f i e d  human 

p o s t-h e p a r in  l ip o p ro te in  l i p a s e  (139) which were observed to  r e l e a s e  2 .0  

jjLmoles of f a t t y  acid  in  the  l ip o p r o te in  l i p a s e  assay  system, r e le a s e d  as 

much as 5 .8  ^unoles of f a t t y  a c id  from chyle chylomicrons and 4 .9  [jmoles 

of f a t t y  ac id  from very  low d e n s i ty  l i p o p r o te in s  when th e  s u b s t r a t e s  

con ta ined  2 .0  mg t r i g l y c e r i d e  p e r  t e s t  (142).
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TABLE 19

BEHAVIOR OF LIVER LIPASE IN LIPOPROTEIN LIPASE ASSAY SYSTEM

Enzyme Source
S p e c i f ic  A c t iv i ty  in 

L ip o p ro te in -L ip ase  
Assay System^

S p e c i f ic  A c t iv i ty  in 
L iv e r  L ipase 
Assay System^

S 0 0.632

dg-VI 0.041 13.780

LPL^ 135 0

^Expressed as [imoles f a t t y  acids/m g p ro te in /h o u r .  

*^Purified human p o s t -h e p a r in  plasma l i p o p r o te in  l i p a s e .  

^Expressed as [xmoles f a t t y  acids/mg p r o te in /3 0  m inu tes .



TABLE 20

RELEASE OF FATTY ACIDS FROM NATURAL SUBSTRATES BY PURIFIED ALKALINE LIPASE

S u b s t r a t e mg T r i g l y c e r i d e / t e s t A d d i t iv e s  t o  B as ic  System® [unole F a t t y  Acid 
R e lea sed

Chyle chy lom icrons 2 .136 None .054

Chyle chy lom icrons 2 .136 4 X 10 ^ M sodium t a u r o c h o la t e .056

Chyle chy lom icrons 2 .136 2  mg d e n a tu re d  hemoglobin .019

Chyle chy lom icrons 2 .136 2  mg albumin .023

Chyle chy lom icrons 2 .136 2 0  mg albumin .024

Chyle chy lom icrons 2 .136 10-3 M Ca++ .031

Chyle chy lom icrons 2 .136 2  mg a lbum in , 10“ 3 m Ca"^ .058

Chyle chy lom icrons 2 .136 2  mg a lbum in , 10“ 3 M C a ^ ,  1 0 “ 3  ^  Mg"*̂ .057

Plasma VLDL^ 0 .585 2  mg albumin 0

®The b a s i c  system  c o n s i s t e d  of p h o sp h a te  b u f f e r  a t  pH 7 .2 5 ,  l i p o p r o t e i n  p r e p a r a t i o n  ( i n  w a te r ) ,  
and enzyme p r e p a r a t io n  ( i n  0 .2 5  M s u c r o s e ) .

b.Very low d e n s i t y  l i p o p r o t e i n s .



CHAPTER V 

DISCUSSION

Development o f  S pectrophotom etric  Assay 
fo r  Lonq-Chain F a t ty  Acids

Three ty p e s  of methods are  in  gene ra l  use f o r  th e  q u a n t i t a t io n  

o f  lo n g -ch a in  f a t t y  ac id s  r e s u l t i n g  from l i p o l y s i s :  r a d i o a c t i v i t y  ana

l y s i s ,  c o lo r im e try ,  and t i t r i m e t r y .  R a d io a c t iv i ty  ana ly ses  are  h ig h ly  

s e n s i t i v e  b u t  o f te n  p r o h i b i t i v e l y  c o s t l y .  Most of th e  c o lo r im e t r ic  meth

ods fo r  q u a n t i t a t io n  of lon g -ch a in  f a t t y  ac id s  depend on th e  form ation 

of copper o r  c o b a l t  soaps (143) followed by spec tropho tom etr ic  q u a n t i t a 

t i o n  of th e  m etal in  th e  p resence  of complexing reag e n ts  such as d i e th y l -  

d i th io ca rb a m a te  (144, 145) o r  d iphenylcarbohydraz ide  (146).  The p r i n c i 

p a l  drawback a s s o c ia te d  w ith  th e  c o lo r im e t r ic  methods i s  t h e i r  te c h n ic a l  

com plex ity ; a la rg e  number of s te p s  i s  r e q u ire d  to  produce th e  f i n a l  

co lo red  p ro d u c t .

For ease of h an d lin g ,  t i t r i m e t r i c  methods have proven most s a t 

i s f a c t o r y  in  ro u t in e  q u a n t i t a t io n  of long -cha in  f a t t y  a c id s .  E x trac te d  

f a t t y  ac id s  may be t i t r a t e d  w ith  d i l u t e  base e i t h e r  a u to m a t ic a l ly  to  a 

f ix e d  endpo in t nea r  pH 10 (147) or manually in  the  p resence  of an i n d i 

c a to r  s o lu t io n  to  a v is u a l  endpo in t n ea r  the  same pH value  (132, 133).

The method developed fo r  assay  of f a t t y  ac id s  in  the  p r e s e n t  study  o f f e r s  

th e  s im p l i c i ty  common to  o th e r  t i t r i m e t r i c  methods. In a d d i t io n ,  as

104
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q u a n t i t a t i o n  i s  c a r r i e d  ou t s p e c tro p h o to m e tr ic a l ly ,  the  human b ia s  of 

v i s u a l  endpoin t t i t r a t i o n  i s  e l im in a te d .  The method i s  s u p e r io r  t o  au to 

m atic  t i t r a t i o n  in  speed; th e  time re q u ire d  fo r  q u a n t i t a t io n  of th e  f a t t y  

ac id s  r e le a s e d  during  an average l i p a s e  assay  i s  1 -1 .5  h o u rs ,  r a t h e r  than  

3-4  h ou rs .  The p r in c i p a l  drawback in  t h i s  method i s  th e  r e l a t i v e l y  n a r 

row range ( l .G -1 .6  pmole of f a t t y  ac id )  of l i n e a r  co lo r  re sp o n se .  How

e v e r ,  ad justm ent of th e  amount of enzyme p ro te in  incubated se rves  to  

m a in ta in  f a t t y  acid  r e l e a s e  w ith in  the  necessa ry  l i m i t s .

S u b c e l lu la r  F ra c t io n a t io n  

The p resence of two long-cha in  t r i g ly c e r i d a s e s  in  p ig  l i v e r  was 

d esc r ib e d  by M uller and Alaupovic (1 7 ) .  One of th e se  enzymes possessed  

a pH optimum of 4 .5  and was lo c a l iz e d  in  lysosomes. The o th e r  enzyme, 

e x h ib i t in g  a pH optimum of 7 .5 -7 .8 ,  d isp lay ed  h ig h e s t  s p e c i f i c  a c t i v i t y  

in  microsomes. In th e  p re s e n t  s tudy , p re l im in a ry  experiments f a i l e d  to  

dem onstra te  any in c re a se  in  th e  s p e c i f i c  a c t i v i t y  of the  a l k a l in e  l i p a s e  

in  microsomes compared to  crude homogenates. For t h i s  reason  q u a n t i t a 

t i v e  s u b c e l lu la r  f r a c t io n a t io n s  were performed, and the  d i s t r i b u t i o n s  of 

bo th  t r i g l y c e r i d e  l i p a s e s  were compared to  the  d i s t r i b u t i o n s  of sev e ra l  

marker enzymes. The s u b c e l lu la r  f r a c t io n a t io n  was ad m itted ly  somewhat 

crude, bu t as judged by the  r e s u l t s  fo r  th e  m ito ch o n d r ia l ,  lysosomal and 

microsomal marker enzymes, p a r t i a l  s e p a ra t io n  of th e se  o rg a n e l le s  was 

ach ieved . The d i s t r i b u t i o n  of the  a c id ic  l i p a s e ,  measured a t  pH 4 .5 ,  

fo llow ed very  c lo se ly  t h a t  of the  lysosomal marker, ca th ep s in  D. This 

confirm s the  lysosomal o r ig in  of t h i s  l i p o l y t i c  enzyme. Numerous r e p o r t s  

on the  p resence of an a c id ic  t r i g l y c e r i d e  l i p a s e  in  r a t  l i v e r  lysosomes 

a re  a v a i la b le  ( 8 , 9, 10, 11, 12, 13, 148); an a c id ic  l i p a s e  a lso  occurs
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in  human l i v e r  (105, 106) bu t i t s  l o c a l i z a t i o n  has n o t  been s tu d ie d .

The occurrence of a la rg e  pe rcen tag e  of the  a c t i v i t i e s  of the  

lysosomal marker enzyme and the  a c id ic  l i p a s e  in  th e  so lu b le  f r a c t io n  

seems a t  v a r ia n ce  w ith th e  re p o r te d  tendency of lysosomes to  co n ce n tra te  

in  th e  l i g h t  m ito ch o n d r ia l  f r a c t io n  (120). I t  i s  b e l ieved  t h a t  the  

b la d e - ty p e  homogenizer used fo r  p rep a r in g  homogenates and resuspending  

c e n t r i f u g a l l y  i s o l a t e d  sediments in  the  p r e s e n t  s tudy was too  harsh  a 

p rocedure  to  perm it optimal recovery  of lysosomal enzymes in  p a r t i c u l a t e  

form. The f r a g i l i t y  of lysosomes i s  well recognized  (149), and t r e a t 

ment of lysosomes in  a Waring Blendor i s  a known method of r e le a s in g  en

zymic a c t i v i t i e s  in to  so lu b le  form ( 1 2 0 ) .

A p r e c i s e  s u b c e l lu la r  l o c a l i z a t i o n  could not be ass igned  to  the  

a l k a l i n e  t r i g l y c e r i d e  l i p o l y t i c  a c t i v i t y  on the  b a s is  of th e se  e x p e r i 

m ents . The enzyme f a i l e d  to  show a d i s t i n c t  in c re a se  in  s p e c i f i c  a c t i v 

i t y  in  any s u b c e l lu la r  f r a c t i o n  or to  p a r a l l e l  the  d i s t r i b u t i o n  of any 

marker enzyme. The h igh  percen tage  of t o t a l  a c t i v i t y  occu rr ing  in  the  

so lu b le  f r a c t i o n  was s t r i k i n g .  There a re  s e v e ra l  ex p la n a t io n s  f o r  t h i s  

unusual d i s t r i b u t i o n .  The observed p a t t e r n  might r e f l e c t  th e  p resence of 

two or more enzymes, one of which i s  lo c a l iz e d  in  the  cytoplasm and the  

o th e r  in  p a r t i c u l a t e  o rg a n e l le s .  Guder e t  (11) observed a s im i la r  

d i s t r i b u t i o n  of the  t r i o le in -h y d r o ly z in g  a c t i v i t y  a t  pH 8 .5  in  r a t  l i v e r .  

The a c t i v i t y  d isp lay ed  a s l i g h t  tendency to  lo c a l i z e  in  the  microsomal 

f r a c t i o n ,  bu t f a i l e d  to  p a r a l l e l  th e  d i s t r i b u t i o n  of th e  microsomal marker 

enzyme, g lu c o se - 6 -ph o sp h a tase .  Approximately 4(% of th e  t o t a l  a c t i v i t y  

r e s id e d  in th e  so lub le  f r a c t io n .  These au th o rs  suggested th e  p resence  

of two p a r t i c u l a t e  l i p a s e s  with a lk a l in e  pH optima, one s p e c i f i c  to
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microsomes and th e  o th e r  t o  plasma membranes. The so lu b le  a c t i v i t y  was 

cons idered  t o  r e p r e s e n t  e i t h e r  a t h i r d  enzyme o r  a c t i v i t y  washed o f f  th e  

microsomes during  i s o l a t i o n .

The observed d i s t r i b u t i o n  of a l k a l in e  a c t i v i t y  could a lso  be ex

p la in e d  by assuming th e  p resence  of only one enzyme, lo c a l iz e d  in  th e  

so lu b le  f r a c t i o n ,  and l i p o p h i l i c  in  n a tu re .  A f r e e  l i p o p h i l i c  enzyme 

might be expected to  adhere to  th e  l ip o p r o te in  membranes of a l l  s u b c e l l 

u la r  p a r t i c l e s  r a th e r  n o n - s p e c i f i c a l l y ,  producing  a smeared d i s t r i b u t i o n  

during  s u b c e l lu la r  f r a c t i o n a t i o n .  That th e  s o lu b le  enzyme i s  l i p o p h i l i c  

has been adequa te ly  proven by th e  success of the  i s o l a t i o n  p rocedure  

based on th e  form ation  of an enzym e-substra te  complex. The i d e n t i t y  of 

the  pH curves  determ ined f o r  the  p a r t i c u l a t e  and so lu b le  f r a c t i o n s  from 

a s in g le  l i v e r  supports  th e  one enzyme h y p o th e s is .

O ther i n v e s t ig a t o r s  have re p o r te d  t h a t  h y d ro ly s is  of long-cha in  

t r i g l y c e r i d e s  by r a t  l i v e r  a t  a lk a l in e  pH proceeds maximally in  th e  mi

crosomes (14, 103) and th e  m itochondria  (1 6 ) .  H ydro lys is  of Edio l has 

been found to  occur p r i n c i p a l l y  in  the s o lu b le  f r a c t io n  (7 ) ,  w hile  the 

h y d ro ly s is  of t r i c a p r y l i n  has been lo c a l iz e d  in  m itochondria  (110 ) .  In 

o th e r  mammalian o rgans, in c lu d in g  p ig  a o r ta  (150),  r a t  pancreas  (151), 

and p ig  i n t e s t i n e  (152) ,  lon g -ch a in  t r i g l y c e r i d e  l i p a s e s  w ith  n e u t r a l  or 

a lk a l in e  pH optima show g r e a t e s t  t o t a l  a c t i v i t y  in  th e  so lu b le  f r a c t i o n ,  

a lthough  in  the  l a t t e r  case  s p e c i f i c  a c t i v i t i e s  were h ig h e r  in  m ito 

chondria  and microsomes. The horm one-sens it ive  lo ng -cha in  t r i g l y c e r i d e  

l i p a s e  of r a t  adipose t i s s u e  has a lso  been found to  c o n c e n tra te  in th e  

so lu b le  or " f a t  poor s u p e rn a ta n t"  f r a c t io n  d e r iv e d  from homogenates p r e 

pared in  sucrose  s o lu t io n  (157).
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P u r i f i c a t i o n  of A lkaline  T r ig ly c e r id e  L ipase 

The use of an enzym e-substra te  complex as a means f o r  p u r i fy in g  

p o s t -h e p a r in  l i p o p r o te in  l i p a s e  was f i r s t  d e sc r ib e d  by Anfinsen and 

Quigley (134) in  1953. F ie ld in g  (135, 136) developed a p rocedure  fo r  r e 

moval o f  th e  p u r i f i e d  enzyme from th e  complex by d e te rg e n t  t r e a tm e n t .  

F u r th e r  m o d if ic a t io n s  were made by Ganesan and Bradford (139).  The p r e s 

e n t  s tu d y  r e p r e s e n t s  th e  f i r s t  a t tem p t to  use t h i s  approach f o r  p u r i f i c a 

t i o n  of a l i p a s e  o th e r  than l ip o p r o te in  l i p a s e .  Both a lk a l in e  l i v e r  

l i p a s e  and l ip o p r o te in  l i p a s e  bind to  th e  o i l - w a te r  i n t e r f a c e  of a sub

s t r a t e  em ulsion. P a n c re a t ic  l i p a s e  i s  a l so  adsorbed to  i t s  e m u ls if ied  

s u b s t r a t e  accord ing  to  Benzonana and D esnuelle  (153) and Schoor and 

Melius ( l 5 4 ) .  To co n fe r  maximum s im p l ic i ty  on the  i s o l a t i o n  system, a 

sodium t a u r o c h o l a t e - s t a b i l i z e d  emulsion of o l iv e  o i l  was s u b s t i t u t e d  fo r  

th e  com m ercially  p repared  em ulsions of coconut or soybean o i l  used in  

l i p o p r o te in  l i p a s e  p u r i f i c a t i o n s .  The volume r a t i o  of emulsion to  so lu b le  

f r a c t i o n  used fo r  i s o l a t i o n  was h igh  enough to  perm it th e  fo rm ation  of 

packed l i p i d  cakes during  c e n t r i f u g a t io n ;  no attem pt was made to  d e t e r 

mine whether b ind ing  was optim al under th e se  c o n d i t io n s .  S im i la r ly ,  the  

pH of 7 .5  employed fo r  a l l  o p e ra t io n s  was approxim ately  th e  pH optimum 

f o r  th e  enzyme a c t i v i t y ,  bu t  th e  p o s s i b i l i t y  t h a t  more e f f e c t i v e  b inding 

might have occurred  a t  ano ther  pH was no t  exp lo red . Incuba t ing  th e  s o l 

uble  f r a c t i o n - s u b s t r a t e  m ix ture  a t  37° p r i o r  to  c e n t r i f u g a t io n  a t  0° d id  

no t improve b ind ing  of th e  enzyme. The in t e r e s t i n g  problem of coagula

t i o n  of th e  emulsion under c e r t a in  experim ental co n d i t io n s  and th e  com

p a r a t iv e  behav io r  of the  th r e e  d e te rg e n ts  (sodium deoxycho la te ,  sodium 

ta u ro c h o la te  and T r i to n  X-100) which were used to  s p l i t  th e  enzyme-sub-
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s t r a t e  complex w i l l  be d iscu ssed  l a t e r .

D e n s i ty -g ra d ie n t  c e n t r i f u g a t io n  of the  d e t e r g e n t - t r e a te d  en

zy m e-su b s tra te  complex was attem pted f o r  s e v e ra l  r ea so n s .  Short c e n t r i 

f u g a t io n s  of th e  d e t e r g e n t - t r e a te d  complex had f a i l e d  to  remove a l l  l i p i d  

from th e  enzym e-containing in f r a n a te .  I t  was considered  p o s s ib le  t h a t  

th e  enzyme p ro te in  was s t i l l  l ip id -bound  in  the se  in f r a n a te s  and th a t  

d e n s i t y  g ra d ie n t  c e n t r i f u g a t io n  might r e s u l t  in the  i s o l a t i o n  of some 

s p e c i f i c  l i p i d - p r o t e i n  complex co n ta in in g  the  enzymatic a c t i v i t y .  Al

t e r n a t i v e l y ,  i t  was f e l t  t h a t  simply m a in ta in ing  co n ta c t  between the  

complex and d e te rg e n t  f o r  a longer p e r io d  of time while apply ing  cen

t r i f u g a l  fo rc e  might r e s u l t  in more e f f i c i e n t  enzyme removal. The ex

pe r im e n ta l  r e s u l t s  were in t e r e s t i n g  in  t h a t  the  enzymatic a c t i v i t y  oc

c u r r in g  in  any f r a c t io n  c o l le c te d  a f t e r  c e n t r i f u g a t io n  appeared to  be 

in v e r s e ly  r e l a t e d  to  th e  amount of t r i g l y c e r i d e  (o r  d e n s i ty )  of the  f r a c 

t i o n .  Less dense f r a c t i o n s ,  co n ta in in g  more l i p i d ,  dem onstrated  lower 

s p e c i f i c  a c t i v i t i e s  and p u r i f i c a t i o n s  t h a t  d id  h eav ie r  f r a c t i o n s ;  the  

most h ig h ly  p u r i f i e d  enzyme was t h a t  rem aining in  th e  d e n s i ty  1.25 g/ml 

s o lu t i o n ,  e s s e n t i a l l y  f r e e  of t r i g l y c e r i d e .  I t  must be argued e i t h e r  

t h a t  th e  l i p a s e  p r o te in  i s  l e s s  te n a c io u s ly  bound to  l i p i d  than  are  con

tam inan t p ro te in s  and i s ,  th e re f o r e ,  more e a s i l y  removed by d e te rg e n t  or 

t h a t  th e  removal of l i p i d  from th e  enzyme tends to  a c t iv a t e  i t .  I f  t h i s  

were th e  ca se ,  d e n s i ty  g ra d ie n t  c e n t r i f u g a t io n  would not be producing an 

a c tu a l  p u r i f i c a t i o n  of the  enzyme p ro te in  bu t would be producing an ap

p a re n t  p u r i f i c a t i o n  by th e  removal of excess l i p i d .



110

C h a ra c te r iz a t io n  of A lkaline T r ig ly c e r id e  Lipase

Optimal Assay Conditions 

pH Optimum. The measured pH optimum of 7 .25 fo r  p u r i f i e d  a lk a 

l i n e  l ip a s e  i s  w ith in  p h y s io lo g ic a l  range and i s  q u i te  s im i la r  t o  the  

value  of 7 .5  rep o r te d  by Muller and Alaupovic (17) fo r  p ig  l i v e r  micro

somal l i p a s e .  Reported a lk a l in e  pH optima f o r  h y d ro ly s is  of long-cha in  

t r i g l y c e r i d e s  by crude r a t  l i v e r  p re p a ra t io n s  inc lude 7 .2  and 8 .0  (155), 

7 .2  (14),  and 8 .5  (11).  The pH optimum of ho rm one-sensitive  l i p a s e  from 

r a t  adipose t i s s u e  has been rep o r te d  to  l i e  between 6 .5  and 7 .0  (156-159) 

and a t  7 .4  (160). A horm one-sensitive  l ip a s e  with pH optimum near  7 .0  

a lso  r e s id e s  in  r a t  h e a r t  (161). S im ila r  long-chain  t r i g l y c e r i d e  l ip a s e s  

from adipose t i s s u e  whose r e l a t io n s h ip  with hormones has no t been e s ta b 

l i sh e d  show optima between 6 .5  and 7 .5  (162) and a t  7 .5  (163). Pancre

a t i c  l ip a s e  a c t i v i t y  i s  maximal a t  pH 8 .0 -8 .5  (164, 165) or in  th e  range 

7 .5 -9 .5  (166). S trongly  a lk a l in e  pH optima, near 9 .0 ,  have been rep o r te d  

fo r  l i p a s e s  of i n t e s t i n e  (152) and ao r ta  (167).  P o s t-h e p a r in  plasma 

l ip o p ro te in  l ip a s e  fu n c tio n s  op tim ally  a t  pH 8 .2  (135, 168) as do l i p o 

p ro te in  l ip a s e  from adipose t i s s u e  (158) and h e a r t  (161 ) .  On th e  b a s is  

of pH optimum, the  a lk a l in e  p ig  l i v e r  l ip a s e  shows p o s s ib le  s i m i l a r i t y  

to  horm one-sensitive  l i p a s e  and the  l ip a s e s  of adipose t i s s u e  whose hor

mone s e n s i t i v i t y  i s  undetermined. I t s  pH p r o f i l e  i s  d i s t i n c t l y  d i f f e r 

en t from those of p a n c re a t ic  l ip a s e  and l ip o p ro te in  l i p a s e .

Time dependence. The r e le a s e  of f a t t y  ac ids  by a lk a l in e  l i v e r  

l i p a s e  p la teaued  between 15 and 30 minutes in  the p resence of apparen tly  

n o n - l im it in g  amounts of s u b s t r a t e .  This f e a tu r e  i s  a common c h a ra c te r 

i s t i c  of long-chain  t r i g l y c e r i d e  l i p a s e s .  S im ila r  curves have been r e 
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p o r te d  f o r  l i v e r  l i p a s e  (11, 17, 103), f o r  ad ipose t i s s u e  l i p a s e s  (157, 

160, 169) and f o r  l i p o p r o te in  l i p a s e  ( 8 6 , 138, 168). Since p u r i f i e d  

l i v e r  a lk a l in e  l i p a s e  was s t a b l e  to  p re t r e a tm e n t  a t  37° fo r  a t  l e a s t  one 

hour, simple d é n a tu ra t io n  due to  tem pera tu re  could no t account fo r  t h i s  

phenomenon. P a n c re a t ic  l i p a s e  has been shown to  dena tu re  r a p id ly  a t  the  

o i l - w a te r  i n t e r f a c e  of a s u b s t r a t e  emulsion (170) and a lso  to  be in h ib 

i t e d  by th e  l i b e r a t e d  f a t t y  a c id s  or t h e i r  soaps. However, s ince  b i l e  

s a l t s  were found to  reduce bo th  d é n a tu ra t io n  and p roduct in h i b i t i o n  (170, 

171), i t  i s  u n c e r ta in  whether th e se  mechanisms were o p era t in g  in  th e  a s 

say system fo r  l i v e r  l i p a s e  which con ta ined  sodium ta u ro c h o la te .

S u b s tr a te  c o n c e n t r a t io n . The tendency fo r  i n h ib i t i o n  of l i p o 

l y t i c  a c t i v i t y  to  occur above th e  optim al s u b s t r a te  c o n c e n tra t io n  has 

been re p o r te d  f o r  long-cha in  t r i g l y c e r i d a s e s  of l i v e r  (9 ,  11) and a o r ta  

(167),  and may be in f e r r e d  from d a ta  p re sen te d  fo r  l ip o p ro te in  l ip a s e  

(138) and adipose t i s s u e  l i p a s e  (163). This phenomenon, which a lso  oc

cu rred  in  th e  p r e s e n t  s tudy , has never been exp la ined .

The e f f e c t iv e  s u b s t r a t e  c o n c e n tra t io n  fo r  a l ip a s e  i s  a c tu a l ly  

th e  i n t e r f a c i a l  a rea  in  a u n i t  volume of emulsion r a th e r  than th e  molar 

co n c e n tra t io n  of l i p i d  (153).  T here fo re ,  th e  r e l a t i v e l y  h igh concen tra 

t i o n  o f  t r i g l y c e r i d e  (45 ^ m o le s / te s t  or 30 mM) re q u ire d  f o r  optim al ac

t i v i t y  of a lk a l in e  l i v e r  l i p a s e  p robab ly  r e f l e c t s  the  preponderance of 

l a rg e  em u ls if ie d  p a r t i c l e s  w ith  low su r face  area  in the  experim ental 

emulsion r a t h e r  than any lack  of s p e c i f i c i t y  of th e  enzyme fo r  i t s  sub

s t r a t e .

Development of A l te rn a t iv e  Assay System 

The coagu la t ion  of sodium ta u ro c h o la t e - s t a b i l i z e d  t r i g l y c e r i d e
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em ulsions was b e l ie v e d  to  be caused by e l e c t r o l y t e s ,  s in c e  th e  phenomenon 

occurred  in  EBL p re p a ra t io n s  i s o la t e d  from s o lu b le  f r a c t i o n s  p rep a red  in 

s a l t s  o r  b u f f e r  s o lu t io n s  and in  a ssay s  of p u r i f i e d  a lk a l in e  l i p a s e  to  

which compounds such as NaCl o r  protam ine s u l f a t e  were added. Coagula

t i o n  a lso  occurred  in  assays  of crude or p a r t i a l l y  p u r i f i e d  f r a c t i o n s  

when th e  enzyme source con ta ined  l e s s  than 1  o r  2  mg of p r o t e i n ,  su g g es t

ing s e n s i t i v i t y  of th e  emulsion to  even low l e v e l s  of ions  stemming from 

th e  enzyme p r e p a r a t io n .  In t h i s  ca se ,  however, the  io n ic  e f f e c t  could 

be r e v e rs e d ,  or p ro te c te d  a g a in s t ,  by the  a d d i t io n  of ex traneous  p r o te in .  

I t  was no t  too  s u r p r i s in g ,  th e n ,  t o  f in d  t h a t  c o ag u la t io n  no lo n g e r  oc

cu rred  when denatu red  hemoglobin was om itted  from the  assays  of d ia ly z e d  

p u r i f i e d  a lk a l in e  l i p a s e .  But i t  was most s u r p r i s in g  to  f in d  t h a t  de

na tu red  hemoglobin was s t i l l  r e q u ire d  fo r  a c t i v i t y  of the  enzyme, while 

having no l i p o l y t i c  a c t i v i t y  i t s e l f .  This e f f e c t  remains unexp la ined . 

Denatured hemoglobin p robab ly  was no t  se rv ing  as a f a t t y  ac id  acc ep to r  

s in ce  albumin was no t  ab le  to  r e p la c e  i t  f u l l y .  In f a c t ,  th e  m ic e l l a r  

b i l e  s a l t  so lu t io n  p r e s e n t  in  t h i s  assay  system probab ly  served to  so lu 

b i l i z e  r e le a s e d  f a t t y  ac id s  (171), making an a d d i t io n a l  f a t t y  ac id  ac

c ep to r  unnecessary . Denatured hemoglobin behaves, in  t h i s  system, r e 

markably l i k e  the  r e c e n t ly  re p o r te d  " c o l ip a s e "  p r e s e n t  in  p ancreas  and 

p a n c re a t ic  ju i c e  (172, 173). This appears t o  be a low m o lecu la r  w eight 

p r o te in  (173) which i s  re q u ire d  fo r  optim al a c t i v i t y  of p u r i f i e d  p an c re 

a t i c  l i p a s e  when th e  enzyme i s  assayed in  a system co n ta in in g  b i l e  s a l t s  

(172). I f  b i l e  s a l t s  a re  absen t from the  system, optim al a c t i v i t y  occurs 

w ithou t th e  a d d i t io n  of c o l ip a s e .

When gum a r a b i c - s t a b i l i z e d  t r i o l e i n  em ulsions were u t i l i z e d  fo r
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assay  of p u r i f i e d  l i v e r  l i p a s e ,  albumin was re q u ire d  fo r  a c t i v i t y .  This 

a l t e r n a t i v e  system seems more e a s i l y  e x p l ic a b le  than  the  sodium ta u ro 

c h o la te  system. An exogenous f a t t y  ac id  acc ep to r  i s  p robab ly  r e q u ire d ;  

albumin i s  ab le  to  perform  t h i s  fu n c t io n  w hile  denatu red  hemoglobin i s  

n o t .  A requ irem en t f o r  albumin in assays  fo r  l i p o l y t i c  a c t i v i t y  has been 

r e p e a te d ly  dem onstra ted  (4 , 5, 161, 169, 174, 175). I t  i s  most in t r ig u in g  

t h a t  human plasma A-I p o ly p e p t id e ,  bu t  no t  A -II p o ly p e p t id e ,  was capable 

of mimicking th e  e f f e c t  of albumin in  t h i s  system. I t  appears  t h a t  A-1 

p o ly p e p t id e ,  on ly , i s  capab le  of b inding  long -cha in  f a t t y  a c id s  while 

both  a re  known to  be c o n s t i t u t i v e  p o ly p e p tid es  of human plasma a p o l ip o 

p ro te in  A (176).

E f f e c t s  of A dd itives  

Sodium c h lo r id e  and protam ine s u l f a t e  a re  c l a s s i c  i n h i b i t o r s  of 

l i p o p r o te in  l i p a s e  a c t i v i t y  from p o s t -h e p a r in  plasma (87, 168), adipose 

t i s s u e  (158, 174) and h e a r t  ( 8 6 , 161). Sodium c h lo r id e  c o n c e n tra t io n s  

adequate fo r  complete i n h i b i t i o n  of l ip o p r o te in  l i p a s e  ( 8 6 ) in h ib i te d  

a lk a l in e  l i v e r  l i p a s e  on ly  p a r t i a l l y .  The l i v e r  enzyme was no t a f fe c te d  

by pro tam ine s u l f a t e ,  whereas l ip o p r o te in  l i p a s e  i s  s t ro n g ly  in h ib i te d  

a t  s im i la r  c o n c e n t ra t io n s  (168). Rat ad ipose  t i s s u e  ho rm one-sens it ive  

l i p a s e  i s  a f f e c te d  m in im ally  by NaCl (157, 177). However, a s im i la r  en

zyme from human adipose  t i s s u e  whose hormone s e n s i t i v i t y  i s  no t y e t  

e s t a b l i s h e d  i s  p a r t i a l l y  in h ib i te d  by t h i s  s a l t  (163, 169); the  e x te n t  

of i n h i b i t i o n  i s  n e a r ly  i d e n t i c a l  to  t h a t  observed fo r  th e  l i v e r  l i p a s e .  

The ad ipose  t i s s u e  l i p a s e s  and a ho rm one-sens it ive  l i p a s e  from r a t  h e a r t  

have in  common an i n s e n s i t i v i t y  to  protam ine and a high degree  of s e n s i 

t i v i t y  to  NaF (158, 161, 163, 169, 177). Both c h a r a c t e r i s t i c s  were a lso
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observed f o r  l i v e r  a l k a l in e  l i p a s e .  In th e  p r e s e n t  s tudy ,  NaF was more 

i n h i b i t o r y  a t  a c o n c e n tra t io n  of 0 .2  M than  was NaCl a t  1 .0  M.

While th e  r e s u l t s  of s u b c e l lu la r  f r a c t i o n a t i o n  and l ip a s e  p u r i 

f i c a t i o n  in d ic a te d  t h a t  a c id ic  and a lk a l in e  l i v e r  l i p a s e s  were d i f f e r e n t  

enzymes, th e  c l e a r e s t  d i f f e r e n c e  was t h e i r  behav io r  when assayed in  the  

p resence  o f  the  d e te rg e n t  T r i to n  X-100. This compound has long been 

known to  in c re a s e  th e  a c t i v i t i e s  of a number of lysosomal h y d ro la se s ,  

p o s s ib ly  through th e  mechanism of s o lu b i l i z i n g  membrane-bound enzymes 

(120).  Routine assay  systems f o r  a c id ic  l i v e r  l i p a s e  f r e q u e n t ly  con ta in  

t h i s  d e te rg e n t  (13, 148, p r e s e n t  s tu d y ) ,  and even an ab so lu te  requirem ent 

f o r  i t  has been re p o r te d  (1 0 ) .  I t  was e s t a b l i s h e d  by M uller and,Alaupovic 

(17) t h a t  n e a r ly  complete in h i b i t i o n  of l i v e r  a lk a l in e  microsomal l ip a s e  

occurred  a t  a c o n c e n tra t io n  of T r i to n  X-100 which doubled th e  a c t i v i t y  

of lysosomal l i p a s e .  In the  p re s e n t  s tu d y ,  p u r i f i e d  a lk a l in e  l ip a s e  was 

in h ib i t e d  n e a r ly  75^ by a c o n c e n tra t io n  of T r i to n  X-100 which corresponded 

to  only  10^ of th e  amount r o u t in e ly  used in  ac id  l i p a s e  a ssay s .  Hormone- 

s e n s i t i v e  ad ipose t i s s u e  l i p a s e  i s  a l so  in h ib i t e d  by t h i s  d e te rg e n t  (157, 

159).

In a d d i t io n  to  i t s  extreme s e n s i t i v i t y  t o  non ion ic  T r i to n  X-100, 

a l k a l in e  l i v e r  l i p a s e  was com plete ly  i n h ib i t e d  by a 4 mM co n c e n tra t io n  of 

th e  an io n ic  b i l e  s a l t  sodium deoxycho la te .  Sodium ta u ro c h o la te ,  however, 

was no t a t  a l l  i n h i b i to r y  a t  th e  same c o n c e n tra t io n  (a lthough  some in 

h i b i t i o n  was observed a t  a 3 - fo ld  h ig h e r  c o n c e n t r a t io n ) .  I t  i s  i n t e r e s t 

ing to  r e c a l l  a t  t h i s  p o in t  th e  behavior of th e se  th r e e  d e te rg e n ts  in  

experim ents  in  which they  were t e s t e d  f o r  t h e i r  a b i l i t y  t o  se p a ra te  the  

enzyme from the  enzym e-substra te  complex. The s t ro n g ly  in h i b i to r y  com
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pounds, T r i to n  X-100 and sodium deoxycholate , were both capable of r e 

moving p r o te in  from th e  complex, while th e  r e l a t i v e l y  n o n - in h ib i to ry  

sodium ta u ro c h o la te  was not ab le  to  accomplish t h i s .  I t  i s  be l iev ed  

p o s s ib le  t h a t  th e  phenomena of in h ib i t i o n  and s e p a ra t io n  of p ro te in  from 

th e  complex a re  c lo s e ly  r e l a t e d .  T r i to n  X-100 and sodium deoxycholate 

may a c t  a t  th e  in t e r f a c e  of a t r i g l y c e r i d e  emulsion and, in  some fa sh io n ,  

re n d e r  i t s  su rface  p r o p e r t i e s  unfavorable  fo r  b inding  of th e  enzyme. In 

such a s i t u a t i o n ,  bo th  s e p a ra t io n  of the  enzyme from i t s  s u b s t r a te  and 

i n h i b i t i o n  of c a t a l y t i c  a c t i v i t y  would be expected to  r e s u l t .  Sodium 

ta u ro c h o la te ,  lack ing  t h i s  p a r t i c u l a r  i n t e r f a c i a l  e f f e c t ,  would not be 

expected to  a f f e c t  e i t h e r  b inding  or c a t a l y t i c  a b i l i t y .  As th e  i s o l a t i o n  

of emulsion-bound l ip a s e  was accomplished with the  a id  of sodium ta u ro 

c h o l a t e - s t a b i l i z e d  em ulsions, b inding can obviously  occur in th e  p resence 

of t h i s  d e te rg e n t .  Schoor and Melius (154) have likew ise  re p o r te d  t h a t  

p a n c re a t ic  l ip a s e  i s  adsorbed to  em u ls if ied  t r i g ly c e r i d e  in  th e  p resence 

of sodium ta u ro c h o la te  and independently  of the  co n ce n tra t io n  of b i l e  

s a l t .  No comparable d a ta  are  a v a i la b le ,  however, f o r  T r i to n  X-100 or 

sodium deoxycholate .

In f ra n a te s  i s o la te d  from emulsion-bound l ip a s e  p re p a ra t io n s  by 

sodium deoxycholate t rea tm e n t were enzym atica lly  in a c t iv e ,  w hile those  

r e s u l t i n g  from T r i to n  X-100 trea tm e n t  e x h ib i te d  e x c e l l e n t  a c t i v i t y .  I t  

i s  b e l iev ed  th a t  t h i s  was due to  the  f a c t  t h a t  T r i to n  X-100 could be r e 

moved from th e  in f r a n a te s  by u l t r a f i l t r a t i o n  while the  p o o r ly  so lub le  

sodium deoxycholate could n o t.  As mentioned e a r l i e r ,  la rg e  amounts of 

sodium deoxycholate were i d e n t i f i e d  in  th e  washed in f r a n a te  p re p a ra t io n s .  

I t  i s  l i k e l y  t h a t  th e  enzyme p re p a ra t io n  contained  enough d e te rg e n t  to
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cause i n h i b i t i o n  of l i p o l y t i c  a c t i v i t y .

The observed c o r r e l a t i o n  between removal of th e  enzyme from the  

complex and i n h i b i t i o n  of l i p o l y t i c  a c t i v i t y  i s  b e l iev ed  due t o  d i f f e r 

ing i n t e r f a c i a l  e f f e c t s  of d e te rg e n ts .  A s a t i s f a c t o r y  ex p lan a tio n  of 

th e se  e f f e c t s  i s  beyond th e  scope of t h i s  s tudy .  Numerous r e p o r t s  are 

a v a i la b le  on the  e f f e c t s  of b i l e  s a l t s  on th e  a c t i v i t y  of p a n c re a t ic  l i 

p a se .  Under c e r t a in  co n d i t io n s  th e y  appear to  be s t im u la to ry  (154, 170, 

178), i n h i b i to r y  (179),  or both (171, 172). While s u r f a c ta n t  p ro p e r t i e s  

of th e se  d e te rg e n ts  a re  g e n e ra l ly  invoked as an ex p lan a tio n  of th e  ex

p e r im en ta l  f a c t s ,  no s i t u a t i o n  analogous to  t h a t  in  th e  p re s e n t  s tudy has 

been r e p o r te d .  In the  s e v e ra l  s tu d ie s ,  however, in  which two or more 

b i l e  s a l t s  have been compared (171, 172) each s a l t  e x h ib i te d  unique prop

e r t i e s  of s t im u la t io n  and /or  i n h i b i t i o n .  I t  i s  th e re f o r e  unnecessary  to  

assume t h a t  sodium deoxycholate  and sodium ta u ro c h o la te  should behave 

s im i l a r l y  under th e  p r e s e n t  experim ental c o n d i t io n s .

A lkaline  l i v e r  l i p a s e  was no t in h ib i te d  by e s e r in e  s u l f a t e  or 

th e  organophosphate E-600. These c h a r a c t e r i s t i c s  d i f f e r e n t i a t e  i t  from 

c h o l in e s te r a s e s  (32) and l i v e r  a l i p h a t i c  or c a rb o x y le s te ra s e s  ( e . g . ,  49, 

51 ).

P u r i f ie d  p ig  l i v e r  l ip a s e  was in h ib i te d  by iodoacetam ide, in 

c o n t r a s t  to  the  r e s u l t s  ob ta ined  by Muller and Alaupovic (17) fo r  the 

microsomal enzyme. S e n s i t i v i t y  to  t h i s  compound i s  u s u a l ly  in t e r p r e te d  

as an in d ic a t io n  of th e  p resence of an -SH group a t  th e  a c t iv e  c e n te r  of 

an enzyme. However, i t  has been re p o r te d  t h a t  p a n c re a t ic  l i p a s e  i s  sen

s i t i v e  to  some -SH b inding  reag e n ts  bu t no t to  o th e rs  (180).  This was 

b e l iev ed  to  in d ic a te  th e  p resence of an -SH group n ea r ,  bu t not a t  the
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a c t iv e  c e n te r .  In th e  absence of com parative d a ta  on th e  e f f e c t  o f  o th e r  

-SH re a g e n ts  on a lk a l in e  l i v e r  l i p a s e ,  no f irm  conclusion  can be drawn.

The a c t i v i t y  of p u r i f i e d  a lk a l in e  l i p a s e  was enhanced by 10 mM 

EDTA b u t  was no t a f f e c te d  by 1 mM C a ^ .  The d a ta  in d ic a te  t h a t  th e  en

zyme does no t posse ss  a requ irem en t fo r  c a t io n s  such as C a ^ ,  a lthough  

th e  s t im u la to ry  behav ior  of EDTA i s  no t  unders tood . Waite and van Deenen 

(16) and Muller and Alaupovic (17) have a lso  observed s t im u la t io n  of l i v e r  

l i p a s e  by EDTA. Again, p ig  l i v e r  l i p a s e  seems to  be s im i la r  to  human 

adipose t i s s u e  l i p a s e  (163) and r a t  ad ipose t i s s u e  h o rm one-sens it ive  l i 

pase  (157) in i t s  lack  of requ irem en t fo r  Ca'*”*’. L ip o p ro te in  l i p a s e ,  on 

th e  o th e r  hand, i s  in h ib i te d  by EDTA (181) and p o sse sse s  a d i s t i n c t  r e 

quirem ent f o r  Ca"^ (174, 182). P a n c re a t ic  l i p a s e  i s  s t im u la te d  by Ca"^, 

and i t  has been proposed t h a t  t h i s  i s  due to  removal of f a t t y  a c id s  as 

soaps from the  in t e r f a c e  a t  which l i p o l y s i s  occurs (164).  In e f f e c t ,  

t h i s  would suggest t h a t  Ca"^ could re p la c e  albumin as a f a t t y  ac id  ac

c e p to r .  However, Ca"^ was no t ab le  to  s u b s t i t u t e  fo r  albumin in  th e  

p r e s e n t  s tudy . The s l i g h t  degree  of in h i b i t i o n  observed w ith  th e  r e l a 

t i v e l y  h igh (0 .1  M) c o n c e n tra t io n  of EDTA in  our r e s u l t s  i s  unexpla ined .

Comparison of L iv e r  L ipase and 
L ip o p ro te in  L ipase

The d i f f e r e n c e s  in  th e  pH optima and responses  to  i n h i b i t o r s  ex

h ib i t e d  by l i v e r  l i p a s e  and l i p o p r o te in  l i p a s e  have a lre a d y  been no ted .

The f in d in g  t h a t  each enzyme r e le a s e s  f a t t y  ac id s  from t r i o l e i n  only  in 

i t s  own s p e c i f i c  assay system i s  in c o n te s ta b le  p roof of t h e i r  non-iden

t i t y .  Moreover, l i v e r  l i p a s e  does n o t  po sse ss  the  c h a r a c t e r i s t i c  s p e c i 

f i c i t y  of l ip o p ro te in  l i p a s e  fo r  chylomicron and plasma l i p o p r o te in  sub-
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s t r a t e s  ( 8 6 , 87, 140, 141). The f a c t  t h a t  th e  l i p o p r o te in  p r e p a ra t io n s  

used in  th e  p r e s e n t  s tu d ie s  were human r a t h e r  th an  p o rc in e  i s  p robably  

im m ate r ia l ;  r a t  l i p o p r o te i n  l i p a s e  hydro lyzes  human l i p o p r o te in s  very  

w ell (8 7 ) .

P h y s io lo g ic a l  S ig n if ic a n c e  of 
A lka line  L iv e r  L ipase

In view of i t s  la ck  of s p e c i f i c i t y  f o r  chylomicrons and plasma 

very-low  d e n s i ty  l i p o p r o t e i n s ,  i t  seems u n l ik e ly  t h a t  p ig  l i v e r  a lk a l in e  

l i p a s e  could p a r t i c i p a t e  d i r e c t l y  in  th e  removal of such p a r t i c l e s  from 

th e  b loodstream  ^  v iv o , even assuming t h a t  th e  l i p o p r o te in s  came in to  

c o n ta c t  w ith  th e  enzyme. The l i p a s e  i s  a p p a re n t ly  no t lo c a l iz e d  in 

plasma membranes, sug g es tin g  t h a t  i t  p robab ly  does no t  have d i r e c t  con

t a c t  w ith  c i r c u l a t i n g  l i p o p r o t e i n s .  The h ig h ly  c o n t ro v e r s i a l  problem r e 

gard ing  th e  c a p a c i ty  of th e  l i v e r  t o  tak e  up d i e t a r y  t r i g l y c e r i d e  has 

been p re s e n te d  in  th e  Review of L i t e r a t u r e .  A lka line  l i v e r  l i p a s e  does 

no t  seem to  meet th e  requ irem en ts  f o r  an enzyme lA ich could p a r t i c i p a t e  

in  t h i s  p ro c e s s ,  i f  i t  does occur.

On th e  o th e r  hand, th e  r e p e a te d ly  noted  s i m i l a r i t i e s  between 

a l k a l in e  l i v e r  l i p a s e  and l i p a s e s  g e n e ra l ly  b e l iev ed  to  be s t im u la te d  by 

hormones such as ep in ep h r in e  and glucagon i n v i t e s  s p e c u la t io n  as to  a 

p o s s ib ly  s im i la r  p h y s io lo g ic a l  r o le  fo r  t h i s  enzyme. Some evidence t h a t  

ca tab o l ism  of f a t s  i s  s t im u la te d  by th e se  hormones (112, 113) has been 

re p o r te d  f o r  l i v e r ;  however, a r e l a t i o n s h ip  of t h i s  s e n s i t i v i t y  w ith  the  

a c t i v i t y  o f  a t r i g l y c e r i d e  l i p a s e  has n o t  been e s t a b l i s h e d .  I t  i s  gen

e r a l l y  recogn ized  t h a t  l i v e r  s a t i s f i e s  a la rg e  p a r t  i t s  energy needs from 

th e  o x id a t io n  of f a t t y  a c id s .  However, i t  has been assumed t h a t  the  in 
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c reased  amounts of f a t t y  ac id s  re q u ire d  by th e  l i v e r  du ring  p e r io d s  of 

s t r e s s  o r  s t a r v a t io n  a re  supp lied  to  i t  by th e  ho rm one-sens it ive  l ip a s e  

o f  ad ipose  t i s s u e  d e p o ts .  The presence  of a ho rm one-sens it ive  l i p a s e  in 

l i v e r  i t s e l f  "makes sense"  in  view of the  dependence of th e  organ on f re e  

f a t t y  a c id s .  Such an enzyme would a l s o  make the  l i v e r  more independent 

m e ta b o l i c a l ly ,  by enab ling  i t  to  u t i l i z e  endogenously sy n th es ized  or 

s to re d  t r i g l y c e r i d e s  du r in g  s t r e s s  s i t u a t i o n s  r a th e r  than  to  depend on 

exogenously supp lied  f a t t y  a c id s .

F u tu re  Areas of Study of A lkaline  
L iver  L ipase

The favored  h y p o th e s is ,  t h a t  p ig  l i v e r  a lk a l in e  l i p a s e  may be a 

ho rm one-sens it ive  enzyme, r e q u i r e s  immediate experim ental v e r i f i c a t i o n .  

Such s tu d ie s  a re  p r e s e n t ly  in the  p lann ing  s tag e  and w i l l  be undertaken 

soon.

A lkaline  l i v e r  l i p a s e  has been p u r i f i e d  some 80 to  100 -fo ld  in 

th e  p r e s e n t  s tu d ie s .  The p roduct i s  an e s s e n t i a l l y  l i p i d - f r e e  and r e l a 

t i v e l y  s ta b le  enzyme p r e p a ra t io n .  I t  i s  b e l ie v e d  t h a t  f u r th e r  s i g n i f i 

can t  p u r i f i c a t i o n  of the  enzyme may be achieved through the  techn iques  

of p r o te i n  chem is try .

C h a ra c te r iz a t io n  of th e  s u b s t r a t e  s p e c i f i c i t y  of a lk a l in e  l i v e r  

l i p a s e  i s  p r e s e n t ly  underway. Evidence a v a i la b le  in the  l i t e r a t u r e  sug

g e s t s  t h a t  th e  enzymes r e s p o n s ib le  f o r  l i p o l y s i s  of lo ng -cha in  t r i g l y 

c e r id e s  a re  d i f f e r e n t  from those  c a ta ly z in g  the  h y d ro ly s is  of long-cha in  

m onoglycerides in  l i v e r  (102, 103), ad ipose  t i s s u e  (159, 175, 183), plasma 

(95, 184) and pancreas  (185).  None of the  s tu d ie s  concerning l i v e r ,  how

e v e r ,  have been c a r r i e d  ou t  on p u r i f i e d  enzyme p re p a ra t io n s .  A lkaline



120

l i p a s e  w i l l  th e re fo re  be t e s t e d  f o r  i t s  a b i l i t y  to  hydrolyze p a r t i a l  g ly 

c e r id e s  of o le ic  a c id .  S p e c i f i c i t y  fo r  f u l l  and p a r t i a l  g ly c e r id e s  w ith 

s h o r te r  chain leng th  f a t t y  ac id s  w i l l  a l so  be exp lo red . A lkaline  l i v e r  

l i p a s e  was no t a f fe c te d  by s e v e ra l  e s te r a s e  i n h i b i t o r s .  F in a l  p roof of 

i t s  i d e n t i t y  o r  n o n - id e n t i ty  w ith  l i v e r  e s t e r a s e ,  however, w i l l  depend 

on i t s  s p e c i f i c i t y  toward e s te r a s e  s u b s t r a t e s .



CHAPTER VI 

SUMMARY

A t i t r i m e t r i c  method of assay  f o r  long -cha in  f a t t y  a c id s ,  based 

on the  co lo r  change of N ile  Blue i n d i c a to r ,  has been adapted fo r  spec- 

t ro p h o to m e tr ic  q u a n t i t a t i o n .  The method e l im in a te s  th e  human b ia s  of 

manual endpoin t t i t r a t i o n s  and p rov ides  r a p id  de te rm in a tio n  of 0  to  0 . 6  

jimoles of f a t t y  ac id s  r e le a s e d  from long -cha in  g ly c e r id e s  by l i p o l y s i s .

The s u b c e l lu la r  d i s t r i b u t i o n s  of a c id ic  (pH 4 .5 )  and a lk a l in e  

(pH 7 .5 )  long-cha in  t r i g l y c e r i d e  l i p a s e s  of p ig  l i v e r  have been s tu d ie d .  

The a c id ic  l i p a s e  dem onstrated  h ig h e s t  r e l a t i v e  s p e c i f i c  a c t i v i t y  in  th e  

l i g h t  m itochondria l  f r a c t i o n ,  and i t s  d i s t r i b u t i o n  c lo s e ly  p a r a l l e l e d  

t h a t  of the  lysosomal marker enzyme, ca th ep s in  D. The lysosomal o r ig in  

of t h i s  l i p a s e  was confirm ed. Approximately 6 (% of th e  a lk a l in e  l i p o 

l y t i c  a c t i v i t y  re s id e d  in  the  so lu b le  f r a c t i o n ,  bu t a c l e a r c u t  peak of 

r e l a t i v e  s p e c i f i c  a c t i v i t y  was no t observed f o r  any s u b c e l lu la r  f r a c t io n .  

The d i s t r i b u t i o n  of t h i s  a c t i v i t y  f a i l e d  to  p a r a l l e l  t h a t  of marker en

zymes f o r  m itochondria ,  lysosomes, microsomes or plasma membranes. The 

observed d i s t r i b u t i o n  might r e f l e c t  the  p resence  of s ev e ra l  l i p a s e s ,  bu t 

evidence suggests  t h a t  on ly  one enzyme i s  p r e s e n t ,  l o c a l iz e d  p r im a r i ly  

in  th e  cytoplasm and e x h ib i t in g  a tendency to  bind to  membranous p a r t i 

c l e s ,  p o s s ib ly  due to  i t s  l i p o p h i l i c  n a tu re .
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F u r th e r  in fo rm ation  on th e  n a tu re  of th e  a lk a l in e  l i p a s e  has 

been sought through p u r i f i c a t i o n  of th e  enzyme from th e  s o lu b le  f r a c t i o n .  

U l t r a c e n t r i f u g a l  i s o l a t i o n  of th e  enzyme bound to  a s u b s t r a t e  emulsion 

and s e p a ra t io n  of the  enzyme from the  emulsion by d e n s i ty - g r a d ie n t  cen

t r i f u g a t i o n  in  d e te rg e n t -c o n ta in in g  media provided  an approximate 9 0 - fo ld  

p u r i f i c a t i o n  w ith  reco v e ry  of 16% of th e  i n i t i a l  a c t i v i t y .

P u r i f ie d  a lk a l in e  l ip a s e  has a pH optimum of 7 .2 5 ,  r e q u i r e s  45 

pmoles of em u ls if ied  t r i o l e i n  fo r  optim al a c t i v i t y ,  and ceases  to  l i b 

e r a t e  f a t t y  ac id s  a f t e r  15 to  30 m inutes of in c u b a t io n .  F a t ty  ac id  r e 

le a s e  i s  l i n e a r  w ith  r e s p e c t  t o  enzyme c o n c e n t ra t io n ,  and th e  a c t i v i t y  

i s  des tro y ed  by h ea t in g  a t  60° or 1 0 0 ° .

Two assay  systems are  capable of suppo rting  optim al a c t i v i t y  of 

th e  l i p a s e .  One system employs sodium ta u ro c h o la te  as em u ls ify ing  agent 

f o r  th e  t r i g l y c e r i d e  s u b s t r a t e  and r e q u i r e s  denatu red  hemoglobin f o r  ac

t i v a t i o n .  The a c t iv a t in g  c a p a c i ty  of th e  dena tu red  hemoglobin i s  no t 

unders tood .  The second system employs gum a r a b i c - s t a b i l i z e d  emulsions 

and r e q u i r e s  albumin, p robab ly  as f a t t y  ac id  a c c e p to r ,  f o r  maximal ac 

t i v i t y .  The sodium t a u r o c h o la t e - s t a b i l i z e d  em ulsions of th e  f i r s t  s y s 

tem are  coagu la ted  by e l e c t r o l y t e s ,  w hile  gum a ra b ic  s t a b i l i z e d  emul

s io n s  a re  n o t .  For t h i s  reason  the  second system i s  p r e f e r r e d  fo r  s tu d y 

ing the  e f f e c t  of a d d i t iv e s .

A lkaline  l i v e r  l i p a s e  i s  in h ib i t e d  by NaCl, NaF, T r i to n  X'lOO, 

sodium deoxycholate  and iodoacetam ide. I t  i s  no t in h ib i t e d  by protam ine 

s u l f a t e ,  E-600, e s e r in e  s u l f a t e ,  Ca"^ and lower c o n c e n tra t io n s  of sodium 

ta u ro c h o la te  and EDTA. Higher c o n c e n tra t io n s  of sodium ta u ro c h o la te  and 

EDTA are  m ild ly  in h i b i t o r y .  Ca cannot r e p la c e  albumin as f a t t y  acid
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a cc e p to r  in  t h i s  system. The responses  o f  a lk a l in e  l i v e r  l i p a s e  to  v a r 

ious  a d d i t iv e s  serve  to  d i f f e r e n t i a t e  i t  from a c id ic  l i v e r  l i p a s e ,  pan

c r e a t i c  l i p a s e ,  and l i p o p r o t e i n  l i p a s e .  Moreover, the  enzyme f a i l s  to  

e x h ib i t  a c t i v i t y  in  a system s p e c i f i c  f o r  th e  d e te c t io n  of l ip o p r o te in  

l i p a s e  and shows l i t t l e  o r  no c a p a c i ty  t o  hydrolyze chylomicrons or 

plasma very -low  d e n s i ty  l i p o p r o t e i n s .  The e f f e c t s  of a d d i t iv e s  on l i v e r  

l i p a s e  s u g g es t ,  on th e  o th e r  hand, a c lo se  s i m i l a r i t y  between t h i s  en

zyme and o th e r  mammalian l i p a s e s  g e n e ra l ly  b e l iev ed  to  be hormone-sen

s i t i v e .
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