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Studies on lipoprotein lipase of rat heart and adipose tissue 

Lipoprotein lipase, an enzyme which appears  to be identical wi th  the clearing factor of 
post-hepar in  p lasma 1, was previously found in dilute ammonia  extracts  of rat  hear t  acetone 
powder  2, 3,4 The present  paper  demonst ra tes  the presence of lipoprotein lipase in aqueous extracts  
of adipose tissue, and tha t  the enzyme from both sources requires one of several cations for activity 
and is inhibited by  p-chloromercuribenzoate (PCMB). 

E x p e r i m e n t s  wi th  heart e n z y m e  

As shown on Table I, l ipoprotein lipase is inactive in the absence of any added cation. 
I t  is act ivated by  0.oo 5 to 0.02 M CaC12 and 0.025 to 0.2 M NH4C1. MnC12, MgC12 and SrC12 
behave identically to CaC12 while (NH4)zSO 4 is active at the same concentrat ions as NH4C1. 
NaCl, KCI, LiC1, RbC1, (CHs)4NC1 and BaC12 are completely inactive. NH4C1 and (NH4)2SO 4 
inhibit  l ipoprotein lipase at a concentrat ion of 0. 3 to 0. 5 M, the same range tha t  NaCI and KC1 
inhibit  the enzyme 3. The divalent cations all inhibit completely at a concentrat ion of 0.o 5 M .  

TABLE I 

CATION REQUIREMENT OF RAT HEART LIPOPROTEIN LIPASE 

The incubation mixture  contained the following in a total  volume of i ml: 0.2 ml of lipoprotein 
lipase*, o.i ml of activated coconut oil* *, 0. 4 ml of io % albumin (pH 8.5) , IO y of sodium heparin 
and other  additions as noted. The vessels were incubated at 37 ° for i hour  and 0.05 ml aliquots 

used for the glycerol determinat ions 3. 

Vessel A ddition Glycerol 
/*Mole 

i None o 
2 CaC12, o.ooi M o 
3 CaCI~, o.oo 5 o.6 
4 CaC12, o.oi o.8 
5 CaC12, 0,02 0.68 
6 CaCI 2, o.o5 o 
7 CaCl_o, o.oo5*** o.25 
8 CaCI~, o.oi*** o.44 
9 NH4C1, o.ol o 

io NH4C1 , 0.025 0.73 
I i NH4CI, o.05 0.82 
12 NH4C1, 0.2 0.8 
13 NHaCI, 0. 4 0. 4 
14 NH4CI, 0.05 + NaC1, 0. 3 M o.6 
15 NH4C1, 0.05 + NaC1, 0. 5 o 
16 NHaCI, 0.2 + NaC1, 0. 3 o 

* Lipoprotein lipase was prepared by extract ing 5 ° mg of rat  heart  acetone powder  with 
I ml of o.o25 N N H  a for 3 ° minutes  at o °. 

** Activated coconut  oil was prepared by incubating a I. 5 O//o solution of coconut oil (Abbott  
Laboratories) in whole, normal  h u m a n  serum for 30 minutes at 37 ° C. 

*** Hepar in  omitted.  

The inhibition by  NaC1 is not due to competi t ion with the required cation. The concentra t ion 
of NaC1 necessary to inhibit enzymic activity decreases with increasing NH4CI concentrat ion.  
In  fact, inhibition is complete when the total salt concentrat ion reaches o. 5 M, irrespective of 
the ions present.  

Although the heparin act ivation cannot  be demonst ra ted  in the absence of the required 
cations, the cation effect is demonstrable  in the absence of heparin.  The degree of act ivat ion 
by both  heparin and the cations is dependent  only upon the absolute level of each and not  their  
relative concentrations.  

Lipoprotein lipase is inhibited by  relatively high concentrat ions of PCMB (Table II) .  The 
inhibition is apparent ly  due to an interaction with the enzyme protein and not  the subs t ra te  
protein. I t  is not  readily reversible with cysteine. 

Pancreatic lipase is inhibited by  approximately  the same concentrat ion of PCMB 5. I t  is also 
act ivated by  calcium ions ~. This effect of calcium ions has been a t t r ibuted  to their abili ty to  
precipitate the fa t ty  acids as they are formed and thus  remove an end product  which inh ib i t s  
fur ther  hydrolysis. This explanat ion would not  appear  valid for the Iipoprotein lipase sys tem 
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s ince  ( t )  a l b u m i n  is p r e s e n t  in a c o n c e n t r a t i o n  suff ic ient  to b i n d  t h e  f a t t y  ac ids  a n d ;  (2) a m n l l m i u n l  
ions,  w h i ch  do  n o t  f o r m  inso lub le  soaps ,  a r e  a lso a c t i v e .  

T A  B I , E  11 

I N H I B I T I O N  O F  R A T  H E A R T  L I P O P R O T E I N  L I P A S E  B Y  ] ) C i V i l {  

T h e  i n c u b a t i o n  m e d i u m  c o n t a i n e d  t he  fo l l owing  in a t o t a l  v o l u m e  of t m l :  o.-' m l  of l i p o p ro t e in  
l ipase,  o . I  m l  of a c t i v a t e d  c o c o n u t  oil, o. 4 m l  of ~o ° o a l b u m i n ,  o .o l  ml  of i M MnCI~ a n d  H ) 7  
of s o d i u m  h e p a r i n .  T h e  l i p o p r o t e i n  l ipase  w a s  p r e i n c u b a t e d  for  To m i n u t e s  a t  3 T  C w i t h  or  

w i t h o u t  P C M B  as i n d i c a t e d .  T h e  vesse l s  w e r e  i ncu t ) a t ed  a t  37 for  i hour .  

PCMB concentration 
Vexsel Glycerol 

Preincubalion Incubation p.~lole 

t o o 0.45 
-' o o .oo25 M o.40 
3 o o.005 0.37 
4 O 0 .  O I O,  I 

.5 O O . O I  5 t)  

~) o . o t o M  0.00_, 5 0.2 
7 O.OI 7 0.005 o 

Experiments with adipose lissue enzyme 

P e r i r e n a l  a n d  t e s t i c u l a r  fa t  w e r e  e x t r a c t e d  for  3 ° s eco n d s  a t  2 '  w i th  an  eq u a l  v o l u m e  of 
d i s t i l l ed  w a t e r  in a \ V a r i n g  B l e n d o r .  T h e  m i x t u r e  w a s  c e n t r i f u g e d  a t  2 '~ for  3o m i n u t e s  a t  25,ooo :< g 

T:\I31A~ I l l  

L I P O P R O T E I N  L I P A S E  A C T I V I T Y  O F  A Q U E O U S  E X T R A C T S  O I  g R A T  A I ) I P O S E  T I S S U F  

T h e  i n c u b a t i o n  m e d i u m  c o n t a i n e d  o. i m l  of s u b s t r a t e  ( c o n t a i n i n g  1. 5 ° o t r i g lyce r ide ) ,  o. 4 m l  of 
l O %  a l b u m i n  ( excep t  w h e r e  i n d i c a t e d )  a n d  l i p o p r o t e i n  l ipase  in a t o t a l  v o l u m e  of J ml.  I n c u -  

b a t i o n s  w e r e  c a r r i e d  o u t  a t  37 ° for  t h o u r .  

Vessel Enzyme* Substrate* Other additions** Glycerol 
ml. 1, Moh" 

1 0. 3 N o n e  N o n e  o 
2 0. 3 C.O.  N o n e  0. l 
3 o. 3 R a t  c h y l e  N o n e  o.55 
4 o . I  A.C.O.  N o n e  o. i i 
5 o . ;  A.C.O.  N o n e  o. 3 i 
6 o. 3 A.C.O.  N o n e  o.4o 
7 0.3 W . A . C . O .  No  a l b u n l i n  p r e s e n t  o .07 
8 o. 3 \V . A . C . O .  A l b u m i n ,  o. 5 % o .2o  
9 0. 3 W . A . C . O .  A l b u m i n ,  I.O o.26 

IO o. 3 \ ¥ . A . C . O .  A l b u m i n ,  3.o o.4o 
I I  0.3 A.C.O.  P r o t a m i n e ,  5" xo-~ M o . l o  
12 0. 3 A.C.O.  P r o t a m i n e  -F h e p a r i n ,  300 ~, o.3o 
13 0. 3 A.C.O.  NaC1, o.5 31 o 

4 o. 3 A.C.O.  t ~ y r o p h o s p h a t e ,  o .o i  3 M o 
15 0. 3 A.C.O.  P C M B ,  0 .007 M o. l [ 
16 0. 3 A.C.O.  P C M B ,  o.o12 o 
17 o. 3 A.C.O.  NH4CI ,  o.2:11 o.19 
18 0. 3 A.C,O.  NH,tC1 , 0. 4 o 
19 0. 3 A.C.O.  CaCI~, O.Ol .'ll o.29 
20 0. 3 A.C.O,  CaC12, 0.04 o.o5 

* T h e  fo l lowing  a b b r e v i a t i o n s  a r e  u s e d :  C.O.  --  c o c o n u t  oil ( A b b o t t  L a b o r a t o r i e s ) ,  A.C.O. --  
a c t i v a t e d  c o c o n u t  oil (a 1.5 % so lu t i on  of  c o c o n u t  oil in who le ,  n o r m a l  h u m a n  s e r u m  i n c u b a t e d  
fo r  3 ° m i n u t e s  a t  37°),  W . A . C . O .  = w a s h e d  a c t i v a t e d  c o c o n u t  oil (A.C.O.  w h i c h  h a d  b e e n  w a s h e d  
r e p e a t e d l y  b y  c e n t r i f u g a t i o n  so t h a t  no  r e s i d u a l  s e r u m  r e m a i n e d ) .  

** T h e  p r o t a m i n e ,  NaC1, p y r o p h o s p h a t e  a n d  P C M B  w e r e  p r e i n c u b a t e d  w i t h  t h e  e n z y m e  a t  
t h e  c o n c e n t r a t i o n  i n d i c a t e d  for  3 ° m i n u t e s  a t  o °. T h e  h e p a r i n  w a s  a d d e d  to  t h e  m i x t u r e  of e n z y m e  
a n d  p r o t a m i n e  a n d  p r e i n c u b a t e d  for  a n o t h e r  3 ° m i n u t e s  a t  o °. T h e  NH4C1, CaCI~ a n d  a l b u m i n  
w e r e  a d d e d  d i r e c t l y  to  t h e  i n c u b a t i o n  vesse l  in t h e  c o n c e n t r a t i o n s  i n d i c a t e d .  
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and the aqueous layer collected from beneath  the solidified fat. The protein concentrat ion of 
this solution was approximate ly  4 mg/ml  (determined spectrophotometrically7). The enzymic 
activity per  mg of protein is 3 to 4 t imes greater than  the ra t  hear t  preparat ions.  

The evidence tha t  this aqueous extract  contains lipoprotein lipase is summarized in Table I I I .  
The lipolytic enzyme from adipose tissue is identical to rat  heart  l ipoprotein lipase in the following 
respects: (i) it catalyzes the hydrolysis  of the triglyceride moiety of chylomicrons and activated 
coconut oil (coconut oil pre- incubated with serum or al-lipoproteins),  while coconut oil itself 
is hydrolyzed only slightly4; (2) it requires a fa t ty  acid acceptor (viz. albumin)3; (3) it is inhibited 
by  5'  lO-5 M protamine  z, 0.2-0. 4 M NaC1 and NHaC1, o.oi M sodium pyrophospha te  3, o.oi 1a¢ 
PCMB and 0.02-o.04 M CaClz (MnClz, MgC1 z or BaC12). I t  appears  to differ from ra t  heart  lipo- 
protein lipase in tha t  no heparin  z or cation requirements  can be shown. Aqueous extracts  of an 
acetone powder  of ra t  adipose tissue also contain lipoprotein lipase activity (Table IV). Activation 
by heparin  and ammo n i um  and calcium ions is demonstrable  in these preparat ions.  

TABLE IV 

LIPOPROTEIN LIPASE ACTIVITY OF AQUEOUS EXTRACTS OF AN 
ACETONE POWDER OF RAT ADIPOSE TISSUE 

The incubation medium contained o.i ml of subs t ra te  (containing 1. 5 % triglyceride), 0. 4 ml of 
lO% albumin, l ipoprotein lipase* and other  addition as indicated in a total  volume of I ml. 

Incubat ions  were carried out  at 37 ° for i hour. 

Vessel Enzyme Substrate** Heparin (RH4)~SO ~ CaC12 Glycerol 
ml zo ?/ml M M 12Mole 

i o.i  Ra t  chyle 2_ 0.05 __ 0. 4 
2 o.I A.C.O. 2_ 0.05 - -  0.44 
3 o.1 C.O. + 0.05 - -  0.07 
4 0. 4 A.C.O. - -  - -  - -  0.56 
5 0. 4 A.C.O. + - -  - -  o.61 
6 0. 4 A.C.O. - -  0.o 5 - -  0.49 
7 0. 4 A.C.O. 2- 0.05 - -  0.94 
8 0. 4 A.C.O. 2- - -  o.oo 5 1.o 7 

" 25 mg of acetone powder  extracted with I ml of water  for 3 ° minutes  at o% The protein 
concentrat ion of the ex t rac t  is approximate ly  6 mg/ml. 

** Abbrevia t ions  same as in Table I I I .  

Previous invest igators  have noted only slight lipolytic activity in adipose tissue with simple 
triglycerides as subs t ra te  s. Lipoprotein lipase may, therefore, be the major,  if not  the only, lipase 
in adipose tissue. This is significant with respect to fat  t ranspor t .  KELLNER 9 has reported t h a t  
the capillary endothel ium is permeable to lipoprotein molecules and tha t  serum lipoproteins are 
present  in extracellular and tissue fluids al though in somewhat  lower concentrat ion than  in blood. 
Thus, serum lipoproteins, and not  simple triglycerides, may  be the major  subs t ra tes  for t issue 
lipases. Lipoprotein lipase, therefore, would appear  to be of major  importance in fat  t r anspor t  
and deposition. 
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