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SUMMARY 

I The rate of inactivation of i lpoprotem hpase (glycerol-ester hydrolase, EC 
3-1 I 3) in dilute buffered saline solutions has been investigated, and found to be 
dependent on the iomc strength of the incubation medium and not upon Its molar 
concentrat ion 

2 Unesterlfied long-chain fa t ty  acids protect  the enzyme from the effects of 
ions by formation of stabahsed enzyme-free fa t ty  acid complexes. 

3. Lipoprotem hpase purified from post-heparm plasma, or adipose, heart,  lung 
or diaphragm tissues shows the same first-order kinetics of reactivation in each case, 
and appears to represent a single enzyme species_ 

4 Crude enzyme preparations from these tissues are partially stablhsed in 
comparison with the purified enzyme_ 

INTRODUCTION 

Lipoproteln hpase (clearing factor lipase) (glycerol-ester hydrolase, EC 3-1 1-3) 
catalyses the hydrolysis of the triglycerlde moiety  of chylomlcrons and low-density 
lipoprotems, and is probably involved in the uptake of triglycerlde fa t ty  acids from 
the blood1, ~ I t  is released into the bloodstream following the intravenous injection 
of heparln 3 The enzyme has also been studied using acetone-dried powders of several 
tissues mcludlng heart  and adipose tissues ~-6 Although the enzyme activi ty from these 
sources is identical in m a n y  properties a difference in the 'act ivation energies' of heart  
and adipose tissue enzyme preparations has recently been reported 7. In  the present 
s tudy the different rates of inactivation of several enzyme preparations in buffered 
saline solution have been investigated_ Evidence is presented tha t  the differences 
observed may  be the result of the binding of different amounts  of a stablhsing factor 
to a single enzyme species. 

MATERIALS AND METHODS 

Fully fed, male, Wlstar  strain albino rats were used throughout  Whole blood 
from rats welghmg 300-400 g was collected from the dorsal aorta into 0.05 vol of 
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7 5%,  W/V, sodium citrate in plastic tubes After centrifugatlon at 25oo × g for 2o min 
the plasma was recalclfied with o 025 vol of I M CaCI 2, and after removal of the fibrin 
clot the serum was dlalysed overnight against IOO vol of o.145 M NaC1 at 4 °. Trl- 
glyceride emulsion (Intrahpld 20 °/o, Vltrum, Stockholm, Sweden) was incubated with 
19 vol. of serum for I h at  37 ° to produce hpoprotem substrate 6 In  some experiments 
further  purification of this substrate was carried out by  centrlfugatlon of the hp ld -  
serum mixture at 75 ooo × g for I h The upper  lipid layer was resuspended in the same 
volume of o 145 M NaC1 The centrlfugation and resuspenslon procedure was repeated 
twice, and the final hpld supernatant  suspended in o 145 M NaC1 and used within 24 h 

All mampulat lons  involving enzyme solutions were carried out at 4 °. Epid ldymal  
adipose tissue obtained from rats weighing 12o-14o g was homogenlsed in o.145 M NaC1 
(I ml sahne/epldidymal fat pad) for IO sec at the top speed of a Sllverson blender. The 
homogenate  was extracted with 4 ° vol of acetone and 20 vol. of diethyl ether, and the 
precipitate dried under  vacuum 8. The dned  mat te r  was shaken gently with 0.05 M 
Tris-HC1 buffer (pH 8 I) containing heparm (Evans Medical Co,  Liverpool, Great 
Britain) at I o I .U / m l ,  for I h (15 mg dried residue per ml of buffer). Heparm increased 
the amount  of enzyme liberated into solution bu t  was without  effect on its properties. 
The homogenate  obtained was centrifuged at 5000 × g for 30 mln and the supernatant ,  
which contained 3-4 mg protem/ml (by the method of LowRY et al 9) and lO-15 enzyme 
units/ml" was used as a source of adipose tissue hpoproteln lipase Three further  
extractions with fresh portions of buffer removed over 9 ° °/o of the homogenate enzyme 
act lvl ty Into solution In  most  experiments the supernatant  from a single extraction 
was used_ This contained about  60 ~o of the homogenate  activity. Supernatant  prepa- 
rations of heart,  lung and diaphragm tissue enzyme were prepared in the same way 

Post-heparin plasma was taken from rats which had been miected IO min 
previously with heparm (IOO I U./kg) wa the femoral vein The plasma after centrlfu- 
gatlon was extracted with 4 ° vol of acetone and 20 vol of dlethyl ether. The dried 
powder was dissolved in Trls buffer-heparm (15 mg/ml) This solution had an act ivi ty 
of lO-15 unlts/ml. Bovine serum albumin (Armour Pharmaceut ical  Co_, Eastbourne,  
Great Britain) was added as carrier protein in some experiments 

Prehmlnary  experiments to purify the enzyme from plasma and tissue prepa- 
rations showed tha t  absorption on Ca3(PO4) 2 gel, which gave good punficatlons with 
human  post-heparln plasma enzyme 1°,11 was unsuitable for use with the enzyme from 
rat  plasma or tissue Following the technique of NIKKILA 1° no more than 20% of the 
absorbed enzyme could be recovered in the citrate eluate following oxalate t rea tment  
Two other methods gavlng almost complete recovery have been used in the purification 
of the enzyme from the rat  When  pos t -hepann plasma was diluted with 15 vol of 
distilled water, and the pH adjusted to 5-7 with o I M HC1, the whole hpoprotem hpase 
act lvl ty  was precipitated 12 After centrlfugation at 2500 × g for 20 mln this precipitate 
was dissolved m Trls buffer-heparm and the solution extracted with acetone and 
ether as before. The dried powder was finally re-dissolved in the same buffer An 
8- io- fo ld  purification was obtained 

Llpoprotein lipase forms a stable complex with its substrate and has been purified 
several Ioo-fold from human  plasma by separation of the upper  hpld layer after 
centrifugatlon of the p lasma-subst ra te  mixture 13 Post-heparln plasma or tissue 

" One enzyme unit catalyses the release of I/zmole of free fatty acid per h 
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enzyme solut ion from the  ra t  was mixed  with  an equal  volume of purified subs t r a t e  
p repared  as described,  and  the mix tu re  s tood in ice for I h I t  was then cent r i fuged 
at  75 ooo X g for I h and the upper  layer  separa ted  and resuspended as descr ibed 
The process was repea ted  4 t imes Purif icat ion from p lasma  was 3oo-5oo-fold,  from 
adipose tissue 4 ° 5o-fold_ However ,  the  s t ab i l i ty  of the  enzyme ob ta ined  af ter  a single 
t r e a tmen t  is not  changed by  fur ther  purif icat ion Af te r  add i t ion  of carr ier  pro te in  the  
mix tu re  of l ipid and bound  pro te in  was ex t rac ted  with  acetone and e ther  and  the  dr ied 
powder  made  up in Trls buf fe r -hepar ln  

Bovine serum a lbumin was freed of bound  long-chain f a t t y  acid 14 and a 5°/0 
solution (pH 7 4), made  up in o 145 M NaC1 Solutions of the  po tass ium sal ts  of long- 
chain f a t t y  acids (oleic, stearlc,  palmit lc ,  linoelc, hnolenic acids, Calblochem, Calif., 
more  than  99~o pure,  confirmed in the  l abo ra to ry  b y  ga s -hqu ld  ch roma tog raphy  of 
the  me thy l  esters) were p repared  in twice the  ca lcu la ted  q u a n t i t y  of o.I  M K O H  at 5 o°, 
d i lu ted  as required with  o 145 M NaC1. F a t t y  acid at  known concent ra t ions  was bound  
to the  defa t t ed  a lbumin p repara t ion  15 

An assay sys tem based on tha t  suggested b y  ROBINSON 2 has been used. I ml 
of enzyme solution in Tris  buf fe r -hepar ln  was mixed  with the  same volume of o 145 M 
NaC1, and added  to 3 ml of the followmg assay mix tu re :  24 ml of 15%, w/v, bovine 
serum a lbumin in Krebs  Ringer  solut ion (pH 8 I) + 4-3 ml of TrIs-HC1 buffer, I 35 M 
(pH 8 I) + 14 ml of p l a sma- t r ig lyce r lde  mix ture  p re - incuba ted  as descr ibed + 0. 7 ml 
of heparln solut ion in o.I45 M NaC1 (4 ° I .U /n i l )  Two ini t ia l  samples  of I ml of react ion 
mix tu re  were taken  for measurement  of the  free f a t t y  acid content  16 The react ion 
flask was incuba ted  m a shaking wate r  ba th  at  37 ° for periods of up to 2 h, af ter  which 
two fur ther  I -ml  samples were taken  for assay of free f a t t y  acid as before Control  
flasks conta ining buffer wi thout  enzyme were incuba ted  rout ine ly  The increase in 
the  free f a t t y  acid of the  flask conta ining enzyme, corrected for any  increase in the 
control  flask, gave the  enzyme ac t iv i ty  of the  original  enzyme solution in the  units  
defined Dupl ica te  assays were reproducible  to within 50/0 . Under  the  condit ions 
descr ibed the product ion  of free f a t t y  acid was zero order  and linear. 

In  the  absence of added  subs t ra te  no free f a t t y  acid was produced  from the 
ace tone-e the r  ex t r ac t ed  enzyme prepara t ions  I n t r a h p l d  t r lg lycer ide  emulsion in the  
absence of p lasma  was not  hydro lysed  b y  the enzyme (cf ref 4)- 

RESULTS 

Effects of buffer concentration and zomc strength on adzpose tzssue enzyme 
The acetone- and e the r -ex t rac ted  powder  from adipose tissue e n z y m e - s u b s t r a t e  

complex was dissolved in e i ther  Tris-HC1 buffer, 0.088 M, I ~ o 04 (pH 8 I) or m 
Na2HPO4-NaH2PO 4 buffer, o o137 M, I ~ o 04 (pH 8 i) ,  15 mg powder  per ml of 
buffer in each case. Each  buffer conta ined hepar ln  (o-5 I U / m l )  By  di lut ion with  
dist i l led wate r  or wi th  ei ther  buffer a t  higher  concentra t ion (1 0.20) solutions of the 
same concentra t ion  of enzyme bu t  made  up  in buffer of I o o i - o  IO were p repared  The 
propor t ion  of ini t ia l  enzyme ac t iv i ty  remaining  af ter  an incubat ion  of I h at  37 ° was 
measured  In  other  exper iments  pa r t  of the ionic s t rength  cont r ibut ion  of the  buffer 
was replaced with NaC1 or MgCle In no case did  these changes affect the  enzyme assay 
The differences found were therefore due to loss of enzyme ac t iv i ty  during incubat ion,  
not  to inhibi t ion of the  assay The results  of such an exper iment  are shown in Fig. I .  
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Fig  1 The effect of increased ionic s t r e n g t h  on the  s t a b i l i t y  of purif ied adipose  t i ssue  enzyme  
Two 2-ml samples  of adipose tmsue enzyme purif ied f rom e n z y m e - s u b s t r a t e  comp l ex  (6 4 enzyme 
un l t s /ml )  in Na2HPO4-NaH2PO 4 buffer (o o137 M) or Tns -HC1  buffer (o o88 M), p H  8 i m each 
case, and  d i lu t ed  to  I o o i - o  i, m one case assayed  d i rec t ly  af ter  add i t i on  of 3 ml  of assay  mix-  
ture ,  m the  o ther  i n c u b a t e d  I h a t  37 ° before assay  in the  same w a y  The resul t s  are expressed  
a~s the  p ropor t ion  of a c t i v i t y  assayed  dJrect ly  recovered af ter  the  i ncuba t ion  per iod © - - C ) ,  
Trls  HC1 buffer,  O---D, N a 2 H P O 4 N a H 2 P O  4 buffer,  & - - A ,  Tns  buffer, I -  o oI + NaC1, 
A A ,  phospha t e  buffer, I = o oI + NaC1 

At  low lomc s t rength,  the  same ra te  of loss of ac t i v i t y  was o b t a m e d  wi th  bo th  buffers 
Above  I = o 05 phospha te  showed a greater  effect Subs t i tu t ion  of NaC1 for Tris-HC1 
buffer d id  not  change the propor t ion  of enzyme ac t iv i ty  recovered,  p rov ided  t ha t  the  
ionic s t rength  was unchanged  Subs t i tu t ion  of NaC1 for phospha te  reheved  in pro-  
por t ion  the  ex t r a  mh ib l t o ry  effect of this  buffer In  the  presence of Trls-HC1 buffer, 
MgC12 inhib i ted  to a greater  ex ten t  t han  pred ic ted  on grounds of ionic s t rength  alone. 
Add i t ion  of MgCI~ to phospha te  buffer, wi th  the  format ion  of re la t ive ly  insoluble 
m a g n e s m m  phosphates ,  gave a reduct ion  in the  mh lb i t o ry  effect of the  buffer 

K,net~cs of znact,vatzon of hpoprotezn hpase 
In  fur ther  exper iments  on ionic s t rength  effects, a s t anda rd  buffered sahne 

solut ion was used, p repa red  b y  mix ing  equal  volumes of o 145 M NaC1 and o 05 M 
Trls-HC1 buffer (pH 8 I) The iome s t rength  of the  mix ture  was o 085 Loss of enzyme 
a c t i v i t y  du rmg  incuba t ion  in this  solut ion could therefore be considered in te rms of 
ionic s t r eng th  effects 

P la sma  and adipose t issue enzyme solutions were p repared  in Tris  buffer -  
heparm,  and mixed  with  an equal  volume of o 145 M NaC1 held at  37 °. Samples  were 
w i thd rawn  at  zero t ime of incubat ion  and  thereaf te r  at  Intervals ,  and  these were 
assayed  in the  usual  w a y  so t ha t  the  t ime course of the  loss of enzyme ac t iv i ty  could be 
followed 

For  f i rs t -order  kinetics,  the  cons tan t  k 1 = 2 3o3/(tx--to) log Co/Cx for enzyme 
concent ra t ions  Co and Cx af ter  incubat ion  periods to and tx The plot  of log Co/Cx will 
be l inear  aga ins t  t ime  t. Adipose  t issue enzyme accura te ly  followed f i rs t -order  kinet ics  
( F i g  2) In  some exper iments  the  reac t ion  was followed unt i l  IO% of the  ini t ia l  enzyme 
ac t i v i t y  r ema ined ,  the  kinet ics  of the  reac t ion  r e ma me d  unchanged  over the  whole 
t ime  course The f i rs t -order  cons tan t  was o.o16 rain -1 (three exper iments ,  range 
o.o156-o o174 ) W i t h  pos t -hepa rm p la sma  a s imilar  ini t ia l  ra te  of reac t iva t ion  
decreased as the  reac t ion  proceeded  (Vlg 2) Solutions of hpopro te in  hpase  from 
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acetone- and e the r -ex t rac ted  lung, hear t  and  d iaphragm t]ssues were p repared  in Tns  
bu f fe r -hepa rm These were incuba ted  with  an equal  volume of o.145 M NaC1 as 
descr ibed above The f irst-order cons tant  was the  same as tha t  of adipose tissue 
enzyme 

Pos t -hepar in  p l a sma  enzyme purified b y  prec ip i ta t ion  at  acid p H  and low ionic 
s t rength  ~2 was dissolved in buffered sahne solut ion and the t ime course of loss of enzyme 
a c t l w t y  at  37 ° ob ta ined  The react ion followed first-order kinetics,  k~ = o 039 min -~ 
(three exper iments ,  range o 0360-0 o411) Enzyme  from p lasma  and from the t issues 
given above was also purif ied b y  absorpt ion  to subs t ra te  ~a, subsequent ly  ex t r ac t ed  
with acetone and ether.  These p repara t ions  also followed first-order kmetlcs,  wi th  a 
ra te  cons tant  ident ical  wi th  tha t  of p l a sma  enzyme purified b y  the previous technique 

Effects of plasma on the rate of ,nact, vat,on of hpoprote,n hpase 
The difference observed in the  s tabi l i t ies  of unpurif ied p lasma  and tissue enzymes 

might  result  from the influence of a factor  present  in p lasma  To inves t iga te  this  
poss lb ih ty  the  NaC1 component  of the  buffered saline incubat ion  med ium was replaced 
with  an equal  volume of normal  p lasma  d la lysed  against  the  same NaCI solut ion The  
course of reac t iva t ion  of the  enzyme during incubat ion  at  37 ° was followed as before 
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F i g  2 The  r a t e  of  loss  of  a c t i v i t y  of  s e v e r a l  e n z y m e  p r e p a r a t i o n s  a t  37 ° F i v e  m l  of  t h e  e n z y m e  
p r e p a r e d  as  d e s c r i b e d  u n d e r  METHODS In TrIs  b u f f e r - h e p a r m  w a s  i n c u b a t e d  a t  37 ° w i t h  a n  e q u a l  
v o l u m e  of  o 145 M NaCI  A t  i n t e r v a l s ,  o 5 -ml  s a m p l e s  w e r e  w i t h d r a w n ,  m i x e d  w i t h  I 5 m l  of  a 
m i x t u r e  of  e q u a l  p a r t s  of  Tr l s  b u f f e ~ h e p a r m  a n d  w i t h  3 m l  of  a s s a y  m e d i u m ,  a n d  a s s a y e d  in  t h e  
u s u a l  w a y  W h e r e  t h e  e n z y m e  h a s  b e e n  i n c u b a t e d  in  p o t a s s i u m  o l e a t e  s o l u t i o n  t h i s  is  m a d e  u p  
in  o 145 M NaC1, t h e  c o n c e n t r a t i o n  g i v e n  is t h e  f ina l  c o n c e n t r a t i o n  in  t h e  i n c u b a t i o n  m e d i u m  
T h e  p r o p o r t i o n  of  i n i t i a l  e n z y m e  a c t i v i t y  r e m a i n i n g  a f t e r  a g i v e n  p e r i o d  of  i n c u b a t i o n  is e x p r e s s e d  
as  t h e  log of  t h e  i n i t m l  e n z y m e  c o n c e n t r a t i o n  in  e n z y m e  u n i t s  (co) t o  c o n c e n t r a t i o n  (cx) a f t e r  a n  
i n c u b a t i o n  p e r i o d  of  tx m m  @ - - © ,  p u r i f i e d  p o s t - h e p a r m  p l a s m a ,  ik-- l&,  p u r i f i e d  a d i p o s e  t i s s u e  
e n z y m e ,  1 ~ - O ,  c r u d e  a d i p o s e  t i s s u e  e n z y m e ,  × - - x ,  c r u d e  p o s t - h e p a r i n  p l a s m a ;  / X - - / k ,  
pu r i f i ed  a d i p o s e  t i s s u e  e n z y m e  + o IO/2M p o t a s s i u m  o l e a t e  

F i g  3 The  r a t e  of  loss  of  e n z y m e  a c t i v i t y  f r o m  a d i p o s e  t i s s u e  a n d  p l a s m a  p r e p a r a t i o n s  In t h e  
p r e s e n c e  of  n o r m a l  s e r u m  S ix  m l  of  u n p u n f i e d  p l a s m a  or  t i s s u e  e n z y m e  so lu t i on ,  p r e p a r e d  as  
d e s c r i b e d  u n d e r  METHODS, i n c u b a t e d  a t  37 ° w i t h  t h e  s a m e  v o l u m e  of  w h o l e  n o r m a l  p l a s m a  
d i a l y s e d  a g a i n s t  o 145 M NaC1 A s s a y  p r o c e d u r e  a n d  e x p r e s s i o n  of  r e s u l t s  as  In F i g  2 A t  t h e  
s a m e  t i m e s  t h a t  p o r t i o n s  w e r e  w i t h d r a w n  for  e n z y m e  as say ,  o 5 -ml  p o r t i o n s  w e r e  a s s a y e d  d i r e c t l y  
for  f ree  f a t t y  ac id  c o n t e n t  ( m e t h o d  of  DOLE ~6) R e s u l t s  e x p r e s s e d  as f ree  f a t t y  ac id  c o n c e n t r a t i o n  
in  t h e  i n c u b a t i o n  m e d i u m  ( 2 ) - - 0 ,  c r u d e  p o s t - h e p a r m  p l a s m a  e n z y m e ,  0 - - 0 ,  c r u d e  a d i p o s e  
t i s s u e  e n z y m e  U p p e r  c u r v e  free f a t t y  ac id  in  i n c u b a t i o n  f lask ,  L o w e r  c u r v e ,  r a t e  of  loss  of  e n z y m e  
a c t t v l t y ,  c a l c u l a t e d  as d e s c r i b e d  in  t h e  t e x t  
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A t  the  same t ime the free f a t t y  acid concent ra t ion  of the  incubat ion  med ium was 
recorded In  this  way  the hydrolys is  of p l a sma  hpopro te in  could be mon i to red  

Iden t i ca l  results  were ob ta ined  from adipose t issue and pos t -hepar ln  p l a sma  
p repa ra t ions  (Fig. 3)- In  a first phase  las t ing about  30 rain there  was no loss of enzyme 
ac t iv i ty ,  and  s imul taneous ly  a r ap id  increase in the free f a t t y  acid concent ra t ion  of the  
incubat ion  medium.  Subsequent ly ,  the  p roduc t ion  of free f a t t y  acid m a r k e d l y  de- 
clmed,  and  at  the  same t ime there  occurred a slow loss of enzyme ac t iv i ty  which 
followed f i rs t -order  kinetics,  k I = o 0o4 mln -1 (three exper iments ,  range o 0038- 
o 0o46) In  two fur ther  exper iments  the  normal  p l a sma  used in the  incubat ion  med ium 
had  been  previous ly  ex t r ac t ed  with  acetone and ether,  as descr ibed previously  for 
pos t -hepa r ln  p lasma;  the  p rec ip i t a t ed  prote in  was re-dissolved in the  original  volume 
in o-I45 M NaC1 A f t e r  mix ing  with  enzyme solut ion in Trls  buf fe r -hepar in  the ra te  of 
loss of enzyme ac t iv i ty  was followed as before The  first phase was absent  The slow 
loss of enzyme ac t iv i ty  began immedia te ly ,  with the  same f irs t-order  cons tan t  as 
before 

L lpopro te in  hpase  m a y  be d ls t lngmshed from other  m a m m a h a n  t r lg lycer lde  
hpases  in i ts inhibi t ion  by  s t rong NaC1 solutions 4_ When  t issue or p lasma  enzyme was 
Incuba ted  with  normal  p l a sma  in the  presence of I M NaC1 the  increase In medium 
free f a t t y  acid concent ra t ion  found in the  previous exper iments  (Fig 3) was abol ished.  
Purif ied subs t ra te ,  p repa red  as descr ibed under  METHODS, was d i lu ted  wi th  o 145 M 
NaC1 to a l ipid concent ra t ion  of o 3~o, w/v, and incuba ted  wi th  t issue enzyme as 
before.  The enzyme was comple te ly  s tablhsed,  I n t r a h p i d  artificial  t r lg lycer ide  emul-  
sion, in the  absence of plasma,  was wi thout  effect on the  s t ab i l i ty  of the  enzyme 

Effects of long-chazn fatty aczds on the rate of loss of enzyme actwzty 
The above  exper iments  suggested t h a t  the  free f a t t y  acid present  in the  incu- 

ba t ion  med ium might  be involved  in the  s tabl l l sa t lon of l ipopro tem hpase b y  plasma.  
Solut ions of the  po tass ium sal ts  of several  long-cham f a t t y  acids were p repared  in 
o.145 M NaC1 as descr ibed under  METHODS. These were incuba ted  wi th  an equal  volume 
of adipose t issue enzyme In Tris  bu f f e r -hepa rm The ra te  of loss of enzyme ac t iv i ty  was 
followed as before At  free f a t t y  acid concent ra t ions  above  0_02 #M a progressive 
reduc t ion  of the  ra te  of reac t iva t ion  was ob t ame d  wi th  increasing concent ra t ions  of 
free f a t t y  acid such t ha t  a t  o 15 #M comple te  s t ab i l i ty  to incubat ion  at  37 ° was a t ta ined .  
E x a m p l e s  of such exper iments  are shown in F ig  2 The pa r t i a l l y  s tabl l i sed p repara t ions  
lost  a c t i v i t y  according to f i rs t -order  kinet ics  Al though  most  exper iments  were carr ied 
out  using po tass ium oleate,  s imilar  results  were ob ta ined  wi th  the  sal ts  of hnolelc and 
hnoenlc  acids_ Po tass ium s tea ra te  and p a l m l t a t e  were comple te ly  inact ive  a t  concen- 
t r a t ions  of up to 2 o #M Adipose  t issue or p l a sma  enzyme s tab ihsed  b y  pre- lncuba t lon  
wi th  po tass ium oleate (0.20 #M/ml) was ex t r ac t ed  wi th  acetone and ether  as under  
METHODS, and the dr ied powder  made  up in the  original  volume of Trls  buf fe r -heparm,  
and the  ra te  of inac t iva t ion  of the  p repa ra t ion  dur ing Incubat ion  was found. E x t r a c t i o n  
d id  not  remove the s tabl l i sa t lon  achieved b y  pr ior  incubat ion  wi th  f a t t y  acid. A second 
ex t r ac t ion  into  the  same volumes of acetone and e ther  removed  no fur ther  measurab le  
f a t t y  acid from the p rec ip i t a t ed  mater ia l ,  and  had  no effects on s t ab lh ty .  More t han  
99 5 %  of serum unes tenf ied  f a t t y  acid is bound  to a lbumin  at  physiological  concen- 
t ra t ions  (approx 0-5 #M). Only o oI  °/o is in free solut ion;  the  remainder  is bound  to 
the  h p o p r o t e m  fractlonl~, 18 The effect of a lbumin-bound  free f a t t y  acid on the  ra te  of 
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TABLE I 

E F F E C T S  OF  F R E E  A N D  A L B U M I N - B O U N D  F A T T Y  A C I D S  ON A D I P O S E  T I S S U E  E N Z Y M E  A C T I V I T Y  

The results of two separate experiments  are recorded In  each, i ml of hpopro tem lipase solution 
from epldidymal adipose tissue (3 4 mg pro tem/ml ,  i I I enzyme units/ml) was added to i ml of 
o 145 M NaC1 con tammg fa t ty  acid as the potass ium salt in free solution or bound to a lbumin 
Three samples were prepared in each case One was assayed directly after addition of 3 ml of assay 
mixture  as described under  METHODS The other  two were first incubated at  37 ° for i h, and then  
assay mixture  added as before The results are given as the percentage of the enzyme activity as 
assayed directly, re tamed after i h incubation 

Fatty acid solutwn Protezn Fatty acid Inztzal actzvtty 
(I~M) (I~M) rema~nzng after 

~ncubatzon (%) 

Expt  z Expt  2 

Potass ium oleate --- o 21 84 84 
Potass ium stearate  - -  o 25 48 41 
Defat ted a lbumin o 72 - -  38 41 
Defatted a lbumin + oleate o 80 o 23 42 36 
Defatted albumin + stearate o 77 o 29 44 39 
o 145 M NaCI only - -  - -  37 42 

loss  of e n z y m e  a c t i v i t y  w a s  i n v e s t i g a t e d  A d i p o s e  t i s s u e  e n z y m e  s o l u t i o n  in  T r i s  

b u f f e r - h e p a r m  w a s  i n c u b a t e d  w i t h  a s o l u t i o n  of a l b u m i n  w h i c h  c o n t a m e d  a k n o w n  

c o n c e n t r a t i o n  of  b o u n d  s t e a r i c  o r  olelc ac id  ( T a b l e  I) T h e  p r o p o r t i o n  of  i n i t i a l  e n z y m e  

a c t i v i t y  r e c o v e r e d  a f t e r  a n  i n c u b a t i o n  of I h a t  37 ° w a s  d e t e r m i n e d .  A l b u m i n - b o u n d  

f ree  f a t t y  ac id  w a s  c o m p l e t e l y  i n a c t i v e  in  s t a b l h s i n g  t h e  e n z y m e  U n p u r l f i e d  p o s t -  

h e p a r i n  p l a s m a ,  o r  t i s s u e  e n z y m e  In  t h e  p r e s e n c e  of  a l b u m i n  (7 5 m g / m l )  a d d e d  as  

c a r r i e r  p r o t e i n ,  w a s  n o t  s t a b l h s e d  b y  f ree  f a t t y  ac id  c o n c e n t r a t i o n s  of u p  t o  2 o # M  

Effec ts  o f  a second extract ion wi th  acetone and  ether 

S a m p l e s  of  e a c h  of  t h e  e n z y m e  p r e p a r a t i o n s  a l r e a d y  d e s c r i b e d  w e r e  p r e p a r e d  

TABLE I I  

EFFECTS OF A SECOND ACETONE AND ETHER EXTRACTION ON LIPOPROTEIN LIPASE PREPARATIONS 

IO ml of each prepara t ion  obtained in solution as described under METHODS was assayed (I o ml) 
and the remainder  after the addltion of a lbumm as carrier protein (7 5 mg/ml) except in the 
case of unpurlfied post-heparin plasma, precipitated wlth acetone and ether The powder, after 
drying in vacuum, was made up to the same volume with Tns  buffer heparm and i -ml  samples 
added to I ml of o 145 M NaC1 and 3 ml of assay mixture  for assay as usual The results are given 
as the percentage of the enzyme activity assayed mltlally, retained after extract ion with acetone 
and ether and subsequent  re-assay The results of two separate experiments  are recorded 

Enzyme preparatzon Imtzal act~v2ty remaznzng 
after extractwn (%) 

Expt r Expt  2 

Unpurlfied pos t -heparm plasma 77 
Post-hepar in  p lasma purified by  the method of HOLLETT AND MENG 1~ 25 
Pos t -heparm plasma purified by  the method of ANFINSEN AND 

Q U I G L E Y  13 2 8  

Substra te  adipose tissue enzyme complex la 30 
Unpunf ied  adipose tissue enzyme 39 
Adipose tissue pre-mcubated with po t a s smm oleate (o IO #M) 82 

8 2  

3 ° 

34 
33 
44 
71 
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in Tris buffer-heparin, a portion assayed, and the remainder then precipitated a 
second time with acetone and ether The precipitate was dried under vacuum and the 
powder re-dissolved to the same volume in this buffer and immediately re-assayed. 
The proportion of initial enzyme activity recovered was determmed Purified plasma 
and tissue enzyme preparations and purified enzyme-substrate complex, were unstable 
to this treatment Approx. o 3 of the initial activity was recovered Unpurlfied tissue 
enzyme was more stable (Table II) Preparations stabihsed to incubation with plasma 
or free fat ty acid were by the same process made stable to extraction with acetone 
and ether. 

DISCUSSION 

The hpoprotem hpase preparations used had each been extracted with acetone 
and ether_ Incubation of these in assay medium without added substrate gave no 
formation of free fat ty acid The foregoing experiments on the stablhty of the enzyme 
to mcubatlon were therefore carried out in the absence of significant amounts of 
hpoprotein substrate 

The stability of such enzyme preparations to incubation in dilute buffers and 
buffered sahne solutions is dependent on the ionic strength of the incubation medium 
and not upon its molar concentration There as a rapid loss of activity at 37 ° even at 
low ionic strengths At I ---- o 05, 70% of activity is lost in I h (Fig I) Considerable 
evidence is available that heparln is bound to the enzyme released into post-heparin 
plasma19, z° Removal of heparln from post-heparln plasma greatly reduces the stability 
of this enzyme preparation to incubation 2l, this is restored by the addition of heparin 
to the incubation medium The identical kinetic constants obtained for purified plasma 
and tissue enzymes in a hepann-contaimng incubation medium (Fig 2) provide indirect 
evidence that tissue enzyme under these conditions may also bind heparin. Increased 
ionic strength may therefore affect the stability of hpoprotem by reducing mteractlon 
with the heparln polyanion, by formation of buffer anion-enzyme complexes Alterna- 
tively increased Ionic strength might reduce the solubility of the lipophlhc enzyme 
molecule In buffer solutions by reducing the binding of water molecules 22 In view of 
the low ionic strengths which are effective in reducing enzyme stablhty the former 
explanation is more hkely The sensitivity of the enzyme to low concentrations of 
phosphate as reported by KORN 4 as a particular example of inactivation due to ionic 
strength effects 

Clear differences have been found m the rates of inactivation of different enzyme 
preparations (Fig 2). Adipose tissue enzyme follows first-order kinetics, but plasma 
enzyme activity shows a more irregular decline. Comparison of the rate of inactivation 
of plasma enzyme in normal and post-heparin plasma (Figs 2, 3) shows that a change 
in the properties of the plasma must have occurred following the injection of heparin, 
suice plasma enzyme in normal plasma is inactivated according to first-order kinetics 
(Fig 3)- No evidence is available on the nature of this change. Nevertheless, purification 
from post-heparan plasma by either of two methods12, la produces a preparation with 
the same stability to incubation, and to acetone and ether extraction, as that obtained 
from purified tissue enzyme (Fig 2, Table II) The purified preparations therefore 
appear to represent a single species 

The presence in the incubation medium of increasing concentrations of long- 
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chain fatty acids is associated with a progressive reduction in the rate of inactivation 
of the enzyme Precipitation of the stablhsed enzyme with acetone and ether, followed 
by solution in the same buffer as before, does not reduce the rate constant of the 
inactivation process_ The effect of fatty acids therefore appears to be by formation of 
a complex stable to extraction with acetone and ether Whole plasma is also effective 
in stablhsing the enzyme (Fig 3) Albumin-bound free fatty acid, and free fatty acid 
in the presence of serum albumin, is without effect Llpoprotein lipase therefore 
competes unsuccessfully with albumin for free fatty acid when the concentrations of 
each reactant are similar to those in plasma Extraction of plasma wlth acetone and 
ether does not reduce its ablhty to stabihse the enzyme Experiments in progress have 
shown that these solvents are unable to remove free fatty acid bound to highly purified 
enzyme under the extraction conditions described under METHODS Free fatty acid 
bound to protein other than albumin, such as a- and/~-lipoprotein is, may be involved 
in stabihsatlon by plasma The very similar properties of plasma-stablhsed and free 
fatty acld-stablhsed enzyme preparations make it unlikely that different mechanisms 
are involved. 

Unpurlfied tissue enzyme has a stabmhty mtermedlate between that of purified 
and fully-stablhsed preparations, both to incubation and to extraction with acetone 
and ether_ In these properties it is mdistingulshable from purified enzyme incubated 
with low concentrations of fatty acid. The formation of stabllised enzyme-free fat ty 
acid complexes may play a part In the regulation of enzyme level In the tissues. 
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