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SUMMARY 

Cho le s t e r o l  e s t e r a s e  has been i so la ted  f r o m  pig p a n c r e a s  powder  as  a 
complex  of m o l e c u l a r  weight > 800 ,000 .  By lipid e x t r a c t i o n ,  the complex  
was  conve r t ed  into e n z y m e  sub-un i t s  of 1 5 , 0 0 0 - 2 0 , 0 0 0  m o l e c u l a r  weight ,  
which were  s t i l l  capable  of hydro lys ing  and syn thes i s ing  cho l e s t e ro l  e s t e r s .  
The ac t ive  sub -un i t s  could be pa r t i a l l y  r e - a g g r e g a t e d  by incubat ion with a 
lipid emu l s ion .  All the e n z y m e  p r e p a r a t i o n s  showed s i m i l a r  cho le s t e ro l  
e s t e r  hyd ro ly t i c  : cho l e s t e ro l  e s t e r i f y ing  ac t iv i ty  r a t i o s ,  sugges t ing  that the 
s a m e  e n z y m e  c a t a l y s e s  both r e a c t i o n s .  

S e v e r a l  r e c e n t  r e p o r t s  on the pur i f i ca t ion  of l ipotyt ic  e n z y m e s  f r o m  di f fe-  

r e n t  t i s sue  s o u r c e s  have r e v e a l e d  ce r t a i n  s i m i l a r i t i e s  in the c h r o m a t o g r a p h i c  

p r o p e r t i e s  of these  e n z y m e s .  L ipo ly t i c  p ro te in  of m o l e c u l a r  weight > 800,000 

has been s e p a r a t e d  f r o m  pig p a n c r e a s  h o m o g e n a t e s .  Subsequen t  del ipidat ion 

of the e n z y m e  p r e p a r a t i o n  p roduced  an ac t ive  peak of much lower  m o l e c u l a r  

weight  (1 ,2) .  Lyoph i l i sed  e x t r a c t s  of pig p a n c r e a s  were  shown to contain 

l ipolyt ic  p ro te in  of high m o l e c u l a r  weight .  However ,  us ing e x t r a c t s  of f r e sh  

p a n c r e a s ,  l ipolyt ie  ac t iv i ty  was i so la ted  only in a low m o l e c u l a r  weight  f o r m  

(3). 

L i p a s e s  f r o m  t i s sue s  o ther  than the pancreas have shown s i m i l a r  p r o p e r -  

t ies  (4-6) .  

F r o m  these  r e p o r t s  it appea r s  that l ipoly t ic  e n z y m e s  in gene ra l  have a t en -  

dency  to f o r m  l ipopro te in  c o m p l e x e s  of high m o l e c u l a r  weight .  Until the p r e -  

;;"Present A d d r e s s :  D e p a r t m e n t  of Medic ine ,  Ins t i tu te  of Cl in ica l  S c i e n c e ,  
G r o s v e n o r  Road ,  Be l fas t  BT12 6B J ,  UK 
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sen t  r e p o r t  h o w e v e r ,  there  has been no ev idence  for  the invo lvement  of l ipid 

with cho l e s t e ro l  e s t e r a s e  in such a way as to fac i l i ta te  the ex i s t ence  of the 

e n z y m e  in d i f fe ren t  m o l e c u l a r  weight  f o r m s ,  al though r a t  p a n c r e a t i c  c h o l e s -  

te ro l  e s t e r a s e  has  been shown to complex  with c r y s t a l l i n e  c h o l e s t e r o l  (7} and 

bile sa l t s  {9). 

The p r e s e n t  paper  is  c o n c e r n e d  p r i m a r i l y  with the m o l e c u l a r  weight  p r o -  

p e r t i e s  of pig p a n c r e a t i c  cho l e s t e ro l  e s t e r a s e .  The enzyme  will be shown to 

ex is t  as a high m o l e c u l a r  weight  complex  with lipid and a low m o l e c u l a r  weight  

del ip id ised f o r m ,  thus exhibit ing s i m i l a r  behav iour  to o ther  l ipoly t ic  enzymes.~ 

E X P E R I M E N T A L  

M a t e r i a l s  

The ma te r i a l  used  for  e n z y m e  ex t r ac t ion  and pur i f i ca t ion  was an a c e t o n e -  

e x t r a c t e d  hog p a n c r e a s  powder  p r o d u c e d ,  under  the c o m m e r c i a l  n a m e  of 

V iokase ,  by the Viobin C o r p o r a t i o n ,  Mont ice l lo ,  I l l ino i s .  

Bile sa l t s  were  obtained f r o m  the Maybr idge  Chemica l  C o m p a n y ,  L a u n c e s t o n ,  

C o r n w a l l ,  i lK,  and their  pur i ty  c o n f i r m e d  by t h i n - l a y e r  c h r o m a t o g r a p h y  {9). 

L ipomul  (15% co t tonseed  oil) was p rov ided  by AB A s t r a ,  S w e d e n .  

E n z y m e  assay 

Cholesterol ester hydrolytic activity was assayed by incubat{on of 0.75 ml 

of 0 .25  M t r i s - H C l  buf fe r ,  pH 7 . 4 ,  with 0 . 7 5  ml of co lumn eff luent  and 

1 .50 ml of h e a t - t r e a t e d  human p l a s m a  (10 ,11) .  The l a t t e r  conta ined  4 mM 

c h o l e s t e r o l  e s t e r s .  Tau rocho la t e  and t au rodeoxycho la t e  were  added to c o n -  

c en t r a t i ons  of 4 mM and 12 mM r e s p e c t i v e l y  (12 ,13) .  

Cho l e s t e ro l  e s t e r i f y ing  ac t iv i ty  was a s s a y e d  by incubat ion of 2 .5  ml of 

0 .03  M V e r o n a l - a c e t a t e  bu f f e r ,  pH 5 . 2 ,  with 1 .0  ml of a 95 mM solut ion of 

t a u r o c h o l a t e ,  1 .0  ml of co lumn eff luent  and 0 . 5  ml of a s u b s t r a t e  solut ion of 

20 mM c h o l e s t e r o l  and 40 mM ole ic  ac id  in e thanol  (14). 

A s s a y  m i x t u r e s  were  p r e - i n c u b a t e d  for  30 minutes  be fo re  addit ion of s u b -  

s t r a f e  and the comple te  s y s t e m s  incubated  for  2 h o u r s  at  37°C.  

Af ter  incubat ion 0 .5  ml of a s s a y  s y s t e m  was  e x t r a c t e d  a c c o r d i n g  to the 
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method  of F o l c h ,  L e e s  and S l o a n e - S t a n l e y  (15). C h o l e s t e r o l  e s t e r  and f r e e  

c h o l e s t e r o l  in F o l c h  e x t r a c t s  w e r e  s e p a r a t e d  on F lor i s{1  c o l u m n s  a c c o r d i n g  

to C a r r o l l  {16). The so lven t  of e ach  f r a c t i o n  was  r e m o v e d  by e v a p o r a t i o n  

u n d e r  n i t r o g e n  and the c h o l e s t e r o l  {both f r e e  and e s t e r i f i e d )  e s t i m a t e d  by the 

method  of W e b s t e r  (17).  

One uni t  of a c t i v i t y  i s  de f ined  as  the amoun t  of e n z y m e  c a t a l y s i n g  the e s t e -  

r i f i c a t i o n  o r  p r o d u c t i o n  of 1 ~mole  of f r e e  c h o l e s t e r o l  p e r  h o u r .  

P r o t e o l y t i c  a c t i v i t y  was  a s s a y e d  by the method  d e s c r i b e d  by Kuni tz  (18),  

u s ing  c a s e i n  a s  s u b s t r a t e .  A c t i v i t i e s  w e r e  c o m p a r e d  with that  of a s t a n d a r d  

so lu t ion  of p u r e  t r y p s i n  and r e s u l t s  e x p r e s s e d  in ~g of t r y p s i n .  

P r o t e i n  e s t i m a t i o n s  of the co lumn e f f luen t  w e r e  c a r r i e d  out  u s i n g  the T e c h -  

n icon A u t o a n a l y s t e r  (Techn icon  Methodo logy  S h e e t ,  P r o t e i n  1C).  Bovine  

s e r u m  a l b u m i n  was u s e d  as  r e f e r e n c e  p r o t e i n .  

E n z y m e  s e p a r a t i o n  

One g r a m  of V i o k a s e  p o w d e r  was  e x t r a c t e d  with 1S ml d i s t i l l e d  w a t e r  fo r  

30 m i n u t e s  at  4 °C .  The d e b r i s  was  r e m o v e d  by c e n t r i f u g a t i o n  at  3 ,000  r p m  

for  15 m i n u t e s .  F i v e  m l s  of s u p e r n a t a n t  ( con ta in ing  a p p r o x i m a t e l y  100 mg 

p r o t e i n )  w e r e  m i x e d  with 75 mg s o d i u m  t a u r o c h o l a t e  and i n c u b a t e d  fo r  10 

m i n u t e s  a t  37°C.  Th i s  m i x t u r e  was  then a p p l i e d  to a p r e p a r a t i v e  S e p h a d e x  

G-200  co lumn  (60 c m x  3 .25  cm d i a m . )  of bed  v o l u m e  500 ml and void  vo lume  

145 m l .  The co lumn was  e lu t ed  with a 40 m l / h r  u p w a r d  flow of 0 .0S  M f o r -  

m a t e  b u f f e r ,  pH 7 . 4 .  A s  the c h o l e s t e r o l  e s t e r a s e  was  e l u t e d  at  the vo id  

v o l u m e ,  th i s  wi l l  be r e f e r r e d  to a s  P e a k  I { F i g u r e  1). 

T h i r t y  m l s  of P e a k  I so lu t ion  con ta in ing  a p p r o x i m a t e l y  2 mg p r o t e i n  and 

150 un i t s  of c h o l e s t e r o l  e s t e r a s e ,  w e r e  c o n c e n t r a t e d  to a v o l u m e  of 6 m l s  

by o v e r n i g h t  d i a l y s i s  a g a i n s t  a 20 % so lu t ion  of po lyv iny l  p y r r o l i d o n e  ( P V P ) .  

A 60 % l o s s  in e n z y m e  a c t i v i t y  o c c u r r e d  du r ing  th i s  t r e a t m e n t .  

I t  was  o b s e r v e d  that  dur ing  th i s  p r o c e s s  a whi te  p r e c i p i t a t e  was  f o r m e d  

in the d i a l y s i s  s a c .  The p r e c i p i t a t e  was  s u b s e q u e n t l y  shown to con ta in  a l l  

the c h o l e s t e r o l  e s t e r a s e  a c t i v i t y  and was  s o l u b i l i s e d  by the add i t i on  of s o d i u m  
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ch lo r ide  and ca lc ium ch lo r ide  to final concen t r a t i ons  of 0 .75  M and 0 .025  M 

r e s p e c t i v e l y .  The sa l t  addi t ions were  found to be n e c e s s a r y  to e n s u r e  c o m -  

plete  r e m o v a l  of lipid in the subsequent  ex t r ac t i on .  The r e su l t an t  solut ion 

was  then agi ta ted  cont inuously  at 4°C with 5 t imes  its own vo lume of e t h e r .  

On sepa ra t ion  of the aqueous and e ther  l a y e r s ,  the lower  aqueous  l a y e r ,  

conta ining the de l ip id ised  c h o l e s t e r o l  e s t e r a s e ,  was f r eed  of r e s idua l  e ther  

by a s t r e a m  of n i t rogen  bubbled through the so lu t ion .  

The insoluble  complex  f o r m e d  during concen t ra t ion  of a Peak  I p r e p a r a -  

tion was r e m o v e d  by cen t r i fuga t ion  and Folch  e x t r a c t e d .  Qual i ta t ive  e x a m i -  

nation of the e x t r a c t e d  lipid by t h in - l aye r  c h r o m a t o g r a p h y  r e v e a l e d  that the 

bulk of the l ipid was made up of the m o r e  po la r  c l a s s e s  of l ipid,  name ly  

f r e e  fa t ty  ac ids  and phospho l ip ids ,  al though smal l  amounts  of both f ree  and 

e s t e r i f i e d  cho l e s t e ro l  and a t r a c e  of t r i g l y c e r i d e s  were  a lso  de tec ted .  

A 2 ml aliquot of the del ip id ised Peak  I solut ion containing 20 units  of 

c h o l e s t e r o l  e s t e r a s e  ac t iv i ty  was c h r o m a t o g r a p h e d  on a Gephadex G-200 

co lumn (28 c m x  1 .50 cm d i a m . )  of bed volume 50 ml and void volume 11 ml .  

The column was eluted by a 15 m l / h r  downward flow of buffer .  The column 

was ca l i b r a t ed  with p ro te ins  of known m o l e c u l a r  weight ,  in a s i m i l a r  manne r  

to that d e s c r i b e d  by Andrews  (19,20) (Table 1). 

K 
a v  

TABLE 1 

va lues  of s t anda rd  p r o t e i n s ,  ca lcu la t4d  f r o m  their  elution vo lumes  f rom 
Sephadex  G-200 

P r o t e i n  Elut ion Volume Molecu la r  Amount  Applied Monitor  
(Ve) Kay Weight 

T r y p s i n  36 ml 0 .65  24000 2 mg E n z y m e  
assay 

P e p s i n  33 ml 0 .57 36000 25 mg UV 

Bovine 
serum 28 ml 0.44 67000 25 mg tIV 
albumin 

Molecu l a r  weight  va lues  were  obtained f r o m  Documenta  Geigy  (1962) 
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2 The s e p a r a t i o n  of c o n c e n t r a t e d  P e a k  I on S e p h a d e x  G-200  
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3 The s e p a r a t i o n  of d e l i p i d i s e d  c o n c e n t r a t e d  P e a k  I on S e p h a d e x  0 - 2 0 0  

A s i n g l e  p r o t e i n  peak ( P e a k  II) conta in ing  a total  o f  6 uni ts  of c h o l e s t e r o l  

e s t e r a s e  a c t i v i t y  w a s  e lu ted  f r o m  the c o l u m n  ( F i g u r e  3) m u c h  la t er  than a 

n o n - d e l i p i d i s e d  but c o n c e n t r a t e d  P e a k  I p r e p a r a t i o n  ( F i g u r e  2) .  C a l c u l a t i o n  

of  the a v e r a g e  Kav of the c h o l e s t e r o l  e s t e r a s e  pro te in  c o n t a i n e d  in P e a k  II 

ind ica ted  a m o l e c u l a r  we ight  of  b e t w e e n  1 5 , 0 0 0  and 20 ~000 for  this  p r o t e i n .  
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4 The s epa ra t i on  of L i p o m u l - t r e a t e d  del ip id ised concen t r a t ed  Peak  I on 
Sephadex  G-200 

Two mls  of del ip id ised Peak  I solut ion containing 20 units  of cho l e s t e ro l  

e s t e r a s e  ac t iv i ty  were  incubated for 30 minutes  at 37°C af te r  the addition 

of 0 .06  ml L i p o m u l .  The mix ture  was  c h r o m a t o g r a p h e d  on the s m a l l e r  

Sephadex  G-200 column (F igure  4). F i f ty - f ive  per  cent  of the r e c o v e r e d  

cho l e s t e ro l  e s t e r a s e  ac t iv i ty  was e luted at the void vo lume ,  f o r t y - f i ve  pe r  

cent  r ema in ing  as Peak  I I .  

Throughout  the c h r o m a t o g r a p h i c  s tud ies  the d i f fe ren t  enzyme  p r e p a r a t i o n s  

showed the s a m e  ac t iv i ty  r a t io  for  hydro ly t i c  and e s t e r i fy ing  r eac t i ons  

(Table I I) .  
TABLE II 

C o m p a r i s o n  of the r a t i o s  of cho l e s t e ro l  e s t e r  hyd ro ly t i c  and cho le s t e ro l  
e s t e r i fy ing  ac t iv i t i e s  of the enzyme  p r e p a r a t i o n s  obtained dur ing column 

c h r o m a t o g r a p h i c  s e p a r a t i o n s  

E n z y m e  P r e p a r a t i o n  Hydro ly t ic  Ac t iv i ty  Es t e r i f y ing  Act iv i ty  Rat io  
(un i t s /ml )  (un i t s /ml )  

I 5 .15 1 .32 3 .9 :1  

CI 8 .40  2 .20  3 .8 :1  

DCI 8 .15  2 .00  4 .1 :1  

II 0 .49  0 .12  4 .1 :1  

I : Peak  I p r e p a r a t i o n  
II : Peak  II p r e p a r a t i o n  
CI : C o n c e n t r a t e d  Peak  I solut ion 
DCI : Del ip id ised  concen t r a t ed  P e a k  I solut ion 
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Peak  I and Peak  II p r e p a r a t i o n s  were  a s s a y e d  for  both hydro ly t i c  and 

e s t e r i fy ing  ac t iv i t i e s  over  a pe r iod  of 160 days  s t o r a g e  at 4 °C .  F igu re  5 

shows the ac t iv i ty  l o s s e s  with t ime .  The c u r v e s  have two obvious  f e a t u r e s .  

The Peak  I p r e p a r a t i o n  was m o r e  s table  than the Peak  II p r e p a r a t i o n ,  

,oo  
8O 

~ choles te ro l  e s t e r  hydrolyt ic  

Peak  II 

20 
cholester 'ol  e s t e r l fy ing  

! ! ! ! ! 
0 30 60 90 120 150 

S t o r a g e  t ime  (days) 

I 
180 

5 The s tab i l i ty  of cho l e s t e ro l  e s t e r  hyd ro ly t i c  and c h o l e s t e r o l  e s t e r i fy ing  
ac t iv i t i e s  during s t o r a g e  

re ta in ing  50-60% of i ts  or ig ina l  act ivi ty  a f t e r  6 mon ths .  Also  the r a t i o  of 

the two ac t iv i t i e s  in both p r e p a r a t i o n s  r e m a i n e d  a p p r o x i m a t e l y  the s a m e  

throughout  s t o r a g e .  

D I S C U S S I O N  

C h o l e s t e r o l  e s t e r a s e ,  when e x t r a c t e d  f r o m  an a c e t o n e - e x t r a c t e d  p a n c r e a s  

powder ,  has  been shown in the p r e s e n t  work  to r e s e m b l e  o ther  l i pa ses  (1-6) 

in i ts  c apac i ty  to fo rm a soluble  high m o l e c u l a r  weight  complex  with l ipid.  

The fo rma t ion  of this complex  does not appear  to be s imp ly  the co l lec t ion  of 

e n z y m e  sub-un i t s  at a l i p id -wa te r  i n t e r f a c e ,  which o c c u r s  dur ing n o r m a l  

l ipolyt ic  ac t ion (21). The complex  a p p e a r s  to be l ipopro te in  in na tu re  s ince  

during concen t r a t i on  of Peak  I so lu t ion ,  as well  as wa te r  being r e m o v e d  f r o m  

the so lu t ion ,  s o m e  PVP  may  have m i g r a t e d  into the so lu t ion ,  al lowing the 
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fo rma t ion  of an insoluble  complex between the e n z y m i c  l ipoprote in  and P V P .  

The l ipoprote in  na tu re  of Peak  I e n z y m e  is thus indica ted  s ince p l a s m a  l ipo-  

p ro t e in s  a re  known to p roduce  insoluble  complexes  with P V P ,  which a r e  r e -  

so lub i l i sed  in dilute sa l t  so lut ions  (22). 

The m o l e c u l a r  weight value of 15,000 to 20 ,000 obta ined  for the Peak  II 

enzyme  p r e p a r a t i o n  is lower  than those r e p o r t e d  e a r l i e r  for  o ther  l ipolyt ie  

e n z y m e s .  The m a j o r i t y  of these r e p o r t s  d e s c r i b e  the product ion  of a low 

m o l e c u l a r  weight  l ipase  (or e s t e r a s e )  having a m o l e c u l a r  weight of between 

35 ,000 and 40 ,000 .  Morgan et a l ,  h o w e v e r ,  r e p o r t e d  l ipolyt ic  ac t iv i ty  in a 

p r e p a r a t i o n  of about 20,000 m o l e c u l a r  weight ,  which was de sc r ibed  as p o s -  

s ibly  being the m o n o m e r i c  fo rm of the 40 ,000 m o l e c u l a r  weight enzyme  (23). 

The cho l e s t e ro l  e s t e r a s e  sub-un i t s  were  r e - a g g r e g a t e d  into an apparen t ly  

high m o l e c u l a r  weight  complex  on incubat ion with L i p o m u l ,  al though the 

lipid emuls ion  used for  this pu rpose  was excluded f rom Sephadex  G-200 and 

it is poss ib le  that the low m o l e c u l a r  weight e n z y m e  units  were  s imp ly  ad -  

s o r b e d  in the i r  low m o l e c u l a r  weight  f o r m  onto this e m u l s i o n .  T h e r e f o r e  it 

cannot  be c o n f i r m e d  i r r e fu t ab ly  that a l ipoprote in  c o m p l e x ,  s i m i l a r  to that 

o r ig ina l ly  i so la ted  f r o m  Viokase ,  is being r e - f o r m e d  during this t r e a t m e n t .  

Although cho l e s t e ro l  e s t e r a s e  has been s e p a r a t e d  into sub-un i t s  of c o m -  

pa ra t i ve ly  low m o l e c u l a r  weight ,  no ev idence  has been produced  as to i ts  

m o l e c u l a r  s t a te  dur ing enzyme a s s a y .  S ince  it  has  been sugges ted  that the 

ac t ive  fo rm of cho l e s t e ro l  e s t e r a s e  is a p o l y m e r  with bile sa l t s  (9), it is 

poss ib le  that p o l y m e r i s a t i o n  with e i the r  bile sa l t s  or  s u b s t r a t e  lipid could 

o c c u r  in the a s s a y  s y s t e m s  used  h e r e .  

The obse rva t ion  of s i m i l a r  va lues  for  the r a t i o s  of cho l e s t e ro l  e s t e r  h y -  

d ro ly t i c  to cho l e s t e ro l  e s t e r i fy ing  ac t iv i t i e s  shown by the di f ferent  enzyme:  

p r e p a r a t i o n s  is cons i s t en t  with r e p o r t s  {24,25) pos tula t ing that the s a m e  

e n z y m e  is involved in both r e a c t i o n s .  Murthy and Ganguly  (14) have c l a imed  

to be able to s e p a r a t e  hydro ly t i c  and e s t e r i fy ing  ac t iv i t i e s  by the use  of c a l -  

c ium phosphate  ge l ,  but this has  yet  to be c o n f i r m e d .  
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The resu l t s  of the s torage experiments  indicate that both fo rms  of the 

enzyme are reasonably s table ,  but that the high molecular weight l ipopro- 

rein form is the more stable.  These findings show the same pattern of 

protection as that reported by Schoor and Melius for pancreat ic  lipase (26). 

These workers  showed that the presence of lipid, when associated with the 

enzymic protein,  afforded good protection from denaturat ion.  
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