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S UMMA R Y  

A simplif ied procedure i s  described for  the synthesis and 

pur i f ica t ion  of labelled cholesteryl  e s t e r s .  The es ters  are 

synthesized enzymatically from (4 -  C I  cholesterol and f ree  

f a t t y  acids. 

1 4  

The separation of the l i p ids  from aqueous medium i s  simpli- 
f ied  by lyophilizing the reaction mixture a t  equilibrium. The 

l i p id  components of the freeze-dried powder are separated by 

s i l i c i c  acid chromatography. The radiochemical purity of the  

product was shown t o  be greater than 98X. 

INTRODUCTION 

Chemical s y n t h e s i s  of c h o l e s t e r y l  esters can b e  achieved by 

heat ing  t h e  s t e r o l  and the  appropriate f a t t y  a c i d  i n  an atmosphere 

o f  '20% (l), or i n  the presence o f  benzene s u l f o n i c  a c i d  ( 2 ) .  

Heating c h o l e s t e r o l  and a f a t t y  a c y l  c h l o r i d e  i n  the presence of 
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pyr id ine  a l s o  g ives  a good y i e l d  of e s t e r  (3 ,4 ) .  For t h e  prepara- 

t i o n  of  unsaturated f a t t y  ac id  e s t e r s  a sodium ethoxide catalyzed 

e s t e r  interchange r eac t ion  involving cho le s t e ry l  a c e t a t e  and the 

des i red  f a t t y  ac id  methyl e s t e r  i s  most u se fu l  ( 5 ) .  None of  t h e  

e x i s t i n g  chemical methods i s  convenient f o r  microscale synthes is  of 

cho le s t e ry l  e s t e r s  of high s p e c i f i c  a c t i v i t y .  Using enzymatic syn- 

t h e s i s  (panc rea t i c  cho le s t e ry l  ester hydro lase) ,  (6,7), it is  

poss ib l e  t o  ob ta in  cho le s t e ry l  esters i n  q u a n t i t i e s  a s  low a s  1 mg. 

One of  the important requirements f o r  t h e  e f f e c t i v e  production 

of r ad ioac t ive  cho le s t e ry l  e s t e r  by enzymic techniques is t h e  ex- 

t r a c t i o n  and p u r i f i c a t i o n  of  t h e  ester. when t h e  enzymic r eac t ion  

reaches equilibrium, the cho les t e ro l ,  f r e e  f a t t y  ac id  and synthe- 

s i zed  cho le s t e ry l  ester a r e  ex t rac ted  with organic  so lven t s  followed 

by so lven t  evaporation and sepa ra t ion  of  t h e  components by s i l i c i c  

ac id  column chromatography. This widely-used procedure is not  only 

time-consuming b u t  our experience has  been t h a t  t h e  f a t t y  ac id  

becomes oxidized during ex t r ac t ion  producing an in so lub le  complex 

of l i p i d s .  Consequently the recovery of t h e  e s t e r  i s  poor. W e  

be l i eve  t h a t  t h e  technique described i n  t h i s  communication, namely 

the lyoph i l i za t ion  of  t h e  r eac t ion  mixture a t  equilibrium, circum- 

vents  t hese  d i f f i c u l t i e s  and is  a r ap id  and e f f i c i e n t  procedure fo r  

t h e  sepa ra t ion  o f  the l i p i d  components. The freeze-dried powder is 

ex t r ac t ed  with a smal l  quan t i ty  of petroleum e the r  (bo i l ing  range 

60-110°) and f r e e  and e s t e r i f i e d  [4-l4C] cho le s t e ro l  a r e  separa ted  

by s i l i c i c  ac id  column chromatography. I n  our s tud ie s  most of t h e  
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r a d i o a c t i v i t y  i s  recovered a f t e r  l yoph i l i za t ion .  

sc r ibed  method, 99% pure,  high spec i f i c - ac t iv i ty  [4-14C] cho le s t e ry l  

o l e a t e ,  [4-14C] cho le s t e ry l  l i n o l e a t e ,  [4-14C] cho le s t e ry l  l i no lena te  

and [4-l4C] cho le s t e ry l  arachidonate have been prepared i n  radio- 

chemical y i e l d s  of  61%, 57%, 59% and 56%, respec t ive ly .  

Using the de- 

MPERIMEXTAL 

Chemicals: A l l  chemicals were purchased from Sigma Chemical 

Company, S t .  Louis, Mo. ,  o r  General Biochemical Co., Chagrin F a l l s ,  

Ohio. Cholesterol and f r e e  f a t t y  ac ids  w e r e  checked f o r  p u r i t y  by 

th in- layer  chromatography. [4-14C] cho le s t e ro l  ( s p e c i f i c  a c t i v i t y ,  

58.5 mCi/n mole) was purchased from New England Nuclear Corp., 

Boston, Mass. 

A l l  a c t i v i t y  measurements w e r e  made using a Packard Tr i ca rb  

S c i n t i l l a t i o n  Spectrometer, Model 3375. with an  e f f i c i ency  of  75% 

and background counts of 30-35 CPM. The samples w e r e  counted i n  a 

l i qu id  s c i n t i l l a t i o n  mixture containing 2,5-diphenyloxazole, (PPO),  

4 g ,  1,4-phenylenebis (4-rnethyl-5-phenylo~azole)~ (DMPOPOP), 0.1 g 

made up t o  1 l i ter  with d i s t i l l e d  toluene. 

Enzyme: Cholesterol ester hydrolase,  (EC3.1.1.13). An enzyme 

so lu t ion  was prepared by ex t r ac t ing  acetone-dried powder of beef 

pancreas (obtained from Sigma Chenical Co.). The enzyme was 

brought i n t o  so lu t ion  by suspending 1 g ‘of the powder i n  10 m l  of 

0.1 M NH C 1  so lu t ion  a t  4O. The suspension was s t i r r e d  f o r  30 min 

and then cent r i fuged  a t  10,000 X g f o r  10 min. The c l e a r  super- 

na t an t  contained 10  mg p ro te in  p e r  m l .  

4 
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Reaction Mixture: The r eac t ion  mixture was prepared by emul- 

s i f y i n g  3 mg (0.0077 m mole) 

(0.021 m mole) o l e i c  ac id  and 8 mg (0.015 m mole) sodium taurocho- 

l a t e  i n  a volume of  0.5 m l  0.15 M phosphate b u f f e r ,  pH 6.2. The 

l i p i d  components d i sso lved  i n  e t h e r  were placed i n  a Potter-Elvehjem 

homogenizer and a f t e r  add i t ion  of t h e  inorganic  components the 

mixture was homogenized. The e t h e r  was removed i n  a stream of N 

and t h e  mixture was rehomogenized p r i o r  t o  use. Af t e r  add i t ion  of 

t h e  enzyme e x t r a c t  (0.5 m l )  t he  r eac t ion  was allowed t o  proceed f o r  

4 h r  a t  3 7 O .  

[4-14Clcholesterol (0.5 pCi) ,  6 mg 

2 

At t h e  end of r eac t ion  per iod ,  t h e  mixture was c h i l l e d  and 

lyophi l ized .  The freeze-dried powder was ext rac ted  with t h r e e  5 m l  

po r t ions  of b o i l i n g  petroleum e t h e r  (bo i l ing  range 60-110O) and t h e  

combined e x t r a c t s  d r i ed  under reduced pressure.  The res idue  was 

d isso lved  i n  1.5 m l  o f  petroleum e ther .  

Four grams of s i l i c i c  ac id  (8)  were suspended i n  20 m l  o f  

methanol and poured i n  a column 1.5 cm i n  diameter and 22  cm long. 

The column was washed i n  succession with 15 m l  po r t ions  of acetone, 

d r y  e t h y l  e t h e r  and petroleum e ther .  The sample, d i sso lved  i n  

petroleum e t h e r  was placed on t h e  column. The ester was e lu t ed  

with 1% e t h y l  ether i n  petroleum e ther .  Approximately 80 m l  was 

requi red  t o  e l u t e  [4-I4C] cho le s t e ro l  ester. Upon increas ing  t h e  

e t h y l  e t h e r  concent ra t ion  first t o  5% and then t o  10%. unchanged 

f a t t y  aqid and [4-14C] cho le s t e ro l  were e lu t ed  i n  succession. 
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RESULTS 

The r a t e  of cho le s t e ry l  ester syn thes i s  has  been shown t o  be 

maximal with o l e i c  ac id  followed by l i n o l e i c  ac id ,  l i n o l e n i c  ac id  

and arachidonic ac id  (9 ) .  In  a l l  cases,  however, the equilibrium 

was reached a t  about 4 h r  of incubation. A t  equilibrium 60-65% of  

cho le s t e ro l  was converted i n t o  cho le s t e ry l  ester. Five m i c r o l i t e r s  

of each r eac t ion  mixture was subjec ted  t o  s i l i c i c  ac id  th in- layer  

chromatography and t h e  r a d i o a c t i v i t y  of  separa ted  f r e e  and ester- 

i f i e d  [4-14Clcholesterol was determined. 

measurements gave t h e  t o t a l  r ad ioac t iv i ty .  S imi l a r ly ,  radio- 

a c t i v i t y  was determined f o r  f r e e  and e s t e r i f i e d  cho le s t e ro l  before  

and a f t e r  l yoph i l i za t ion  of  t he  r eac t ion  mixture a t  equilibrium. 

More than 95% of  t h e  r a d i o a c t i v i t y  was recovered f o r  t h e  e s t e r  from 

t h e  freeze-dried powder. The recovery of  r e s idua l  f r e e  cho le s t e ro l  

was 80-85%. 

The sum of  t hese  two 

The l i p i d  mixture ex t r ac t ed  from lyophi l ized  powder was sepa- 

r a t ed  i n t o  i t s  components by s i l i c ic  ac id  column chromatography. 

The e s t e r  was e lu t ed  with 1% e t h y l  e t h e r  i n  petroleum e ther .  

Approximately 98% of  CPM of  e s t e r  was recovered i n  t h i s  f r ac t ion .  

The so lvent  was evaporated under reduced p res su re  and t h e  r e s idue  

was d isso lved  i n  1 m l  o f  benzene and checked f o r  p u r i t y  by s i l i c i c  

ac id  th in- layer  chromatography. The amount of ester cho le s t e ro l  

was determined co lo r ime t r i ca l ly  using the FeC13 method ( 1 0 ) .  

This method provides a f a c i l e  means of  synthes iz ing  l abe l l ed  

steryl e s t e r s  from small  q u a n t i t i e s  of  hard-to-obtain s t e r o l s  or 

f a t t y  ac ids .  The f ind ings  a r e  summarized i n  Table I. 
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