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SUMMARY 

L(+)-3-hydroxy( 3-14C)butyrate was prepared by t r e a t i n g  the  D,L-racemic mix- 

t u r e  w i t h  the s t e r e o s p e c i f i c  D-( - ) -3-hydroxybutyrate dehydrogenase enzyme. 

unfavorable e q u i l i b r i u m  p o s i t i o n  o f  the dehydrogenase was overcome by the  a d d i t i o n  

of acetaldehyde and a lcohol  dehydrogenase. 

treatment t o  acetoacetate. 

i s o l a t e d  by p repara t i ve  s i l i c a  gel chromatography i n  an o v e r a l l  y i e l d  o f  65%. 

The 

The D-isomer was converted by t h i s  

The unreacted L(+)-3-hydroxy( 3-14C)butyrate was then 
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INTRODUCTION 

The uptake and metabolism o f  ketone bodies has been stud ied w i t h  3-14C- 

l a b e l l e d  DL-3-hydroxybutyrate, D-3-hydroxybutyrate and acetoacetate. 

t he  L-isomer o f  3-hydroxybutyrate has been shown t o  l a b e l  the s t e r o l  and f a t t y  a c i d  

components o f  b ra in ,  sp ina l  cord and s k i n  from 18-day o l d  r a t s  b e t t e r  than t h e  D- 

i somer ( l ) .  

an e f f i c i e n t  h i g h - y i e l d  procedure f o r  t he  p repara t i on  o f  L(+)-3-hydroxy( 3-14C)- 

b u t y r a t e  had t o  be developed. 

Recently, 

I n  o rde r  t o  cont inue our  s tud ies o f  the metabolism o f  each isomer, 

The preparat ion o f  t he  L(+)-3-hydroxy( 3-14C)butyrate from a racemic m ix tu re  

has been p rev ious l y  described i n  which the  D-isomer was converted t o  acetoacetate 
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by t h e  s t e r o s p e c i f i c  D-3-hydroxybutyrate dehydrogenase enzyme. ( 

t h i s  procedure removes o n l y  80-85% o f  t h e  D-isomer from the  racemic m ix tu re  and 

o p t i c a l l y  pure L(+)-3-hydro~y-(3-~~C)butyrate cou ld  o n l y  be obta ined a f t e r  re -  

peated t reatment  w i t h  the  dehydrogenase enzyme fo l l owed  by t h i n  l a y e r  chromato- 

However, 

graphy. 

Th is  r e p o r t  d e t a i l s  t he  m o d i f i c a t i o n  o f  t h e  above procedure which overcomes 

the unfavorable e q u i l i b r i u m  constant  f o r  t he  conversion o f  3-hydroxybutyrate t o  

acetoacetate(2) by t h e  a d d i t i o n  of acetaldehyde and a lcohol  dehydrogenase t o  the 

r e a c t i o n  mixture.  

i n  the racemic m ix tu re  t o  acetoacetate and enables the L-isomer t o  be recovered 

a f t e r  s i l i c a  ge l  t h i n  l a y e r  chromatography i n  an o v e r a l l  y i e l d  of 65%. For the  

reasons mentioned above t h e  f o l l o w i n g  procedure was developed. 

Th is  coupled enzyme r e a c t i o n  conver ts  over 98% o f  t he  D-isomer 

EXPERIMENTAL 

DL-3-hydroxy( 3-14C)butyrate (500 V C i ,  19 vCi/umole, Amersham-Searle) was 

d isso lved i n  2.5 ml water and placed i n  a 10 ml r e a c t i o n  v i a l .  To the  r e a c t i o n  

v i a l  was added 1.0 m l  o f  0.25 M Na2HP04/KH2P04 phosphate b u f f e r  (pH 7 . 8 ) ,  0.05 ml 

o f  a lcohol  dehydrogenase enzyme s o l u t i o n  ( E C  1.1.1.1., 233 units/mg p ro te in ,  2.0 

mg/ml, Sigma Chem. Co., Cat. No. A3263), 0.25 m l  o f  f r e s h l y  prepared 200 mM 

acetaldehyde, 0.50 m l  o f  5 mM disadium n icot inamide adenine d inuc leo t i de  ( N A P )  

and 0.60 m l  o f  water. 

by the a d d i t i o n . o f  0.10 m l  o f  3-hydroxybutyrate dehydrogenase enzyme suspension 

i n  3.2 M (NH4)2S04 (EC 1.1.1.30., 6.2 units/mg p r o t e i n ,  5 mg/ml ,  Sigma Chem. Co., 

Cat. No. H6126). A f t e r  1 hour, t h e  r e a c t i o n  m i x t u r e  was a c i d i f i e d  by the a d d i t i o n  

o f  0.10 m l  o f  6 N HClO4 and heated a t  60° fo r  45 min. 

formed was q u a n t i t a t i v e l y  decarboxylated t o  acetone and CO2 under these cond i t i ons .  

The m ix tu re  was heated t o  37O, and t h e  r e a c t i o n  i n i t i a t e d  

The acetoacetate i n i t i a l l y  

A f t e r  c o o l i n g  t o  room temperature, t h e  r e a c t i o n  m i x t u r e  was n e u t r a l i z e d  wi th 

0.30 m l  o f  2 N KOH and t h e  acetaldehyde and r a d i o a c t i v e  acetone removed by l y o -  

p h i l i z a t i o n  o v e r n i t e  i n  a hood vented t o  t h e  ou ts ide .  

b u t y r a t e  was s e l e c t i v e l y  e x t r a c t e d  by f i r s t  d i s s o l v i n g  t h e  f reeze -d r ied  res idue  

i n  1.0 m l  o f  water, fo l lowed by 9 .0  m l  o f  absolute e t h y l  a l coho l .  The p r e c i p i t a t e  

The L ( + ) - 3 - h y d r o ~ y ( 3 - ~ ~ C )  
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was removed by centrifugation a t  400 g fo r  10 m i n .  

times w i t h  2 ml aliquots of 90% alcohol. 

natant fraction and the volume reduced to 0.5 ml by lyophilization. 

t a t e  formed was removed by centrifugation. 

two preparative s i l i c a  gel t h i n  layer glass plates (20 x 20 cm, 500 p, Analtech). 

The plates were developed in ethyl ether/acetic acid/water (70:10:3) and the L(+) 

-3-hydroxy(3-14C)butyrate band located by scanning the chromatograms with. a Geiger 

counter. The L(+)-3-hydroxy(3-14C)butyrate band ( R f ,  0.84) was scraped from the 

plates and eluted from the s i l i c a  gel w i t h  80% ethanol. 

the pH adjusted to  7.0, and lyophilized t o  dryness. 

The prec ip i ta te  was washed 3 

The washings were added t o  the super- 

Any precipi- 

The supernatant was then applied t o  

The eluants were combined, 

The purity of the L(+)-3-hydroxy( 3-l4C)butyrate was determined by t rea t ing  

a small portion of the freeze-dried preparation with a freshly prepared D-3- 

hydroxybutyrate dehydrogenase/alcohol dehydrogenase mixture. After 1 hour, the 

reaction mixture was chromatographed on analytical s i l i c a  gel plates (100 p, 

Eastman) i n  ethyl ether,  ace t ic  acid/water (70:10:3). 

butyrate are separated i n  t h i s  system w i t h  Rf's of 0.56 and 0.79 respectively. 

I t  was found t h a t  the L(+)-isomer was 98% pure and tha t  the overall yield start- 

ing with the racemic D,L-mixture was 65%. 

Acetoacetate and 3-hydroxy- 

In order t o  establish the l imi t s  of the reaction, a se r ies  of experiments 

were conducted in which 

( a )  The 3-hydroxybutyrate concentration was varied from 2.5 to  30 mM a t  

constant concentrations of NAD+ ( 2  mM) and acetaldehyde (32 mM), 

( b )  The NADt concentration was varied from 0.25 to  10 mM a t  constant 

concentrations of 3-hydroxybutyrate ( 5  mM) and acetaldehyde (32 mFI), 

and 

(c )  The acetaldehyde concentration was varied from 20 to  350 mM a t  

constant concentrations of 3-hydroxybutyrate ( 5  mM) and NAD' ( 2  mM). 

The remaining reaction conditions were as described in the tex t .  The reac- 

tions were stopped a t  the end of 60 and 120 m i n .  w i t h  perchloric acid, and a f t e r  

reneutral ization w i t h  KOH, an a1 iquot from each was assayed enzymatically for  

D-3-hydroxybutyrate (') tha t  remained in the reaction mixture. 
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The resu l t s  of the se r i e s  of experiments established tha t  acetaldehyde con- 

centrations up t o  350 mM d i d  not i n t e r f e re  w i t h  the enzymatic conversion of D-3- 

hydroxybutyrate t o  acetoacetate. Furthermore, over 95% of the conversion t o  ace- 

toacetate occurred w i t h i n  1 hour and the optimum concentration range for  NAD+ 

was 0.5 to  2 mM and f o r  3-hydroxybutyrate, l ess  than 5 mM. 
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