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Summary :  A hog l i v e r  enzyme that  ca t a lyzes  the convers ion  of 3 - d e c y n o y l - N - a c e t y l c y s -  
t eamine  to 2, 3 d e c a d i e n o y l - N - a c e t y l c y s t e a m i n e  has  been  pur i f ied  to homogenei ty .  This  
enzyme a lso  ca t a lyzes  the i s o m e r i z a t i o n  of 3-ci_~s o r  3 - t r a n s  enoyl CoA de r iva t ives .  
I ts  p r o p e r t i e s  a r e  s i m i l a r  to those  of the i s o m e r a s e  r e q u i r e d  for  the f i -oxidat ion of o le ic  
acid.  

Introduct ion:  Cer t a in  ace ty len ic  subs t r a t e  analogs have been found to inact ivate  va r ious  

enzymes  i r r e v e r s i b l y  (1-3). For  example ,  f i -hydroxydecanoyl  t h ioe s t e r  dehydrase  i s o m -  

e r i z e s  3-decynoyl -NAC* to 2 ,3  decadienoyl -NAC,  a highly r eac t ive  a l lene,  which r ap id ly  

combines  with an ac t ive  s i te  r e s idue  t he r eby  inact ivat ing the enzyme (4). However,  the 

conver s ion  of an ace ty len ic  to an a l len ic  compound by  an enzyme has  so far  been  only in-  

f e r r e d  but  not demons t r a t ed  by d i r ec t  i so la t ion  of the i s o m e r i z a t i o n  product° We have now 

pur i f ied  an enzyme which ca t a lyzes  the  conver s ion  of 3 -ace ty l en ic  fat ty acyl  t h i o e s t e r s  

to 2, 3 dienoyl  fat ty acyl  t h i o e s t e r s ,  without inact iva t ion  of the enzyme.  In this  ins tance ,  

the a l lenic  t h i o e s t e r  product  accumula tes .  The homogeneous a c e t y l e n e - a l l e n e  i s o m e r a s e  

a lso  i s o m e r i z e s  A 3 -  ci_.~s o r  A 3-  t r a n s  acyl  CoA compounds to A 2 -  t r ans  acyl  CoA d e r i v a -  

t ives ,  the same  r eac t i ons  that  a r e  ca t a lyzed  by  an enzyme f i r s t  d e s c r i b e d  by  Stoffel (5). 

The l a t t e r  enzyme is  be l i eved  to be e s sen t i a l  for  the f i -oxidat ion of o le ic  acid  by  l i v e r  

mi tochondr ia  (6). 

M a t e r i a l s  and Methods:  Al l  enzyme pur i f i ca t ion  s teps ,  to be d e s c r i b e d  e l sewhere ,  were  
c a r r i e d  out  at  4 °. Hog l i v e r  was obta ined f rom the C o r s a i r  Packing  Co . ,  Pawtucket ,  R . I .  
E lec t ro focus ing  was p e r f o r m e d  on an LKB 110 ml  column using 1% pH 3-10 ampholy tes .  
Gels  were  scanned at 550 nm with a Gi l ford  240 us ing the 10 e m  gel  scanning a t tachment .  
Equ i l ib r ium cent r i fuga t ion  was done accord ing  to Yphantis  (7) in a Spinco mode l  E u l t r a -  
cent r i fuge  equipped with pho toe lec t r i c  scanning opt ics .  The pa r t i a l  speci f ic  volume of the 
enzyme was de t e rmined  accord ing  to Ede l s t e in  and Schachman (8). Fo r  c h a r a c t e r i z a t i o n  
of the a l len ic  t h ioes t e r ,  s p e c t r a l  ana lyses  were  p e r f o r m e d  with a Var ian  T-60 lxrlVIR s p e c -  
t r o m e t e r ,  a Ca ry  118 spec t ropho tome te r  and a P e r k i n - E l m e r  In f raco rd  s p e c t r o m e t e r .  Mass  
s p e c t r a  were  obtained with an Assoc i a t ed  E l e c t r i c a l  Indus t r i e s  MS-9 double focusing i n s t r u -  
ment .  Opt ica l  ro ta t ions  were  m e a s u r e d  with a P e r k i n - E l m e r  141 p o l a r i m e t e r .  

Enzyme A s s a y :  The enzyme was a s s a y e d  s p e c t r o p h o t o m e t r i c a l l y  at 25 ° on a Cary  118 o r  

*The abbrev ia t ion  used  i s  NAC, N-ace ty l cys t eamine .  
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Gil ford  240 by  measu r ing  an i n c r e a s e  in absorbance  at 263 nm with t ime for  both al lenic  
and A 2 - t r a n s  acyl  t h ioe s t e r  products .  F o r  2, 3 dienoyl acyl  t h ioes t e r ,  ~max=263 nm 
(~ --4000) and for A 2 - t r a n s  acyl  t h i o e s t e r s ,  ~ m a x  =263 nm (E =6700). Subs t ra te  concen-  
t r a t ions  v a r i e d  f rom 1 x 10 -3 to 5 x 10 -5 M depending on the chain length, t h ioe s t e r  moie ty  
and unsa tu ra t ion  of the compound used.  The a s s a y  buffer  was 0.05M potass ium phosphate 
buffer ,  pH 7. 4. Between 0. 1-1, 0 ~ug of enzyme was rout ine ly  used  to s t a r t  the reac t ion .  
3 -Ace ty len ie  and A3-olef in ic  t h ioe s t e r s  were synthes ized  by a modif ica t ion  of the mixed 
anhydride p rocedure  (9). 

Inhibition Expe r imen t s :  3-Decxnoyl-NAC (1 x 10-4M) o r  2, 3 decadienoyl-NAC (1 x 10-4M) 
were pre incubated  with 1 x 10-UM enzyme in 0.05 M po tass ium phosphate at  pH 7.4  for 
va r ious  lengths  of t ime.  Af te r  d ia lys i s  to r emove  the potent ial  inhib i tors ,  the enzyme was 
a s sayed  with 1 x 10 -4  M 3-decynoyl -NAC or  7 x 10 -5  M 3 - c i s - d e c e n o y l  CoA as subs t r a t e s ,  

Isola t ion of  the Allenic  Produc t :  3-Decynoyl-NAC (35 mg) in 2.26 ml of ace ton i t r i l e  was 
d i s so lved  in 200 ml of 0. 05 M po tass ium phosphate buffer ,  pH 7 .4  at 25 °, 401ug of the 
i s o m e r a s e  (pI 7. 01, see  below) in the same  buffer  was added and the r eac t i on  was al lowed 
to proceed  to equ i l ib r ium as de te rmined  spee t ropho tomet r i ca l ly .  The solut ion was then 
sa tu ra t ed  with sodium chlor ide ,  ex t r ac t ed  th ree  t i m e s  with diethyl e ther  and the ex t r ac t  
d r i ed  over  magnes ium sulfate .  F i l t r a t i on  and evapora t ion  of solvent  y ie lded  33 mg of a 
yel low off. This oi l  was appl ied to a Unisi l  column (1.5 ml) and eluted with methylene  
ch lor ide :  methanol  (200:1 v/v) .  25 mg of a c l e a r  v i scous  oil  was obtained a f te r  ana lys i s  
of f rac t ions  by TLC on s i l i c a  gel  and UV spec t roscopy .  

Resu l t s  and Discuss ion :  F rac t iona t ion  of hog l i v e r  ex t r ac t s  by p roc e du re s  to be desc r ibed  

s e p a r a t e l y  y ie lded  150-500 fold pur i f ied enzyme shown to be homogeneous by p o l y a c r y l a -  

mide  gel e l e c t r o p h o r e s i s  at  pH 8.7 (10), SDS gel  e l e c t r o p h o r e s i s  (11) and equi l ib r ium u l t r a -  

cent r i fugat ion  (Fig. I). E lec t rofocus ing  s e p a r a t e d  the enzyme into four d i f ferent ly  cha rged  

fo rms ,  (pI = 6.57,  6.84,  7. 01 and 7. 27) which had the same  subunit m o l e c u l a r  weight 

(45000 + 1000) as  de t e rmined  by SDS gel e l e c t r o p h o r e s i s .  Equi l ib r ium u l t r acen t r i fuga t ion  

of the pI 7. 01 enzyme indica ted  a m o l e c u l a r  weight of 91000 + 2000 suggest ing a d ime r i e  

Fig. i- 
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CATHODE ANODE 

SDS gel  (7.5%) of pur i f ied  i s o m e r a s e ,  pI 7.01 form.  8 .5  ~ug of SDS t r e a t e d  
enzyme was subjec ted  to e l e c t r o p h o r e s i s ,  s ta ined  w i t h .  25% Coomass ie  Br i l l i an t  
Blue R-250 and scanned at  550 nm in a Gi l ford  240 spec t ropho tomete r  equipped 
with a l i nea r  t r a n s p o r t  a t tachment .  
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s t ruc ture  for  the native enzyme. All fo rms  of the i somerase  had coincident acetylene 

and olefin i somer iza t ion  activi ty through the las t  four purification steps. 

Fai lure of 3-Decynoyl and 2, 3 Decadienoyl Thioes te rs  to Inhibit I somerase :  Preincubat ion 

of i somerase  with 3-decynoyl-NAC or  2, 3-decadienoyl-NAC for various lengths of t ime 

as descr ibed in methods failed to diminish enzyme activity as judged by subsequent assay  

with 3-cis-decenoyl.-CoA or  3-decynoyl-NAC. Likewise,  the pantetheine and coenzyme 

A th ioes ters  of 3-decynoic acid were not inhibitory, but were active subst ra tes .  Since 

model react ions indicate that a var ie ty  of nucleophiles undergo Michael addition with 

2, 3 dienoyl acyl th ioes ters  (12), it is possible that weak binding of the allenic product 

and /or  orientat ion effects prevent covalent react ion with the l iver  i somerase .  

Character iza t ion  of Allenic Acyl Thioes ter  Product :  A large  scale incubation of 3 -de-  

cynoyl-NAC with the pI 7. 01 enzyme yielded a pure product  having proper t ies  identical 

with synthetic 2, 3 decadienoyl-NAC (12). Other products  were not detected by TLC or  

ul traviolet  spectroscopy.  The compound's  charac te r i s t i c  spectra l  proper t ies  a re :  

ul t raviolet :  ~kmax=263 nm (£ =3500) (in ethanol); infrared:  ~ max=5" 12]u (C=C=C stretch);  

NMR (CDC13): ~ 5 . 9 - 6 . 0  (2H multiplet) for allenic protons;  mass  spec t rum (70 ev): 

m / e  = 269 parent ion. The allenic product was optically active [~]D ° = +55 ° (c = 13. 3 r ag /  

ml in CH2C12) and i r r eve r s ib ly  inhibited 3-hydroxydecanoyl  th ioes ter  dehydrase at a 

fas te r  ra te  than racemic  2, 3 decadienoyl-NAC. Only dext ra ro ta tory  2, 3 decadienoic 

acid had previously  been shown to be an inhibitor of fi- hydroxydecanoyl th ioester  dehy- 

drase  (13). 

Table I. Comparison of Vma x and K m for various Cl0-acetylenic thioesters and 
3-cis-decenoyl-NAC. 

Substrate Vma x x 102, ~mole s /min  K m x 104, M 

3-Decynoyl-NAC 5. 0 2.1 

3-Decynoyl-pantetheine 2. 5 1. 7 

3-Decynoyl-CoA 1. 2 1. 0 

3-c i s -Decenoyl -NAC 0 

The i somera se  (. 2 ~ug) used was chromatographica l ly  homogeneous but had not been subjected 
to electrofocusing.  Vma x and K m were determined f rom double rec iprocal  plots. 
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Table  2. Compar i son  of kca t and K m for  C6-olef in ic  and C6-ace ty len ic  de r iva t ives .  

Subs t ra te  kca  t,  sec  -1 KmX 105, M 

3 - t r a n s - H e x e n o y l - C o A  10. 0 9. 2 

3-cis___-Hexenoyl-CoA 17. 8 1. 4 

3-Hexynoyl -CoA 24. 2 4. 3 

The pI 7.01 form of the i s o m e r a s e  was used  In each assay ,  kca t and K m were  de t e rmined  
f rom double r e c i p r o c a l  plots .  

Subs t ra te  Speci f ic i ty  and Mechanism:  The mul t ip le  fo rms  of the i s o m e r a s e  exhibi ted a 

b r o a d  chain length spec i f i c i ty  (C6-C12) for both 3 -ace ty len ic  and 3 -c i s  o r  t r a n s - o l e f i n i c  

acyl  t h ioe s t e r  subs t r a t e s .  While 3 -ace ty len ic  t h ioe s t e r s  of c . e n z y m e  A, pantetheine 

and N - a e e t y l c y s t e a m i n e  were  good subs t r a t e s ,  the co r re spond ing  olef in ic-NAC de r iva t ives  

were  not. In fact,  3 - c i s -decenoy l -NAC was not  a subs t r a t e  and inhibited a c e t y l e n e - a l -  

lene i s o m e r a s e  ac t iv i ty  compet i t ive ly  (K i = 1 x 10-4M) (Table 1). In compar i son  with o l e -  

finic s u b s t r a t e s  with the same  chain length and t h ioe s t e r  moie ty  (C.ASH), the ace ty lene  

has a g r e a t e r  kca  t and s i m i l a r  K m making it the mos t  ac t ive  subs t r a t e  for  the enzyme 

(Table 2). F ina l ly ,  the i somer i za t i on  of 2, 2 d i -de u t e ro -3 -de c ynoy l -N A C to the c o r r e s -  

ponding a l lene  p roceeded  with a deu te r ium isotope effect  of kH/k  D = 3.5 at  25 °. This  sug-  

g e s t s  that  the r a t e  l imi t ing  step in the i s o m e r a s e  r eac t ion  is ab s t r ac t i on  of a proton at  

Ce~. 

If the enzyme d e s c r i b e d  he re  should prove to be ident ical  with the i s o m e r a s e  i so la ted  

by Stoffel e t  a l . ,  an enzyme be l i eved  to function in the f l -oxidat ion of o le ic  ac id  (5, 6), 

then it would be r e m a r k a b l e  that  th is  enzyme p r e f e r s  an unnatural  subs t r a t e  ove r  a n o r -  

mal  metabol i t e .  In s u m m a r y ,  i t  is  shown that  an a l lenic  product ,  in spi te  of i t s  g r e a t  

suscep t ib i l i t y  to nucleophi l ic  a t tack,  will  not n e c e s s a r i l y  inact iva te  the enzyme that  gen -  

e r a t e s  it. In th is  r e s p e c t ,  the p r o p e r t i e s  of the enzyme desc r ibed  here  differ  s t r i k ing ly  

f rom those  of f i -hydroxydecanoyl  t h ioes t e r  dehydrase  (4). 
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