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The  enzymes  phospho t ransace ty lase  (EC 2 .3 .1 .8 )  o r  ca rn i t i ne  ace t , v l t rans te rase  (EC

2.3 .1 .7 )  an i l  t he i r  respec t i ve  subs t ra tes  (ace ty l  phospha te  and  t - -ace t l , l ca rn i t i ne )  p r t l v idc  the

basis for  ef f ic ient  recycl ing systems for  acety l -CoA. 
' fh is 

paper a lso survey's sy 'ntheses and

substrate act iv i t ies of  analogs of  these 1wo substances.  r  l9 l l9 Acadcnr ic l ) ress.  lne .

INTRODUCTION

Cclenzyme A thioesters scrve as substrates in a large var iety of  enzyme-cata-

lyzcd react ions (1),  and acetyl-CoA is central  to biological  accty lat ion react ic lns.

CoA thioesters play a pivotal  ro le in cholesterol  b iosynthesis (3-hydroxymethyl-

glutaryl-CoA) and fat ty acid mctabol ism (malonyl-CoA).  Thc complex structure

o f  Coenzymc A ( l )  i s  s t i l l  z r  cha l lenge fo r  syn thcs is  (2 ) .  Synthe t ic  ana logs  o f  CoA

are morc readi ly accessible than natur i i l  CoA and have proven uscful  as strbst i -

tu tes  lo r  i t  (J ) .  The h igh  cos t  o f  Coenzyme A ($ t t0 /mmol )  l im i ts  i t s  use-  as  a

stoichiometr ic rcagcnt in bioorganic synthcsis.
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Our interest  in the dcvclopment of  cnzymology as an adjunct to organic synthe-

sis lcd us to look for  an in s i tu recycl ing system for acyl-CoA der ivat ives,  in i t ia l ly

locusing on accty l -CoA, but also invest igat ing the enzymatic synthesis of  other

CoA thioesters and their  regcncrat ion.
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Scnnnae |  .  Ci t rate synthesis wi th recycl ing of  acety l -CoA, wi th acety l  t ransfer  catalyzed by phos-
photransacety lase (PTA) (CS, c i t rate synthase).

Two previous studies presented methods for recycling acetyl-CoA2 for use in
organic synthesis.  React ions wi th dextran-bound CoA using the system shown in
Scheme I  (where CoA and AcCoA were replaced with CoA-dextran and AcCoA-
dextran, respectively) (4) produced citrate (4c/c in 5 h, l4 turnovcrsr of the CoA
analog) but were impractical due to the poor affinity of the enzymes for the CoA
analog. Walt  and co-workers (5)showed that a system composed of  acetate,  ATP,
and acetyl-CoA synthetase (EC 6.2.1.1) worked wel l  for  thc rcgcnerat ion of  ace-
ty l -CoA (Scheme 2).  They rcportcd a turnover number of  1000 for CoA. The
disadvantages of  th is system were the high pr ice of  acetyl-CoA synthetase
($32.50/10 U) and the need for ATP (which was not recycled in their  work).

RESULTS AND DISCUSSION

Recyc:l ing oJ' ucettl-CoA. A number of enzyme-catalyzed reactions might, in
pr inc ip le ,  be  used to  t rans form CoA in to  acc ty l -CoA (Eqs . t l l - t -51) .  On ly  two.
however,  seem to provide a pract ical  basis for  an ef f ic ient  recycl ing system. For a
pract ical  system, the enzymes and substrates used should be commercial ly avai l -
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I  N6 of  the adenosine residue of  CloA was l inked to BHP-act ivated t lextran as CoA-N(,-
C HrCON H(CH2)6NH-dextran.

3 Turnovers or  turnover numbcrs reported for  cofactors are def ined as moles product /mcl le cofactor .
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Scneue 2. Citrate synthesis with recyclingof acetyl-CoA, with acetyltransfer catalyzed by acetyl-
CoA synthetase (ACS).
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" consisls ol pyruvate dehydrogenase (EC 1.2.4.1), l ipoate acetyltransferase (EC 2.3.1 .12]t

and l ipoamide dehydrogenase (EC 1.6.4.3)
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able, inexpensive,
(Eqs .  [1 ] ,  [3 ] ,  [5 ] )
would be needed,
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Carni t ine Acety l t ransferase (EC 2.3.1 .7)  ( l  |  ,14
Keq - 0.6 (13)

ATP-Cit ra le Lyase (EC 4.1.3.8)  (  14)
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and fairly stable. Reactions that themselves require a cofactor
are not very attractive, because a secondary recycling system
even though acetate, pyruvate, and citrate are inexpensive

o

Hrc^scon + co2 I3l
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t l .cAscon *
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urc^scoA + oAA ts l
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K " q  =  1 0 - 1 ' 5 ( / 0
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Scnrve  3 .  C i t ra te  syn thes is  w i th  recyc l i ng  o f  ace ty l -CoA.  u ' i t h  ace ty l  t rans f t r  ca ta l yzed  by ' ca rn i -
t ine acety l t ransferase (CAT).

commercial ly.  The phosphotransacetylase-catalyzed acetyl  t ransfer f l -om acetyl
phosphate to CoA (E,q.  [2])  appeared to be the simplest  method. but had the
d isadvantage tha t  ace ty l  phosphate  is  in t r ins ica l l y  uns tab le  in  so lu t ion .  The sys-
tem based on  carn i t ine  ace ty l t rans ferase/ t  -ace ty lcarn i t ine  (Eq.  ta l )  a lso  seemed

art t ract ive,  as L-acetylcarni t ine is morc stablc than i icety l  phosphate.  Both accty l
phosphate  (16 ,  l7 )  and acety lcarn i t ine  can be  prepared cas i l y  ( /B) .

The development of  a mcthod for in .s i t t t  regenerat ion of  acetyl-CoA required a
c,oupled react ion for  ut i l izat ion of  acetyl-CoA. Wc chose the f i rst  stcp of  the
t r i carboxy l i c  ac id  cyc le  as  the  ace ty l -CoA consuming reac t ion .  In  th is  reac t ion .

oxalacetate and acetyl-CoA fc l rm ci t rate in an aldol  react ion catal-v-zcd by c i t rate

s y n t h a s e  ( E C  4 . 1 . 3 . 7 )  ( 1 9 1 .  A l t h o u g h  t h e  s y n t h e s i s  o f  c i t r a t e  i s  o f  l i t t l e  p r a c t i c a l

in te res t  (except ,  perhaps ,  fo r  i so top ic  labe l ing) .  c i t ra te  syn thasc  is  commcrc ia l l y
ava i lab le  and has  been ex tens ive ly  s tud ied .  The equ i l ibnum cons ta tn t  fo r  c i t ra te
f o r m a t i o n  i s  l a r g e  ( K . q : 8  x  l 0 r  v r r ) . 4  a n c l  t h i s  r e a c t i o n  g o e s  e s s c n t i a l l y  t o
comple t ion .

Our  cxpcr iments  w i th  the  sys tems acety l  phosphatc /phosphot ransacc ty lase
(Scheme l )5  and acety lcarn i t inc6 /carn i t ine  ace ty l t r t rns fe rasc  (Schcme 3)  fo r  the

regencrat ion of  acetyl-CioA both gave sat isfactory resul ts.  The yields of  c i t rate
were  exce l len t  (>90c / ( . ,  dc tc rmined by  enzymzr t i c  assay)  in  p rcpara t ive  ( l  to  l5

mmol)  scale react ions using phosphotrernsacetylase with ei thcr high (190 mv) or

lc lw (35 mM) acetyl  phosphate concentrat ions.  Measured turnover numbers tor

CoA in two exper iments wcrc -590 and 620. Prel iminary assay-scale expcr iments
were carr ied out to arr ive at  the react ion condi t ions descr ibed (see exper imental
sect ion).  These exper iments suggested that a rat io of  2 U :  I  U of  phosphotrans-

acc ty lase :c i t re r te  syn thase was most  e f1ec t ive  in  assur ing  h igh  reac t ion  ru tcs .  In

a  K . , ,  was  de f i  ned  as  (  l c i t ra te l lP  ]  ) / [Ace ty l -CoA] [Oxa lace ta te  ] [  H :0  ] .
'Th is  recyc l i ng  sys tem has  bcen  s lud ied  by  Wa l t  and  co - r ' u 'o rke rs  ( -5 ) .
t 'We  used  the  racemic  m ix tu re  o f  the  acy lca rn i t i nes  in  ou rexpc r imen ts .  Carn i t i ne  ace ty l t rans fe rase

was f rom pigeon breast  musclc.  Di f ferences in the substrate speci f ic i ty  of  the enz) 'me f rom pigeon

breas t  musc le  and  thc  cnzvme f rom ra t  o r  r ; i g  i i ve r  have  been  no ted  (11 ) .
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addition, these experiments indicated that 50 U of PTAT per mmol of oxalacetate

was suff ic ient  to give complete react ion overnight (ca.  l7 h).  They also demon-

strated that a CoA concentrat ion beyond 0. I  mM was not ef fect ive in fur ther

increasing react ion rates and that decreasing the concentrat ion ( in order to in-

crease the turnover number for  CoA) great ly s lowed the react ion.  ln th is system'

fast  react ion was desirable,  as acetyl  phosphate is hydrolyt ical ly unstable.  and

decarboxylat ion of  oxalacetate occurs dur ing the react ion and competes wi th

ci t rate format ion i f  the react ion rate is too low. The react ions were carr ied out in

Tr is buffer solut ion at  pH 7.5,  and. thus,  there were no problems with changes in

pH due to format ion of  the product.  However.  the isolat ion of  c i t rate f rom the

buffered solut ion was di f f icul t .  Separat ion of  c i t rate f rom the lyophi l ized rearct ion

mix tu re  by  ex t rac t ion  w i th  e thy l  ace ta tc  gave an  uns i r t i s fac to ry  y ie ld  o f  12%.  To

a l lev ia te  th is  p rob lem in  the  sys tem u t i l i z ing  ace ty lcarn i t inc /CAT fb r  rccyc l ing .

react ions in unbuffered media wi th pH control  werc used. Se parat ion ot ' thc c i t rate

from the unbuffered react ion mixture by ion cxchangc chromatography'  g i ive a

y ie ld  o f  87%.
The recycl ing of  acetyl-CoA with acetylcarni t ine/carni t ine acetyl t ransferase

also gavc yields of  c i t rate higher than 90% as determined by cnzymat ic assay and

a turnover number of  690 for CoA. From a react ion in unbuffered medi i l .  we easi ly

separatecl  c i t rate f l -om acetylcarni t ine/carni t ine by ion exchange chromatography

on Dowcx -50W. Aftcr  cster i f icat ion wi th diazomcthanc and chromatography on a

short  column, t r imethyl  c i t rate was isolated in 87% yield.  Acetylcarni t ine/carni-

t ine was eluted from the ion cxchange column with hydrochlor ic t rc id.

With the carni t ine accty l t ransferase-catalyzed regcneret t ion of  acet i r l -CoA. the

reac t ion  t ime was s l igh t ly  longer  (20  h  compared to  l7  h )  than w i th  thc  phospho-

transacetylase-catalyzcd regenerat ion.  A rat io of  aboLrt  J:  I  f t l r  c l r rn i t inc i tce-

ty l t rans f 'e rase  to  c i t ra te  syn thase gave be t te r  rcsu l ts  th t rn  a  I  :  I  ra t io .  Whi lc  c i t t ' n i -

t ine  ace ty l t rans ferase is  morc  expensrvc  than PTA ($10/100 U fo r  CAT vs  53 '100

U for PTA),  i t  appearet l  to be morc stable than phosphotransacct-v lase. At the end

ol- the react ic ln in buffcrecl  media,  we dctermined remaining act iv i t ies of  -10% for

cirrnit ine acetyltransferirse but from 0 to 607( frlr phosphotransatcetylase. We did

not  es tab l i sh  the  or ig in  o l ' th is  la rge  var iab i l i t y  in  remain ing  ac t iv i t y '

Prepttrul i6n o. l '  .srrhstrute t rnct logs und their  ut ' t iu i t ia.s t t ' i th phosphotronso(t ' t \ ' -

I r tse t rnt l  cr t rn i t ine r tct , ty l t runsfert tse.  We wished to know whether the enzyme

systems that t ransfbrm CoA into acetyl-CoA wcluld also be useful  in the prepara-

t ign of  acyl  dcr ivat ives of  CoA other than acetyl .  ln part icular.  we wanted to

know whcther phosphotransacetylasc and carni t ine acetyl t ransferase accept sr-rb-

s t ra tcs  o ther  than acety l  phosphate  and l -acc ty lcarn i t ine  and whether  thcse  matc -

r ia ls arc readi ly avai lablc.  Our intcrest  in acyl  analogs of  arccty l -CoA w'as not.  of

course, restr ictccl  tc l  synthesis c l f  analogs of  c i t r ic  acid.  A number of  other en-

zymc-cat aly ze,J react ic lns that  require CoA thioestcrs as substrates are also at t rac-

t ive.  For instance, a,B-unsaturated acyl-CoA der ivat ives are substrates for  the

cnoy l -CoA hydra tase  (c ro tonase,  E ,C 4  .2 .1 .17)  tha t  ca ta lyzcs  the  s te reospec i f i c

r  Abbreviat ions usecl :  PTA. phosphotransacety lase:  CIAT. carni t ine acety l t ransferase.
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formation of B-hydroxy acyl-CoA esters (20). Representative compounds of inter-
est to us as analogs of acetyl phosphate and l-acetyl carnitine include 1-15:

CHICOX (1) CICH]COX (9)
CHTCH2COX (2) CH,:CHCOX (10)
cH3(cH2)zcox (3) cH':c(cHr)coX (11)
CH:(CH:)ICOX (4) CHICH:CHCOX (12)
NCCHTCOX (5) CHrCH:CH:CHCOX (13)
PhCONHCH2COX (6) AcOCH:COX (14)
CHTCONHCH2COX (7) MeOCH:COX (15)
NICHZCOX (8)

X : POi- a  X : O -

H2COOH

H b

H : N * ( C H r ) , C l

Analogs {f 'ac'e7r-l phosphate. Acyl phosphates are usually prepared by reaction
of an act ivated acid der ivat ive.  such as an acid anhydr ide.  acyl  ethyl  carbonate.
oxazolone, or acyl  imidazole wi th orthophosphate in buffered aqucous solut ion at
0 'C (Eqs .  t6 l - t9 l )  (16 ,  17 ,21) .  Wi th  water - immisc ib le  ac id  c le r iva t ive  s  the  app l ica-
t ion of  a phase transf 'er  catalyst  was usef ul  (  l7) .  Fol lowing this gcneral  procedure.
we obtained propionyl(2a,(17)) ,  butyry l  (3a),  and valer-y l  phosphate (4a) as rheir
d i l i th ium sa l ts  in  79 ,79 .  and847c y ie lds .  The acy l  phosphares  were  ident i f ied  by

C
I

C
I

C

(cH3(cH2)nco)2o

n = 1

n = 2

n = 3

(cHr=c1166;rg

| .  KzHPOo,  pyr id ine  
_

2 .  L IOH

K2HPO4 
_

(CH3)3(C 16H33)N+Br-

NazHPOo, pyridine 
_

K2HPO4,  C l l3CN -  H2O 
_

(CH3)3(C16H33)N*Br -

cH3(cH2)nCOPO42-

2a 79 % (isolated)

3a 79  % ( iso la ted)

4a 84  % ( iso ta ted)

CHr=Ci16gP6oz-

10a 43%

PhcoNHcH2copoo2-

6a  30%

cH3coNHCHrcoPoo2-

7 a  4 1 %

t6l

Ph\--o
t t  Eo
r.rJ

/\
cH3coNHCH2CON' I

\= t t

l7l

t8l

I O I
l v ,
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H2NCH2COPO2(OCH2Ph)2 
H2' Pd(C) > H2NCH2COPO42-

1 7

NMR spectroscopy, since we did not obtain analytical samples. Acryloyl phos-

phate (lga) was generated in 43% yield as determined by 3rP NMR spectroscopy,

but attempts to isolate this species by precipitation gave low yields. The l/-

substituted glycyl phosphates 6a and 7a were prepared from 5-phenyloxazolone

and l/-acetylglycyl imidazole in 30 and 4l% yield. They were less stable than the

simple acyl phosphates. The l/-benzoyl glycyl phosphate (6a) hydrolyzed to the

extent of  80% in 24 h (pH 7,  r . t . ) .  Synthesis of  chloroacetyl  (9a),  methoxyacetyl

(15a), acetoxyacetyl (14a), cyanoacetyl (5a), or azidoacetyl phosphate (8a) from

their  anhydr ides or acyl  ethyl  carbonates fa i led.  probably because these com-

pounds are unstable in aqueous solut ion.  We also explored another method that

has been reported in the l iterature for the preparation of the very unstable glycyl

phosphat e (17,,  Eq. t  l }D Q2).  This substance was prepared as the protected diben-

zyl glycyl phosphate (16) and deprotected by hydrogenation. Our attempts to

synttesize heteroatom-subst i tuted acyl  phosphates such as methoxyacetyl  (15a) '

acetoxyacetyl  (14a),  cyanoacetyl  (5a),  or  azic loacetyl  phosphate (8a) using this

method wcre unsLlccessful .  Consider ing that water-unstable substrates would not

be of  value for an enzyme react ion run in aqueous solut ion.  no further ef for ts werc

macle to prcpare these phosphatcs.  We concludecl  f rom these ef for ts that  only

simple alkyl  carboxyl  phosphates werc easi ly obtained and suff ic ient l -u-  stable to be

useful fclr our purposes.
Thc substrate aCt iv i ty of  the acyl  phosphates was invest igated by incubat ing the

cnzyme with the substrate analog and measur ing the appearance of  acy' ' l -CoA by

uv spectrophotometry at  233 nm, an assay that has been used previousl-v (2J).

Based on the assumption that the molar ext inct ion coeff ic ients of  saturated acyl-

CoA cler ivat ive s c lo not i l i f fer  great ly,  Michael is-Mente n ct lnslants (K,, , )  and rela-

t ive react ion rates (Vr"r)  were determinecl  based on the value for acetyl-CoA.

Kinetic studies by Satchell Q3, 24) hacl already inclicated a high specificity for

the phosphotransacetylase from Clostridium klul-ueri. His results are included

with our resul ts for  comparison in Table 1.  With increasing bulk of  the subst i t -

ucnts sn the carboxyl  phosphate,  the rate of  acyl  t ransfer to CoA dropped rapidly.

Whi le propionyl  phosphate (2a) was st i l l  accepted at  a fa i r ly  h igh rate.  butyry l  (3a)

and valeryl phosphatc (4a) reactcd with 2 and 0.05% of the rate for acetyl phos-

phate (1a).The glycyl  c ler ivat ives 6a and 7a and benzoyl  phosphate (20) did not

appcarro reacr.  Acryloyl  phosphate (10a) was accepted as substrate.  but  ert  a rate

much lower than that for  propionyl  phosphate (2a'1,  the saturated analog'

Analogs of ttt 'et1,k'arnitine. Derivatives of acetylcarnitine promised to be bctter

start ing mater ia ls for  the enzymatic synthesis of  CoA thioesters th i in acyl  phos-

phates.  They would be more stable toward hydrolysis and possibly easier to

pr.pu... Judging from the l iterature that was available concerning carnitine ace-

iy l t ians ferase (EC 2 .3 .1 .7 )  (11 ,26 ,27) , th is  enzyme appeared to  be  less  spec i f i c

tiran phosphotransacetylase. The acylcarnitines wcre prepared by reaction of car-

ni t ine wi th acid chlor ides in acic l ic  solut ion (28-31).  Carni t ine was heated to 45 or

[ 1 0 ]

1 6
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TABLE I

Substrates for Phosphotransacetylase,,

Substrate K,, ,  (mM) V,a (%) Ref

CHlCOPO;
cH,cH:coPoi

cHr(cHr)rcoPo;
cHr(cH:)rcoPo;
(cH,)rcHCOPOi
clcHrcoPoi
FCHTCOPOI
PhcoPoi
cH: GHCOPOi
PhcoNHCHTCOPOi
cH,coNHCHTCOPOi

(1a )

(2a)

(3a)
(4a)
(18 )
(9a)

( le1
(20)
( l 0a )

(6a)
(7a)

0 .78
0.66
0 .30

l .  t - 2 . 0
3 . 4
t . l
t . 0

0 . 6

100  (21 )
93
47  (21 )
2
0.0-5
0.4 (  241

l l  ( 2 1 1
100 (2,t )
<0.0-5r, (2-l  t

J  
c , t l

<0 .05
<0.0-s

" The phosphotransacetylase from C1o^rlrielium A/rn'r,r,r ' i vnas

;: i*: T"r # : ri:r,l :ii f ;iil'] * im.:n *niri r,
t he  h ighes t  concen t ra t i ons  used  (3 .8  mu)

'  Phosphotransacely l : rse l iont  Buci l l r t .s  stcurt t l  l ternutpl t i l t r .s .
' /  This rate value w:rs calculated on the basis of  the mtt lar  er-

t i nc t i on  coe f f i c ien t  o f  ace tv l -CoA.

80"C in a mixture of  an cxcess of  carboxyl ic acid ancl  an equimolar quant i ty of
analogotts acid chlor ide or,  wi th bct ter  resul ts,  of  th ionyl  chlor ide.  The mixture
was prcheatcd for several hours befbre the carnitine was adcled and may also
contain carboxyl ic acid anhydr ide .  Tr i f luoroacet ic acid was used ers solvent for
those systems that did not dissolve carni t ine.  Af ter complet ion of  the rcact ion,  the
solvent was removed, and the acylcarni t ine was crystal l ized from dry methanol /
ace tone/e ther  mi  x tu res .

These r igorous  methods  are  nccess i ta ted  by  thc  inso lub i l i t y  o f  carn i t ine  in  most
organic solvents.  and. perhaps. by deact ivat ion of  the p-hydroxyl  group by hydro-
gcn bonding. The B-acyloxy group of  the products is a very goocl  leaving group
and is easi ly el iminated. Several  of  our target moleculcs were formed only s lowly
and even then were accompanied by the el iminat ion product 4-tr imethylammo-
nium butyr ic acid (21):

Fr'ou'
C l  ( C H , ) , N -  J

2 l

We synthesized ol-pr,-rpionyl-  (2b) and nl-butyry lcarni t ine (3b) in good yields
(77 and 87c/c) as reportcd (J0).  The a,B-unsaturated r l r  -crotonyl-  (12b) and ol-2-
pentenoylcarni t ine der ivat ives (13b) were isolatcd in 70 and 39% yield af ter  crvs-
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tall ization, although the crude reaction product showed 100% conversion by rH

NMR. or--Methacryloylcarnitine (11b) was isolated in 29% yield by chromatogra-

phy. Methoxyacetyl and acetoxyacetyl chloride reacted only slowly and with

formation of elimination product 21. Some acid chlorides (especially cyanoacetyl

chlor ide) seemed to be unstable under the condi t ions used.

To determine rates of reaction for the various substrate analogs with carnitine

acetyl t ransferase, a rel iable nonspeci f ic  assay was needed. The usual  coupled

assay  (Assay  A;  E ,qs .  t l l l - t l3 l )  tha t  measures  the  fo rmat ion  o f  NADH by  uv

spectrophotometry at 340 nm is specific for l-acetylcarnitine (1J, 32) and could

not be used. The direct  method, measur ing the format ion of  acetyl-CoA at  233 nm
((3- l ; .  Assay  B;  Eq. I l ] ) ,  has  the  d isadvantage o f  a  la rge  background absorp t ion
(from CoA).  which l imi ts the substrate concentrat ion of  CoA. Since the equi l ib-

r ium constant for  acetyl-CoA format ion is,  however,  unfavorable (K :  0.67) and

the K,, ,  for  l -acetylcarni t ine is high (  K,u :  350 prm),  i t  would be advatntageous to

have a large excess of  CoA over acylcarni t ine.  One can thus only use smal l

concentrat ions of  acylcarni t ine,  which means that the t ime interval  over which the

react ion rate can be assumed to be a l inear funct ion of  the acylcarni t ine concentra-

t ion (and the CoA concentrat ion can be assumed to be constant)  is  very short .

A s s a y  A :

L-acetylcarnit ine + CoASH

acetyl-CoA + oxalacelale

malate + NAD

Assay B:

L-acetylcarnitine + CoASH

Assay C:

L-acetylcarnil ine + CoASH

CoASH + El l -S-S-El l

Lcarniline + acetyl-CoA

cilrale + CoASH

oxalacetale + NADH

L-carniline + acetyl-CoA

L-carni l ine + acelyl-CoA

CoA-S-S-Ell  + 
-S-Ell

[ 1  1 ]

[1 2]

[1 3]

[ 1 1 ]

[ 1  1 ]

[ 1 4 ]

An assay for CoA based on react ion wi th El lman's reagent (Assay C) has been

employecl  successful ly for  measur ing react ion rates of  CoA thioesters wi th carni-

t ine-thzrt  is ,  the inverse of  the react ion in which we are intereste d (  Eqs. I  I  I  I  and

t la l ;  (JJ ) ) .  We used i t  success fu l l y  to  assay  fo r  the  amount  o f  unreac ted  CoA.

This mcthod has the advantzree that there arc no l imi ts to concentrat ions of  reac-
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TABLE 2

Substrates for Carnitine Acetvltransferase

Substrate Assay" K. (mv) V,"t (V')

ot--Acetylcarnitine

or--Propionylcarnitine
ol-Butyrylcarnitine
ol-Crotonylcarnitine

DL-Pentenoylcarnitine
o l -Me thac rv lov l ca rn i t i ne

(1b)

(2b)
(3b)
(12b)
(13b)
( r lb)

B
C
B
B
C
C
C

0.70
0 .82
2 .0
0.72 (0.46)h
6 . 0

1 4 . 0

t08
100
78(77)b
-50(41 )b
-5
2

Very s low

"  B is  a d i rect  assay for  acyl-CoA th ioesters based on Eq. I l ] :  C rs an
assay based on est imat ion of  unreacted CoASH (Eqs.  i l  l l  and [14]) .

b The values in parentheses were determined by Chase for  the r- -acyl-
carni t ines (26 ) .

tants or to react ion condi t ions.  The assay does, however,  require taking al iquots
(and is thus not as convenient as a cont inuous assay) and is subject  to interference
from any species capable of  reducing El lman's reagent.

Both assays (B and C) were used to determine the substrate act iv i ty of  ace-
tylcarnitine analogs. Table 2 summarizes the results. The data determined for
acetylcarni t ine by both assays are comparable.  For l -accty l -  (1b),  r - -propionyl-
(2b), and l-butyrylcarnitine (3b), l i terature references were available (26). While
the relative reaction rates were similar, the K,n for the pure cnantiomcr was much
lower. This re sult is not surprising, because the D-enantiomer of acylated or free
carni t ine is an inhibi tor  of  carni t ine acetyl t ransferase (12).

Although the substrate specificity of carnitine acetyltransferase is broader than
that of  phosphotransacetylase, i t  is  a lso l imi ted. The synthet ic potent ia l  of  th is
system is fur ther l imi ted by the di f f icul ty in separat ing many acylcarni t ines of
possible interest ,  especial ly those having heteroatom-subst i tuted acyl  groups.s

CONCLUSION

This paper demonstrates an application of the enzymes phosphotransacetylase
and carnitine acetyltransferase, and their substrates acetyl phosphate and ace-
ty lcarni t ine,  for  the recycl ing of  acetyl-CoA. The use of  acetylcarni t ine/carni t ine
acetyltransferase has the advantage that enzyme and substratc are more stable
than phosphotransacetylase and acetyl phosphate.

Both phosphotransacetylase and carnitine acetyltransferase are of l imited value
in preparing acyl-CoA analogs. Both the narrow substrate specificity of phospho-
transacetylase (Table I  )  and thc di f f icul ty in synthesiz ing the acyl  phosphates l imi t

E Chase has reported that  chloro-  and bromoacety lcarni t ine.  both of  which can be prepared by the
method described, are irreversible inhibitors of carnitine acetyltransferase (34, -15).
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the number of substrate analogs that can be employed in this system. Carnitine

acetyltransferase accepts a variety of substrates with low activity (Table 2, (26,

2g)),but currently available syntheses of acylcarnitines are also of l imited general-

i t y .e
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