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Evidence for a Medium-Chain Fatty Acid:Coenzyme A Ligase
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SUMMARY

A nnnediunn-cisains ftitty nicid: CoA higase (AMP) which activates sahicylate inas beenn pun-
fled approximately 30-fold from bovinue liver ‘�mitocinonndria.” Tine mew enizyme is riot
connpletely free of ni medium-chnains fatty acid:CoA higase (AMP) (EC 6.2.1.2) of the type
first described by Mtihler, Wakil, amid Bock {J. Biol. Chew. 204, 453 (1953)], but the two
enszynnses cams be distinnguishued readhly from etscin othuer. Tine enizyme withn stihicyl-CoA syns-
thetase activity is nnore easily iminictivated, migrates more slowly toward tine anode during

(usc gel electropinoresis, timid utilizes a wider spectrum of niromnitic acid substrates thans
the emszvnnne described etirhier. Evidensce was obtainsedl thsnit bothn enszynses could catalyze
the activations of hexamionite, bennzoate, o-met.huoxybenzoate, timid ninsthranilate, but onnhy thne
‘‘sahicvhate” ennzvnne displayed tictivity withn snnlicylate amid p-aminsosahicyltite.

NTRODUCTI ox

1mm mammalians liver timid kidmney, tine
fornnnat ions of t huioest ers of coemszvme A withu

benizoate amid salts of several other aronnatic
carboxvhic acids is reportedly catalyzed by a
sinigle enizynne with broad acyl substrate

specificity, i.e., the nsitochuonmdrial medium-

ciiaimi (C,-C’�,) fatty acid: CoA ligtsse (AMP)
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(EC 6.2.1.2) of Mahler, %Vakil, amid Bock
(1). It has beenn shsowns in a compansion

paper (2) thnat salicylurate biosynthesis
from sahicylate inn bovinme liver mitochnomidnia
proceeds by formations of salicyl-CoA,

whicin thiens acylnites glycimse ins the seconsd
and fimsal reactions of tine patinway. However,
sahicyhate hnas beens reported nsot. to serve

nss a substrate for preptirationss of partially

purified mediuns-cinaims fatty ticid:CoA higase
(AMP) from time same tissue source (3).

Thus raised tine possibility thuat ansothser
acvh -CoA syns t huet ase act ivtit es snilicylnst e.
rfhse iseterogenseity of aromatic acid-act ivat-
insg emuzymes mighnt also explains tine differ-

ensces ins ratios of sahicylurate to hippurate

format ions observed ins various species in vivo,

especitilhy if tisese enmzvmes catalyze nelni-

tivehv slow steps ins each pathuwnsy amid if

there is little discm’iminsatioms betweens salicvl-
CoA amid benszoyl-CoA tis substrates for tue

�V-acyltitionn of glycimne (2).

Therefore, thse enszymatic nictivnttioms of
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several ticids by a “mitochomsdrial” fractions

Of bovimse liver was examimned ons tine suppo-
sitioms thmnit more tisans omse emszvme witim
aromatic acid:CoA ligase (AMP) activity

is presennt. Tine expeninienstnih results sup-
portinug thnis conscept tire presensted inn tinis
report.

EXPERIMENTAL PROCEDURE

A ssays for enzymatic activity and protein.
Complete reactions mixtures for tine forma-
tions of CoA tinioestens of inexansoate, benn-
zoat e, sahicylat e, amid p-aminnosalicyltite
constainsed tine fohlowinng ins a final volume of
1 ml: 100 Mmohes of Tnis-HC1 buffer (pH

8.2), 3 Mmoles of disodium ATP, 5 pmoles
of MgC12, 0.5 Mmole of CoA, 0.3-2.0 pmohes
of acyl substrate constaininsg 80,000-120,000

cpm of carboxyl�i4C rtidioactive label, 1 pg
of crystalline insorgtinic pyroplnosphnatase,

and 20-800 Mg of enuzyme proteins. After
incubation periods of up to 15 mini, the
reactionis were terminated wit ii 0.2 ml of 2
M HC1O4, and densatured proteins was re-

moved by centnifugation. Tine constamintit-
imsg radioactive acid was removed from tine

acid supernatamst solution by ether ex-
traction, and tine remainnimsg m4C-acyl-CoA

was determined ins a mseutrahized ahiquot as
outlined previously (2). �\laximum back-
grounsds were 60 cpm for the salicylate,

benszoate, and hexamnoate tsssays amid 200

cpm ins tine p-amimnosahicyltite assay.

The concenstnationss of reactions compo-
nensts for comsversions of anithiransilate timid
o-met.hsoxybennzoate to tine corresponndimig
thioesters of CoA were tine same as above

except that thue acyl substrate was msonu-
radioactive. 1�etictioms volumes were 0.5 ml,
amid enzymatic catalysis was tenminsated
with 70 � of 20% tnicinloroacetic nicid,

after which protein was removed by ceistni-
fugat.ion. Ahidluots of each supennntitanst
solutions were employed for det erminsation

of pyrophosphnate (equivalemnt to 2 moles of

P1) by the met hod of Fiske tind SubbaRow
(4). The acyl substrate or CoA was omitted
from the constrol, which was processed in
parallel with tine coniplete reactions mix-

tures. For balance studies, residual CoA
(-SH) was determimned by the methnod of

Ellman (3).

F’on determinsations of acyl-CoA synm-

thsetase activity in ansalytictil d!isc gels, time

gels were sliced tramssversely insto 1.5-nsnnn-
wide segmensts withn tue marker dye posi-
tiomsed ins the middle of onme segnnemst. Inidi-

vidual segmensts were timens crushed withs a

glniss rod ins 1.15 ml of tins ice-cold nsixture of
120 pmoles of Tnis-HCI buffer (pH 8.0),

6 pmoles of disodium ATP, 6 pmoles of
MgCl�, 0.3-2.0 pmoles of ticyl substrate

(hnexansotite, benmzonite, or snilicvltste) con-
tainninng 400,000-1,200,000 cpm of cttrboxyl-

‘4C, ttusd 1 pg of crvstallinne pynoplnosphinittise.
Tine pH of eacin mixture was adjusted to 8.2
nit 4#{176}prior to tidditions of the gel. Tinbes
were first inscubtited for 13 mins at 4#{176},fol-

lowed b� 10 nuns at room tempertiture.

Tiney were brought to 38#{176},nsnnd reactions
were sttirtedl by nidditiomm of 0.6 pmole of

CoA in 30 pl. After 17 mini, reactions were

terminated with 0.2 ml of 2O� HCIO4.
Mixtures were cenntnifuged, timid m4C-acvl-

CoA was determinied iii tins ahiquot of each
supernat alit solutions tifter et hmer extract ion

(2). Backgroumsd rannged from 100 to 200
cpm, depemsdinsg ons tine acyl substrate.

Unsits of enszynnatic tictivity are expressed
as nsansonnoles of product formnntitioms (or
substnnste distippeanansce) per nnimsute at

38#{176}.Specific tnctivities nine presemmied tis

units of tsctivity Ier muhhigrann of protein.
Proteins concenstnationms were deternninmed by

thie biuret procedure tinmd related to ti sttinsd-
tsnd of crystallinue bovinme serum nilbuninims (6).

Purification of an enzyme still, .salicyl-
CoA synthetase activity from bovine liver
‘‘in itochondria.” Time rtitio of isexanmoyl-CoA

to benszoyl-CoA to salicyl-CoA synit Isetase

activities differed ninnonug various crude
preparnstiomss of beef liver “nuitociiommdria.”

Because thus phemmomemsoms mighst be ex-

pected if more timanm onse pnoteinm catalyzed
these retictionms, frtictiomus of “sahicvlate” ens-
zyme were selected dunimng tine purification

for low ntitios of imexansoyl-CoA to salicyl-
CoA synthmetase activity as well as for in-

creasinsg specific activities in time saucy!-
CoA synnthnetase asstiy. I)uning certaims steps
of tine purifications, use of timese criteria
resulted mm onslv modest inscreases ins specific

activity ninsd/or recoveries of unsits for tine

“sahicyltite” enszvme (Table 1).
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A�is tihi(11lOt of frozems bovine liver ‘ ‘mito-

chsondrini” wtis thiawed imsto glycerol (10 #{182}�
v/v), timid! time suspemssioms n��as clanifiedl by

censtnifugtitions nit 7S,000 X q for 43 mini
as described previouslY (2). The supernsatntnt
solutions, which comitairsed 4.4 g of proteins,
w�as diluted to ti proteins comscemntrationm of 7

mg/mi with 20 m�m KHCO3-130 m�i KC1-2
m�m MgCI2-2 nuM ATP-0.5 m�n sodiuns

sahicylate-4 m�i 2-nuercaptoethsanol (solu-
tions A). All subsequent procedures were

perfornne(l at 0-4#{176}.Solid annnnonsium sulfate
was added (23 g/’lOO ml of solutions), amnd

tine pH w�tis kept at S wit in M XH4OH.
After stirrimng for 15 nuns, thse suspenssions
was censtrifuged nit 24,000 X q for 10 mimi
tiiid! t lie precipitate was discnirded. Ann-
moniunn sulfate was added to tine super-
natttmst sohutiomn (S g/ 100 ins! of oniginnal
solutions) winile tine pH wtss nnainttiined nit S.

The mixture was stirred! for 15 mimi timid
cemstnifuged for 10 mini at 24,000 X �. Tine
result nug supernsatant sohut ions wnis stored

at - 70#{176},anmt! tihiquots were used later for
purifications of ti mediuns-clsnsins ftitty acid:
CoA higase (AMP) with minimal salicyi-CoA

symnthsettise activity (Table 3). TIne pre-
cipittite was packed by a seconud censtni-

fugtit ion nit 24,000 X g to remove excess
liquid (XH4)2S04.

A reverse timmonsium sulfate fractiona-

tions was performed by first suspending the
precipitate inn 15 ml of 2.12 �u (XH4)2S04
ins solutions A. Tine mixture was stirred for

13 mm and tisems censtnifuged at 24,000 X g

for 10 nuimn. Time resulting precipittite was

suspenmded mm SO ml of 1.81 M (NH4)5504
ins solutions A, stirred for 15 mini, amid cens-

tnifuged agtiinm. The msew precipitnste si-as
subjected to tine same procedure, except

that 160 ml of 1.81 �n (XH4)2S04 in solution
A were used. Tue finntil precipitate was dis-

solved in solutions A to a proteimn conucen-

tnat.ion of 35 mg/ml. Tine volume at this
stnige was betweens 16 tind 17 ml. The solu-

tioms was divided imsto three ahiquots and

stored at - 70#{176}.
After tlnawinsg, etich of the three ahiquots

wa.s cinronuatogrtsphed on ni Sephnadex G-100

columns (36 X 2.5 cm) equilibrated with
solution A. Eacis column was eluted with

sohutioms A nit ti flow rate of 0.3-0.4 ml/miis,

and 1.S-ml fractiomss were collected. Sahicyl-

CoA synithetase activity appeared after the
mains proteins peak, amid tlmose fractions
hnavinsg specific activities greniter than the
starting material were pooled. The active
fractions from eachs column were combined
timid stoned at. - 70#{176}.

The pooled active fractions were thawed,
arid the protein was precipitated by adding

40 g of (XH4)�,SO4 per 100 ml while the pH
was maintainned tit S with XH4OH. The

precipitate was washed successively with 7
nil timid 10 ml of 2.12 M (XH4)2S04 in solu-
tions A, and censtnifuged after each wash.
The resultinsg precipitate was dissolved in
solutions A, timid tine protein comncenntration
was adjusted to 32 nng/ml. This material
was placed on a Sephadex G-100 column

(40 X 2 cm) equilibrated with solution A.

Thne column was eluted with tine same solu-
tiols at a flow rate of 0.3 mi/mm, amid 1.0-mi
fractiomss were collected. Active fractions
were pooled and subjected to a second re-

verse (NH4)�SO4 fntictionation after cons-
centration againmst 20% polyethylene glycol.

The proteins was precipitated by adding
40 g of (XH4)2S04 ier 100 ml while the pH
was nsainstainsed at S. After 15 mm, the sus-
pemisioms was censtnifuged at 24,000 X g for
10 mimi. The precipittite was tinen equili-

brtited at a proteins conmcemstration estimated
at 5 mg/ml in successively decreasing con-
cenntrationns of (NH4)2S04 in solution A
(2.12, 1.78, 1.4S, amid 1.15 M). After stirrinng
for 10 mini, each suspennsion was censtrifuged
for 10 mini at 24,000 X �/, and the resultinng

1)recipitate was resuspemnded and stirred
for 10 mm in thne mnext low-er concentration
of (NH4)2S04. Protein was precipitated

fronu each supernsatamst solution by addition
of sufficient crystalhinne (NH4)2S04 to bring

tue final concemstrtitions to 2.6 M. The pre-

cipi t tites were collected by centrifugation,

dissolved in 0.3-0.3 ml of solution A, and
stored at -70#{176}.

Preparation of a medium -chain fatty
acid: CoA liyase (AMP) with minimal

salicyl-CoA synthetase activity. A side frac-
tions obtained durinng tine purification of tine
“sahicyhate” enzyme, which also had a low

hexninoyl-CoA to sahicyl-CoA activity ratio,

was used to purify hsexanoyl-CoA synthe-
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tase activity. However, subst rtites amnd
cofactors whnichs prot ected salicyl-CoA svnn-
thnetase activity (solutions A) \\�(q�(� nsot

used durimsg tue purifictitions. rfine fimsal

enszynne l)m�eI)tii’tit ions isad omshy a trace of
salicyl-CoA synst hsetnise activity, amid its

properties were tisens compared with tinose

of tine “sahicvlttte” enszvnne.

Tine supernmat amst solut ions rennaimminsg tift er
the first (NH4)5804 precipitations of tine
“snilicylate” emszymnne (23-31 g of (XH4)�SO4
tsdded i)e5� 100 nul of solutions) wtis thawed,

and 19 g of (XH4)3S04 were added per 100

ml of solutions while tine pH was kept at S.
After 15 nnin of stirrinsg, tue suspemssioms was

censtrifugedi for 10 mimi tit 24,000 X q.

The pn’ecipitnite was dissolved inn 20 mM
KHCO3-4 nuw 2-nnerctipt oethtsmnol, timid t ise

proteins comscenst rtst ions was adj usted to
about 32 mg/nnl. Six nnihlihilers of this
solutions were plniced on a Sepisnidex C- 100
columns (36 X 2.5 cnn) equilibrated wit ii 20

m�i KHCO3-4 nuin 2-niercaptoetinnimmol. Time

proteins was ehmnted with tine eqmnihibratimng
solutions inn 2.4-nul frttctiomss at tu flow rate of

0.7 minI/mimi. Two nntijor peaks of protein

were idenntified, amid fract ionms hs:ivinsg time

higlsest lnexansoyl-CoA synit hietase nictivit y
w’ere censtered ins t he t railinmg peak. Tine gel
flltnations step W5�m� repenited with a second

tshiquot of the dissolved (XH.4)5S0., precipi-

tate, timid active fractionss fronn both colunnmns

were I)001ed.

Proteins ins tine active fract ionms nvi� pre-
cipitnsted by adding (XH,)3S04 to a 1mm!
molaritv of 2.8 wisile tine pH was kept at S.

After 13 nnimn of stirrinsg, the mixture was cems-
tnifuged nit 24,000 X q for 10 nuins, timid! the

precipitate was subjected to ni series of

washes tnt decreasimsg conscemstrationms of

(XH4)5S04 dissolved ins 20 mu KHCO3-50

m�m KC1-4 nnu 2-nnercaptoethnanmoi, adjusted

to pH S witin XH4OH. Time precipitate was

stirred in each wnishm for 10 mum timid thsens cems-

trifuged for 10 mini at 24,000 X q. The vol-
umes ansd commcenmtrtitionms of (NH4)2S04 used

ins successive washes were 14 ml of 2.15 u, 10

ml of 2.0 M, anud! 10 nul of 1.85 M. Tine 2.0 nimnd
1.83 xi (NH.,)9S04 washes, which comst tuned

most of time tictivity and proteins, were com-

binsed, amid t hue protein was precipitnsted by

addimng 3.7 g of (NH4)5S04 whuile tine pH wtis

kept at S withn NH4OH. After 15 mini of

e(1uilibrtutionn, t lie pi’ecipit tute ivas collected
by cemntrifugatioms, takenm tip ins a small
volume of 2 nuM ATP-2 mu MgCl2-50 nuxi
KC1, amid stored nit - 70#{176}.

Aft en t inawimug, t me PreI)tirtit ions wtis dia-

lyzed for 2 mr mm a rockinig dialysis cinamber
tsgtuinsst 100 volumes of 20 mu KHCO4-4

mu 2-nsercaptoethmammol. Time dialyzed stim-
pIe (proteins comicenit mit ions, approximately
25 mg/mI) was applied to a 10 x 0.9 cnn
columns of Sephadex C-100 equilibrated
witin 20 mit KHCO3-4 nnxn 2-mercaptoethu-

amsol. Time columns n�#{231}’m.sehuted nvithn tine same
solution, timid 0.5-mi fract iomss were col-
lectedi. Thmose wit is time imiginest hmexanmoyl-

CoA synut het muse tict ivit y � conubinmed
timid stored nit - 70#{176}.

Oilier methods. Anmalvt ical disc gel dcc-

r()phiOresiS \ri�5 l)erfomnned tis described

previously ins 7.5 ‘7� polynicrylannide gels nit
4#{176}withu 0.04 xi Tris-0.2 in f3-altuisinse-4
nn.nn 2-mercaptoethstunsol tidjusted to pH 8.9

inn tue electrode compartmemsts (2). Brom-

pinenmol blue wtus used for t he marker dye,
ninnd its (list ansce fronn t ime mit erface of tine
stackinmg anid sej)aratory gels was nuenisured

for emicim gel immediately tifter tine electro-

pinoresis. T( of thne gels were stainsed withi
Amido bhtick for pn’ot cia visualiztit ions,

amnd tine rennainmimug gels were nneasured amid
trnsmssected insto 1.5-mns segmensts for emizy-
matic assays mis inmdicnited above. Gels
st niimied wit is Annuido blnick were sctmnsned at mi
rate of 1 cnn/mini ins a (�ilford recordinng

spect ropiiot onset en at mu wavelenngthu of 600

nip.
Materials. Carboxyh-m4C-hnubehed acids were

purcimased from New Ennglnumsd Nuclear Con-

porations. Tine sources of otiner materials
were time same tus those specified previously
(2).

RESULTS

Sahicyh-CoA symstimetnise activity y#{231}��spuri-
fied in time presence of sahicyltute, ATP,
\ lgCl2,3 amid 2-nuercapt oct inamnol to ni specific
activity of 24.7 unnits/mg of proteins. This
nepresensted about. a 30-fold purification

from time crude mitochnonsdnial proteins (Table
1). With added inorganic pyrophnospinatase,
salicvl-CoA fonmnitioms uj� to 60 mpmoles/ml
was linear wit is enszyme concentration mind
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Purification of medium -chain fatty acid: (‘o.l ligase (�l MP) with salicyl-(’oA synthetase activity

Assay mnixtmnres contained 0.5 Mmluole of salicylate or 2 j.mmmioles of hexamioaie per milliliter. The comi-

centratiomis of other reaction components are given in the text.

Enzyme activity

- - � Activity ratio
Siel) 1 otal Sahcvlate Hexanoate hexanoate:

protemn ------- �- ---
Specific Total Specific Total sa icy ate
activity units activiiv units

Crude mnuitochomidnial fraction 4,350 0.8 3,480 65 282,800 81

Ammonium sulfate (23-31%) 1,239 1.8 2,230 84 104,100 47
lstreverseammisomiiumsulfate 573 2.9 1,660 104 59,590 36
1st Sephadex G-100 95 12.5 1,190 398 37,800 32
2mid Sephadex U-lOO 27 19.5 530 698 18,850 36

2mid reverse anumuiomiiuns sulfate

1.78 M 2.4 7.9 19 272 650 34
1.48 si 8.5 24.7 210 810 6,890 33

1.15 �n 7.3 22.9 167 794 5,800 35
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�vithm time durimmg tine first 15 nninu. Ins time

i�res��nnce of t lie I)Ym��Pii05i)iittt tise , t �

mis much pimospistite appemired as CoA dis-

tippeared or stihicyl-CoA was formed, winichs

is conmsistennt ivithi ans A�\ I P-pyropisosphntut e
cleavmige ins thus reactions (Table 2). Tine
‘ ‘stilicyltite” emszyme lost appreciable activ-

ity duninng tue purificatiomi if mmot kept ins tine
presennce of salicyiate, ATP. MgCl2, amid
2-mercntptoet hiamiol.

Winens tine purified ‘‘sahicyimute” emszyme
(specific activity, 24.7 ummits/mg) was sub-

jected to ansahytictil disc gel electropinoresis,
multiple bamsds of Pnoteinn � visumshized
after staininsg witis Amnido black, insdictutimsg

immit the pnepnurmit iomm was mmot imonnogenmeous
(l”ig. 1, upper panel). Stnlicyl-CoA synmtime-

tmuse activity, whnichs, depemmdinmg onm the
preparations, was recovered ins 1.3-2.3 %
yield, formed mu peak mit amm Rr of tibout 0.69

of tine marker dye, as did tise bulk of tue
hsexannoyl-CoA timid benszoyl-CoA synstimetase
nuctivity (Fig. 1, lower pansel). Time major

bamsd of proteins was also founmd ins time same
locations, at tins R� of 0.685, timid this com-

prised roughnhy 25 % of tine 1 ot nil proteins
tidded to tine gel (Fig. 1, upper pansel).

Tine remainmder of time recoverable inex-
ansoyl-CoA tumid benszoyi-CoA synmtimet ase

activity ins tine ‘‘sahicylnute” prepnurmution

migrated ins a smniller peak mit an R� of
about 0.82-0.84 (Fig. 1, lower panel).

TABLE 2

Balance study of salicyl-(’oA synthetase reaction

A 2-ml reactiomi nnixture was used with con-

centrations of comnponemits, comiditiomis of assay,

and amialytical teclsmiiques as given in the text.
The enzyme had a specific activity of 12.6 umsits/

nng imi the salicyl-CoA symithetase assay, amid 0.92

�ig of this protein was added; imicubat ions was con-

ducted for 10 mimi.

Salicyl-CoA CoA (-SH)
formed disappearance

PP5 appearance

m�moles pnj�imoies rn.imoles

114.8 108.2 118.2

Less tisams 1.6% of time mudded hexanoyl-
CoA amid benszoyl-CoA synthetase activity
wtus recovered ins this regiomn. A protein

bammd conittnimiing less thians 4 % of the total
staimsed material wtis visualized at an R,

of 0.53. Thus corresponded, within experi-
nuenmtal error, to time smahier peak of hnexa-
mmoyi-CoA amid benszoyl-CoA symsthietase ac-

tivity described (Fig. 1).
To investigate wisether tine hexanoyl-

tumid benzoyl-CoA symitimetase activity fouisd
ins time region of the gel shiowinig sahicyl-CoA
syntinetase activity was due to the “sahic-

yhtite” emizyme or to some other protein, a

prepanmutions capable of utihizimng hexanoate
amid bemnzotute as substrates, but possessing

minmimnul salicyi-CoA synstinet ase activity,
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Purification of medium-chain fatly acid: Co.t liga.s’e (AMP) with negligible salicyl-CoA synthetase activity

Assay nsixt.ures contaimied 0.5 �mole of sahicylate or 2 Mmoles of hexamsoate per milliliter. The con-

centrationis of other reactiomi connponents are givemi in the text.

Enzyme activity

Hexanoate

Specific Total
activity units

Activity ratio,
hexanoate:

salicylate

1.7 653

0.58 61

0.35 16

0.30

22 0.16 4
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FmG. 1. Analytical disc gel electrophoresis of a

medium -chain fatty acid: (‘o.l ligase (-IMP) with

salicyl-CoA synthetase activity

Each colmnmiuti received 0.15 mg of protein [1.48

M (NH4)2804 fract ion fronn t lie secomid reverse

(NH4),504 step, Table 11 with 810 units of hex-

ammoyh-CoA symithetase specific activity per milli-

gram of proteimi amid a hexamnoyl-CoA to bemizoyl-

C()A to salicyl-CoA synilhetase activity ratio of

33:11:1. A demisitonuetry scami of one typical gel

staimsed with Annido black is shown mi the upper

patsel. Assays of acyl-CoA syiithetase activity mire

depicted in the lower panel as counts per mimiunte

of acyl-CoA fornucd � nsilliliter of reaction mix-

ture. Recoveries of adde(I emizyminatic activity were

4.2, 2.5, amid 1.5% for hsexammoyl-CoA, benzoyl-CoA,

amid sahicyl-CoA synthet misc, respectively. Specific

assay methods are given iii the text.

ijreptured (Table 3). Wisens examimmed by

amsalytical disc gel electrophuoresis, tisis
material exhibited only one major peak of
inexanoyl-CoA amid bennzoyl-CoA svmntinet ase

mictivity (nipproximately 30% of tine added
units), which wtus posit iormed at about 84%

of tine mobility of tine marker dye. A heavily

st msinsed bamnd was located at tue 83 % regionn,
which by demusitometry constmuimsed appnoxi-
mmstely 12% of tine totmil proteins added to
time gel (Fig. 2, tipper pammel). No proteins

Peak was seens inn the regions of I hue gel whnere
salicyh-CoA synmthetase activity chuaracteris-

tictilly migmmstes (Fig. 1), miithnougis bothn tinis

timid tine ‘‘smuhicyltit e” preparations displayed

mini insactive proteins petuk at ams RF of 0.713.

�Fh purified “stilicylate” preparations

cmitmulyzed mtcyl-CoA formnutionn with hexa-

nomite, benuzomut e, anstinranuiltute, o-methoxy-

benmzoate, maid p-aminosahcvhate (Table 4).

The prepmtmationi of fatty acyl-CoA syntine-

I muse wit ii mimiinual sahicyl-CoA synthetase

activity (Table 3) sinowed a differemnt sub-

stnmute spectrum. Tinis material readily

at i lized luexansoate, bennzoate, timid amsthran-

unite as mucyl donsons; less mictivity was seen
witis o-methioxybenszottte, amid! omily minmimal

tictivity wtts msoted witis salicylate and

p-ansinosmthicyltste (Tnmbie 4).

DISCUSSION

Tue experinnenntal data support tine exist-

emnce of mui)revioush�’ msmnrecogniized ticid: CoA

higase (Ai\ IP) w’hichs activtutes sahicylate.

Step Total Salicylate
protein

Specific Total
activity units

Ammonium suhfate precipitation

1st Sephadex

Reverse amnnonium sulfate

Dialysis

2nd Sephadex

U14

384

105

47

59

87

195

186

144

22,620 35

9,190 150

9,160 557

620

3,170 900
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Fio. 2. .lnalytical disc tie! electrophoresis of (1

medium -chain fall!J acid: (‘o. 1 ligase (.1 1ifP) with

little sali(’yl-(’oA synthetase (u/icily

Enuchu colummi received 0.16 aug of proteimi [reverse

(N 114)2S04 step, T�uhle 3J wit Ii 238 units of hex-

msmiovl -CoA svmmt lid uSe specific activity per mill i -

grans of prom ciii amid a hsexam ivi -CoA symit het ase to

.salicvl-CoA svmithetase activity ratio of 595:1.

A demisitomet ry scami of omie smnchi gel stained with

Amid() black is shown in the upper paid. Assays

of acvl-CoA svmithuetase activity iii gel segnneiits are

del)icted imi tIme lower panel as commits per mnimiute

of acyl-CoA formed per milliliter of reactiomi mix-

lure. Recoveries of added emmzvmat ic activity were

32.6 mud 29.5� for hexamiovl-(’oA amid benzoyl-CoA

sn-mit hetase, respectively. No sigmi ficamit salicvl-

CoA synuhetase activity was detectable in any gel

segment. Specific assay met hods are given imi the

text.

The chianginig ratios of iuexansoyl-CoA to
sahicyl-CoA synitinetase mictivity observed

during various fnact ionsat ion procedures
suggested thus possibility, but tue niost

definitive evidemsce that tue “snshicylate”-
nsctivnutimsg enmzyme differs frons anm muter-
mediate-chstuins fatty acvh-CoA synitisetase
of tine type first described by Mtuhler,

Wakih, ansd Bock (1) is derived from the
separations of thnese two proteinus by mimnalyt-

ical disc gel electrophoresis (Figs. 1 mmmd 2).

Time “salicyltute” enszyme nnigmntted more
slowly and was far less stable inn tinis system
than the eiszyme described by i\lahler et al.

Furthernsore, prepnmrat ions of nnedium-cisain

1�ul1Ln� 4

CSubst rate spe(ifi(’il!J of two iiiediii ifl -cha in fatty

aci(/:Co,1 liqases (.IMP), one with high and

the other with minimal .s’alicyl-CoA synthetase

activity

A 1.78 ii fraction frons tine second reverse am-

4 mnsoniummn sulfate step iii ‘Fable 1 was used to imives

tigatc the substrate specificity of the “salicylate”

enzynne. The secomid Sephsadex fraction from Table

2 was employed as the micid:CoA ligase with nnini-

muual salicyl-CoA symithetase activity. Assay coisdi-

tiomis are given ii the text.

� C en- � no%’ activ- high acti�’-
SubstraSe � � ity with ity withr.t salicylate saiicylate

mM COils ?flg muiils/mg

1lexamioate 2.0 145 272

Bemizoate 2.0 42.8 88.1

Salicylate 0.5 0.2 7.9

Anthramilate 1.0 14.1 7.9

p-Amimiosalicylate 1.0 0.2 13.2
o-Methoxn’bemizoate 1 .0 2.2 12.1

fnutty acid:CoA ligase (A\IP) withn minnimal
salicvl-CoA synsthmetase activity lacked a

delectable proteins petuk ins tue “salicy!ate”
regions of the gel (Fig. 2).

The previous finsdinmg that. partially puri-
fied preparationss of medium-cisain fatty

acyl-CoA symsthetase displayed iso salicyl-
CoA symsthsetase activity is readily cx-

phained not only by tue inssemnsitivity of the
former assay methods (3), but also by

insactivation of tine “snulicylate” enzyme
during its purifications in tine absence of
protectimsg substrates. Time ttssmuy problem
was eliminated in time present study by the
use of a more semssitive procedure which
can detect accurately the formtition of less

thans 1 mpmole of sahicyl-CoA (2).
Time denmsitometry tracinmgs suggested that

time best preparation of “sahicyhate” enzyme
(specific nsctivity, about 25 umsits/mg) was

tippnoximately 28 % pure amid constained less

tisais 4 % of the protein previously described
by Mnuhnler et al. (1). Thus, a detailed ap-
praisal of thue substrate specificity of the
“saiicvlate” enzyme must nuwait its further

purification amid demonstrmited freedom from
ciosely related acyl-CoA synstimetases such
as time omse assumed but mmot proven here to

be line enzyme described by Mauler et al.

However, tine evidence strongly suggests
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thiat tine “stulicylnite” enszynne has iintnimssic
hnexamsovl-CoA amid bemszoyl-CoA syntinet ase

activity. Not ommly (lid thse must two activities

form a penuk ins the “sahicylate” locus on tine
disc gels (R� 0.69), but activity with isextu-
mioate ansd benszotut e also disappeared frons
this regions nn’hsenm time “salicylate” proteins
nn’as nnissinmg (Fig. 2). In furtiner expenimeists,

miot showmn, tisere nn’nis mu good imsvense con-
relation betnveems I hue hexanoyl-CoA to
salicyl-CoA synsthueint”ie nnitio of a givemn
preptirations auth 1 hue Proi)o)rtionn of total

lnexansoyl-CoA tumid benszoyl-CoA synnthsetase

tictivitv foumsd ins use ‘‘smilicylate” regions of
tine gel.

Although the mibihity of tine “salicylate”
enizyme to nuct ivnute two o-hsydroxybenszoates

(sahicyltute tumid p-miminsosnulic�’lnute)--whuich

the enzyme of 1\lmuhsler et at. did not-seems
apparennt (Tnuble 4), time results of substrtute
studies with numsthnrminmilate timid o-metisoxv-

benszoate mire more difficult to insterpret
because mseithmer emszyme prepartitioms was

completely devoid of thue other. However,
inspections of time anmthsransilyl- ammd o-methsoxy-

bemnzoyl-CoA synst inettuse to sahicvl-CoA
symstimeta.se mictivity ratios of both prepara-

tions in Ttthle 4 revemuls that line enszyme
described by Maisler et at. must be able to)

activnute both substrates. This nmot omnlv is
contrary to previous fimndinsgs (3) but nmlso

shows tinat tine protein founmd by \Iainler

et al. is active wit in certnunu ort/io-substituted

benzoates, inscludi msg onie (anst isransi [mite)

w-hicls, like sahicylate, may display appre-

ciable hsydrogen bonndimng bet,weens the ort/io

substituenst amid tine carboxylate ansionn.
Obviously, tine differenstimul substntute speci-
ficity betweems tine enzyme of Mauler et at.

and the “sahicylate” enzyme hints tu more
subtle explanmitions.

Tine possibility tlnnmt tuclivat ion of ansthsntsns-
ilate amid/or o-metinoxvbenszoate by the
“salicylate” enszyme is due to constaminat iomn
withi tine emszyme described by Mahler et al.

is more difficult to exclude, but tinis seems
unlikely if certmuims mussumptionss tire vtulid.
Thus, after elect ropisoresis of time ‘‘sahic-

ylate” enszyme, time over-till yield of isexmi-

noy!-CoA synstisetase activity in the regions
of tue gel ins w’huiciu tine enszyme of \ltihmler

et al. appensred (I?� -‘0.83) was less thmans

1.6% of time nuctivity added. If thus 1.6%

represenmts rotnghsly 30 (,� O)f flue Initten isexti-

isovl-CoA synmlhmetase nmctivitv added (l”ig.

2) , i imems mu nnsnuxinnuni o)f 5.3 #{182}‘�of the isexti-

nsovl-CoA. synutimetase activity ins time ‘‘salic-

yhtste’’ l)rt’Pmtl’titi0ni \Vt15 l)rovided by tine
enszvnne of )slntimler et at. This consciusioms
seems valid for 1hue ‘ ‘sahicylate” prepturnul ions

uiseti for subsi rat e studies (Ttible 4) , wiuicin

hntI(1 nibomnt I ha’ sanne imeXmsnsO)yl- to snulic�’l-CoA
synstisetase ntclivitv rnutio mis tine more highly

purified Instil ennui used ins the electropimoresis

exl)erinn(’Iml (l’ig. 1). irons tine rtitios of

inextmmmomut e I 0 anst isrammilnute or o-nssetluoxy-

benmzoat e mmcl ivtut iomm shsowms ins tue fourtis
co)lumnm of ‘iCtible 4, it is ctmlculated further
thstit 1i5(’ presemsce of tine ennzyme described
by \lnuisl(’r (it al. ins time ‘‘sahicylate” pneptu-

nt-it ions woinhd \‘ieldl specific tuctivities of less
lisnuns 1.5 unsits/mg for anstisrtumsilate nunmd 0.22

unni t ,/mg for o-nset inoxybennzoat e. Tue act utah

specific activities recorded for these I uvo

substrates were 5.3 timid 12.1 umsits/mg of

‘‘salicylate’’ preparat ions, on’ :3.o mmmd 55

imes I im(’ specific nuct ivi I ies estimated oms

the basis of conilnumimsations w’ithn the ennzvnse

of Mainler et at. rfiserefore it seenis likely

timat tue ‘‘sahicyltite’’ eiszyme cmuns utilize

bot is anmt hurnummilnut e annd o-met imoxybeiszoat e

nus substrnutes, multhnoughn the case for o-

methoxybenmzomute is stnomsgen’.

Depenudinug ons I heir I issue timid species of
origins, mtummahiams mitochonsdrinu can cons-

tainn more thuams onme medhum-cinmiims fatly

acid:CoA hignise (AMP). I-or example,

this report shows I mat bovimse liver mito-

chnonudnini immuve at least. tw’o medium-cinains

fatty acyl-CoA synnl hnetases wit hi differemnt

substrate specificities. Beef heart mito-

clnomsdnia conmtnuins nm medium-chains fatty

tucvh-CoA svmmt met muse wit is mu muarrowen sub-

strate specificity limits the enzyme described

by Mainler ci at.; hue former enzyme tic-

tivnutes fewer fatty nucids tumid cannnmot utilize
aromatic nucids mis substnnutes (7). Dog

kidnsey mitochuomudrinu comstniinn a fmmtty ac�’i-

CoA symmtimetmnse whichu activates butyrate

but nsot benszonit e t isis enizvme �S derived

from mu preptirnuhioms that also displays bems-

zovl -CoA svmst imet muse nuct ivil y, which imsdi-

cates time iresemmce of nut least onme otinen re-
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lated ennzvme.4 To dtute, nso acyl-CoA ligmuses

(A\IP) imtsve beens isolated f’nonn mmsmmalians

mitocimonsdria wlnicis activnute nmrommutic cnur-

boxylic mucids but hot nuhiphmmitic nucid sub-
stnnutes.

Time hmeten’ogemueity of time nnedium-cimnuins

fatty nucid : CoA lignuses comphicnutes tue

unnderstnummdinsg of pmuthuwnuys ins wiuicim thiese

enzymes pmurh icipmut e. l’or example, ctut lIe
lackinmg time s nmtimetmuse described by Mauler

et at. coinid still metabolize benuzonute to

isippurtute, becnsuse time “stuhicyltit e” emszvme

would provide nuns tilternuative pnutinwnuy for

bennzoate act ivtut iomm. Inn nnnanm, mm nvhomvi hems-

zotute commversionm to huippurnute linus beemm

used tus mu test of imepnutic fummctiomn, mu similmur

situmutions mmiv exist (8). It is probmible tiumut

the ‘‘sahicyltute’’ enzyme is mulso respommsible

for act ivationm of /)-numiniosalicylat e tumid! 3-

met isvlstilicylnut e, bot is of wimichs tire excm’et ed

as glycinme conijugmutes by nntunm (9, 10).

Becmiuse tinis enizvme mmmv nveli be rate-

himitinmg mm the commjugatiomi of certnuins p1mm-

macologictuhly import minit compounsds wi thu

Z. H. Vlahcevic amid L. ‘F. Webster, Jr., mmmi-

punhhished observatiomis.

glycinme (2, 8), tue study of its properties
nunmd metabolic regulations should provide a
fruit ful n-urea for future imsvest igatiomn.
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