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SUMMARY

The pathi��tty of sahicyhate conversions to salicylurate huas beens demonistrated for the
first time in. vitro. A crude preparations of proteins from beef liver “mitochiondria” catalyzes

the followinig react ions sequence:

Sahicvlate + ATP + CoA �± sahicvl-CoA + PP1

Salicyl-CoA + glycinse -+ sahicylurate + CoA

(1)

(2)

In thie over-all pathway, sahicylurate format ions was dependenst on thie presensce of ATP,

MgCl� , coenszyme A, glycinse, and active enszyme. The crude enzyme catalyzed the cons-

versions of sahicylate to a compounsd identified as sahicyl-CoA ins a reactions depensdent on
ATP, MgCl2 , and CoA. Sahicylurate was also produced enzymaticahly from glycinie ansd

either chemically or enszymatically synthesized sahicyl-CoA. The thioester linkages of bot.h
chemically timid enszymatically synthesized sahicyl-CoA were quite stable to alkahinse hsydroly-
sis, wit hi half-lives averagimig 44 mimi ins 0.25 x KOH at 35#{176}.The first or activatinug step was
rate-himitinsg ins salicylurate biosynthesis from salicylate whens both activating and acylat-
ing react ionss were assayed isnsder approximately optimal conditionss. Acyl-CoA : glvcinie

N-acyltranssferase activity (EC 2.3.1.13) was purified from the crude “mitochionsdria!”
preparations imuto four proteins fractiomis, each of which could! utilize both sahicyl-CoA and
benzoyl-CoA as substrates.

I NTROI)UCTI ON

Sahicylurate (salicyiglycinse) is foumsd ins the
urine of a variety of mammals after they
receive eithser aspirins or sahicylate. In man,
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ties betweeni sahicyha t e and benszoate, sahicyl-
urate biosynthsesis may resemble that of
hsippurate. Hippurate is formed from bens-
zoate amid glycinse as follows:

Benzoate + ATP + CoA � benzoyl-CoA

+ AMP + PP1 (1)

Benzoyl-CoA + glycine -+ hippurate + CoA (2)

Thue glycine-dependenit enzynnatic conversion
of salicyl-CoA to sahicylurate recently re-
ported by Davidson and Webster (7) ansd by

Tishler amid Goldman (5) is consistent with
this hypothesis.

However, two observations raise the p05-

sibihity thsat the sahicylurate and huippurate
pat hsways mighst utilize differenst emizymat ic
comporsents. Althsoughs mans ansd rabbit differ
in their capacities ons a weight basis to me-

tabolize salicylate to salicyhurate, boUt read-
ily form hippurate from bemszoate (9). Fur-

thiermore, the partially purified medium-
chiains fatty acid:CoA higase (AMP) from

beef liver “mitochsonsdria” which catalyzes
bemszoyl-CoA formations reportedly does not

activate orlho-substituted benzoates stnch as
sahicvlate or homogenstisate (10). Thierefore,

an investigation of salicylate conversion to
salicylurate in vitro was unsdertakens a.s a

first stej) tow-ard definsing possible differences

between sahicylurate and hippurate biosyn-
thesis. The findings form the basis of this
report.

EXPERIMENTAL PROCEDURE

Enzymatic assays. For the format ions of
salicylurate from salicylate, complete reac-

tion mixtures contained the following in a
final volume of 1 ml: 100 pmoles of Tris-HCI
buffer (pH 8.0), 5 Mmoles of disodium ATP,

5 Mmoles of MgCI2, 0.3 Mmole of CoA, 0.5
Ihmole of sodium sahicylate, 100 Mmoles of
neutralized glycine, and 0.3-5 mg of enzyme
proteins. Prior to assay, crude preparations
of emizyme were freed of endogenous sub-

strates or cofactors by ammonium sulfate
precipitation. Inscubationss were carried out
at 38#{176}for up to 10 miii, ansd react.ionss were

terminated withs 0.2 ml of 2 M HC1O4 . After
removal of densatured protein by centrifuga-

tions, a 1-mi ahiquot of the supernatant solu-
tions was extracted tw-ice with 10 ml of ether
to remove salicylic and salicyluric acids as

described by Schachiter and Mansis (11). The
ether phiase was evaporated to dryness, and
the residue was taken up quanstitatively in
3 ml of 0.05 N H2S04. Salicylic acid was
then removed from the aqueous phase by

extractions twice with S ml of water-saturated
CC14 at 60#{176}and once withs S ml of w-ater-
saturated toluene at 60#{176}.The remaining
aqueous phase was adjusted to pH 5 w’ith
NaOH, and 0.5-ml ahiquots were added to
2.3 ml of 0.5 M Xa�CO3, pH 11.3, ansd to 2.5
ml of 0.2 M sodium phosphate buffer, pH

6.0. The fluorescence of these samples was

determinsed along w-ith sahicylurate stand-
ards amid appropriate blanks in ant Aminco-
Bowmans spectrophotofluorometer at an ac-

tivatinig wavelength of 340 m� and emission

wavelength of 420 mj� as outlined by Schach-
ter anud Manis (11). Recoveries of known
amounits of sahicylurate ranged from 95 to

1029.
For the enzymatic conversion of sahicylate

to salicyl-CoA, reaction components and

their concentrations were identical with

those employed above for sahicylurate for-
mation, except that glycine was omitted

and 80,000-120,000 cpm of sodium 7-’4C-
salicylate were added to the incubation

mixture (final concentration, 0.3 miii salicy-
late). After incubation for periods up to 10
mins at 38#{176},the reactions were stopped with

0.2 ml of 2 iii HCIO4, and protein was re-
moved by cemitrifugation. Salicyhic acid was
removed from 1-mi ahiquots of the super-

natant solutions by extracting them twice
with 10 ml of ether. After aeration to remove

residual ether, 0.75-mi ahiquots of each aque-
ous phase containing 7-14C-sahicyl-CoA were

neutralized with conscentrated ammonium
hydroxide and added to 10 ml of a mixture

containing 125 g of nsaphthalene, 7.5 g of
2, 5-diphenyloxazole, and 375 mg of p-bis[2-
(5-phenyloxazolyl)]benzene per liter of p-di-

oxane. Each mixture w-as counted in a liquid

scintillation counter, ansd corrections were

made for dilution, quenching, and zero-time

blanks.
The activity of acyl-CoA:ghycine N-acyl-

tranusferase (EC 2.3.1.13) was assayed with

benzoyl-CoA as substrate by monitoring the

glycinse-dependent decrease ins absorptions at

280 mM or by coupling coenzyme A released
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from the acvl-CoA substrate to 2,6-dichuloro-

benzenonseinsdophsensol timid pheisazimie ethosul-
fate ins a glycinse-depemsdenst reactions (12, 13).
Reactions mixtures for the latter assay cons-
t.aimsed the fohlowimug ins a volume of 0.89 ml:
23 Mmoles of potassium N-2-huydroxyethsyl-
piperazinse-N’ -2-ethansesulfonate buffer (pH
8.0), 64 mMmoles of either saucy!- or ben-
zoyl-CoA, 30 mMmoles of 2 , 6-dichulorobens-

zenonseinsdophsemsol, timid 100 mMmoles of

phenazine ethosulfat e. Compomsensts were
placed ins 1.2-mi cuvettes with 10-mm light
paths amid allowed to equilibrate at 38#{176}while
beinsg constinuously monuitored ins a Gilford
recording spectrophuotonneter at a wave-
lensgth of 600 mp. In a volume of 0.1 ml,
100 Mmoles of glycinse, adjusted to pH S.0,
were pipetted into each cuvette, amid the

rate of color disappearansce was recorded for
2 mini after mixing. Finsahly, 10 pl of enzyme
solutions were added to complete each reac-
tions mixture, amid the rate was monsitored for

an additional 7 mm. Maximal rates were
usually achieved within 15 sec after addinsg

the enszyme, amid recorder senssitivity and

enzyme concenstrations were adjusted so that
no more thian 13 MM product was formed dur-
ing this phase. Acyl-CoA deacylase activity
was determined separately by omitting gly-

cinse from ans otherwise complete reaction

mixture. Boths the deacylase rate amid flue
glycinse-dependenst rate of nsonuenzymatic re-

ductions of dye were subtracted from the
maximal initial rate obtained w-ith thse com-
plete system. The net rate in absorbansce
change per minute w’as divided by the molar

extinctions coefficienst. of the dye (21 X 10�
� cm’ amid multiplied by a factor of 1.75
to extrapolate it to the maximal rate at in-

finite comscentration of dye.
For studies of the stoichuiometry of thse

acyltranssferase reactions, react ions mixtures

containsed 23 m� potassium N-2-hydroxy-
et hylpiperazine-N’-2-ethanesulfonate buffer
(pH 8.0), 64 MM sahicyl-CoA or benzoyl-CoA,

amid 100 m�i glycimse, adjusted to pH 8.0.

After 3 mini of inscubations at 38#{176},10 i�l of

enzyme solutions were added per milliliter of

each reaction mixture. Reactionus were fermi-

niated 1.5 mini and 6.5 mini after enzyme

additions with 0.1 ml of 20% trichuloracetic

acid added per milliliter. Comstrols from

w-hichs glycinse OP enszynie � onuitted \\�(�I�f�

run ins parallel. After densattired j)roteins was

removed by centrifugation, aliquots of the
stspernatant solutionss were ansalyzed for
several components. Sahicylnnrate was re-
moved by extractions with ether timid deter-

minsed by the flinorometric method of Schiachi-

ter timid \Ianuis (11). Sulfhiydrvh release (CoA)
w�as assessed by the method of Ellmans (14).

Other ahiquots of the trichloracetic acid

supernsafanst solutions were extracted with

ether aisd thseis used to determine residual
acvl-CoA substrates. Sahicvl-CoA was com-
pletely conuverted to sahicylurate at pH 8.0 ins
a glycine-depensdent renict ion, and tde stthicyl-

urate formed was measured by flumorometry
(11). The benzovl-CoA constent � esti-
mated nit pH 8.0 by momsitorinig the glvcimie-

dependent eiszymatic disruptions of its thsio-
ester bond at 280 m� (12).

Enszvme unsits for till assays are expressed

as nsansomoles or micromoles of product for-
mat ions (or substrate disappearanice) per mini-

ute nit 38#{176};specific nictivities tire given in
unsits per milligram of protein. Enzyme for

the acyltranusferase assay was routinuely di-
luted ins 10 m�i potassium N-2-hydroxyethyl-
piperazine-N’-2- ethuansesulfonuate buffer, pH

8.0, comutainsing 10 �g of bovine serum albu-
mini per milliliter. Proteins concentrat ions
were determined by the biuret reactions with

crystalline bovine plasma albumins used as
the sttinsdard (13).

Preparation of enzyme that catalyzes forma-

tion of salicylurate from salicylate. For studies

of the over-all reactions, a crude fractions of

beef liver “mitocbsondrial” protein was ob-
tained as follows. Whole fresh beef liver was
sliced timid chilled in ice immediately tifter

removal from the animal. Subseqmneist oper-
atiomis were performed at 0-4#{176}.After the
capsule amid major vessels were removed, 800
g of the diced organ were homogensized for
43 sec at high speed in a 1-gallons Waring

Blemsdor with 2400 ml of 0.13 �i KC1 adjusted
to pH 7.8 with 1.3 M NH4OH. Following

Isomogensizations, the pH was adjusted to 7.8

withs concenstrated NH4OH, timid cell wall

debris and nuclei were removed by centrifu-

gations at. 300 X q for 10 mins. The super-
nsatant solutions was filtered through chseese-

cloth amid centrifuged ins a Lourdes LilA re-
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frigernited continuous-flow centrifuge at

28,000 X g at a flow rate of 40-55 mi/mm.
Particles obtained from 2400 g of liver were

suspemsded ins approximately 1500 ml of 0.13
M KC!-4 m� 2-mercaptoethansol--1 mM

EDTA adjusted to pH 7.8 with NH4OH,
and frozen at -70#{176}. After 24 hr or more,

the preparation was thsniwed rapidly insto
glycerol, which was added t.o reach a final

conscentration of 10% (v”v); then the sus-

pension was centrifuged at 78,000 X g for 60
mini at 4#{176}.The clear supernsatanst solution
was decanted, and its volume and proteins
concentrations were determined. When stored

tst - 70#{176},this crude fractions lost no enzy-
matic activity ins 6 monthus, amid the average
yield of soluble proteins approximated 0.2-

0.5 % of Use miet weight, of the liver.
Preparation of purified acyl-CoA :ylycine

N-acyltransferase. Acyl-CoA: glycine N-acy!-
transferase activity was purified from the
frozens crude mitochomidrial fraction (see
above). An aliquot containing about 1.5 g of

proteins was thawed, and the protein conscen-

tration was adjusted to 10 mg/mi with
20 m�i KHCO3-4 m�i 2-mercaptoethanol.

Twenty-four grams of (NH4)2S04 were added

per 100 ml of this solutions, which was main-
tainsed at pH 8 by additions of XH4OH. After
15 mini of stirring, the suspension was censtri-
fuged nit 24,000 X g for 10 mimi, and 21 g of
(NH4)SO4 were added to each 100 ml of
supernsatant solution. The pH was kept at 8,
and the resulting suspenLsion was stirred for

15 mini. The precipitate was collected by

censtrifugation at 24,000 X g for 10 mm,
packed by an additional centrifugations at the
same speed to remove excess (NH4)2S04,
and dissolved in a minimal volume of 20
m�i KHCO3-0.1 M KC!-4 miii 2-mercapto-

ethanol. Approximately 40 ml, at a protein
concenstration adjusted to 30 mg/mi, were
placed ons a 38 X 5 cm column of Bio-Gel

P-130 (100-200 mesh) equilibrated with 20
mM KHCO3-0.1 iii KCI-4 miii 2-mercapto-

ethanol. The column was eluted with the
same solvent at a flow rate of 0.3 mi/mm.

Thse acyltransferase activity was recovered

in 3-mi fractions after the bulk of the protein

and a reddish pigment. had been eluted. Frac-

tions hiaving specific activities at least 6

times greater thans thse material put oni the

column were pooled, and 30 g of (XH4)2S04

were added per 100 ml of this solution. The
pH was kept at 8, stirrinsg s�’as carried out

for 60 mm, and the mixture was centrifuged
for 30 mm at 78,300 X g. The precipitate
was dissolved in a minimal volume of 20
mM KHCO3-0.1 M KCI-4 miii 2-mercapto-

ethansol ninsd stored ins two equal portions at
-70#{176}.

One fractioni of precipit.ate (30-33 mg of
proteins) was thiawed and dialyzed against

200 volumes of 20 miii KHCO3-30 mM

KCI-4 mM 2-mercaptoethanol in a rockinsg

chamber for 1 hr. The sample, containing
about 30 mg of protein, was subjected to
preparative disc gel electrophoresis in a
Canaico apparatus. A PD-2/150 upper col-
umns was used under experimental conditions

specified by the manufacturer, except that a
solutions of 40 miii Tris-20 miii $-alanine, pH
8.9, was substituted for the usual Tris-gly-

cine or imidazole buffer ins the electrode

compartments. The combination of a 1.3-cm
stacking gel (3.3% acrylamide) and a 3-cm
separatory gel (10% acry!amide) gave good

separation of protein and enzymatic activity.

Stacking of the protein was usually obtained
w-ithin 3-4 hr after the sample was applied,

and the activity was usually eluted within 8
hr.

Chemical syntheses and purification. Sal-

icy!-CoA was synithesized from acetylsali-
cylic acid anhsydride ansd CoA by a method
analogous to that used by Schachter and

Taggart. for the synsthesis of benzoyl-CoA
(12). Onse humsdred micromoles of lithium
CoA ansd 300 Mmoles of acetylsahicylic acid
anhydride were added to 6 ml of water, and
the pH was adjusted to 7.8 with solid
NaHCO3 . The reaction w-as carried out in a

Thunberg tube flushed with X2, and con-

stant. agitation was maintained for 3 hr at
38#{176},during which period the disappearance
of CoA (-SH) was monitored by the nitro-
prusside reactions (16). The mixture was then

acidified t.o pH 3.0 with HCI, ansd the remain-
ing anhydride amid acetic and sahicylic acids
were removed by four extractions with 8

volumes of anhydrous ether. A stream of

nitrogen was used to evaporate ether from

thie residual aqueous phase containing the

saiicy!-CoA product.
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Sahicyi-CoA was thsems freed of acetyl-CoA
amid oxidized ninsd reduced CoA by passage
over ti Sephsadex LH-20 columns (30 X 2.3

cm) equilibrated timid eluted withs ethunimiol-
H2O-acetic nicid (40:60:1 by volume). Com-

pomsensts, ins 2.3-ml fractionss of effluent, were
assayed quahittitively by thin-lntyer churoma-
tographsy (see below). A compounsd appeared
ins the Sephuadex fractionis after the bulk of
the oxidized timid reduced CoA humid been

elut ed. Frnict ionss const aininsg t hsis subst ansce
were pooled, evaporated to a small volume
several times after small tidditions of H2O

timid ethser, amid stored at -70#{176}.The material,
idemstified as sahicvl-CoA by criteria listed

below, w�as dhlnite sttible, ansd thse finsal yield
ransged from 3 to 20% of the CoA initially

employed.
Benszoyl-CoA was synstisesized from bens-

zoic acid anshuydride amid CoA as described
by Schachster timid Taggart (12). The prod-
uct, purified by gel filtrnstions ons Sephadex
J�H-20 as described above for sahicyl-CoA,
migrated like sahicyl-CoA ins both the Seplua-

dex amid thin-layer systems. Fractiomss con-
taimiimsg benszoyl-CoA free of other reactions
components were identified by thins-layer

chromatography, conscemitrated, and stored
at. -70#{176}as was domse for salicyl-CoA. The
yield was 20-63 % of the CoA used ins the
imsititil reaction.

Identification procedures. For isolation of
sauicyluric acid from emuzymatic reaction

mixtures, samples were processed through

the extractionss with warm CCI4 amid toluene
as described for tlse emszymatic assay for
sahicylurate formations. Sahicyluric timid cons-

taminsat.ing salicylic acids left ins tIne acidic
aqueous phase were tisems extracted into

ether. The ether was evaporated to dryness,
and tIne residue was tnskems up ins a minuimal
volume of methanol. Snihicyluric acid was

thsen identified as a product of the over-all

and acylations reactions by ascending thins-
layer chiromatography ons East mans silica gel
6060 plates under conditionss that provided

ready separation from salicyhic acid. Approx-
innate R� values for sahicvluric acid ansd sal-

icyhic acid stansdards in the several sohvenst
systems were: benzene-acetic acid (30:3 by

volume), 0.03 and 0.39; chloroform-acetic

acid (30:3 by volume), 0.11 tinsd 0.52; bens-

zemse-ether-acetic ticid-methsausol ( 1 20 : 60:

18: 1 by volume), 0.29 amid 0.69. mu these
systems salicyluric acid was readily idensli-

fled by its chiaracteristic blue fluorescensce.
\Vhens chiromatogrnsphuy wnis done omi ahunsi-

num-backed silica gel plates (Silicts F’-254,
Merck) ins benszemse-1 ,4-dioxanse-nscetic acid
(2 : 1 : 1 by vohunne), salicyluric nicid had tins
R� of 0.33 amid sahicyhic acid tins R� of 0.71.
Tine salicyluric nscid spot did nsot renict with
miimshivdrims unstil comscemst rated HC1 was added

and thue chromatogrntm was iseated to 110#{176}

between two glass plnites. This is conisistent
with disruption of the protected peptide
limsknige.

Chemically symsthesized timid purified sal-
icyl-CoA gave ni single unit raviolet -absorbing

spot wluichs nsigrated with an R� of -�.0.60

ons t hims-lniyer East nians 6064 cellulose plat es

developed with butninol-acetic acid-H20
(10:3:3 by volume). Approximate RF values
of other compounds ins this system were:

oxidized CoA, 0.11; reduced CoA, 0.31;
acetyi-CoA, 0.39; free sahicyhic acid migrated

near tine solvenst froist. Salicyl-CoA also sep-
arnited from the tibove reactions componsensts

w-iths tins R� of tippmximately 0.68 whiens it
was chromatographed on the same cellulose
plates in tert-amyl alcohol-formic tscid-H20

(3:1:1 by volume). Ins niddit.ion to absorbimsg
ultraviolet light, thie saiicyl-CoA spot on

either chromatograns exhibited a bluishu flu-
orescence. It also displayed ni positive F’eCl3

test (free phenolic hydroxyl groups) ansd gave
a delayed positive msit roprusside react ion
only after alkaline hydrolysis (release of
-SH groups). Chemically or enszymaticahiy
synthesized salicyi-CoA purified by gel 1W.
trations was determinsed quantitatively by

sulfhydryl release (CoA) and by sauicylurate
production upon its reaction with glycinse in
the presemuce of excess ticyl-CoA : glycinse N-
acyltransferase; thiese methods were nilso

used to estimate the molar extinsction coeffi-
cient at 260 m�n. The salicyhurate formed was
measured fluorometrictilly nind also idemstified

by thin-layer chromatography as described
above; CoA release was monitored with

Ellmans’s reagent (14). A coupled enzynnnitic
reactions with himitinsg concentrations of nice-

fate or acetyl-CoA was used to monitor
acetate or acetyl-CoA comstenst in the chemi-
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cally synsthsesized acyl-CoA substrate before
and after these compounds were subjected to
alkahinse hsydrolysis (17, 18).

Bemszoyl-CoA nnigrated tis a siisgle spot
whsichs absorbed ultrtiviolet light on tine thin-
layer chromatogram. Its R� ois Eastman

cellulose pltites developed with eithuer bu-

tansol-acetic acid-H�O (10:3:3) or tert-amyl

alcohol-formic acid-H�O (3:1:1) wis the

same as thsnit recorded for sahicyl-CoA. Bens-
zoyl-CoA was measured by meanss of tine

disappearance of its absorption nit 280 mM
upons complete enszymatic conversions to hip-
purate ins a glycinse-depemsdenst reactions (12)
or by sulfhydryl appenirance durinsg the same
renictions (14).

Materials an(l fjeneral methods. Chsemictslly
symsthsesized salicyluric acid was ti kimsd gift
of the A. H. Ilobbimss Compansy. Reagemst
kits and equipmemit for analytical timid pre-
partitive disc gel electrophsoresis were ob-

tamed from Camnalco. Other products were
purchased from tine followimsg sources: co-
enszyme A, acetyl-CoA, amid nsucieotides, frons
P-L I3iochsemicals; phensazinse ethsosulfate,
maiate dehsydrogensase, cit rate-condenssinsg

enzyme, amid pyridinie msucleot.ides, from
Signia Chemictil Compansy; acetylstilicyhic
aciti ninshuvdride, from East man Organic

Chsennicals; sodium 7- ‘4C -salicyiate, from
New Ensglansd Xuclear Corporations; Sephsa-

dex LH-20 powder, frons Pharmacia; Bio-Ge!
P-iSO (100-200 mesh), from Bio-Rad Lab-
orat ones; ttmnnoniium suhftite, ultrapure,

from Manms Research Laboratories; and
yeast iniorgtiiiic pyrophiospisattise, from Nu-
trstionial Biochsemicals. Rensaimsing chemicals
were the conimerciahly available reagenst
grades.

Dialysis tubinig wtis boiled ins 0.1 N KOH-1

miii E1)TA for 10 mimi ninsd miter washed
prior to use. (fltiss-distih!ed water wnss used

to make up till reagents employed for en-

zynse purificat ions ansd assay.

RESU LTS

Sal icylurate biosynthesis from. salicylate,
A TP, .lIqCl2, Cod, and glycine. The crude
prepnsratioms of proteins from beef liver par-

ticles catalyzed the formations of salicylurate
from sahicylate, ATP, MgCl2 , CoA, ansd gly-
cinse (Table 1). The formnitioms of up to 60

TABLE 1

Requirements for formation of salicylurate from

salicylate in the over-alt pathway

React iomi mixtures of 1 ml contained 4 mg of

crude mitochomidrial protein, amid incubations pro-

ceeded for 10 mimi. The concemitrations of other

compomienuts amid the assay for sahicylurate are

givemi imi the text.

Syitem Salicyiurate

rniLnmoles

Complete (sahicylate, ATP, MgCl2

CoA, glycine, enzyme) 31.0

-Salicylate <0.04

-ATP 0.52

-MgC1, <0.12

-CoA <0.12

-(Ilycine <0.12

+ileat-treated emizynue� <0.12

mMmoles of sahicylurate per milliliter of re-

actions mixture was hinsear with proteins con-

censtrations timid with tinne over a 13-mm
period. Little or nio salicyhurate wtss pro-

duced frons salicyhate if ATP, MgCh, CoA,
or glycimse was onsitted from the inucubation
mixture or if hueat-imsactivated emszyme was
used. Neither cysteinse or glutathionse sub-
stituted for CoA ins tine reactions. Salicylurate
was isolated amid identified as a product of

thse reaction by methods outlined ins EXPERI-

MENTAL PROCEDURE. There was also ans ap-
proximate stoichniometry between saiicyiate

disappearansce amid salicylurate formations.
Evidence for both glycine-acylating and sal-

icylate-actin’atinq reactions in the pathway of

salicylurale formation from salicylate. The re-
quiremenst for CoA ins the biosynsthsesis of
sahicyiurat e from sahicylat e suggested that
salicyl-CoA n� ams instermediate in this path-
�y To substanstiate this hypothesis, salicyl-

CoA was synsthesized chemically front acetyl-

sahicyhic anhydride amid CoA, and the product
was purified both by ether extraction at acid
pH timid by gel flit rations ons Sephadex LH-20.
The fimsal substamice was found by thins-layer
chromatographsy to be free of anhydride,
nicetyhsalicylic acid, sahicyhic acid, reduced

CoA, ansd oxidized CoA. Tine gel filtratioms
timid conscentrations steps also eliminated
acetyl-CoA, whsichs was readily detectable in



TABLE 2

Acetate content of chemically synthesized

salicyl-CoA before and after alkaline

hydrolysis

A stock solutiomi of 3.74 msm salicyl-CoA was

used for the umihydrolyzed control. Reactiomi tubes

for alkalimie hydrolysis comstaimied 0.2 ml of 3.74

mM salicyl-CoA stock solution, 40 ,.�l of 12.5 N

KOIT, and either 10 .al of water or 10 l.�l of 30 mrvn
potassium acetate. Incubation was conducted for

22 hr at 40#{176},after which 40 j.ii of 12.4 N HC1 were

added to each mixture. Aliquots of 50 ,.�l were

used for analysis (17, 18). Results are expressed

as nanomoles of acetate per milliliter of 3.74 m�s

salicyl-CoA stock solution and are corrected for

recoveries of acetate added to the assay nsixtures.

Reaction mixture Acetate

m,.i moles/mi

TJmihydrolyzed salicyl-CoA stock 197

Hydrolyzed sahicyl-CoA 451

Hydrolyzed sahicyh-CoA with 1.5

�imoles of potassium acetate

added per milliliter of salicyl-

CoA stock 1920

Acetate released by hydrolysis 223-254

thue hinsear phase of dye reductions. Sahicylu-
rate formations was isot detected ins tine ab-

sensce of glycinse or when hseat.-inunictivated

enuzyme was used. The salicyiurate isolated
from suchi reaction mixtures was idenutified

by its characteristic fluorescence amid migra-

tion ons thins-layer chsromatograms.
The crude mitochnondrial enzyme tiiso

catalyzed the formation of sahicyl-CoA from
salicylate, ATP, MgCl2, CoA, tind active

enizyme. Ins the presensce of nidded insorganuic

�2.O -
z

w

019. -

1.8 1’5

MINUTES OF HYDROLYSIS

FIG. 1. Alkaline hydrolysis of salicyl-CoA in

0.25 N KOH at 38#{176}.

Three separate experiments were perfornied.

(a) Hydrolysis of 787 j.aM salicyl-CoA prepared by

chemical synthesis (0): at the intervals shown,

0.1-mi aliquots were withdrawn and added to 0.1

ml of 30% metaphosphoric acid; thiol release was

measured by reaction with Ellman’s reagent (14).

The calculated half-life is 37.5 mimi. (b) Hydrolysis

of 20 pM 7-14C-salicyl-CoA (160 cpm/mpmole)

formed by enzymatic synthesis from 7-14C-salicylic

acid, ATP + Mg�, and CoA-SH (X): at. the inter-

vals shown, 0.4-mi aliquots were withdrawn, added

to 0.1 ml of 20% perchloric acid, and extracted with

5.0 ml (if anhydrous ether to remove 7-’4C-sali-

cylic acid; residual ‘4C-salicyl-CoA was then deter-

mined as outlimied iii the text. The calculated

half-life is 46.8 mimi. (c) Hydrolysis of a mixture

of 1.257 miii chemically synthesized salicyl-CoA

(�) amid 49 pM enzymatically symsthesized 7-’4C-

salicyl-CoA (A) containing 175 cpm/mpmoie: at

the intervals shown, aliquots were removed and

assayed for thiol release and residual 7-’4C-sali-

cyl-CoA as outlined above. The half-life is 42

mm for thiol release and 48.7 mm for 14C-sali-

cyh-CoA disappearance.

less purified material (17, 18). However, the

final preparation of salicyl-CoA probntbly

contained about 6.4 % of acetylsalicyl-CoA,
as revealed by liberation of this amount. of

acetate during prolonged isydrolysis in 2 N

KOH for 22 hr at 40#{176}(Table 2). The extimsc-
tion coefficiensts of four preparations of puri-

fied sahicy!-CoA ranged from 11.1 to 15.7 X
10� M� cm-’ (average, 13.1 X l0� M1 cm-tm)
in 0.05 ii’ sodium phosphate buffer, pH 7.0.

The thuioester linkage of purified salicyl-CoA
��-as foumsd to be quite resistanst to alkaline
hydrohysis ins 0.25 x KOH at 3S#{176}.Thue half-

life, calculated from data obtained over the
first. 30 mins, averaged approximately 40 miii
accordinsg to the experiments depicted in
Fig. 1; after 60 mini of hydrolysis the values
were less reproducible but indicated that the
reaction was proceeding at a comparable

rate.
When chemically synsthesized salicyl-CoA

was substituted for salicylate, ATP, i\IgCl2,
‘mid CoA in a glycimse-dependent reaction,
sahicylurate production ranging up to 7

mMmoles/ml of reactions mixture was pro-
portional to protein concenstration during

SALICYLURATE BIOSYNTHESIS 253
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pyrophsosphuatase, product formations up to
60 mMmoles/mi was linsear with time up to
15 mini, as ni-eli as with enzyme concenstrnition.
‘4C-Sahicyl-CoA was isolated, purified over
Sepinadex LH-20, timid idenstified as a product
of this reactions by thnims-layer chromatog-

raphsy. The purified, isotopically labeled
sntlicyl-CoA disappenired ins alkali with a

half-life of approximately 48 mins; this is
nearly tine same rate at ivhsichi thiol w9.s re-
leased! from chemically symsthnesized sahicyl-
CoA (Fig. 1). Salicyh-CoA also was enizy-

maticahly comsverted to sahicylurate ins a gly -

cimse-depeisdent rensct ions, timid the radioactive
salicvlurate was isolated amid idemstified as
out lined unsder EXPERIMENTAL PROCEDURE.

Properties of purified acyl-CoA :ylycine N-

acyltransferase. To test whsether glycinse acyl-
ations with salicvlate timid benszoate is cat-
nilyzed by the same or separate enzymes,
acyl-CoA: glycimse N-acyitranssferase activity
WaS frttctionsated wit is annmonium sulfate

amid! by gel filtratioms. After these procedures

the rnitio of specific activities with benzoyl-
CoA compared to salicyh-CoA mis the acyl

donuor varied frons 2.0 to 3.2, depending on
the emszyme preparations, but was reasonsably
comistamst for each preparation over tine 13-

fold purifications achnieved (Table 3). Thiere
was no detectable sahicyl-CoA svnsthsetase
activity whnens 3 nig of this protein were
added to tue activatinig assniy. Bahansce stud-
ies revealed! that. thse nimounst of either salicyl-
CoA or benzoyh-CoA disappearing nspproxi-

matedl the amoumit of -SH groups (free
Co.A) fornied, and thnit utilizations of saucy!-

CoA appronichued tine formations of sahicyl-
urate (Table 4). The appareist Michaelis con-
staists for glycine were approximately 20
miii at 64 Miii saiicyl-CoA amsd 10 miii at 64

MM benszoyi-CoA (Fig. 2). At 130 miii glycinne
tine apparent Km for salicyl-CoA was S MM,

whnereas the comparable figure for benzoyl-
CoA at 80 miii glycimse was about 13 MM

(Fig. 3). At 64 MM saucy!- or benzoyh-CoA
amid 100 miii glycinse, acyl-CoA : glycimse N-

acyltranssferase activity was imnhnibited some-
what more by sahicyhurate thian by hippu-

rate at equimohar conscenstrationss of inhibitor
(Table 5).

When thse above proteins was subjected to
preparative disc gel electrophoresis, enzy-

matic activity was separtited into four peaks,

and roughily $3 % of tine activity was re-
covered (Fig. 4). Ansahytical disc gel electro-
phoresis of each of tine four peak fractious
(fractionss 32, 67, 80, timid 103) revealed a
major proteins bansd whichi migrated differ-

emstly from tine major protein componenit in
cads of the otiser peak fractiomss, and most.
of the detectable emszymatic activity inn each

gel was found in tine location occupied by
its major protein bamsd. Each of the four

peak fractionis was founsd to catalyze thne
acylnitions of glycimse with eitlner benzoyl-CoA
or sahicyl-CoA; ratios of acylatimig rates with

bemizoyi-CoA as compared to salicyl-CoA
varied from 1.3 to 2.6, which was a greater
variations thnans usually obtained with less
huighnhy purified materinil (Fig. 4).

Rate-limiting step in pathway of salicyl-
urate formation from salicylate. Whnen each

TABLE 3

Purification of acyl-CoA :glycine N-acyltransferase activity

Imscubatiomi mixtures comitaimsed 64 rnpmoles of the acyl-CoA substrate and 100 j.amoles of glycine

per milliliter, as stated in the text. Specific activities are expressed as nnicromoles of sulfhydryl groups

released per mimsute per milligram of protein at 38#{176}.

Crude mitochondrial fraction

Amnuoiiiunu sulfate

Bio-Uel P-150

Enzyme activity

Total Salicvl-CoA Benzoyl-CoA
protein #{149} �

Specific Total Specific Total
activity units activity units

�izg

1650 0.9 1490 1.8 2980 2.0

1200 1.2 1440 2.9 2480 2.4

77.5 13.8 1070 29.0 2250 2.1
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TABLE 4

Balance study of the acyl-CoA :glycine

N-ac yltransferase reaction

The composition of the reaction nsixtures, con-

ditiomis of assay, amid amsalytical technsiques for

estimatimig imidividual compomiemsts are given in

the text. Each milliliter of reactions mixture con-

tamed 186 ns.ag of proteims (specific activity, 24

�nunoles of beiszoyl-CoA disappearance per minute

per milligram of proteims).

Acyi-CoA
substrate

Thiol
formed

Saiicyi-
urate

formed

Saiicyi-
CoA disap-

pearance

Benzoyn.
CoA disap-

pearance

�LM MM MM MM

Sahicyl-CoA 95a

8. 4b

10.2 9.4

Benzoyl-CoA 21.6’

22.

22.5

a l)etermimsed by assay with 2,6-dichloro-

bemizenoneindophenol and phemnazine ethosulfate.
1)etermimied by assay with Elinnan’s reagent.

[GLYCINE] kmM

Fmu. 2. Effect of glycine concentration on acyl-

C’oA : glycine N-aeyltransferase activity

The concemstrations of salicyl-CoA amid bemizoyl-
CoA were 64 j.aM each. The quantities of purified
emszyme added (Bio-Gel step, Table 3) were ad-

justed so that there was no more than 10% con-
version of the limiting stnbstrate to product. Other

assay conditions are given in EXPERIMENTAL

PROCEDURE.

was determimsed at nearly optima! substrate

concenstrations, more thams a 1000-fold excess
of acylatinsg as compared to activating ac-

FnG. 3. Effect of acyl-Co.J. concentration on acyl-

(.‘oA :giycine N-acyltransferase activity

The comicentratiomi of glycine in the salicyl-CoA

system was 150 nssm (approximately 7 tinses the

apparent K,, for glycine), and in the benzoyl-CoA

systens, 80 miii (approximately 8 times the apparent

Km for glycine). The quamitities of purified enzyme

added (Bio-Gei step, Table 3) were adjusted so

that no more thati 50� of the linnitimug substrate

was comiverted to product. Other assay conditiomis

are givers ins EXPERIMENTAL PROCEDURE.

tivity was presenst in tine crude “mitocinon-

drial” preparation of protein from bovinse
liver (Table 6). The rate of the activatinsg

step matched that for tue over-all pathway,
and thse latter was not increased by addition
of highly purified acylatimug enuzyme.

I)�SCUSSION

Aside from its theoretical significance,

biochnemical examinsat ions of tbse componsents,
reactions sedluennce, timid comstrol of tise path-
way for comsvertinsg sahicylate to salicylurate

should jrove of practical value because sal-

icy!urate is tine major ennd metabolite of two
of tise most commonsly used therapeutic
agensts in man, tispirins amid sahicylate. To our

knowledge, tine presenst study provides thse
first comsvincing evidennce of enzymatic for-

mations of sahicylurate from salicylate in.

vitro. No positive experiments isave been re-

ported for cell-free systems, and onnly equiv-
ocni! results inave beeis obtainued withs rat liver
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T.�IILE 5

Inhibition of acyl-(’oA :glyczne N-acyltransferase

activity by salicylurate or hip purate

Experiments were performed as outhimued ins the

text, except that. the stated concentrations of

imihibitors (salicylurate or hippurate) were added

to the imiitial reactiomi mixtures. The specific ac-

tivity of the enzyme was 22.2 pmoles of benzoyl-

CoA disappearamice per minute per milligram of

protei ii.

Salicylurate 20

ilippurate 20

Sahicyhinrate

ilipptnrate

Salicylurate

ilippurate

Sahicylurat e

Ilippurate

Salicyhurate

Hippinrate

Ihippurate

and kidnnev tissue slices (19). Failure to
demonnst rate salicylurate biosynthesis from
sahicylate in vitro is not surprising in view of

tine possible uncouphimig effects of salicylate
oms oxidative pinosphorvlation, tine small

quamntity of sahicylumate formed by thse liver
and kidney of most species, annd the high
sensitivity of methnods required for the de-

tection of salicylurate in biological materials.
Fortunately, tine sennsitive fluorometric pro-

cedure of Schachter ansd Manis (11) was
readily adapted ins the present study to the

determinsation of sahicylurate in emnzymatic
reaction mixtures, and thse predomimsanit

locahizations of enzymatic activity iii this
pnit hway to tine “mitochnonidri a!�� fractions

permitted the additions of protein of rela-
tively highs specific activity to the crude
assay system.

Salicylurate formatious from salicylate is

apparenstlv accomplisined sequentially by

FRACTiON- NUMBER

FIG. 4. Preparative disc gel electrophoresis of

purified acyl-CoA : glycine X-acyltransferase

91 Thirty nnilhigrams of a Bio-Gel P-iSO fractions

(Table 3) comitainimsg 290 units of benzoyi-Co.&:

glycimie X-acyltransferase activity were applied

68 to the column. Details are givemi ins EXPERIMENTAL

78 PROCEDURE. Units of enzynue activity are expressed

as misicromoles of 2, 6-dichlorobenzensonsei msdophenol

54 reduced per mimsute per each 3.5-mi fraction with

60 bemizoyl-CoA as substrate. The ratios of acylating
rates with bemszoyl-CoA compared to salicyl-CoA

16 as acyl substrate were 1.5 in fraction 52, 2.5 in
45 fraction 67, 1.9 in fraction 80, amid 2.6 in fraction

103. These fractionss correspomnded to the four peaks

27 of enzymatic activity observed.

salicylate activation amid N-acylations of
glycinne by sahicyl-CoA, as judged from tine

deletions amid balansce experiments described
above, the participations of chemically syn-

thesized salicy!-CoA, amid the identification
of the products of each individual reaction.
The over-all pathway is similar to that de-
scribed for hippumate biosynthesis from
benzonite:

Salicyhate + ATP + CoA sahicyl-CoA

+ AMP + PP1

Sahicvl-CoA + ghycine salicylurate + CoA

Acylatinsg activity was purified from the

beef liver particulate fractions ins order to
determimse whether consjugatioms of glycimse
with sahicyl-CoA and benzoyl-CoA is cata-

lyzed by the same or different enzymes.
Schachter and Taggart (10) have already
reported a broad acyl-CoA substrate spec-
ificity for their partially purified preparation
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W. 13. Formams, unpublished observations.

TABLE 6

Rate-limiting step in salicylu rate biosynthesis from

salicylate under optimal assay conditions

The crinde mitochondrial proteimu fractiomi was

assayed smmider comiditiomis for each reactioms given

imi the text.

System Specific activity

?n/.L?flOleS/min/
sng protein

Over-all reaction:

Salicylate, ATP, MgC12 , CoA,

glycimse 0.75

+ 1 mg of acyitramisferase’ 0.78

Act ivati mig reactiomi (salicylate,

ATP, MgCl,, CoA) 0.75

Acyl t ransferase react ioms (sahicyh -

CoA, glycine) 900

a The purified acyl-CoA:glycimie N-acyitrans-

ferase was free of detectable acyl-CoA synithetase
activity amid had a specific activity of 9 �mmoles of

salicylurate formed per mimnute per mihhigranu of

proteimi.

of acyl-CoA:glycimse N-tscy!transsferase from

beef liver, but did msot test it. with salicyl-
CoA. Tine presenst purified emnzyme displays
cistiract eristics differenst from Schuachut er’s

preparatioms, as evidemnced by a rouginhy 20-
fold greater specific activity amid ti lower

apparenst molecuhnir weight (approximtst ely
32,000 by gel filtratioms ons Sepiuadex G-100).4

Subject imsg tine crude particulate materitil
to a freezinig amid! thsnswinsg step ratiser thitin
to acetonse precipitnition probtibly was the
major factor respomssible for the improved

yield anid specific activity displnived by tine

presennt enzyme.
Altisougis Tishler timsd Goldnnams (8) also

isnive described enszymatic preparationis
which cnitalyze the N-acylatioms of glycinne

by sahicyl-CoA, niajor differenuces exist be-
tween their results ansd ours. For example,
ivhsen assayed unsder tiseir conditionss, tine
Bio-Gel P-iSO fraction (Table 3) mad 340

times the specific activity publishned for
their ptirtiaily purified beef liver enzyme.
Discrepanscies were also founnd betweens thse
chemical behuavior of the presenst prepara-
tion of sahicy!-CoA timid thiat of Tishler amid
Gohdmnins. After inydrolysis of the presenst
materinsi ins 0.23 N KOH for 17 mimi at 38#{176},

2$ mMmoles of sulfhnydryl groups were re-
leased from 116 mMmohes of substrate, ansd a

decrease ins absorbninsce of 0.063 at 296 mM
was recorded after readjustmennt. of the pH
to 7.5. Tishler ansd Goidmans msoted ans ins-
crease iii extinuctioms at 296 mj�m after tilknihiuse
hydrolysis of their sahicyl-CoA preparationi
and conucluded oms tue basis of this extimsction
chiannge tinat hydrolysis of snilicyl-CoA by

0.1 N KOH wnis complete ins 1 mimi at 30#{176}

(comsditiomns under ivinich little -SIlT was

released from tine presenst material).

Stability of tine thnioester bonsd of salicyl-

CoA to nilkahi would be ratiuer umsexpected
ins view of its o-hnvdroxyl group amid tine

knuowni lability of salicylester glucuromside
(20). However, despite tine use of acetyl-
salicyhic acid amsinydride ins its synnthnesis, tine

resistansce of thie presemut preptirations to
alkahimie huvdrolvsis ctimsnsot be explaimned by
supposinsg thnat ni mtsjor frnictions of its thnio-

ester hinskniges tire ins tue fornn of acetyhsahicyl-
CoA. Thus, ticetnite released froni the pun-
fled acyl-CoA durimng extenssive alkahinue
inydrolysis amounsted to less thann 7 � of the
thnioester linkages presennt (Table 2). Ahso,
acetyh-CoA wnis a niajor by-product of the

chemical syistinesis, imsdicatimng thntit t lie
acetyl group was cleaved from ticetylsahicyhic
acid amshsydride, acetylsalicylic acid, or bothi,

duriusg the reactions. lurtinermore, tue
“sahicvl-CoA” spot oni time tinins-laver cinro-
matograms reacted iviths ferric chiloride,
nvhuichu would niot inave been expected if the

phnenohic lnvdroxvl group had remainsed
acetvlated. Finsaily, thue tinioester hinsktiges of
botin chemically timid enuzvnnaticahlv svmsthse-
sized “sahicyl-CoA” were invdrolvzed by

alktihi tit tibout tine samnne rate (Fig. 1); be-

cause the enszymatictslly synthesized CoA

ester was derived from a mixture of salic-
vhate, MgATP, amid CoA, it obviously could!

msot Inave beens acetyhsnshicvl-CoA.
A more plausible exphamsnitions for tine

differensces obtainsed ins thse two iabornstories
is thuat thue chnemicallv s�-nsthuesized salicvl-
CoA studied by Tisinler amid Goldmans cons-
taimied impurities nvhsich absorb ins tine ultra-

violet regions. Imsdeed, thnese insvestigators

did nsot report a purifications procedure whnichs
might be expected to remove eithner oxidized

or reduced CoA from the product of tineir
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chsemicnsl symsthsesis, timid thseir product was

msot extimilsedi directly (idenstificatious wtis

made by comnversioms to stshicylhsydroxnimnste).

Comsttimimutitions of the sahicyh-CoA by ultra-
violet-absorbinsg mniterial is comssistemnt withn
the highs extinsctions coefficienut at 260 mp

(approxinnately 42 X 1O� ii’ cm_m in 0.1 iii

potassium pinospinate buffer, pH 7.3) cal-
culated from their data. Thus might make

spectrnil differensces such as tisose used to
assess the rate of nilkalimse hnvdrolysis diffi-
cult to imnterpret ; moreover, ams impure
acvl-CoA substrate mtiv also hnave con-
tributed to tine barely detectable rates of
ennzymatic acylnition whnichs t hsese investiga-
tors reported. Tine presenst preparatiomss of
salicyl-CoA appeared freer of extrauseous

ultraviolet-absorbing conspounds, as judged
by tinims-layer chnromat ographsy and the
muds lower extinsctionn coefficient obtniinued
at 260 mp.

Tine ftict that tue preseust tramssferase
could utilize botin benzovl-CoA nind salicyh-

CoA as acyl-CoA substrates throughout

purificationi to hnighn specific activity, and
particularly after resolution of tine enzy-

matic activity ins good yield into four peaks
by preparative disc gel electrophoresis,
argues stronngly against tine concept of
separate acyl-CoA glycine N-acyltrans-

ferases for benszoyl-CoA amid sahicyl-CoA
in beef liver. Whether tine four peaks of

emszymatic activity obtaimsed after the last
procedure represent isoltition artifacts, iso-

emszymes, degrtidtitive products, aggregates,
or differemnt complexes is isow unuder imnvesti-
gation.

Tine rate-hinniting step under favorable
ti.ssay conditionss for botis activating amid
acylating enzymes in thue sahicylurate path-
way was localized to tine activatimsg level,

as shown by tine results of Table 6. How-

ever, the rates of botis activations ansd acyla-
tion must be compared at more physio-
logical concentratiouns of pathway compo-
nents in order to gain insight, into significant
mechanisms for metabolic control. Because
of the locaiiztstions of tine enzymes ins this
pathway to tine miner aspects of mitochon-

dna,5 it is quite possible thntit the two read-

E. D. Davidson amid C. L. Hoppel, unpublished

observations.

tiomus tire closely coupled in tivo. Therefore,

ami understanding of substrate amid product
compartmentations amid tnamnsport withims
thnese organelles is required before findings
such as product. inhnibitiois of time acylating
retiction cams be appraised in a phnysiohogical
conutext (Table 3). Species timid orgttnns (liver

tind kidney) must also be evaluated hide-
pensdently for metabolic control of sali-
cvlurtite biosynthsesis, because tine ratios of
glycimne acylation to sahicylate activation
vary in differeust species and ins different
organus within tine same species (21).

Time sahicyhurate model may offer advans-
tages oven the more commonhy used ben-
zoate-inippunate system to study peptide

consjugations between aromatic acids amid

amino acids. For example, the maximal rate
of sahicylurate eliminsation after therapeutic

doses of salicylate has already beens equated
with the ability of a species to form this
metabohite, but whether tine nnetabohite is
formed by zero- or first-order kinsetics is

still under debate (22-25). Because the
maximal rate of salicylurate formations is
relatively slow, its assessment umnder nsormal

physiological circumstances is less likely
to be influemnced by sucin factors nis the size
of thne glycine pool or tue renal excretory

capacity, both of which vaninibles are kniown
to complicate evaluation of tine maximal
rate of hippurate biosynthesis in vivo (2, 9,

11, 23). In several species tested, the rates
of salicylate activations are much slower

thams benzoate activatious, whereas the rates
of acylation of glycine with sahicyl-CoA
and benzoyh-CoA are more nearly compar-

able (21). Thus, other factors being equal,
activation would be more likely to be rate-
limiting in tine sahicylurate pathway thtun
ins the benzoate-hippurate system, amid this
should be kept in miusd when considerinng

mechanisms involved in the imihibition of
salicylurate formation by benzoate or

aminobenszoate (6, 25, 26). Finsally, tine

evaluations of factors controlling hippurate
biosynnthesis is made more complex by tine
recemst. findings that more than one enzyme

cans activate benzoate (27). For the above

reasons it appears tinat a species-specific

correlative biochemical amid pinarmacoki-

msetic approach to sauicyhurate biosynthesis
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ii. D. Schachter and J. U. Mamiis, J. (‘lin. Invest.

37, 800 (1958).

from sahicyhtste will provide fruitful ins-
formations as to tue comstro] of this nsnd
analogous l)iithu\VtiVS?fl vivo.
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