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SUMMARY

Nonenzymatic acetylation of various carcinogenic hydroxamic acids was studied with

acetyl-1-’4C-CoA as the acetvl donor. Formation of acetate esters was studied by determi-

nation of tile bemuzene-extractable radioactivity. Interaction of these esters in vitro at �H

7.5 witil methionine and guanosme tt�tts used as a measure of their reactivity.
.V-Hydroxy-2-acetylaminofluorene was acetylated to a much greater exteiut titan 2-amino-

fluorene, 2-acetylaminofluorene, or its ring-hydroxylated derivatives. Time reaction tvas de-

pendent on pH and the type of buffer, period of incubation, and the concentratiolus of acetyl-
CoA and N-hvdroxv-2-acetvlaminofluorene. With 5 miii of incubation and KHCO3-KOH

buffer, the pH optimum was found to be 10. On the basis of its ultraviolet absorption spec-

t rum, R� va lime after paper chromatography, lability to alkali, and characteristic react ion

products witiu methionimue and guanosimue, tiue acetylated reaction product of A-iuydroxy-

2-acetylaminofluorene has beemi cilaracterized as \-acetoxy-2-acetylaminofluorene. Among

various .V-hydroxy derivatives tested, N-luydroxyurethane amid its N-methyl derivatives

were acetvlated most rapidly.

It is suggested that acetate esters of huydroxamic acids may also be some of tue ultimate

en rcinogenic met abolit es of carcinogemuic hydroxamic acids.

INT1IO1)UCTION

Various mammalian species detoxify many

foreign aromatic amines via acetylation (1).

Acetyl-CoA was first demonstrated to be the

acetvl donor in the acetvlation of histamine

atid numerous other amines by pigeon liver

preparations (2). Subsequently, various N-

acet vit ransferases have been partially pun-

fled fronl the livers of several mammalian
species and have been shown to acetvlate
many foreign compounds (3).

This invest igatiomi was sup�)orted by Research

Grant CA-10604 from the National Cancer Insti-
tute, United States Public health Service.

ilecipient of Career 1)evelopment Award 5-

K4-CA-42362 from the United States Public

Health Service.

Tile carcituogenic aromatic hydroxamic
acids are converted by rat liver cvtosol to

their corresponding phospilate and sulfate

esters, wluich are probably some of time ulti-

mate active metabolites (4-8). The synthetic

acetate esters of aromatic hydroxamic acids

have been shown to be more carcituogenic

tilan tile parent hydroxamic acids (9). Stud-

ies in v)tro at physiological pH have indi-

cated tilat svntiletic acetate esters of these
aromatic hvdroxamic acids are reactive with
several tissue nucleophiles, including methio-

nine and guanosine, whereas the parent

compounds are unreact ive (7, 9-i 6).

The present paper describes acetylation of

carcinogenic iuydroxamic acids with acetyl-

CoA as the acetyl donor. Acetylation of hy-
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2 Tue abbreviations used are: AAF. 2-acetyl-

and nofluoreime, AF, 2-amninoflumorene.

droxtimic acids by acetvl-l-’4C-CoA was

studied by determination of time benzene-ex-

tractable radioactivity. Interaction of these
acetate esters in vitro at i)H 7.5 with methio-
nine and guanosine WaS used as a measure

of their reactivity. A preliminary repont of
son�e of this work has appeared (17).

(�hent icals

MATERIALS AN!) METHODS

2-Aminofluorene w�mts purchased from El &

K Laboratories, amid 2-acet ylaminofluorene

was obtained from Mann Researcil Labora-

tories. Th N-hvdroxv (18) and N-acetoxv

(12) derivatives of 2-acetvlaminofluorene
were prepared in thuis laboratory by the pro-
cedures described in tile references cited. The
following compounds were generously sup-
j)lied by I)r. ,J. A. Miller of tile McArdle

Laboratory, Madison, Wis. : 1-, 3-, and

7-hydroxy-AAF ;2 3-met hylnlercapto-AAF;

3-met iuylmercapto-A F; and 7-fluoro-AAF,
4-acetylaminobiphenyi, 2-acet ylaminophen-
ant hnene, 4-acetylaminostilbene, 2-acetyl-

aminonaphthalene, and their respective N-

hydnoxv derivatives. 2-Bemuzovlaminofluo-

rene and its N-iuydroxy derivative were
kimidly provided by Dr. H. H. Gutmann of

the Veterans Administration Hospital, Min-

neapolis. N-Hydroxyunethane amid its N-

methyl derivative were gifts of Dr. D. Swern

of this institute. Unlabeled acetyl-CoA was

obtained as time lithium salt from P-L Bio-

chemicals. Acetvl-1 -‘4C-CoA (58.1 mCi/
nmmole) was purchased from Xciv England
Nuclear Corporation. L- \ letiuionimie and
guanosine dihydrate were obtained from
Sigma Chemical Company amid Calbiochem,
respect ivelv. Guanosine-S- ‘4C (34.1 mCi/
mmole) and L-metiuonnue-35S (25-30 nlCi/
mmole) were purchased from Schwarz

Biollesearchi. N-Hvdroxv-AAF-9-’4C (12.7
mCi/mmole) was purchuased from Tracerlab.
All other clmemicals were of reagent grade.

Acetylation Reaction

Incubation medium and extract ion. Unless

otherwise indicated, the complete incubation

medium comutained KHCO3-KOH buffer, pH
9.0, 100 mIt; acetyl-1-’4C-CoA (0.1 MCi), 0.4

mM; N-hydroxy-AAF or other substrate, 4

mIl ; dimethyl sulfoxide, used for dissolving
substrates, 1410 m� ; and water to a final
volume of 0. 5 ml. Duplicate tubes were in-

cubated in air for 5 mimi at 37#{176}.After men-
bation, 2.5 ml of 0.5 11 HC1 were added and
the contents were extracted immediately
witil 3 ml of benzene. Tile benzene extract
was washed several times ivitli water. A 2-mi
sample of the benzene extract was added to

10 ml of Bray’s solution (19) for radioactivity
measurements in a Packard Tni-Carb spec-

trometer.
Chromato�jraphy. Samples of the benzeime

extract were chromatograpiled on silicic acid-
impregnated paper (Whatman No. 50-81)

in the benzene-chloroform (2 : 3, v/v) solvent.
system described previously (8). After chro-
matography, i-cm2 zones were cut out and
eluted with 1 ml of methanol, and radio-

activity was measured using Bray’s solution

(19).

Separation of �hIethion inc Reaction Products

After reaction with 35S-methionine, time re-
action mixture was made 1 M with respect
to KOH, and 15 miii later the mixture was

extracted with benzene. Paper chromatog-
raphy on silicic acid paper and radioactivity

measurements on the benzene extracts were

carried out as described previously (8). In
the benzene-cluloroform (2:3, v/v) solvent.

system, synthetic 3-methylmercapto-AAF

and 3-metilylmercapto-AF showed RF values

of 0.35-0.44 and 0.67-0.77, respectively.

Radioactive zones corresponding to these re-
gions were used for calculation of tile
amounts of these two products formed when

N-hydroxy-AAF was tue substrate. It has

been demonstrated that the reaction of syn-

thetic N-acetoxy-AAF with methionine
yields a mixture of 1- and 3-methylmercapto-
AAF; however, these two isomers have simi-

lar thin-layer and gas chromatographic prop-

erties (7). In tue present studies, a mixture
of these two isomers was probably formed;

however, it is considered as 3-methylmer-

capto-AAI. When other hydroxamic acids

u-crc used as substrates, tile radioactive

zones with RF values similar to those (Ic-

scnibed above fot. N-iuvdroxv-AAF were

used to calculate tue amounts of time respec-



Nomie

X-Hydroxy-AAF

iV-Hydroxy-AAF

1-Hydroxy-AAF
3-Hydroxy-AAF
7-Hydroxy-AAF

AF or AAF

0.05

0 .08a

13.4
0.61

0.27

1 .59
0.12

a Zero time.
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t ive a-met hylmercaptoamide and o-metluyl-
nlercaptoamine formed. Recently one such

myo, 3-methylmercap-

to-4-acet ylaminobipilenyl, has been charac-

terized as the reaction product of esters of
N-hydroxy-4-acetylaminobiphenyl with nle-

tiliollille (7) . 3-.\ Ietilylmercapto-AAI� forma-
tion was ttiS() determined by gas-liquid euro-

nuatograpily ItS described previously (8).

Separation of Guanosine Reaction Product by

Thin-Layer Chronlatofmraphy

After incubation witil guanosine-S-’4C, an

aliquot (usually about 100-150 ,Ll) of the re-
action mixture ui-as chromatographed on a

cellulose (Brinkmann, No. MN 300 UV254)
thin-layer plate (250 M �ii tilickmiess) in

1 -butallol-acetic acid-water (30:11:25 by

volume) as described previously (14). Chro-
matographuy uvas terminated after the solvent
front ilad traveled about 15 cm from the
origin. Under ultraviolet light, guanosine
simowed RF values of 0.23-0.45. Zones 1 cm
square were scraped quamutitatively into vials

containing 10 ml of Bray’s solution (19) for

radioactivity measurements. Tile radioactive

1)eak witil R� values of 0.73-0.93 ui-as used
to assay tile formation of tile guanosine re-

#{149} action product.

�Spectra

A Coleman-Hitachi model 124 spectro-
photometer with a recorder was used for (Ic-

terminatiomi of ultraviolet absorption spectra

between 350 and 270 tim.

RESULTS

Incubat ion of N-hvdroxv-AAF ivith

acetyl-1-’4C-CoA in a bicarbonate buffer at

pH 9.0 for 5 mm yielded about 7 % of radio-
activity extractable into benzene (Table 1).
The yields of product from 7-hydroxy-AAF
and i-huvdroxv-AAF were about 12% and
4 %, respectively, of that obtained from

� Incubation of AF or AAF
under similar conditions produced negligible

amounts of acetylated products.

The results in Table 2 indicate that time

acetylated reaction product of N-hydroxy-

AAF extractable into benzene (steps 1 and 2)
was N-acetoxy-AAF. (a) The peak of tile
radioactivity profile of the benzene extract.

TAttLE 1

A cetylation of various fluorene derivatives

by aceiyl-CoA

The incubation medium and other details are

described in MATERIALS AND METHODS. Results are

averages of duplicate analyses.

Benzene-extractahleSubstrate (4 mM) .raaioact,vitv

nmmzoles 5 mmii,,

(step 2) after silicic acid paper chromatog-
raphy coincided with time R� value (0.26-

0.36) of synthetic N-acetoxv-AAF. Acetvl-

CoA whlen chromatographied in this solvent

system had a low R� (0-0.03). (b) The ultra-
violet absorption spectrum in ethanol (step

3), after benzene extraction and washing

with alkali to remove N-imydroxy-AAF, was
almost identical with that of svntiletic N-

acetoxy-AAF. Tilus, tile absorption maxima

at 302, 289, and 275 tim and tile minimum

at 298 nm were the same for both com-

pounds. A302: A275 ratios were 0.696 amid
0.714 for synthetic N-acetoxv-AAF and the

isolated compouuid, respectively. (c) Tue
amount of A_acetoxv_AA1 formed after 5
mimi of incubation, calculated from the ul-

traviolet absorption spectrum (step 3), was

almost equal to the amount of radioactivity

extractable into benzene (steps 1 and 2).

(d) The radioactive product was labile to

alkali, and the radioactivity was quantita-

tively retained in the alkali (step 4).

Rate of Ace! ylation

Acetylation, when followed over a period

of 2 ilr, ui-as found to be linear for time first

3 nsin (Fig. 1). Therefore 5-mimi incubation

periods have routinely been used.

Effect of pH and Buffers

The acetylation of X-ilydroxy-AAF uvas

dependent oii the pH amid tile type of buffer
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FIG. 2. Effect of pH on (mccl ylalion of �V-hydroxy-

AAF by ace! yl-CoA

All details were the same as described in II��-

TEItIALS ANI) METHOI)S, except for the type of buf-
fer and pH used. #{149}-#{149}, Tris-FICI buffer;

O--O, KHCO3-K011 buffer; X-X, boric

acid-NaOH buffer.

pH 10 ui-as found to be optimal for the reac-
t ion. In rout inc studies, bicarbonate-I�)H

buffer, pH 9.0, has been used.

7 8 9

FIG. 1. kale of ace! ylation of �V-hydroxy-AAF

with ace! yl-CoA

The incubation medium was the same as de-

scribed in MATERIALS �NI) METHODS, except that
the total volume �as 5.0 ml and the sumbst rate was

N-hydroxv-AAF. At various time intervals, 0 .5-nil

samples were withdrawmi from the medium, and

extraction and radioactivity measurements were

carried out as described iii t he text.

used (Fig. 2). Potassium bicarbonate-KOH

buffer was found to be better than Tris-HC1
and boric acid-NaOH buffers. With bicar-

bonate-KOH and boric acid-NaOH buffers,

11 12

384 LOTLIKAR ANI) LUHA

T.uiLI-: 2

.tcelqlatwn of X-hydroxy-A.IF by ace! ;jl-(’oA

The incmmbatioii medium contained 4 Mnloles of N-hvdroxv-AAF dissolved in 0.1 ml of diniet hvl
smilfoxide, 100 pmoles of KHC03-KOH butTer (ph 9.0), and 2 J2moies of acetyl-1-’4C-CoA (3 X 10� dpm)

in a total volume of 1.0 ml. After incubation in air at 370, 2.5 ml of 0.5 II HC1 were added, and the con -

tents were ext meted with benzene. The benzene extract was washed successively with water (step 1)

and wit Ii 0.5 ii KOhl and water (step 2). A sample of t lie heimzeiie ext ract (after stel) 2) was chroma-

()graphed on silicic acid-impregnated paper with a solvent system composed of benzemie-chloroform

(2:3, v/v) as described in MATERIALS AND METHODS. Bemizemme was removed under N2, and the residue

was dissolved in ethanol for measurements of nit raviolet absorption (350-270 urn) (step 3). The molar

ext inctioum coefficient of .V-acetoxy-AAF iii et hanoI at 275 tim was about 25,000. This value was used

for calculation of the total amount of X-acetoxy-AAF formed. Fiuially ethanol wmis removed tinder

N2, and 0.5 11 KOH was added to the residue. After 5 miii, the contents were extracted with beuizeime

(step 4). Radioactivity was measured in samples of benzene (steps 1, 2, and 4) and 0.5 ut K( )H (step 4)

ext macts using 10 ml of Bray’s solution (19).

Benzene Benzene Benzene
(step 1) (step 2) (step 4)

N-Acetoxy-A:�F’
formed

KOH - -_____

(step 4) (ethanol, step 3)

0.26 0.26 0.3 1.1 14

191 192 1.1 193 208
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Fio. 3. Effect of �\-lmydroxy-AAF concentration
on its- acetylation by acetyl-CoA

All conditions were the same as described in

MATERIALS ANI) METHODS, except. for the concen-

tration of .\‘ -hvdmoxy-AAF.

N-Hydro.ry-A A F Concentration

At 0.4 mu acetyl-CoA, acetylation uvas

directly proportional to the N�hydroxy�AAIi

concentration betuveen 0.2 amid 1.0 mM
(Fig. 3).

A cetyl-CoA Concentration

Similarly, at 4 m�i \-llydroxy-AA1’, the

reaction was proportional to the acetyl-CoA

concentration betuveell 0.1 aitd 2 m�i (Fig. 4).

Like N-llvdroxy-AAF, various other

N-hydroxy compounds, except for deriva-

tives of 2-benzoylaminofluorene and stilbemme,

uvere also acetylated (Table 3). The corre-

spotiding unsubstituted amides of many of

these N-hydroxy compounds, however, were

not acetvlated.

It has been demonstrated that synthetic

N-acetoxy-AA F reacts nonenzymatical ft at

neutral pH witil the sulfur atom of methio-

mne and cysteine (13, 20). It was also shouvn

that. � reacts with ortliophos-

pliate in a phlosphate buffer at pH 7 to yield

a large quantity of water-soluble fluorene

derivatives (13, 21). it uvas apparent that

N-acetoxy-AAF was unstable (see Fig. 1)

and that it probably reacted uvith either

CoASH or acetyl-CoA or both. Interaction

witil CoA could be demonstrated by using

N-hmydroxy-AAF-9-’4C (Table 4). in the

presence of acetyl-CoA, a large amount of

radioactivity remained in the aqueous phase.

On tile basis of previous studies (13, 20, 21),

it uvould appear that iii the present experi-

ments N-acetoxy-AAF-9-’4C reacted uvith

the phosphate moiety of either CoASH or

0.4 0.8 1.2 1.6 2.0

Acetyl CoA,mM

FIG. 4. Effect of ace! ql-(oA concentration on

ace! ylation of iV-hydroxy-AA F

All conditions were t he same as describeI ill

MATERIALS AND METHODS, except for the coticeti-

tration of acetvl-CoA.

T.slum.E 3

_-tcety lat ion of varioo.s .V-/m ydrox�/ 1-0111 polL-nI/s

by (he! ��l-(’o.4

_&ll conditions were as described iii M.STERIALS

AND METHODS. Results are averages of duplicate

analyses.

Benzene-extract-
Substrate (4 nut) .

able radioactivity

mimnoles 5 mni,z.

Noise 0.05

V-Hydroxv-.&AF 16.5

7-Fhmoro-.V-hydroxy-AAF 21.7

X-hlydroxy -2-benzovlami no -

fluorene 0. 25

.V-Hydroxy-4-acetvlanluio)-

I)iphenvl 26.8
.V-Hydroxy-2-acetvlamino-

phenanthrene 8.0
.V-Hydroxy-4-acetvlarnino-

stilbemie 0.9
_V-Hydroxy-2-acetylarnino-

naphthalene 29.5
.V-11 vdroxyimret hane 39 .0

.V-Methyl-X-hydroxyurethane 414
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I
IABLE 4

l�or,nation of u’ater-.soluble fluorene derivative

by inleraction o.f .V-hydroxy-AAF with

ace! yl-CoA

Unless otherwise indicated, the complete incu-

batiomi musedium contained 50 ��moles of KFICO,-

1(011 buffer (pH 9.0), 1 �omole of .V-hydroxy-AAF-

9.’�C (10 MCi) dissolved in 0.05 ml of ethanol, and

2 Mmoles of acetyl-CoA in a total volume of 1.0 ml.

After imi(�ubatiomi in air for 4 hr at. 37#{176},samples
were extracted several times at neutrality with

benzene. Sanuples of the aqueous phase were t aken

for radioactivity measurements using Bray’s

solution (19).

. . . Radioactivity in
Addition of acetvl (.oA

- aqueous phase

% total

- 0.41

+ 11.3

acetyl-CoA or with the sulfur atom of

CoASH to form polar fluorene derivatives.

Chromatography of the aqueous phase on

Whatmalm No. 1 paper in a 0.1 M sodium

acetate (pH 4.5)-ethanol (1:1, v/v) solvent.

systenl gave radioactivity peaks uvith R�

0.80-0.S7 and 0.66-0.73 for samples without

and with acetyl-CoA, respectively. Chroma-

tography of acetyl-1-’4C-CoA alone imi this

solvent svstenl sllowed a radioactive i)eItk

with aim R� of 0.47-0.53.

It was also possible to demonstrate that

the acetylation product of N-hydroxy-AAF
could react with methionine and guanosine

(Table 5). TIme reaction product. uvith methio-

nine had the same R� (0.33-0.47) as tile

syntimetic 3-metilylmercapto-AAF (R, 0.35-

0.44). Sinlilarly, time reaction product ob-
tained from guanosimic gave about tile same

R, (0.73-0.93) as the product that has been

characterized as .V-(guammosin-S-yl)-AAF (6,
16). N-Hydroxv-AAI’ in the absence of
acetvl-CoA did not react to an appreciable

extent. with either metiuonine or guamiosme.

Aithougil various other aromatic hydrox-
arnie acids were also acetvlated by acetvl-

CoA (see Table 3), it uvas important to in-

vestigate uvimether their N-acetoxy products

uvould react uvith methionine. These results

are summarized in Table 6. With the excej)-
t.ion of 7-fluoro-N-hydroxy-AAF, other

N-hydroxyamides in the presence of acet-yl-

CoA did not react with metllionine to an
appreciable extent.

Several attempts to demonstrate enzy-
niatic acetylation of N-hmvdroxy-AAF timid

the other iiydroxantic acids with acetyl-CoA

by liver cYtOsol from various rodent species
have been unsuccessful.

1)ISCU5SION

Alt hough N-hydroxy derivatives are more
carcinogenic than their corresponding aro-
matic amimies and amides (22-27), these
N-hydroxy compounds are unreactive uvith
tissue macromolecules or their constituents

at physiological pH in vitro (12, 14, 15,

28-31). Hoivever, time synthetic N-acetoxy-
amides react witil proteins, RNA, DNA, or

their methionine, tryptophan, tyrosine, cys-

teine, guanosimie, or deoxyguanosine const it-

uents in vitro (10, 12, 14, 16, 32-34) and are

more carcinogenic than the corresponding

N-hydroxyamides (9, 10). Whereas the N-

acet vlation of many nitrogen-containing for-
eigti compounds is usually considered a

detoxification process (1), the synthetic acet-
ylat ion of many carcinogenic N-hydroxy-
amides appears to) be an activation process.

The results presented iii tiliS paper indi-
cate that many N-hyclroxy compounds can

TABLE 5

Reaction of �V-hydroxy-AAF with mnelhioninc

an(l guanosine in the presence of acetyl-CoA

Unless otherwise indicated, the complete incu-

bat ion medium contained 100 �smoles of Tris-HC1

buffer (pH 7.5), 4 5moles of N-hydroxy-AAF dis-

solved in 0.1 ml of dimethyl sulfoxide, 4 j�moles of

acetyl-CoA, and 10 pmoles of L-methionine-3�S

(4 X 10� dpm) or 2 �moles of guanosiime�8�i4C

(2 X 106 dpm) in a total volume of 1.0 in!. After

incubation in air for 19 tsr at 370, analyses of the

reaction products of methionine and guanosine

were performed as described in MATERIALS AND

METHODS.

Reaction product formed with

.�dclition of
acetvl CoA Methionine Guanosine

(3-methylmer- (R� 0.73-0.93)
capto-.�AF) -___________

mmm;moles

0.5 5.0

+ 32 349,
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P. 1.). Lotlikar, J. A. Miller, and E. C. Miller,

unpublished observations.

TABLE 6

Reaction of h ijclroxa ill � acids with met hion inc

in the presence of ace! yl-CoA

Tile complete incmibat ion medium contained

50 Mmoles of Tris-IIC1 buffer (p11 7.5), 2 ��moles of

hydroxamic acid dissolved in 0.05 ml of dimethyl

sulfoxide, 2 �mmoles of acety!-CoA, and 5 �moles of

L-methioiiine-35S (1 /2Ci) in a total volume of 0.5

in!. After incubation in air for 19 hr at 37#{176},the
reaction products, o-met hylmercaptoamide and
o-methlmercaptoamine, were separated by paper

chromatography and det ermi used quantitatively
by radioactivity measurements as described for

N-hydroxy-AAF iii MATERIALS AND METHODS.

Amount formed

Hvdroxamic acid a-Methyl- a-Methyl-
mercapto- mercapto-

amide amine

nmnoles

None 0.5 0.03

N-Hydroxy-AAF 247 0.78

7-Fluoro-.V-hydroxv-
AAF 70 0.32

N-Hydroxy-4-acetyl-

aminostilbene 0.28 0.23

N-Hydroxy-4-acetyl-
amimsobiphenyl 2.62 0.83

N-Hydroxy-2-acetyl-
amimuophenant hrene 0.27 0.21

N-Hydroxy-2-acetyl-
aminonaphthalene 0.42 0.23

be nonenzymatically acetylated to different

extents by acetyl-CoA. Although such a re-
action is not surprising, it is significant that

it occurs under physiological conditions un-

der which no N-acetylation is observed (see

Table 1). Based �n several criteria, tile

acetylated product of N-hydroxy-AAF has

been characterized as N-acetoxy-AAF. Like
the synthetic N-acetoxy-AAF (12, 14, 16),

the reaction product of �\-ilydroxy-AAF and
� acetyl-CoA reacted with methionine and

guanosine to give similar products (Table 5).
Similarly, the acetylated product of 7-fluoro-

N-hvdroxv-AAF uvas reactive uvith niethio-

nine, but t.o only about 28 �Z of the extent

observed w-ith N-llydroxy-AAF (Table 6).

It has been found that synthetic 7-fluoro-
N-acetoxy-AAF uvas as reactive uvith mcthio-

nine as N-acetoxy-AAF.3 No explanation is

evident to account for the decreased activity

observed in the present studies with the

7-fluoro derivative.
)daher et al. (33) have shown tilat �

thetic N-acctoxv-AAI’ caused more macti-

vation of the transforming activity of Bacil-

lus subtilis DNA and uvas a stronger mutagemi

than uvere tile N-acctoxv compounds of other

aromatic amides. Similar results uvere ob-

tamed in studies of the interaction of these

compounds with methionine and guamiosine

(11). In accordance uvith the findimigs of

Scribner et al. (11), the present studies have

revealed tilat tile N-acetoxy derivatives of

4-acetylaminobiphenvI , 4-acetylaminostil-

bemie , 2-acet ylaminopimenanthrene , and 2-

acet ylaminonapilt halene uvere much less re-

active than N-acctoxy-AAF uvith methiolmine

(Table 6).
Ac�l esters of N-hvdroxyurethane react

in vitro at neutral pH witll cytosine, cysteinc,
glutathiomie, and methiionine more readily

than does N-hydroxyurethane (33). Among

several hvdroxamic acids tested imi the �)��eS-

ent studies, N-hydroxyurethane and its �-

methyl derivative were acetylated most ex-

tensively by acetyl-CoA (Table 3). Such an

acetylation reaction may be important in its

carcinogenic activity.
Chloramphenicol is O-acetylated enzymat-

ically on the hydroxyl group attached to the

carbon atom by extracts of Escherichia coli

(36). There is n� evidence to indicate that
such enzymatic O-acetylatiomi of the hy-

droxyl group attached directly to either the
carbon or nitrogen atom of a foreign com-
pound takes place in mammalian systems.

In tile present studies, uve uiere unable to

demonstrate enzymatic O-acetvlation of N-

hydroxy-AAF or other carcinogenic hydrox-
amic acids, in confirmation of tile uvork of

Miller (9).
N-Oxides of guanine and xantlline are on-

cogenic (37, 38), and recent studies have

demonstrated that their synthetic acetate

esters are very reactive uvith methionine and

chloride at neutral pH in vitro (39). Prelimi-

nary studies have suggested that 3-hydroxy-

xant.hine ui-as O-acetylated by acetyl-CoA in

the presence of acetone powders of rat liver

cytosol (40). However, those results are in-

conclusive uvith respect to the enzymatic

nature of time reactiomi, because acetylation
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I
ii�as imot investigated either in the absence of

ettz�nie 01’ �Ii tIme presence of boiled enzyme.
Heceiit lv tIme nonenzvniatic itature of his-

tO)lme acetvlatiomi b� acetvl-CoA has also
beeim (lefliO)Iist rated (4 1 ) . TIme results reported

in the present paper furmiishl another example
of tile nonenzymatic miature of some acetyl-

ations.

Acetvl-CoA is present iii niost mammalian

tissues, even thougim its concentration in

these tissues is variable under different con-

ditiomms (42). The results presented in this

paper indicate that hydroxamic acids might

be O-acetylated nonenzymatically in vivo. If

this occurs, such acetate esters might also be

sonic o)f the ultimate carcimiogenic metabo-

lites of the carcinogenic imydroxamic acids.
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