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SUMMARY

Nonenzymatic acetylation of various carcinogenic hydroxamic acids was studied with
acetyl-1-4C-CoA as the acetyl donor. Formation of acetate esters was studied by determi-
nation of the benzene-extractable radioactivity. Interaction of these esters in vitro at pH
7.5 with methionine and guanosine was used as a measure of their reactivity.

N-Hyvdroxy-2-acetylaminofluorene was acetvlated to a much greater extent than 2-amino-
fluorene, 2-acetyvlaminofluorene, or its ring-hydroxylated derivatives. The reaction was de-
pendent on pH and the type of buffer, period of incubation, and the concentrations of acetyvl-
CoA and N-hydroxy-2-acetvlaminofluorene. With 5 min of incubation and KHCO;-KOH
buffer, the pH optimum was found to be 10. On the basis of its ultraviolet absorption spec-
trum, Ry value after paper chromatography, lability to alkali, and characteristic reaction
products with methionine and guanosine, the acetylated reaction product of N-hydroxy-
2-acetvlaminofluorene has been characterized as N-acetoxy-2-acetvlaminofluorene. Among
aarious N-hydroxy derivatives tested, .N-hydroxyurethane and its N-methyl derivatives
were acetvlated most rapidly.

It is suggested that acetate esters of hydroxamic acids may also be some of the ultimate
carcinogenie metabolites of carcinogenic hydroxamic acids.

INTRODUCTION The carcinogenic aromatic hydroxamie
acids are converted by rat liver eytosol to
their corresponding phosphate and sulfate
esters, which are probably some of the ulti-
mate active metabolites (4-8). The synthetic
acetate esters of aromatic hydroxamic acids
have been shown to be more carcinogenic
than the parent hydroxamie acids (9). Stud-
ies in wvitro at physiological pH have indi-
cated that synthetic acetate esters of these
aromatic hydroxamic acids are reactive with
several tissue nucleophiles, including methio-
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Various mammalian species detoxify many
foreign aromatic amines via acetylation (1).
Acetyvl-CoA was first demonstrated to be the
acetvl donor in the acetvlation of histamine
and numerous other amines by pigeon liver
preparations (2). Subsequently, various V-
acetyltransferases have been partially puri-
fied from the livers of several mammalian
species and have been shown to acetylate
many foreign compounds (3).
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droxamic acids by acetyl-1-4C-CoA was
studied by determination of the benzene-ex-
tractable radioactivity. Interaction of these
acetate esters in vitro at pH 7.5 with methio-
nine and guanosine was used as a measure
of their reactivity. A preliminary report of
some of this work has appeared (17).

MATERIALS AND METHODS
Chemicals

2-Aminofluorene was purchased from IX &
K Laboratories, and 2-acetylaminofluorene
was obtained from Mann Research Labora-
tories. The NV-hvdroxy (18) and N-acetoxy
(12) derivatives of 2-acetyvlaminofluorene
were prepared in this laboratory by the pro-
cedures described in the references cited. The
following compounds were generously sup-
plied by Dr. J. A. Miller of the McArdle
Laboratory, Madison, Wis.: 1-, 3-, and
7-hydroxy-AAF;? 3-methyvlmercapto-AAL;
3-methylmercapto-Al'; and 7-fluoro-AAL,
4-acetylaminobiphenyl, 2-acetylaminophen-
anthrene, 4-acetvlaminostilbene, 2-acetyl-
aminonaphthalene, and their respective N-
hydroxy derivatives. 2-Benzovlaminofluo-
rene and its N-hvdroxy derivative were
kindly provided by Dr. H. R. Gutmann of
the Veterans Administration Hospital, Min-
neapolis. N-Hydroxyurethane and its N-
methyl derivative were gifts of Dr. D. Swern
of this institute. Unlabeled acetyl-CoA was
obtained as the lithium salt from P-1. Bio-
chemicals. Acetyvl-1-#C-CoA (58.1 mCi/
mmole) was purchased from New England
Nuclear Corporation. 1L-Methionine and
guanosine dihydrate were obtained from
Sigma Chemical Company and Calbiochem,
respectively. Guanosine-8-4C  (34.1 mCi/
mmole) and L-methionine-»8 (25-30 mCi/
mmole) were purchased from Schwarz
BioResearch. V-Hydroxy-AAF-9-4C (12.7
mCi/mmole) was purchased from Tracerlab.
All other chemicals were of reagent grade.

Acetylation Reaction

Incubation medium and extraction. Unless
otherwise indicated, the complete incubation
medium contained KHCO;-IKXOH buffer, pH
9.0, 100 myi; acetvl-1-¥C-CoA (0.1 xCi), 0.4

2 The abbreviations used are: AAF, 2-acetyl-
aminofluorene, AF, 2-aminofluorene.
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mM; N-hydroxy-AAF or other substrate, 4
myi; dimethyl sulfoxide, used for dissolving
substrates, 1410 mx; and water to a final
volume of 0.5 ml. Duplicate tubes were in-
cubated in air for 5 min at 37°. After incu-
bation, 2.5 ml of 0.5 m HCI were added and
the contents were extracted immediately
with 5 ml of benzene. The benzene extract
was washed several times with water. A 2-ml
sample of the benzene extract was added to
10 ml of Bray’s solution (19) for radioactivity
measurements in a Packard Tri-Carb spec-
trometer.

Chromatography. Samples of the benzene
extract were chromatographed on silicic acid-
impregnated paper (Whatman No. SG-81)
in the benzene—chloroform (2:3, v/v) solvent
system described previously (8). After chro-
matography, 1-em? zones were cut out and
eluted with 1 ml of methanol, and radio-
activity was measured using Bray’s solution
(19).

Separation of Methionine Reaction Products

After reaction with %S-methionine, the re-
action mixture was made 1 M with respect
to KOH, and 15 min 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—chloroform (2:3, v/v) solvent.
system, synthetic 3-methylmercapto-AAF
and 3-methylmercapto-AL' showed Ry values
of 0.35-0.44 and 0.67-0.77, respectivelyv.
Radioactive zones corresponding to these re-
gions were used for calculation of the
amounts of these two products formed when
N-hydroxy-AAF was the substrate. It has
been demonstrated that the reaction of syn-
thetic N-acetoxy-AAF with methionine
vields a mixture of 1- and 3-methylmercapto-
AAF; however, these two isomers have simi-
lar thin-layer and gas chromatographic prop-
erties (7). In the present studies, a mixture
of these two isomers was probably formed;
however, it is considered as 3-methylmer-
capto-AALF. When other hydroxamic acids
were used as substrates, the radioactive
zones with Ry values similar to those de-
seribed above for N-hyvdroxy-AAF were
used to caleulate the amounts of the respec-
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tive o-methylmercaptoamide and o-methyl-
mercaptoamine formed. Recently one such
o-methylmercaptoamide, 3-methylmercap-
to-4-acetyvlaminobiphenyl, has been charac-
terized as the reaction product of esters of
N-hydroxy-4-acetylaminobiphenyl with me-
thionine (7). 3-Methylmercapto-AAT forma-
tion was also determined by gas-liquid chro-
matography as described previously (8).

Separation of Guanosine Reaction Product by
Thin-Layer Chromatography

After incubation with guanosine-8-“4C, an
aliquot (usually about 100-150 ul) of the re-
action mixture was chromatographed on a
cellulose (Brinkmann, No. MN 300 UV254)
thin-layer plate (250 u in thickness) in
1-butanol-acetic acid-water (50:11:25 by
volume) as described previously (14). Chro-
matography was terminated after the solvent
front had traveled about 15 em from the
origin. Under ultraviolet light, guanosine
showed Rp values of 0.23-0.45. Zones 1 cm
square were scraped quantitatively into vials
containing 10 ml of Bray’s solution (19) for
radioactivity measurements. The radioactive
peak with Ry values of 0.73-0.93 was used
to assay the formation of the guanosine re-
action product.

Spectra

A Coleman-Hitachi model 124 spectro-
photometer with a recorder was used for de-
termination of ultraviolet absorption speectra
between 350 and 270 nm.

RESULTS

Incubation of V-hydroxy-AAF with
acetyl-1-4C-CoA in a bicarbonate buffer at
pH 9.0 for 5 min yielded about 7 % of radio-
activity extractable into benzene (Table 1).
The yields of product from 7-hydroxy-AAF
and 1-hyvdroxy-AAL were about 12% and
4 %, respectively, of that obtained from
N-hydroxy-AAF. Incubation of AF or AAF
under similar conditions produced negligible
amounts of acetylated produets.

The results in Table 2 indicate that the
acetylated reaction product of N-hydroxy-
AAF extractable into benzene (steps 1 and 2)
was N-acetoxy-AAL. (a) The peak of the
radioactivity profile of the benzene extract

TABLE 1
Acetylation of various fluorene derivalives
by acetyl-CoA
The incubation medium and other details are
described in MATERIALS AND METHODS. Results are
averages of duplicate analyses.

Benzene-extractable
radioactivity

Substrate (4 mwm)

nmoles'5 min

None 0.05
N-Hydroxy-AAF 0.08*
N-Hydroxy-AAF 13.4
1-Hydroxy-AAF 0.61
3-Hydroxy-AAF 0.27
7-Hydroxy-AAF 1.59

AF or AAF 0.12

a Zero time.

(step 2) after silicic acid paper chromatog-
raphy coincided with the R, value (0.26-
0.36) of svnthetic N-acetoxy-AAF. Acetyl-
CoA when chromatographed 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-hydroxy-AAF, was
almost identical with that of synthetic N-
acetoxy-AAF. Thus, the absorption maxima
at 302, 289, and 275 nm and the minimum
at 298 nm were the same for both com-
pounds. Ajzp:Aar; ratios were 0.696 and
0.714 for synthetic V-acetoxy-AAI" and the
isolated compound, respectively. (¢) The
amount of N-acetoxy-AAL' formed after 5
min 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 Acetylation

Acetylation, when followed over a period
of 2 hr, was found to be linear for the first
5 min (Iig. 1). Therefore H-min incubation
periods have routinely been used.

Effect of pH and Buffers

The acetylation of N-hvdroxy-AAI was
dependent on the pH and the type of buffer
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TanLe 2
Acetylation of N-hydroxy-AAF by acetyl-Cod

The incubation medium contained 4 pmoles of N-hydroxy-AAF dissolved in 0.1 ml of dimethyl
sulfoxide, 100 umoles of KHCO3;-KOH buffer (pH 9.0), and 2 pmoles of acetyl-1-14C-CoA (3 X 10° dpm)
in a total volume of 1.0 ml. After incubation in air at 37°, 2.5 ml of 0.5 M HCI were added, and the con-
tents were extracted with benzene. The benzene extract was washed successively with water (step 1)
and with 0.5 M KOH and water (step 2). A sample of the benzene extract (after step 2) was chroma-
tographed on silicic acid-impregnated paper with a solvent system composed of benzene-chloroform
(2:3, v/v) as described in MATERIALS AND METHODS. Benzene was removed under N., and the residue
was dissolved in ethanol for measurements of ultraviolet absorption (350-270 nm) (step 3). The molar
extinction coefficient of N-acetoxy-AAF in ethanol at 275 nm was about 25,000. This value was used
for calculation of the total amount of N-acetoxy-AAF formed. Finally ethanol was removed under
N:, and 0.5 M KOH was added to the residue. After 5 min, the contents were extracted with benzene
(step 4). Radioactivity was measured in samples of benzene (steps 1, 2, and 4) and 0.5 M KOH (step 4)
extracts using 10 ml of Bray's solution (19).

Radioactivity in extract N-Acetoxy-AAF
Incubation —_— — —_—— formed
period Benzene Benzene Benzene KOH —_—
(step 1) (step 2) (step 4) (step 4) (ethanol, step 3)
(min) nmoles nmoles
0 0.26 0.26 0.3 1.1 14
5 191 192 1.1 193 208
20
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Fic. 1. Rate of acetylation of N-hydrozy-AAF N N X
with acetyl-CoA 1 8 9 0V 1 12

The incubation medium was the same as de- pH
scribed in MATERIALS AND METHODS, except that
the total volume was 5.0 ml and the substrate was
N-hydroxy-AAF. At various time intervals, 0.5-ml
samples were withdrawn from the medium. and
extraction and radioactivity measurements were
carried out as described in the text.

F1G. 2. Effect of pH on acetylation of N-hydroxy-
AAF by acetyl-CoA

All details were the same as described in Ma-
TERIALS AND METHODS, except for the type of buf-
fer and pH used. @—@, Tris-HCl buffer;
O——0, KHCO;-KOH buffer; X—— X, boric

used (Iig. 2). Potassium bicarbonate-IXOH acid-NaOH buffer.

buffer was found to be better than Tris-HCl pH 10 was found to be optimal for the reac-
and boric acid-NaOH buffers. With bicar- tion. In routine studies, bicarbonate-IKOH
bonate-IXOH and boric acid-NaOH buffers, buffer, pH 9.0, has been used.
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F1a. 3. Effect of N-hydroxy-AAF concentralion
on ils acetylation by acetyl-CoA

All conditions were the same as described in
MATERIALS AND METHODs, except for the concen-
tration of .N-hydroxy-AAF.

N-Hydroxy-AAF Concentration

At 0.4 mum acetyl-CoA, acetyvlation was
directly proportional to the N-hydroxy-AAL
concentration between 0.2 and 1.0 mwm
(Fig. 3).

Acetyl-CoA Concentration

Similarly, at 4 my N-hyvdroxy-AAL, the
reaction was proportional to the acetyl-CoA
concentration between 0.1 and 2 mm (I'ig. 4).

Like N-hydroxy-AALF, various other
N-hydroxy compounds, except for deriva-
tives of 2-benzoyvlaminofluorene and stilbene,
were also acetylated (Table 3). The corre-
sponding unsubstituted amides of many of
these N-hydroxy compounds, however, were
not acetyvlated.

It has been demonstrated that synthetic
N-acetoxy-AAL reacts nonenzymatically at
neutral pH with the sulfur atom of methio-
nine and eysteine (13, 20). It was also shown
that N-acetoxy-AAl reacts with orthophos-
phate in a phosphate buffer at pH 7 to vield
a large quantity of water-soluble fluorene
derivatives (13, 21). It was apparent that
N-acetoxy-AAI' was unstable (see Iig. 1)
and that it probably reacted with either
CoASH or acetyvl-CoA or both. Interaction
with CoA could be demonstrated by using
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N-hydroxy-AAF-9-4C (Table 4). In the
presence of acetyl-CoA, a large amount of
radioactivity remained in the aqueous phase.
On the basis of previous studies (13, 20, 21),
it would appear that in the present experi-
ments N-acetoxy-AAI'-9-4C reacted with
the phosphate moiety of either CoASH or

benzene extractable radioactivity (nmoles )

1 1

04 08 12 16 20

Acetyl CoA,mM

Fic. 4. Effect of acetyl-CoA concentration on
acelylation of N-hydroxy-AAF

All conditions were the same as described in
MATERIALS AND METHODs, except for the concen-
tration of acetyl-CoA.

TanLE 3
Acetylation of various N-hydroxy compouwnds
by acetyl-CoA
All conditions were as described in MATERIALS
AND METHODs. Results are averages of duplicate
analyses.

Benzene-extract-
able radioactivity

Substrate (4 mwm)

nmoles 5 min

None 0.05
N-Hydroxy-AAF 16.5
7-Fluoro-N-hydroxy-AAF 21.7
N-Hydroxy-2-benzoylamino-

fluorene 0.25
.V-Hydroxy-4-acetylamino-

biphenyl 26.8
.V-Hydroxy-2-acetvlamino-

phenanthrene 8.0
V-Hydroxy-4-acetylamino-

stilbene 0.9
.N-Hydroxy-2-acetylamino-

naphthalene 29.5
.N-Hydroxyurethane 39.0

N-Methyl-V-hydroxyvurethane
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TaBLE 4
Formation of water-soluble fluorene derivative
by interaction of N-hydrory-AAF with
acetyl-CoA
Unless otherwise indicated, the complete incu-
bation medium contained 50 gmoles of KHCO;-
KOH buffer (pH 9.0), 1 umole of N-hydroxy-AAF-
9-1C (10 uCi) dissolved in 0.05 ml of ethanol, and
2 pmoles of acetyl-CoA in a total volume of 1.0 ml.
After incubation in air for 4 hr at 37°, samples
were extracted several times at neutrality with
benzene. Samples of the aqueous phase were taken
for radioactivity measurements using Bray’s
solution (19).

Radioactivity in
aqueous phase

Co total

0.41
11.3

Addition of acetyl CoA

acetyl-CoA or with the sulfur atom of
CoASH to form polar fluorene derivatives.
Chromatography of the aqueous phase on
Whatman No. 1 paper in a 0.1 am sodium
acetate (pH 4.5)-ethanol (1:1, v/v) solvent
syvstem gave radioactivity peaks with Rp
0.80-0.87 and 0.66-0.73 for samples without
and with acetyl-CoA, respectively. Chroma-
tography of acetyl-1-“C-CoA alone in this
solvent syvstem showed a radioactive peak
with an 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). The reaction product with methio-
nine had the same Ry (0.33-0.47) as the
svnthetic 3-methylmercapto-AALF (R, 0.35-
0.44). Similarly, the reaction product ob-
tained from guanosine gave about the same
Rr (0.73-0.93) as the product that has been
characterized as .V-(guanosin-S8-vl)-AALF (6,
16). N-Hydroxy-AAI in the absence of
acetvl-CoA did not react to an appreciable
extent with either methionine or guanosine.

Although various other aromatic hydrox-
amic acids were also acetvlated by acetyl-
CoA (see Table 3), it was important to in-
vestigate whether their N-acetoxy products
would react with methionine. These results
are summarized in Table 6. With the excep-
tion of 7-fluoro-N-hydroxy-AAF, other
N-hydroxyamides in the presence of acetyl-
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CoA did not react with methionine to an
appreciable extent.

Several attempts to demonstrate enzy-
matic acetyvlation of N-hvdroxy-AAF and
the other hydroxamic acids with acetyl-CoA
by liver eytosol from various rodent species
have been unsuccessful.

DISCUSSION

Although N-hydroxy derivatives are more
carcinogenic than their corresponding aro-
matic amines and amides (22-27), these
N-hydroxy compounds are unreactive with
tissue macromolecules or their constituents
at physiological pH n vitro (12, 14, 15,
28-31). However, the synthetic N-acetoxy-
amides react with proteins, RNA, DNA, or
their methionine, tryptophan, tyrosine, cys-
teine, guanosine, or deoxyguanosine constit-
uents in vitro (10, 12, 14, 16, 32-34) and are
more carcinogenic than the corresponding
N-hydroxyamides (9, 10). Whereas the N-
acetylation of many nitrogen-containing for-
eign compounds is usually considered a
detoxification process (1), the synthetic acet-
vlation of many carcinogenic N-hydroxy-
amides appears to be an activation process.

The results presented in this paper indi-
cate that many N-hvdroxy compounds can

TABLE 5

Reaction of N-hydroxy-AAF with methionine

and guanosine in the presence of acetyl-CoA

Unless otherwise indicated, the complete incu-
bation medium contained 100 umoles of Tris-HCI
buffer (pH 7.5), 4 rmoles of N-hydroxy-AAF dis-
solved in 0.1 ml of dimethyl sulfoxide, 4 pmoles of
acetyl-CoA, and 10 pmoles of L-methionine-*3S
(4 X 105dpm) or 2pumoles of guanosine-8-1‘C
(2 X 108 dpm) in a total volume of 1.0 ml. After
incubation in air for 19 hr at 37°, analyses of the
reaction products of methionine and guanosine
were performed as described in MATERIALS AND
METHODS.

Reaction product formed with

Addition of

acety] CoA Methionine

(3-methylmer-
capto-AAF)

Guanosine
(R 0.73-0.93)

nmoles

0.5
332

5.0
349




ACETYLATION OF CARCINOGENIC HYDROXAMIC ACIDS BY ACETYL-CoA

TaBLE 6

Reaction of hydroxamic acids with methionine
in the presence of acetyl-CoA

The complete incubation medium contained
50 pumoles of Tris-HCI buffer (pH 7.5), 2 pmoles of
hydroxamice acid dissolved in 0.05 ml of dimethyl
sulfoxide, 2 umoles of acetyl-CoA, and 5 pmoles of
L-methionine-3*S (1 uCi) in a total volume of 0.5
ml. After incubation in air for 19 hr at 37°, the
reaction products, o-methylmercaptoamide and
o-methylmercaptoamine, were separated by paper
chromatography and determined quantitatively
by radioactivity measurements as described for
N-hydroxy-AAF in MATERIALS AND METHODS.

Amount formed

o-Methyl-  o-Methyl-

Hydroxamic acid

mercapto-  mercapto-
amide amine
nmoles
None 0.5 0.03
N-Hydroxy-AAF 247 0.78
7-Fluoro-.N-hydroxy-
AAF 70 0.32
N-Hydroxy-4-acetyl-
aminostilbene 0.28 0.23
N-Hydroxy-4-acetyl-
aminobiphenyl 2.62 0.83
N -Hydroxy-2-acetyl-
aminophenanthrene 0.27 0.21
N-Hydroxy-2-acetyl-
0.42 0.23

aminonaphthalene

be nonenzymatically acetylated to different
extents by acetyl-CoA. Although such a re-
action is not surprising, it is significant that
it oceurs under physiological conditions un-
der which no N-acetylation is observed (see
Table 1). Based on several criteria, the
acetylated product of V-hydroxy-AAF has
been characterized as N-acetoxy-AAI'. Like
the synthetic N-acetoxyv-AAF (12, 14, 16),
the reaction product of .V-hydroxy-AAF and
acetyl-CoA reacted with methionine and
guanosine to give similar products (Table 5).
Similarly, the acetyvlated produect of 7-fluoro-
N-hydroxy-AAF was reactive with methio-
nine, but to only about 28% of the extent
observed with NV-hydroxy-AAF (Table 6).
It has been found that synthetic 7-fluoro-
N-acetoxy-AAL was as reactive with methio-
nine as N-acetoxy-AAF.?> No explanation is

3 P. D. Lotlikar, J. A. Miller, and E. C. Miller,
unpublished observations.

387

evident to account for the decreased activity
observed in the present studies with the
7-fluoro derivative.

Maher et al. (33) have shown that syn-
thetic N-acetoxy-AAL" caused more inacti-
vation of the transforming activity of Bacil-
lus subtilis DN A and was a stronger mutagen
than were the N-acetoxy compounds of other
aromatic amides. Similar results were ob-
tained in studies of the interaction of these
compounds with methionine and guanosine
(11). In accordance with the findings of
Scribner et al. (11), the present studies have
revealed that the N-acetoxy derivatives of
4-acetylaminobiphenyl, 4-acetvlaminostil-
bene, 2-acetyvlaminophenanthrene, and 2-
acetylaminonaphthalene were much less re-
active than N-acetoxy-AAl" with methionine
(Table 6).

Acyl esters of N-hydroxyurethane react
in vitro at neutral pH with cytosine, cysteine,
glutathione, and methionine more readily
than does N-hydroxyurethane (35). Among
several hydroxamic acids tested in the pres-
ent studies, N-hyvdroxyurethane and its V-
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 no evidence to indicate that
such enzymatic O-acetyvlation 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 the present studies, we were unable to
demonstrate enzymatic O-acetylation of V-
hydroxy-AAF or other carcinogenic hydrox-
amic acids, in confirmation of the work of
Miller (9).

N-Oxides of guanine and xanthine are on-
cogenic (37, 38), and recent studies have
demonstrated that their synthetic acetate
esters are very reactive with methionine and
chloride at neutral pH in vitro (39). Prelimi-
nary studies have suggested that 3-hydroxy-
xanthine was O-acetylated by acetyl-CoA in
the presence of acetone powders of rat liver
cyvtosol (40). However, those results are in-
conclusive with respect to the enzymatic
nature of the reaction, because acetyvlation
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wis not investigated either in the absence of
enzyme or in the presence of boiled enzyme.

Recently the nonenzymatic nature of his-
tone acetvlation by acetvl-CoA has also
been demonstrated (41). The results reported
in the present paper furnish another example
of the nonenzymatic nature of some acetyl-
ations.

Acetyl-CoA is present in most mammalian
tissues, even though its concentration in
these tissues is variable under different con-
ditions (42). The results presented in this
paper indicate that hydroxamic acids might
be O-acetylated nonenzymatically in vivo. If
this oceurs, such acetate esters might also be
some of the ultimate carcinogenic metabo-
lites of the carcinogenic hydroxamie acids.
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