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SUMMARY

The binding of the isomerie carcinogens, A/-hydroxy-2-
fluorenylacetamide-9-'4C and jV-hydroxy-3-fluorenyl-
acetamide-9-3H, to tRNA was investigated under conditions

favorable for sulfate activation of TV-hydroxy-2-fluorenylacet-
amide by the soluble proteins of rat liver. Under these
conditions, the radioactivity of jV-hydroxy-2-fluorenylaceta-
mide-9-14C was bound irreversibly to the extent previously

observed by other workers. In contrast, the radioactivity of
Ar-hydroxy-2-fluorenylacetamide-9-3 H was bound only to a

negligible extent. In addition to these experiments, the
reactivity of esters of these hydroxamic acids was examined by
allowing L-methionine-methyl-14C to react with 7V-acetoxy-2-

fluorenylacetamide and jV-acetoxy-3-fluorenylacetamide.
While yV-acetoxy-2-fluorenylacetamide formed the alkali-
cleavable methionine adduci previously described by others,
yV-acetoxy-3-fluorenylacetamide was unreactive. The lack of
binding of the radioactivity of yV-hydroxy-3-fluorenylaceta-
mide-9-3 H to tRNA may have been due therefore to the low
reactivity of the sulfate of ./V-hydroxy-3-fluorenylacetamide.
Since ./V-hydroxy-3-fluorenylacetamide is a mammary
carcinogen for the male and female rat but, in contrast to
yV-hydroxy-2-fluorenylacetamide, appears to be inactive to
ward the liver, the observed reactivities of the isomerie
hydroxamic acids correlate with their hepatocarcinogenicities.
The data raise the question of whether the same molecular
mechanism that applies to the induction of neoplasia by
arylhydroxamic acids in hepatic tissue accounts for the
carcinogenicity of these compounds in extrahepatic targets.

INTRODUCTION

The carcinogenicity of aromatic amides for the rat appears
to depend on a 2-step activation. In the 1st step, the amide is
AMiydroxylated to an arylhydroxamic acid (9, 10, 18, 19).
Evidence is accumulating from experiments in vitro and in vivo
that further activation may be accomplished by esterification
of the arylhydroxamic acid (5-7, 14). Thus, the carcinogen,
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N-HO-2-FAA,3 is esterified to a sulfate, and this ester is

reactive toward nucleophiles, such as tRNA, methionine, and
methionyl residues in peptides and proteins (5â€”7,12, 13). The
present experiments were undertaken to determine whether
this mechanism of activation and type of interaction is also
operative with N-HO-3-FAA. This isomer of N-HO-2-FAA is
a potent mammary carcinogen for the female and male rat by
the i.p. route (10). Its p.o. carcinogenicity is currently under
test. In the present experiments, we have examined the
covalent binding of N-HO-3-FAA to tRNA under conditions
that support the enzymatic formation of the sulfate of
N-HO-2-FAA. In addition, the reaction of the esters,
N-acetoxy-2-FAA and N-acetoxy-3-FAA, with L-methionine
has been studied. The results of these experiments suggest that
the reaction mechanism envisaged to underlie hepatocarcino-
genesis by N-HO-2-FAA in the rat (5, 20, 21) may not apply
to mammary carcinogenesis by N-HO-3-FAA in that species.

MATERIALS AND METHODS

Labeled Compounds. N-HO-3-FAA-9-3H (m.p. 128-131Â°;
specific radioactivity, 2.25 X IO9 dpm/mmole) was prepared
from 3-aminofluoren-9-one (Aldrich Chemical Co., Inc.,
Milwaukee, Wis.) as the starting material. The aminoketone
was reduced to 3-aminofluorene-9-3H with LiAl3H4 :A1C13

purchased from New England Nuclear Corp., Boston, Mass. (H.
R. Gutmann and P. Bell, unpublished procedure). The amine
was oxidized to 3-nitrofluorene-9-3 H (22), and the nitro

compound was reduced catalytically as reported previously
(23), except that the triethylamine that is used ordinarily in
the reduction was replaced by an equal volume of
dimethylaniline. Under these conditions, tritium exchange was
negligible. The UV absorption spectrum of the labeled
compound was identical with that of an authentic sample (23).
Chromatography of the N-HO-3-FAA-9-3H on Eastman No.

6061 chromagram sheets with chloroform:methanol (19:1)
gave a single radioactive peak, RF = 0.62, coincident with the
single fluorescence-quenching spot on the chromatograms.
Authentic N-HO-3-FAA run concurrently had the same
mobility. The exchange of 3H from N-HO-3-FAA-9-3H in

3The abbreviations used are: N-HO-2-FAA,
7V-hydroxy-2-fluorenylacetamide; N-HO-3-FAA, yV-hydroxy-3-fluorenyl-
acetamide; JV-acetoxy-2-FAA, jV-acetoxy-2-fluorenylacetamide;
jV-acetoxy-3-FAA, jV-acetoxy-3-fluorenylacetamide; DEAE, diethyl-
aminoethyl.
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aqueous media at 37Â°and at pH 7.4 was tested by incubation

of the labeled compound in a solution containing Tris-HCl
buffer, pH 7.4 (200 Mmoles), ATP (10 jumÃ³les), MgCl2 (16
jumÃ³les), and Na2SO4 (40 AmÃ³les). After 1 hr, the mixture
was distilled at reduced pressure. Radioassays of the distillate
showed that <1.5% of the radioactivity of the N-HO-3-
FAA-9-3 H was distillatale under these conditions.

N-HO-2-FAA-9-14C (m.p. 148-150Â°; specific radioactivity,
9.62 X IO8 dpm/mmole) was prepared by dilution of
N-HO-2-FAA-9-14C (specific radioactivity, 10 mCi/mmole;

New England Nuclear) with an appropriate quantity of
N-HO-2-FAA and by recrystallization of the mixture from
ethanol:water. The UV absorption spectrum of the labeled
compound matched that of the authentic compound.
Chromatography of the N-HO-2-FAA-9-14C as described
above for N-HO-3-FAA-9-3H gave a single radioactive peak,

RF=0.44.
L-Methionine-methyl-14C with a specific radioactivity of

11.1 mCi/mmole was obtained from New England Nuclear.
Thin-layer chromatography of the labeled compound on Silica
Gel GF254 with l-butanol:acetic-acid:water (3:1:1),
and subsequent scanning of the developed chromatogram
indicated that 96% of the radioactivity was associated with
L-methionine. The labeled compound gave a positive reaction
with ninhydrin and had the same mobility, Rp = 0.40, as
authentic L-methionine chromatographed concurrently.

Unlabeled Compounds. N-Acetoxy-3-FAA, a new com
pound, was prepared by the acetylation of N-HO-3-FAA in
pyridine with acetic anhydride, as described previously for
jV-acetoxy-l-fluorenylacetamide (23); m.p. 104-105Â°, 66%
yield; y*Â¿â„¢ethanÂ°' 263 (e, 17,380), 295 (e 3,980) mju;i>Â£Br
1785 cm"" (0-C=0) and 1685 cm ^ (N-C=0).

CI7HISN03

Calculated: C 72.58, H 5.37, N 4.98
Found: C 72.63, H 5.67, N 4.79

N-Acetoxy-2-FAA (15), m.p. 109-111Â°, with an infrared

spectrum that matched that of an analytically pure sample,
was prepared from N-HO-2-FAA and acetic anhydride as
described above for N-acetoxy-3-FAA.

tRNA. Yeast tRNA (Lot No. 40278, EÂ±f&= 148) was
obtained from Calbiochem, Los Angeles, Calif. This material,
referred to in Table 1 as unpurified tRNA, was purified by 2
methods. In the 1st method, 50 mg of the tRNA in 5 ml
distilled water were treated with 3 volumes of 2% potassium
acetate in 95% ethanol. The precipitate was washed 3 times
with 15 ml 95% ethanol and dried to constant weight in a
vacuum over CaCl2> f jss = '^0. In the 2nd method, the

tRNA was purified by chromatography on DEAE-cellulose
according to a modification (3) of the method of Holley et al.
(11). The crude tRNA (0.52 g, 7300 A2S8 units) in 25.0 ml
0.1 M Tris-TCl buffer, pH 7.4, was applied to a
DEAE-cellulose column (3 x 35 cm, packed with 25 g
DEAE-cellulose) which had been equilibrated overnight with
0.1 M Tris-HCl buffer, pH 7.4. Stepwise elution of the column
with 315 ml 0.1 M Tris-HCl buffer, pH 7.4, + 0.3 M NaCl
removed 2% of the applied absorbance as a single
straw-colored peak. Further elution with 240 ml 0.1 M

Tris-HCl buffer, pH 7.4, +0.7 M NaCl gave a 2nd colorless
peak which contained 96% of the applied absorbance in 120
ml of eluate. The tRNA was precipitated with 380 ml of 2%
potassium acetate in 95% ethanol and collected by
centrifugation. The precipitate was dissolved in 20 ml of
distilled water and dialyzed in a rocking dialyzer at 4Â°against
distilled water until no Cl~ ions were detectable in the

dialysate. Three volumes of 2% potassium acetate in 95%
ethanol were added to the dialysate. The precipitated tRNA
was washed twice with cold 95% ethanol and dried to constant
weight in a vacuum over CaCl2 ; yield, 0.226 g; EÂ¿/g-140.

Soluble Proteins from Rat Liver. The enzyme preparation
used in the experiments was the 105,000 Xg supernatant
fraction prepared by differential centrifugation from a 20%
homogenate in 0.005 M Tris-HCl buffer, pH 7.4. This
preparation is referred to in Table 1 as the unpurified soluble
proteins. The proteins were purified by chromatography of 5
to 10 ml of the supernatant fraction on Sephadex G-10
(Pharmacia Fine Chemicals, Inc., Piscataway, N. J.) with 0.055
M Tris-HCl buffer, pH 7.4, as the eluent (12, 13). The proteins
were eluted as a narrow peak in 18 to 20 ml of eluate. The
amounts of proteins in the incubation systems were 3 to 4 mg,
as determined by the modified Polin method with crystalline
bovine serum albumin as a standard (16).

Isolation and Assay of Labeled tRNA. At the completion of
the incubations, the mixtures were extracted twice with 2 ml
of phenol saturated with water and 4 times with 2 ml of ether
saturated with water. The tRNA was precipitated from the
aqueous phase with 3 volumes 2% potassium acetate in 95%
ethanol. The precipitate was collected, washed twice with
potassium acetate :95% ethanol, dried in a vacuum, and
dissolved in 1.0 ml of distilled water. The radioactivity of the
tRNA was determined by liquid scintillation spectrometry of
0.05-ml aliquots. Its absorbance was measured at 258 mp in a
Beckman Model DU spectrophotometer after dilution of a
0.05-ml aliquot to 10.0 ml with distilled water. The
absorbance at 258 m/a was related to the concentration of
tRNA in the usual manner by reference to linear calibration
curves prepared from purified as well as unpurified samples of
tRNA. The specific radioactivity in the tRNA was calculated
from these determinations and served as a measure of the
labeling of the tRNA. In order to show that the label was
bound irreversibly, the iRNA was further purified through the
cetyltrimethylammonium complex (2) and reisolated as the
potassium salt as follows. The solution was made 0.01 M with
respect to sodium acetate, and the tRNA was precipitated with
1 volume of 1% cetyltrimethylammonium bromide (Distilla
tion Products Industries, Rochester, N. Y.) (2). The complex
was collected by centrifugation at 12,000 r.p.m., washed twice
with 2 ml of cold, distilled water, and dried in a vacuum at
30Â°.The residue was dissolved in 1.0 ml of methanol and the

cetyltrimethylammonium complex was converted to the
potassium salt of tRNA by the addition of 4 volumes of 2%
potassium acetate in 95% ethanol. The precipitated tRNA was
dissolved in 1.0 ml of distilled water and its specific radio
activity was determined as outlined above. In order to
determine whether the tRNA had attained constant specific
radioactivity, the compound was reprecipitated again as the
potassium salt and reassayed as described.

Assay for the Interaction of N-acetoxy-2-FAA or
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Table 1
Optimal conditions for the binding of ' "C from N-HO-2-FAA-9-1 "C to tRNA in vitro

Each incubation system contained unpurified or purified tRNA, unpurified or purified soluble proteins
from rat liver, cofactors, and N-HO-2-FAA-9-'4C in 2 ml of 0.05 M Tris-HCl buffer, pH 7.4. The
N-HO-2-FAA-9-'4C (9.94 X 10" dpm, 0.10 Â¿imole)was added in 0.1 ml redistilled 2-methoxyethanol.

ATP (5 Mmoles), MgCl2 (8 Aimoles),and Na2SO4 (20 Â¿imoles)were added in 0.2 ml distilled water. The
incubations were carried out in air at 37Â°for 1 hr.

Purification Nanoatoms '4Cbound/mg tRNA

Experiment Of soluble proteins Of tRNA In Precipitate 1 In Precipitate 2a In Precipitate 3

12
+k34

+b56

+61.382.06+c

1.48+c
1.96+d
2.49+d

3.311.692.881.552.573.274.721.853.221.992.893.334.67

a Prior to the 2nd precipitation, the labeled tRNA was treated with cetyltrimethylammonium bromide

(2). The tRNA was recovered from the complex as described in the text.
b The proteins (3.4 mg/incubation system) were purified by chromatography on SepHadex G-10 (12,

13) immediately before use.
c tRNA (5.8 mg/incubation system) purified by reprecipitation with 2% potassium acetate in 95%

ethanol as described in the text.
d tRNA (5.0 mg/incubation system) purified by chromatography on DEAE-cellulose as described in

the text.

N-acetoxy-3-FAA with L-Methionine-methyl-14C. In these

experiments, the incubation systems consisted of 300 Â¿miÃ³les
Tris-HCl buffer, pH 7.4, 0.77 /Â¿moleL-methionine-methyl-14C,

and 5.0 /Â¿molesof the hydroxamic acid ester in 1.0 ml of
dimethyl sulfoxide. The total volume was adjusted to 5.0 ml
with distilled water, and the incubations were carried out for 5
hr at 37Â°. A control without acetate ester was run

concurrently. At stated times, duplicate aliquots (0.25 ml)
were withdrawn and added to 4 N sodium hydroxide (1.5 ml)
containing 100 /Â¿molesDL-methionine. The alkaline solutions
were then extracted with 15% benzene in w-hexane (2.0 ml)
(15), and the radioactivity of aliquots (0.5 ml) of the extracts
was measured by liquid scintillation spectrometry.

Radioactivity Measurements. The radioactivity was usually
determined in Bray's solution (5 or 10 ml) (4) or in

Scintosol-Complete (5 or 10 ml) (Isolab, Inc., Elkhart, Ind.)
with a liquid scintillation spectrometer (Model 725,
Nuclear-Chicago, Chicago, 111.).In the experiments in which
the interaction of N-acetoxy-2-FAA or N-acetoxy-3-FAA with
L-methionine-methyl-14 C was investigated, the toluene-based

scintillator previously described (8) was used. All samples were
counted at a level of confidence of at least 95%. The counting
efficiencies were 30 and 70% for 3H and 14C, respectively.

Corrections for quenching were made by the channel ratio
procedure. Chromatograms were scanned for radioactivity
with a thin-layer scanner (Model LB 2721, manufactured by
Berthold Laboratories, Wildbad, West Germany, and supplied
by Brinkmann Instruments, Inc., Westbury, N. Y.).

RESULTS AND DISCUSSION

The conclusions regarding the binding or lack of binding of
N-HO-3-FAA to tRNA derived from these experiments rest on
a comparison of the extent of interaction of N-HO-3-FAA and
of N-HO-2-FAA with tRNA. For a valid comparison, the

enzymes involved in the activation of N-HO-2-FAA and in the
subsequent binding reaction with tRNA should be maximally
active. Accordingly, we carried out several experiments to
show that the conditions under which the reactivities of the
isomerie hydroxamic acids were compared were optimal for
the binding of N-HO-2-FAA-9-14C (Table 1). The data

obtained in these experiments indicated that the unpurified
soluble fraction of rat liver as well as unpurified tRNA from
yeast contained low-molecular-weight compounds that
inhibited the binding of N-HO-2-FAA-9-14C to tRNA. These

substances were removed and maximal binding was obtained
by chromatography of the soluble proteins and of tRNA on
Sephadex G-10 and on DEAE-cellulose, respectively.
Accordingly, the experiments concerned with the comparative
binding of N-HO-3-FAA and of N-HO-2-FAA were
performed with purified preparations of the soluble proteins
and of tRNA. It may also be seen from the data of Table 1
that the specific radiaoctivity of the labeled tRNA increased
on the average by 25% following purification through the
cetyltrimethylammonium complex. This increase is due to
removal of unlabeled, UV-absorbing material in the course of
the precipitation of the tRNA and of the washing of the
precipitates with water. Although no effort was made to
identify the contaminant, it seems very likely that the
contaminating material was ATP. This conclusion is based on
the observation that the UV absorbance of the first
precipitates from incubation systems that contained ATP was
consistently in excess of the absorbance units added in the
form of tRNA. Accordingly, purification of the labeled tRNA
beyond the first precipitation appeared necessary for a correct
estimate of the specific radioactivity of the labeled tRNA and
was carried out routinely thereafter.

The parallel experiments comparing the binding of
N-HO-2-FAA-9-14C and of N-HO-3-FAA-9-3H to tRNA are

summarized in Table 2. Addition of ATP, MgCl2 and Na2SO4
to incubation systems containing N-HO-2-FAA-9-14C and
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Table 2
Binding of the radioactivity from N-HO-2-FAA-9-' *Cand N-HO-3-FAA-9-3H to tRNA in vitro

Each incubation system contained 5.1 mg purified tRNA in 2.0 ml 0.05 M Tris-HCl buffer. pH 7.4 The
cofactors [ATP (5 Mmoles), MgCl2 (8 AmÃ³les),and Na2SO4 (20 Mmoles)] were added in 0.2 ml distilled
water where indicated. N-HO-2-FAA-9-" C (9.86 X 10" dpm, 0.10 Mmole) and N-HO-3-FAA-9-3H
(1.89 X 10s dpm, 0.084 Mmole) were added in 0.1 ml redistilled 2-methoxyethanol. The soluble proteins

(3.9 mg/incubation system) were purified as described in the text. The total volume of each incubation
system was 2.3 ml, and the incubations were carried out in air at 37Â°for 1 hr.

Nanoatoms '" C or 3H bound/mg tRNA

IncubationsystemHydroxamic

acid + cofactors +tRNAHydroxamic

acid + soluble proteins
+tRNAHydroxamic

acid + soluble proteins
+ cofactors + tRNAFrom

N-HO-2-FAA-9-14C<0.05Â°

<0.05b3.36"3.2464.66a

4.64bFrom

N-HO-3-FAA-9-3H<0.05Â°

<0.05b0.23a

0.16b0.08Â°

0.09b

a This value is the specific radioactivity of the tRNA precipitated with 2% potassium acetate in 95%
ethanol subsequent to purification of the tRNA through the cetyltrimethylammonium complex (2) as
described in the text.

b This value is the specific radioactivity of the tRNA after a 2nd precipitation with 2% potassium
acetate in 95% ethanol as described in the text.

soluble proteins resulted in a 43% increase of the
incorporation of label into tRNA. This stimulation has been
noted previously (6, 12) and is attributable to the interaction
of the sulfate of N-HO-2-FAA-9-14C with tRNA, while the

labeling of tRNA in the absence of cofactors observed here
and previously (6, 12) is referable to the binding of
Af-2-fluorenylhydroxylamine (12, 13) or of an unknown
metabolite thereof (6). The binding of the radioactivity from
N-HO-2-FAA-9-14C under our optimal conditions (4.6
nanoatoms 14C/mg tRNA/hr) was virtually identical with that

reported by DeBaun et al. (6) (9.4 rimÃ³les of fluorene
derivative/mg tRNA/2 hr) and of the same order of magnitude
as that obtained by King and Phillipps (12) (6.3 nmoles of
fluorene derivative/mg tRNA/1.25 hr).

The data obtained with the isomerie N-HO-3-FAA-9-3H

were in marked contrast to those obtained with
N-HO-2-FAA-9-14C. Thus, the very low binding of the
radioactivity of N-HO-3-FAA-9-3 H in the absence of ATP,

MgCl2, and Na2S04 was further decreased by the addition of
these cofactors to the incubation system. Initial experiments
with the use of tRNA from Escherichia coli (3) in which the
purification of the labeled tRNA was not carried beyond the
first precipitation gave qualitatively similar results. All of these
results indicated that a sulfate with a reactivity comparable to
that of the sulfate of N-HO-2-FAA had not been formed from
N-HO-3-FAA. The low level of labeling of tRNA in the
absence of cofactors may be interpreted in 2 ways. First,
unlike N-HO-2-FAA, N-HO-3-FAA may not be deacetylated
to the fluorenylhydroxylamine by the soluble deacylase of rat
liver. Second, A^-fluorenylhydroxylamine, although formed,
may be unreactive toward nucleophilic acceptors. The
experiments to decide conclusively between these alternatives
would require the use of jV-3-fluorenylhydroxylamine which is
presently not available in pure form. The deacetylation of
N-HO-3-FAA by rat liver remains also to be determined. The
investigation of these problems is in progress.

The minimal labeling of tRNA by N-HO-3-FAA-9-3 H under

the conditions of the present experiments posed the question
of whether esters of N-HO-3-FAA are generally less reactive
toward nucleophiles than are esters of N-HO-2-FAA. In the
absence of a synthetic sulfate of N-HO-3-FAA, we have
approached this problem by studying the interaction of the
recently synthesized N-acetoxy-3-FAA and of N-acetoxy-2-
FAA with the nucleophilic acceptor, L-methionine-methyl-
14C. The reaction was followed by the conversion of the
water-soluble14 C from L-methionine-methyl-14C to a form

extractable from the aqueous phase by a mixture of benzene
and H-hexane, after the incubation mixtures had been made
strongly alkaline (15). A change in the solubility of the I4C

would indicate that the ester had formed a methionine adduct
that was cleavable by alkali to a benzene-soluble product (15,
17). Measurements of the reaction of N-acetoxy-2-FAA with
L-methionine-methyl-14C indicated the rapid formation of an

alkali-labile adduct. Chromatography of the extracts on Silica

Gel GF2S4 with petroleum ether:chloroform:methanol
(50:45:5) (1) and scanning of the radiochromatograms showed
that >85% of the extracted radioactivity was associated with a
single peak which cochromatographed with 3-methylmer-
capto-2-fluorenylacetamide (Chart 1). After 0.5 hr 11.4% and
after 5 hr 40.2% of 14C from L-methionine-methyl-14C were

extracted from the incubation system into the organic phase
(Chart 2). In contrast, <0.05% of the 14C was extracted after
5 hr when N-acetoxy-3-FAA was incubated with L-methi-
onine-methyl-9-14C. This indicated that a methionine adduct

analogous to that derived from N-acetoxy-2-FAA had not been
formed with N-acetoxy-3-FAA. The differential reactivities of
N-acetoxy-2-FAA and N-acetoxy-3-FAA with methionine
suggest that esters of N-HO-3-FAA are much less reactive than
those of N-HO-2-FAA. The lack of labeling of tRNA by
N-HO-3-FAA-9-3 H under conditions favorable for the

enzymatic formation of the sulfate may therefore have been
due to the low reactivity of the ester.

The striking differences in the binding of
N-HO-2-FAA-9-14C and of N-HO-3-FAA-9-3H to tRNA as
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1800 r

Cx
O

Distance from Origin , cm

Chart 1. Scan of a radiochromatogram [Silica Gel GF254; solvent:
petroleum ether (b.p. 30-60Â°):chloroform:methanol (50:45:5))

identifying o-methylthio-2-fluorenylacetamide (15, 21) as the major
product in benzene:Â«-hexane extracts of reaction mixtures of
N-acetoxy-2-FAA and L-methionine-methyl-1 4C. The compound (Rp-
= 0.76) cochromatographed with authentic 7V-(3-methylthio-2-
fluorenyl)acetamide and accounted for >85% of the radioactivity of
the extract.

320

40
N-Acttoxy-3-FAAt t T "t

Time, hours

Chart 2. Interaction of N-acetoxy-2-FAA and N-acetoxy-3-FAA with
L-methionine-methyl-14C. The reactions were followed as described in

the text.

well as the differences exhibited by N-acetoxy-2-FAA and
N-acetoxy-3-FAA in the formation of methionine adducts
appear to correlate with the hepatocarcinogenicities of these
isomerie hydroxamic acids. Thus, N-HO-2-FAA is a potent
hepatocarcinogen for the male rat (19), while N-HO-3-FAA is
inactive toward the liver of the rat by i.p. administration (10).
However, both compounds are highly active mammary
carcinogens (10, 19). Since our data indicate that N-HO-3-FAA
was not esterified to a sulfate or that the sulfate was
unreactive, a mechanism of action for mammary carcino-
genesis involving esterification of N-HO-3-FAA would require
a sulfotransferase with a substrate specificity different from
that of liver or a different type of ester. The question remains
as to whether esterification to a sulfate is the molecular
mechanism which underlies neoplasia not only in liver but also
in extrahepatic target tissues of carcinogenic arylhydroxamic
acids. Experiments concerned with the stability of synthetic
esters of N-HO-3-FAA and with their formation by mammary
tissue now in progress should contribute to the solution of
these problems.
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