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The N-hydroxylation of aromatic amines is likely to 

play an essential role in the carcinogenic.properties of 

a number of these compounds, since N-hydroxy-derivatives 

of N-2-fluorenylacetamide (Miller et &.,1961a), 4'- 

phenylacetanilide (Miller et a1.,1961b), 4'-styrylacet- 

anilide (Anderson et a1.,1963) and 2-naphthylamine 

(Boyland et a1.,1963) are more potent carcinogens than 

are the parent compounds under certain experimental con- 

ditions. Recently Marroquin and Farber (1962) observed 

binding between N-2-fluorenyl-9-(14C)acetamide and nucleic 

acids of rat liver in vivo. Although suggestive evidence -- 
was obtained that the binding was covalent in nature, the 

manner of binding is still unknown. In the present study 

&OH-FA@@, the most reactive metabolite of N-2-fluorenyl- 

acetamide, was reacted with isolated nucleic acids in 

order to elucidate the nature of the bound material. 

o These results were communicated in part at the 2na 
Meeting of the Federation of European Biochemical 
Societies, Vienna, April 1965, 

Q4 Abbreviation: N-CIH-FA = N-&Fluorenylhydroxylamine 
(Chemical Abstzacts noaleEclature). 
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Ldethods~ti - !+OH-FA was prepared from 2-nitro- 

fluorene by the method of Poirier et al.(l%3). It was -- 

found to be 96-97 % pure by titration with TiC13 (Horner 

and Steppan,i957; see also Poirier et a1.1963). 2-Nitroso- -- 

fluorene was prepared by oxidation of !-OH-FA with ferric 

ammonium sulphate (Miller, personal communication). 

Yeast-s-RNA (Yosier et a1.,1960), purified by chrom- 

atography QR DEAF-cellulose (Serva,Gennany; 0.4 neq./g), 

or DNA from calf thymus (Kay et a+.,1952) was incubated 

with E-OH-FA in buffered aqueous ethanol for different 

periods of time under the conditions mentioned below. All 

reaction mixtures were flushed with nitregen in order to 

counteract oxidation of &OH-FA. Contrels were treated in 

the same way except for the addition of &OH-FA. After 

purification by extraction with phenol, uyl alcohol and 

precipitation with ethanol, the U.V..-spectra ef the react- 

ed nucleic acids were measured in 0.14 M NaC1-0.015 Y 

citrate buffer, pH 7.2. Sedimentation constants were det- 

ermined in the same buffer in a Spinco E analytical ultra- 

centrifuge equipped with an U.V.-recording system. The 

nucleotide composition of s-RNA was estimated by the 

method of Katz and Comb (1963) after hydrolysis in 0.3 N 

KOH at 37O for 18 h; the base composition ef DNA was 

determined by the method of Wyatt and Cohen (1953). 

Results and Discussion - After purification by extraction 

with phenol aad precipitation with l thanel, the reacted 

nucleic acids show an absorption band between 300 and 360 

rp (fig.1) and an increased A2Sg/A260 ratio as compared 

with control material. These absorption, changes resist 

prolonged dialysis and chromatography on DEAE-cellulose, 
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220 260 300 340 360 

Fiq.1 - Absorption spectra of control S-RNA (curve a) 
and of s-RNA treated with N-OH-FA (curve b) 
in 0.14 M NaCl-0.015 M cit:ate buffer, pH 7.2. 

suggesting a covalent binding between the nucleic acids 

and N-OH-FA. &OH-FA-treated s-RNA is adsorbed more 

strongly to the DEAE-cellulose than is control-s-RNA. 

Since the sedimentation constant of this material (s20,w 

= 3.5 2 as compared with 4.0 2 of control s-RNA) is only 

slightly lower, the DEAE adsorption effect may be due to 

loss in secondary structure of the reacted s-RNA. 

The time curves at different pH values (fig.2) show 

the catalytic effect of H+ ions; at 370 the reaction 

proceeds much faster than at 21°. After hydrolysis of the 

variously treated nucleic acids and analysis of the nucle- 

otides, a decrease in guanylic acid content was consist- 

ently observed, as illustrated in fig.3. Since the charact- 

eristic .absorption of the reacted nucleic acids is lost on 

hydrolysis, the reaction product of N-OH-FA and guanine is 

apparently destroyed by hydrolytic action. From the de- 

crease in guanylic acid content the degree of binding has 
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Fia.2 - pH- and temperatur8-d8p8nd8ncc of the reaction 
of s-RNA with N-OH-FA. 
s-RNA (0.09 mm& RNA-P) was treated with N-OH-FA 
(0.03 mmoles) in 60 ml of 0.005 Y acetate Fuffes- 
ethanol = 4:l (v/v) at 21 and 37O in an atmosphere 
of N 

f 
. After different periods of time aliquot 

port ons of 10 ml were withdrawn for analysis. 

Fig.3 - Guanylic acid content (mole per cent of total 
nucleotide after alkaline hydrolysis) of s-RNA 
troatod for different periods of time (see fig. 
2) -with &OH-FA. 
e(P)32O - molar absorption coefficient at 320 

ap per mole RNA-P per 1. 
Points a and b are referred to in the text. 
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been calculated in two cases, based on the assumption that 

one mole of !+OH-FA reacts with one mole of guanine, giving 

2 and 4 fluorene residues (fig.3, points a and b, respect- 

ively) per s-RNA molecule of 80 nucleotides (Cantoni et al., 

1962). In these cases, about 6 and 12 mole pex cent of 

added !-OH-FA has been bound to s-RNA. 

An identical reaction was observed for native DNA under 

the same conditions; after hydrolysis with 98 % formic acid 

at 175o and base analysis, a decrease in guanine content 

was observed (see Table I). 

TABLE I 

BASE UXPOSITIOW OF DNA TBEATED WITH &OH-FA 

DNA (0.045 moles DWA-P) and N-OH-FA (0.015 moles) in 30 
rl of 0.005 Y acetate buffer,‘pH 5.2 - ethanol = 4:l(v/v) 
wexe incubated at 480 for 3 h in aa atmosphere of bl2. 
Control DNAwas treated in the same way except for addit- 
ion of E-OH-FA. 

A320 A280 Base cempositioa, mole % 

G A G C T 

DWA + E-OH-FA 0.20 0.60 29.9 15.4 23.2 31.5 

DNA control 0.00 0.53 27.9 28.9 22.6 28.6 

2-Nitrssofluerene did net react with nucleic acids. 

From the results obtained it is csrcltaded that under 

the conditions erpleyod, the mechanism preposod by Holler, 

Hughes and Ingold (1951) may be operative% 

H+ H 
&N-AH 

+ Nucleo- 
Ar-qla 1. 

A+, 
__c Ar-bJ=H - products 

H phile 
II 

Less of water frem ion I world yield ion II ia which the 

nitreger atom has only a sextet ef valence electrans. If 

this ion is sufficiently resecraace-stabilized, as right he 
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the case if Ar = fluorenyl or biphenyl, it could react 

partly in an l lectrophillc substitution reaction at C-8 of 

guanine, which is the rost likely to be attacked by an 

electrophilic agent (Pullman and Pullran,1963), giving 

(tentative structure): 

4-Biphenylhydroxyluiaa and 2-naphtkylhydrexylaaine 

did not react at pH 5.2, but after 4 h at pH 4.0 and 4Oo a 

slight reaction was observed, the degree of binding being 

about 40 and 18 per cent of that of &CM-FA, mspectively. 

Further work on the identification of the reaction 

product and the biological properties of nucleic acids 

containing fluamre msidues is in progress. Preliminary 

experiments have l lroady shown that the ability to iacorp- 

orate amino acid of rat-liver s-RNA which contains 2-3 

fluomno rolecules per chain, is almost corplotely lost. 
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