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Abstrac t - -The  O-ghlcuronide of N-hydroxy-N-2-fluorenylacetamide (N-GIO-FAA) was deacetylated by 
guinea pig liver, tRNA reacted with the product of this deacetylation, the O-glucuronide of N-2-fluor- 
enylhydroxylaminc (N-GIO-FAt, to give tluorenylaminc-substituted nucleic acid adducts. Thc quantity 
of adduct formation was used to determine deacetylasc activity. 

Of the wlrious guinea pig tissues assayed, only the liver contained enzyme activity, and this activity 
was confined to the microsomal fraction of the cell. Guinea pig liver microsomes were about four 
times as active as rabbit liver microsomes and about fonrteen times as active as rat liver microsomes 
in promoting fluorenylamine-tRNA adduct formation. Adduct formation induced by guinea pig micro- 
somes was about seven times greater at pH 8.5 than at pH 7.0. 

The aglycone of the O-glucuronide, N-hydroxx-N-2-tluorenylacetamide (N-hydroxy-FAA) also yielded 
fluorenylamine-substituted nucleic acid adducts following deacetylation at pH 8.5 by guinea pig liver 
microsomes in the presence of tRNA. In contrast to results obtained with N-GIO-FAA, adduct forma- 
tion with N-fiydroxy-FAA was not as ctlicient, and it was independent of pH over the range 7.0 S.5. 
Rabbit and rat liver microsomes were more active in promoting adduct formation of tRNA with 
N-hydroxy-FAA than with N-G10-FAA. 

The differential inhibition of the microsome-induced formation of adducts of N-GIO-FAA and N- 
hydroxy-FAA with tRNA affirms that the first step in the binding mechanism of N-GIO-FAA with 
tRNA is enzymatic deacetylation and not hydrolysis to the aglycone N-hydroxy-FAA. 

N-Hydroxylation is considered to be the primary step 
in the metabolic activation of carcinogenic aromatic 
amines and amides. Further metabolism of the 
N-hydroxylated metabolites is required to initiate 
their reaction with tissue macromolecules El, 2]. 

The O-glucuronide of N-hydroxy-N-2-fluorenyl- 
acetamide (N-G10-FAA) is a metabolite of N-2-fluor- 
enylacetamide (FAA) in species which are capable of 
N-hydroxylation [3]. Along with N-acetoxy-N-2- 
fluorenylamine, a reactive intermediate which is 
believed to be formed us a product of the reaction 
between the enzyme acyltransferase and N-hydroxy- 
N-2-fluorenylacetamide {N-hydroxy-FAA) [,V6], the 
O-glucuronide has been considered to be responsible 
for the binding of fluorenylamine residues to nucleic 
acids in vivo [3]. In the case of N-G10-FAA, this 
modification of nucleic acids is thought to involve 
prior deacetylation to the unstable and more re~tctivc 
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O-glucuronide of N-2-fluorenylhydroxylamine (N- 
GIO-FA) [7]. 

In vitro studies have shown that, with increasing 
pH, N-GIO-FAA is readily deacetylated to N- 
GIO-FA. This product reacts with the guanine resi- 
dues of RNA and DNA at a rate much faster than 
its acetylated analog, N-G10-FAA [7]. While it has 
been suggested that N-GIO-FA may be formed in vivo 
by conjugation of N-2-fluorenylhydroxylamine (N- 
hydroxy-FA) [8], the deacetylation of N-GIO-FAA 
would also yield the reactive conjugate of the hydro- 
xylamine. 

The present investigation was undertaken to deter- 
mine if N-GIO-FAA could be converted to the more 
reactive N-GIO-FA by enzymatic deacetylation. Since 
N-hydroxy-FAA and FAA are rapidly deacetylated 
by guinea pig liver, as compared to rabbit and rat 
liver [9], initial experiments designed to detect the 
presence of a deacetylasc capable of acting on 
N-GIO-FAA were carried out with guinea pig tissues. 
tRNA was used to trap the reactive product of this 
deacetylation, N-GIO-FA [7]. Consequently, the 
demonstration of deacetylase activity was a function 
of the rate of formation of fluorenylamine-tRNA 
adducts. 

MATERIALS AND METHODS 

Chemicals. N-Hydroxy-FAA-9-[14C] (12.7 mCi/ 
m-mole) was purchased from International Chemical 
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and Nucle;.ir ('orp.. (Jcveland, Ohio. N-Hydrox 3- 
FAA-2'-~3H] (41.5 mCi..m-mole) was prepared by the 
reaction e l  "V-hydroxy-FA [10] with acetic anhydri- 
dc-[3H] (Amersham,Searle Corp.. Arlington Heights. 
lll .)l1.5 1 mole ratio) m henxene. The hydroxarnic acid 
was purified hy conversion to ils sodiunl salt, extrac- 
lion with ether, and precipitation with acid. The yield 
~as 90",. based on acetic anhydride. Double-labeled 
V-hydroxy-PAA-19-1"~C]-[2'-3H] was prepared to 

gi,,e linal specific radioactivities of (~.3m(~i ~4C 
m-mole and 19.1 mCi : H,m-mole. Radiochemical pur- 
it\ was determined by t.l.c, on Eastlll:.ln 6060 Silica 
gel tlshlg chlorol~)rnl methanol (97:3) as a solvenl for 
\ :-hydroxy-FAA (R/ 0.54) [6]. Radioautography with 
Kodak Medical No-Screen X-ray film (Eastman 
Kodak (o . .  Rochester. N.Y.t gave a single radioactive 
spot coincidcnt ~xith the lluorescent-quenching spot 
detected b\, t.l.c. 

The O-glucuronidc of :V-hydroxy-FAA-[9-~'*C] - 
[2 ' - :H] (0.99 mCi l~Cm-mole  and 4.9 mCi 3H'm- 
mole) was prepared biosynthetically. The bile ducts 
of 3 female Sprague Dawley rats were cannulated and 
a solution of 10 mg of N-hydroxy-FAA-[9-~'~C] - 
[2'-Slt] in 150 /zl ofdimethylsulfoxide was adminis- 
tered i.p. to each rat. The bile was collected and the 
O-glucuronide was isolated according to the me:hod 
of Irving, Veazey and Russell [8]. A sample of the 
O-glucurnnide was treated with fi-glucuronidase (bac- 
terial, Type I, Sigma Chemical, Co,  St. Louis, Me.) 
in Sorensen's phosphate buffer, pH 7.0, at 37 for 1.5 
hr. Ether extraction of tile iricubation mixtnre and 
subsequent t.l.c, and radioautographic analysis of tile 
cther extract gaxe one lluorescent-quenching radio- 
acti,<e spot due to tile aglycone, N-hydroxy-FAA. 

Fhc I;:~llo~il]g werc obtained fiom the comnlcrcial 
Sotlrces indicated: 3cast tRNA, />chloromcrcuriben- 
/care. \-ethylmalem~idc, dithiothrcitol, sacchillO-l,4- 
hlcionc, and p-nitrophcnyl-fi-ghlcuronide (Calbio- 
chcn~. Los Angeles. Calif.); diethyl />nitrophenyl 
phosphate (K & K Laboratorics. Inc.. Phlinvicw. 
N.Y.): trisodium pcntacyanoaminc tL~rratc (Fisher 
Scienfilic Co., Pittshurg. Pa.); sodhlm ttuoride (Merck 
and ('o., Inc.. Rahwa\.  N.,I.). 

4nimalx and li.',sttc I,ruparation. Male anilllais were 
uscd in all exl~erinlcnts. Albino guinea pigs (340 
450 g)(Calnin Research lnstitutc. Waync. N.J.I, albino 
rabbits (2 3 kg) (Thompson Research Foundation, 
Monee. ]ILl Syrian golden hamsters (100 125g) 
(Charles Rivers Lakeview Hamster ColoFiy, Newtield. 
N.J.). albino rats ( I SO 230 g} and mice (20 25 g) (ARS,' 
Sprague Dawle~. Madison. Wis.) were purchased 
from the commcrcial sources indicated. 

The rabbits wcre sltcriticed by injection of air into 
lhc heart. The oihcr animals were ancsthclized with 
ethcr prior to rcmowil of tissue samples. The tissues 
were minced and homogenized in the cold with 9 ml 
of 0.25 M sticrose g of tissuc in a glass and Teflon 
homogcnizer [10]. The homogcnates vverc centrifugcd 
ill 8()(X) U lot 2(train. The sediments were discarded 
and thc supcrnatant centrifuged :it 105,(X)()~/ lot 1 hr. 
The pcllcts x~cl-c suspcndcd in lhe original volunlc 
of {).25 M sucFosc and recentrifugcd at 105,000:/ for 
3() lllin. These pellets were l~omogenized in ihc cold 
in 0.05 M Tris HCI bufl'er, pH 8,5 (l g equiv tissue 
w t 2 m l  buffer) and used as lhc microsomal prep- 
aration. The washed guinea pig It\or microsomal pcl- 

lets were stable at - 2 0  for ,,everal cla\s. Dot assa\ 
of urhlary bladder el-~ithelitun lhe inucosa v, as 
stripped from rabbit tissue or from :l surgicall3-rc- 
moved hun]an specimen, and homogcni/cd in ().tt5 M 
Tris HCI buffer, pH S.5. 

Protein dctvrminatiem. Protein ct)ngclllraliOll ~, \\ cF<' 
determined by use of a rood:lied I:olin lnclhod using 
bovine serum albumin as a standard I II ]. 

,I.,;s¢//' i~lt,l/lod lkr vn.:rmc-indmcd addm': li,'malion 
ql lhu O-:/htcmmffdc Ol N-hl'dr~vv-t: t l  i~ilh :R.\ t. 
The standard assa~ system contained I.()nil e l  ().t)5 M 
Tris H(1 btlf['cr, pH S.5, 3 mg of ;c:tst t R N \ .  (L2 nil 
of whole homogenatc (eqtlivalcnl to _~()Dig tis~,ue x\l) 
oi  0.2 Ill] of nlicrosomal hoFilogen~lle (CLILIi\:I]Clll It) 
10t) mg tissue wt, t]suall~< (L5 ().7 mg protehll, alld the 
O-glucLuonide of \ -h , ,d ro \x-FAA- [9-~4('!-[2'-'11! 
1().()2S/mlolcs) in watcr (l()//ll. I h c  mixture \\as incu 
baled with shaking :it 37 Ibr 2(}ram in air. Fhc reac 
tion was slopped bv addition of htHIL?r-satttrald 
phenol j l.0 ml). Thc incorporation of flUOlen ~, hllninc 
residues into RNA ~as detcrmincd as pre\iousl 3 de- 
scribed [6] by precipitating thc nucleic acid Irom 
().6-m] aliquots of the aqueous phase \~iih (~ nil el  2 "  
potassium acctatc in 05",, ethanol. ] he precipiltlte \~a,, 
collected on glass-lihcr lilters and ~xashed succe~,si\eh 
with 70 and 95",, ethanol, acetone, and dieth\l ethel. 
The dr', fihers ~e]e placed in counting xials trod 
moistened with ().15ml o f~a tc r .  \ solubili/er It ml. 
NCS. Amersham Searle Corp.. Arlington Hcights, ll.) 
and tolucne-bascd scintillator i 1()ml)were :tdded. and 
thc ,,ials were counted ill ;I liquM scinlillati~m 
cOl.llltCl, lr£11/\lllC actixilv v,a> expressed sis llll/~,)[C '-, c}I 
lluorcn31amhle bound to tRNA. 

Controls usect m this sttld\ included il/CtlJXItion> 
containing boiled microsomcs, no en/ \mc or the agl y- 
cone of the O-glucuronide, \ -hxdroxy- t : , ' \ \ -  [9- '¢( ' [ -  
[2'-3H] (I).02S/m~ole l t)/~l dimeth}lsullt~xidel. Single 
assaxs were carried Otlt routinelx: duplicatc assays 
using the glucuronide ',is substrale usmdlx agrced 
within 10 per ccnt. but replicates Ll>ing \ - h \ d r o x \ -  
FAA wcrc subicct to slightl 3 glctltcr xariation. Wilh 
the cxccption of Table 1, x~hich is a colnpositc ~*1 
cxpcriments carried out on 5 diltL'rent microsonmi 
preparations, data flonl anal\sis of single tissue prcp- 
ara[iOllS alC shov~tl. Most expclilllcnts \t, clc C:llTicd 
out al Icast twice with dil'Ib]-cnt mien,seruM prcp- 
araliolls. 

R t N !  :I,IS, 

Duacel.vlation q/ 3/- ( ; lO-F, l  I h 3" :lUim'a pi:/ /h'vr and 
lm'malion ol lhtorcuylaniinc-IR.'\.l adducl~. Incuba- 
tions o1 N-G10-FAA with tRNA and guinea pig li~cr 
microsonles resulted in substantiallx greater ]c\cls of 
nucleic acid adducl formation as COml+arcd ~ ith incu- 
bations containing either IlO cn/~DlC ,,)r l'~oilcd nliclo- 
seines. Since the nucleic acid 'adducts contained 1o,,, 
than l per cent incorporation oF the accl 3 ] group t]lCil 
lbrmation was most l ikch due to enzymatic dcacct\- 
]alien of N-GIO-FAA. The prod:let o1 ti~is du'aCCt~<lli- 
lion, N-G10-FA, is i.lnstalqc and kllo~ n to) comhh~c 
spontaneously wilh nucleic acids lo xieht Ihlorcnvla- 
mine nucleic acid adduels 171. 

Incubation of the agl',conc. \ -h \droxx- I  AA. ~ith 
tRNA and guinea pig ]i,,ei lliicrosiillles also ga\c  
Iluorenylaminc-tRN& addl_lcls. As ~aiih the O-glucur- 
onidc hlcubations, onl\ slight hlcorporalion o] ihL' 
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Table 1. Effect of modifying substances on the formation of fluorenylamine nucleic acid 
adduets on incubation of N-GIO-FAA or its aglycone, N-hydroxy-FAA, with tRNA and 

guinea pig liver microsomes 

",, of control activity* 

N-GIO-FAA N-Hydroxy-FAA 
Modifier Concentration as substmle as substratc 

None (Control) 100 100 
p-Chloromercuribenzoate 10 3 96 45 

10 '* 100 105 
N-Ethylmaleilnide 10 : 8 105 

1 0 -  .s 40 92 
10 4. 100 165 

Diethyl p-nitrophenyl phosphate 10 4 0 0 
10 s 0 0 
10 ~' 52 107 

Sodium fluoride I 0 -~ 62 74 
10 -~ 92 115 
10 4 100 95 

Trisodium pentacyanoamine ferratc 10 2 0 106 
10 3 25 179 
10 '* 99 112 

Dithiothreitol 10 ~ 77 148 
Saccharo-l,4-1actone 10 -~ 100 87 

10 3 99 138 

* Enzyme activity was determined by the amount of fluorenylamine-tRNA adducts formed 
and is expressed as per cent of activity without modifiers for each substrate. Adduct formation 
by 5 different microsomal preparations ranged from 0.25 to 0.45 (average value = 0.35) 
nmoles fluorenylamine bound to tRNA/mg protein using N-GIO-FAA as substrate, and 
0.18-0.35 (average value = 0.25) using N-hydroxy-FAA as substrate. 

The enzyme-induced adduct formation by guinea pig liver microsomcs was determined 
in 0.05 M Tris- HC1 buffer, pH 8.5, as described in Materials and Methods. 

acetyl  g roup  (2 per  cent)  o f  N - h y d r o x y - F A A  was 
shown  to be present  in these adducts .  

The  effect o f  pH on  adduc t  fo rmat ion  using ei ther  
N - G 1 0 - F A A  or  its ag lycone  as subs t ra te  in 0.05 M 
T r i s  HC1 buffer is shown  in Fig. 1. W h e r e a s  adduc t  
fo rmat ion  with N - h y d r o x y - F A A  as subs t ra te  was 
essentially i ndependen t  of  pH over  the range 7-8.5, 
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Fig. 1. Effect of pH on the guinea pig liver microsome- 
induced activation of N-GIO-FAA and N-hydroxy-FAA. 
The formation of fluorenylamine-nucleic acid adducts as 
a function of pH on incubation of N-GIO-FAA or N-hyd- 
roxy-EAA with tRNA and guinea pig liver microsomes 
was determined m 0.05 M Tris HC1 buffer as described 
in Materials and Methbds. Data shown are from incuba- 
tion of: II, N-G10-FAA and microsomes: O, N-GIO-FAA 
and boiled microsomes: x~ N-hydroxy-FAA and 

microsomes. 

approx imate ly  a 7-fold increase was found with 
N - G I O - F A A  as subs t ra te  on increasing the pH of  the 
incubat ion  mixture  f rom 7.0 to 8.5. At pH 9.0 the 
N - G 1 0 - F A A  is rapidly deacetyla ted and  no differencc 
in the yield of  adduc t  format ion  by enzymat ic  o i  
chemical  deacetyla t ion  could be shown.  

in incubat ion  mixtures  conta in ing  N - G I O - F A A ,  
t R N A  and guinea pig liver m ic rosomes  at  pH 8.5. the 
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Fig. 2. Time-dependent formation of lluorenylamine nuc- 
leic acid adducts on incubation of N-G10-FAA with tRNA 
and guinea pig liver microsomes. The formation of fluor- 
enylamine-nucleic acid adducts as a function of the period 
of incubation of N-GIO-FAA with tRNA and guinea pig 
liver microsomes (Q) or boiled microsomes (O), in 0.05 M 
Tris HC1 buffer, pH 8,5. was determined as described in 

Materials and Methods. 
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:llYiOLliat O[ l t t iorenyla ln ine residues boul ld  to the lltic- 
lcic acid ~as p ropor t iona l  lo incubat ion ~imcs of  up 
lo - 21)rain (Fig. 2). Zllld lo lhc COllCelltratioil of  mic- 
I'OSOI1]CS (Fig. 3) Lind sul')slI:IIC (Fig. 41. The rcstllts 
o[ cOnll-O[ incubzilJons which contained n~ micro- 
seines or boiled microsolnes are :llso sho;,vla in [;i,g. 
I 4. Addt lc i  I 'ornmtion in contro l  incubat ions \~as 
- 1 5  11(I of  thai ohta incd in incubat ions ~ i i h  
guine,:l pig ]i',er Inicroson-ics. 

l~ttbc~ <tt nl,,Uflj'i~r~S ~ld~/<,l<c.~ ,m  add t , ' t  l;~rma- 
ItcH. Phc ell'cut of v~lriotls modifying suhst~inccs on  
the l;clrmation of  l luorenykul ] inc nucleic acid '<lddticis 
obta ined on incubal ion of  N- ( j lO- I - 'AA or its agl 3- 
cone.'. ,V -hvdrox \ -FAA.  witla tRNA :liad guhlc:i pig 
l iver mJclOSollles :ll pH S.5 is shown in Table 
I. ~,Vllt.'rutis nucleic acid-adducl ft)llllaliola with 
, \ ' -h;droxx-[:AA ~ i s  rcdticcd l D 55 per cent with 
/ ) - c h i c  ic~l-onlcrt2 t l l i  hell/C)Li le  :ll  :1 c o l ] c e l l  [ i-d[i(;n t)[ 
Ill -< M. it was esscnliallx unchangcd with N - ( i I ( ) -  
FAA. In colltr.:isl tO lhis. ,\-etlaxlnmlcimidc ;_llnlosl 
completely inhibited adducl i~:/rmal.ioll \~ith N-(J lO-  
F A A  tit Zl concentrat ion of  I(I " M.  but had no ell'cot 
on adduci forn-l:ition with .\:-hydrox3-l:AA. 

Dicthyl/>nilrol-~hcnyl phosphate at :1 concentration 
of  10 >M coinplctcly inhibited adduct l o rmat io l l  
wilh bolh substrates, lqowe'.cr, at a concentration of 
I0 +'M it had no clt'cct on adduct t i ) rnmtion wi th 
N -hyd roxy -PAA.  bti l it redtlccd ~iddtlCl I~.wnmtion 
wi th  N - G I O - F A A  by af~proximately one ha l l  

In tlac presence of  lO 3 M  d i th io thre i to l ,  adduct 
forll lUliOll was enhLlrlced I)~ :lbC, tlt one and ci hal f  
l imes wi lh  . '¢-hydroxy-VAA :is substii i lu, hul it ~ l s  
rcducc_'d b \  : lbout 1 4 ~,~,llela N-(i l ()- tr . ,XA ~:l~ used 
~is substralu'. Sodiuin l luor idc :it :i concuntrut ion of  
10 2 M  inhibi ted adchict lt~rmzllion I0 approxin~.:ilol) 
the SalllC degree wi th I~oth stil~sli-atcs, whi le I() 2 M 
s:lccharo-1.4-1aclcmc. ~i known/J-gluctu-onidasu inhihi-  
i o r J l  2]. did l lo i  inhib i t  adduct I{)rmalJoil ~ i th  either 
su bsl r~i to. 

Tr isod ium pcilu.ic)arloailqhlc fcrralc, which i-apidl? 
I~:,rms a stable colored complex ~ i th  , \ ' -h ' ,drox ' , -FA 
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Fig. 3. l:luorenylaminc-substitulion of nuclcic acid as a 
functioi] oJ" guinea pig liver microsomcs incubalcd ~ith 
N-GIO-FAA ~llad tR NA.  The  qu~llltit) of l]l.lort.'nylLlnlinc 
ntlcleic acid addtlcls formed t)n incubation o[" xar)Jilg 
amounls of guinea pig liver microsomcs wilh N-GIO-FAA 
and tRNA was determined in ().('15 M Trb, H('I bult"er. 

pH <"4.5. us dcscribcd in Materials and Mcli3uds. 
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Fig. 4. Nubsh-atc-dcpclldcl/t I\~rtn~ttion cH IltlorcllxhHninc 
nucleic acid adducls on incul-,alion of N-(iI()-FAA ~ith 
1RNA and guinea pig lixcr mJcrosonlcs. rhc qu:lntilic<; ot 
I]uorcn\lztminc-subslittttcd nucleic acid formed on incuhzt- 
[it)ll t)l' xarying ZtlllOtlllls of N-( ] IO-FAA with tRNA in 
the l-Jrc.'scnco { i l l  or zibscilcc {O) ~>1' gtlilac:i pig li~cr nlJcio- 
seines \t~l'> dclermhaud tisillg ().l)5 M Tris t t (1 bufl01. 

pH s.5. as duscrihcd in \.l~/tcrials ~illd Mcih~)ds. 

[13], did not inhibit adduct R)rmation ~ilh ,V-h~d- 
roxy-I-:AA at concentrations of 10 -" I() 4 M. Hox~- 
ever adduct formation with N-GIO-[:AA was inhi- 
bited hv 75 per cent at 10 ~M trisodium pcnta- 
c~anoanliiae fCl'F;.I I C. 

htls'dc't'//tl/aS" di.';lril~ttlioll o/ c'n_-V#nt' ~lclit il)'. ..\dduct 
lornlation resulting from incubation of N-(iI()-V,\: \  
or its tlgl3colac. \ -h , ,drox3-FAA. ~<itla IRNA and sub- 
cclluklr fractions of guinea pig liver is sho~n in Table 
2. When N-G10-I-AA was used as the substtatc, onl\ 
the microsonml fraction dezicetylalcd the O-glucur- 
onide and produced lluorcnylaininc IRNA adducts. 
In contrast, each intraccllular Iuaction was capable 
of adduct forinatioza with ~V-hvdrox\-kAA as sub- 
strate. In other cxpcrin~cnts the microsomal fraction 
was shown Io hc relalixel~ more ellecl ivc in the for- 
mation of adducls using \ -h~drox~-FAA <is sub- 
slrLltc. 

l)i.~ll'i/~lll[otl ¢!i t'll2.VIIt(' ~l{'li*ilr' ill lJ.S.~,IIt'.S ¢!l f'~tl'i~)llS 
spcci~'.s. Table 3 shows a compmison of tile R,rnmtion 
c,f nucleic acid adducts on incubation ~fl N-(JIO-FA \ 
or its aglyconc with tRNA and the li,<cr nficrosomcs 
of ~,evcral species. With N-(i lO-FAA as substratc. 
guinea pig liver microsomcs x~crc about four times 
as acl.ivc :is rabbit l iwr microsomcs in inducing con> 
hinalioll o1 l]uorcn\laminc residues with IRNA. Ral 
lixcr lnicrosomcs x~crc onlx nmrginall 3 :rctixc and no 
actixitx \~:ts dclcctcd in either h~lrYlster o f  ia/(}tlsc laaic- 
r-osomcs. 

[n C¢)lllr:lsI |(~ thcsc ]esuhs. ~vlacn the aglyconc 
. \-h3droxy-l-AA wa~, used as substratc, rabbit ]i~,cr 
m i c r o s o m c s  w c r c  :lbottt (.MAC : l l ld  LI half t i m e s  as  aclixc 
:is guinea pig liver microsomes in forming l]uorcnvla- 
minc tRNA adducts. Also. rat liver naicrosomcs were 
about three timcs as active ira promoting nucleic acid 
adducts with :V-hydroxy-FAA :is suhslr<tlc :is tile3 
~ c r c  ~ith N-GIO-FAA as subslratc. 

The nnlounts of l]l.lorcn)laminc nucleic acid 
adducts lbrmed on incubation at pH <<';.5 of N-GIO- 
FAA. IRNA and naicrosomcs isolated from the spleen. 
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Tablc 2. Fluorenylaminc nucleic acid adduct tormation on incuhation of N-GIO-FAA or 
its aglycollc. N-hydroxy-FAA, with IRNA and subccllular flactions of guinea pig liver 

F'luorenylaminc bound  to tRNA 
nmoles × 10 TM 

N-GIO-FAA N-hydroxy-FAA 

Per 100 mg Per mg Per 100 mg Per mg 
Liver ccll fractionq" tissue protein tissue protein 

Whole homogcnate  7.{-; 1.0 7.3 0.9 
N uclei < (I. 1 < 0.1 1.3 1.3 
Milochondr ia  0.2 0.3 0.7 0.9 
Cytosol 1).3 O. 1 2.0 0.5 
M icrosomcs 4.9 4.9 1.0 1.0 

* Vahies given lk~r adduct lbrmaiion v<erc correctcd by subtracting thc binding obtained 
in conlrol incubations with boiled mierosomes. 

-I- Fraciionation of guinea pig liver was accomplished according lo lhe method of Lotlikar. 
ct a/. [10]. 

The enzynle-induccd adduct [ormalion b) guinea pig liver fractions \~as determined in 
0.05 M Tris HCI buffer, pH 8.5. as described in Materials and Methods. 

small intestinc, colon, kidney, Icing. stomach or blad- 
der of tile guinea pig or rat, or homogenates of 
human or rabbit bladder mucosa were not signili- 
cantly different from control incubations containing 
boiled microsomes. 

Partially purified arylhydroxamic acid acvltransfer- 
ase [6]. an enzyme which is present in the cytosol 
of tissues of a variety of specics and is known Io 
promote fluorenylamine-RNA adduct formation on 
incubation with N-hydrox},-FAA [14] did not induce 
adduct formation when incubated with N-GIO-FAA 
and tRNA at pH 7.0. Similarly. homogenates of ham- 
ster liver which contain high levels of acyltransfcrase 
[14] were also inefliective in promoting nucleic acid 
adduct formation when incubated with the O-ghicur- 
onide and tRNA at pH 8.5. 

DISCUSSION 

This study has demonstrated the enzymatic dcace- 
tylation of an O-glucuronide conjugate, N-GIO-FAA. 
Tile possibility' that hydrolysis of this O-glucuronidc 
conjugate to its aglyconc. , \ -hydroxy-FAA. was 

Table 3. Comparative formation of fluorenylaminc nucleic 
acid adducts on incubatiort of N-G10-FAA or its agl)conc. 
N-hydroxy-FAA. with IRNA and thc lixer microsomcs of 

several species 

Fluorenvlaminc bound  to IRNA mg 
Prolcin ilmoles x 10 l* 

Species N-GIO-FAA N-hydroxy-FAA 

Guinea pig 5.6 4.2 
Rabbit 1.3 6.6 
Rat <(I.4 1.2 
Mouse < (/. 1 
Hamstcr O. I 

* Values given for adduct tbrmation were corrcctcd by 
subtracting thc binding obtained in control incubations 
with boiled microsomcs.  

The enzyme-induced adduct formation b,,. liver micro- 
seines was determined in 0.05 m Tris HCI buff'or, pH S.5, 
as descrihed in Materklls and Methods.  

occurring prior to enzymatic deacetylation and bind- 
ing with tRNA ~as not supported by' tile data. 

The dependence of enzyme-induced fluorenyla- 
mine nucleic acid adduct formation on pH was criti- 
cal with N-GIO-FAA as substratc. The optimum pH 
for adduct formation was 8.5. and while incubations 
at pH 7.0 gave little adduct formation, incubations 
at pH 9.0 rapidl? deacetylated the O-glucuronide and 
enhanced the yield of fluorenvlamine nucleic acid 
adducts even in cnzyme-fiec controls. However. 
adduct Ibrmation with N-hydroxy-FAA as substrate 
was essentially independent of pH between 7.() and 
8.5. The pH optimum of fi-glucuronidase in main- 
malian tissues is about 5 [l 2], and the possibility that 
cnzyme-induced nucleic acid adduct Iormation ~ith 
N-GIO-FAA as substrate resultcd from initial clea- 
wtge of the O-ghlcuronidc to its agly, conc by fi-glucur- 
onidase ~as unlikely. If this were tile case, enzyme- 
induced nucleic acid adduct tbrmalion ~,ith the O- 
ghlcuronidc would have been expected to be greater 
at pH 7.(I. where /~'-glucuronidasc actixity would be 
higher, than at pH S.5. IndEed. mdcpcndcut measure- 
ment in our laborator \  of  the abi l i ty of guinea pig 
liver microsomcs to hydrolyzc />nitrophcnyl-/#glu- 
curonidc [12] has sho\~,n thai thc /]-glucuronidasc 
activity was essentially abolished as tile pH was in- 
creased from 7.(1 to 8.5, Also. saccharo-IA-iactonc, an 
inhibitor of /]-glucuronidasc [12]. did not decrease 
the amotlnt O[ adduct lbrmation when it was added 
at a concentration of 10 : M to a mixture of N-GIO- 
FAA, tRNA and guinca pig microsomcs tit pH 8;.5. 
Although it has previously been demonstrated that 
tile elliciency with which saccharo-l.4-1actone inhi- 
bited /]-glucuronidase activity decreased as the pH 
was increased, the net effect of the inhibitor was to 
inhibit the hydrolysis of the ghlcuronidc conjugates 
in all cases EI5]. 

The possibility of clcavage of N-GIO-FAA to 
N-hydroxy-FAA prior to enzyme-reduced nucleic 
acid adduct folIillation was also dilninished by tile 
fact that 10 -~ M />chloromcrcuribenzoate mhibitcd 
adduct tbrmation b)  55 pcr cent when N-hydroxy- 
FAA was tlsed as substrate, but had essentially no 
cll'ect oil nucleic acid adduct formation with the 
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O-glucuronidc. If hydrolysis of N-GIO-FAA to 
N-hydroxy-FAA were an obligatory event for the 
actiwttion of the O-glucuronide, then p-chloromercur-  
ibenzoatc should also have inhibited adduct  forma- 
lion when the O-glucuronide was used as substrate. 

In view of the preceding discussion, and the obser- 
vation that N-eth3,1maleimide and trisodium penta- 
c \ anoaminc  ferratc, at concentra t ions  of 10 -' M, in- 
hibited adducl  R~rmation only* when the O-glucur- 
onidc was used as substrate, it appears that  two dis- 
tinct enzymes in guinea pig liver microsomes may bc 
rcsponsible tor the act iwnion of N-GIO-FAA and 
\ : -hydroxy-FAA. Irving [9] has demonstra ted thai 
trisodium pentacyanoaminc  fermte slightly stimulated 
the deacctylation of N-hydroxy-FAA by guinea pig 
liver microsomcs at pH 7.0. In our  study trisodium 
pentacyanoaminc  fcrrate was used in an at tempt  to 
inhibit adduct  tbrmation of N-hydroxy-FAA and 
tRNA by reaction with the deacetylated product. 
X-hydroxy-FA, if indeed it was formed. Since adduct  
Rwmation was not inhibited, either the t r isodmm pen- 
tacyanoaminc fcrratc did not trap the N-h3,droxy- 
FA at a rate sufficient to prevent its reaction with 
tRNA or some other intermediate was rcsponsiblc for 
the introduction of fluorenylamine residues into 
tRNA when N-hydroxy-FAA was used as substrate. 

Enzyme-induced nucleic acid adduct  formation 
with both substrates wets inhibited by low concen- 
trat ions of dicthyl p-nitrophenyl phosphate.  The 
enzymes in guinea pig liver microsomcs which dcace- 
tvlate N-hydroxy-FAA and FAA have been shown 
to be inhibited by low concentra t ions  of this organic 
phosphorot ts  compound  [9. 16]. This suggests that  
the enzyme for the deacetylation of the O-glucuronidc 
of N-hydroxy-FAA may be an estemse-typc enzyme 
[9. l(q. 

Although steroid glucuronides have been shown to 
undergo metabolic t ransformation without hydrolysis 
of the carbohydra te  moiety [17], analogous metabolic 
t ransformations of xenobiotic conjugates are less well 
knowlL The present study indicates that cnzwnatic 
action on the aglycone moiety of so-called detoxified 
conjngatcs, such as ghlcuronides, may have important  
pharmacological  and toxicological implications. 

The role of the enzymatic deacetylation of N-GIO- 
FAA m carcinogcnesis is at present difficult to assess. 
The tissue distr ibution of the enzyme appears  to he 
limited inasmuch as dcacctvlase activity has been 
demonst ra ted  only in the liver of a few of the several 
species tested. Furthermore.  the guinea pig, which is 
nol susceptible to the induction of liver tumors  by 
N-hydroxy-FAA E IS]. has much higher levels of this 
cnzymc than does the rat, which is susccptiblc to the 
induction of liver tumors b.v N-hydroxy-FAA [19]. 

If the alteration of tissue macromolccules plays an 
impor tan t  role m the induction of tumors  by chemi- 
cals, the metabolic activation of aromatic  amines and 
other carcinogens to reactive deriwttives may be cru- 
cial to the carcinogenic process [20]. Although the 
conjugation of N-hydroxy-FAA with sulfa.re has been 
implicated in the development of liver tumors  in the 
rat [21 23], this metabolic pathway is apparently not 
involved in the product ion of tumors  in other tissues 
of the mt or other species [21,24]. Enzymes capable 

of activating arylhydroxamic acids h~ N - +  0 acyl- 
transfer are widely distributed in tissues that develop 
tumors,  as well as in tissues that  havc not been shown 
to be susceptible to carcinogenic aromatic  amincs 
[5.6, 14, 25]. Still other tissues develop tumors but 
have not been shown to possess a mctabolic acli- 
ra t ion  system [14]. ( 'onsequently,  it seems that no 
single metabolic pathway is unkluely associated with 
the carcinogenicit,,  of these compounds.  
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