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SUMMARY

A highly purified phenylalanine transfer RNA (tRNA@)
was isolated from normal rat liver and from livers of male
and female rats fed a semisynthetic diet containing 0.06%
3'-methyl-4-dimethylaminoazobenzene for 3 weeks. Ab
sorption spectral analysis on tRNAN@efrom normal and car
cinogen-fed rats indicated an unusual absorption above 335
nm by tRNAPheisolated from the latter group. Ribonuclease
T1 digestion followed by chromatography on diethylamino
ethyl cellulose columns indicated the existence of a major
peak of covalently bound oligonucbeotide-azo complex. Mi
crocrystalline cellulose thin-layer chromatography resolved
the peak into one major and four minor components, all
with similar absorption spectra. Enzymatic digestion of the
major peak obtained from diethylaminoethyl cellulose chro
matography to ribonucleosides, followed by chromatogra
phy on cellulose thin layer, resulted in one major and three
minor components. A higher uridine:cytidine base ratio was
also observed in the tRNAPt@isolated from the carcinogen
fed animals. These findings suggest that certain transfer
RNA's may be major targets for this azo carcinogen.

INTRODUCTION

There are increasing indications that the interaction be
tween chemical carcinogens, or their activated forms, and
specific macromolecules of target cells may be an essential
event in the origin of tumors. The various classes of carci
nogenic chemicals form covalent linkages with nucleic
acids and proteins in susceptible tissues. Recently, Lin et
a!. (ii, 12) provided convincing indication that the major
dye-containing components obtained from the hydrolysis of
the liver DNA and rRNA from rats given labeled N-mono
methyl-4-aminoazobenzene are N-(guanosin-8-yl)- and N-
deoxyguanosin-8-yl)-MAB.3 These same components were
also identified when N-benzoyloxy-MAB was reacted in
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vitro with nucleic acids and with guanine-containing de
rivatives (11, 17).

Several investigators have reported that some tANA in
livers of rats given 3'MeDAB or acetylaminofluorene ex
hibited chromatographic profiles that differed from the nor
mal (5, 15, 20). Other workers have reported that the extent
of binding of chemical carcinogens to tRNA may be much
greater than to other forms of RNA (1, 3, 6, 8, 9, 13, 14, 16,
18, 20). The extent of binding of N-monomethyl-4-amino
azobenzene to liver tANA was 2 to 3 times that of rRNA (20).
Accordingly, it appeared worthwhile to isolate and charac
terize a liver tRNWhefrom the livers of albino rats fed a diet
containing3'MeDAB.

MATERIALSAND METHODS

BD-ceblubose,20 to 50 mesh, was obtained from Schwarz/
Mann, Orangeburg, N. V. DEAE-cellulose (0.84 mEq/g) was
obtained from Schleicher and Schuell, Inc., Keene, N. H.
Labeled L-aminO acids (14Cand 3H)phenylabanine, tyrosine,
serine, lysine, tryptophan, and arginine were obtained from
New England Nuclear, Boston, Mass., and Amersham/
Searle Corp., Arlington Heights, III. ANase T1, 5000 units/
vial, was obtained from Calbiochem, Los Angeles, Calif.
Venom phosphodiesterase and bacterial alkaline phospha
tase were obtained from Worthington Biochemical Co. , St.
Louis, Mo. Cerrelose (glucose monohydrate); vitamin-free
casein, and Salt Mixture V were purchased from Nutritional
Biochemical Corp., Cleveland, Ohio.

Animals and Diet

Young adult male and female Sprague-Dawley rats, i40 to
150 g in body weight, were placed on a semisynthetic diet
[consisting of 720 g glucose monohydrate (cerrelose), 180 g
casein (vitamin free), 40 g salt mixture, 50 g Mazola oil, 30
mg thiamine HCI, 30 mg choline chloride, 2.0 mg riboflavin,
7.0 mg calcium pantothenate, and 2.5 mg pyridoxin HCI per
1000 g] plus 0.06% 3'MeDAB for a period of 3 weeks. Rats
were sacrificed by decapitation at the end of this feeding
period. Livers were excised and the total tRNA fraction was
isolated.

Isolation of Liver tRNA and Aminoacyl-tRNA Synthetase
Fractions

The tRNA was isolated from livers of normal and carcino
gen diet-fed animals by the procedure of Brunngraber (2).
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Liver aminoacyl tRNA synthetase was isolated from the pH
5.0 fraction of 105,000 x g supernatant of normal rat liver
homogenate (7). Nucleic acids were removed from the syn
thetase preparation by DEAE-cellubose absorption and pre
cipitation with protamine sulfate solution. The synthetase
preparation was stored in 20% glycerol containing 0.01 M
Tris-HCI, 0.001 M /3-mercaptoethanol buffer, pH 7.2. Each ml
of synthetase preparation corresponded to 1 g of wet liver
tissue.

Isolationof PurifiedLiver tRNA@@

A 2-step purification procedure for the isolation of highly
purified tRNA@@was used: (a) chromatography on BD-cellu
lose and (b) RPC-2 column chromatography.

BD-Cellulose Column Chromatography. BD-celbubose,20
to 50 mesh , was suspended in 2 M NaCI, heated to about'
80Â°,and degassed. A 1.5- x 60-cm column was packed and
washed with sufficient 1.5 M NaCI, 0.05 M sodium ace
tate:0.Oi M MgCI2 (pH 5.0) containing 25% ethyl alcohol to
remove the UV-absorbing materials. The column was equili
brated with a 0.1 M NaCI, 0.05 M sodium acetate, 0.01 M
MgCl2 buffer (pH 5.0).

The total liver tRNA was dissolved in the above-described
buffer to a concentration of 10 mg/mI and applied to the
column. The column was eluted with a linear sodium chbo
ride gradient, 0.0 to 1.4 M, plus the above-described buffer
constituents (pH 5.0) at a flow rate of 1 mI/mm. The column
was further eluted with 1.4 M NaCI buffer until the effluent
approached an A2@reading of 0.1 . Finally, elution was
completed with buffer containing 1.0 M NaCI and 15%
ethanol. Fractions were collected at 10-mm intervals. The
A2@peak eluted with ethanolic buffer was pooled and con
centrated to about 10 ml (Amicon Ultrafiltration cell with a
U.M.-iO membrane; Amicon Corp., Lexington, Mass.). The
tRNA was recovered by precipitation overnight with 2 vol
umes of ethanol at _200 and dissolved in 2 ml of water.

RPC-2 Chromatography.A column, 1 x 110 cm, was
packed with RPC-2 packing material prepared according to
the method of Weiss and Kelmers (21). This column was
washed with 2.0 M NaCI, 0.01 , M sodium acetate, 0.01 , M
MgCI2, 0.001 M EDTA, and 0.001 M /3-mercaptoethanol (pH
4.5) and equilibrated with 500 ml of 0.1 M NaCI plus the
other buffer constituents, and the aqueous solution of the
above tRNA was applied to this column. The column was
ebuted with 600 ml of 0.i to 0.9 M NaCI linear gradient con
taming 0.01 M sodium acetate, 0.01 MgCI2, 0.001 M EDTA,
and 0.001 M /3-mercaptoethanol (pH 4.5) at a flow rate of 20
mb/hr. Two-mb fractions were collected and the A2@was
determined. Peaks were pooled separately, and tRNA was
recovered by concentration and precipitation with alcohol,
as described above, with BD-cellulose chromatography.
The recovered tRNA for each peak was dissolved in water.

Assayfor tRNAPheAcceptorActivity

@ . Aliquots of.total liver tRNA'and other desalted fractions

recovered following BD-cellubose and RPC-2 column chro
matography were assayed for amino acid acceptor activity
by incubation with liver aminoacyl-tRNA synthetase in the

presence of 14Cor 3H phenylabanine, ATP, and MgCI2 for 30
mm at 37Â°(7). The incubation mixture was immersed in an
ice bath, followed by 5% trichboroacetic acid precipitation
and Miblipore filtration. Free labeled amino acid was re
moved by washing with cold 5% trichboroacetic acid and
cold absolute ethanol, and the Milbipore filter was dried at
40Â°;radioactivity was determined in a Packard liquid scintil
lation spectrometer using Liquifluor toluene mixture. The
tANAPhepurity in these preparations was calculated on the
basis that each 1 A2@,,unit of tRNAPhewould accept 1666
pmole of phenybalanine (7).

RNase T1Digestionof tRNAPhe

A solution of tRNAPhe,0.5 mg/mI of 0.1 M Tris-HCI buffer
(pH 7.5), was incubated with RNase T1, 500 units/mg
tRNAPhe,for 9 hr at 37Â°.The solution was adjusted to contain
7 M urea by the addition of 4.2 g urea in a total volume of 10
ml (7).

DEAE-celluloseColumnChromatographyof tRNA@'eOh
gonucleotides

DEAE-cellulose was suspended in water, and the fines
were removed and treated in the following manner: (a)
washed with 0.5 M HCI, (b) washed with 0.5 M NaOH, (c)
sufficient water was added to remove excess NaOH, (d)
washed with 0.1 M acetic acid, (e) sufficient water was
added to remove excess acetic acid, (f) washed with 0.5 M
sodium chloride in 7.0 M urea and 0.02 M Tris-HCI at pH 8.0,
(g) washed with 7.0 M urea and 0.02 M Tris-HCI, pH 8.0, and
(h) finally, suspended in 7.0 M urea:0.02 M Tris-HCI (pH 8).

A 0.5- x 110-cm glass column was packed with the above
described DEAE-cellubose under gravity flow. The packed
column was washed with about 50 ml of 7.0 M urea and
0.02 M Tris-HCI at pH 8.0.

Oligonucleotides resulting from RNase T, digestion of
tRNAPhewere adjusted to contain 7 M urea at pH 8.0. This
solution was pumped into the DEAE-cellulose column at a
slow flow rate (about 5 ml/hr). The column was eluted with 0
to 0.45 M NaCI linear gradient in 7.0 M urea, 0.02 M Tris-HCI
(pH 8.0), total volume, 600 ml at a flow rate of 15 mI/hr. The
effluent was monitored at 254 nm with a UV monitor (Labo
ratory Data Control, Riviera Beach, Fla.). Two-mI fractions
were collected , and A@;,was determined with a Gilford
spectrophotometer.

Base Compositionof tRNA@e

Purified tRNAJ@epreparations isolated from normal rat
liver and from livers of rats fed the 3'MeDAB-containing diet
were completely digested to ribonucleosides by incubation
for 24 hr at room temperature with a mixture containing
pancreatic RNase, 100 jtg; RNase T1,50 units; snake venom
phosphodiesterase, 150 @g;and bacterial alkaline phos
phatase, 50 pg/i mg tRNA. The pH of the solution was
maintained at 7.4 by the addition of 0.01 M sodium hydrox
ide solution. The mixture was passed through a U.M.-10
membrane (Amicon ultrafiltration cell) to remove the pro
tein enzymes; the filtrate was collected and concentrated to
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tRNAPhe content offractions wasobtained throughout the purificationprocedure.tRNA

fractionRecove
ry

(% of total)Acceptor

activity
(mole amino
acid/i .0 A2,,,)%purityContaminantTotal

livertRNA100503-4BD-cellubose6.060036Nonchargeable
materialsRPC-21

.0i40085Nonchargeable materials

A tRNA@eAzo Dye Comp!ex

100 s.d.This solutionwas adjustedto contain0.4 M ammo
nium formate (pH 4.65) and chromatographed on a 0.6- x
60-cm, jacketed, high-pressure column packed with Aminex
A6 cation-exchange resin (Bio-Rad Laboratories, Richmond,
Calif.). The column was eluted with 0.4 M ammonium for
mate, pH 4.65, at a flow rate of 10 mb/hr. Column tempera
ture was maintained at 50Â°and the effluent was monitored
at 254 nm. Standard ribonucleosides of known concentra
tion were chromatographed in the same manner. Molar
base ratios were determined from each of the peak areas
(19).

Removal of Urea and Salts from DEAE-cellulose Effluent

Peak areas were pooled and diluted 10-fold with distilled
water, the pH was adjusted to 7.4, and the solutions were
passed through a 1- x 5-cm DEAE-cellubose column. The
column was washed with 20 ml of water, and oligonucbeo
tides were eluted from the column with 1.0 M triethylam
monium bicarbonate buffer (pH 7.4). The triethylammonium
bicarbonate was removed by repeated lyophihization or
flash evaporation at a temperature below 40Â°.

Thin-Layer Chromatography

Ribonucleosides resulting from the enzymatic digestion
of various tRNA samples or obigonucleotides recovered
from DEAE-cellulose were chromatographed on microcrys
talbine cellulose or Silica Gel G thin layer prewashed with
the developer. The following solvent systems were used as
developer: (a) methanol:15% HCI:water (7:2:1); (b) ben
zene:methanol (7:3); (C) the aqueous phase from 1-bu
tanol:i-propanol:water (4:1:5), 100 ml and 1 ml of con
centrated ammonium hydroxide solution. Elution from sib
ica gel and cellulose was carried out with acidified water,
methanol, or 0.OOi M HCI. The eluted fractions were evapo
rated to dryness under reduced pressure.

Spectral Studies

The spectrum of 3'MeDAB was carried out on a solution
in absolute ethanol. Spectra of various tRNA@e samples
were determined on solutions in 0.1 M phosphate buffer (pH
7.4). The spectra of components recovered from various
thin-layer materials were ascertained from solution in abso
lute ethanol and 88% formic acid. All of the above absorp
tion spectras were carried out in a Cary Model 15 spectro
photometer.

Purity of tRNAPIIefractions
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RESULTS

The total liver tRNA isolated from normal rats and from
rats fed a diet containing 3'MeDAB contains approximately
the same percentage of tRNAPhe(Table 1). BD-cellubose
chromatography of total RNA from either source also mdi
cated similar ebution profiles (Chart 1) with 2 major A2;,
peaks. The 1st peak ebuted from the column with buffered
NaCI gradient, while the 2nd peak material remained tightly
bound to the BD-cellulose and could be removed from the
column only with buffered 1.0 M NaCI containing 15%
ethanol. Assay for tRNAPheacceptor activity of these 2 peaks
after recovery by concentration and ethanol precipitation
indicated that all activity resides in the 2nd peak. The con
tent of tRNA@@ein this fraction was approximately 40%.
Furthermore, the tRNAPhe@enrichedfractions were devoid of
tyrosine, lysine, tryptophan, arginine, and serine tRNA ac
ceptor activity.

Chromatography of tRNAPhe@enrichedfractions on a RPC
2 column resolved the material into 1 major and several
minor A21;,,peaks (Chart 2). No major differences were ob
served in the elution profiles of normal rat liver tRNAPhe
fraction and in those from livers of rats fed the diet contain
ing 3'MeDAB. Assay for tRNAPheacceptor activity in each
peak from both sources after recovery by concentration
and precipitation with ethanol indicated that iOO% of the
activity resides in the major peak. The tRNAPhVobtained in
this fraction has a purity of 90% based upon this amino
acylation assay.

The absorption spectral studies on the purified liver
tRNA@ from rats administered the diet containing

3'MeDAB indicated the presence of an unusual absorption
between 335 to 450 nm (Chart 3). If this absorption was
contributed by the presence of covalently bound 3'MeDAB
or its metabolite(s) to tRNA@e(assuming no alteration in the
absorption spectra of 3'MeDAB as that exhibited by
3'MeDAB in alcohol at 335 nm), this would indicate that the
molar ratio of 3'MeDAB covalently bound to tRNA@eis 1:1.

Complete enzymatic digestion of tRNA@ to nucleosides
(pancreatic RNase, RNase T1, snake venom phosphodies
terase, and alkaline phosphatase) followed by chromatog
raphy on microcrystalline cellulose thin layer using metha
nol:HCI:water as developer, indicated the separation of a
bight yellowish band with an RFvalue of 0.92. This compo
nent has a spectrum similar to that of the parent tRNAPhe.

Results of the comparative studies on the elution profile
of obigonucleotides resulting from RNase T1 digestion of
tRNAPheisolated from livers of male normal rats and from
male and female rats given 3'MeDAB-containing diet on
DEAE-cellubose are shown in Chart 4. The profiles indicate

Table1
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several qualitative and quantitative differences. The most
striking difference between these profiles is in the area
designated as peak area (Chart 4, PA). This peak area was
considerably Iarger'in the preparations from liver tRNA@e
from rats given the 3'MeDAB-containing diet.

Chromatography of the above desalted peak-area mate
nabon microcrystalline thin layer using rnethanol:HCI:water
resulted in 1 major component with an R@value of 0.92 (the

same as that obtained from the above-described chroma
tography of the tRNA'@ nucleosides) and 4 minor compo
nents with RF values of 0.44, 0.58, 0.66, and 0.76. The
spectra of these components in 88% formic acid were also
identical to that of the major component (RF0.92). However,
when the desabted peak-area material was first enzymati
cabbydigested to nucleosides (with pancreatic RNase, snake
venom diesterase, and alkaline phosphatase) and subjected
to thin-layer chromatography, 1 major component (R@0.92),
and only 3 minor components with RFvalues of 0.36, 0.71,
0.77, resulted. The absorption spectra of these components
in 88% formic acid are also similar to that of the major
component in the same solvent.

Results of rechromatography of the major component, RF
0.92, recovered from microcrystalline cellulose thin-layer
chromatography of Peak A (before or after the enzymatic
digestion to ribonucleosides) on Silica Gel G thin layer and
Solvent B, or microcrystalline cellulose thin layer and Sob
vent C are shown in Table 2.

Major base compositions of liver tRNAPhefrom normal rats
and from rats given the 3'MeDAB-containing diet are shown
in Table 3. The results indicated a major alteration in the
cytidine and uridine content as a result of feeding the car
cinogen-containing diet. An attempt was made to isolate the
major interaction product, as described above, from the

E
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Froction Number NaCI@ OM
5% ETOH

Chart1. Chromatographicprofileof total normalrat livertRNAor liver
tANA from rats given a 3'McDAB-containing diet for 3 weeks on 1.5- x 60-cm
BD-ccllulose column eluted first with 0 to 1.4 M NaCI linear gradient in 0.05 M
sodium acetate:0.01 M MgCl2 at pH 5.0; total volume, 2000 ml, at a flow rate
of 1 mI/mm, followed by elution with 1.0 M NaCl:0.05 M sodium acctate:0.01
M MgCI2 buffer containing 15% absolute ethanol (EtOH).

0

E

c@ S

Fraction Number

Chart 2. Chromatographic profile of partially purified liver tRNA'â€•â€•frac
tion obtained from normal rat livers and from livers of rats given 3'MeDAB
containing diet for 3 weeks on a 1- x 110-cm RPC-2 column eluted with 0.1 to
0.9NNaCllineargradientin 0.01PAsodiumacetate.0.01N MgCI2,0.001M
EDTAand0.001N /3-mercaptoethanolat pH4.5;totalvolume,600ml,ata
flow rate of 20 mI/hr.

4@
Wove Length nm

Chart 3. Absorption spectra of normal tANAâ€• (1) of tRNAâ€•from rats
administered a 3'McDAB-containing diet (2), and of 3'McDAB (3) 1 and 2
were carried out on a solution of tRNAâ€•in 0.1 M phosphate buffer; 3 was
carried out on alcoholic solutions of 3'MeDAB.

0I

Chart 4. Elution profiles of the oligonucleotidee result from RNase T digestion on a 0.5- x 110-cm DEAE-cellulosc column cluted with 0 to 0.45 M NaCI
linear gradient in 7.0 M urea and 0.02 MTrie-HCI buffer at pH 8.0; total volume, 600 ml, at a flow rate of 15 mI/hr of normal rat liver tRNAâ€•(A), of tANAâ€•from
male rats given the 3'MeDAB-containing diet for 3 weeks (B); and of female rats given the carcinogen-containing diet for 3 weeks (C). PA peak,
oligonucleotide azo dye complexes; Gp, guanosine monophosphate.
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Mobilities of major carcinogen nucleoside complexesisolatedfrom
purified liver tRNAPhefraction and from the remainingtRNA(tRNAPhe)

and of 3'MeDAB in varioussystems.Solvent

A, SolventC,microcrys-
Solvent B, microcrys

talline cd- Silica Gel talline cd
lular GIularMajor

component isolated 0.92 0.370.85from
tRNA@'@@eComponent

from tRNA@â€• 0.92 0.370,853'MeDAB
0.84 0.93 0.0

Composition (mole%)Adeno

Guano Cyti
Source oftRNA@esinesineUridinedineNormal

liver253i2618Liver
of rats fed azo-dye con24302224taming

diet

A tRNA@eAzo Dye Complex

Table 2

Thin-layer chromatography data
containing diet indicated several minor differences in addi
tion to 1 majordifferencein the areadesignatedas peak
area (Chart 4). Thin-layer chromatography of this fraction
peak area revealed the presence of a major component with
the RFvalue of 0.92 and 4 additional minor components with
RF.values of 0.44, 0.58, 0.66, and 0.76, respectively. Initially,
it was thought that these components may represent poly
nucleotides with a guanine 3'MeDAB complex, which, upon
further digestion to nucleosides, would release the same
component. However, the enzymatic digestion of the peak
area fraction followed by thin-layer chromatography re
solved the nucleoside mixture into 3 minor components
with RF0.36, 0.71 , and 0.77, in addition to the major compo
nent with RF0.92. The absorption spectra of these compo
nents are similar to that of N-(guanosin-8-yl)-MAB complex
synthesized by Poirier et a!. (17) by reacting N-benzoyloxy
MAB- and guanosine- or guanine-containing polynucleo
tides (17). These spectra are similar to those of the corn
plexes resulted from reaction of N-monomethyl-4-amino
azobenzene and RNA or DNA in the presence of iodine or
potassium persulfate (iO) and in the presence of sodium
nitrite in acid medium (unpublished data). However, it is
important to indicate that the spectra of the components
isolated from liver tRNA@ of rats fed a 3'MeDAB-containing
diet are different from the spectra reported recently by Lin
et a!. (11) of the complex obtained by reacting N-ben
zoyboxy-MAB- and guanine-containing polynucleotides.
These authors presented evidence to prove that the product
from the above reaction is N-(guanosmn-8-yl)-MAB and is
identical to that isolated from liver tRNA of rats given a
single dose of N-monomethyl-4-aminoazobenzene.

The material previously characterized by Lin et a!. (11)
was isolated from liver RNA of rats given a single injection
of N-monomethyl-4-aminoazobenzene and sacrificed 46 hr
after the injection. The material in the present report was
isolated from purified rat liver tRNA@ from rats that had
been fed a diet containing the 3'-methyl derivative of di
methylaminoazobenzene for 21 days. Thus, the difference
in the absorption spectra of the major component isolated
from liver tRNA@@of rats fed the carcinogen containing diet
and N-(guanosin-8-yl)-MAB may be attributed to the fact
that different carcinogens were used or to the varying time
periods involved in the 2 studies. The difference in spectra
may also be due to the mechanism for activation of ring
methylated azo dyes proposed by Dipple (4). This mecha
nism involved hydroxylation of the ring methyl group, fob
lowed by conjugation (i.e., sulfate), which leads to genera
tion of a carbonium ion by a route analogous to that impli
cated in the activation of methylated polycyclic aromatic
hydrocarbon , e.g. , 7,i 2-dimethylbenz(a)anthracene.

The detection of several minor nucleosides-3'MeDAB me
tabolite complexes may represent products of interaction
with adenosine, cytidine, and uridine or guanosine cova
lently bound to various metabolites of 3'MeDAB. The minor
components separated by thin-layer chromatography fol
lowing the complete enzymatic hydrolysis of the carcino
gen-nucleic acid complex(es) may also represent enzyme
resistant oligonucleotides carcinogen-metabolite corn
plex(es). The major base composition of tRNA@@'from livers
of normal rats and those given the carcinogen-containing
diet indicated an increase in the uridine:cytidine molar ratio

a Traces of material were isolated from the alkaline digestion of

tRNA@'he.

Table 3

Major base composition

Major base composition of tRNAPhefrom normal and carcinogen
fed animals.

RNA remaining after removal of tRNA@@.Alkaline digestion
of the tRNA (about 50 mg) from livers of rats given the
carcinogen-containing diets for 3 weeks as described by Lin
et a!. (ii, 12), followed by 1-butanol extraction and thin
layer chromatography as described in â€œMaterials and Meth
ods,â€•indicated that only traces of the majorin vivo reaction
product (and no minor component) were detected in this
liver tRNA fraction.

DISCUSSION

The results obtained from the chromatography of total rat
liver tRNA (normal and carcinogen treated) on BD-ceblulose
indicated a selective retention of tRNAPhC.The absence of
serine, tryptophan, lysine, tyrosine, and arginine tRNA ac
ceptor activity in this tRNA@-enriched fraction would sug
gest that approximately 60% of the A2;-absorbing materials
are non-tRNA. Chromatography of tRNAPhe@enrichedfrac
tion on a RPC-2 column resulted in the separation of a
highly purified tRNAPhCas a major peak, while the remaining
material emerged as several minor A2; peaks with no
tRNA@e acceptor activity.

The tRNANe from rats given the carcinogen-containing
diet was enzymatically hydrolyzed to nucleosides followed
by thin-bayer chromatography. A major pale yellow compo
nent was separated with a chromatographic mobility similar
to N (guanosin-8-yl)-MAB, a complex synthesized in vitro
(12) by reacting N-benzoyboxy-MAB with guanine-contain
ing compounds or with tRNA (17). A similar complex was
isolated from rat liver rRNA following the administration of
tritium-labeled N-monomethyl-4-aminoazobenzene in the
prime ring (12).

Ebution profiles of the oligonucleotides resulting from
RNase T1 digestion of normal rat liver tRNAPheand tRNA@t'
from livers of male and female rats given the 3'MeDAB
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in the latter. This alteration may be due to enzymatic and/or
nonenzymatic unstable interaction products with cytosine
moieties at the tRNA level. The increase in the un
dine:cytidine ratio could also be attributed to an interaction
with guanine moieties in DNA with subsequent alteration in
its coding characteristics.

There was a quantitative difference in the level of PA
material found in tRNA@eobtained from male and female
rats given the 3'MeDAB-containing diet for the same length
of time (Chart 4). This difference may reflect the maximum
level of formation and subsequent binding of 3'-MeDAB
activated metabolites to tRNAPhein the livers of female rats
or it may be related to the length of feeding time in relation
to extent of binding of 3'MeDAB-activated metabolites; i.e.,
female rats required longer feeding periods to reach the
same level of bound metabolites found in the male tRNAPhe.

Other differences in the elution profiles of the oligonucle
otides resulting from RNase T1digestion of purified tRNA@'@@e
from normal and carcinogen-exposed rat livers may be at
tnibuted to the following: direct interaction with the acti
vated metabolite(s), interactions at the genetic bevel,abnor
mal methylation of tRNAPhe,or alteration in the pynimidine
bases ratio. The low level of 3'MeDAB-nucleoside compo
nents isolated from liver tRNA_N@fraction, compared with
that detected in liver tRNA@'@@e(Table 2), would suggest that
tRNANe possesses physicochemical features that favor in

teraction with the activated carcinogen metabolite(s). This
selectivity of binding of the 3'MeDAB metabolite, in addition
to the presence of at least 3 other tRNAPhenucleosides
carcinogen metabolite(s) may be related to longer length of
time of administration of the 3'MeDAB. These results, in
addition to the previously reported data concerning altera
tions of tRNA species following the continuous administra
tion of various carcinogens (1, 5, 15), do suggest the exist
ence of specific liver tRNA species that bind preferentially to
the in vivo-activated carcinogen metabobite(s). The signifi
cance of these interactions as well as the interaction with
other nucleic acid moieties will require additional extensive
study.
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