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SUMMARY

Reverse-phase chromatography profiles of the tRNA's of
normal mouse liver and also the Ehrlich ascites cells revealed
the presence of three isoaccepting phenylalanyl transfer RNA
(tRNAPhe) species. The first two peaks eluted from these
columns, tRNAfhe and tRNA@he, were small and were
followed by a third and major peak designated tRNA@.
Ehrlich tumor cells with an acquired resistance to nitrogen
mustard, however, exhibited an altered chromatographic
profile with minor tRNAThe and tRNAf@@ peak and an
exceptionally large tRNAf@@ area. This tRNAf@he from the
tumor cells as well as the major@ from normal mouse
liver was isolated and purified to 80% or higher. Coding
properties, kinetic studies of aminoacylation, and the nucleo
side composition of the tRNAPhe species were ascertained.
The initial velocity of the aminoacylation reaction of the
Ehrlich cell tRNA@@ was lower and the K.@ was slightly
higher than the liver tRNAf@@. This provides some indication
that the two transfer RNA's may have a different nucleotide
sequence and/or modified bases in the recognition sites of the
aminoacyl synthetases. RNase T1 digests of the two labeled
tRNAPhe's with subsequent chromatography revealed that
both may have the same nucleotide sequence from the
3'-terminal to the first guanosine residue. Other findings
indicated similar codon responses, the appearance of 3'-
methyl-cytidine, and an increase in 5'-methyl-cytidine and
dihydrouracil in the predominant tRNAf@@@eof the resistant
Ehrlich tumor cells.

INTRODUCTION

Many laboratories have conducted comparative studies of
the tRNA pattern or profiles of cancer cells and the most
appropriate normal cell counterparts (3 , 4, 8, 12, 13 , 15,
16â€”20, 33, 36, 37, 39). From these studies a number of
differences have been reported. These include what appear to
belargelyquantitativedifferencesin certainpeakareasaswell

I Supported by grants from the American Cancer Society (P-550)

and the Robert A. WelchFoundation (G-035).
2 Present address: Department of Biochemistry, Kurume University

School of Medicine, Kurume, Japan 830.
3To whom requests for reprints should be sent.
ReceivedMarch 20, 1974; accepted August 22, 1974.

as the appearance of new tRNA species as indicated by
chromatographic properties. A likely explanation that has
been offered is that the relative concentrations of the
isoaccepting tRNA species are controlled by gene expression.
However, the altered tRNA patterns associated with neoplasia
have also been attributed to the viral genome and to a host of
posttranscriptional modifications that may occur.

The altered tRNA patterns observed in many tumors assume
greater significance in view of the increasing numbers of
reports relating the tRNA's to regulatory functions within the
cell (1 , 2, 27, 34, 40).

Several investigators have reported differences in the
phenylalanyl-tRNA patterns of tumor cells (18, 19). Specifi
cally, it has been observed that there is an altered tRNAPhe4
profile in Ehrlich ascites cells with an acquired resistance to 1
of the alkylating drugs, HN2 (19, 32).

Using reverse-phase chromatography normal mouse liver
exhibits a 3-peak tTNAPhe pattern with 2 small peaks
(tRNAfbe and tRNA@e) followed by a 3rd major peak,
tRNAf@. A similar elution pattern is evident in Ehrlich
ascites tumor cells with a small initial peak, an intermediate
tRNA@e, and a relatively large tRNA@e. In contrast, a
drug-resistant variant of this same tumor line is almost entirely
lacking in tRNAf@e and has a major 2nd peak. In order to
obtain further insight into the mechanism of drug resistance,
the tRNA@he in this 2nd peak has been highly purified and
subjected to compositional and functional studies. These
findings are compared and contrasted to those obtained from
the 3rd peak tRNA@@ that is the major component of mouse
liver and the parent tumor cell line. The purified tRNAf@e was
isolated from normal mouse liver.

MATERIALS AND METHODS

The BD-cellulose (50 to 100 mesh) was obtained from
Schwarz/Mann, Orangeburg, N. Y. RNase T1 (500 units/ml)
was obtained from Calbiochem, LaJolla, Calif. Venom
phosphodiesterase and bacterial alkaline phosphatase were
obtained from Worthington Biochemical Corp., Freehold, N. J.
and the RNase A from Sigma Chemical Co., St. Louis, Mo.

Poly(U) and poly(UC) were obtained from Miles Labora
tories, Inc., Ellchart, md. The precoated thin-layer chromatog

4 The abbreviations used are: tRNAPhe, phenylalanyl tRNA; HN2,

nitrogen mustard [methylbis(p-chloroethyl)amine] ; BD-cellulose,
benzoylated diethylamino ethyl cellulose.
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raphy plates (No. 5757/001) were purchased from Brinkmann
Instrument, Inc., Westbury, N. Y.

Labeled amino acids, phenylalanine-3 H (specific activity,
5 .02 Ci/mmole), and phenylalanine-' 4C (specific activity, 5 13

mCi/mmole) were obtained from New England Nuclear,
Boston, Mass., and Amersham/Searle Corp., Arlington Heights,
Ill., respectively.

Column Procedures. BD-cellulose columns were packed as
described by Gillam et aL (14). Reverse-phase chromatography
(RP-5) was carried out according to the methods of Pearson et
aL (28) and Kelmers and Heatherly (24).

Preparation of tRNA's from Normal Mouse Liver and
HN2-resistant (25) Ehrlich Ascites Tumor. Mouse liver was
used as a source for tRNA@e rather than the parent Ehrlich
tumor cell line. These tRNAPhe'S from the 2 sources are
indistinguishable by the reverse-phase chromatography system
and we believe that they are the same. This was justified on
the basis of the extremely low yield of purified tRNA
attainable from the tumor cells and the costs involved. The
total tRNA preparations were obtained from normal liver and
HN2-resistant Ehrlich tumor cells by the phenol procedure of
Brunngraber (9) with minor modifications (8). The Ehrlich
ascites tumor (LettrÃ©)was obtained through the courtesy of
Dr. R. J. Rutman, University of Pennsylvania, Philadelphia,
Pa., in 1968 and has been propagated in female Swiss mice
since that time (25). The resistant line was derived during
1971 from the sensitive tumor by in vivo HN2 treatment. A
dose of approximately 25 .zgHN2 per mouse (i. p.) destroys
all sensitive tumor cells 24 hr following drug administration.
Treatment with 50 jig HN2 per mouse does not affect routine
transplantation of the HN2-resistant tumor. The resistant cells
appear to withstand levels of HN2 (100 to 120 jig/mouse) that
are lethal to the mouse. This high level of HN2 resistance has
remained relatively constant since the resistance was induced
in 1971 . The yield was approximately 0.8 mg tRNA per g, wet
weight, of tissues. The tRNA's were dissolved in water

containing 0.002 M @3-mercaptoethanol and stored at â€”20Â°.
Purification of Aminoacyl-tRNA Synthetase Free of Amino

Acids and Nucleic Acids. The aminoacyl-tRNA synthetases
from mouse liver were prepared by the method of Goldman
and Griffm (15), with the modification that 1% protamine
sulfate (0.05% final concentration) was used after DEAE
cellulose absorption for removing DNA and RNA. The
supernatant solution following protamine sulfate precipitation
was dialyzed overnight against standard buffer (0.05 M
Tris-HC1, 0.25 M sucrose, 0.005 M MgCl2 , 0.025 M KC1, and
0.002 M f3-mercaptoethanol, pH 7.6, containing 30% glycerol).
Following dialysis, the enzyme solution was applied to a
Sephadex G-l00 column (2.5 x 40 cm) previously equilibrated
with standard buffer containing 30% glycerol and eluted with
this same buffer. Two-mi fractions were collected and assayed
for enzymatic activity. Fractions with the highest activity were
pooled and concentrated by ultrafiltration using an Amicon
UM-lO filter until 0.6 mg of protein per ml was attained. The
partially purified preparation was stored at â€”20Â°.Aminoacyl
tRNA activity was determined as follows. The assay system
(40 j.zl) contained 5 j.zl0.1 M Tris-HC1 buffer, pH 7.6; 5 @.zl
0.025 M ATP; 5 jzl 0.1 M MgCl2 ; 15 .zl aminoacyl-tRNA
synthetase; 5 @tlphenylalanine-' 4C; and increasing amounts of
tRNA. The reaction mixture was incubated 37Â°for 15 min
and 3 ml of 5% cold trichloroacetic acid were added to stop

the reaction. The precipitate containing the aminoacylated
tRNA was collected on Milhipore fIlters which were subse
quently washed and dried, and the radioactivity was deter
mined by a scintillation spectrophotometer.

Labeled aminoacylated tRNA samples for the RP-5 and
other chromatography procedures were prepared as described
in earlier publications (8 , 19).

Nonenzymatic Binding of Phenylalanyl-tRNA to Esche
richia coil Ribosomes. The procedure of Nirenberg and Leder
(26) was utilized for this study. Each 50 j.tl of reaction mixture
contained 2.0 260 units of E. coli ribosomes; 0.25 60
units of poly(U) or poly(UC); 0.02 M MgCl2 ; 0.2 M Tris
acetate buffer, pH 7.2; and variable amounts of labeled
phenylalanyl-tRNA. The mixture was incubated at 24Â°for 30
ruin. Three ml of cold buffer containing 0.2 M Tris acetate;
0.02 M MgCl2 ; and 0.05 M KC1, pH 7.2, were added to stop
the binding reaction. This mixture was fIltered using a
Millipore system; the filter was washed 4 times with 5 ml of
cold standard buffer and then dried and counted in a
scintillation spectrometer.

Digestion of Aminoacyl-tRNA with RNase T@. The condi
tions of digestion have been described by Ishida and Miura
(22). The reaction mixture (0.25 ml) contained 1.0 M acetate
buffer, pH 5.3; 102 j.zgof labeled phenylalanyl-tRNA; and 25
units of RNase T1 . This mixture was incubated at 0Â°for 50
mm and the reaction was stopped by addition of an equal
volume of 80% phenol. Ether was used to remove phenol from
the aqueous phase and nitrogen was bubbled through the
solution for removal of the ether. The sample was applied to a
RP-5 column (0.63 x 33 cm) and eluted with a linear gradient
(100 ml each of 0.1 M NaC1 and 1.0 M NaC1 in the buffer
containing 0.01 M sodium acetate; 0.01 M MgCl2 ; and 0.002
M @3-mercaptoethanol,pH 4.5). Fractions from the column
were collected directly into counting vials, 10 ml of
phase-combining system solution (Amersham/Searle) were
added and the mixture was counted in a scintillation
spectrophotometer.

Base Composition of tRNA. The procedure utilized for base
composition has been established by Randerath et a!. (30, 31).
Complete digestion of the tRNA was conducted under the
following conditions. The reaction mixture, containing, in
each @zl,0.5 to 0.8 .zg tRNA; 0.25 jig venom phosphodiester
ase; 0.25 ;zg RNase A; 0.2 j.tg alkaline phosphatase; 30 nmoles
of 0.6 M N,iV'-bis(2-hydroxyethyl)glycine-sodium buffer, pH
8.0; and 10 nmoles of MgCl2 ; was incubated at 37@)for 6 hr.
The enzymatic digests were subjected to periodate oxidation
with subsequent reduction by tritium borohydride to form the
labeled nucleoside trialcohols. The labeled nucleoside com
pounds were chromatographed using a 2-dimensional thin
layer cellulose procedure. Finally, the various nucleosides were
identified following exposure of photographic emulsions.
Following the identification of the spots, these were removed
and eluted, and radioactivity was determined by standard
counting procedures.

RESULTS

Different fractionation and purification procedures were
required for the tRNAPhe components of normal mouse liver
and the drug-resistant Ehrlich ascites tumor. As shown in

CANCER RESEARCH VOL. 343312

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2392180/cr0340123311.pdf by guest on 19 M

ay 2023



tRIVAPhe in Drug-resistant Ehrlich Tumor Cells

Chart 1, the phenylalanyl-tRNA elution profile for mouse liver
consists of 2 small peak areas followed by a 3rd major peak,
tRNAr@e. The elution profile of the regular cell line (drug
sensitive) generally resembled the normal liver pattern al
though the tRNAf1he area is considerably enhanced. Ehrlich
ascites cells with an acquired resistance to the alkylating drug,
HN2, exhibited an altered phenylalanyl-tRNA pattern consist
ing of a major peak (tRNA@he) and a small initial and almost
nonexistent 3rd peak area. In order to carry out the
comparative studies of tRNA@e and tRNArIl@e, each was
fractionated and highly purified. The tRNAf@hewas obtained
from mouse liver as already indicated.

As shown in Chart 2, crude tRNA from mouse liver was
applied to a BD-cellulose column equilibrated with buffer
(0.05 M sodium acetate; 0.01 M MgCl2 ; and 0.002 M
13-mercaptoethanol, pH 5.0). Most of the tRNA was eluted
with a NaCl gradient (0 to 1.5 M) while the tRNA@e was
eluted with 1.5 M NaCl containing 15% ethanol. The tRNAPhe
fractions were pooled and precipitated with 2 volumes of cold
ethanol, and the precipitates were collected on Millipore
filters. When this partially purified mouse liver tRNAPhe was
applied to a RP-5 column and eluted with a linear gradient
(0.5 to 1.0 M NaCl), a single sharp peak of labeled
phenylalanyl.tRNA@@ was observed (Chart 3) and was shown
to have a purity of 94%.

In contrast to the above, drug-resistant Ehrlich tRNA@@
was eluted almost entirely from the BD-cellulose columns by
1.0 M NaCl. This tRNAPhe binds more strongly to BD
cellulose when charged with phenylalanine. Phenylalanyl
tRNA was not eluted by NaCl solutions up to 1.0 M, and 1.0
M NaCl plus 10% ethanol was required for elution. Actually,
the uncharged tRNA from the drug-resistant tumor cells was
first applied to a BD-cellulose column and eluted with a linear
gradient (0 to 1.0 M NaCl). All fractions with accepting
activity were pooled and the tRNA was precipitated. This
tRNA fraction was aminoacylated with phenylalanine-3 H and
reapplied to a BD-cellulose column. Elution was achieved by a
stepwise procedure using 0.4 M NaCl, 0.8 M NaC1, 1.0 M NaCI,
and 1.0 M NaCl + 10% ethanol as shown in Chart 4. A peak of
high activity, 35% pure, was observed in the NaCl-ethanol
fractions. This partially purified phenylalanyl-3H-tRNA was
rechromatographed on a RP-5 column with a linear gradient
(0.5 to 1.0 M NaCl) (Chart 5). A peak of high activity was
collected and deaminoacylation was achieved with a short

incubation in the stripping buffer. This fraction (70% pure)
was reapplied to a RP-5 column and eluted with the same
linear gradient as above. One minor peak appeared followed
by a major tRNAPhe peak. The latter peak was collected,
assayed, and shown to have a purity of 89%. The various stages
of purification of the mouse liver and the tumor tRNA are
summarized in Table 1. Both of the final preparations were
assayed for tryosyl-, isoleucyl-, arginyl-, and seryl-tRNA's but
none of these were detectable by this procedure.

tRNA@be and t@Af@@ were charged with phenylalanine
1 4 C utilizing the partially purified aminoacyl-tRNA synthetase

described in â€œMaterialsand Methods.â€• As shown in Chart 6,
aminoacylation data for the 2 tRNA's were different. The
initial velocity for the tumor tRNAf@ was lower and the Km
value was slightly higher than for the tRNAT1@, suggesting the
possibility of either a different nucleotide sequence or the
presence of modified bases in the recognition site(s) of the
aminoacyl-tRNA synthetase.

0 20 40 60 80 100 120 140
FRACTION NUMBER

Chart 2. Preparation of tRNAPbe from Mouse Liver. Crude
tRNAPhe was applied to a BD-cellulose column. A linear gradient (0 to
1.5 M NaCI) was used followed by a solution containing 1.5 M NaCl
and 15% ethanol. Phenylalanine acceptor activity was determined by
postcolumn assay.
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Chart 1. Reverse-phase chromatography profiles of
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Following the digestion of@ C tRNAf@'@and
phenylalanyl-3H-t@A@@ with RNase T1 and subsequent
chromatography on RP-5 columns, similar profiles were
observed as shown in Chart 7. These findings indicate that the
3'-terminal to the 1st guanosine residues of the phenylalanyl
14C. tRNA@7)e and phenylalanyl-3 H-t@A@@ may be the

same. The results of the ribosome binding studies in the
presence of poly(U, C) and poly(U) are shown in Chart 8.
Binding of the Ehrlich tumor tRNA to the ribosomes was
stronger than binding of the mouse liver tRNA. The average
ratio of phenylalanyl-tRNA bound to E. coli ribosomes in the
presence of poly(U, C) compared to poly(U) was 0.43 with the
tRNA@e and 0.58 with the tRNAf@@especies isolated from
the drug-resistant Ehrlich tumor.

FRACTIONNUMBER

Chart 3. Purification of mouse liver tRNA1'@ using RP-5 chromatog
raphy. tRNAPhe from NaCI-ethanol elution BD-cellulose column (Chart
2) placed on RP-5 column and eluted with NaCl gradient as
shown. Phenylalamne acceptor activity was determined by postcolumn
assay.

The Randerath procedure utilizing the 2-dimensional chro
matography of tritiated borohydride derivatives of the
nucleosides of the liver and tumor purified tRNAPhe
compounds provided some interesting findings. It was ob
served that the major nucleoside compositions were quite
similar. The most notable differences were the appearance of
3'-methylcytidine and an increase in 5'-methylcytidine and
dihydrouracil in the tRNA@e of the resistant Ehrlich tumor
cells.

DISCUSSION

Alterations in the patterns of isoaccepting species of tRNA's
are evident in a large number of tumors and in cells and tissues
in varying physiological and pathological states. The present
study reports a major change that is associated with the
resistance of Ehrlich tumor cells to an alkylating drug. The
predominant tRNAr@e species of the drug-resistant cells elutes
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Chart 5. Further purification of phenylalanyl tRNA from ascites
tumor cells using RP-5 chromatography. A linear NaCl gradient was
usedforelution.
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Chart 4 . Partial purification of
tRNAPhe from Ehrlich tumor cells. Phen
ylalanyl-' H tRNA was applied to BD
cellulose column and stepwise elution
(NaG) was carried out.
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Mouse liver tRNA@7@eEhrlichtRNA@he26

0Purity (%)pmoles/A, 60Purity(%)Crude

tRNA402.4311.9BD-cellulose-I64038.83
1018.8BD-cellulose-II57735.0RP-SColumnl146288.8119672.5RP-5

Column II154793.8146288.8

tRNAPhe@ Drug-resistant Ehrlich Tumor Cells

Table 1
Stagesofpunfication of tRNA@

Based upon 1600 to 1700 pmoles phenylalanine-'@ C per 26 0 unit (23).
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1/s (p mole tRNA) Chart 7. Elution patterns of RNase T, hydrolyzed phenylalanyl
tRNA's from mouse liver and Ehrlich tumor cells. Labeled phenylala
nyl-tRNA's were subjected RNase T1 digestion and chromatographed
on RP-5 columns using a linear gradient (0 to 0.5 M NaC1). â€¢,
phenylalanyl-3 H-tRNA mouse liver; 0, enlan4 C tRNA Ehrlich
tumor (resistant).

CGG. Sueoka and Kano-Sueoka (34) believe that the tRNA's
are involved in differentiation and that codon recognition of
specific tRNA's is regulated by modifying systems under direct
genetic control.

The findings reported in this communication demonstrate
that there are 3 isoaccepting tRNAPhe species that may appear
in mouse liver and in the Ehrlich tumor cells (Chart 1).
Questions that arise from this observation relate not only to
the biological function or significance of each of these
isoaccepting species but also to the mechanism involved in
regulating the relative amounts of each of these tRNA's. In
other words, why is there a predominance of tRNA@7@ein the
drug-resistant Ehrlich tumor cells while tRNA@@ appears to
be the dominant species in normal mouse liver and the
drug-sensitive Ehrlich tumor? Possible explanations for the
existence and function of these chromatographically separable
isoaccepting tRNA's include: (a) existence of separate genes
for each isoaccepting tRNA indicating that the primary base
sequences of these tRNA's do differ. The relative concentra
tion of each species would then depend upon the repression or
derepression of the individual gene; (b) altered species of
tRNA are the result of posttranscriptional enzymatic modifica
tion of particular bases, i.e., methylation, ethylation, thiola
tion, formation of pseudouridine, and dihydrouracil, etc; (c)
each isoaccepting tRNA species is characterized by its codon

Chart 6. Affinity of purified tRNAPbe preparations from mouse liver
and HN2-resistant Ehrlich tumor cells for mouse liver aminoacyl-tRNA
synthetase. ., mouse liver tRNAf@e; @,Ehrlich tumor tRNA@he.

in the reverse-phase chromatography system before the
tRNAf@ which is the major species in the parent tumor and
in normal mouse liver. A key issue is how to ascertain the
significance of the absence or presence of specific isoaccepting
tRNA in such fundamental events as embryogenesis, differenti
ation, virus infection, transformation, carcinogenesis, and, in
the present study, drug resistance.

One of the functions proposed for the isoaccepting tRNA
species is an involvement in cellular regulatory activities. The
modulation hypothesis was introduced by Ames and Hartman
(1) in order to explain the polarity effect in the synthesis of
the histidine-biosynthetic enzymes. The hypothesis concludes
that the translation of mRNA may be limited by modulating
codons corresponding to the various isoaccepting tRNA's.
Anderson (2) proposed that regulatory codons may exist
corresponding to tRNA species present in rate-limiting
amounts and also that the tRNA concentration could
influence the rate of translation of mRNA. Ouellette and
Taylor (27) found that the tRNA of rat hepatoma 5123
contains 4 to 5 times the number of molecules capable of
accepting phenylalanine than did liver tRNA. These investi
gators proposed that this may represent differential rates of
tRNA processing and maturation in these tissues.

Caskey Ct a!. (10) fractionated 2 E. coli arginine-tRNA's
with different coding properties. One of these responded to
the codons, CGU, CGC, and CGA, and the other recognized
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Chart 8. Binding of labeled phenylalanyl-tRNA
preparations from mouse liver and Ehrlich tumor cells
to E. coli ribosomes in the presence of poly(U) and
poly(UC). ., phenylalanyl-' 4C tRNA mouse liver; A,
phenylalanyl-' 4C tRNA Ehrlich tumor (resistant).

3.
2

0

2

C.)

activity ; (d) the altered tRNA results from outside factors such
as carcinogenic chemicals, drugs, viruses, etc.

Phenylalanyl@tRNA@e from the HN2-resistant Ehrlich
tumor cells and tRNAf@@ from normal mouse liver were
purifIed to near homogeneity. A series of structural and
functional studies indicated that the 2 isoaccepting species are
quite closely related. However, the 2 species exhibited some
change when in vitro aminoacylation studies were carried out
with a partially purified aminoacyl-tRNA synthetase from
mouse liver. The initial velocity of aminoacylation with the
tumor tRNA was somewhat slower and the Km was increased,
suggesting the possibility of structural differences in the
region(s) involved in synthetase recognition. Preliminary
studies have indicated that synthetase preparations from liver
and tumor cells do not differ. However, it is conceivable that a
subtle difference may be detected if detailed studies using
highly purified phenylalanyl-tRNA synthetases from liver and
tumor were carried out. A homogeneous and highly active
arginyl-tRNA synthetase from rat liver resulted in Km values
for tRNA of rat liver, yeast, and E. coli of0.37, 0.66, and 0.17
.LM, respectively (21).

The nonenzymatic binding of the purified tRNA@ â€˜@toE.
coli ribosomes in the presence of poly(U) or poly(U, C)
indicated a quantitative difference. The tumor tRNA@@ewas
bound more effectively with both polynucleotides and
especially with the poly(UC). Ratios of the binding of the 2
tRNA preparations (poly(U, C)/poly(U) were 0.43 and 0.58
for the liver and tumor, respectively. However, Taylor (35)
previously reported ratios of 0.43 for the poly(U, C)/poly(U)
binding of tRNA from rat liver and Ehrlich tumor cells. We
have no explanation at present to explain the higher ribosomal
binding activity of the purified tRNA@he obtained from the
FIN2-resistant Ehrlich cells.

The tRNAPhe species from mouse liver and the ascites
tumor may have the same sequence from the 3' terminal to the
1st guanosine. The chromatographic findings indicated that
this guanosine would probably occupy the 6th position (from
the 3' end), which would be in agreement with the findings for
the 4 tRNAPhe compounds wherein the complete structures
have been established, E. coli (5), wheat germ (1 1), yeast (29),
and rabbit liver (23). Also, the overall nucleoside compositions
of the tRNA@he and tRNAT@e appeared to be quite close

pg OF tRNA

when studied by the Randerath procedure. However, it was
not possible to obtain sufficient data from the limiting
amounts of the purified tRNA species to obtain a complete
nucleoside compositional analysis. The altered chromato.
graphic behavior of the tRNAf@e from normal mouse liver and
the tRNA@he of the drug-resistant tumor appears to be more
related to posttranscriptional modifications than to major
nucleoside or sequential alterations. The appearance of at least
one 3-methylcytidine and an increase in the content of
5-methylcytidine and 5 , 6-dihydrouridine in the tRNA@be
appear to be the most significant observations in terms of
structural changes. Keith et al. (23) did not find 3-methyl
cytidine in rabbit liver tRNAPhe. They reported one 5-methyl
cytidine and 3 dthydrouridine residues per mole of this tRNA.
Wright et a!. (38) reported a 2- to 4-fold relative increase in
3-methylcytosine in polyoma-transformed and spontaneously
transformed mouse culture cells. The role of methylation and
methylating enzymes in neoplasia has been reviewed by Borek
et al. (6, 7). However, this still remains an area of considerable
controversy.

Whether the shift in the isoaccepting tRNA profile as noted
in the current study has any relevancy in terms of
development of drug resistance by the Ehrlich tumor cells is
not known. It may be assumed that the initial resistance is
related to altered cellular function or structure resulting from
the interaction of the alkylating nitrogen mustard with the
DNA. It is possible that the resistant cells that eventually
emerged following the drug exposure do have new patterns of
gene expression, and this is observed by the appearance of
tRNAf@ as the major isoaccepting species for phenylalanine.
There is strong indication that drug resistance may be closely
related to the function and properties of the cell membrane.
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