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SUMMARY

Methylated and major purine and pyrimidine bases were separated and
quantified by high-resolution liquid chromatography after hydrolyzing transfer
ribonucleic acids (tRNAs). Separation was accomplished by eluting the hydrolyzed
samples from an anion-exchange column with a concentration gradiert of ammonium
acetate at pH 9.2. Isolated samples of tRNA were hydrolyzed to the {ree bases with
a trifiuoroacetic acid-formic zcid mixture at 200°. Detection Irmits of 100-200 ng/m!
were measured for the methylated bases: analytical data are reported for ten methylated
bases plus the four major bases of calf liver and rat liver tRNA.

INTRODUCTION

Major purine and pyrimidine bases. nucleosides, and nucleotides have been
measured using a variety of analytical techniques including gas-liguid chromatogra-
phy (GLC):5, high-performance fiquid chromatography (HPLC)®*~ %, and thin-lajer
or paper chromatography!?—1% Reliable results on the composition of the major
purine and pyrimidine bases in nucleic acids have been obtained with many of these
methads reported!—611-1%, However, only the method by Randerath er af.13-15
provides the necessary separation of the major and minor bases when a quantitative
analysis is required for a minor nucleic acid constituent, such as a methylated base
in tRNA. Certain minor nucleic acid constituents cannot be separated from the major
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bases by GL.C, and the derivatizing agent can produce extraneous peaks on the chro-
matagram®®, The HPLC methods were developed to provide rapid analvsis of nucleic
acid composition® 127 and pot for the separation and analysis of minor and
methylated bases present in specific ribonucleic acids. Recent results by Sen and Ghosh®
indicate that HPLC can be used to separate some major nucleosides from minor
methylated nucleosides in tRNA, although guantification was not described.

Using radioactive labeiing and two-dimensional paper chromatography,
Munns ef 4l.'? and Randerath er /.55 have developed methods for the analysis of
methylated nucleic acid components, aithough not all the major and methylated
components were completely saparared. Radioactive methionine was used to iabel the

ethylated bases in the method by Munns ef 4/%%, providing results for in vitro
studies; however, for in vive experiments, dilution of the radioactive label makes the
method impractical. Randerath er 2/.3*° developed a post-hiydrolysis labeling tech-
nigue which allows the analysis of any isolated tRNA. However, the analysis time is
long, and semple manipulations require special care if satisfactory results are to be
obtainec.

The presence of meibylated purine and pyrimidine bases in tRNA has been
known and studied for some time. The methylation of the major bases by specific
tRNA methylases occurs ca the intact macromolecule. Increased tRNA methylases
activity has been found in 2 variety of different tumors as summarized by BorekiS.
Rerports on the increased ur nary excretion of certain methylated nucleic acid deriva-
tives By cancer patients’®~ ,upport the evidence for increased methyfation of tRNA
in cancer cells. Previous investigations by Berquist and Mathews®® and particularly
Viale ef gl.5 have shown thet tRNAs from tumor cells contain increased amounts of
methyiated bases compared to their normal tissue counterpart. However, other studies!?
have indicated little if any differences in methylated base content between tRNA in
normal and related tumor tissues. Further analyses are needed, particularly of indi-
vidual isoaccepting tRNAs, since minor variations may not be detected in a total
population of tRNAs.

A reliable and practical method for the guantitative analysis of the methylated
bases present in tRNA would provide further information on the extent of modifica-
tion in the tRNA of neoplastic cells. This in turn would aid in understanding the
eficcts of the increased tRINA methylase activity found in tumor cells and the greater
urmary sxcretion of certzin methylated nucleosides and bases by patients with
malignant disease. This report describes 2 quantitative method applied to tRNA for
the analysis of specific methylated bases that have been detected in the urine from
patients with cancer.

MATERIAL AND METHODS

Apparatus

A Mark H UV Analyzer (Oak Ridge Natiopal Laboratory, Ozk Ridge, Tenn..
U.8.A)) equipped with a 150 X 0.455 cm I.D. column containing Aminex 27 (Bio-
Rad Labs., Richmond, Czlif., U.S.A ) anion-exchange resin, 3 two-chamber gradient
generating system® and a programmable temperature control system was used for
this study. The eluate from the chromatographic column was monitored at 254 and
289 nm by 2 ducMonitor {(Laboratory Data Control, Riviera Beach, Fla,, US.A.).
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and a Servo/Riter I (Texas Insuwuments, Houston. Tex., U.S.A.) dual-pen recorder
was used to record the chromatograms.

A sand-bath with a variable temperature control (£2°) was used for hydrolysis
of the transfer RNA samples.

Reaction vials described by Gehrke and Lakings™ were made from Pyrex 2826
culture tubes {Corning, Corning, N.Y_, U.S.A).

Reagernits

The major and methylated bases were obtained from the following sources.
Calbiochem (Los Angeles, Calif., U.S.A.}: adenine (Ade}, cyiosine (Cyt), guanine
(Gua), uracil (Ura), 6-methyladenine (6-MeAde), 6-dimethyladenine (6-Me,Ade}, 5-
methylcytosine (5-MeCyt). pseudouridine (¥), and thymine (Thy)}: Cyclo Chem.
(Los Angeles, Calif.,, U.S.A.}): 2-methyladenine (2-MeAde), 3-methylcytosine (3-
MeCyt}, I-methylguanine (I-MeGus), 7-methylguanine (7-MeGua), 2-methylguanine
(2-MeGua), 2-dimethylguanine (2-Me,Gua}, and I-methyihypoxanthine (I-MeHypo):
and Sigma (St. Louis, Mo., U.S.A): I-methyladenine (I-MeAde).

Czalf liver tRNA was purchased from Sigma, rat liver tRNA was obtained
from General Biochemicals (Chagrin Falls, Ohio, U.S.A.).

Formic acid (97-1009) and trifiuorcacetic acid (TFA)} were obtained from
Matheson, Coleman and Bell (Norwood, Ghio, U.S.A.). Acetic acid and ammonium
hydroxide used to prepare buffers were from I. T. Baker (Phillipsburg, N.I., IJ.S.A.).

The anion-exchange resin used for separation of the purine and pyrimidine
bases was Aminex A-27 (a ¥2-15 gm particle size strong base anion-exchange resin
of 89, nominal crosslinking) and was pirchased from Bio-Rad Labs.

Sample preparation

Approximately 2.0 mg of tRNA was dissolved in 2.0 mI of water, and 400-g!}
and 73-ul aliguots were placed in a culture tube with a PFFE-lined screw cap. Hy-
drolysis of the tRNAs to the free bases was accomplished using the method of Lakings
and Gehrke®. By this procedure, 400 g of a 1:1 trifluoroacetic acid~formic acid mix-
ture were added to the sample, the vial tightly sealed, and the contents heated at 200°
for 1.5 h. The hydrolyzing agents were removed by volatilizing at 60° under a stream
of nitrogen, the residual sample was dissolved in 1.0 m! of 0.1 N NaGOH and placed
on the liquid chromatograph.

RESULTS

Separation studies on the major and methylated bases

Initial data indicated that the best separation of the major and methylated
bases would be accompiished by gradient elut:on at a basic pH. Singhal and Cohnt®
reported on the anion-exchange chromatographic parameters for the separation of
nucleosides and showed partial base separation under these conditions (0.2 M am-
monium acetate, pH 9.7). Using these conditions as a starting point, optimal condi-
tions were sought for separation of the four major bases {Ade, Cyt, Gua, and Ura)
and twelve methylated bases (I-MeAde, 2-MeAde, 6-MeAde, 6-Me,Ade, 3-MeCyt,
5-MeCyt, 1-MeGua, 2-MeGua, 7-MeGua. 2-Me,Gua, i-MeHypo, and Thy) and to
inciude pseudouridine at a major to minor base ratio of 10 to I. Chromatographic
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Fig 1. Standard mixture of bases and methylated bases at & 10:1 ratio. Buffer of first chamber:
0.015 Af ammonium zcstate (DH 2.2}, of second chamber: I 2 A7 ammonium acetate (pH 2.2).
Tem perature. ambient for the frst 1.75 b, then programmed to 69° in L.5 h, and maintained a 60°
for .he remainder of the analvsis. Flow-rate: 35.6 mi/k (3 65 mi‘em?-min). UV output: .04 0 D.
unit full scale. 1 = 3-MeCyt: 2 = Cyt, 3 = 5-MeCvt, 4 = 1-MeAde: § = I-MeGua; 6 = Thy,
7 = Ura: 8 = 7-MaGuz; 8 = Gua; 10 = 2-MeAde; 11 = Ade; 12 = 2-MeGua; I3 = i-MeHypo:
14 = 2-Ms,Gua; 15 = 6-MeAde; 16 = 6-MMeAde

TABLE
METHYLATED AND MAJOR BASE STANDARD VAT UES
Canwound Rerension R.S.D.° Peak R.8.D.**

volume” freight™

(ml) (cm)
3-MeCyvt 3i.1 4.7 957" 6.6
Cyt 328 82 19.65 7.5
S-MeCyt 47.1 5.3 5.38 6.8
i-MeAde 97.2 4.8 7.34 £.9
1-MeGua 165.7 65 29 6.9
v 190.5 7.3 2.33 o9
Thy 2i4.8 76 4,42 53
Ura 2328 6.9 i 57 2.8
7-XeCGua 2426 6.1 358 53
Gua 255.0 57 70 8¢
2-MieAde 268.6 gL 3.18 59
Ade 300.0 1.0 Q.71 53
2-NeGua 3169 3.5 2.74 8.6
i-MeHypo 314.7 5.6 3.08 8.1
2-Ne,Gua 328.3 5.7 4.90 7.8
s-icAde 380.8 6.0 288 7.3
6-Nie.Ade 618.1 5.2 1.85°°° 92

* Averzage of six independent analyses.
** Relative standard deviation.
"** 280-nm scale used for quentitation for 3-MeCyt, 7-MeGua. and 6-Me.Ade.
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conditions whick ylelded the best separation using the ““Autograd® system?€ utilized a
0.015 M ammonium acetate (pH 9.2) in the first chamber and 2 1.2 M ammonium ace-
tate buffer (6.2) in the second chamber. The temperature was maintained at ambient
room temperature for the first 1.75 b, then programmed te 60° in 1.5 h, and main-
tained at 60° for the remainder of the analysis. The flow-rate through the column was
maintained between 34 and 36 mi/h (3.5-3.7 ml/cm?-min). A typical chromatogram of
the major and methylated bases at a 10:1 ratio is shown ia Fig. I. Table I gives the
average elution volume of each base for six independent analyses and the relative
standard deviation of the elution volume for each base.

Quantitation of the major and merhylated bases separated by HPLC

The minimum detectable level (MDL)} and the lineanity of response over a
range of concentration were evaluated since quantitative analysis of the methylated
bases in tRNA was the primary goal. Standard stock solutions of four bases were
analyzed at concentrations of 1-5 gg/ml for the methylated bases and 5-40 yg/ml for
the major bases. Graphs of peak area versus concentration and peak height versus
concentration were constructed and found to be linear for each compound over the
concentration range of interest. Peak height and peak area gave similar results.
Measurement of the width at kalf peak height was found to be difficult and a possible
source of error im calculating peak area due to the narrow width of some peaks.
Consequently, the peak height was chosen for quantitative calculation. Figs. 2 and 3
present the peak height data for the four major bases and for four selected methylated
bases, respectively.

The quantitative analysis of the base composition of a tRNA was performed
by using a simple proportion as the peak heights of the bases were linear over a wide
concentration range.

peak height base in tRNA
peak height base standard

g base in tRNA = ug base standard X

5 8 8 8
1

Poak Helght {Z64nm}

8

I3

-

Q g % 3 32
Fg Base

Frg. 2. Standa=d curves for major bases. Each point represents an average of three independent anai-
yses. Chromatographic conditions were as given in Fig. 1. &. Cyt; &, Ura; T3, Ade; C, Gua.
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Fig. 3. Standard curves for four mathyiated bases. Each point represenis an average of three inde-

pendent analyses. Chromarographic conditions ware as given in Fig. 1. Other methylated bases gave
samilar graphs. O, Thy, €, 6-MeAde, [, 2-Me.Gua, §H, 7-MeGua.

Six independent analyses of a standard solution of methylated and major bases were
made. The average peak height and relative standard deviation are presented in Table
L.

The MDL for the methylated bases was determined by analyzing successively
lower concentrations of selected methylated bases until a signal to noise ratio of 3:1
was obtained. The MDL for the methylated bases using this analytical system was
found to be betweea 0.1 and 0.2 pg/mi.

Hydrolysis evaluation

The stability of the major bases during hydrelysis with a formic acid-TFA
mixture at 200° for 1.5 h had been determined previcusly®. No loss or destruction of
the major bases was found. To determine the effect of this hydrolysis method on the
methylated bases, a standard mixture containing the twelve methylated bases and
pseudouridme at a concentration of 2.5 yg/m! were carried through the eatire hydrol-
ysis and anslytical procedure. Only two of the compounds were found to be affected
by the hvdrolysis conditions. Pseudouridine was completely degraded with no UV
absorbing peaks appearing on the chromatogram, and about 159, of i-MeAde
partially isomerized to 6-MeAde. This changs had been demonstrated previously by
Munns er 2/12. As a2 comsequence, the pseudouridine level in tRNA could not be
determined by this method; and measured amounts of 1-MeAde and 6-MeAde were
coinbined and reported as one value. Table II shows the good stability of the
methylated bases when carried through the hydrolysis step and analysis by liguid
chromatography, with the exception of a small loss of I-MeAde.

Several of the major and methylated nucleosides were also hydrolyzed and
analyzed to determine whether complete hydrolysis to the free base had occurred. If
the conditions for hydrolvsis were carefully followed, total conversion of all the
nucieosides to their corresponding base invariably resuited. However, incomplete
hydrolvsis occurred if the temperature fell below 200° or was maintained for less than
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TABLE It
STABILITY OF THE METHYLATED BASES DURING HYDROLYSIS
Compound  Peak height” %, Recover}y
Unhydrofyzed” Hydrofyzed™
3-MeCyt 23.8%* 22 7T 99.6
3-pMeCyt 17.8 17.5 98 4
i-MeAde 17.3 14.4 83.2
1-MeGua 214 21.2 9g.1
Thy 11 6 11.2 96.6
T-MeGua 6.6 6.27"* 239
2-MeAde 7.8 7.6 96.2
2-MeGua 6.6 6.0 9.9
I-MeHypo 8.5 8.4 98.8
2-Me.Gua 84 8.1 96.4
6-Mehde 21 3 209 8.1
6-Me,Ade 5.8%"" 567" 86.6

© Peak height in cm measured at 254 nm.
** Each value represents an average of three independent analyses for unhydrolvzed and hy-
drolyzed peak herghts.
*** Peak height measured at 280 nm for 3-MeCyt. 7-MeGua, and 6-MeAde.

1.0 h. If the tRNA sample was incompletely degraded to its free bases. correspoading
nucleosides and nucleotrdes could be detected. Absence of such peaks on the chroma-
tegrams provided a means whereby total hydrolysis of the tRNA sample could be
verified.

TABLE IIE

COMPOSITION OF RAT LIVER AND CALF LIVER tRNA IN WEIGHT AND MOCLE
PERCENTAGES

Caonpornd Rat fiver iIRNA Calf liver rRNA
wiw %% mole %4 wiw %% mole %

3-MeCyt 0.04 0.14 0.02 0.05
Cyt 9.15 37.64 [1.60 32.31
5-MeCyt 0.12 042 0.34 0.84
I-MecAde 003 0.1¢ 6.05 Q.11
1-MeGua 0.07 Q.18 004 8.07
Thy 0.1z ¢ 43 ¢.30 0.74
Ura 425 17.3% 4£.56 12.59
7-MeGua 0.06 0.15 0.05 6.08
Gua 7.75 23.38 17.64 36.13
Ade 5.55 18.71 732 16.78
2-MeGua Q.13 Q¢34 Gas 0.06
2-Me,Gua 0.07 0.17 0.03 0.05
SMeAde 0.33 0.59 0.0% .19
6-MeAde — I-MeAde™™ (.45 1.09 014 0.3¢

* wiw % = weight methvlated base/weight tRNA x 100.
** Mole %, — moles methylated base/moles total bases x 10C.
*** 6-MeAde and I-MeAde were combined due to isomerization of I-MeAde to 6-MeAde.
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Fig 4 HPLC analysis of 0.5 mg caif liver tRNA. For analysis conditions and pezak identification,
refer to Frg. 1 Flow-rate: 38 S ml/h £3.75 mifem?-oun). UV ocutput: 0.08 O.D. untt full scale. U
ind cates unknown peaks on the chromatogram Hydrolysis conditions were as given in text.

Analysis of selected tRNA samples

The amounts of the various methylated bases present in calf liver and rat liver
tRNA were determined by the methods described earlier. A 2.0-mg sample of tRNA
was dissolved 1n 2.0 m! water. Duplicate aliquot samples of 0.5 and 0.07 mi for calf
liver tRNA (cq. 0.5 mg and 70 zg tRNA) and 0.25 and 005 ml for rat hiver tRNA
{ca. .25 mg and 50 ug tRNA) were analyzed Analytical data for ten methylated and
four major bases were determined and these data are presented in Table EiI.

Figs. 4 and 5 are chromatograms for the HPLC analysis of methylated bases
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Fiz. 5 HPBLC analysis of 0.3S mgz rzt hiver tRWA. For anatysis conditions and peak idenufication,
reter to Fig. 1. Flow-rate: 38 S mbh {3 78 m¥/e® min). UV output: 0.04 G D. unit full scale. U in-
dicates unknown peaks on the chromatogram. Hydrolysis conditions were as given in text.
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in calf liver and rat liver tRNA, respectively. and show the presence of a2 number of
unidentifiad minor bases.

DISCUSSION

The quantitative analysis of the major and methylated base content of tRNAs
found in normal and related tumor tissue provides information as to structural modi-
fications and may provide clues as to possible functional or behavioral differences
observed between normal and cancer cells. Since these macromolecules serve impor-
tant roles in cell growth and its regulation. further study and understanding of the
modified base content would be of distinct value. The method. as described in this
report, had direct application for the separation and determunation of the major and
methylated purine and pyrimidine bases in tRNA. This procedure may be applicable
to the quantitative measurement of those methylated purines and pyrimidines found
as catabolic end products in the urine of normal subjects and cancer patients. No at-
tempt was made to identify or measure the content of those structurally madified
bases having substituents other than methyl groups. Further studies are necessary to
determine if the analysis of other modified degradation products of nucleic acids couid
be performed using this procedure. This seems feasible with minor modifications in
either the hydrolysis step or the liquid chromatographic separation.

The sensitivity of the method. found tc be [00-200 ng methylated base per
muililiter, cculd be improved by using a detector cell with a longer path length than
the 3-mm path length used in this study. The analysis of the major and methylated
bases on the same chromatogram is possible using an electronic integrator or a second
recorder with a variable range. The analysis time may be shortened by changing the
eluant concentrations. the column length, or the fliow-rate. These parameters were not
fully evaluated because the procedure as developed gave the required separations and
the analysis timie was not a limiting factor. Application of the method has been dem-
onstrated using both rat and calf liver tRNA and has been shown to be sensitive and
to protide reproducible results. Further studies are in progress to compare analytical
resuits for tRNAs from tumor tissue with those from tRNAs obtained from normal
tissue.
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