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Methylated and major puke and pyrimidir?e bases were separated and 
quantified by high-resoktioo iiquid chromatography after hydrolyzing transfer 
ribonucleic acids (tRNAs)_ Separation was accomplished by elnting the hydFoZyzed 
samples from an anion-exchange cotumn with a concentration gradient of ammonium 
acetate at pH 9.2. kolated sampIes of tRNA were hydrolyzed to the free bases with 
a tritiuoroacetic acid-formrc acid mkture at 200”. Detection knits of iOG-200 ng/ml 
were measured for the methyIated bases: anaiyticaal data are reported for ten methylated 
bases plus the four major bases of calf liver and rat Iiver tRXA. 

Major purine and pqnmidine bases. nucleosides, and nuchotides have been 
measured usZng a variety of analytical techniques including gas-Ii&d chromatogra- 
phy (GLC)i-5, high-performance liquid chromatography (HPLC)6-LL, and thin-Iq er 
or paper chromatograpI$“-la_ Reliable results on the composition of the major 
purine and pyrimidine bases in nucleic acids have been obtained with many of these 
methods reported’-5*6**1-“. Houever, only the method by RaEderath ef ai.13-rs 

provides the necessary separation of the major and minor bases when a quantitative 
analysis is required for a mirror nucleic acid constituent, such as a methylated base 
in tRNA. Certain minor nucleic acid constituents cannot be separated from the major 

* Operated for the Energy Research and Development Admimstration b> Union Carbide 
Corporation. 



bases by GLC, 2nd rhe derivatizing 2gent can produce extranews peaks on the chro- 
m2togr2d6. The KPLC methods u devehped to provide rapid anafysis of nucleic 
2cGd c~~p~Sjt~~~~6't'L"'L~':77, and not for the separrttion and analysis of minor and 
methylated bases present III spe&c tibonucleic acids. Recentresrrl’;s by Sen md Ghushg 
indimte t&at IXPLC czm be used to sepzmte some major nucleasides &am minor 
nethylated nuclosides in tRN_A, &hough q.m&S~Son ws not described. 

Usiag radioactive labeling aoci two-dimensioraf paper chromatography~ 
Mums P& iTi.= and Randerath et CZ~.~-~~ have developed me&hods for the analysis of 
me&ylated nucleic acid components, &though nat aE the major and methylated 
components mere con;pIeteIy separated. Radioactive metionine was used to Iabef the 

metlryIstecl b2ses in &e me&id by Munns et &_12, providing results for irk vifro 
studies; ho&-ever, for iC viiid expetiments, &iTution of the Exiioactive fabel makes the 
method impractical Rmdemth et aLrsmrs developed a post-hydrolysis labeling tech- 
rrique which allows tie analysis of any isolated tRNA. However, the aaalysis time is 
long, and s.zmpEe manipnlsrtiox require spe&l cue if satisfactory results are to be 
Obtikei. 

The presence of r&_&Wed pm-&e and pyrinridine bases in tRNA has been 
known urd studied for some time. The meiliyfatiian of the mzjot bases by specific 
tRN_4 EnethyIases occurs cn the intact macromofecuie. Gxreased tRNA methyIases 
zrct2rlt.y hzs been found irr P variety of drffereent tm~ors as srrmmarized by Borekis. 
ReFor’ts on the increased TX nary excretion of ceti methylated nucfeic acid derive- 
tiv.22 by cancer patients19-z ,uppart the eviderrce for increased methyfation of tRNA 
in cmcer cells. Previous &te&igatioos by Berqtist and Mathewsx and partic&r&~ 
Kale et aLx have shown ths_t tREAs from tutmor ce$fs coil~am increased amcsunts of 
neth~~a~edb~escomp~edtotheirnor~2ftlssrrecounterp2~.Kou/t~~er,~tizerstudies1i 

h2ve indicated little if any d8erences in methyfzted b2se emtent between tRNA in 
nom~l and related ttmmr +&sues. Fntther analyses are needed, particuEar~_v of indi- 
vidual isozccepting tRXAs, since minor variations nzy not be deticted in a to&Z 
popul&ion of tRNAs. 

A reliable and practic& method for the qumtitative analysis of the methylated 
bzses present in tRXA would provide furtlier information on the extent of modifica- 
tion in the tRXA of neopl&c cells. This in tur- LE would aid In understanding the 
effe%s of the increased tRKA methylase activity found in ~CLICK cells and the grater 
urmary excretion of ax&&3 methyjated nudeosides 2nd bases by patfents witb 

m2Iimsat disease. T&s report desxibes a qrrantititive method applied to tRN&4 for 
the ulzlysis of spe&c methylatcd bases that have been detect& in the urine from 
patients wi’& mixer. 

A Mark If LTV Analyzer (Oak Xidge Nztioczf Laboratory, Oak Ridge, Term.. 
U.S.A.) eqrripped xi& it 150 x 0.455 cm I.D. columo contiining Amhex 27 @lo- 
Rzd Labs., Richmond, C&if., U.S.A.) &on-exchange resin, 3 two-chmxber gradierrt 
ge3erzxtig systemz5 and a programmable temperatue coatro! system was used for 
rhis study. The eIuate from t&e chi-onatographic cofumn was monitored at 254 and 
250 m by a duoMonitor (Laboratory Gata Control, Riviera Beach, Ffa., U.S.A.), 
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and a Servo/Riter U (Texas Insrrumenfs, Houston. Tex., U.S.A.) dual-pen recorder 
was used to record the chromatograms. 

A sand-bath with a variable temperature control (+25) was used for hydrolysis 
of the transfer RKA sampIes. 

Reaction vials descrrbed by Gehrke and Lakingszi were made from Pyrex 9826 
cu!ture tubes (Corning5 Corning, N-Y., U.S.A.). 

Reagents 

Ihe major and methylzted bases were obtained from the folIowing sources. 
CaIbiochem (Los Angeles, C&f., U.S.A.): adenine (Ad& cyzosine (Q-Q, guanine 
(Gus), uracil (Ura), 6methyIadenine (&MeAde), 6-dimethyfadenme (ii-Me,Ade), 5- 
methylcytosine (5MeCyt). pseudouridine (Y), and thymine (Thy): CycIo Chem. 
(Los An&es: C&f., U.S.A.): ‘I-methyladenine (2-MeAde), 3-Methylcytosine (3- 
MeCyt), I-methylguanine (I-MeGuz), 7-methylguanine (7-MeGua), 2-methylguanine 
(2-MeGua), 2-dimethy&uanine (2-MezGua), and I-Methyihypoxanthine (I-MeHypo); 
and S&ma (St. Louis, MO., U.S.A.): E-methyladenine (I-MeAde). 

Calf liver tRNA was purchased from Sigma, rat liver tRNA was obtained 
from General Biochemicafs (Chagrm Fzlls, Ohio, U.S.A.). 

Formic acid (97--1000%) and triflnoroacetic acid (TFA) were obtained from 
Matheson, Coleman and Bell (Norwood, Ohio, U.S.A.). -4cetic acid and ammonium 
hydroxide used to prepare buffers \%ere from J. T. Baker (Philfipsburg, NJ., U.S.A.). 

The anion-exchange resin used for separation of the purine and pyrimidine 
bases wzc Aminex A-27 (a 12-f5,~m particfe size strong base anion-exchange resin 
of 8 ‘A nominal crosslinking) and ws p lrchased from Bio-Rad Labs. 

Approximately 2.0 mg of tRKA teas dissolved in 2.0 ml of water, and 400~~1 
and 75,rtI aliquots were placed in a culture tube with a PTFE-lined screw cap. Hy- 
drolysis of the tRNAs to the free bases was accomplished us&g the method of &kings 
and Gehrke3. By this procedure, 400 pf of a I :I trZuoroacetic acid-formrc 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 voI2tifiziing at 60” under a stream 
of nitrogen, the residual sampIe was dissolved in 1.0 mT of 0.1 N N&H and placed 
OEL the liquid chromatograph. 

RESULTS 

lnitiaf data indicated &at the bem separation of the major and methyfated 
bases would be accomplished by -die& eIut:on zt a basic pH. Singhal and Cohnlo 
reported on the anion-eschange chromato_graphic parameters for tbeseparztion of 
nucleosides and showed par&l base separation under these conditions (0.2 M am- 
rnonium 2cet2tee, pH 9.7). Using these conditions zs 8 starting point, optimal condi- 
tions were sought for separation of the four major bases (_4de, Cyt, Gus, and Ura) 
and swelve methylated bases (I-MeAde, 2-MeAde, &MeAde, 6-MezAde, 3-_MeCyt, 
5-_MeCyt, l-MeGua, 2-MeGua, 7-MeGua. 2-LMe,Gua, l-MeHJ~po, and Thy) and to 
include pseudouridine at a major to minor base ratio of !O to t. Chromatographic 
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Ftg i. Standard mktux of bz_ses and methylated ha_w at a 1O:I ratro. BuEx of first chamber: 
0.015 Xf ammonir?m ace.tate @I3 9.2). cf scccmd chamber: f 3 Iri ammoniurrr 2c~tace @E-X 9.2). 

Ten_perztT,trrre. 2dGnt for the &st 1.75 II, then progranxried to 63)’ in 1.5 ir, azd rrkntained a 60” 
for he remamdez of the ar&ysi.s. Row-rate: 35.6 e&E; (3 65 m&km*-tin>. UV output: U-OS 0 D. 
unit fufl sch. ! = 3-b.fe@: 2 = Qt, 3 = 5-h&C_% 4 = f-hk4de; 5 = I-&f&m; 6 = Thy, 
7 = Ura: S = ~-M&-JE~.; 9 = &a; 10 = ZMe_Ue; 11 = Ade; Pf = 3-bfeGua: f3 = I-MeHypo; 
14 = 2-bfz&ua; 15 = GMe_Ade; 26 = W&&de 
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conditions which yielded the best separation using the “Autograd’ systemf6 utilized a 
0.015 Mammonium acetate (pH 9.2) in the first chamber and a I.5 Mammonium ace- 
tate buffer (9.2) in the second chamber. The temperature was maintained at ambient 
room temperature for the first 1.75 h, Ehen programmed to 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 mljh (3.5-3.7 ml/cm2 *mm). A typical chromatogram of 
the major and methylated Sases at a IO:I ratio is sho\r;n in Fig. 1. Table 1 gives the 
average eIutron volume of each base for six independent analyses and the refarive 
standard deviation of the elution volume for each base. 

Quamitatfhlz qf the major md ttzethylated bares separated by HPLC 
The minimum detectabIe level (MiiDLf and the linear@ of response over a 

rang of concentration were evaluated since quantitative analysis of the methyfated 
bases in tRNA mas the primary goal. Standard stock sotutions of four bases were 
ana@xd at concentrations of 1-5 &ml for the methytated bases and S-+0 ygjmf for 
the major bases. Graphs of peak area rerszfs concentration and peak height rersxs 
concentration were constructed and found to be finear for each compound over the 
concentration range of interest. Peak height and peak area gave similar rest&s. 
Measurement of the width at half peak height: was found to be drfficuit and a possibfe 
source of errror in calculating peak area due to the narrow width of some peaks. 
Consequently, the peak height was chosen for quantitative cahxlatron. 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 Iinear over a wide 
concentration range. 

,ag base in tRN_4 = ‘rrg base standard x 
peak height base in tRN_4 
peak height base s&n&& 

Frg. 2. Standzd curws for major bases. !%ch point represents .zn serage of th_ze mdepeadent uia& 
yses. Chromatograptric condrtions uere as g&en in Fig. I. #. Qt; R, Ura; C, Ade; G, Gus. 



Six independent analyses of a stzndzrd solution of methylated and major bases were 
made. Ttre average peak height and relative standard deviation are presented in T2bfe 
I. 

Tke _MDL for the metElyfated b= es w2s determined by zna&mg smcesslvely 

fewer concentr2tions ofsekcteci methyfated kses until 2 sign21 to noise ratio of3:1 

was obtained. The MDL for the methylated bases using this aualJltimi system was 
found to be between 8.1 and 0.2 &mI. 

The stzbility of +&e m.zj;or bases d~rrkg hydrolysis with a formic acid-TFA 
mirture at 230c for 1.5 h had beeen determined previous&“. No toss or destruction of 
the major bases was i’otmd. To determine the effect of this &ydro!qsis method on the 
methy!a~ed bases, a sitandard mixmre containing the twelve methylated bases and 
pselidouridme at a concentratron of 2.5 ,ug/ml were carried through t3e entire hydrol- 
ysis aad 2~~&tic2l pracedn:e. Only two of the compounds were found to be a&cted 
by the hydrolysis conditions. E’serrdouridize was completely degraded with no UT: 
a-bsorbrn,a peaks appearing on the chromatogram, and aborrt 25% of I-MeAde 
pa&&y isomer&d to S-Me_Ade. This charizb == htd been demonstrated previous@ by 
MLIrnS et ,-I.“. as a cxtsequexe, c&e pseudotidine level in tKNA could not be 
bettermined by this nethod; and measured amou~its of l-MeAde and 6-MeAde were 
combined and reported as one v&e. Table If sfrows tie ,gocd stabiliQ of the 
metbylated bases wheo tied tbro& t&e bydrofysis step aod analysis by tic@ 
chhomatograpby, ~kith the exception of a small Ioss of i-M&de. 

Several of &e major and medrqlated nucieosides t+ere also hydroiyzed and 
analyzed to determine \&ether complete hydrotysrs to the free base had ocmned. If 
the conditions for hydF&SlS xtere careftrlry funovlied, tota! conversion of ali ?he 
nucIeosides to their ccrresporrdfq base irntiabiy resulted. Kowevzr, incomplete 
hydro&sfs act-tired % the temperature feG below 2&Y or ~2s mainttinod for less than 
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TABLE II 

STAEILITY OF THE METHYLATED BASES DURING EfYDROLYSIS 

3-Mecyt ~.s*” 2 p’ 99.6 

XMecyt 17.3 L7.5 9s 4 
1 -M e..4de 17.3 14.4 83.2 
I-MeGUil x.4 21.2 99.1 
Tkly If 6 IL.2 96.6 
'T-M&u2 6.6”’ 6.2”’ 93.9 
2-MeAde 7.9 7.6 96.2 
2-Me.Gua 6.6 6.0 90.9 
l-Me&p0 5.5 8.4 98.8 
2-h&Gua S.4 8.1 96.4 
BMe_Ade 21 3 20.9 93.1 
6- _Me,Ade 5.8”’ 5 6”’ 96.6 

c Fe& height in cm measrrred at 254 urn. 
** Erich a&x represents an average of three independent anaiyxs for unhy&ol_wed and hy- 

drolyzed peak he&&s. 
*lt -Peak height m~u& at 780 nm for X-MeCyt. ii-MeGua. zad 6-~Me+de. 

1.0 h. If the tRNA sampfe was incomp!etely degraded to its free bases. corresponding 
nucIeosides 2nd nucieofides could be detected. Absence of such peaks on the chruma- 
tograms provided 2 means whereby totzi hydroiysis of the tRNA sample corrtd be 
verified. 

COMPOSITION OF RAT LIVER AND CALF LIVER tRNA IN WEIGHT .4ND MOLE 
PERCENTAGES 

-_-_ - 
Compormd Rcr &er rRA% -_ Calf hi er rR_&c-Z 

-- _ 
W/L7 ‘is mole %” W/W O/o’ mok yO** 

3-MeCIfi 
CYT 
i-MeCyt 
I -MePlde 
I-MFKkE 
Thy 
Ura 
T-MeGuz 
GIla 
Rde 
ZMeGua 
&Me+Gua 
5-MeAde 
6-MeAde T 

0.04 
9.15 
a.i2 
a.03 
0.07 
0.1’ 
4.25 
0.06 
7.75 
5.55 
Q-13 
0.07 

a.14 0.02 a.oi 
37.64 11.60 32.31 
0.42 0.34 O.Sf 
0.10 a.05 Q-11 
0x3 &a4 0.07 

043 0.30 0.74 
17J-f 4.56 12.59 

Q-15 0.05 o.a9 

23.3s 17.64 xi.:3 

IS.71 7 :2 16.78 
0 34 003 Q.Q6 
0.17 0_03 0.05 
0.99 0.09 O.IP 
i .O? 0.14 0.30 

l K/W y_ = weight rnethylated base!v&ht tRPiA x fOD_ 
=* Mole “/, = moles methylated base/moles to&~& bzses x 100. 

*** 6-MeAde and I-Me-ride wzre combtied dare to isamedzation of I-MeAde to 6-MeAde. 
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Fig A HPLC axlysis OF 0.5 mg calf liver tRN.A. For smdysis conditions and ~e;zk rden&zztian. 
refer to Ftg. 1 F:ox+,zte: 35 5 ml/h (3.75 d/cm’-nxnj. UV output: O.OS O.D. untt fr& sc&e. U 
tihcates unknown w’ks on the chromstogrcm Hydrolysis conditions were zs g%en is text. 

The amoun& of the vxious methylated beses present in calf tiver and rat liver 
UXNA were determined by the meihods described earher. A Xl--mg sampfe of tRk% 
was dissolved XI 2.0 ml water. Duplicate atiquot samples of 0.5 and 0.07 mf fcx calf 
liver tRNA (ca. 0.5 mg and 70,xg zRNA) and 0.25 and 0.05 mt for rat her tRNA 
(CG. 0.25 mg and 50 yg tRNA) were analyzed Analytic& da@ for ten methyhted and 
four major bases were determmed and these data are presented in Table Iif. 

Figs. 4 and 5 ze chromztograms far the HPLC analysis of methyfated bases 
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in caIf Ever and rat Sver tRNA, respectively. and show the presence of a number of 
unidentified minor bases. 

DISCUssrON 

The qua&tat&e analysis of the major and methylated base content of tRNAs 
found in norma and related tumor tissue provides information as to structural modi- 
fications and may provide clues as to possible functional or behavroral differences 
obstrved between norma and cancer cells. Since these macromolecules serve impor- 
tant roIes in celf growth and its reguiatron. further study and understanding of the 
modified base content would be of distinct value. The method. as described in thrs 
report, had direct application for the separation and determmation of the major and 
methygated puke and pyrimidine bases in tRN4. This procedure may be applicable 
to the quantitative measurement of those methylated purfnes 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 structuraUy modified 
bases having substituents other than methyl groups. Further studies are necessary to 
determrne if the analysis of other modified degradation products of nucleic acids couid 
be performed using tlhis procedure_ This seems feasibfe with minor modrfications in 
either the hydrolysis step or the liquid chromatographic separation. 

The sensitivity of the method, found to be IXKZOO ng methylated base per 
mriliifiter, co&d be improved by usin g a detector cei1 with a Ionger path Iength than 
the j-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 
Fecorder with a variable range. The anaiysis time may be shortened by changing the 
eluant concentrations. the cofumn length, or the flow-rare. These parameters were not 
fully evaluated because the procedure as developed gave the required separations and 
the anafysis time was not a limiting factor. Application of the Method has been dem- 
onstrated using both rat and calf fiver tRNA and has been shown to be sensitive and 
to pro\ ide reproducible resrrks. Further studies are in pro,oress to compare analyticat 
results for tRNAs from tumor tissue with those from tRN_4s obtained from normaE 
tissue. 
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