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Isolation and Structure Determination of the Fluorescent Base 
from Bovine Liver Phenylalanine Transfer Ribonucleic Acid? 

Steven H. Blobstein,$ Dezider Grunberger,*,§ I. Bernard Weinstein, and Koji Nakanishi 

ABSTRACT: Calf and beef liver tRNAPhe were obtained by 
fractionation of calf and beef tRNA on BD-cellulose columns 
and selected regions were further purified by hydroxylapatite 
chromatography. The tRNAPhe was then incubated at  pH 
2.9 to liberate the strongly fluorescent base of this tRNA, 
which was purified by silica gel thin-layer chromatography. 
The structure of the new base obtained was determined by 
comparing its absorption, fluorescent, and high-resolution 
mass spectra to that of the similar base of tRNA::& (originally 
termed “Y” base). Results of this analysis indicate that the new 
base of bovine liver tRNAPhe (“peroxy base”) differs from the 
one from yeast only by the presence of a unique hydroperox- 

P henylalanine tRNAs,’ isolated from many eukaryotic 
cells, such as yeast (RajBhandary and Chang, 1968), wheat 
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1 Abbreviations used are: tRNAPhe, phenylalanine specific, tRNA;  
tRNA:::, tRNAPhe from calf liver; 
and are the corresponding materials from beef liver, rat 
liver, chicken liver, and baker’s yeast, respectively; Y-imGua, the i-luo- 
rescent base found in baker’s yeast tRNAPhe and originally termed “Y” ; 
HOZ-Y-imGua, the major fluorescent base found i n  tRNA::,:“,; BD-cellu- 
lose, beiizoylated diethylaminoethyl-cellulose. 

A Note O H  Nomenchire .  i. The systematic nomenclature according 
to Dr.  I<. Loening, Nomenclature Director, Chemical Abstract 
Service, for the tricyclic nucleus of these compounds is as follows: 
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The fusion locants are derived by fusing imidazole to purine. 

Therefore, the fluorescent bases isolated from brewer’s (Kasai et ai., 
1971) and baker’s (Nakmishi et  a[., 1970) yeast phenylalanine tRNAs 
are designated in structures A and B, respectively, as 

H O  
\ 11 H 

ide group on the p carbon of the side chain. To exclude the 
possibility that the peroxy base is an artifact formed during 
the isolation procedure, the following studies were performed : 
(1) incubation of synthetic d,/ base of yeast and yeast tRNAPhe 
with a postribosomal supernatant fraction from liver; (2) addi- 
tion of yeast tRNA to the liver homogenate and subsequent 
isolation of the tRNAPhe; (3) isolation of calf liver tRNAPhe in 
the presence of sodium azide. The fluorescent bases isolated 
from these experiments remained unchanged. Therefore, the 
hydroperoxide moiety in the side chain of the peroxy base is 
not merely an artifact of isolation. 

germ (Dudock et a / . ,  1968), beef (Yoshikami et a/ . ,  1968; 
Zimmerman et af., 1970), and rat liver (Fink ef a/., 1968, 1971) 

CH OOC, ,NHCOOCH 
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u-(carboxyam1no)-4,9-dihgdro-~,6-dinieth~l-~-oxo-  IH-imidazo[l ,?-a:- 
purine-7-butyric acid dimethb I ester. 

ii.  The abbreviated nomenclature IS based on a recommendation by 
Dr. W. Cohn, Director, Office of Biochemical Nomenclature, National 
Research Council. Guanine is taken as a root, to which a three-carbon 

CH,OOC, , KHCOOCH 
CH 

I 
CH 

isopropeno group has been attached at positions 1 and N’. This lends 
to the following abbreviations: structure A :  imGua (for l,.V?-iso- 
propeno-3-methylguanine): structure B : Y-imGua (i t  so happens that 
the branched butyrate side chain looks like the letter Y ,  and hence the 
original letter can bc retained as a modifier). The respective nucleosides 
become imG and Y-imG while the peroxy compound, 11, is represeiited 
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h- N 
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CHI 

s t r u c t u r e  A 
4,9-dihydro-4,6-dimethyl-9-0~0- 1 H-imidazo[l,2-o]purine by Hog-Y-imGua. 
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contain a highly modified hydrophobic fluorescent base which 
has been termed “Y” by its discoverers. In both yeast 
(RajBhandary and Chang, 1968) and wheat germ (Dudock 
et ai., 1968) tRNAPhe, this base is adjacent to the 3’ end 
of the anticodon. Presumably, in the tRNAPhe from liver 
it is located in the same position of the molecule (Fink et a/., 
1971). Those from yeast and wheat germ tRNAPhe possess a 
low order of cytokinin activity (Hecht et ai., 1970). 

The structure of the base from the tRNAPhe of baker’s 
yeast, I, proposed by Nakanishi and coworkers (1970) and 
supported by Thiebe et al. (1971) is the most modified purine 
so far identified in any nucleic acid. The structure has been 
confirmed by synthesis, and an L configuration has been 
established for the single asymmetric center in the side chain 
(Funamizu et al., 1971). The one isolated from brewer’s 
yeast tRNAPhe has recently been assigned a structure which 
corresponds to the I nucleus lacking the side chain (imGua) 
(Kasai et al., 1971). Yoshikami and Keller (1971) using 
chemical modifications suggested that the base from wheat 
germ and beef liver tRNAPhe probably differ from Y-imGua 
of yeast in the structure of the side chain, but no structural 
evidence was presented. Fink et ai. (1971) found that the 
fluorescent and uv spectra of the material from rat liver are 
similar to those of yeast but the former material has a lower 
RF on tlc. 

This study was undertaken to elucidate the structure of 
the fluorescent base isolated from bovine liver tRNAPhe. 
A preliminary report of some of our results has been pub- 
lished elsewhere (Nakanishi et a/., 1971). 

Materials 

Benozylated DEAE-cellulose (20-50 and 50-100 mesh) was 
purchased from Schwarz/Mann. Hydroxylapatite was ob- 
tained from Bio-Rad Laboratories. Silica gel plates (type 
G-254, E. Merck, Darmstadt, Germany) were used for ihin- 
layer chromatography. [ 14C]Phenylalanine was obtained from 
Schwarz/Mann (specific activity 455 Ci/mol) or from Nuclear 
Dynamics (specific activity 31 5 Ci/mol). Phenol was analytical 
reagent grade from Mallinckrodt or Schwarz/Mann, and was 
freshly distilled prior to use. Sodium dodecyl sulfate was pur- 
chased from Sigma Co. ; 8-hydroxyquinoline was from Fisher 
Scientific. Bentonite (Fisher) was washed by the method of 
Fraenkel-Conrat et ai. (1961). Baker’s yeast tRNA was pur- 
chased from Plenum Research Scientific, Inc., Hackensack, 
N. J. Calf and beef liver from freshly slaughtered animals was 
immediately chilled and was obtained from S. Schweid, 
Paterson, N. J. 

Methods 

Spectra absorption measurements were determined on a 
Zeiss spectrophotometer (Model PMQ 11) and a Cary record- 
ing spectrophotometer (Model 14). Fluorescence measure- 
ments were conducted on an Aminco-Bowman or a Perkin- 
Elmer (Model MPF-2A) spectrophotofluorometer, fitted with 
a xenon lamp and 1-cm light path. One A280 unit is that amount 
of material which has an absorbance of 1 when dissolved in 
1 ml of water and measured at 260 nm with a I-cm light path. 
The theoretical acceptance capacity of pure tRNA was as- 
sumed to be 1.67 nmol of amino acid/A260 unit (Hoskinson and 
Khorana, 1965). The mass spectra were obtained using an 
Associated Electronics Industry MS-9 double-focusing high- 
resolution mass spectrophotometer (mjAm = 10,000). 

Prepuration of tRNA. Beef and calf liver tRNA were pre- 

FRACTION NUMBER 

FIGURE 1: Chromatography of 6.8 g of calf liver tRNA on a BD- 
cellulose column. The column (5 X 85 cm) was equilibrated with 
0.4 M NaCl and 0.01 M MgCIz at 4”, and the sample was applied in 
500 ml of starting buffer. The tRNA was eluted with a linear grad- 
ient of 8 1. of 0.4 to 1.5 M NaCl containing 0.01 M MgCIz. The remain- 
ing tRNA was eluted with 1.5 M NaC1,O.Ol M MgC12, and 10% eth- 
anol (v/v). Fractions of 20 ml were collected a t  a flow rate o f  1.5 ml/ 
min and assayed for ,4260 absorbance and [14CC]phmylalenine accep- 
tance capacity as described in Methods. 

pared from 500-g batches of frozen iiver by the method of 
Fink et al. (1971), the only modification being that 0.6 M 
sucrose was used in the homogenizing step to reduce DNA 
contamination of the tRNA. The yield for bovine liver was 
0.5 mg of tRNA/g wet weight of liver. 

Assay of Amino Acid Acceptor Actiuity. A crude preparation 
of rat liver aminoacyl-tRNA synthetase was obtained as pre- 
viously described (Nishimura and Weinstein, 1969). The 
enzyme was dialyzed tigainst 5 0 x  glycerol overnight. When 
stored at  -20” the enzyme lost approximately 50% of its 
charging capacity over a period of 8 months. Ten microliters 
of this crude dialyzed enzyme and twenty microliters of 
fractions from the BD-ceilulose columns were assayed in a 
0.1-ml system. Fractions from the hydroxylapatite columns 
were assayed with a purified beef liver phenylalanyl-tRNA 
synthetase prepared as described by Lanks et a/. (1971), up 
to and including chromatography on Sephadex G-100. The 
enzyme was thus purified approximately 150-fold. This enzyme 
(3 pl) was used to assay 2 0 4  fractions of the hydroxylapatite 
columns. The remaining components of the assay systems, the 
processing of samples, and radioactivity measurements were 
as previously described (Nishimura and Weinstein, 1969). 

Column Chromatogrcphy. Columns of BD-cellulose were 
prepared and run as previously described (Gillam et al., 
1967). The partially purified calf and beef liver tRNAPhe were 
then rechromatographed on hydroxylapatite columns similar 
to those described by Zimmer and Hartman (1970). 

Results 

Purification of Beef and Calf Liuer tRNAPhL. When 6.8 g of 
calf liver tRNA was fractionated on a BD-cellulose column, 
the major amount of tRNA::: eluted during the latter part of 
the 0.4-1.5 M gradient of NaCl; a small amount of tRNA:& 
remained bound to the column and was eluted with 10% 
ethanol (Figure 1). A similar elution profile was obtained when 
640 mg of beef tRNA was fractionated on a 1.5 X 100 cm 
column of BD-cellulose. The partially purified tRNA::: 
obtained from the latter part of the NaCl gradient (40 mg) was 
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FIGURE 2 :  Chromatography of the partially purified tRNA::]; from 
BD-cellulose on hydroxylapatite. The column (1.5 X 50 cm) was 
equilibrated with 0.04 M sodium phosphate (pH 6.8) at room temp- 
erature and 800 units of tRNA::;; was applied. The tRNA was 
eluted with a linear gradient of 2 1. of 0.04-0.12 M sodium phosphate 
(pH 6.8). The remaining tRNA was eluted with 0.15 M sodium 
phosphate (pH 6.8). Fractions of 2.5 ml were collected at a flow rate 
of 0.4 ml/min and assayed as described in Methods. 

TABLE I :  RF Values of Isolated Fluorescent Bases.' 

tRNAPhe Source RF 

Baker's yeastb 0.48 
Calf liverc 0 .50 0 34 
Beef liver 0 34 
Rat liver b , c  0.48 0 35 
Chicken liver 0 35 

a Siljca gel thin-layer plates, developed using upper phase of 
an ethyl acetate-1-propanol-water (4 :1 :2) mixture. Data 
from Nakanishi et al. (1971). Two spots were obtained from 
tRNA:: and tRNA::,'. 

applied to a hydroxylapatite column and eluted with a gradi- 
ent of 0.04-0.12 M sodium phosphate. A sharp optical density 
peak was coincident with phenylalanine acceptance activity 
(Figure 2). The fluorescence emission maximum of the material 
was at  435 nm when excited a t  310 nm,* and the fractions at  
the peak accepted 1.52 nmol of [14C]phenylalanine/A2e~ unit, 
corresponding to a purity of 90%. The tRNA;::* was similarly 
purified on hydroxylapatite. We have found that our best 
resolution was obtained on small columns of hydroxylapatite 
using relatively fast flow rates. Larger columns with slow rates 
resulted in poorer separation and partial loss of acceptance 
activity. Prior to precipitation, the tRNAPhe from the hy- 
droxylapatite column was dialyzed against water overnight, 
to avoid coprecipitation of inorganic phosphate. 

Isolation and Structure Determination of the Peroxy Base. 
About 100 units of the tRNAPhe was dissolved in 2-3 ml 
of 0.1 M potassium phosphate adjusted to pH 2.9 with phos- 
phoric acid, and incubated at  37" for 3-5 hr. The solution was 
then neutralized with dilute NaOH and the bases excised were 
extracted with ethyl acetate, concentrated, and applied to 

2 1 1 7  some experiments the fluorescence spectra varied from the 
abovc values for unknown reasons. 
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FIGURE 3 :  Absorption spectrum of the fluorescent base (11) obtained 
from tRNA:;;; measured in water. 

silica gel tlc plates. The RF values of the fluorescent bases 
obtained from calf and beef liver (Table I) are identical with 
those from chicken and rat liver, all being lower than that of 
the yeast. 

When 300 Arso units of tRNA:;: was used as starting mate- 
rial two fluorescent spots were observed on thin-layer chroma- 
tography (tlc). The major component (more than 90%) had an  
R F  of 0.34 corresponding to the peroxy base, and the 
minor component appeared as a faint spot whose R F  was 
identical with that of Y-imGua, I. The possible significance 
of the minor component is discussed below. The strongly 
fluorescent materials were eluted with the developing solvent. 

Figure 3 shows the absorption spectrum of the calf liver 
peroxy base ( R F  0.341, having absorption maxima at  308,260, 
and 236 nm. The fluorescence spectra of this base are given in 
Figure 4, indicating excitation maxima a t  247, 273, and 322 
nm and an  emission maximum a t  445 nm. These values are 
almost identical with those reported by Fink et a/ .  (1971). 
for the rat liver fluorescent base. 

The structure of the calf liver peroxy base (R,. 0.34) was 
determined as I1 by comparing its high-resolutlon mass 
spectra cleavage pattern to that of the yeast base (Table 11). 
The parent ion of the peroxy compound is at  408.1395 (calcd 
for C16HzoNcOi, 408.1393) indicating the presence of two 
additional oxygen atoms when compared to the yeast base. 
Both I and I1 have peaks corresponding to the loss of the ele- 
ments of methanol in the high mass regon. Intense peaks at  
nile 216 (cleavage c in I and 11) indicate, together with the 
similar absorption and fluorescent spectra, that the aromatic 
nucleus and a-methylene group are present in both of these 
bases. Cleavage b in Y-imGua (I) yielded an  ion at  n7/e 230; 
however, for 11 the analogous cleavage gives peaks a t  I??,'< 

262 and 246. This indicates that both additional oxygen atoms 
in the peroxy base are located on the f l  carbon, either as a 
hydroperoxide or a gern-diol. The possibility of a gc"ol 
grouping is unlikely because a loss of 17 or 18 mass units would 
be observed, which is not the case. On the other hand, hydro- 
peroxides are known to lose oxygen atoms in the mass spec- 
trometer (van Lier and Smith, 1971). The mass spectral be- 
havior of I1 in the molecular ion region, i.e, loss of oxygen 
atoms leading to ni;ie 392, and the presence of a set of peaks 
differing by 16 mass units (m!e 376 and 360; nile 262 and 246) 
indicates that the compound contains a hydroperoxide group. 
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TABLE I I : ~  Pertinent Ions Observed in the Mass Spectra of 
Y-imGua (I) and HOz-Y-imGua (11). 

Re1 
Elemental Abundance 

Ion Compositionb mje (%IC 
,COOMe 

HK 

II /> 

I1 M+ 
I11 [I1 - (0-)] 
I1 - (MeOH) 
I11 - (MeOH) 
b’ 

b” 
(H.1 all  - 

C 

408 
392 
316 
360 
262 
258 
246 
216 

2 
5 
6 
2 
5 

19 
6 

89 

Ions correspond to those indicated in structures 1-111. 
’ All compositions are based on exact mass measurements 
determined on MS-9, 70 eV, PFK standard, m/Am = 10,OOO. 

Based on low-resolution spectra. 

Compound I1 gave a single tlc spot with several other 
solvent systems (Yoshikami and Keller, 1971), but the possi- 
bility that the compound is a mixture of I1 and I11 (Table 11), 
although unlikely, is not rigidly precluded by these data. 

Attempts to Conoert Yeast Base to the Peroxy Base. The 
isolation of an additional fluorescent material from tRNAF2 
having the same RF and mass spectrum as the yeast base I 
(Nakanishi et al . ,  1971) and also the presence of a faint spot 
from tRNA:$ with the same RF as I (see Table I) raised the 
possibility that the peroxy base might be an artifact formed 
during the isolation procedure. Since the major difference be- 
tween the isolation of the yeast base and the peroxy base is 
the source of the tRNA, we considered the possibility that 
certain enzymes present in the liver might be modifying the 
liver base. Therefore we conducted a series of experiments in 
an attempt to convert enzymatically the yeast base to peroxy 
base. 

A postribosomal supernatant fraction from rat liver was 
prepared and the enzymes were freed from nucleic acids as 

360 400 440 480 5 20 
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I 

FIGURE 4: Uncorrected fluorescence emission (A: excitation at 310 
nm) and excitation (B, emission at 420 nm) spectra of the fluores- 
cent base (11) obtained from tRNA::; measured in water. 

described by Zamecnik et al. (1960). The reaction mixture 
contained in a total volume of 0.1 ml: 45 pl of water-saturated 
d,l-Y-imGua, 30 p1 of rat liver extract, 0.01 M KCl, 0.01 M 
MgC12, and 0.1 M cacodylate buffer (pH 6.3). Incubation was 
carried out at room temperature overnight. No modification 
of the subsequently reisolated base I was observed, judging by 
its RF value on tlc. Another attempt to modify the yeast base 
in tRNA was made by incubating 80 
with 0.4 ml of the rat liver extract, in the presence of 0.1 M 

potassium phosphate (pH 7.5), 0.0025 M ATP, and 0.01 M 
KC1 in a total volume of 0.8 ml. The mixture was incubated 
at 37” for 1 hr with 0 2  bubbled through the system. The 
tRNAPhe, isolated after phenol extraction of the incubation 
mixture, was treated at pH 2.9. Only one spot was observed 
on the tlc which corresponded to the authentic yeast base Y -  
imGua. 

To determine whether any other step in our isolation pro- 
cedure had brought about a modification of Y-imGua, we 
prepared beef tRNA in the presence of a relatively large 
amount of yeast tRNA. Beef liver (200 g) was homogenized 
in the presence of baker’s yeast tRNA (800 mg) (see Methods) 
and a total of 456 mg of tRNA was recovered. Since our pre- 
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FIGLRL 5 :  Chromatography of 340 mg of mixed yeast and beef 
tRNA":"~ (approximately 80% tRNA::'::,,) on BD-cellulose. The 
column (1.4 X IO0 cm) was equilibrated with 0.4 .I NaC1. 0.01 11 
MgCL. and 0.05 hi sodium acetate (pH 5.0) at 4". and the sample was 
applied in 75 ml of starting buffer. The tRNA was eluted with a 
linear gradient (1  1. each) of 0.4-1.5 hi NaCl containing 0.05 h i  

sodium acetate (pH 5.0) and 0.01 hf MgCl!, followed by a linear 
gradient of 0 to log; ethanol (v/v). containing 1.5 M NaCl, 0.05 $i 
rodiuni acetate (pH 5.0). and 0.01 .cL MgClz (1-1. total volume). The 
remaining tRNA was eluted with 500 ml of lopi ethanol (viv). I .5 \I 
NaCI, 0.05 .\I sodium acetate (pH 5.0), and 0.01 hi MgCI,. Fractions 
of 7.5 ml were collected at a flow rate of 0.3 mliniin and assayed for 
['Clphenylalanine acceptance activity. Fractions A (345-570) and 
B (585 610) which showed activity were pooled. 

vious studies indicated that approximately 0.5 mg of tRNA 
is obtained from 1 g of liver, we can assume that approxi- 
mately 80% of this material was yeast tRNA. This tRNA 
(340 nig) was fractionated on a BD-cellulose column and the 
two regions which showed acceptance activity for [ I T ] -  
phenylalanine were pooled as described in Figure 5 .  The 
tRNAs present in these pools were harvested by ethanol 
precipitation, incubated a t  pH 2.9 for 5 hr, and after extrac- 
tion into ethyl acetate the fluorescent material was spotted 
on silica gel tlc. Two fluorescent spots were obtained from 
region A.  Most of the material (greater than 90%) had an 
K F  identical with that of the yeast base, while a trace amount 
of the fluorescent material had an RF corresponding to the 
peroxy base. The fluorescent base obtained from tRNAFh' 
of region B had an  R F  corresponding to the yeast base I, with 
no other fluorescent spot observed. 

This experiment indicates that under conditions used to 
prepare beef tRNA, and during the subsequent isolation of 
tRNA:::, no in situ modification of Y-imCua occurs. Al- 
though a trace of the peroxy compound was observed upon 
acid hydrolysis of tRNAPhe of region A, this presumably 
originates from the beef liver tRNA which, of necessity, is 
present during this preparation. 

Since the above attempts to convert the yeast base I to the 
peroxy base I1 proved negative, we isolated beef tRNA in the 
presence of a potent inhibitor of several oxygenases, sodium 
azide. The preparation of tRNA from beef liver was carried 
o u t  as described in Methods, the only exception being that 
0.003 hi NaN,, was added to the homogenizing buffer. The 
tRNA was chroniatographed on BD-cellulose in the presence 
of 0.001 M NaN,(. Although all the tRNA::; eluted in the 
ethanol region as does tRNA;:&, (Gillam et al., 1967), and 
not in the salt region as was previously observed, the R p  of the 
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F I G U R E  6: Structure of the perox) base from bovine liver tRNAP"'. 

fluorescent base subsequently released by mild acid treatment 
was identical with that of the peroxy base. 

Discussion 

The present studies indicate that the fluorescent base ob- 
tained from bovine tRNAPhe has the same structure as 1 ob- 
tained from baker's yeast tRNA but for the presence of a 
hydroperoxide group on the /3 carbon of the side chain. Both 
compounds share the same fluorescent imidazo[l,2-a]purine 
ring system containing a methyl group on the N-4 position 
and a highly substituted 4-carbon side chain on the C-7 posi- 
tion. The systematic (IUPAC) name for the peroxy compound 
is ~-(carboxyamino)-4,9-dihydro-~-hydroperoxy-4,6-dimethyl- 
9-oxo-lH-imidazo[l,2-u]purine-7-butyric acid dimethyl ester 
(Figure 6). 

We have also demonstrated the presence of the peroxy base 
in rat liver and chicken liver tRNAPhe. Yoshikami and Keller 
(1971) have previously shown that the fluorescent base present 
in wheat germ tRNAPhe and beef tRNAPhe are chemically and 
chromatographically similar, M'hich suggests that the wheat 
germ base has the same structure as the peroxy base 11. It is of 
interest that the analogous fluorescent base present in brewer's 
yeast tRNAph' consists only of the 4-methylimidazopurine 
nucleus and lacks the butyryl side chain. It is likely, therefore, 
that the tRNAphe of all higher organisms contains the 4- 
niethylimidazopurine base with variations occurring between 
species in terms of the side chain. In contrast to the situation in 
higher organisms, Esclierichia coli tRNAPhe contains an iso- 
pentenyladenosine residue adjacent to the 3'  side of the anti- 
codon, rather than the fluorescent base(s). 

Hydroperoxide-containing compounds are extremely rare as 
naturally occurring substances and it was, therefore, necessary 
to exclude the possibility that this was due to an artifact of the 
isolation procedure. Several types of control experiments in- 
dicate, however, that the hydroperoxide is not generated during 
the extraction procedure. It is likely, therefore, that the hydro- 
peroxide residue exists as such in liver tRNAP"" in c i co .  
The mechanism of its biosynthesis is not known. The only 
analogous pathway that we are aware of is the peroxidation 
of unsaturated lipids. Several investigators have described a 
NADPH-linked rat liver microsomal enzyme that, in the 
presence of inorganic iron, brings about the peroxidation of 
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unsaturated lipids (Hochstein et al., 1964; Orrenius et al., 
1964; Wills, 1969). It is possible that an analogous enzyme 
with different substrate specificity results in the peroxidation 
in Eico of Y-imGua. In  addition to the peroxy base TI we have 
observed some unoxidized base as a minor component in 
preparations of tRNAPhe from rat and calf liver and it is 
possible that this reflects incomplete conversion to the peroxy 
form. 

The actual biosynthesis of Y-imGua and its peroxy deriva- 
tive H02-Y-imGua and the functional role of these extremely 
complex bases in tRNA are intriguing problems which require 
further extensive studies. 
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