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SUMMARY :The nucleoside composition of tRNA from highly purified 
yeast mitochondria shows the presence of T, JI, hU, mlG, m2G, 
m G, 5 

I and t6A whereas neither m7G, m5C, m3C, mIA, i6A and Y nor 
0 -methylated nucleosides (which are common in yeast cytoplasmic 
tRNA) were found. The G+C content is very low (35%). The overall 
methylation content is 2.7% which is about half the content of 
yeast cytoplasmic tRNA but similar to that of E.coli tRNA. Some 
rare nucleosides however which are found in E.ms4U, acp3U, 
m2A, m6A, ms2i6A, Q) were not found in yeast mitochondrial tRNA. 

INTRODUCTION : Our investigation of rare bases in yeast mit. 

tRNAs showed the absence of Y base and s4U (1). The overallbase 

composition of yeast mit. tRNA was determined from experiments 

done using 32P [ 1 labelled tRNA (2). Though some rare bases like 

T, $ and hU could be detected, the separation of the nucleotides 

did not permit further characterization of minor components of 

tRNA. For this purpose, the thin layer chromatography technique 

developed by ROGG et al. (3) is the most suitable. We report re 

sults obtained by applying this technique to yeast mit. tRNA. 

MATERIAL AND METHODS 

1) Preparation of mit. tRNA from Saccharomyces cerevisiae p+ 
IL8-8C protoplasts was as described earlier (1). LJ2Pj mit. tRNA 
was prepared by labelling yeast cells in a low phosphate galac- 
tose medium containing 100 mCi [3"P] orthophosphate/l (2, 4 ). 

2) To eliminate traces of DNA fragments possibly contamina- 
ting mit. tRNA preparations, the tRNA (40 A260) was incubated 
with 10 ug of RNase-free DNase I (Worthington-DPFF) in a 10 mM 
Tris-HCl (pH 7.4) buffer containing 1 mM MgCl2, at O'C for 
30 min. After phenol extraction, the tRNA was precipitated with 
ethanol and extensively dialysed. DNase treatment was done to 
eliminate contamination by dA, dT, dC and dG which migrate with 
Am, rTm, Cm and m2G respectively, in the nucleoside chromato- 
graphy method used (3). 

Abbreviations : mit. : mitochondrial ; cyt. : cytoplasmic. 
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Two-dimensional thin layer chromatography of the enzymatic 
hydrolysate of 8 A260 yeast mit. tRNA on a 50 x 20 cm cellulose 
coated aluminium foil (DC-Alurolle Cellulose, Merck, Darmstadt). 
First dimension was performed by descending chromatography 
during 24 hrs in the solvent system I. Second dimension was 
performed by ascending chromatography during 4 hrs in the sol- 
vent system II. 

+ 
origin 

- first dimension 

Fi .gure 1 : 

Solvent system I : n-butanol - isobutyric acid - 25% ammonia - 
water (150:75:5:50, by volume). 

Solvent system II : saturated ammonium sulfate - O.lM Sodium 
acetate pH 6 - isopropanol (79:19:2, by 
volume). 

3) 8 A260 of DNase-treated mit. tRNA were enzymatically hy- 
drolysed at pH 7.4 and the nucleosides formed were chromatogra- 
phed according to ROGG et al. (3). The spots revealed under UV 
light were identified by comparing their position with ROGG et 
al.' T s chromatographic map. The nucleosides were further identi- 
fled and evaluated quantitatively by their UV absorption spectra 
at neutral, acidic and alkaline s. 

Nucleotide composition of 
by T1 + T2 

71 32P mit. tRNA was determined 
RNase digestion and the resulting mononucleotides 

were separated by thin layer chromatography. The solvent system 
used were : A) isobutyric acid - NH3 25% - H20 (66:1:33,v/v/v) 
(S), B) isopropanol - HCl - H20 (68:17:15,v/v/v) (6). 

4) Brewer's yeast total tRNA considered as cyt. tRNA and 
E.coli B tRNA were purchased from Boehringer (Mannheim) and 
pjorthophosphate from the C.E.A. (Saclay). 

RESULTS : Figure 1 shows a typical separation of the nucleosides 
from a mit. tRNA hydrolysate. The nucleosides found in cyt. and 
mit.tRNA and in E.coli tRNA are listed in table I. The overall 
base composition of cold and C32P] mit. tRNA are in good agree- 
ment with a G+C content of 35% (2). $ and hU are the major rare 
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Table I : 
Nucleoside compositions of yeast mitochondrial and cyto- 

plasmic tRNAs and of E.coli tRNA. Results are expressed as per- 
centages of the total amount of nucleosides recovered. The 
values represent averages of five experiments for mit. tRNA 
and two experiments for cyt. tRNA and E.coli tRNA. 
acp3U : 3-(3-amino-3-carboxypropyl)uridine 

Q : 7-(4,5-cis-dihydroxy-l-cyclopenten-3-ylaminomethyl)- 
7-deazaguanosine. 

Percentages of total nucleosides 
Nucleosides Yeast cyt. Yeast mit. E.coli 

tRNA tRNA tRNA 

A 
U 
C 
G 
m1A 

m*A 

m6A 

t6A 

i6A 

ms2i6A 

J, 
hU 

s4u 
T 

acp3U 

m5C 

m3C 
I 
m1G 

m*G 

m:G 

m7G 

Q 
Gm 
Cm 

21.50 
17.20 
24.95 
27.10 

0.65 

30.80 19.80 
27.50 13.90 
14.90 28.30 
18.50 31.90 

not found not found 

0.20 

0.10 

0.35 

3.75 2.80 
present 2.60 

1.10 0.95 

0.80 

0.10 
0.25 
0.90 

0.30 

0.60 

0.25 

< 0.07 
0.75 

0.20 

0.80 

0.20 
0.30 

0.20 

0.07 
1.70 

present 

0.80 
1.00 

0.35 

0.90 

< 0.07 
0.20 

0.10 

0.65 
0.20 
0.25 
0.07 

G+C content 56.1 35.1 62.0 
Methylated nucle 
osides content 5.1 2.7 2.75 
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nucleosides found in mit. tRNA. The following methylated nucleo- 

sides are present in mit. tRNA : T, mlG, m2G and m;G. NoO'-meth- 

ylribosides are present in mit. tRNA. The degree of base meth- 

ylation of yeast mit. tRNA and of E.coli tRNA is half as high 

compared to yeast tRNA (see table I). We found an amount of I 

very low as compared to that found in E.coli. Of special interest 

is the presence in yeast mit. tRNA of the hypermodified nucleo- 

side t6A (7). Using ROGG et al.'s technique, m2A was not found, 

even in E.coli tRNA. Therefore, 

['"PI mit. 

thin layer chromatography of 

tRNA nucleotides, using solvents A (5) and B (6), was 

performed. In this system m2Ap is easy to localize (8). However, 

no m2Ap was found in yeast mit. tRNA (results not shown). 

DISCUSSION : The G+C and A+U contents of mit. tRNA have been 

thoroughly discussed (2) and it must once more be emphasized 

that yeast mit. tRNA shows the lowest G+C content (35%) so far 

reported for tRNA. The mit. tRNA preparations appear to be pure 

and contamination, if any, does not exceed 4% (2). In addition 

specific cyt. tRNAs : tRNATYr and tRNALeU (9) and tRNAPhe (1) 

are absent in these preparations. 

Investigations of methylated bases in mit. tRNA from other 

species, e.g. hamster cells BHK-21 (lo), rat liver and Morris 

hepatoma (ll), and Neurospora crassa (12), showed that mit. tRNA 

is somewhat undermethylated as compared to cyt. tRNA. This is 
also the case for yeast mit. tRNA ; furthermore, the degree of 

methylation, i.e. 2.7% is the same as for E.coli tRNAs. 

The pattern of methylated bases found in yeast mit. tRNA 

is quite different from that of BHK-21 mit. tRNA (10). Methyl- 

ated A and C, found in BHK-21, are absent in yeast mit. tRNA. 

Their absence is consistent with the methylase specificities 

found in yeast mitochondria (13). While very little T is found 

in mit. tRNA. of BHK-21 (10) and rat liver (ll), there is about 

one T per sequence (70-80 nucleotides) in yeast mit. tRNA. This 

difference may be the result of evolution of the mitochondrial 

system which seems to parallel that of the cytoplasm since the 

amount of T found in yeast cyt. tRNA is also higher than in 

mammalian cyt. tRNA (10,ll). KLAGSBRUN reported m2A methylase 

activity in HeLa cell mitochondria (14) : the modified base m2A 

may therefore be present in mit. tRNA although DUBIN et al. (10) 

found none in BHK-21 mit. tRNA, and we detected no m2A in yeast 

mit.tRNA. 
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Among the odd nucleosides usually adjacent to the 3'-end 

of the anticodon, t6A was detected in yeast mit. tRNA. If there 

is one copy of this nucleotide per tRNA sequence, as expected 

from its position in the tRNA, then it occurs in about 25% of 

the yeast mit. tRNAs. This percentage of the mit. tRNA would 

then be expected to have anticodons terminating with U (15). 

Good candidates for a t6A in their sequence are mit. tRNAArg, 

tRNAASn, tRNA1le, tRNALYs , tRNAMet, tRNASer and tRNAThr (15). 
Another nucleoside, mlG, which is present in yeast mit. tRNA, 

could possibly be adjacent to the 3'-end of the anticodon in a 

few mit. tRNA species, as it is the case in some prokaryotic or 

cytoplasmic tRNA sequences (16). However, i6A or ms2i6A also 

found adjacent to the 3 '-end of the anticodon (16) could not be 

de&ted in yeast mit. tRNA. 

It must be emphasized that our results do not exclude the 

presence of those rare nucleosides present in only one (or a 

few minor) species of mit. tRNA. Such modified nucleosides,which 

would represent less than 0.05% of the total mit. tRNA nucleo- 

sides cannot be detected by the chromatographic method used (3). 

The study of rare nucleosides in mit. tRNA shows, as 

already noted (l,lO), that this tRNA is significantly different 

from both eukaryotic and prokaryotic ones. Several modifying 

enzymes would be required to produce the number of rare nucleo- 

sides found. These enzymes, like it is the case for aminoacyl- 

tRNA synthetases (17) are presumably of nuclear origin because 

of the relatively small coding capacity of mit. DNA. 
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