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ABSTRACT

By two-dimensional polyacrylamide gel electrophoresis, yeast mitochon-
dria! tRNA is fractionated into 27 major species. All but 6 of them migrate
distinctly from cytoplasmic tRNAs. Migration of mitochondrial DNA-coded
mitochondrial tRNAs shows the occurence of only one cytoplasmic tRNA in
mitochondria. Several mitochondrial tRNA spots are identified on the elec-
trophoregrams , some of them show isoaccepting species (Val, Ser, Met, Leu).
It is suggested that there are sufficient mitoohondrial tRNA genes on yeast
mitochondrial Dt/A to allow mitochondrial protein biosynthesis by the mito-
chondrial tRNAs alone. Quanosine + Cytidine content and rare base conposi-
tion are reported for some individual species. Mitochondrial tRNAPne lacks
ribothymidine.

INTRODUCTION

Mitochondria from var ious spec ies ranging from fungi t o mammals contain

mit . DNA-coded mi t . tRNAs (for a review, see ref . 1) . However, s eve ra l major

problems concerning these tRNAs remain unsolved : l i t t l e i s known about

t h e i r s t r u c t u r e ; the small number of mi t . DNA-coded he te rogen lc i soaccep tors

found, r a i s e s the ques t ion as t o whether a l l codons can be read by mit . DNA-

coded tHNAs a lone . This in t u r n , led to the hypo thes i s , proposed by severa l

authors (2, 3 ) , t h a t cy t . tRNAs are indispensable for mitochondr ia l p ro t e in

s y n t h e s i s . A method giving complete r e so lu t ion of a l l tRNA s p e c i e s , would

help t o answer t h i s ques t ion . We thought t h a t the two-dimensional po lyac ry l -

amide gel e l e c t r o p h o r e s i s of tRNA described by Fradin et al. (4) could be

useful for t h i s purpose. We r e p o r t here the r e s u l t s of comparative migrat ion

of yeas t t o t a l mi t . tRNA and cy t . tRNA and of mit . EHA-coded tRNAs. Several

mit . tRNA species inc luding i soaccep tors are i d e n t i f i e d and t h e i r base com-

positions are presented.
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MATERIALS AND METHODS

1) Purification of mitochondria and preparation of mlt. tRNA

Wild type yeast Sacaharomycea cerevisiae p+ haploid strain IL 8-8C or

diploid strain IL 46 were grown as earl ier described (5). Mitochondria i s o -

lation procedure from yeast protoplasts was the same as in (6) and mlt. tRNA

preparation was described in (7) .

[32p]-mit. tRNA was obtained by labeling the c e l l s in a low phosphate-

galactose medium containing 100 mCi [ PJ-phosphate/1 (8). Extraction of

mit. PDA from the purified mitochondria was followed by sucrose gradient

sedimentation (6) . The I p|-4S RNA was recovered by ethanol precipitation

using ATP as carrier. The precipitate was dissolved in 0.5 ml water and ATP

was removed by centrifugation on Sephadex G25 (in a 6 ml polyethylene syringe)

according to the technique described by Neal et al. (9) . The speci f ic act i -

v i ty was usually 1-1.2 10 cpm/yg 4S RNA.

2) Amlnoacylatlon of tRNAs

Preparation of mit. aminoacyl-tRNA l igases and aminoacylatlon of mit.

tRNA with |_ H_|-aminoacids were as earl ier reported (5, 10, 11).

3) Polyacrylamlde gel electrophoresis

Two-dimensional polyacrylamide gel electrophoresis at pH 8.3 In presence

of urea and EDTA was performed at +4°C using 10% acrylamide (0.3 x 20 x 40 cm

slabs) in the f i r s t dimension and 20% acrylamide (0.4 x 30 x 30 cm slabs) in

the second dimension, as described by Fradin et al. (4) . For some experiments

one-dimensional runs using 10% gels were done at different temperatures.

Monitoring and quantification of tRNA bands or spots from the gels were

done by the following techniques :

(i) unlabeled tRNAs : staining of the gels in the dark with 0.003%

"stains a l l" in dimethylformamide-water (1:9, v:v) and destaining by expo-

sure to daylight in water ;

( i i ) |_ Hj-aminoacyl-tRNAs : measuring the radioactivity by liquid scin-

t i l l a t i o n , after combustion of the stained gel s l i c e s in an Oxlmat sample

oxidizer (Intertechnique IN 4101). The identi f icat ion of the different tRNA

spots was carried out using bulk mit. tRNA aminoacylated with one |_ HJ-

aminoacid. In several cases isoacceptors eluted from RPC 5 columns (12) or

purified tHNAs (13) were subsequently labeled and submitted to e lectro-

phoresis in presence or in absence of unlabeled bulk mit. tRNA. Stabi l iza-

tion of the amlnoacyl-tRNA prior to electrophoresis was done by transforming
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the -NH. group of the aminoacid into an -OH group by nitrous acid treatment

(14) .

( i i i ) L P_|-tRNA : autoradiography of the gel and Cerenkov counting of the

gel s l i c e s . For weak radioact ivi t ies , the s l i c e s were digested in NCS "tissue

solubilizer" and counted in presence of Bray's sc int i l la tor (15).

4) Recovery of tRNA from gels

The [_ Pj-mit. tRNA was eluted from isolated spots by electrophoresis

onto DEAE-cellulose paper discs , as described by Adams et al. (16). The tRNA

was recovered froa the DEAE-cellulose by elution with 2M NaCl, followed by

ethanol precipitation with carrier tRNA.

5) tRNA-DNA hybridization and elution of tRNA from the hybrids

|_ pj-mit. tRNA-mit. DNA hybridization procedure was as described (17) ,

but T RNAase wash was omitted. The blank f i l t e r s gave values lower than 1%

of the DNA f i l t e r s . The f i l t e r s corresponding to the hybridization plateau

with tRNA excess (1.5 pg tRNA hybridized to 10 pg p+ mit. DNA in a 50 yl

mixture ; see ref. 17) were heated three times at 60°C for 15 min in 0.2 ml

buffer (NaCl 0.3M, Na, Citrate 0.03M) containing 50% formamide. Formamide

and electrolytes were removed from the combined solutions by Sephadex G25

f i l trat ion (9) . The eluate was dried under vacuum, dissolved in 10 pi water

and subjected to 2D electrophoresis in presence of unlabeled carrier mit.

tRNA.

6) Nucleotide composition

The nucleotide composition of the |_ pj-mit. tRNAs isolated from poly-

acrylamide gels was established by Tj + T2 RNAase digestion, in presence of

0-.5 A___ carrier tRNA, and separation on thin-layer cellulose plateszbU

(Schleicher and Schull, 20 x 20 cm) using the following solvents : 1 s t di-

mension : isobutyric acid-water-NH4OH (66:33:1, by vol .) (18), 2 n d dimension:

HCl-isopropanol-water (17.6:68:14.4, by vol .) (19). The nucleotides, revealed

by autoradiography, were scraped and the radioactivity counted by liquid

sc in t i l l a t ion .

7) Materials

|_ HJ-aminoacids were purchased either from Amersham/Searle or from CEA/

Saclay. |_ P_|-phosphate was from CEA/Saclay. Total yeast tRNA was purchased

from Boehringer/Mannheim and "stains a l l" (2718) from Eastman/Rochester. The

yeast strains were kindly supplied by the Centre de Ge'nStique MolGculaire du
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CNBS, Gif-sur-Yvette and mit. ENA was a generous g i f t from Dr. G. BERNARDI.

RESULTS

1) Polyacrylamide ge l e lectrophoresis of mit . tRNA and cyt. tRNA

Electrophoresis of tRNA on 10% polyacrylamide slabs in urea and ECfTA

at d i f ferent temperatures shows that at + 4°C mit. tRNA migrates slower than

cyt . tRNA (Figure la) , but at higher temperatures (+ 37°C) the two comigrate

(Figure l b ) .

Jcyt mit H cyt mit cyt f_A

A A,
•20

•24

•28

Ccm)

8 I

Fig. 1. Electrophoresis of cy t . - and mit. tRNA on 10% polyacrylamide ge l
slabs in a cold room at + 4°C for 40h at 400 V (a) or in a + 37°C room for
24h at 400 V (b).

Two-dimensional electrophoresis resolves cyt. tRNAs into more than 40 spots

(Figure 2a and 2a') , as previously reported by Fradin et al. (4) , whereas

mit. tRNA gives only 26-27 major spots and a few weaker ones (Figure 2b and

2b') . No differences in the patterns are observed when mit. tRNA was prepared

from two different p strains (coelectrophoresis of J-mit. tRNA fron> p

IL 8-8C and unlabeled mit. tRNA from p IL 46) . However spot X i s more intense

and spots 9 and 11 (see f ig . 4) are weaker in p IL 46 mit. tRNA (results
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Fig . 2 . 2D e l e c t r o p h o r e s i s of 1.0 A 2 6 0 c y t . tHNA ( a ) , 1.0 A2go ""it- tWJA (b) ,
2 .0 Ajgo inlxed c y t . - and rait. tRNA (c) and t h e i r schematic drawings ( a 1 , b 1

and c 1 ) - Dotted l i n e d c i r c l e s represent f a i n t s p o t s . The hatched s p o t s i n
(c 1 ) i n d i c a t e the mi t . tlWA s p o t s . The migrat ion d i s t a n c e s in the running
g e l s are shown in the f i g u r e .
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not shown) . The two patterns of cyt. tRNA and mit. tFNA are clearly very

different. Coelectrophoresis of mixed c y t . - and mit. tRNA shows that only

s ix mit. tFNA spots are di f f icul t to distinguish from the cyt. tFNA ones

(Figure 2c and 2c1)- At th i s stage of our study, we can assume that the

only cyt. tPNAs which could be present in mit. tFNA preparations, must be

located in these s ix spots (e.g. spots 16 to 20 and X in figure 4) .

2) 2D electrophoresis of the mit. DNA-coded mit. tRNAs

/, a1 * ^ -

I

\ 2nd

b-

, ,2nd

Fig. 3. 2D electrophoresis of control or non-treated [ p]-mit. tFNA (a, a1)
and of mit. DNA-coded [32p]-mit. tRNA (b, b') , in presence of unlabeled
carrier mit. tRNA. (a) and (b) represent autoradiograms of the gels ; (a1) and
(b1) give schematic drawings of the stained g e l s . The percentage of radio-
act iv i ty in each spot i s given in Table I ; spots containing l e s s than 1.5%
radioactivity (dotted circles) are not v i s ib l e on the photographs. In (b),
the arrow gives the location of the missing spot X. The experimental procedure
i s described in Materials and Methods (§ 5) and in Results (§ 2) .
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To determine the coding origin of a l l the mit. tRNA spots, especially

of the six above mentioned ones, |_ Pj-mit. 4S UNA was hybridized to mit.

DNA with tRNA in excess. The tRNAs were then eluted from the hybrids and

analyzed by 2D electrophoresis. The autoradiogram obtained (Figure 3b) was

con5>ared to the control, which consisted of non hybridized L Pj~ mit. 4S FNA

treated identically (Figure 3a). The experimental procedure does not alter

the migration of the P^pl- mit. tRNAs, 3ince they comigrate exactly with

cold carrier mit. tRNA. Only one spot is lacking in the hybridized mit. tRNA

pattern (spot X, figure 3b). I t should be noted that this missing spot is

located in the area of the six mit. tRNA spots which cannot be distinguished

from the cyt. tRNA spots (see figure 2c and 2c1).

Spot number

1
2
3
4
5+ b
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
c
X

Percentage of total recovered radioactivity

Total mit. tRNA?

1 .9
2 . 0
1.5
7 . 2
2 . 9
4 . 5
5 . 0
4 . 8
6 . 5
3 . 7
7 .5
2 . 2
1 .0
8 . 0
1 .2
3 . 6
4 . 8
1 .5
5 . 5
1.4
6 . 5
2 . 4
3 . 2
6 .8 '
1 .0
0 . 7
0 . 6
2 . 2

Total number

Hybridised mit. tRNAfc

<=N)

3 . 4
3 . 2
2 . 5
5 . 2
3 . 2
6 . 0
4 . 0
5 . 6
6 . 0
3 . 2
8. 0
4 . 0
3 . 2
6 . 0
1.5
3 . 2
3 . 4
1.8
3 . 5
1 .0
5 . 0
3 . 8
3 . 3
4 . 8
1 .9
1.2
2. 0

-

of tRNA genes

Calculated number
of genes

(= N.26)
100

0.89
0.83
0.65
1. 35
0.83
1.55
1.04
1.46
1.55
0.83
2.08
1.04
0.83
1.55
0.39
0.83
0.89
0.47
0.91
0.26
1. 30
0.99
0.86
1.25
0.49
0. 30
0.52

-

26

Estimated
number of
genes'7

1
1
1 + 1 ?
2 d

2
1
2
2
1
2
1
1
2

1 7
1
1
1
1

1 T
1 + 1 7
I
1
1 + 1 T
1

1 T
1

-

JO + 6 7

: determined from the stained pattern represented in fig. 3a'
: determined from the stained pattern represented in fig. 3b'
: values of the calculated number of genes ranging from 0 to 1.0

or from I. 0 to 2. 0 were rounded off to I or to 2 respectively.
Values lower than 0.4 and from 1.1 - 1.4 were somewhat
ambiguous and are indicated by "7". (see Discussion I 4)

: spot 5 contains tRNATr* • tRNAAr«.
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In the control experiment, as well as In the non treated [ PJ~ mit.tRNA,

the relative radioactivity in the different spots varies from 0.6 to 8.0%

(Table I) . This reflects the relative concentration of the different species

in total mit. tRNA. With the mit. tPNAs eluted from the mit. ENA-tRNA hybrids,

the relative radioactivity varies somewhat from spot to spot, sometimes

higher and sometimes lower than in the control (see table I ) . The number of

genes, calculated from the hybridization plateau of total mit. tRNA, was

found to be 26 - 2. Another estimate of the number of mit. tRNA genes is

obtained by calculating the percent radioactivity in each gel spot (Table I)

and correcting for a gene number of 26. The numbers obtained were then

rounded off as indicated in the legend of Table I , and the total is found to

be 30 (+ 6) (see Discussion).

3) Mapping of mit. tRNA species by 2D electrophoresls

2D electrophoresis of pHJ-aminoacylated mit. tRNA allowed us to iden-

tify the spots corresponding to 20 mit. tRNA species, some of which corres-

pond to isoaccepting species. We find (Figure 4) one isoacceptor for Arg,

Gly, His, l i e , Phe and Tyr (in one experiment [_̂ HJ-Tyr was also found in

spots 2 and a) . Two isoacceptors for Glu, Lys, Met and Leu (sometimes only

2
3
4
5
6
7
11
12
14
15
16
18
X
21
22
24 :
25 :
26 :

: Ser
: Ser
: Leu
: Arg
: Met
: Lys
: Val
Met
H e
Ser
His
Val
Lys
Val
Glu
Phe
Gly
Glu

2
3
1
+
2
2
2
1

1
1
1
1
2
?

?
->

(or Ser 3)
(or Ser 2)
+ Leu
Tyr

+ Val

+ His

+ Val

2

3

2

3

Fig. 4. Mapping of severa l spec i f ic mit. tRNA species by 2D e lec t rophores i s .
tRNAMet i s tRNA^t and tRNA^t i s tRNA"et (12). The experimentals are
described in Materials and Methods.
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poorly resolved) and three isoacceptors for Ser and Val, are found. In

several cases precise localization of an isoacceptor was confirmed by elec-

A etrophoresis of either purified tENA (tBNA

graphic fractions enriched for some of them

; ref. 13) or column chromato-
9 , tPNA e tBNA*1

i l 2 f m l 2 3

ref. 12). No clear-cut localization of tHNAGlv, tRNAsGlu and tRNA(s)Tvr was

possible, due in part to (i) close location of spots in some regions of the

pattern and (ii) some deacylation due to the rather alkaline pH and time of

the runs (despite stabilization of the aminoacyl-tBNAs).

4) Nucleotlde composition of mit. tRNA species

Complete nucleotide composition of some |^ 2PJ-mit . tRKA species e luted

from the gel was determined. Table I I summarizes the data obtained with

tRNASer (spot 2 ) , tRNAs1*" (spot 4 ) , tPNAs318 (spot 16) and ONAPhe (spot 24) .

The presence of those rare nuc leo t ides , e a r l i e r reported in bulk mit. tPNA

(20) i s confirmed by analysis of individual species . I t should be s t ressed

tha t mit. traiA e lacks ribothymidine, which i s present in prokaryot ic or

yeast cyt. tRNAPhe (21).

TABLE I I

Complete nucleotide composition of some [ p]-mlt. tra)A species
eluted from the gel . Be suits are expressed as percentages of the
total amount of nucleotides recovered.

Nucleotides

Ap

Up

cp
Gp

t6Ap

ta>
hop

TP

m'cp

m Gp

nifGp

PGP

G+C content

Percentages of

tPNA3*1 tHJAs1*"
(spot

24.9

32.4

17.7

16.8
1 . 2

3 . 6

1 . 3

1 . 1

-

-

-

1 . 0

35.5

2) (spot 4)

29.9

27.B

17.0

15.9
-

3 . 1

1 . 2

1 . 2

1 . 3

-

1 . 3

1 . 2

36.7

tota l nucleotides

treJAs1"-0

(spot 16)

27.1

25.8
18.7

18.6
-

4 .2

1.7

1.3

0.9

0 .6

-

1.1

39.9

t*JA P h e

(spot 24)

31.7

31.5

13.5

15.5

-

3 . 6

2.2

-

-

-

1 . 2

1 . 0

31.2
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DISCUSSION

1) Size of mit . tHNA molecules

When the e l ec t rophore t i c runs are done in a 37°C room (the temperature

of the gel i t s e l f i s appreciably higher due to ohmic hea t ing ) , in presence

of urea, the tFHA molecules are unfolded and i t i s expected tha t the migra-

t ion r e f l e c t s molecular s i z e . As mit. tHNA and cyt . tRNA comigrate under

these condi t ions, one can conclude that the average s ize of the two tRNA

families does not d i f f e r . Slower migrating bands (A and A' , Fig. lb) , present

in both c y t . - and mit. tRNAs, may be tRNAs having long ext ra- loops . In yeast

cytoplasm, tRNA^*", tRNA- U , tRNA e r and tRNA e r have 85 nucleotides and the

others 75-76 nucleot ides (21). In the case of yeast mitochondria, tRNAs

and tRNAs are a lso found as slow-migrating species (Figure 4) .

The r e l a t i v e slowing of mit. tRNAs in 10% ge ls a t + 4°C, when compared

to cyt. tRNAs, can be ascribed to some p r e f e r e n t i a l unfolding of mit. species,

due to t h e i r low G + C content (17, 20). Our r e s u l t s contras t with those of

Dubin and Friend who concluded that BHK 21 mit. tRNAs are shor te r than cyt.

tRNAs (22) .

2) Presence of a unique cyt . tHNA species in mit. tRNA preparat ions

A model for the import of numerous cyt . tRNA species in Tetrdhymena

pyzn-formia mitochondria has been proposed by Suyama et al. (3) . Chromato-

graphic s tud ies of mit . tRNA from different o r ig ins have always led to

charac ter iza t ion of cyt . tRNA in mit. tRNA preparat ions (1). We have impro-

ved the pu r i f i ca t ion of yeas t mitochondria so t h a t cyt . tRNA contamination

i s no longer observed by column cochromatography of several aminoacyl-tRNAs :

Leu-, Tyr- (23), Phe- (7 ) , Met- (12) and others (not yet publ ished) . From

2D elec t rophores is of |_ pj-mit. tRNA (p+ s t r a i n IL 8-8C) , pur i f ied by hybri-

dizat ion with mit. DNA, we show here t ha t a l l but one of the mit. tRNAs axe

mit. DNA-coded. This tRNA i s presumably one of the cyt . tRNAs y and seems

to be presen t in a higher amount in mit . tRNA of the p s t r a i n IL 46. The

G+C content of t h i s tRNA eluted from the ge l (spot X ; Figure 3a) i s about

54ft, which i s s imi la r t o t h a t of the two cyt . tRNAs y S (21) and much higher

than the value obtained with bulk mit. tRNA (17, 20). Preliminary r e su l t s

( to be published elsewhere) indicate tha t the mit . DNA-coded tRNA y 8 (=tRNA2yS;

ref . 12) i s su f f i c i en t t o allow mitochondrial p ro te in synthes is . Cyt. tRNALvs

(=• tRNA y ; ref . 12) i s therefore not indispensable in mitochondrial prote in

syn thes i s . Further inves t iga t ions wi l l show whether t h i s cyt . tRNA i s a

preparatory a r t e f a c t or an imported species having a p a r t i c u l a r role in yeast
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mitochondria.

3) Characterization of mit. tRNA species and their nucleotide compositions

The number of i3oaccepting species found by 2D electrophoresis is in

general agreement with chxomatographic fractionation on RPC 5 colvmms (12).
HisHowever, the two chromatographically distinct tHNAs (unpublished result)

map together in spot 16 (Figure 4) . Such a result may well be expected since

i t is known that RPC 5 column chromatography can fractionate tRNA isoaccep-

tors differing only by post-transcriptional modification (24) or even by

conformational changes (13). In some cases tRNAs specific for two different

aminoacids map in the same spot (for example, tRNA * and tPNA^^ in spot 5,

Figure 4) .

All of the aminoacids specified by more than two codons have been in-

vestigated by 2D electrophoresis (Arg, Leu, Ser, Gly, Val, lie) and/or by

RPC 5 chromatography (Pro, Thr and Ala). For the last three aminoacids, 2 to

3 isoacceptors could be fractionated by RPC 5 chromatography (to be published).

Although codon-dependent ribosome binding has not been done, quantitative

interpretation of our data (see below) suggests that the number of isoaccep-

tors is sufficient to allow recognition of a l l codons (except in the case of

Arg and Gly) .
Met

Fina l ly the two isoacceptors found for Met correspond to tRNA (spot 6)

and to tENAMet (spot 12) (see ref. 12) and the two tRNAsG1U probably corres-

pond to tRNAG1U and tRNAG1" misacylated with Glu (25).

Inves t iga t ions of mit. tRNA by 2D e lec t rophores is have been performed

by other authors for Loausta migratoria. (26) and by us for Neurospora craasa

(De Vries et at. , to be published) . Comparison with our present results leads

to the following observations : (i) although, the three mit. tRNA differ

strongly in their migration patterns, they show about the same number of

major spots (25 to 27 spots) ; (ii) two isoaccepting species for Leu and Met

were detected ; ( i i i) slow migrating tRNA(s) occur in the mit. tRNA of the

three organisms ; this indicates the presence of tRNA^611 of larger size

(long extra-loop) in organellar tRNA, as is found in prokaryotic or eukaryo-

t ic tRNA1*11 (21).

4) Quantitative analysis of the mit. tRNA migration patterns

a) Results obtained with bulk mit. tRNA

The relative amount of |_32P_|-tRNA in the identified spots from bulk

mit. tRNA (see Table I) fi ts well with the values obtained from aminoacyl-
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ation t e s t s of tRNA species specific for Leu, Phe, Met (5) and His, Ser
Tvx ArQ

(unpublished resul ts ) . These tes ts confirm that tPNA and tRNA are in
the same spot. They point out that spot 14 (Figure 4) must contain other

l iespecies beside tRNA , because 3.6% of total mit. tRNA is aminoacylated by
l i e , whereas spot 14 represents 8% of total mit. tRNA (Table I) j the same

Lvs Val
may be true for tRNA,1 in spot 7 and tRNA_^ in spots 11 and 21.

Though the migration of mit. tRNA from two different p strains are
superimposable, aminoacylatlon tests showed some quantitative differences
for tRNAs specific of Val, Lys and Tyr. These observations (though not a
proof) are consistent with Prunell et al's hypothesis (27, 28) suggesting
that (i) the differences observed between mit. DNA restriction fragments
from several yeast strains should be explained by the differences in the
so-called "spacer" regions rather than in the genes ; (ii) that, in yeast,
each mit. ENA gene would have i t s own regulation unit.

b) Results obtained with mit. tRNA purified by hybridization to mit. DNA
Correlation of the relative amount of the radioactivity in the different

tRNA spots with the number of mit. tRNA genes is not simple. This results
from methodological difficulties such as : close location of some spots and
possibility of multiple location of a single isoacceptor, due to post-trans-
criptional modifications or conformatlonal changes. Further, one has to
explain why some calculated gene values obtained for tRNA spots differ from
whole numbers (Table I) . Values higher than 1 can be explained either by a
single species coded for by more than one gene (tRNA e in spot 24) or by
several comigrating species, each being coded for by one gene. For values
lower than 1, obviously the gene saturation was not reached : this i s espe-
cially the case for spot 5 (Figure 4) , which contains two tRNAs (tRNA*19 and

TyrtRNA J ) . This quantitative study shows that hybridization with mit. DNA, in
apparently optimal conditions for total mit. tRNA, yields an underestimated
value for some genes. This was also noted for hybridization of mit. rRNA from
yeast (29) or Seurospora erased. (30) and for the number of tRNA genes on
Hela cell mit. DNA (31). Therefore, we estimate the number of mit. tRNA genes
on yeast mit. DNA to be near 33, which seems to be a more rea l i s t ic value
than the number of 20-26 previously published (17, 32). We suggest, as earl ier
pointed out for some individual mit. tRNA species (7, 23), that the mit. DNA-
coded mit. tRNAs would be sufficient for mitochondrial protein synthesis,
especially i f one considers recent results suggesting that a specific tRNA
could recognize more codons than predicted by the "wobble hypothesis" (33, 34).

In conclusion, 2D electrophoresis of tRNA appears as to be a powerful

3508

D
ow

nloaded from
 https://academ

ic.oup.com
/nar/article/4/10/3497/2380512 by guest on 17 April 2024



Nucleic Acids Research

tool, since i t allows (i) a survey of individual yeast mit. tRNA species in

various physiological conditions or genetic backgrounds (analysis of mito-

chondrial "peti te". . . ) , (ii) purification of individual species for struc-

ture analysis or for assignment of their gene location on mit. DNA, (iii)

comparison of mit. tFNA from various organisms.
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