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SUMMARY : The o and B subunits of yeast mitochondrial Phe-tRNA
synthetase are separated and isolated by means of chromatogra-
phy on DEAE-cellulose, after enzyme alkylation with iodoacetate.
The comparison of amino acid compositions of yeast mitochon-
drial and cytoplasmic native Phe-tRNA synthetases and their
components shows significant differences. Results indicate that
the two enzymes are coded for by different nuclear genes.

INTRODUCTION : Yeast mitochondrial and cytoplasmic Phe-tRNA
synthetases have the same aé32 structure (1,2} and are coded
for by nuclear DNA (3). Although the test of immuno-inactiva-
tion showed that there is no cross-reactivity between antibo-
dies of the two enzymes (4), we could not answer the question
relative to the genetic origin of the different subunits buil-
ding up these enzymes. In this respect, we have isolated the a
and B subunits of yeast mitochondrial Phe-tRNA synthetase and
compared their amino acid compositions with those of cytoplas-

mic homologous proteins.

MATERIAL AND METHODS
Yeast mitochondrial Phe-tRNA synthetase was purified ac-

cording to (1).

lTo whom all correspondence should be addressed.

Abbreviations used : mt, mitochondrial ; ct, cytoplasmic ;
PheRS, phenylalanyl-tRNA synthetase.
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Isolation of a and 8 subunits of yeast mitochondrial Phe-tRNA

synthetase :

The modified procedure of Crestfield and coll. was used
(5). Purified mitochondrial Phe-tRNA synthetase was dialyzed
against 20 mM NH HCO3 and lyophilized. The powder (3 mg) was
dissolved in 3 mi of”0.5 M Tris-HC1l buffer, pH 8.4, containing
2 mM EDTA, 7 M guanidine hydrochloride. 2-mercaptoethanol was
added at a final concentration of 0.175 M. The reduction was
performed under nitrogen for 2 h at + 50°C. The alkylation was
carried out, under nitrogen, by adding iodoacetate in 0.5 M
Tris-HC1l buffer, pH 8.4, at a final concentration of 0.2 M,
The alkylation reaction was proceeded for 40 min at + 25°C in
the dark, and terminated by the addition of 0.175 M 2-mercapto-
ethanol. The sample was dialyzed against 10 mM potassium phos-
phate buffer, pH 7.4, containing 20 mM 2-mercaptoethanol 1 mM
EDTA, 6 M urea (dialysis buffer) at + 4°C in the dark.

The dialyzed sample was applied to a column (1 x 8 cm)
of DEAE-cellulose (DE-52, Whatman, Balston), previously equi-
librated with dialysis buffer. Elution was performed with a
linear gradient (2 x 15 ml) from 0 to 400 mM KCl in the same
buffer at a flow rate of 12 ml/h. Fractions of 1 ml were col-
lected.

The purity and the size of the subunits were examined by
SDS-7.5 % acrylamide gel electrophoresis according to (6).

Amino acid analysis

Fractions A and B of DEAE-cellulose chromatography were
extensively dialyzed against 0.5 % (v/v) acetic acid and
lyophilized. The samples were hydrolysed under nitrogen in 6 M
HCl containing 0.5 % thiodiglycol (v/v) and a crystal of phe-
nol for 24 h at + 110°C (7). The hydrolysates were analyzed
on a Durrum D500 amino acid analyser. The cysteine and methio-
nine contents were determined after performic acid oxydation
(8) . Tryptophan was estimated according to (9). The results
correspond to the means of two experiments.

Identification of N-terminal residues :

The dansyl chloride method was used as described in
(10,11) .
RESULTS

Preparation of o and B8 subunits of yeast mitocchondrial Phe-
tRNA-synthetase

In order to study the structural similarities between
mitochondrial and cytoplasmic subunits of yeast Phe-tRNA syn-
thetases, we have developed an isolation procedure for pure
individual subunits of yeast mitochondrial Phe-tRNA synthetase.
The elution pattern of S~alkylated mitochondrial Phe-tRNA syn-

thetase of yeast is shown in figure 1.

521



Vol. 106, No. 2, 1982 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

A B
0.25
E -
c
8 0.4
: T
< -
-
- Q
X
0
p
o} - T T T T
20 40

Fraction number

Figure 1 : Yeast mitochondrial Phe-tRNA synthetase a and B
subunits chromatographic separation on the DEAE-
cellulose column.

As revealed by SDS-7.5 % acrylamide gel, the unbound frac-
tion A corresponds to the 8 subunit and bound fraction B eluted
by 100 mM KCl contains the o subunit. No cross contamination
could be detected in the different electrophoregrams. Faint
bands, corresponding to the 82 and sy structures as identified
from their respective molecular weights and the N-terminal ami-
no acids of fractions A and B, could be seen in the electropho-
regrams corresponding to fractions A and B, respectively.

These bands disappear in the presence of 2-mercaptoethanol.

Search for structural similarities

To settle the question whether structural similarities
between the subunits of mitochondrial and cytoplasmic Phe-tRNA
synthetases exist, we have compared their amino acid composi-
tions determined in the same conditions. The results are pre-
sented in table I. The content of some amino acid residues is
similar in the various subunits : Ile and Asx in the 8 subunits,
Pro in the o subunits, and Thr, Arg in the a and B subunits.

On the contrary, significant differences for all other amino
acid residues appear between mitochondrial and cytoplasmic (7)
subunits. The subunits of the two enzymes also exhibit diffe-

rences in N-terminal residues. Using the dansyl chloride method
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we have only found one amino acid, Glu, for the mitochondrial
native enzyme and its B8 subunit, whereas for the a subunit,
no DNS ~ amino acid can be detected. As reported in (7), the
cytoplasmic native enzyme and its o subunit show Pro residue
in the NHZ—terminal position, and no NHZ—terminal residue 1is
dectected with the 8 subunit. These results clearly demons-
trate that there is no similarity in the compositions of the
subunits of the two homologous enzymes within the limits of
experimental error.

The data of amino acid analysis show that the smaller mi-
tochondrial § subunit is not a proteolysed form of the larger
mitochondrial o subunit. There are more serine residues in the
8 subunit than in the o subunit. The composition of the mito-
chondrial native enzyme is in good agreement with that of the
uj%z tetramer calculated on the basis of the compositions of

isolated mitochondrial subunits.

DISCUSSION

Our results demonstrate that mitochondrial subunits of
yeast Phe-tRNA synthetase can be considered as pure, according
to different analytical tests used : polyacrylamide gel electro-

phoresis, NH_ -terminal amino acid analysis, amino acid composi-

2
tions.

In a recent work (12), we demonstrated by means of enzyme-
linked immunosorbent assay (ELISA) that the native mitochondrial
Phe-tRNA synthetase and the isolated mitochondrial enzyme sub-
units have a good specificity towards antibodies against pure
mitochondrial Phe-tRNA synthetase., In contrast, no Ccross-
reactivity could be observed with native cytoplasmic Phe-tRNA
synthetase (12). The differences in the amino acid compositions
between mitochondrial and cytoplasmic subunits show that the
immunological behaviour may be due to difference in the nature
of the antigenic sites. Immunoclogical results and amino acid
analysis firmly enable us to conclude that the mitochondrial
and cytoplasmic o or 8 subunits are coded for by different nu-

clear genes.
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