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1. SUMMARY

Based on amino acid sequence similarities be-
tween the methylated elongation factor EF-Tu
from Escherickia coli and the EF-Tu from Euglena
gracilis chloroplast, we predicted that the latter
could also be methylated in the presence of an
appropriate methyltransferase. We found that, as
reported for the eubacterial homologous protein,
the organellar factor could be methylated in vivo
and in vitro to yield monomethyllysine.

2. INTRODUCTION

The translational apparatus from chloroplasts
shows many features in common with those of
eubacteria (ref. 1, and references therein). Plastid
ribosomes not only have a similar size and number
of ribosomal proteins, but they are inhibited by
several antibiotics specific against eubacterial
ribosomes (summarized by Gillham, ref. 2). In

ibodies against the organellar ribo-
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some showed i | cross-reactivity with
Escherichia coli ribosomes [3,4]. Furthermore, het-
erologous hybrids of E. coli and chloroplast 308
and 508 subunits are active in polyuridilate-di-
rected polyphenylalanine synthesis [5,6]. The
structure and organization of the ribosomal RNA
genes from the chloroplasts are very similar to the
eubacterial ones [1]. Moreover, translational fac-
tors from eubacteria and chloroplasts are essen-
tially interchangeable in in vitro protein synthesiz-
ing systems [2,7].

The previous facts, and several other similari-
ties between the plastidial and bacterial transla-
tional machineries have been considered a strong
argument in favor of the independent eubacterial
origin of plastids [1].

Based on DNA sequence analysis, it was re-
cently found that the elongation factor EF-Tu
from chloroplasts of Euglena gracilis shows 70%
homology with the factor from E. coli [8]. The
latter factor was found to be methylated on Lys 56
[9-11). When comparing the amino acid sequence
of 14 residues around the methylation site (Lys
56) in EF-Tu from E. coli with a similar sequence
present in EF-Tu from E. gracilis  hloroplasts
(Fig. 1), one finds that 14 out of 15 amino acid
residues are identical in both proteins. Stock et al.
[12] have discussed criteria that could be used in
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Fig. 1. Comparison between the amino acid sequence of EF-Tu

from E. coli containing the methylated lys-56 and the equiv-

alent sequence present in the Ef-Tu from E. gracilis chloro-

plast. Sequence data were taken from references 10 and 8. The

asterisk indicates the methylated lysine-56 residue in
E. roli.

conjunction with primary sequence data to predict
proteins that might be subject to methylation. In
this case, if a methyltransferase is present in the
chloroplast, the methylation of the organellar EF-
Tu could be predicted. In this communication, we
show that the elongation factor EF-Tu from E.
gracilis chloroplast is in fact methylated both in
vivo and in vitro.

3. MATERIALS AND METHODS

E. gracilis (var. bacillaris) was kindly supplied
by G. Mora and J. Schiff. Cells were grown at
30°C in Hutner medium in the presence of light
[13] and were harvested at the mid-logarithmic
growth phase. Cell-free extracts from E. gracilis
were obtained by ultrasonic disruption of the mi-
croorganisms. For immunoprecipitation assays
[14,15], disruption of the cells was carried out in
the pi e of an i precipitation buffer
which contained 50 mM Tris-HCl, pH 7.4, 0.5 M
NaCl and 1% Triton X-100. For in vitro assays,
the cells were broken in the presence of 50 mM
Tris-HC], pH 7.8, 20 mM MgCl, and 5 mM
2-mercaptoethanol. Both kinds of cell homo-
genates were then centrifuged twice at 30000 X g
for 20 min at 4°C to give the S-30 cell-free
extracts. Chloroplasts were isolated free of cyto-
plasmic components (16}, and their extracts were
obtained after sonic disruption of a suspension of
the organelles in 50 mM Tris-HCl, pH 7.8, 50 mM
NH,Cl, 20 mM MgCl, and 5 mM 2-
mercaptoethanol followed by two centrifugations
at 14000 X g for 20 min.

Specific antiserum against purified E. coli EF-
Tu was raised in rabbits as before [14,15). The

chioroplast EF-Tu was isolated by immunopreci-
pitation of the E. gracilis cell-free extract with
anti-EF-Tu from E. coli antiserum, followed by
washings of the immunoprecipitates and SDS-
PAGE analysis [14,15].

To determine the in vivo methylated products,
E. gracilis cells which had reached the mid-loga-
rithmic growth phase, were supplemented with 1
mCi of (methyl-*H]methionine (85 Ci/mmol) to
give a final concentration of 200 pCi/ml and the
incubation of the cells was continued for 24 h.
These cells were used for the preparation of ex-
tracts containing the radioactive methylated prod-
ucts. For the determination of the methylated
amino acid residues present in the chloroplast
EF-Tu labeled in vivo, the protein was im-
munoprecipitated from the radioactively labeled
cell-free extracts, separated by SDS-polyacryl-
amide gel electrophoresis (SDS-PAGE) and after
extracting it from the gel, the protein was hydro-
lyzed for 24 h in 5.7 N HCL The radioactively
labeled methylated amino acids were then sep-
arated by either high voltage electrophoresis or
paper chromatography as previously described
[14,15,17,18}. The in vitro methylation of Ef-Tu
from chloroplasts was essentially carried out as I\
described before [14,15,17,19), in a final volume of =X
100 p1 containing 50 mM Tris-HCl, pH 7.8, 20 Gi
mM MgCl, and 5 mM 2-mercaptoethanol, 200 to E
600 pg of E. gracilis cell-free extract protein or :“
160 pg of chloroplast extracted protein and 20 —
2Ci of S-Ado-[methyl-*H)methionine 3852
Ci/mmol). Incubations were carried out for 25 —
min at 37°C and the methylated products were Z
analyzed by SDS-PAGE, directly or after im- <
munoprecipitation as described above.
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4. RESULTS AND DISCUSSION

Fig. 2 shows the results obtained when a cell-
free extract from E. gracilis grown in the presence -1
of [methyl-*H]methionine was immunoprecipi- —
tated with anti-EF-Tu from E. coli and the prod- [Tl
ucts were separated by electrophoresis in a 10% §;
polyacrylamide—SDS gel. There were two main @
radioactively labeled i yprecipitated protein o
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Fig. 2. Immunoprecipitation of EF-Tu from chloroplasts. After
harvesting E. gracilis cells grown in the presence of {meihyl-
IH|methionine (200 pCi/mi) a cell-free extract was prepared
and it was reacted either with a preimmunc antiserum (B) or
with an anti-EF-Tu from E. coli (C). The products were then
separated by 10% polyacrylamide SDS-PAGE and detected by
fluorogsraphy. Chemically tritiated EF-Tu from E. coli [14,15]
was used as standard {arrowhead in A). The arrow in C
indicates ihic immuicprevipiiated protein band taken for fur-
ther analysis. Numbers at left indicate molecular mass in
thousands.

bands, one of them having an apparent molecular
mass of 46000 (arrow). This value is close to the
M, of 45011 for the chloroplast EF-Tu, esti d
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The protein band of 46 kDa was eluted out of
the gel and then subjected to acid hydrolysis and
high voltage paper electrophoresis to determine
the presence of methylated amino acid residues.
As shown in Fig. 3a, a radioactive peak comigrat-
ing with methylated lysine was observed. Since all
form* of methylated lysine migrate together under
these conditions, the different methylated in the
hydrolysate were also analyzed by paper chro-
matography [17,18] as shown in Fig, 3b. The result
clearly indicate the presence of monomethyllysine
in the chloroplastic EF-Tu molecule. Therefore, it
is possible that the EF-Tu from chloroplasts of E.
gracilis is methylated in vivo in a fashion similar
to that of E. coli EF-Tu. However, it will be
necessary to confirm the site(s) of methylation
within the organellar EF-Tu by sequencing the
protein. Experiments in this direction are cur-
rently being done.

On the other hand, the second immunoprecipi-
tated band was also found to be methylated, but
contained trimethyllysine instead (results not
shown). The latter result supports the idea that
this protein may correspond to EF-la from the
protozoan, since the EF-1a from several organisms
mainly contains trimethyllysine [20,22,24,25).

To confirm the methylation of the chloroplast
E-Tu and the presence of a methyltransferase we
employed an in vitro methylation system in which
cell-free extracts or chloroplastic extrac.s were in-
cubated in the presence of S-Ado-{methyl-
*H]methionine, and the methylated products were
detected either directly or after immunoprecipita-
tion by SDS-PAGE. In general the in vitro N-
methylating systems have rather low efficiencies,
since the methyltransferases substrates are already
methylated in the cell. The incorporation of methiyl
groups is greatly increased when undermethylated
substrates such as those found in cells grown in
the p of ethionine are used [15]. Neverthe-

from the DNA sequence of the corresponding
gene [8]. The second major immunoprecipitated
band, with an apparent M, of 54 000, would corre-
spond to the EF-1a from E. gracilis, since there is
evidence indicating a certain degree of homology
between the bacterial EF-Tu and the eukaryotic
one [20-22). In addition, the size of EF-la from
different species is around 53000 [20,23].

less, in the present studies, the different extracts
prepared had comparable efficiencies which were
sufficient for a qualitative estimation, as shown in
Fig. 4. Yhen an S-30 supernatant extract from
mid-logarithmic phase grown E. gracilis was used,
there was a 46 000 band (Fig. 4A, arrowhead) and
other methylated products present in the extract.
Some of these modified proteins could be ribo-
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Fig. 3. Analysis of the methylated amino acids present in the in vivo methylated EF-Tu from E. gracilis chloroplasts. Five g
a

immunoprecipitated bands such as the one indicated by the arrow in Fig. 2C were extracted from a similar slab gel and the protein =

was eluted and hydrolyzed. 100 1 aliquots of the hydrolysate were mixed with 10 pg of each of the following indicated standards; g
Lys; hyllysine, Lys(Me); tri lysine, Lys(Me)3; Met; methionine sulfoxide, Met(O) and methionine sulfone, Met(O;) <=
and were separated by (a) high voltage paper clecu‘ophoresns (anode was to the right) or by (b) ing paper 3‘
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Fig. 4. In vitro me\hylauon of chloroplasl EF'N (1) The E. gracilis in vitro metk d brained in the p ol m
S-Ado-{methy!l-*H}methi were p d wnh anti-EF-Tu from E. coli (B, D) prevmus o 10% polyacrylamldcc
SDS-PAGE or were directly (A, C) by \! by fl (II) D¢ ic analysis of the X-ray )
film in the region where P EF-Tu mi; ds). A,B, 5-30 cell-free extract; C.D chloroplast extract. Numbers to =

the left indicate molecular mass in thousands.
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somal proteins [26] or some other organellar pro-
teins which are also known to be methylated [27].
When the methylated products were immunopre-
cipitated from the extract with anti-EF-Tu from
E. coli, there was a major band with a molecular
mass of 46000 (Fig. 4B). This result not only
confirms the data obtained in vivo but shows the
presence of a methyltransferase activity in the E.
gracilis cell-free extracts.

Since a total cell-free extract from E. gracilis
might contain mitochondrial or cytoplasmic meth-
ylated products, purified chloroplasts free of cyto-
plasmic components [16] were methylated in vitro,
and again a 46000 M,, methylated protein band
was obtained (Fig. 4C). As expected, this protein
was also recognized by the eubacterial anti-FF-Tu
(Fig. 4D). Therefore, our results not only suggest
that the chloroplast EF-Tu methyltransferase ac-
tivity is present in the organelle but, as it occurs
with the eubacterial EF-Tu, the chloroplast factor
is methylated both in vivo and in vitro. When
chloroplast extracts were immunoprecipitated with
E. coli anti-EF-Tu serum, the prescnce of a higher
molecular weight methylated band was also seen
(Fig. 4D). At present, we have no explanation for
this modified product. Since Euglenu grudilis chlo-
roplast EF-Tu is synthesized inside the organelle
[8], it is not likely to be an EF-Tu precursor
molecule.

Bacterial EF-Tu and the eukaryotic equivalent
EF1-a have been described to be methylated in
several species [7,9,20,21]. Previous data along with
our finding suggest that modifications of the
translational apparatus, such as methylation are
conserved. In this regard, we previously found
that methylation of the 508 ribosomal proteins
was conserved within several eubacteria [17,26,28),
showing a typical “eubacterial methylation pat-
tern” which also appears to be present in the
chloroplast ribosome (Sanhueza, Amaro and Jerez,
unpublished results).

The apparent conservation and the ubiquitous
nature of this chemical modification suggest that
it may have an important biological role. In tiis
regard, it has been recently found that the methyl-
ation of the elongation factor EF-Ru from E. coli
affects the rate of trypsin degradation [29] and the
tRNA-dependent GTP hydrolysis [11,29]. In ad-

dition, the methylated form of EF1-a from Mucor
racemosus has also been shown to have a greatly
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increased activity in protein synthesis [25].
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