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A G E H Molecular Mechanism of Oxidative Damage to Translation Factor EF-Tu

in the Cyanobacterium Synechocystis sp. PCC 6803
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EF-Tu is a translation factor that is essential for elongation of peptides in the translational machinery. EF-Tu
binds aminoacyl tRNA in the GTP-bound form, delivers it into the A site of the ribosome, and dissociates from the
ribosome upon hydrolysis of GTP. In a previous study, translation factor EF-G, another key protein for translational
elongation, has been identified as a target of reactive oxygen species (ROS) within the translational machinery in the
cyanobacterium Synechocystis sp. PCC 6803. However, it remained to be clarified whether other elongation factors
might also be sensitive to ROS. In the present study, I focused on EF-Tu of Synechocystis and studied the sensitivity of
EF-Tu to oxidation by ROS.

Since EF-Tu has three different forms, namely, GTP-bound (EF-Tu-GTP), GDP-bound (EF-Tu-GDP), and nucleotide-
free forms, I investigated the sensitivity of the individual forms to ROS. Analysis of the redox state of Cys82, which
is a single cysteine residue in this protein, showed that Cys82 in both EF-Tu-GTP and nucleotide-free EF-Tu were
sensitive to oxidation by H,0O,, whereas Cys82 in EF-Tu-GDP was less sensitive to H,0O,. Assay of translational activity
with a translation system in vitro derived from Escherichia coli revealed that EF-Tu-GTP that had been treated with
H,O, prior to its addition to the translation system, the synthesis of DHFR fell with increases in the concentration
of H,0,. However, the translational activity of EF-Tu-GDP was resistant to oxidation. The translational activity of
nucleotide-free EF-Tu was very sensitive to H,0,. Addition of only 0.1 mM H,0, decreased the translational activity to
approximately 20% of the original level. Oxidation of Cys82 resulted in the formation of both intermolecular disulfide
bond and sulfenic acid. Replacement of Cys82 by serine rendered all forms of EF-Tu to be insensitive to oxidation and
inactivation by H,0,, suggesting that Cys82 might be the target of oxidation and inactivation by H,0,. Furthermore,
the oxidized EF-Tu was reduced and reactivated by thioredoxin, a ubiquitous protein that mediates dithiol-disulfide
exchange, suggesting that oxidation of EF-Tu is reversible.

Analysis of molecular mass with gel filtration chromatography showed that under reducing conditions, both EF-



Tu-GTP and EF-Tu-GDP were monomers, whereas nucleotide-free EF-Tu was a dimer. However, under oxidizing
conditions, part of EF-Tu-GTP formed a dimer and, moreover, part of nucleotide-free EF-Tu formed large complexes
with more than 30 molecules. It seems that the formation of the intermolecular disulfide bond might trigger the
formation of large complexes to inhibit the function of EF-Tu. Single-molecule observation with atomic force
microscopy showed that the addition of DTT to the large complexes resulted in the dissociation into many small
molecules. Thus, EF-Tu might be sensitive to ROS in both GTP-bound and nucleotide-free forms via oxidation of
Cys82 but oxidation might be reversed in a redox-dependent manner in Synechocystis.

Immunological analysis of EF-Tu in vivo showed that when Synechocystis cells were exposed to strong light, some
portion of EF-Tu might form oxidized oligomers and their levels increased during prolonged illumination. In fir-v
mutant, which lacks the variable subunit of ferredoxin-thioredoxin reductase, the levels of oxidized oligomer of EF-Tu
increased significantly, indicating that reduction of EF-Tu by thioredoxin had been interrupted. Taking together, it seems
likely that reducing power that is generated from the photosynthetic transport of electrons might be transmitted to EF-

Tu via thioredoxin.
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