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Figure 1: Incorporation of F3Y into E. coli RNR delivers insights into in vivo protein structure and catalysis.



E. coli ribonucleotide reductase (RNR, Figure 2) catalyzes the biosynthesis of DNA building blocks via a long-range
radical propagation event (Figure 3).

1 E. coli Ribonucleotide Reductase

The catalysis involves at least five redox active amino acids. The
stable di-iron tyrosyl radical (Y122•) cofactor is the only redox
active amino acid characterized in the wild-type RNR.
Spectroscopic detection of other redox-active intermediates in wild-
type enzyme has not been achieved due to the rate-limiting steps in
the catalytic reaction.
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Figure 2: Docking model of the α2 and β2 subunit of
E. coli RNR showing amino acids involved in the
catalytic reaction.

Figure 3: Proposed
radical generation
pathway in 
E. coli RNR.1
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2 Unnatural amino acids in RNR
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The involvement of other Y• intermediates in RNR catalytic reaction was evidenced by site-specific incorporation of
unnatural amino acids (UAAs) that sterically resemble Tyr with altered pKas and reduction potentials (Figure 4A).2,3

The radical formation on these amino acids allowed the characterization of the tight α2β2 complex and provided insights
into proton-coupled electron transfer steps within RNR (Figure 4B). Through the help of this UAA-tool, the knowledge
on in vitro protein structure has now accumulated over the years; yet, little information exists under in vivo conditions.
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Figure 4: (A) UAAs incorporated into E. coli RNR in vitro with relative
reduction potentials, compared to tyrosine. (B) Relative reduction potentials
of residues on the radical transport pathway. Incorporation of F3Y allows
trapping of the Y356• pathway radical.2
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3  Unnatural amino acid incorporation
UAAs can be incorporated through the nonsense (stop codon) suppression method (Figure 5).5 A stop codon is
introduced at the position encoding for the residue of interest using site-directed mutagenesis. Therefore, most
commonly the amber stop codon (TAG) is used. A tRNA, recognizing this stop codon, will be charged with the UAA of
interest by an appropriate aminoacyl-tRNA synthetase (aaRS). All of these components are introduced into a translation
system, e.g. E. coli, which enables incorporation of the UAA into the growing polypeptide chain.
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Figure 5: Nonsense suppression method enables site-directed incorporation of UAAs.
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4  Unnatural Amino Acid Radicals within the Cells
Recently, we generated and characterized Y122• in whole E. coli cells via advanced
EPR spectroscopy.5 We here extend this technique to verify the generation of
F3Y122• in whole cells for the first time. The cells survive protein expression and the
protein resides inside the cells, which shows that the samples measured contain
whole, intact cells. Multi-frequency EPR (Figure 6) and DEER (Figure 7)
experiments confirmed, that the structure of RNR does not change upon F3Y
incorporation.

Figure 6: (A) X- and Q-Band EPR
spectra of 2,3,5-F3Y122 β2 subunit
of E. coli RNR for in-cell and in
vitro samples reveal high structural
similarity.

Figure 7: DEER 
measurements of

2,3,5-F3Y122 β2 
subunit of E. coli 

RNR reveal a 
F3Y122-F3Y122

distance of 3.36 nm
for in-cell and in 

vitro samples.



These studies provide the first
steps towards insights into RNR
catalysis under physiological
conditions. Furthermore, it
provides the possibility of
unraveling the in vivo structure
and role of tyrosyl radicals
involved in other fundamental
processes such as photosynthesis,
reduction of O2 to water, and DNA
repair (Figure 8).

5 Outlook
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Figure 8: Examples for applications of unnatural amino acid radicals.
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