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Ribonucleotide Reductases (RNR) catalyze the conversion of nucleotides into
deoxynucleotides. The nucleotides are the building block of DNA, the source of genetic
information found in all living cells (Fig. 1). Four classes of RNRs have been identified based
on their inorganic cofactors, Class I contains a diferric confactor, Class II contains a Vitamin
B, cofactor, class III has an Fe4S4 confactor while Type IV contains a di manganese
confactor.! Interestingly, all RNRs use protein radicals to activate the ribonuceotide
substrate.2

. RNR
| >
2¢’, 2H"
Figure 1

The class I RNR has received most attention because of its common occurrence in
eukaryotes and E. coli.’ The molecular organization of this protein is an enzyme where the
two homodimers are denoted R1 and R2.4 The R1 protein contains the allosteric nucleotide
binding site and active site, whereas each subunit of the R2 protein contains a radical located
on Tyr122 close to the dinuclear iron center.’

Organic radicals are highly reactive and cannot be free in cells. In this enzyme, the
radical reaction is not initiated until the substrate is bound to the active site of the protein. The
Tyr122 (R2) radical is buried 10A inside the R2 subunit and is protected by the hydrophobic
core. When the substrate binds R1, an electron is then transferred from Cys439 (R1) to
Tyr122 (R2); Cys439 being the active residue in the reaction. After the substrate leaves the
binding pocket, the electron is transferred back to Cys439, the Cys439 radical is eliminated,
and Tyr122 radical is recovered, the next cycle then begins. In short, Tyr122 (R2) is an on/off
button and Cys439 (R1) is a light bulb.>*”

The class I RNR is aerobic; it needs oxygen to be activated. Modern spectroscopic
methods were used extensively ta delineate the reaction mechanism. The active enzyme (P)
contains a tyrosyl radical, which has an absorption at 412nm, stopped-flow UV-V is was used
to measure the rate of the reaction.® Structural information of Intermediate X was also
obtained using other spectroscopic methods. Q-band EPR shows an anisotropic signal around
g=2,8 which implies that it contains an unpaired electron on iron atoms with S=1/2 spin state.8
5TFe ENDOR shows that the Fe(A) site is isotropic while Fe(B) site is anisotropic, suggesting
a mixed-valent Fe(IIT)-Fe(IV) cluster,? that is further confirmed by magnetic Mossbauer.8
From EXAFS the distance from the two iron atoms is found to be 2.5A,11 suggesting two or
three pu-Oxo bridges. Four different possible structures were then proposed, and further
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identified by 170 ENDOR.? In addition, CD and MCD provided information about the
electronic structure of the metal center,!2and model studies by Lippard and Coworkers
confirmed the structure and mechanism of the active site.!3
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Figure 2

As a ubiquitous enzyme in all living cells, RNR has been extensively studied since it
was first discovered in early 1950s. The reaction mechanism of Type I has been relatively
clear, but still a lot of work need to be done to delineate the structure and mechanism of all the
other types of RNRs.
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