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Ribonucleotide reductases (RNRs) catalyze the conversion
of nucleotides to deoxynucleotides, an essential and rate-

determining step in DNA biosynthesisThe Escherichia coli
RNR is composed of two homodimeric subunits: R1 and R2.
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Figure 1. (A) Asssversus-time trace of the reaction of Fe(ll)-R2 with
02 (B) Asiodropineversus-time trace of the same reaction. The

theoretical curve (dotted line) is obtained by fitting the data to two

sequential, first-order processes with rate constants@ff and 0.85
—1

R1 contains the active site where nucleotide reduction takes Scheme 1

place. R2 contains a unigue dinuclear ferric clustgrosyl
radical cofactot essential for initiation of electron transfer
between R2 and R1 and subsequently nucleotide redufon.
R2 is one of a growing class of proteins which contain dinuclear
ferrous centers capable of reductively activating@®generate
diferric centers with distinct structures and chemical reactivities.
Reaction of apo R2 with P&, O, and excess reductant
generates 1.4 diferric clustétaind 1.2 tyrosyl radicalsY122)

per R2% Recently, this reaction has been studied in detail using
stopped-flow absorption spectroscopy (SF-Abs), rapid freeze
guench EPR (RFQ-EPR), and B&bauer (RFQ-N&s) spec-
troscopie$. The model which has evolved from these studies
is shown in Scheme 1. When the extra reducing equivalent is
readily availabl€,the data can be modeled by two sequential,
irreversible, first-order processes, in which a paramagnetic diiron
intermediate X, accumulates with &; of 8 s1 and decays
concomitantly with formation ofy122 and the diferric cluster
with ak; of 0.8 s2.5 The rate constant for the formation Xf

is independent of the absolute concentrations éf F&,, and

Apo R2 Fe(ll)-R2
T conformational 2+
Y1|22 change 2Fe Y122
B -
B RRRTRTTIR FeZ+ Fe2+
2Fe?*+ Oy + e N V" TOy+€
k=5-10s" k =60-80 s
Y122
X
native R2

there is no obvious channel by which?Fean access this sife.
To test this hypothesis, as well as to further probe the
mechanistic function oK, apo R2 was preloaded with Fe

apo R2. Thus, it was postulated that the first-order rate constantangd the reaction of the diferrous-R2 complex (Fe(ll)-R2) with

of 8 s71 reflects a conformational change of apo R2 required
for Fe¢* and/or Q binding®® This hypothesis is consistent with
the available X-ray crystallographic data, which shows that the
cluster binding site is-10 A from the nearest surface, and that
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(7) Extensive studies of the reconstitution of apo R2 have indicated that
the cofactor assembly reaction partitions between two pathtvayke
partitioning depends on the ratio of #éR2, which determines the
availability of the “extra” reducing equivalent (in addition to the three
provided by oxidation of Y122 and diferrous R2) that is required to balance
the four-electron reduction of Qo H,O. Only the excess P& reaction
(FE*/R2 = 5) is discussed in this communication.

O, and excess reductant was monitored by the rapid kinetic
methods described previousty. The results of these studies
further support the importance of a conformational change in
Fe# binding and suggest that, in this case as well as in the
apo R2 reconstitution experiments, is responsible for oxidation
of Y122 to*Y122 with an identical rate constant.

The time-resolved UV/vis spectra between 320 and 650 nm
of the reaction of Fe(ll)-R2 with @and excess reductdnt
reveals a broad absorption feature centered at 365 nm, indicative
of the formation ofX.5° The Ages-versus-time trace exhibits
no initial lag phase and gives a rate constant for the formation
of X of 60—80 s! (Figure 1)1° This number is an order of
magnitude greater than that observed in the apo R2 reconstitution
experiments. Formation o%¥122 can be uniquely monitored

(8) Nordlund, P.; Eklund, HJ. Mol. Biol. 1993 232, 123-164.

(9) Fe(Il)-R2 was prepared by incubating apo R2 (36004M) in 100
mM HEPES (pH 7.6) with 5 equiv of P& under anaerobic conditions.
SF-Abs experiments were carried out as previously descPibEue reaction
of Fe(Il)-R2 with G was initiated by mixing at 3C equal volumes of an
Ar-saturated solution containing Fe(ll)-R2 in 100 mM HEPES (pH 7.6)
with Op-saturated 100 mM HEPES (pH 7.6).

(10) The kinetic modeling oK based on monitoringses is complicated
by the fact that 1.41.5 diferric clusters are formed for every 12122
per R2. Analysis of the Mssbauer data suggests tiais the precursor to
the diferric cluster, and therefore 8:2.3 equiv ofX can be converted to
diferric cluster independently of the formation of the tyrosyl radical. The
rate constant of 6680 s for formation ofX is based on fits to the initial
rates from 2.5 to 50 ms. The rate constants obtained AQ@uropiinsversus-
time traces are the results of fits to a short lag phase followed by the first-
order growth in'Y122 (see text).
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15 — the*Y122/R2 ratio is 1.2. Each spectrum can be accounted for
o X(EPR) as the sum oK and*Y122. Kinetic analysis of the EPR results
2 il o Y122 (EPR) gives a rate constant of 680 s! for the formation ofX and
“T —X() | a rate constant of 14 for its decay with concomitant formation
Y2286 of *Y122 (Figure 3). As expected, the Msbauer spectrum of

the 0.028 s time point (Figure 4, supporting information) reveals
a species identical t§52 accounting for (5@t 5)% of total Fe,
in addition to a broad quadrupole doublet attributable to Fe-
(I-R2 and F&* in solution accounting for (32 2)% of the
total iron. The remaining iron is distributed among several
species with unusual isomer shifts, and the analysis of this
spectrum (Figure 4) in the context of the kinetic analysis of the
entire reconstitution process is the subject of ongoing investiga-
tion.»2 The results obtained from these three kinetics methods
therefore provide support for the model shown in Scheme 1
) o ] ) ] and reveal that, like the assembly process starting with apo R2,
Figure 3. Kmencs of format!qn ofX and*Y122 in the reaction of the assembly process starting with Fe(ll)-R2 proceeds through
Fe(ll)-R2 with O.. The quantities o and-Y122 are from the RFQ-  jytermediateX. The kinetics suggest that formation of the
EPR time course of the reaction. The trace 6122 is from the diferrous-R2 complex from apo R2 is slow, consistent with the
iggﬁgg;ﬁg’sefﬁgﬁgrﬁntthemg;ifg dfkgllz :ﬁfgggn%y-vnfgnssr proposal that a conformational reorganization is required for
functions of time to the experimental data correspondingkoat 60 F?H bm.dmg by apo R2'. Subseqqent react.|0n of th's complex
stand aky of 1 5L, Wlt_h_Oz is rapid, giving rise to the |nter_med_|ale which then
oxidizes Y122 to fornrtY122 and the diferric cluster.
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by Auo aropiine(Figure 1)?>1%and the data are well described by Acknowledgment. This work is supported by the NIH (GM 29595
two sequential, first-order processes with rate constants of 60(3.5)), GM47295 (B.H.H.), and GM29433 (D.E.E.)).
+ 20 and 0.85- 0.5 s1. As with apo R2, theY122/R2 ratio

at completion is 1.2. Thus, the reaction of Fe(ll)-R2 with O Supporting Information Available: Figure 2 showing the RFQ-

appears to differ from the reaction of apo R2 witiFFand Q EPR time course of the reaction of Fe(Il)-R2 with @nd Figure 4
in the kinetics of formation ofX and not in the subsequent showing the 4.2 K Mesbauer spectrum of Fe(ll)-R2 mixed withy O
formation of*Y122 (Scheme 1). and freeze quenched at 0.028 s (2 pages). This material is contained

RFQ-EPR and RFQ-N&s experiments confirm the formation in many libraries on microfiche, immediately follows this article in
of X in the Fe(ll)-R2 reconstitution reactidh. The EPR time the microfilm version of the journal, can be ordered from the ACS,
course of the reaction of Fe(Il)-R2 with,Gs éhown in Fiqure and can be dqwnl_oaded from the Internet; see any current masthead
2 (supporting information), and the kineztic analysis of tk?is time page for ordering information and Internet access instructions.
course is shown in Figure 3. At the early time points, the spectra JA952764Y
gﬁsg(g%}ngte(\i/v% etllr?\garfh’elsgct)ﬁ)tﬁgt’:slzr?g ili’ll’lgrl:::tg:gt[?cc-cﬁ (12) One of these species {92)%) appears and disappears during the
. ) g reconstitution process, suggesting that it may be a kinetically competent

*Y122 appears, while the signal &f decays. At completion, intermediate (Figure 4, supporting information). This species can be
described by the spectral paramete¥s= 0.66 mm/s and &\E; = 1.51

(11) The RFQ samples were prepared as previously descibEue mm/s) of the diferric peroxide species recently identified in methane
reaction conditions are identical to those indicated for SF-Abs experifhents, monooxygenast.
and the reaction mixtures were freeaguenched at time points between (13) Liu, K. E.; Wang, D.; Huynh, B. H.; Edmondson, D. E.; Salifoglou,

0.025 and 60 s (Figure 2, supporting information). A.; Lippard, S. JJ. Am Chem Soc 1994 116, 7465-7466.



