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EPR Detection of the Transient Tyrosyl Radical in
DNA Photolyase from Anacystis nidulans
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Amino acid radicals play important roles at catalytic centers Figure 1. Hydrogen isotope effect on the decay of the flash-induced
in a number of proteins; tyrosyl radicals in particular are absorbance changes at 410 nm, af@Qattributed to the back-reaction
established to be involved in the enzyme mechanisms in class IFADH™-Tyr — FADH"-Tyr in photolyase fromA. nidulans FADH* was
ribonucleotide reductase, photosystem I (PSIl), prostaglandin H excited at time zero by a nonsaturating laser flash (635 nm, 788,
synthase, and bovine liver catalds®ecently, we provided — mJ/cnt for the “H,0" sample and~10 mJ/crf for the “D,O" sample).
evidence by kinetic absorption spectroscopy that a tyrosyl radical The time resolution was 2 ms for the 8" sample and 5 ms for the
is transiently formed during photoactivation of DNA photolyase D20" sample. The *HO” sample contained 90M enzyme in buffer A
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from Anacystis nidulandHere, EPR spectroscopy has been used
to investigate this transient tyrosyl radical. Structural properties
such as spin densities, protonation state,/@H, conformation
were found to be similar to those of the tyrosyl radicals in PSII.
DNA photolyase$ use photonic energy of blue or near-Uv
light to repair UV-induced lesions in DNA. The repair function
requires the flavin adenine dinucleotide (FAD) cofactor of the
enzyme to be in the two-electron reduced form (FADHnN the
purified enzyme, the FAD is typically present in the semiquinone
radical form (FADH) but can be reduced to FADHN a reaction
induced by visible light (photoactivatioA)ln photolyase from
A. nidulans photoexcited FADIabstracts an electron from a

(0.2 M NaCl, 20 mM TrisHCI, pH 7.4, in HO) and 15% (v/v) glycerol.

The “D,O” sample contained 92M of enzyme and was prepared from

a fresh “H0O” sample by buffer exchange with polyacrylamide chroma-
tography microcolumns (15% glycerol was added afterward). The
exchange buffer was prepared by drying buffer A and addip@ B
reach the same volume as before drying. Amplitudes of the two traces
were normalized. Inset: Spectrum of the amplitude of the 198 ms phase
in the D,O sample @). The broken line is the FADH minus FADH
difference spectrum if\. nidulansphotolyase reported previouslyits
amplitude has been normalized to the spectrum of the 198-ms phase at
610 nm.

to the sum of the FADH minus FADH difference spectrum

tryptophan residue in less than 500 ns; subsequent electron tra”Sfe(broken line, inset of Figure 1) and the Tyminus Tyr difference

from a tyrosine residue to the tryptophanyl radidgb & 50 us)
creates a tyrosyl radicélThe tyrosyl radical is readily re-reduced
by exogenous reductants, resulting in the FAD¢bntaining,
catalytically active form of the enzyme. In the absence of

exogenous reductants, as in the present study, reverse electro

transfer from FADH to Tyr (ty» = 76 ms) regenerates FADH
and Tyr?

Kinetic absorption measurements (Figure 1) showed that the

back-reaction between FADHand Tyr slowed fromt;;, = 76

to 198 ms (monoexponential fitvhen HO was replaced by O

in the buffer® The difference spectrum of the 198-ms phase in
D,O (@, inset of Figure 1) is virtually identical to the spectrum
of the 76-ms phase in D previously reportedand corresponds
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Taking advantage of the isotope effect on the lifetime of the
tyrosyl radical, EPR measurements on photolyase frAm
nidulanswere performed in BD. Traces a and b in Figure 2 show
flash-induced EPR signals at two different magnetic field posi-
tions. The kinetically nonresolved rise of the signals is attributed
to the FADH-Tyr — FADH-Tyr* reaction'® The signals then
decayed with;,, = 190 ms (monoexponential fit shown as lines
trough the experimental traces a and b in Figure 1), which is close
to the value found by absorption change measurements. This
decay is attributed to the FADHTyrr — FADH*-Tyr back-
reaction.

The EPR spectrum of the flash-induced transients (spectrum
c, Figure 2) was obtained by plotting the amplitude of the 190-
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Figure 2. (a, b) Transient EPR signals at the indicated magnetic field
positions induced by flash excitation of photolyase frAmnidulansat
8 + 2 °C. Excitation was provided by a Nd:YAG laser (8 ns, 200 mJ;
Spectra Physics GCR-230-10) at 532 hifihe sample (36:M) was
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of the tyrosyl radical and (ii) a contribution due to the disap-
pearance of FADH To obtain the pure TyrEPR spectrum,
contribution ii must be removed from spectrum c. For that, the
pure FADH spectrum was recorded in darkness; this spectrum
was inverted and scaled (spectrun?t) yield the same amplitude

at 3326 G as that in spectrum c. This scaling is based on the
assumption that Tyrdid not contribute to spectrum c at 3326

G .2 Subtraction of spectrum d from spectrum c yields spectrum
e, which we attribute to the pure TYEPR spectrum in DNA
photolyase fromA. nidulans It was checked to which extent the
form of spectrum e is affected by the scaling of spectrum d.
Varying this scaling by a factor between 0.5 and 2 did not
significantly change the hyperfine line spacing of spectrum e (not
shown), so that we can safely attribute this hyperfine line spacing
to the tyrosyl radical.

Since the Tyrspectrum in photolyase from. nidulanscould
so far only be obtained as point per point spectrum with a 2.8-G
resolution, reasonable structural information may only be deduced
by comparison with other known systems. For an accurate
comparison, the Tyr spectrum has been measured in Mn-depleted
PSIt with instrumental conditions and a fitting procedure
identical to those used with DNA photolyase (spectrum f, Figure
2). The hyperfine structure observed in spectrum e is very similar
to that of the Tyg* signal (see also ref 3b), indicating similar
structural properties (spin density distribution on the ring carbons
and dihedral angl@; of the 3-methylene proton). Furthermore,
the g-value of approximately 2.005 strongly indicates that the
tyrosyl radical in photolyase fror. nidulansis deprotonateéf?
This is in line with the isotope effect on the kinetics of the reverse
electron transfer from FADHto Tyr (Figure 1).

The results presented above provide a first EPR characterization
of the tyrosyl radical involved in photoactivation of the photolyase
from A. nidulans The time-resolved EPR spectrum indicates that
the structural properties of Tyin photolyase fromA. nidulans

prepared as the “ED” sample in Figure 1 and was introduced into a are similar to those of the tyrosyl radicals in PSIlI and in
small flat cell inserted in a nitrogen gas flow system (Bruker, B-VT-  ribonucleotide reductase fro typhimuriuni® Obtaining refined
1000). EPR data were recorded with a Bruker ESP300 X-band spec- structural information (e.g., existence of hydrogen bonds and
trometer. Instrument settings: microwave frequency, 9.4 GHz; modulation chemical nature of surrounding amino acids) will require the
amplitude, 2.8 G; time constant, 10 ms; microwave power, 20 mW; each trapping at helium temperature of the tyrosyl radical for studies
trace is the average of 128 accumulations on six different samples. Eachby pulsed EPR. Such information is essential for a detailed
sample was used to record 64 transients at each of the 24 field pOSitionSanaIysis of electron transfer involving the tyrosyl radical in the

going from low field to high field, and another 64 transients at the same h ivation or f photol frémnidulan
field positions going from high field to low field The lines through the photoactivation process of photolyase frémnidulans

experimental kinetics correspond to a monoexponentialfit € 190

ms, plus a small constdf}. (c) Amplitude of the 190-ms phase versus
the magnetic field. (d) Spectrum of FADHKh A. nidulansphotolyase
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(13) For unknown reasons, our FADH spectrum shows less hyperfine

recorded in the dark; the spectrum was inverted and scaled as describedtructure in the 33063370 G region than the FADH spectrum in photolyase

in the text. (e) Spectrum ¢ minus spectrum d. (f)zZFgpectrum measured
in Mn-depleted PSII prepared as previously descrifeldstrumental
conditions and fitting procedure as for DNA photolyase.

ms phase recorded at different magnetic field positions. Spectrum

from E. coli®
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