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in the Reaction Catalyzed by Spore Photoproduct Lyase: Evidence for a
Reversibly Generated Adenosyl Radical Intermediate
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The major photoproduct in UV-irradiatd8acillus spore DNA Scheme 1
is a unique thymine dimer called spore photoproduct (SP, 5-thymi-

§ugar—N [e] éugar——-

nyl-5,6-dihydrothymine}.? Pyrimidine dimers such as SP are a >N hv e '\é>—u‘__.=:=o
major component of UV-induced DNA damage. These dimers can ph@hate ° ~rivace phghate H H
block replication and transcription, or can result in mutations if sugar—N/zgzo Y 5ugar—N>_§o
transcription does proceed past the region of the dimer. Repair of / ol o>_ﬁ
these dimers, therefore, is critical to avoid mutations. Although SP
pyrimidine dimers can be excised and replaced, the only well-
characterized example of direct pyrimidine dimer reversal is the Scheme 2. Proposed ’;’_'eCha”ism of SP Repair
photoreactivation catalyzed by DNA photoly@se-However pho- s o __N/%:;o
toreactivation has been shown to be absent in many species, i S S Oﬁﬁ?
suggesting that alternate means of pyrimidine dimer repair might £ 5 o
be found®5:6 TS N O(|)H3 >N OH

The enzyme SP lyase is the first identifiednphotoactiatable s P a HoA
pyrimidine dimer lyase, catalyzing the repair of SP dimers to 000"+ Met
thymine monomers (Scheme 1) in a reaction that requBes - T R O l HO - On
adenosylmethionine (AdoMet)® Chemical and preliminary spec-
troscopic studies have suggested that SP lyase is a member of the P ) Mo
family of Fe-S/AdoMet enzymes that catalyze radical-mediated _gzi*g —NF(::;:O
reactiong 1! The Fe-S/AdoMet enzymes appear to operate by < N o i
common initial steps involving the generation of' ed@oxyadenosyl 8 _Fr & H}_ﬁi‘*
(5'dAdo) radical intermediat¥ Here we provide evidence for the - 0 He —N;N o
involvement of a 5lAdo radical in the SP lyase mechanism by H z H,oa OH L Hy o
demonstrating that during repair, label is transferred to AdoMet -000—(\’+ < Met w
from SP specifically®H-labeled at C-6. This label transfer also NH? Hlf;‘.\OH HO  OH
supports the proposal that SP repair is initiated by C-6 H atom e-\T l
abstraction, with the resulting substrate radical presumably undergo- H H 4

H o
ing f-scission to provide the monomeric products, as shown in H /Zi fa A
N D=0 N>_H o} :
H

Scheme 2 and previously suggested by Mehl and Be€gley.

. <—-— <
Furthermore, we demonstrate that AdoMet acts as a catalytic % Hs g R L HO  OH
cofgotor during rgpair togversiblygenerate the putatiye gdenosyl —%o Hy o s —‘N>_ O e
radical intermediate, as is required by the mechanism in Scheme H H

L] :: O
Met <¢>?)
2.

SP lyase was cloned, overexpressed, and purified by using ) o ) )
procedures to be reported in detail elsewHédé.The purified conducted by using modifications of previously published meth-

enzyme contains an irersulfur cluster, as determined by Gy~ ©0dst® The degree of SP repair was analyzed by HPLC and
visible, EPR, and Mssbauer spectroscopyPreparation of the scmtlllatl_on counting of reaction mixtures and controls after DNA
DNA substrate for SP lyase was accomplished by using modifica- nydrolysis’ o

tions of previously reported procedurés® DNA tritiated at the OL_IF purlfled SP lyase ha_s a specific activity of 0,13m9| SP
methyl or C-6 position of thymine was produced by growing repa!red/mln/mg $P Iyaéé.'l'lme course assays shqwed I|near SP
cultures of NovaBlu€scherichia col(Novagen) carrying pUC18 ~ repair up to 60 min, after which the degree of repair was variable,
in medium enriched with methyl- or C-6-tritiated thymidine. The Most likely (_Jlue to protein mstapnhty under the assay condmops.
isolated pUC18 DNA was complexed with SASP-C (a small, acid- On the basis of these results, it would seem that the overnight
soluble protein fronBacillug) and then UV-irradiated to produce ~ incubations used in previous wdrkvould not provide a reliable
spore photoprodudf16 The amount of spore photoproduct gener- estimate of SP lyase activity. o o
ated was determined by HPLC analysis and scintillation counting  1© Probe the involvement of &@Ado radical intermediate in

after acid hydrolysis of the DNA? SP lyase activity assays were the SP lyase mechanism, we investigated the possibility of label
transfer from SP to AdoMet or'8Ado during SP repair. After

* To whom correspondence should be addressed. E-mail: broderij@cem.msu.edu.running a repair reaction for a defined period of tit&he reaction
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lesions. Furthermore, no appreciable amount'dA8o is formed
during a typical SP lyase activity assay. These results clearly
demonstrate that AdoMet acts as a catalytic cofactor and is not
consumed stoichiometrically during turnover.

The results presented here provide the first experimental evidence
for the involvement of a "8lAdo radical intermediate in the DNA
repair reaction catalyzed by SP lyase. The putatidé&o radical
intermediate, which is generateeversibly by SP lyase, interacts
directly with the damaged DNA, abstracting a hydrogen atom from
C-6 of SP to initiate repair. This radical-based mechanism and the
use of AdoMet as a reversible radical initiator represent a new

3
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Figure 1. Tritium is incorporated into AdoMet during SP repair. Assays

were done as described in the text. DNA tritiated at either the C-6 or methyl

group of thymine (and SP) was used as substrate. Control assays were rufP@radigm for repair of UV-induced DNA damage.

in which no SP lyase was present. The sample components were then

separated on a C18 column. Shown above are difference chromatograms Acknowledgment. This work has been supported by the NIH
(assay minus control) for the C-6-tritiated and methyl-tritiated samples. (GM54608) and by Michigan State University. J.C. gratefully

Elution times: AdoMet, 2.6 min;'sdAdo, 7 min.

acknowledges the support of a NIH NRSA (GM20315).

mixture was injected onto a Spherisorb C18 column and eluted
with H,O (3 min) and then 18% C¥CN in HO (13 min) while
collecting fractions for scintillation counting. Under these condi-
tions, AdoMet elutes at 2.6 min;dAdo elutes at 7.0 min, and the
unhydrolyzed DNA elutes in the final 100% GEN wash. The
resulting difference chromatograms (assay mix minus control mix
containing no SP lyase) are shown in Figure 1. When the substrate
DNA contains®H at the methyl position of thymine (and SP), no
label transfer from substrate into either AdoMet ddAdo is
observed (Figure 1, dashed line). However, when DNA tritiated at
the C-6 of thymine (and SP) is used as the substrate, significant
incorporation ofH into AdoMet is observed (Figure 1, solid line).
These results provide evidence not only for an intermediat&dd
radical in the SP repair mechanism, but also for C-6 H atom
abstraction as the initial step of the repair reaction, consistent with
the mechanistic proposal shown in Scheme 2. The label transfer
results are most consistent with a mechanism in which HuA8o
radical intermediate abstracts directly from C-6 of SP. Although

it is conceivable that the'BIAdo radical generates an intermediate
protein radical, which then abstracts flom C-6 of SP, such a
mechanism would be difficult to reconcile with our label transfer
results. In addition, EPR spectra of reactions in progress show no
evidence for an intermediate protein radical.

The mechanism shown in Scheme 2 would also predict label
transfer from 53H-AdoMet into the thymine monomers resulting
from SP repair due to the abstraction of'dAdo hydrogen by the
product thyminyl radical. We have synthesizeé€#3-AdoMet! and
incubated it with SP lyase and nontritiated SP-containing DNA.
Preliminary results show incorporation of this label into thymine
monomers, providing further evidence for the proposed mechanism
in Scheme 2.

Our observation that the C-6 tritium label from SP ends up in
AdoMet, and not in 5IAdo, suggests that AdoMet is used as a
catalytic cofactor taeversiblygenerate the putativédAdo radical
intermediate. Use of AdoMet as a catalytic cofactor has been
observed previously for lysine aminomutase, one of the Fe-S/
AdoMet enzyme$? In the case of SP lyase, however, Rebeil and
Nicholson report the formation of '&Ado during turnovet?
suggesting that AdoMet is being consumed, similar to what has
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