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Ultraviolet light radiation in the wavelength range between 260 and 320 nm causes
damage to, DNA by formmg the dlmenzatmn of adJacent pynmldmes in the same DNA
strand Th1s covalently hnked dlmer 1nﬂuences the rephcatmn and transcnptlon and leads
to cell death or skin cancer Most (70- 80%) of Udeuced DNA Iesmns is cyclobutane
pyrimidine dlmer (CPD) and a lesser extent (20 30%) is (6 -4) photoproduct These two
major types of UVdamaged DNA are repalred under 111um1nat10n w1th near- UV/v151ble
light by CPD photolyase and (6 -4) photolyase 1espect1vely The both photolyases contam
flavin adenine dinuclectide (FAD) as an essential cofactor for DNA repalrlng The structure
and catalytic mechanism of CPD photolyase have been extenswely studled However its
detalled structure of the actlve site contammg CPD 1s uncertam untﬂ now The structure of.
(6 4) photolyase is Iess well stuched The genes for this enzyme exh1b1t a sequence
similarity to CPD photolyase espe01a11y in the FAD bmdmg s1tes Such hlgh s1m1lar1ty
indicates a smnlar structure and reactlon mechamsm in two photolyases Unexpectedly,
(6- 4) photolyase presents a much 1ower quantum y1e1d compared to that of CPD photolyase '
1nd1catmg th° dlfferences in structure apd reactmn mechamsm befween (6 -4) and. CPD
photolyase. Such precise d1fferences between CPD photolyase and (6-4) photolyase'
regarding substrate binding and DNA repair needs to be clarified.

To investigate the unclear structure and environment of the active site in (6 4)
photolyase, we measured resonance Raman spectra of (6-4) photolyase having neutral
semiquinoid and oxidized forms of FAD, which were selectively intensity enhanced by
excitations at 568.2 and 488.0 nm, respectively. DFT calculations were carried out for the
first time on the neutral semiquinone. The marker band of a neutral semiquinone at 1606
cm'! in H20, whose frequency is the lowest among various flavoenzymes, apparently splits
into two comparable bands at 1594 and 1608 cm'! in D20, and similarly that at 1522 cm in
‘H:20 does into three bands at 1456, 1508, and 1536 cm! in D20. This D20 effect was
recognized only after being oxidized once and photoreduced to form a semiquinone again,
but not by simple H/D exchange of solvent. Some Raman bands of the oxidized form were
observed at’ significantly low frequencies (1621, 1576 cm™) and with band splittings
(1508/1493, 1346/1320 cm™). These Raman spectral characteristics indicate strong H-bonding
interactions (at N5-H; N1), a fairly hydrophobic environment, and an electron-lacking feature in
benzene ring of the FAD cofactor, which seems to specifically control the reactivity of (6-4) photolyase.

To clarify the structure of active site upon substrate binding and the mechanism of DNA repair, we
examined the resonance Raman spectra of complexes between damaged DNA and the neutral
semiquinoid and oxidized forms of (6-4) and CPD photolyases. The marker band for a neutral
semiquinoid flavin and band I of the oxidized-flavin, which are derived from the vibrations ofthe
benzene ring of flavin adenine dinucleotide:(FAD), were shifted to lower frequencies upon binding of
damaged DNA by CPD photolyase but not by (6-4) photolyase, indicating that CPD interacts with the
benzene ring of FAD d1rect1y but that (6-4) photoproduct does not. Bands II and VII of the oxidized
ﬂavm and the 1398/1391 cm™ bands of the neutral semlqumoxd ﬂavm which may 1eﬂect the bendmg of
the U—shaped FAD were altered upon substlate bmdmg, suggestmg that CPD and (6- 4) photoproduct
interact thh the adenine rmg of FAD. When substrate is bound, there is an upshlfted 1528 ¢t band of
the neutral sem1qu1n01d flavin in CPD photolyase mdxcatmo a weakened hydrogen bond at N5-H of
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FAD and in (6-4) photolyase band X i is downshlfted mdlcatmg 2 strengthened’ hydrogen bond at N3-H
of FAD. These Raman spectra led us to” conclude' that the two photolyases have ‘different electron
transfer mechanisms as well as dlffexent hydmgen bondmg env1ronments whxch account fot the higher
redox potentxal of CPD photolyase o ' '

This vvork revealed that the FAD in (6-4) photolyase is charactenzed by ar eléctron”
localized structure and binds to the protem na falrly hydrophobic and strong hydrogen
bonding enviroriment. Spe01ally, a stronger H- bondlng at N5-H of FAD was identified for
(6-4) photolyase which may result in the Tlow quantum yield for DNA- repair of this
enzyme. Besides, UVdamaged DNA contacts the benzene ring of FAD-only in CPD
photolyase and the adenine ring of FAD i in both photolyases These structures indicate that
the electron transfex during DNA‘ repan' between isoalloxazine and UV- damaged DNA in
CPD photolyase is direct, whereas that in (6 4) photolyase is not direct and bridged by
adenine.
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REIIL 2 D DNA GEEEER DG S HEDBGRE ATEEHEE S < > ot
EEENREEEZAWCERIIE THANEEET, BX 104 R—J4ENS KD
HDTH 5, o

B SLDH U WFERIE. 5 2 ED(6-4)Photolyase FD 7 T E > T AL DG
SN ROBEEZEOYELZHHFE (J. Phys. Chem IBHE) &, %3
E®D CPD Photolyase &(6-4)Photolyase @7 T E VEREEDEN SHEEERNEZ O
BWEBERDT LD & UELEARHS (J. Biol. Chem. IZ#8#) TH 5.

B 1EIDCES DNA OBE L EYICHEZEINEE S AT A, TOEHAZK
SS < AN THRNCINETOWHE, ROINDSEIZL I NN THIET S
BECODWTOERZLRLEBDTH S, JHEHE DNA IKIXEELLT
Cyclobutadine Pyrimidine Dimer(CPD)Z&THD &, (6-O)HKEY EIFIEN S
Pyrimidine dimer Z&T® DA% O, & 4 IZ CPD Photolyase &(6-4)Photolyase
WREENIERERERA 2720, BEOETIENIIEFICHLL TRIRICEN, i
FED FAD IO SEZ@MBELLTHDE, 75 ENLDNXMEESTSEH
WEBERIEDBAIDERTH D, MEDRIGDENET SEOBMNTNSE
BEOBRWEHATLIENEAHRXOERNTH S,

% 2 E13(6-4)Photolyase IZBIT B H DT, KIBETZIOBEE GExFidEm A
KDOBDEMER) 2 REICHATHEDICHRERICABL TR UE, TORE. 5
TR ER D EMEDCERNE T RERS Nz, F3 2 8 BE[dT)s IT4E4
FERRATHARSE DNA EFIVEREL, ThEEE L U TEREEE AN, &
o< HEE 568.2 nm & 488.0 nm TR L/, HBSI T RICLD., §i
BETIIEDSTAINKRED., BETTISECBILEORES T AR RLN
ERWIZES Nz, FVHIVREDREIBEN N ETIZ/RWDO T, BENEEK
1% (DFT) THFREIZEEL., BHIZST N ROREE—RZREL-. B
REHEIT D0 BRIZEMNUIZHE S, DO FTEB(LETE LIEBEEETARY

FIVTENWDHDHEIZKRAE, fiE % N3-D. Ns-H . 8% % N3-D. Ns-D &
BEADERERREEIENS, TOXDITRET B &K, ITIIIVRETIE
Ns-H 2BUKRECENNFEEICRNVKEBESEZERL TWEENEBEROEH
THEEZHD TR, ' '

- CPD Photolyase b RIBE THREL., BHLE, TOXBITIART ML E
(6-4)Photolyase Db D LT 5 & EEEZHEE LIERDO AT MVOIRIENIC
HENE SN, BIBNR I EWHIREUBESICHRET 5REH CPD
Photolyase TREBME TEIKE S 7 b5, (6-49)Photolyase TiE> 7 ML
BTz, TDENS, EE E FAD EQEBMHEEEMAD CPD Pholyase Tldd
0. HEEARNN B VRIS TH BH, (6-4)Photolyase TIIEFZEDIHAEIER
3L, EFRENT T URENLTEISZEEZEZ SN, KSHEED ZDEWN
MEFNEOENEEARMLU TS EBBHIN,

ZDE DAL DNA KEEBEDO T S E MBEROEE P RGHE & DF
BREFNCFHRLEMEE L TELSFE SN, BEEELEN—BHL T, 6K THS
Egam L7z,
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