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I carried out the following research experiments for the elucidation of reaction m
echanism of DNA photolyases. (1) | measured the detailed photoreaction of Xenopus (6-4) photolyase by UV-
vis and FTIR spectroscopy. (2) I measured light induced difference FTIR spectra which accompany the struc
tural changes of photoactivation and photorepair processes of E.coli CPD photolyase by FTIR spectroscopy,
and compared with those of Xenopus (6-4) photolyase.

I obtained the following results. (1) I succeeded in the detection of the structural change accompanying
a series of responsives of the photoreaction of FAD, "oxidized from - neutral semiquinoid form - reduced f
orm™ at 277 K. I was also able to check the accumulation of the anionic radical form illuminated at 200 K
. (2) Upon the CPD binding to CPD photolyase, the structural changes of the alpha helices take place. Th
e style of the structural changes was reverse compared to those of (6-4) photolyase.

6803

DNA (6-4)



B X CcC—19., F—19,
1. WFZEBHEE Y WO 5

7 U7~ msé DNA GEIERESE ITEL
M T CHBEBOMIEZ K LFE—D R
(75 7rsy= //27Vﬁ%%1%m
FREALTRBY, 2o 0B 773V —%F
BLTW5D, LML72NlEE oIz <
Bipy, 7V N7 e MIEHOtE Y —

LEW OB A FFEEO —# & L THEET 2 — 77,

DNA JERIERER 1T SRR K » THRIEZ %1
7= DNA (BV IV 8K, CPD &(6-4) )k
) EiTERA - FEEE RO TEE T o EH
Thb, £7-. CPD L (6-4)NFEMEEET D
FREL) 72 DNA JERIEREE (CPD YaEIfEEER
L (6-4)ERIERESR) BFET D,

TN FETIC T /AT Y THED
7)7F7HADMH&77)ﬁ/fﬂI

JVH KD (6-4)JGRITE SR I DUV TS, - AT
L7— Jiﬁﬁf%(ﬂm) VBT LD
FEATV, 26 ORKISIZEBIT HHEEE

&DMAW@%%@ME%%%%L O
IR~ DB 2 EIT 52 2 LTI L7z

(Iwata, T., et al. (2010) Biochemistry 49,
88828891, Zhang, Y. et al. (2011) Biochemistry
50, 3591-3598, Zhang, Y. et al. (2011) J. Phys.

Chem. Lett. 2,2774-2771.) s AL D DAFZENG |

FAD XA CHIGE T DI 0 b7 5B
RO R OHAZHALMILEWEE
zéioaﬁoto_nif . EEEESE
R RMEEZ D Z LR LIZ L
wo%¢i&< VAN AN/ A=WN - AEIE Y3
FIZEW LTS s ST,

2. WEDBEK
AWFFETIE, WAL TR TdH 2 DHERE D

L Bipb 7 V7 N7 vk, DNA KEIEE

F7 73V —&x5% L LT .DNA BEEMED

HENI LR BmREERA LU, S

AT EMNET S, COHBORED

2. LFOEBREZIT -7,

O w%t@@%$®tﬁﬁkﬁm®ﬁﬁ%
AL - W EEE L FTIR 4 36iEE W
T 21T 272,

@ CPD KFEIEFEEHRE OEEFR B E O G2
{b% FTIR /3 YEiEIC K VEHRIL ., (6-4)%
[EEREE DO 7L bl Lz,

3. WrgED ik

AP TIE, AW tRIERESR IR GE
Hkod CPD NEIEMFERET 7 U Y AT
TIVHRD(6-4)NEIEREFE TH D, KIGE
KEIHFZRZ AT, N RN Hisg ¥ 7
FEASETEE XY N EE LTI
77 FEHLE Co-NTA BV M X Ni-NTA L
Rz, FERENR el E, SEIZ
I CChaAa o a3 7 Lx W T, ik
F U T AEEARIC LA S, R
L7,

FTIR 3 )ticfit 595 7=, CPD J¢[aliE
%%iﬁ%éﬁk%%(%%%W\%§2
mM) (2 L7, F£72. (6-4)KEIEERER TR

Z—19 (m

)

HalRi 7 FTIR B D LTRSS
. T TSR & D\ E(6-4) T FEEMIIRIR
ZRWTHRRSE-8E (Fiemade) %
-,

FTIR /0 eiEIX IBE 2 b o —/LA[FeE7
T4 F ALy OERE SN FTIR 4%
FEEFIC T@m%ﬁotomf%ani
VME 200K 12 > b L., SEHRERITHR DA
N7 MEFHILZ, 128 A%y T 1 A
A7 MLVEEHAIL, 6-8 ADFEARYT )L
FEELTCY I ) A4 RE BT,

4. WFTERRR
(DDNA Jt[al{8 f#sE AN EERNC 20 B 72011
f2{t% FAD (FAD™) 2 _EETE=% 7=
seaiEe (FADH) IR MEXH D, Ik
PEARFR ORI 22T 24T 5 72, —&E T
DB INDIGFMERFT L, ZOEMT
FTIR 73 J6iEIC K DT 21T - 72,

FAD #2{k% o PHR % 277 K iZk& > kL.
450 nm O HASEZ T 5 & 550 nm UL R
WA 2RO ENERE LI, Zhid—E T
BrIn7a RS LiREREIX
VB (FADH ) IR 2RI C o 5, IRIZ
f%M{ﬁ&WféﬁﬁﬁsmnmuL@t%
W L7- & 2 A FADH ~DOUSH = 7= (1
1. Fozx®—21),

277K

@m& -t #/zi ﬁni
N\ " HV/ZT(277 K

II 1‘/ ¥ NFR)

—AYZIHLE
H1(&®%@Eﬁ$?%éhtﬁm
RAFEx—L

200K

F72. REE 200K 2 v b LTEE RS
LIt A, T=F4rF 0% (FAD)
DAEREHER LT, ZHXEFBEIKGD S
DRV, a N OBEISITE E TV
ZEERLTWVWD, F2. ZOKRRET277 K
IZCHIET 5 & FADH- NERR L7 (K2, T
AFx—LN), TbbH, 200K TlE7 o b B
TR Z BN Eb o T,
_h%@*#TFHRME%ﬁW ENEN
DR TORE IR R AICEIN D FTIR /N
K % Fe 8 btoit\&/ﬂﬁm#&%L%
K327 I RIfEKO > 7 F G, FAD
-TIEB v — FOREEZLD, FADH: Tld o
AUy I AOWEEBRENENE S Z
Enbhote, £z, T b 0%kl FADH-
TIETTICR D (FAD™ [ZIFVWMEEIC 2 %) &
N ENT,

@ CDP JtRIEEEFE 1L (6-4)CREREHE L v &
<ﬁnéhfwéﬂ S it O 55 - KA 3 it B
STz LI E WV, CPD SERIE RS & Xkt 5



& LT, = DNA BB & ER/HEED
fi#BH & H¥8 L C.FTIR /0 Y6312 X 2 fifhT 23
BTz, £ LT, BRI LTV 5 (6-4)31R11E
B2 D FTIR A7 hL (X2 F) & Higd
HZECX O EME & R AT
7=,

KIGHEHKED CPD Y[RIEEESE 2 KIGE O
REFRBRZHW TR L2 & Z A, FADH-
@D PHR & L CHRAM &SNz, 2 EBLHI%E
SEbIC LY FAD™ RIS SHT-E 25,
CPD t[RI1EEESE15(6-4) SERIIERESE & 1T R 7
D | HEITCKIDFE EFE o 72, 1t T,
CPD- . [B1 18 % 3 @ St K )i & FADH - 72 &
FADH ~®D 522\ FTIR B 24T - 7=,
(6-4) JeEIEEER OB L FERIC, fLFE RS
M7= CPD # & Te DNA B A S &8, K
Ji& & DNA OIEE O GO FTIR € 217 - 72
(K2 ),

FE DNA OFEAITFE 2 EEE Lo Blll %
1T->7-L Z %, CPD-PHR » CPD %#f& 1%
PRl a~Y v 7 AREiEERbzR 528
WHoT2in, Z OHEEEL DR A (6-4)
PHR 723(6-4)JCEEMZfEG T DERICE Z 1%
EER L LW E THDHZ N7z (X 2
T), ZDOHFZE T, DNA OFiEH bifEEE T
DEMEIREEFE % FTIR 43 M6IEIC L ViR z
5 Rk,

1 1 1
720 (6-4) KEWEER o7
A (a) 1:1 giﬁ 1218
(a) 1:1 1%}
m\fm PN A\ /\V V{\"
g '72°“VVU w V\ 1087
< ] 1244
< 1697 (b) 1:2 #1444 1213
(c) 1:2 %#A
Y] A AN
N Vot R VA
—1697 1244
T T T
CPD X[EIEEHR 1087__
172\1 (@) 1:1 #1#3
A ﬂA N (@) 1:1 % R
sy
g 1697 1239 1087
S | 17 (b) 1:2 488 N\
N -
A V/\ L ‘I\f"\/
1704U V 1241
T T T
1654 _ (6'4)#@i§§¥§
_ 1667\)650 — CPD}:EERHR [
y 16901<<\ /1645 Q ‘ 1088 10'45
Q |
e
<
0 \\—
16911667 i 1058
1680 100 1240
T T T
1800 1600 1400 1200 1000

Wavenumber (cm™)

= 4
StEEEEE DB DNABED FTIREXRSML(a-d), &.
EXROAEERREEBEDOESIZHESIZARINL ).
XarD&YHZELTEIA,

5. FARFERmILSE
(WFFERFKE . W0 L e O IEE 12
(=)

@ I M. Mahaputra Wijaya,

CGdEssamc) (B 344)

Yu Zhang,
Tatsuya Iwata, Junpei Yamamoto, Kenichi
Hitomi, Shigenori Iwai, Elizabeth D.
Getzoff, Hideki Kandori (2013) “Detection
of Distinct o-Helical Rearrangements of
CPD Photolyase upon Substrate Binding by
FTIR Spectroscopy”, Biochemistry 52,

1019-1027. DOI: 10.1021/bi3016179.

@ Louisa Reissig, Tatsuya Iwata, Takashi

Kikukawa, Makoto Demura, Naoki Kamo,
Hideki Kandori, Yuki Sudo (2012)
“Influence of Halide Binding on the
Hydrogen Bonding Network in the Active
Site of Salinibacter Sensory Rhodopsin 17,
Biochemistry 51, 1019-8813. DOI:
10.1021/bi3009592.

(®  Daichi Yamada, Yu Zhang, Tatsuya Iwata,

1.

Kenichi Hitomi, Elizabeth D. Getzoff,
Hideki Kandori (2012) “Fourier-Transform
Infrared Study of the Photoactivation
Process of Xenopus (6-4) Photolyase”
Biochemistry 51, 5774-5783. DOI:
10.1021/bi300530x

(FR%E#R) Gt 3 31F)
OWMEKRE, &HEN, I [(6-4)
HRIERER BT D IEHEAL D 5y 1 £
T3 =R | HARA W) B W S
HE. 201443 A 6 H., WK

RIS N
EHHEL 77266 ET50E
V=2 R BOSEN) AR T
KFEFT "L AT 7 ) uo—iEk
VRGN AR T L (F )
20134F12H26H~12H27H, 4=
O =B 5efk, (R AR K IM. M.
Wijaya, s HEM, AJLWF—. Elizabeth
D. Getzoff, #HuFHM (7 V 7 ~h 7 A -
SRR ISR OREIEREREMABI ORERT ) | BT
FAGEIAF IR (22 & 2275y 5% 20134F
12A5H~12A7H, Rik
ol M. M. Wijaya, T. Iwata, T. Mathes, J.
Yamamoto, K. Hitomi, E. D. Getzoff, S.
Iwai, J. T. Kennis, H. Kandori, “FTIR study
of CPD-Photolyase FAD activation and
DNA repair by isotope-labeled enzyme” #t
FAGEIAT TR (22 & 22725y 5% 20134F
12A58~12A7H, Rk
O R, AHEM, 1M, M. Wijaya,
oeiE, A, IWEKE. E. D.
Getzoff, FJFRcE . BEEE W, PRHELTS H
(7 V7 v abphbXEEEESE~D
BERERAML | | BT BRI gE T3 B0
53 F%R]1 20134E12H5H~12H7H, Rik
oDaichi Yamada, Junpei Yamamoto, Yu
Zhang, Tatsuya Iwata, Kenichi Hitomi,
Elizabeth D. Getzoff, Shigenori Iwai,
Hideki Kandori, “Molecular mechanism of
photoactivation of  Xenopus (6-4)
photolyase”, The 6th Asia & Oceania



10.

11.

12.

13.

14.

15.

Conference on Photobiology, November
10-13, 2013, Sydney, Australia.
oT. Suzuki, T. Iwata, I M. M. Wijaya, J.
Yamamoto, T. Ishikawa, D. Yamada, E. D.
Getzoff, S. Iwai, T. Todo, H. Kandori,
“Cyanobacterial Cryptochrome-DASH
mutants that repair CPD in double stranded
DNA”, HARAEYWIE Y2 2013410 H
28 H-10H30H, #UAR
oD. Yamada, J. Yamamoto, Y. Zhang, T.
Iwata, K. Hitomi, E. D. Getzoff, S. Iwai, H.
Kandori, “Molecular mechanism  of
photoactivation and photorepair of Xenopus
(6-4) photolyase”, H R4 ELF 2|
20134F10 428 H-10A30H . D
OI M. M. Wijaya, T. Iwata, T. Mathes, J.
Yamamoto, K. Hitomi, E. D. Getzoff, S.
Iwai, J. T. Kennis, Kandori, “FTIR study of
isotope-labeled CPD Photolyase” H A&
W2, 20134210 A28 H-10H30H |
gl
ORI R, AHEH, M. M. Wijaya,
ey, AN . IWE K%, E. D.
Getzoff, & HFpl ., HREZRI, PR T2
TN TUTH kK O CRY-DASH @
CPDY¢RITE 35 ~ DRk fElRHA | AL
FHFOZ, 2013F9H21H ., [l
OWHERE, &HEh, IRFEE [(6-4)
JEIERE R I3 T 2 TG D X 1 =
A L] FES3EIEMY A F D2 E DR,
20134F9H6 H~9H9H .,
OEARE R, A HEH, M. M. Wijaya,
oeiE -, A, IWHEKRE . E. D.
Getzoff, FREZMI, S5 HRKE ., HhHSS k8
[DNA B8 B 58 ~ O B REHR#a 2 3k 7
72CRY-DASH D JRANM 3 LT K D11
FEAT | S S3[EI A PR TF DS E DFRL
20134F9H6 H~9H9H .,
OH. Kandori, I M. M. Wijaya, D. Yamada,
T. Iwata, “Light-induced difference FTIR
study of CPD and (6-4) photolyase”
Seventh  International Conference on
Advanced Vibrational Spectroscopy
(ICAVST7), Aug. 26-Aug. 27, 2013, Kobe,
Japan
OI M. M. Wijaya, T. Iwata, T. Mathes, J.
Yamamoto, K. Hitomi, E. D. Getzoff, S.
Iwai, J. T. Kennis, H. Kandori, “Isotope
Labeled CPD-Photolyase Revealed FAD
Redox States Affects the DNA Substrate
C=0 Vibration”, 1st Awaji International
Workshop on "Electron Spin Science &
Technology: Biological and Materials
Science Oriented Applications", Jun.
26-Jun. 27, Awaji, Japan.
OT. Suzuki, I M. M. Wijaya, J. Yamamoto,
T. Ishikawa, D. Yamada, T. Iwata, T. Todo,
S. Iwai, H. Kandori, “Conversion of
cyanobacterial Cryptochrome-DASH into
CPD Photolyase by site-directed

16.

17.

18.

19.

20.

21.

22.

23.

mutagenesis”, 1st Awaji International
Workshop on "Electron Spin Science &
Technology: Biological and Materials
Science Oriented Applications", Jun.
26-Jun. 27, Awaji, Japan.
O Daichi Yamada, Yu Zhang, Tatsuya
Iwata, Junpei Yamamoto, Kenichi Hitomi,
Shigenori Iwai, Elizabeth D. Getzoff,
Hideki Kandori, “The intermediates in
Xenopus (6-4) photolyase repair process by
low-temperature FTIR spectroscopy”, 1st
Awaji International Workshop on "Electron
Spin Science & Technology: Biological and
Materials Science Oriented Applications",
Jun. 26-Jun. 27, Awaji, Japan.
O Daichi Yamada, Yu Zhang, Tatsuya
Iwata, Junpei Yamamoto, Kenichi Hitomi,
Shigenori Iwai, Elizabeth D. Getzoff,
Hideki Kandori, “FTIR study of the
photorepair intermediates of Xenopus (6-4)
photolyase”, 8h  Asia  Biophysics
Association (ABA) Symposium, May
26-May 29, 2013, Jeju do, Korea
W T 5 X7 B ORIy EEHEIT
A% 0 2 | M7 RZSEmE A B
VRV L 2RI EORIEE S A
T X7 A KR L BGEME ) (RATRRED |
2013403 H 28, #hF
mEHEN (7T e 2Ry e R-%
DIESL DB BB RetE % o X7 E OB
HET) HAEMAER TR VR T T L
F7?HV%$@%%$@?J(%%%
) 20134703 421 H~20134:03 23 H .
fi] 1 L1
ol M. M. Wijaya, & =, s HEd, (L
TTIFE . NRBE—, EIEE,. E D.
Getzoff, (M, » CPD- and (6-4)
Photolyase's Distinct a-helices
Rearrangement upon DNA Binding by
FTIR Spectroscopy”. HAEBILF4
R SRR, 20134E2H 19, &
=
OS. Ito, H. Kato, T. Iwata, O. Nureki and
H. Knadori, “Protein bound water
molecules of channelrhodopsin”, Nagoya
Symposium-Frontiers in Structural
Physiology, Jan. 22-Jan. 24, 2013, Nagoya,
Japan.
OI M. M. Wijaya, 85, #5HEH, (1T
1 N — 25 H A&, E. D. Getzoff,
#7518 [Enzyme and DNA Substrate
Assignment of E. coli CPD Photolyase by
FTIR Spectroscopy | #543[0]H {7 BA%
PR SERKFRE, 20124511710
H~11A11H, 4&2
OWmRE, & HED, hIRGH 1(6-4)
JeEIE B SR OAKIR I F5 1) 5 DNABHE T
AR DRIE ) H43E PR =
SCEREAFZE RS, 20124E11H 10H ~11
A1E, Adz




24. OBHERIENR, ‘& M, M5 # TBLUF
domain(Z 35 1F 2 J&EME .0 DK FEfEE BR
2R BBA3RI AL A BALR - b = ST
AR, 20124F 11 10H ~11H 11
H, 4=

25. OT. Iwata, S. Ito, M. Iseki, M. Watanabe
and H. Kandori, “Structural changes of
hydrogen-bonding environment upon the
photoreaction of the BLUF domains”, The
50th Annual Meeting of the Biophysical
Society of Japan, Nagoya, Japan.

26. OD. Yamada, Y. Zhang, T. Iwata, J.
Yamamoto, K. Hitomi, S. Iwai, T. Todo, E.
D. Getzoff and H. Kandori, “Repair of
damaged DNA by the anion radical form of
(6-4) photolyase”, The 50th Annual
Meeting of the Biophysical Society of Japan,
Nagoya, Japan.

27, AHEM, R, OB, P IE
. OFERF K [BLUF K A A v OYiE
PEAL I fE 5 KT A& D AR % 57 g
Brl el oy A Fatim e . 201242091
18H-9H22H ., it

28. OINHKRE., AHEh, MERSE 17 =
AT A NVEIFAD & ZE I H D (6-4)
eI R 2R SR ARIC K 2 DNAEIE ) 5552
FEM RS T O A DOFEL, 201248
H31H-20124F9 A3, dbiffiE

29. OBHERIENR. ‘& M, M5 # TBLUF
R A A 2 OIAEMEACITAE D KA
EOIRIN T SCMRAT | B 52 E Y B T
DEE DR, 2012428 431 H-2012429
H3H., deifpE

30. OD. Yamada, Y. Zhang, T. Iwata, K.
Hitomi, E. D. Getzoff and H. Kandori,
“FTIR study of the photoactivation process
of Xenopus (6-4) photolyase”, The 244th

American  Chemical Society (ACS)
National Meeting "Photochemistry in
Biology", Aug. 19-Aug. 23, 2012,

Philadelphia, USA.

31, OxaHEw, JrEEtER, R4, 10
ERE. #EF T TBLUF R A A O
ESIST I T HRFERMABREE 5517
[B] H AW 7 = F- 432012428 H 17H
~8 A 18H, KK

32. OfFpEfER, ‘aMEth, FrEEA, P50
IEB. #EF# [BLUF K A A 2Bt
DIEMHEH L OKEREEZEN 5B
VIRT T L TR EKEREE ] 2012
F6HIH., BT

33, OfFfFpEfER, ‘amEth, R4,
ERs. #HEFHHE [BLUF R A A > DY
BT I T BRFERMABREZE 5539
[BIZE RS F R . 2012426 A 8 H ~
6A9H., flif

(X¥EF) G off)
(P 3 M P A )

OiiRd G 0fF)
Okt Gt 0fF)

(& D]
ENZRFEN AAd R LERY s T —
AR — A AT I
http://researcher.nitech.ac.jp/html/100000171 ja.
html

6. BFITHLAE
(1) ok
AH EEt (IWATA, Tatsuya)
roeEHZE: 20569917



