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UV resonance Raman studies on the common mechanism of the acquisition of pro-oxidant
activity in fALS-linked SOD1 mutants

(Tohoku Univ.) N. Fujimaki, K. Nishiya, T. Miura, T. Nakabayashi

[Pl A2t 2 {LAE (Amyotrophic Lateral Sclerosis, ALS) (i B4 RE Al IE A Fr 2L 12
[ g DR AR B TH D0, TORKIIRZRA SN TE L T#RICEE I T 5
FEME ALS O—EB7Y Cu,Zn-Superoxide dismutase (SOD1) O R L EENH 5 Lt Shi- 2
EINE ALS FIE A 1 = X AOfEIRE BHIf) & LT SODL ORFFEA$ % < 72 ST\ %, BITE,
55 SODL ICHEER T 2L A b U AN ALS ZFIESH D, LWV IR A b L R ELARIE &
NTWDHHEDOD, 255 SODL ek A b L X &2 AT D EEREITZIA & 2272 » TUVLRLY,

ARG T DB E ORI D Gl ALS BHE A BARD—>TH 5 43 2% H @ Histidine
23 Arginine (ZiEH#L X 7172 (His43—Arg, H43R) SOD1 & &K%, (i) {&MEF .00 Cu & Zn 2K
HT 5 (apofRic72d) Z LI K VHEERLZEMENEM L, pH 7.4, 37 COABMSFITTE
WIS ICE AT —EOE~ZT 5 (T 5) 2 &, (i) 29 LTHELATEME
apo-H43R L. Cu Z ST 2 Z & THZ T KBS 252 Z LB bz o7z (X
1), ZEM: apo-H43R (2 L D LARMEM:EDESIT, ARNICB W TEMEA F L AD LR Z5| &
EZ L. ALSHIEDO—RIT/2 D L HEE S D,

—Ji. FHEME ALS ICBHH9 % SOD1 dZE 5% 160 FEMELL E#ftE S TH Y . H43R LISt D
EHRARTH RRICBRLIRENEZ ST 5008 9 i, ALS IBROBLANOEETH D, Fx
1% ALS #F2E TULA &5 Alad—Val (A4V) 3 L1 Gly93—Ala (GI3A) ZEAKIZ OV THH~T-
&2 A, HA3R ERBRICAEBMSRM T AL, BIUEEEZ BRI 2 N bhnol?

B2 DR BART S RIERL ’Hﬁ“ﬂ:%t@%é@%?é Z D BHEICEOREE S D R b
PEDOTEMEFLTH D CufE A eI OREE N @ L TV D AEEMEN B 2 5D, £ Z TAIFZET

X, IEEFLTH D Cu A 2 ., Cu
frotsiziins cec. @ 2> @ e B 2> @ — AL
28 ¥ SOD1 73 il U CEA{LfEdE  H43RSOD1 apo-H43R denatured pro-oxidant activity
WEEGTHAT=ALITD native (H202->strong ROS)
WCHE L7, 1. SOD1 DERIL{RE I/ FH

[ZEZBR] 229 nm DA O bk Y& FV 2 T~ UIE T, 352 RIC X - T His #5350 Trp
FREED T~ 3 RONEIRINICHE R T 5, ZhafH L, FxITZHETIZ HA3R 2OV T
EHNILIR T < L AT SV ORIE ZAT720 TG & 72 D Cu i &AL 2 MRk 9% His 7% 5
R L TEOMARREZMT L &3, 22 TR, BAR (apo-WT) BLOEM S
72 apo-A4V, apo-G93A (2 Cu™ Z¥RIN L R4 LR T < o 22 ML AIE L 7=, 250 apo-AdV
5 L OZEM: apo-G93A B IF H LD AT LT DWW T, HA3R RO LR dEME 2 7R S 720y WT
DAY MV 52 & T, B bieENES I E a2 B LT,
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His-Cu HisN7m-Cu | HisNT-Cu

Fitapo-H43R 46 11 3.1
Eitapo-A4V 45 1.0 3.2
Zfapo-GI3A 43 14 3.2
apo-WT 5.6 22 29

BIE BARITEMEIEONEME L O Cu ks B AL OMEE 2 2L S8, fERO (i), (i)

ELTEM LI ERZA U ST, M apo-HA3R @ Cu il & BN OREEIRITIZ B9 5 Fe 2 D
BT DOMFEN S | FRAREMEE S XML S Cu FEEALY B D His120 ORI TH
HEWHEBENRENTWS Y AE ALV L GI3A D& JEFE TN OREEZE(LIE HA3R & ik
PLL T\ a7z, BRRITHEE LT Hisl20 2RI Cu fEEERAL N HIHR L, B LieiE
PHIHEBRICED LW IBEDO A I =X LN EZ HND,

1. Kitamura, F., et al., Biochemistry, 50, 42420 (2011).

(2014).
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3. Fujimaki, N., et al., Biochemistry, 52, 5184 (2013).
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Excited-state dynamics of biomolecules studied by time-resolved circular
dichroism spectroscopy
(The Univ. of Tokyo) O Kotaro Hiramatsu and Takashi Nagata

RUNTBERIFUDETE2HEED TIEUVE VI T IE 2 BRMMEERINE R L, ZOHERER A
F I AFER - BIROME A SIESREINTE 2, TO XD RERS TORENLRKIGHEIZZ S DGEZ
D 3 WGCHIREE D ARBEN 5B 2 > T B 728, Mtk (CD) 2HEREDF T ) T 1 — TS 56 1E
ERYT-Tu—THEEMAGDE S I LT, EROFETIIHERTE R VIREFROMEHHRAE S b L IR
And, LrLads, ZHECTIHREINTE LIRS CD ¥k M EE /B —lETH 5 (1, 2]
HENE, ZWRETHEIVERD TICEHATE SR IOBEAALTEST [3. REWRISHIZE Y EF>TW

7o & 0% DRTHKRF D CD JIE 24T\,

PR RIR R A S I ADFEIEEB T 52010, Bl

T XA RURA B (400 - 720 nm) DY AF Ly 2 ZREANAHET, B0, RO CD 456k % X
%< EEBEE (< 1 mdeg) #H 75 7 = & MR CD /6% BF Ui, ABIETIR, BI%L - 2%m
Tb MIET VT I v (HSA) CEAL L7 VLYY (BR) © 7 = & F OB CD K O Iulse % 17
V. ZOFIRIEL A F I 2 A HRT B,

MEEE L 7= I [E] 43t CD 4365 TR,
FRUYT 74 T HEAEMER (785
nm, 100 fs, 1 kHz, 2 mJ) % J&JFIZ
MW7z, R 73 (410 nm, 467 nm)
WWEELZNENT AN v o EiER
MOEDY T FIVHELIETA KT —
SO 2 FEFAN & AR & DFIFE
FEIZI-oTHEKLEZ, —F. CD
HEIZIEKTHESEZT LN
HfEXE Wz, Atz y >y 7
WARTE S a—-7%e, Ju—7
SO E D= DIV B 1T — 7
VAT L —=RIZBEL, Ta—T7%
\¥ Glan-Taylor X1 % F\WCTErE
@t LTHy IV A Uz, 7
O — 73 v FILEEE, KIS
PEIZ K B CRRE D DAL, A
B & UALAE AR Y (FE88) (2 i
HAHER (ORD) sk, +7/2 7213 ik
NS (B 1213 CD Hisk
DEBGVBHIENG, Zhnox Xl
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LTHIET 272012, YU IVBEtEsn—hlAv L —R—BERdHbE, TEHLSNIEIZE > TEREOA
MEPRET S LT, CD KU ORD A2 b ahlidi U7z, Z OWE TIREMRFELOR Y THEHNTWS
7, Ry THIZHEKT 2 RAGEVRICHER I NS, RAEOHN T 0 — T L ETTRVWEE R, ER
@k (LD) RO EMEEST (LB) HERDE S H ARG O ER B OBIMIZEHNT D720, K53 fiE CD #l
ETE, Ry TRME 70— TR ENTHEE AT L 25 KO RET 208D 5, AIFZETIE, R
RIZBVWTHAI—MREEVRNERD LR TRAEZEEICRAE T2 TIhzEBR L, Wk
HSA(100 M) %0 BR(100 pM) % Tris-HCL S (pH ~ 7.7) IZHfE L, HEKE 1 mm O 70—+ LA
EIFR I HRASWE 21T - 72,
BRIET7TFINVENFTH2H, HSA%D R V78

RIS B ZET2O0YE Y ) U EED RS R HE E 40 G5 absorption (reversed)
&NB 70, BR-HSA complex 3## CD 7% 2 & 4t 30 o ion
KISNTWS [4), [ 1(ab) 12 BR-HSA Otk § ° / k:\\\
KU CD AR2 bLERT, BROK 5% 2 20%aH  § 12 T\
BHEMEF LT3 L AaE S5 Tl Ty 7Y § . W:,\ 1] N\
V21 & D FEHEROBAS 2 12 HZL (Davydoy . et
PE)., HADY—2 HEFFED CD %57, o

1(c,d) 1= BR-HSA % 467 nm DR ¥ 7H TR L 400 450 500 550 600
T A D MIE I 3 CD AR 2 R L& AT, R Wavelenath [nm]
XA A7 BV 400 - 500 nm O HEREERIN D 7Y —F 2 Y THPEREN 410 nm, 467 nm O &
(GB). 480 - 550 nm O FEREERIL (ESA), T 550 - & DAPERIRA <2 b, FIERTH 2 ps.
600 nm 1251 2 FEH (SE) 225 Mo T3, Jilkes 4 T Ground-state CD (reversed)

—— 467-nm excitation
—— 410-nm excitation

10 ps BANIZ 550 nm 8D SE M= L. Tl A
RZ MVRTE 2 RS DS 40 ps O FFE R T Ha B
W U 7z, BT, IfE 3R CD JIIE 2474, BR-HSA s\
@ GB, ESA kU SE IZHI3ET 5 CD A7 NVHABIH

| W oo
FiE BEEREL A, ZOBMENHFICELL TS Z

N
|

CD [Normalized]
o

N

TN/, BTHEREZBREL 5 ESA, SE D CD {7

EERELU, ) 400 450 500 550 600
Davydov 2% L 72 BR-HSA @ 2 D DWRILH % 410 nm Wavelength [nm]

¥ 467 nm O R Y THEHAOCTERKIZER U, @ik 3 Ry R EM 410 nm, 467 nm D &

IR OIE CD A~ MV L7 2 25, it 2 S QML CD A7 1 b, ST 2 ps.

ps AERMLTHARY MLVORPHEIZR L 2FHE2R
U7 (B12,3), ThiE, B2y 7)) v 7z K 0 AR U2 2 IREM T o N A+ 721# <. BR OEI#EIR
XA ST IV AEERRIZL > THETE S Z L2 RRLTWS, i Tk, #EAXT FILORMZ(LD
RN IRIRENT 2R R D & &£, EERIN K CEE CD AT M VORI Z R hy 7)) v 70
FEAHERRT DI LITE > Tians %,
(275 3R]

[1] J. W. Lewis et al., J. Phys. Chem. 96, 5243 (1992). [2] C. Niezborala and F. Hache, J. Opt. Soc.
Am. B 23, 2418 (2006). [3] A. Trifonov et al., Rev. Sci. Instrum. 81, 043104 (2010). [4] D. Harmatz
and G. Blauer, Arch. Biochem. Biophys. 170, 375 (1975).
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Analysis of the Hydration Effect and the Secondary Structure Dependence
of the Infrared Intensities of the Amide II Modes of Peptides

(Shizuoka University) Hajime Torii, Magumi Kawanaka

5
T F REITIFH O N ORI R IREN T — RBTFEL, T OEBEME (B L OEE K
7 M N RIRRZE ) BT F RO 2 RMEEICET 2 H A 525 2 1%, LK<
HINTWD, UL, FRIMNEREED 2 RAEERAANES, IREVL - ARIMNEREET 6 2 K Fn o 528
IZOWTIE, SN TOWRWENEL, S OLITHITEZED D ULEND D,
FELTNHEAICHEKT ST I RILE— RIZHOWTIE, JRIMEE O amide [/amide T kL3
a~V w7 AEBEOEII ES THD T2 Z ERERNOTRENTEY [1], TOFEKD 15
ELTC, VHEOMOU Y [CsHEid, (@,%) = (-180, 180)°] DOUTETT 2 N I DFRARE
W18 FRREICETHRT D & &, ZDORRNTF NEMOEWNT T > 7 ZAERICH D
Z L %, alanine dipeptide-d\o & #15 & L= BRRFHEIC L VR L7z [2], ARFZETIE, () BRBEK
Tl OKERES (N-H..0) OF7 I K I ARNRE 3T DA, FRITKY T OfENE~D
IKAFME, (i) ZOKRMBR L 2 REEERFMHE OB, (2 OV THEERAIAT 21T - 72,

fi gL & B 52

AT REO H A% IS N-H % z fili & 3 HMERER (09, AL ¢ 1T C-N-H...0
2miffL T 5)AERLHEEENITHAEEHT 200 0BV ¢ Z[EE L T NMA-d;...H,0
EAKROER#EILEZITY, 7 K 11 T— FNOIEEE & RIVRE 2 35 L7- [B3LYP/
6-31+GQdfp)l, 728, 70 L LIERENR L EEET— R0 5T7 I RIIE— K280 K7
TeOOHMETIE 3] 2P L TEBY, TR TH 5, iR E K 1ITRT, BB 0=0° %
HFLE LT L, o lZiZHEVIREFE LRV, 2L (AOR#ENEZ7RT 7 I RIE— KD
Bt (4] LI3Re0) EARGE L UIEBRRELIHNTHY, EE (KEK), 207K
I RENE ISR SBRE G R 7(H...0) & BWHHREZRT, —J7, IRAMREEIX (0, p) = (45°, 180°) T
Kb RE<, (159 30°) THRHL/NEILR->TEY, 07200 TR o ICb REIKFETDHZ EN
DD, NMA-do IS5 F DARIEE (248.4 km mol™") & 5 &, i 1% 311.1 km mol
THREEDIAKR, %3 1E 205.5 km mol! THEDRA & 70> TWD, Z OE{KITAKFER G IEAE
HH...0) CIFMHEBEL TEHT, ZHUIKBHEGOMRS & OMHENBENZ L2 EHRL Tn5,
ZOFRNBEDIEAD A B = XL E RGN D 72018, BABEEMRS K60/ 00umn) [=
(P EQumeomptex = P (PVOQumiowea] PFFZE, (6, 9) = (15°,0°) & (45, 180°) D Fa FEfL
BIZOWT T o7, fEREZH 212787, KaT%(0, p)=(15°0°) (ZALE L72X 2 a—c TiX, X



EAI D NMA-dg 55 1O N-H fES I3 5 8 T H My [KAR (+) 2SE CTRAEMAIE]
NI B OB THEEMD D, K FUOKGTO O FFEBICAETTEY, EE L TR
BREEDWAIZH G LTS, M2 D62 K 51T, ZORNRERD ~DOFHIL, 1T&
A ERNRIZHE LTV D, —T5, K150, p) = (45° 180°) (ZHELE L7=[X 2 d—f TiE, X
TAOIK G F D O JRFJE I 61T DB E BT, Bl NMA-ds 5310 N-H #55 JEH O
HLOERITHMETREITELS, o LARAREDOR KICEL L TW5D, K205, SMghEn
REL BV ERGND, DFOMEEEZCEo1kT7Try b (KEK) 25, Wi
Ty (2D 2 FHAFRINREITHAIT D) OHRD S HEDHREOHIIE, 250 R OEN
Ty AZHEKRTHZ ENRGhoT,

IROMREEIT KT D Z DARFIN RS, 2 WAEERFAMEE ED X 9 ITBR L TW D &2 MEtd
5 7=, glycine tripeptide-d;o [CD;CO-(NHCD,CO-),NHCDs] &% +DKOEERE SR E L
AT T2, CAEE DT F RO T I FIE— ROFRIMEIL, AFEHE (N-H...0) O
FERIZ E D, 524 km mol™ 7> 5 372 km mol " (292 23, fthod 2 A& (C,, ppll, a-helix) <°
N7 T REDOH D (~250 km mol™) £V +rc k&L, G T7 2 R ITE— ROMRS
SREEDNERT D 2 L1E, KMOEELZITTHERID ZENRENTE,

[1] K. Kato, T. Matsui, S. Tanaka, Appl. Spectrosc. 41, 861 (1987). [2] H. Torii, J. Phys. Chem. Lett. 3, 112
(2012). [3] H. Torii, J. Phys. Chem. A 108, 7272 (2004). [4] H. Torii, J. Phys. Chem. Lett. 6, 727 (2015).
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Development of micro-channel flow-flash infrared spectroscopy realizing
real-time observation of catalytic reaction mediated by nitric oxide reductase.
(RIKEN/SPring-8 Center', Univ. of Hyogo/Grad. Sch. of Life Sci.2, JST/PRESTO?)

OTetsunari Kimura', Shoko Ishii'?, Takehiko Toshal,Yoshitsugu Shiro"?, Minoru Kubo'?

—IR bR IEITEESE (NOR) 1d, ~ LR L AN LB B 72 Z1EVETLT 2 75F D NO Z N,O
BT DL 7 ETHY 2NO+2H +2¢ — N,O+H,0) | FffaEMED &V NO % i
RN T D, T, Fox 13 X SRS RIEIERATIC K > T ABEROTEM P L OMERE
- 7u b ERRIEE 2 B 5232 L2 (Hino et al. (2010) Science 330, 1666-70) , L72>L. X
JCHEREICRI L CTiE. (1) 2 59 F D NO Ik & FIEANLERENZNITHES LT NO fEA T &
A L7, N-NEGBHRSIND rrans BEREL | (i) 1 531D NO B~Lgk b IE~ L8 A 244G
L7z NO S QTS AR Li=f%, 2 | transtith

55FH O NO A NO fESHIZ T Feg™ FEBZ’ FEB" No o Fe
2NO qNb qhb
Koo 7T D cis BEENIRE SN L, _’
TWAHN, FEWRERSVTN His His His His
R (Fig. 1) o ZAVIHEREMEI oy
DOFEEL 72D NO FEATIDD T Feg?* Feg? o3

z-o-
z-o-

FHMOPRIKTH B 012, “& J’
e 00 7 CLEARAT 35 R AT C ._’ . ’

bolclebThd, £Z T, B B
Fig. 1: 2R STV 5 NO EILSHERE. trans HEHE TlX NO

B (AR BT e ams g Uiz tg, 5 79T N-N BB 5. — 77 cis
Belp~ A 7 o FORRRI A fREEA rr HEETIZ 2 O H O NO A3 NO &S T & v 7 3 % 43 I

IZ X 2 T N-NHEENBKT 5.
R AN NG A S R s A e
B L., PR EEEEZET D Z & TRUMEREORE LS BIE LT,
ATEE CTIE, BIBFICL > T~/ 7 2 TNO T2 —Y KNO s MU A



— L L THWE, 512, RBEEFRBILT~107F /U vy MVORKIEREE ~ A 7 2 il
77—t/ (KR 20 um, FEEEIE 200 um) [ZEE L, REIZBRT 2 L0 TE D, Mil=E
BR S AT L ORI ZITV, FHANCE T 250 D1 & & 2 K idl Lz, Fx 1L oflE
R AT A 2 E . B R ONT = A MRS b — P — 2RI O o i R AR S 43 ok
E L MAG DY, WEDERWRS T EORISZ~ A 7 a B ORHH /fifae TEFTE 5
~ArafikT e — 7T v a g AT ARG LT, AT IS LD ARV
WA YITEEE (NO) A (N,O) OEIREE - BALIREEMATICAE A TH 5,

FFIIRFM R AT RBI AR Szt L, 7 e — SVt 21T > 72 & 2 A AN
7 RIVIZRFEEL S us, 100 us, Sms 726725 3FHOEERT Z &R bro7z (Fig.2) . H 1
FH &5 3D ITIE NO IREARAFIEN R D= DIzxk Uy 5 2 FHOMEE T NO I K AT
L7ghotz, WIZ, AR N;O O NN [ifEHRE) (2230 cm™) % KER S AEARSM 3 it L7z &
Z AL NyO 1F 500 us ANIZAERKR L, Z D% O N,O AT ENZ b ho 7=, Ll EDOfER %
2% &, NOMEATIAE us CTAR L72%. 100 us T NOEILIENE Z VD . NyO AR T
LZENHLMNERoT, SHITIE. NOETTHE (55 2 4H) 28 NO IREICIKFE LR 2 &
B, O THRIGE LT NOBILHEZ D trans i TS HET 2 & R S iz, BITE,
NO OFEALIKAE & EHABIEE T 5 T2 O ORFE 2 RN i 2 D T b,

(A) Delay (B)

Time

h‘i‘#‘f‘ww»ww ..«~“-NW~MW'WW -10 us
-
wf\wvv- A Y
T, =49 us
©
é |/ / N\"\\m Marcosnn A
Q ( v =
: \} T, =91 s
V ‘
S " !
P e PNV A

\/ ;= 5.9 ms

T T T T T
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1 a07 {\ES

T T T T T
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Experimental data Fitting curve

Fig. 2: NOR B SCE O 43 AT 2 =7 b v s JOHTRE R, (A) IEfHE
SIRFIHIRIL A~ 7 bV (RBD I L OFRITIC & » TR S Blihf CR#)
(B) 7' v — S VAT R I K> TR SR E R & A7 b VZEALRSY .
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Quantitative Raman spectrometry of complex mixture systems by
hypothetical addition multivariate analysis with numerical differentiation

(Waseda University”, National Chiao Tung University”) OMasahiro Ando”, Hiro-o Hamaguchi™™*

(] WEOREZTEMHICINDZHIOITLFEDO R THY  ZNE TR 4 245 HIEICEESLE
BEOWTED BRIV CEI, IREWHEI I, FED 4T B E (LT BBWE) BNENE T
FNTWEDERDSED— DL T AEERINEN AL TS, ZOFIETIE, HWE
DR L BEFEITE 2 e NHRBHIIIIL . BN T2 B DEEETRINGEHZ DWW T B HIE
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Blind separation of overlapped fluorescence signals using three-dimensional correlation spectroscopy

(Molecular Spectroscopy Laboratory, RIKEN; RIKEN Center for Advanced Photonics)
oKunihiko Ishii, Tahei Tahara
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FTIR study of specific hydrogen-bond of tyrosine in the protein

(Grad. Sch. Eng., Nagoya Inst. Tech.,*, Prest, JST**)
OShota Ito*, Shinya Sugita”®, Rei Abe-Yoshizumi®, Keiichi Inoue®™,
Tatsuya Iwata®, Masayo Iwaki®, Hideki Kandori”
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(1) Iwata et al., J. Phys. Chem. Lett. 2, 1015-1019 (2011).
(2) Inoue et al., Nat. Commun. 4, 1678 (2013).
(3) Gushchin et al., Nat. Struct. Mol. Biol. 22, 390-395 (2015).
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Macroscopic motion of supramolecular polymer driven by
azobenzene photoisomerization induced phase transition

(Hokkaido Univ.*, JST PRESTO**) oYoshiyuki Kageyama,***
Tomonori lkegami,* Yuta Kurokome,* Sadamu Takeda*
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[1] Kageyama, Y.; Tanigake, N.; Kurokome, Y.; Takeda, S.; Suzuki, K.; Sugawara, T. Chem.
Commun. 2013, 49, 9386-9388.
[2] Kageyama, Y.; Ikegami, T.; Takeda, S.; Sugawara, T. Soft Matter 2015, 11, 3550-3558.

[3] Kageyama, Y.; Ikegami, T.; Kurokome, Y.; Takeda, S. manuscript under preparation.
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Structural changes in retinal chromophore of Gloeobacter rhodopsin
facilitating the proton pump function
(*Osaka University, °Nagoya Institute of Technology)
Ayumi Nakajimal, Misao Mizunol, Hideki Kandoriz, and Yasuhisa Mizutani’
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Transient optical absorption and magnetic intensity modulation
based microscopy of photochemical reaction intermediates
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[Introduction] Although the study of magnetic field effects on chemical
reactions has a long and fascinating history, very little attention has been
paid to spatially resolving magnetic field dependent photochemistry. As spin
chemical studies have turned to more and more sophisticated systems,
particularly involving biological processes and solid state electronic devices,
the need to add a spatial dimension to magnetic field sensitive
measurements has increased. In particular, a key recent question in spin
chemistry concerns the possibility of radical pair reactions as the source of
the ability of many animals to sense the earth’s magnetic field and use it for
navigation. A class of blue-light photoreceptors, the cryptochromes, have
been proposed as likely candidates for this magnetically sensitive
photochemistry’ and growing evidence from behavioural biological, genetic
and spin chemical measurements® have provided growing support for this
hypothesis. In this context, a long term goal has been to directly measure
cryptochrome photochemistry in living cells and look for magnetosensitive
responses in these processes. To this end, we have developed a new kind of
microscope capable of two kinds of spatially resolved measurement:
Transient Optical Absorption Detected (TOAD) imaging microscopy and
Magnetic Intensity Modulation (MIM) imaging microscopy. These techniques
were designed with an initial goal of studying the magnetosensitivity of flavin
based photochemistry at sub-micron spatial resolution in biological and other
structures and a longer term goal of using them to study a broader range of
magnetic sensitive reactions in other environments, for example in solid state
electronic devices.

In this lecture, the new
microscopic techniques
are introduced and their
capabilities discussed
along with recent
measurements in their
application to study the

photochemistry of 0 20 40 60 80 100
various different flavin time after pump light modulation pulse / us
Containing SyStemS' Figure 1. Time resolved optical absorption signal recorded at 532

nm from photoexcitation of a 0.2 mM solution of FAD at pH 2.3
after application of a 300 ns 450 nm laser pulse from a volume of
solution of <4 fL. The inset shows the MARY curve recorded for
the same region of sample.



[Experimental] The microscope employs a pair of identical high numerical
aperture super apochromatic objective lenses arranged symmetrically either
side of a sample contained between cover slips. Pump (450 nm) and probe
(532 nm) laser beams are combined and cleaned with a single mode optical
fiber before being brought to mutual focus at the sample by the first objective
lens. Transmitted light is captured from the focal point by the second
objective and the pump light is filtered from the beam before detection using
an autobalanced detector. In TOAD measurements, the pump light can be
modulated at variable duty cycles and laser powers to study flavin
photochemistry in response to a short photoexcitation pulse or under
pseudo-continuous illumination. Induced changes in the green light intensity
are detected with very high sensitivity using either a digital storage
oscilloscope or a phase sensitive detector locked to the modulation
frequency. Magnetic fields of up to 30 mT can then be applied and or the
sample position can be scanned in steps as small as 1 nm using a
piezoelectric translation stage. In MIM measurements a double modulation
scheme is applied. The pump light is applied as a short pulse at high (kHz)
repetition rates and the green light response is phase sensitively detected. A
DC magnetic field is applied with an AC component of typically 100 Hz
provides a second modulation and the result of the second phase sensitive
detection is monitored as either the DC magnetic field (modulated MARY
spectrum) or the sample position (imaging) is scanned.

[Results and Discussion] Fig 1. X axis scan position / pm
shows the time resolved optical

absorption signal observed for a
sample of 0.2mM flavin adenine
dinucleotide, demonstrating the
high  sensitivity and  spatial
resolution of the instrument. Fig
2. shows a MIM image of a 2.5 -
3.0 pm polymer microbead
surrounded by 2 mM FAD at pH
2.3. In this figure, the light areas of
the image correspond only to

Y axis scan position / um

magnetic field sensitive regions of P - - n iy
the sample and so can potentially .
be used to image only the regions 0 |

of a . cell where magnetlca”y Figure 2. MIM image of a 2.5 - 3 ym polymer
sensitive photoreactions are microbead surrounded by 2mM FAD at pH 2.3.
taking place.

[1] Ritz T, Adem S, Schulten K, Biophys. J. 2000, 78,7 07 - 718.
[2] H. Mouritsen, P. J. Hore, Curr. Opin. Neurobiol. 2012, 22, 343 — 352.
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