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12 Fim
1-1. JERRZVNRIE - ERREROEE

KNI EIX 20 FEEOT X RO SNSERE ST THY e T
JRELS, oYy 7 AR B-v— b D KD A FRIHARRAL S 2 S DR A A bt
2L 0, FUoRTENEOT X BEOZERIEREECEL M A ST 5 2 & TIE LW T
RSN R 72 I ROS A AT 5 o T ORRIZE BT Stz & X7 B OREEICE B
L. G FOEM, Bl LYNEREANEOT Fu—FIZ K IERRZ R 7
B ERREREDPHERE SN TE 2, LTS v 7 O HER, Min R
DL N ERERRE ORI & R T,

1-1-1 fbZHEMIC X B 5 2y BlREO%RE
DR REERE THD a-FT b T Ak L, RS X0 T 7 Afilfit 4 8 A4

HZ LT, RRIZIF W =—772 C-C KB TERZ M3 2 I RING RIS DL
ENTWVWD (Figurel—1), 0-FF h U 7o NI EERBHMI & LTSIy A FE2A L,
% ZIZ His57 75‘57?% L7-AERRZ & 5 (Figure 1 —1 (), &_A X-7 57 Zfilifif 1
D AVl 47121 inhibitor part 237 4 & CEY (Figure 1 -1 (b)), L-7 = =17
7:/%[54475) S1H A MRS T T 7 Al 1, BIEEREEHIC Hisc7 I[ZFE S S 1
HENTERFH IS TWS, £/, 0-FF b U 73 UHIEMERALO Ser195-His57-Asp102
DIKFERAT D Z LT KRR RMK MG 2R T 2, 777 A 1, 12X %
Efite. o-FE b U 7 ORI FREMEIZRIEIZINH S TnWe, —J7. SRR K
fiz L7z D-7 = =/L' 7 7 =2 % inhibitor part (2> 1-p & L7256, MK fRiEE
DERFF SN TV e, ZORERIL, S1 44 k2% inhibitor part 258k L. His57 127 F 7
AfRE 1, SEASIND Z & TRHREESIFI S TV 2 2R LTk, #
N7 E DG FBE IIRIA L &SRS S R HIEASNIZZ L 2R LT
W5, FETo, ZORNRA F-TZ 7 A linker part 24 L Cu»% (Figure 1 -1 (b)),
ZHC Xk 7T 7 AR 1.0 @ inhibitor part & fREEEAI R O FEEEIE o-FF R Y S
D His57-S4 YA MEOHEHEEFHLL TRV | a-FF MY T UHEEDHEIC T T 7 A
i 1. 23R O KO ITERGEISNT WD, 77 7 At 1, NEA SN a-FE Y 7

VAN 777x%ﬁ@%MEW CD v 7 FANFHR IN TV, Z ORERITEM S
w:a 77 A I RIS TICBE N L TWAH O TIE AL a-FEF MY T UAEIED
BB KO RETHEEL NS D &%Tﬂ’“ﬁb“(b\é (Figure 1 —1 (c)), ZAUiE. i#
@Jiﬁ TRxFtR X O Bk L 2 2 L DS TRREEE R 5 2 & T, /fiﬁlﬁé‘
R 2 (BRI & VN7 EITE AL, %%ﬂ@élfj?%? VNI« FERIRIETR DL
WAFETHDHZ L HRLTND,
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Figure 1-1. "L X7 T T AfEER a-FF R U 72 U OE? (@) a-FF b U 720 OfG it
i& (PDB: 4CHA). (b) Linker part, inhibitor part Z 3 2R~ A #-7 7 7 2l (1., 1p). (c) #HEES
NDHRARA K0T 7 AfRBAERT o-FF R U 7' ORI,



1-1-2. BETFBRIECXDZ 7 BlEOHE

B LTI K D7 7 e —F 2k - T, Saccharomyces cerevisae lumazine
synthase (ScLS) DERIRAEIETINLIZAE)NE A S 4172 (D103L/H107K)(Figure 1 — 2 (b)),
Y BB IV EASNIBUKYET 2V BBO Leu N R BICKT D HE D
BUFMEZ ] B S TEO Lys 254 X RO L USRS A1T 9 (Scheme
1-1), ZOFFERREZENEST S Fa 7L F—AISE. RRICHEET LT LR
7—EB L0 b ISRITELS RN DD, Z OWFFEIIAEEEE A B 7o I VW RIR Z N
BITH LT BInF LSl e fie 2 2 o "V B 5T 5 2 L &2R LT

o N N

(@) (b)

Figure1-2. B THMOFIEICE D L ba 7L R—/L RS Z i 2% JERIREESE DORELE 4,
(a) Saccharomyces cerevisae lumazine synthase (ScLS) D##dtt#iE (PDB: 1EJB). (b) Bt E T D7
J B~ DJE BN

B:
OH O
HoN—Lys107 H Lys107 o 0

OO — —, J N

Scheme 1-1. ScLS A%k (E99A/D103L/HIO7K) (2L D L kT L R—/LiJ.



1-1-3. BEETFHRIEC X 5 &RBHEBK

BIET TP FIEICLY, XXV BEOMEEZRET L E 2 —20flE LT,
sperm whale i3k 2 47 1 B2 (Mb) Oftihi#EE (PDB: 1IP6) % JL(Zi bl Zahr @ (248
F A AL (L29H/F43HIVE8E), T H D7 X/ WREE 2 B+ & L CAag sk % 1k
e pZ LT, L ERIRITTERE A B OBER I S 7 X(Figure 1 — 3), F7z,
Fe JFU1-FFEREIIN 4.8 A ©, RERO—FLEFRIE iR L HUOMEGRTH D, =
i, BEFRIEICK VYR EMEREZ AT 50 BEHADOHEENRETH L L &
AL TS,

(@) (b)

H20 2e, 2H*

Figure 1 — 3. ZRIEA L7=7 I/ BBAEEZENIF &+ 2 &BIEIRIEE . () —BRbEEHE Tihe
A4 2% Mb ZEFRAK (L29H/F43H/V6SE) (PDB: 3KQZ). (b) 28 ST 5 — e b 28 3515 71 S i ©.



1-1-4. ZUR7B0ZEBEREICBT S, (bFEM. BoTFRIEZRAW-&EHE
{AHEZ

Lactococcal multidrug resistance Regulator (LmrR) 2% FL{AM8IC — &R D S iHE 1T 7
kel Cu(ll) $EEREZEAL AKFIZBIT DT 4 — VAT NAVE —RIGEITD &
R D F o F F~ — R B U7 (Figure 1 - 48)), = OSSR ML — 84k
R ORERZ2ZEMICER LT3 (Figure1 -4 (b)), F7=. BiKMEOIEE % HWT
T A —NAT N —=EEITH) & 7=F > halCu(l)-LmRiZ¥ /X7 EIZE
ALTWRnWZzFrhrlrCu(l) ZHWVERELD bEOWRICIREZ R LT, Z
AT —E R R E BRI ZERTH D720 BKMERE BRI & R ENE O 7
=FrbhrlrCu(ll) $RICEGLT 5 Z EDRKEEZ BILD,

Figure1-4. X 7BREICEASNTZ7 =F > ra Uy Cu(ll) I2LDT 4 =L AT AE—E
. (a) Lactococcal multidrug resistance Regulator (LmrR) DZE & M8IC —EAKDAMEIEASNT- 7 =
Frbrl ey cull) $EKICE DT ¢ — A AT X — RGO, (b) LmrR Off i f%iE (PDB:
3F8B) % LIZ L 7= M89C J&37 Bk i i .



1-1-5. Dual anchoring 2 D& BEEETZRRIT X B filifi It o> LA
ANV RTED U -EFTF DN Ty RS & X RN OB D
7 2 FRAAEEIC X D ECNLAE A 2R L7z dual anchoring T4 @Stk %s2 A F L R T E
VBTS2 LT HEOT 7 v AT MAGI S, A I DKRBIED
SEARTEIRME S 3B L 7= 8(Figure 1 -5 (@), & HICZEFE A LY &)@ sk & 0 H/EM
T57 I VBONEBEEZEIISEDLZ LT, TOVMKREBRMELRIASE 5 Z & b EEIC
725 (Figure 1 -5 (b)),

MeO
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Figure 1 —5. Dual anchoring 7 7 11— X % fil s O N7 AGEIRPEFIE 8. (@) Dual anchoring 7 7 12
—F . (b) His ZRE AR LD Rh 5D A I 2 /KM SUE D AR ME O il 4.




1-1-6. HEFHERANICESEHRFHINET a4 5F &2 AVERRIEDILE

B R BNEROT X IO AL I HE S A, FEESY T RIZR L
TERRMEZ RS, OB R RMEDRIK T, GG AU R AEEEOS 2 S 3 25 B
HKEOWEITHIBNE LD, 20—l LT, @{L/KEBRER D> 7 a2 P450
T& % Cytochrome P450pws (2 LA T /L F V8O B Ku X L ubidkFicEksiyFs C-H
FEAOIEMLOBAEANOEHTHS, Lo, ZOKIGOYHERIZB W T
Cytochrome P450gvs & B DOFERIT LD . ~LBRIZHINL L TW D KRS FDFEEL . Z
D%, WIELKFEOTEMLIC L Y S biE®RE AT 257 = U LA F Vi (Fe(IV)=0
) WAERRTLOIMEND S, 22T, BEMEICHEET 5 Argd7 & Tybl IZRET 5
B, e R UBITEIT L2 T a4 5 F Th o/ =T N Fa IR BEEH S
HHET, REPMICEERAIREZIEY L., #kx RRfbKFEEE Fax v fbd
57 7 a—FRRE STV (Figure 1 - 6),
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Figure 1-6. 7 =A 45% | L 7= cytochrome P450gys D RALKFED b R % UALEIE®S.  (a) F2E
JeifEDE Rax i b, (b) o1 U —7 0 Fa VR Ui (FaA5F) 2/ER Sk
BREEREAZEO T LiIck Y, #EITT5 7m0 FaXk b,

2 N7 ENERZE R A SRR IR X DRSO T2 o TROGY:) & LTHWD
ZEIZEY | Z RN T O RS IS K ORI SES OO SEARERPE DR B
KBS 31T D BUKEN R 2 LT SOS ORER B TE 2, Zblid, # v
NRIBOEEICHBE ST 2 BRABEOE M 252 R 5 2 & T, BIOKHE
EHTDIERRG NI E - IERREREBEST D6 N7 7 —F Th b, ZO
(X R R R SR O RO & LT A T — AL, T2 X EREE O
WIS ICEB LT P a—F L 325,



1-2. HFOBRZEEHZFH LI #Eelbs
1-2-1. REMHICKVEEERERTHTF

SNSRI S A L CEIRZEE 2 m T b B W 2 FIH L C o1 BERE % Hil i 9~ 2 478
WHE S TWD, Bl & LT, SRR KV trans/cis SR LA RS T
B ORIEZ DNA FEG <7 F RaEfi L, SCRENZ L - TREDHREESN 2 HT 5
DNA “EH~OBFIEE 2 > F a—/L T 8280885 ST D (Scheme 1 - 2),

M = Peptide of a bZIP protein

Scheme 1-2. 7Y RUP U EHKEZATH DNAFEELTF ROINRREHT L % DNA SR #i4E 1,

Flo, VT T ATERIOLAIEDEIRSTZ Y open-ring form & closed-ring
form Z Rk L. open-ring form TIX5 FOREFRZDN T LI T I/UZEHIK 2N TE
% 73 closed-ring form TIIOEERIKIZ L U - FDOBHHBENRAD T 5, ZORE LV | LR
%K£OT7WﬁU$E4ﬁV@%V~F%@ﬂﬁﬁﬁﬁﬁﬁéﬂﬁmmmLﬁk

R F

Open-ring form
Anti-parallel conformation Closed-ring form

: 'W :

" [ e TS
'\,O\/
Cs* .
F F O o
'\,O\/'
Parallel conformation

Scheme 1 -3. YEMALIZFES Y F = =/L=F > D open-ring form, closed-ring form DA% % FIH L 7=
TAAVERAA TN



1-2-2. REHMIC K 2BEEMERTHTFIC K D EMES FHEEDHIH

SNSRI IS DS T, AROSOFHH O aRet 2R L Tn5, U UlE
B2 EREICHENINCHEE T DT =V VMM F 2 RKmICAT 57 o R ~—RoD7T
IR B L, EEICHEA LIIRRE T, EMURIC X 5 trans/cis 2L E1T S &, £ D
EELIC LV R E ORI, 2O EZ N LT OHA A v BIAT 5
(Figure 1 - 7),

(@)
trans-Azo-18Glue cis-Azo-18Glue
uv
=N >
‘ «—
E % Vis ék
_ 4
Liposomel f\ - N_<NH2 Liposomel
=N
h. ‘\ Y LY
AR
a%e'e"e's
‘ WP ‘‘‘‘‘‘‘‘‘‘‘
A R T
s
CAOAUBCAUBCALBC
Ordered Ordered
Trans. cisFAADRLICHES
(b) Photomechanical Photomechanical
Motion Motion

Dynamically Disordered Dynamically Disordered

RISHSRBTERAEITIE. TYELD
MEXEICEVEREDOHEFLESND

Figure 1 —7. JERREHIPED 7V B O trans/cis B4 b1 K D EZE L EFIH Lic A 42 ORI
FOHIHE 2. (a) trans-Azo-*Glue & cis-Azo-®Glue A Z N ZHUIE FIHEE LoARIX.  (b) B BicHEs
L 7= Azo-®Glue @ transicis FBEALICEE D WEEZAL Y AEE ORRFF &2 EL 2 & TA 4 > OERIBE) 23
REIND.



SERMEACIT X D ARSI BERIEEORIEIC bR S Tnv s B Human
carbonic anhydrase | (hCAl) OFHFEHITEH D A/NHR T I N EHERZED) R SO
VU H—THET D LT, AR T I RBTEEIALIC, SASE RN O
His L5495 2 & THWEEIEZ R P, ZHUZBERBAICIN 2 . gAY His
ERERTHIET, AR CT I FED IRV ES <3 2 L ICERT 5, 20
AR L L, AVR T I REFERE o F = LT VISR ST o0
hCAl DIHER] & LTS Sz (Figure 1 —8), 1EMEENAL & ITHE L 7= His64 [ o B
197 ATHY, 71X 717 open-ring form TIX ALK T 2 ROFEMEEIALIZ .
HRFER S Hise4 IZHEG T2 2 & TaERWEESRZ ~T, —J . closed-ring form Tidft
BRALIZ L 0 T OREESHIEZ 72 5 Z & T, closed-ring form @ ¥ F == )L =7 H&
DOIREANTIE MBI L OV His64 & OFEA 120 L7-EEZ D Z &N TE W, 20D
FESL. closed-ring form [Z A /LA 7 X R &R U E S a2~ LT, ZOfRIC, # X
7 ENEROTEMERALORE DT X  BRIZAE H Loy Fiket 2179 2 & T, RRM kI
2 OBV ZEE) & R L LT AR FHSREORIEIN ATRE & 72 D,

Active site. K(s)]
Zn (1)

Open-ring form Closed-ring form

— Q H uv
SH N\Q\ 312 nm H | \ H
—_— 'S
o] -
O”NH o Y Vis HzN\S/©/ o] o] \Q
————— O{C\:o > 420 nm e ¥ < _— -->
- u
Sl o Mo 4(i
of” Ca. 10 A Ca.17A Lok,
0

¢}

K; = 0.0050.0002 pM K, = 0.3040.003 uM

Figure 1 -8. Y F ==L x7 FiZ AT HHEANC X2 human carbonic anhydrase (hCAI) DTS
PEDKIFE Y. () TEMEEATIS L OSEHE L7- Hised OFERE (PDB: 3CAJ). (b) JEMAICHE S VF ==
N T S AT HIER OIS L.
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TR ORI Zn(INEERE 2 5 EA LT TR Zn(INSEARREE ST
VW% ¥(Scheme 1 —4), JEHREFIZ K % trans/cis FMEAVIZ K o TESARMIBEREN L35 =
DA (Scheme 1 -4 (a)) 1%, cis form 12350 T DNA OANK A FEAMETE S 41 5 Bl
B NT=, cis form 2R\ T, Zn $EARIZEINL L TU 5 /K5y 173 phosphate & #H ALAE
AL, b9 —FHDZn $8AICENLL TWD B Ra LA F 78 phosphate (2 sRA% B 5
THADZRALPHEE STV D (Scheme 1 -4 (b)), Z OARIZAMERRNEIZ M2 5 4
EEEHNWD Z LICL o> T [ BEROWMZNR) ZHIT 2 2 LWL 2D,

() (b)
HQ
\ N ¢ /
\ \ ~..iFI>—o

1+ Zn-trans 1+ Zn-cis Cooperative role of two Zn centers

Inactive form Active form in the cis form on DNA

Scheme 1 — 4. 7Y RUPUBEKZAT D B Zn(I)EEKR S (@) JCRMALIC X 5 6 Zn s S
224k, (b) DNA MIZKSFEEOGIZ 31T 5 Zn(I)EEIRO 28R zh .
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1-3. ZUnNIH - BROEEEL

BN E BEFROPIZIFEE L LRV T REEAET 5 Z & THEE(LER
FTHLORMOENTNDS T ZORERLIZTIC 2/ ED Y . AL VB ATA BIR
(KIS b3 5 shear motion (Figure 1 — 9 (8)) & KA A U2SBIT 2 L o IcHE (L
9~ % hinge motion (Figure 1 -9 (b)) 23% 5,

(a) Shear motion (b) Hinge motion

o

Figure 1-9. JWE/ U T2 RFEEITHE D # o "7 B O

Shear motion Z/Rd % /X7 BE LT, NIV F R 7707 Ly —nbs Y o
HURTBIZ NI T 77 oAl a7y A—va U BbER AL —Z —
DNA Z#& L MU 7 h 7 7 v OAGHEZRHIT 5, KIGWBER N 77707
Ly 37 R, B e RORSAEE S BRI R TV S (apo, PDB: 3SSW?, holo,
PDB: 1TRO?)(Figure 1 — 10), L7>L. shear motion Z /"4 % o /37 B OREEZAIZ—
RTINS0,

Figuere1-10. hU 7 h 77U 7L v —D7 Rk (green, PDB: 3SSW?), 7 1 {& ik it A 1

(orange, PDB: 1TRO?).
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—J5. hinge motion Z /<9 % L7 BT R & Aefis e b &R d 2P (Figure 1 - 11),

(a) Adenylate kinase from E. coli

OPEN form CLOSED form
(PDB: 4AKE) in complex with Ap;A
(PDB: 1AKE)

(b) Calmodulin from Drosophila melanogaster

CLOSED form

OPEN form in complex with 26-residue peptide
(PDB: 2BBM) of skeletal muscle myosin light
chain kinase(PDB: 4CLN)

Figure 1 —11. Hinge motion Z R~ % > /37 E. (a) 77 =/ ¥+ —E (Adk) (PDB: 4AKE? (OPEN),
1AKE?® (CLOSED)). (b) #/LE¥ = U > (CaM) (PDB: 2BBM* (OPEN), 4CLN” (CLOSED)).

T T =X (ADK) 1 MgTOIFETE T, U CEREERE S & Al A L il
%I TH % ®(MgADP + ADP == AMP + MgATP)(Kn( 7= U 2 E%): AMP < ATP <
ADP?3%) difd AMP JEEN EH4 5L ADP ZAERT A RIS HEITL (AMP +
MgATP — MgADP + ADP: forward reaction), ZEj% S417= ADP XL Y (L. Ot
U U/ & T ATP SRz fibn s, —J, ATP HEES ADP L~Ls RH
% LW (MgADP + ADP — MgATP + AMP: backward reaction) 231745, 2DV
VEREERS EUGMZ BN T, FE DMK GIROETEZFF T2, 77 =V — B3k
B a2 adarte X9 e RE 2 b %% C CLOSED form # BT %,

13



BERAIIZIALS AT DI EY 2 U > (CaM) 1%, Bk~ Zela oz 54
%5 Ca' A H N BT, MARMHCERIR FA A V2 FL, o X I EDO RAA
CHIEMEM LR 2 b2 =t B, Ca¥ N CaM ICfERTH L ar 7 A—a v
WAL L, BUKEASEET 5 2, 2osKERMLo 70T A4 o FF—F ol El
ERAL L EOFERICEET S B, CaM RNECIE RA A v %23 EHNT LT, 7
27 A X T —EBDOIEWHRMNZEE, a7 A4 X —ERERIEE R T, 2 DR,
HOFE A A > & OFEAIZEEN, OPEN CaM OEAFDE a-~U v 7 A2 1
K& 7 iEEZA b2 C CLOSED form (272 5,

1-4. BIRORENCER LIERRZ VRV - ERARBEREEDT S u—F

1- LR THRZR (X 8 BRGSO RO & ITRTRRIC, SRERR RN &2 v
RUE - WEROREEARIE, [ R BEEEOBINZEES) 2RI LI ERR S o3
78 R HRBEDOT T —F L LTI TE D, ¥ UV EDORE I EEEL
AR LG E LT, MEE(b A2 7T Z L R BEMISALTE A R FApRidE &
NTWD ¥, 2Dy 27 MIIERESICE Y 4 v EEEEC L Vg Ra s
LG L, 22U &0 ZFANICaiE S ERIN R SN DREE AT 5,
R2UNRTED TREEEAL] MAA RaFro HEEEL) L L TRELTWAETH
Do TZTHREOT U N7y M HEEG) LS ORR % 7etkie (O ek, il
Jietc.) (AT D FEMER TE UL TH Uy B oEIEE) 2RH LA
M7 7a—Fo1oL75,

1 - 2 \TRTEER B ASY F DN BRI X DREEZEARIC & 0 | RSy HERE & 1
T OB RE SN TWD, ZHDHIEES T ORI KL D& lE N Y
— & L, ERSTFOMEARE T2 REEL L > Tnp 10 121100 =1 L g Rmic,
KRB A BT 2 B0 7% . lEE L E RT & v X7 BREIERS TR,
ARBOSZBREN ) & U TR T OBREZ HIEET 2 Z E N FRETH Y . ZHUTH kT
FHERE L & L X AR OSRE AR LT IERRE R0 B - IERREE R R O Fik
Ll b, Flo, LEMAIZ LY @B EED MR L 2 e — /L LTS
TS SN TND 1 S REEIICIX RS & RS CHREDN 2L 5 b O
MHNTEY, FEBEZAET S A8NEERT, S TRENELT 52 & THe
KON DO FHEOHE/ERIZ LY MMLCT 225 O EER K477 ®¥(Figure 1 -
12 (@), F7z. 7F /L Co(N)EHRITHALIREE TITIR TS 21T 9 23, SEIRE L A3HE
LTV AHERIE C-C A 2 TR % *¥(Figure 1 — 12 (b)), Cu(IFEAIZ B DSk A
THDHN, SRR LN L AL v 745 LRMEN A »F3 % ¥(Figure 1 - 12 (c)),

14



(@)

. &2
groats 1 P > —— N= A
s MMLCT
n- C12H25 | n- C12H25 =R MLCT

CykwA{D czz; ‘ ++

-« do*

MLCT MMLCT

(Metal to Ligand Charge Transfer) (Metal to Metal to Ligand Charge Transfer) ~ Mononuclear Binuclear

b) e

(b) (" 7\ i
I =N, N= —N N= I
1 Co 1
1 ol I o / l \ 1
\ CH,Ph CHZPh ;
Nm——— S

\ g

TFA

Rt C

Figure 1 - 12. HHEHE&FHHERE 2 R T BIER. () HEHEFA AR 2 R4 PHI)EE A % & %8
AT =R I, BEE LTz PHINEERD 5 FELEHBAEH T 2 Z & T MMLCT (Metal to Metal to ligand
charge transfer) F& 6% "3, (b) “KREETH v 7V U VRIS EAITH CoT /¥ LekE S, HgREET
ibwiyﬁiﬁéhé ©) HFHDOAZ v XL TIZE VMR AL v FT5 Cu(l)dstk *. ox
FHUEEEA L, B HEOTRINC XY Cu()ss R EEREN 2T 5.
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Z ORRRIEHHKAA I 2 RE 2 AT 2 @RS R & & X B OB ZEE A A5 DE
HZ LT, BRI EOBMBZEIES S BREEEBEREDO AL v F 7] BT
x %, Figure1l-13 2% OIS %779,

Function OFF (ON) Interaction
Isolated moieties |
/ \ Function
Ligand/ ON (OFF)
Substrate

~
7

Ligand/
OPEN form Product CLOSED form

Figure 1 -13. % > /\J'HE - BEREOMEEE(LZFIH LTESfi 75 T OREREA A v F 2 7.

Z R EOREEIT LY | BB KR E < 2T 2 EACE R FAEMT 5, &
BV H 2 RIFFAE T, OPENIREE TITE A Sz TR IFBENL TR v . K&k 1
TE /) v— & LCOMRREZ R, Z0%, WHEHID T REBITED 2 X7 8 - R
DOHEEZRIGIZ LY CLOSED JREEZTZRL L., Efiisy FR L3804 25 2 & T, o1
RENEALT D, DT, MBS DAY > RIREEST D2 & T, Zo0g -
FEE 3N OPEN REEZTEMR T 5 2 & TEMi/» T-RIEEBESBENLE /) ~— & L TOM
RENMEIET D, Z /N H - BEROBIMZENIE R T5 2 L T, ZOKRRERM T O
BREA A v F o T OBEN RSN D,
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1-5. Zu\7ERE EOEHSFREMEEIER

B OREECREGE AL 2 WFFE T D LT AT RV EREE S SIS
X587 v — T I3 7 i gey — v Ch b, 7 b A X —IRIR T L —
BE) (FRET) IR 7o —7 TV —BENELLBHRTHY , ¥
B RAA HOWEEZR~S ETHHTH S % FRET 2hRI1T856 5 o ek
D6 FE L HITHAT D0 Mo HEREL FRET 2106 AEH 5 2 &N TE D,
—JF., =TS REMNBEI L CWAEA, e —T S RENEEI L TRY,
HEZAC DA D LT FRET IC L 2 ANMBEM S D720 B, REENFEE & 72
%o TOLE, Ly aptnTua—7L L THOBND,

LU EEEE AT D o RS TH Y 340 nm FHE ORI L -
T 380-400 Nm IZE / v —a80L AR T 200, MIRERMFEIZL Y B v oA
HAERY % & 480 nm FHEIC =% o~ — R A w0, B Loy T RMEERIT -
TAZ X7 (—REICEEEEEN 4 AURN) I2L3b0THHr=0H, ELridh
FLOFRIZ FRET DORREE AR & 72 28R 72U N2 ZE N OIS E L A T =4 — T DD
Tu—7E UTHIET D % I AERICE Y =% U~ —RHE R TR,
ELUSFIEnA 47— LTHOSR Y £72, DNASRNA Z3EMzL L7
TlLFaT—t—ar ™ (Figure1-14) °, ELoHFDOFo~—R kA P
br—k—L LIt =R E TG Y,

Loop

N G

Stem  Target DNA T

Monomer emission

Excimer emission

Figure1-14. E L2 E/ v /=X o~v—% K EfHLI-ELFaT—t—a
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FERERMEIZBW T, RO v L o Rad UhdiRENLElkT5 2 &
TR o< —FANBH SN D ©, Z oL Birks 12X > TEFRS - dynamic
excimer JEEX Cd % (Figure 1-15 (8)), —7/7. 60 UOE L URIENE#HEL TWDY;
HVELVUDEERREBTHAEFER LY A ~—Z2 R L TS —2An &5 (Figure 1 -
15(b)), = OiEFRI static excimer JEik & L CTHEIB TN % 0L

(a)
A
Dynamic
excimer |:/|y:
= i
o) I
c I
L i ----> hvmonomer
I
I ®
i g
2 S,
Py + Py
Distance between pyrene moieties
(b)
A EE<——=D"
Static
Dynamic excimer Fli/ly:
excimer Pypy* A Sl
Py--Py* D* i
3 = Fi L h
1
Do ! 1 1 ====>NVmnonomer
)
LICJ i"* hvexcimer : —==> NVaimer i
’ i ’
1 1 1 “ Py
Y | Vg g
ly 0
Ground state dimer

Distance between pyrene moieties

Figure 1 - 15. EL o X ~—JEliICBIT D =X =X AT 7T LOEAK.  (a) Birks (2L~ T
RENTZT TV 7R r~—ER * (b)) BERETERINIEL A/ ~v—% B L=%
IR
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IND2FEHO T X~ —([X B LT DR v ZHERXBFR L T Y UV-Vis
AR [V, AT RV CD A hLds K OWER 3 R d R E 2175 2 &
TE LU FOREERRE, hEREBTOSERBEBET LI LN TE D, AERE
TE LU HA—DNEHR I TWDEA UV-Vis AT MLOhEE A7 Lzl
TARY MARTa— LT 52 ERMONTNG B2 Fi- v raFFz by
PHRICEEINTEE L A~ —DRLAIE CD v Vv E R L, ED AN MG
VL ORAARET D Z &N TE 5 %, dynamic excimer & static excimer TE L 24y
T OB R 72 272 static excimer & L CORNKIITNV— T R T508, 51D
ROEDPFRT2 200X~ —TITFERHDH72D, EFIREBEIEART MO
NH, T v —3JE0 dynamic excimer FZAKIZ &L 5 b D7) static excimer FEEIZ & D
LONEHERIT D EIXREETH D, Mo TERIPERTE 21T 5 LR H 5, dynamic
excimer (X L2/ v —DERICIEHRIND 2D, =F U~ —FRRITBIT 54900
WEAZRET DL, VA%, SO S ERVRR 65, Ll static
excimer DG, HOHMPUDERIRETE L UEEDFHEEHA L TWAD 7D, £ 0k
REJCDONLDH BBV ITR SR, T o THEIGHEEEHIEIL, dynamic excimer & static
excimer Z 5 FED 1 > THD % 5, BU v 7 AT L—r L ELURES
L7zttt —IlB8WT, FA M EDORBICED B L OREL ENFEEILS TN
% H55k 72 U static excimer 28 FRREHOE 227 MV TRIIE TV 5 O, Z ok
RE VAL F U TIZERT D RIRHEII AR N 0. B RE T T DR THR
FEhTnd

—. 5/A7 RAAL VT u—T%IcHT 256, FIEFREICEK
FHHNANRT MADTF o~ —LE ) v —RMHFEND, 2D RAA L OHEHFE
flishsd® fEL<T, 7TRIYKRS 2T A E3(apoE3) ® Helix 2 L2, B L4
INE N HUE R O FEERILR 2 B2 KR ICERf S 7z *(Figure 1 - 16),
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(a) Apolipoprotein E3 (apoE3) (PDB: 1INFN)
A2 ggp KGQ A-,3

157 99 \ Helan
Helix 3 jq'

A Helix 1

(b) Placement of pyrene molecules along a helix
(ll)

Q)
28,
Dﬁé\ ﬁw
_6) Cys59 Cys62 )_ _6) Cy 59 Cyses )
5.4 A Helix 2 10.9A Helix 2

(1) (lV)

®
2 8 8 &
® ﬁ? L,
.
_6) CysSQ 15.6 A Cy369 )_ _6) c)§59 214A  Cys73
Helix 2 Helix 2

Figure 1 — 16. apoE3 OF [ LICHIT 5 L &R Y. (a) apoE3 OfbibtEiE (PDB: INFN%). (b) #
v Loy HERED R D v L U ERf apoE3 ZRE{K. (1) apoE3 mutant (C112S/ E59C/A62C). (1)
apoE3 mutant (C112S/ E59C/E66C).  (111) apoE3 mutant (C112S/ E59C/K69C). (1V) apoE3 mutant (C112S/
E59C/AT73C).

W

EafiE L MR D Z & T, X% v~ —/F /) ~—FEHRENME T L7z (Figure
1-17), ZOMBEICE-S X, T57C (helix 2), C112 (helic 3) IZEfMfisN/-E L > DX
V=M LIEEE D 2 507 2 BEMBREENFHME STV D

3.0+
254%
2.0
154 RS N
1.0-
0.5

Excimer / Monomer (e/m) ratio

0.0 T T T T T T T 1
6 8 10 12 14 16 18 20 22

Distance between Co atoms of two sites (A)

Figure 1 — 17. ELUBMEMSH TS T 2 /O Co Mt L B SNz Xy ~—/F ) ~—% K
MIEHRO T 1y K
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L L, fdsiEE BTl e v oA EEL LW irE RIS O ES9C, A73C IZE L
VIMER &7z apoE3 (214 A) ICBW T H R U~ —RENBH SN WD, 22T
I, ELUDEH SN TWDENIT 7 LT T A7~ v 7 ZAEETH Y, -~V v
7 ZAOHrin 0 R0, D ENHEIK T, BEREICHENL TV D B L U AR LT
HEMBHINTWD, 72, 50%7 V-t o —FET., WROEN ERTH5Z LT
E LU OEBMENMET L, =% U~ =N T D FH BB STV D, 1Eo T
L7 u—T70@EEBOEHES, ELrod ) nrT—y g bR —3NIC
WRBE B2 DL ERBELTND,

ZoRIzE L e —T 2 HWT RAAL COZFENVZTINLEE, B2, () 20k
WEHELXITH 2 & T, WAV E, =% ~—F0o LABR OIS, £
DT >~ —JAkIE dynamic excimer ICE 2B TH L7720, B LU EMO R TH
HAY 7 ZAREEIT RN T LR TN TH L Z N PRI, MR EDILE
230 MBI S 7 WA DX v~ —EEk I static excimer IZ L AHETH D LB
ZHNDTD, Y w7 ZAREENPTA Y | REIREETH O COERE L 22N
L TWDLZENTRIND, o, #EHFMNOII D 2RO D Z & T, bk
RERICBWTERiE L U R TR+ IR Y v 7 LTS DEDOERBIG LN, iz
IX dynamic exciemr MBI S AL, BEiE L U AZ v 7 LT ZRWESE, ~U
v J ZMEEDRE D ENRKRE N ENE X BV, —J7 static excimer Ml STV 51
LD THNRE VR X T RBIRIS WG, BRiE L R
(ZAZ X T DINIARNRAERERE AT D& W) BRI GEOND, 2,
(ii) UV-Vis, JihEE A~7 MUIZBIT H AT M7 m— el | FEREIZE T
LEME L OMAEERICEAT2ERPEOND, S HIT (i) CD A7 ML XV i)
EFHAERAPBR SN D56, B L R OREREIC I T 2 B2 220 AR
BT, (o T, EHFAREEE AT MUVITIN A, Bk 7@ s R, Wrf 0 ARl E &
TNy NTITH ZEIZE T, BV U B LTS RAAL O X0 FE7e 22
WREHND Z ERWIREIND,

Flo, B DX —RFRGE R DA RITEOT LR EY T 4 —|C
Mz, Brorra—75FAKOEEMEDO A HENREEL TWAZ LN RB I T
Ho T, LT EHNTH URITERAAL L OZEMELEZRRDHEE, EFIR
REH AT MDA TORIIEIRFIZIR S TR 25 D A[REMER H H T, LD
FIEEZBIT 20 FOHER, FICERT L7 LX) T —ORELZET
HZEFE NI ETe—T L LT LT EHWOGRICEE TCHLEBAD
25, SHIT, EFRIREE, RO RRIE OMAGHOEICLVE LN L DIOLEE
B 7L X el T 4 —DMAIESE Y n -7y EEOKENEITTO Z LT, R
AA DX FERZEMERPGEOND Z ERMFEIND,
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1-6. AHREDOEH
1-6-1 77N —BOfEA 7> BEERLEERL LRI
PEDRA v F v T HEEOEE

1-4 2B TEZEENCER LTEIERRE VR IE - FERRBEREE DT
a—J ] OFEE LT, BTN iEE BT 280 %, MEL bz rnd &
WNIBEIENT HZ LT, Z o™ EOMEEICEED UEMi D DREA A v F
THBORENG SIS, L L, EE(LERT & o7 ORI EICHREME
A RaFLBR IR T oA LS. AR — DX LRI EREER L E A N1
FNAREEALOBEMRNRBRICEBLINTND, o T, X XIEARAr— 1L LT
TR E M ADRSEZA 2 WV CTERI S T 253 F O EAER & A A v F LIZ#F5E6
IFHE SN TWRWEH, 52 FETIE, Figure 1 - 13 (R 9 % 87 E OBIHIZEE)IC
K DM FHERBED A A » F o T OEEDNFAIRETH L0 A~ 2 &2 R E L
Too HMELRDH NI EE LTCRIBEBIET T =% —1 (Adke)™? ZEH L
7= (Figure 1 - 18),

OPEN form CLOSED form
(PDB: 4AKE) (1AKE)

Mg+ ADP + ADP — Mg+ ATP + AMP

Figure 1-18. U VRIS SUGNIIEV, K& RIEEZE L Z 7 Adke.

T T VRS T —BIE MgPTEIE T ) VBRI O B R DR T D 20, Z o
VU U OSICEB W T, 7T oV —RBid 2 o +ORE2e6T 5, 77 =/
fiz 2 — 1L AMPbd (28-72 7%J%). LID domain (113-176 #%J%), CORE KX A > & F
L (Figure 1—19 (a)). AMP 7% AMPbd ~, ATP 7% LID domain ~f&&4 % 2% %% (Figure
1-19(c—1), (c—=11)), —J. ADPILjti KA A »~fE5E9 % (Figure 1 —19 (c - 1)),
2, BE 2 Y VR AT OV TG S -G o FLEA] P PP-di(adenosine-5°)
pentaphosphate (ApsA) (Figure 1 — 19 (b)) X150+ CT7 T =X F—E LiEET 5
(Figure1-19 (c-1V)),
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(@)

] LID
' domain
AMPbd Q
dorain
CORE
domain '
OPEN form CLOSED form
(PDB: 4AKE) (PDB: 1AKE)
(b)
N 0O o o o o N
HzN 0-P-0-P-0-P-0-P-0-P-0 = NH,
7N Nﬁ | 1 L 1 —kiTN / 1
N O O (o) (o) (o) N
\=N N/
HO OH HO OH
P1,P5-di(adenosine-5’) pentaphosphate
(ApsA)
(c)
(M )
Adk + AMP Adk + ATP

AMPbd
(n (V)

Figure 1 — 19. 77 =X —B OB G N A A v ERRER-EHEX. (@) 77 =X —BHE
oo AMPbd (28-72 745, Hifa) & LID domain (113-176 #%%:. 7). (b) P*P°-di(adenosine-5’)
pentaphosphate (ApsA) D, (¢) 77 =/VEEF T —8 O ERE A

HEET T2 Nix T —EORAEIIKRE/AICELDHDOTHY, CORE RAA
(2N %2 AMPbd, LID domain IZ/E3 57 2 /BB IERAICE G L TWbizd, 77
=EF T —BITREE A Y AT Z L THEEA L Z VY CLOSED IREAZTZRT 5
(Figure 1 —20),
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NH1Arg1 56

Arg167 NH2

NE P Arg123

Arg36 Vo NHT P T _~NH1ATrg
NH2 LR S

____________ \ 0G1 g N
OF Thy31 Alatq Gly12 bys13
o )
Gly85 Lys200
AMP ATP
(AMPDbd) (LID domain)

Figure 1 —20. CLOSED Adk, D& it (PDB: 1AKE) IZR.5N % ApsA &7 2 JBEOMAEER. 2
FTRINTWDLT I /BB CORE RAAL VBT D7 X/ BaFkE. IWRETRINTWDET X /i
AMPbd (2@ 357 2 JEEFREE. VT TRIN TS T 2 /B LID domain IZJET 57 2/ BRI,
FH 0 APsA RETEIC I 1T D AMP ICxH T 5884y, B2 7 fa: APsA BETEIC I 1T 5 ATP IS 5047

ZORRIZ Y VBB ONIC B W TERIEZE L R T = VR — B O &
AMPbd 1ZJE 95 Alas5 & LID domain (Z)& 3% Vall69 [ d 2 OPEN JIREE (30 A)
& CLOSED JRHE (12 A) TRELSEILTEHZ LD, ZNHDOT 2/ BRERALIZIE /Yy
F-ZEAT D20, EIn T TS Cys ICE# LT-, £7-. Adke 34K Cys77 24
LTW5b, D TOEANILY CysT7 BMEfFSILD DT, Ser ([T # L7
75 BLAR Adkyn (AS5C/C77S/V169C) %5 1 L7z (Figure 1 —21),

CLOSED

Figure 1-21. 77 =L J—8 3 Z 8K Adky (AS5C/C77S/V169C) DFEHL.
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Adkin (ZEAT D50 F & LTE L JrF Cl-pyrene-IAA AR L7z (Figure 1 —
22), EL AT 1 -5 TR TRRICERBEIK AR e BOERRE R B L T D, ZOMEZFIH
THZ LT, BRI EOEEEIC L > TERIE L 3 T OFRIFFHER AL v F
D ENRYFEESN, 2 XLV Figure 1 - 13 (2R A A v F o TR OREEEN T RE T
bOMNEFMMT 52 LN TED, £72, KWl Cys FA—/L ENRMICKIET H 3 —
RT7E b7 REAT D0 kit e L ®7,

H
O N\n/\l
O

Cl-pyrene-1AA
Figure 1 -22. Kilc 9 — K7 & h 72 R&HT 5 E L 41 Cl-pyrene-1AA.

Z @ Cl-pyrene-IAA % Adkm IZ 2 53 FEATLZ L TE L UM Adkm
(C1-Adky) ZHEEE L. 77 oAl F— P OREEMSICEE L, Bt L 0F )~
—|TX T —RNDAA v T U THEREORESEZ B L7 (Figure 1 - 23),

Monomer emission Excimer emission
Pyrene

AMP
OPEN form Mg +«ATP  CLOSED form

Figure 1 — 23. Adky, DIEEZILIZE S E LU T DOF ) v —TF U~ —RND AL v F o Tt
DIFEL.
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1-6-2. CLOSEDREOT T =A@ F—FREIBITHEL O ~—F
HHEFHR R L RF v F 2 T E— FOFM

Figure 1 - 13 [T RTRRIR A A v F o VT HE G T DR, ¥ /"7 HOMEZL
%, & 1R E2SEYNCAHAER T2 LERSH 0 | Effiy T OZERIE®R (., A
M55 24525 2 L DNEREME DY 7T A v ofREt L e D, 1-51RT X2, EL iR
Oy PRI R e o U~ — BB R TR D, Bl F 2 T — o R
rER B g Ry BT n—7 T L LTS ERTWS, £, ELuil
FKICREOH EMEHOAEIZ L D =% v~ —BAGRFENS B /e 0 | FLEIRIECEhE R e
TOE LV RAH X T OIFHITHE & 708 FRBES RIRIE I I ORE[E] 43 ff 43 el &
L0525 80628 - pRE ARSI Y L AMEMITR Y v —R L BRI s o
THR AR B L AERM RNA O EFHIZRB W TR S LTV 5,

—HT, Z oI EFu—T7 L LTCE LU TFEAWLEE. EICEmIREEREL
AT MUCEIT D ZF U~ —/[F )~ —RBABE LR Tl ST d T F e,
LU DI REAIN TV REGORELEIINAE Ly OT7 LR BT 4 — AV
TUT =V a VINER U —RREIC B E 5 X TS I ERRBRIR TS Y,
o T, EHARIEBE N AT M A, kRkx 728 IR B I E 36 K ORI 53 47
HHEZITO ZLIZE D, 2o TEIZEASINTE L OHEREE, FhEREICE
T R VFERRZERIERASD Z LRSS ND, S HIC, =FR U —RIITBIT D
L7 m—TOEBL T LX) T —DREBEFRRD LT, AN E
Ta—T7 L L TE LY EAVDERICE ST AT MVERZ T 5 2 S8R D
MCHEHERBETHY, GoN-mAas Kickile 7 o —7#iEORHCERT 5 2
EBHIREE N D,

FIFETIL, =X ~v—F L LU FREICERT I LA Z vy U7 E
— REFR, 2o EFa—7L LTE L2 VAT, Eakhe, R E
SHBREE 7 NLEY BT, By Pa—T0ORX vX o JE— ReEETH L
OEFEMEZ/RTZ EEBIE L, CLOSED RFED Adky Fmii EIZHE 2D ATF LY v
H—HEEZAETHE L a8 AL (Figure1-24), T O DRNEHEEL X X0
BREECBTLIE LV GTOAR X 7E— REil L,
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Cn-pyrene-IAA O
n=1C1
n=2:C2 “ CLOSED C1-Adk,,

n=3C3 @ “ CLOSED C2-Adk,

CLOSED C3- Adktm
Conjugationl

C1-Adkqpn,
C2-Adk,n, Inhlbltor Steady-state measurements
C3-Ad kt Time-resolved measurements
m
Figure 1 —-24. $HEOHELR DL 112X D Adky, K HIESG & CLOSED Adkyy O 1E i IRAE, WERET /0 fi#

Sy YERE

95 2 T Cl-pyrene-IAA ZEH A3 257 2/ BEERAL (A55C, V169C) 1% o-~V v 7
A FIZAZiE L. CLOSED ikRED Adke DfEdatEIEIZIIT 27 X/ W8T ORI
+ (Figure 1-25 (b)) LY. B L AEMEALIIHER Y Oy RRESLTHLLEEXD
b, #->T, Cl-C3 /e —T7nfOMEICERTLAIE L AZ vy X 7E—RD
HEWDRANRT MVIZKMESND Z ERIfF SN b, gL b 2 7L LT
Adkm 2 B8R L 72,

(a) OPEN form (4AKE)

120 )
1 a-helix
100  B-sheet
80
60
40
20-M
-7t r r 1 1 1 - 1 r 1 1 I - 1 °
0 20 40 60 80 100 120 140 160 180 200
Number of residues

2

Temperature factor (A”)

(b) CLOSED form (1AKE)

120+ )
100_ (.....ﬁMEPE.....) (- ------ HP....?E‘.?.'.Q.......)

80 - A55

: VlQQ
o \J\j\w
40~ W\M\}M
20 —T 1T T T T T T T T ™1

0 20 40 60 80 100 120 140 160 180 200
Number of residues

2
Temperature factor (A”)

Figure 1 -25. Adk. D47 X / FEIZ31T 5 F8EEDOIRER 7. (2) OPENform (PDB: 4AKE) Mif &
[X¥-. (b) CLOSED form (PDB: 1AKE) MK 1.
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2F: TTo VBT —E MBS A 7 VTR BEEILEEERL L
BB D AL v F v THEORESE

2-1. HEEW
FREEHKAR e BT D By % . MEE LA R T & R EREEMT
é & T, ARBUEEBREN ) & LTRSS TOMREZFIET 2 Z LA/ TE S, R
BT AR ERIL, & X7 B ORER R 72 BB 2B MERG /7 T DBEEE A
A ‘y?“/ﬁ‘%%%@%%#ﬁf ECHDHZ AT ZEThD, Ml g E
LTUV@%@ﬁm%%ﬁﬁék%%m%77%wM%%—t(NMW”%&%L
o WEEZAVITHEOIEEEDS K& < 2135 Alab5 & Vall69 % Cys (28 H X+, Cys77
T BAIBHOEINRE L TTFA— 1OV ICKBIEAZH T 5 Ser (A #1714
FLR Adkm (AS5C/IC77S/V169C) % 5%at LT-, 0 FRIEN LT 5 Z & T v~—%
St % 713 Cl-pyrene-IAA % &4 2% Z & CT(Figure 2 — 1), U VEBBERBLSIZHESY B L
VDE )X —RND AL v TF o THEREOREE L R LT,

Cl-pyrene-lIAA

Monomer emission Excimer emission

Pyrene i
i AMP

OPEN form Mg « ATP CLOSED form

ADP
Mg * ADP

Figure 2-1. Cl-Adky DHEEF LV U SOSICR T DEMIE L OF ) v~ —/TF o~ —F
AA T 7RO,
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2-2. YVUEMTT =AY —F (Cl-Adky) OF ¥ T 27X V-3
2-2-1. C1-Adkg @ MALDI-TOF-MS 2227 kL

Mono Q 71 7 & (B&A A4 > Z# 7 7 I, GE Healthcare) (2 L 25 H% (2 -6, 3B
HIZECHE). MALDI-TOF-MS (2 L 2 EENHTHIEZ1T > 72 & 2 A, Cl-pyrene-1AA 7 2
NFEANESNIZSF8 (mz = 24149, [M + H]) BEIS 7= (Figure2—-2-1), Z O
Z LB, Adke REIZE L U2 2 3 HERE S 7 Cl-Adk EE ST 2 & 2R
L7z,

(a) 23607

(b) 24149

*
T T T
23500 24000 24500

m/z

Figure2—2—1. C1-Adky, @ MALDI-TOF-MS 227 kL. (a) Adky (b) C1-Adky, *E—2 1< kU
v 7R (TR M.

2-2-2. C1-Adkgm @ UV-Vis, CD A7 kv

E L ORISR S TR Y TR 340 nm AT E L R L,
BBD0-0/30 RICHET 2 E—27 73, 280 nm 12 &l 517 'By BB D 0-0 3
RIZH®T 5 E—27 BBl S5, Cl-Adkym D UV-Vis A7 KL Tk, B Lozl
R 72 I A7 VBl SN (Figure 2 = 2 — 1), 2O &EnD
MALDI-TOF-MS A7 ML DFER LG b, Adkm IZE L U BREA I TND Z &R
RIT,
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1.2

1B, transition

1.04 277 nm @g 1L, transition
0.8 346 nm
0.6 1
0.4+
0.2

Extinction Coefficient (1 0°M” cm’™)

OO T T T T T T v 1
280 320 360 400
Wavelength (nm)

Figure 2—-2—11. C1-Adky, D UV-Vis A7 L. S : [C1-Adkyy] =5 UM in 50 mM Tris-HCI (pH 7.5)
at 25 °C.

C1-Adkym 1 ZARAEST Adky, & FALLD CD A7 fLZ& 7R L7z (Figure 2-2—111), =
DFER LV | CL-Adkim O SNARHEE I IRFF SNV TWD Z R E T,

[0] x 10°(deg cm® dmol ™)

-20 T T T T T 1
190 200 210 220 230 240 250
Wavelength (nm)

Figure 2 -2 —1ll. C1-Adky, @ CD AX7 kb, (=) AdKyn, () C1-Adky,. 554 : [protein] = 7 uM in 10
mM potassium phosphate buffer (pH 7.5) at 25 °C.

2-2-3. C1-Adkgm @ Adk JEHEDHERR

HE L7 C1l-Adkim D AdK TEMEZ R T D720, ~F Y FF—E, Jra—R-6-
VU T e Ra i —8 L oEEE1To7 ™ 2o ERIRIC X TIZ& v A&
9% NADPH % 340 nm OWIN THERT 2 Z & T Adk IF] ﬁs%ﬁﬁwﬁ“é k MTED
(Scheme 2 — 2 — 1), C1-Adkim DEERTEMEIIAMEST Adkm & Ll U 20%F2 EE ] S 41 C
W7z (Figure 2 - 2 — IV), Adk @ U UIEREEBRUGIZRBWT, RS, HFEE N A A
3B < ABFEASERBE I T 3 D ™ (Kopening domain = 44 £ 205™, Kear = 30 £ 105™)7°, 5t > T Adkim
RIAIEM SN TNWD E L U LD n-n #HE/ERAPEE R R IS EE 52 T\ D
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LEZ NS, AdKTEMEITIEF LTV 223, CLl-Adkn 13 Adk & L COTEMEZ £ L T
WD Z LD R S LT,
Adk,

ADP + Mg?*-ADP << AMP + Mg?*-ATP

v Hexokinase
Mg?*-ATP 7 Mg?**ADP

Glucose  Glucose-6-phosphate

+

Glucose-6-phosphate NADP

dehydrogenase NADPH
(340 nm)

1,5-Gluconolactone-6-phosphate

Scheme2—-2—-1. ~%V¥F—¥ I oa—2z26-U BT E RaFfr—F Lo

0.8+

Absorbance (340 nm)

0 5 10 15 20 25
Time (sec)

Figure 2 -2 —1V. C1-Adky, OEEETEMERIE. () Adkyn, (<) C1-Adky,. 554 : [proteins] = 44 nM in 50

mM Tris-HCI (pH 7.5) at 25 °C, [ADP] = 2 mM, [NADP'] = 2.3 mM, [glucose] = 5 mM, [MgCl,] = 5 mM,
Hexokinase/glucose-6-phosphate dehydrogenase = 25 unit / 4 mL.
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2-2-4. Cl-Adkin DEIEART bV

C1-Adkyy DH AL R VIIE T 376 nm (SR ALK 2 /R 3 A7 h LR
B ENT (Figure2-2-V), ZHIEZE L E ) ~—D#EEERLTEBY “® L
VIR U — RN R O H TR & e L~ — BRI mnN D b
DR ETZ (laenm / lags nm = 120), F 72, @AY FVIEAEBREE S ([C1-Adk] =
180 nM) THIE SV | 480 nm FHE DR R HEBUZBHAE L HE e Bl S v, F
72 376 nm OHEOEHERFEIZIREIC BT D Z LD, ZOREHEK TIE Y VR E T
MHAEERIZAET TN EEZ BN D,

8000+ R = 0.997

6000

Fluorescence Intensity

4000

2000 —)

Figure 2—2-V. Cl1-Adkym DHIEARZ bl Feff: [C1-AdKy] = 180 nM in 50 mM Tris-HCI (pH 7.5) at

T T T T 1
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Fluorescence Intensity

400 450 500 550
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25°C. D= 346 M.
INHORREY | R ENT Cl-Adkin 17 7 = A —8 & L TORRENEZ

PREF L. FEIEFIE FICRIT D OPEN #1&E CTlE, Bffis - L v 0 Fid+40
ILTWAZ EDNREINT,
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2-3. FHEAFBIOCEEHRMIXL S Cl-Adkm DEIEART ML
2-3-1. FFEFRIMZL D8RS MAVE(L

BH =51 P, P°-di(adenosine-5") pentaphosphate (ApsA) {#7E FIZH51F % Cl-Adky D€
)X =R v F TR LT, ARSI T ([C1-Adkym] = 180
nM). ApsA TE1E FICBWTE / ~—35¢ (376 nm) DD, =F o ~—F kD L7
(485 nm) @M <7z (Figure2-3-1),

(a) (b)
1.0 o} P ®
2 £ oo
2 [ApsAl = O pM 2 0107 ge® Excimer
£ o8- 0.1 uM 5 s emission
2 0.3 uM z 0054
Q c
§ 0.5 uM g
2 0.7 uM < 0.00
§ 1.0 uM g, 0.0
. 2.0 yM S o2 Monomer
(=] " . . .
ﬁ T ;18 UM % oale emission
®© .0 uM N ..
g % 0.6 .-.
“ S 08 Cee o o
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Wavelength (nm) ApgA (uM)
Figure 2 — 3 — 1. (a) ApsA IRINC & D Cl-Adky DHEANT RAVZE(L.  (b) ApsA REICKTT 5

Cl-Adkun DHOETREEZM L. @ TF I ~—FIRE, @ : €/ ~v—FRE. & : [C1-Adkmy] = 180
nM in 50 mM Tris-HCI (pH 7.5) at 25 °C, [ApsA] = 0t0 10 UM.  Xex = 346 Nm.

ARG, FEIEFE T ICB DT U~ —R B S 7y (Figure 2 — 2 — V)

b, HEMAICHD Adkn OBERLICE DV BV VRN AZ v 7 L, Z Ny
Bt ~—3rBllsn-LE2x b5,
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2-3-2. EEHRIMZE 28R ML

FE (AMP, ADP, ATP) f£7E FIZE1T 5 Cl-Adky DE J ~—[ZF U~ —FH A A
v F T R Uz, FRERSMET ([C1-Adke] = 180 nM), FE 2T 25 Z L1
LoT, B/ ~—5% (376 nm) O, =X~ —FND EH (485 nm) NEIH S
Uiz (Figure 2 -3 -11),

(@ + 2 mM AMP (b) + 2 MM ADP (c) + 2 mMATP
- 1.09 : L o o 1.0 3 L 010 o 1.0 . o010
5 5 5 i
£ 084 £ 08 i £ 0841 3
& 06 it in 8 064 8 064 it}
@D it @» @B 7
ol o4 o4
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Figure 2 =3 —Il. JEERINC KL % Cl-Adky, DALY MVEAR, () FREIEFE T, (1) EEFEE
. (a) + AMP, (b) + ADP, (c) + ATP. & : [C1-AdKyy] = 180 nM in 50 mM Tris-HCI (pH 7.5) at 25 °C.
[substrate] =0 or 2 mM. e =346 nm.

ADP f71E FIZEIT DAY FLid AMP, ATP 777E R4 & el L= %
Vv —Jta R LTz (Figure 2 -3 11 (b)), 77 =L Ex F—EBIIHEEFIZ AMP &
RAA > (AMPbd, 28—72 #&Jk) | ATP A K A4 > (LID domain, 113-176 #&J%) &
CORE KA A > %4 L,AMP 7% AMPbd (2, ATP 73 LID domain IZZhZEnfEd4 5
5668(Figure 2 — 3 — 111 ())e AHFIEICBIT AL L DE ) v —[TF v —FIA A v F
VIV AT A, TT =AY T —EN ApsA EfEA L7z CLOSED ##i& (PDB code:
1AKE) (2S5 & T A & T A (Figure 2 -3 111 (b — 1V)), AMP, ATP f#7E F.
T T NMBEX B G ORE /A KA A 2 CLOSED K#EIZ72%— T, ADP
TFEAE T IR T OEEREA B A A 7 CLOSED YRAEIZ 72 % Z L7 (Figure 2 — 3 —
=11, 0D, @ RAANCHEST 2 ADP FE FICB W TR b E VT F o~ —F
KEzRLIZEBZOND,
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AMPbd
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OPEN form
(PDB: 4AKE)

(b) . : Pyrene ring
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AMPbd
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Adk,, + ADP
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Figure 2-3—Ill. 77 =)L igX T —B OIEREA KA1 > LB A

CLOSED form
(PDB: 1AKE)

Adk,, + ATP

(@ 7T =N —8

HE3& > AMPbd (B (2) & LID domain (37 ). (b) 7F =/ igdk - —¥ DOIE AL OHEE &

D E L DORSEEEDRTE.
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BB
*L7vy b9 5 &, ADP f71E TR
(Figure 2 -3 -1V),

(29 Cl-Adkm DE /¥ —, TF I~ —FCOMER L2 IEREIC
ZRW TR 2R HOE R L B S T

(a) + AMP (b) + ADP (c) + ATP
~ 0.008 - «  0.008
] o] CLLLL ] .
E E  0.06 a" E Excimer
2 0,006 e * o & " g 00087 emission
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< 0.002 . . (= 0.02 [ ] c 0.002 4
g " emission g g =
E 3 u® S 0000
0.000 < 0.004 )
5 00 5 00mm 5 000-4 Mo_nor_ner
§ Monomer § 02 ag Monomer 5 | emission
2 029 * _ emission 2 4 m emission 2 o104
g * . g . g ] A
2 04 e , 3 08 " 2 -0.20 N
g g 08 " 5 1 A
=] =] [
4 -0.6 T T T T T 1 4 T T T !.'.'! B -0.30 T T T T 1
0 1 2 3 4 5 & 0 2 4 6 8 0 1 2 3 4 5
AMP (mM) ADP (mM) ATP (mM)
Figure 2 - 3 - IV. JVEIREIZXT 5 Cl-Adky DEICTREZ(L.  (a) + AMP. @: T o~ —JE iR,

@ T/ ~v—3NHME. (b) + ADP. B =% I ~—3iRE, B £/~ —FLHE. (c) + ATP. A:
TR, A )~ —FNIRE. S [C1-AdKyy] = 180 nM in 50 mM Tris-HCI (pH 7.5) at
25°C.[AMP]=0to6 mM. [ADP]=0to8 mM. [ATP]=0to5mM. Ay, =346 nm.

ADP OH7 0 7 7 A JE v A FRIO##RE R Li-, BAERI APA Lo 7L
v 7 A& JERL LTz CLOSED HRRED 7 7 = )L EE & F—F O fkihi# 15 (PDB code: 1AKE)
£ Y. LID domain {ZJ& 3 5 Argl56 % ATP @ y-phosphate (P3) & AMP @ a-phosphate
(P5) & L < 1Z AMPbd IZ#EA L CUv5 ADP @ a-phosphate (P5). B-phosphate (P4) & /K
FAEA L(Figure 2 —3 -V (b)). AMPbd (ZJ®9 % Leu58 47 I K & LID domain (Z
BT 5 G170 OIS A LR =L L KERES LTV 5 B(Figure 2-3-V (0)), 772 b b,

FE LG L7z LID domain 1Z AMPbd IZ#5& 3 2 E & A E/EHT %, NMR % H
W T T = VRS — B OREE L AT RIC BT, BB O LID domain -~

DOFEEIE S ) —FFOEE — AMPd DRSS ICHBEE 525 Z LG SN TN D %,
¥7-. AMPbd, LIDdomain Dt > PE— g I 7 LR T ATHY O HEIEETE
TICBWTHEIE T, & HBEI21% CLOSED RISV EE A & 5 2 & 728 MD 1T &
DI L > THESATWS 7, 0 CLOSED RHEDZ2E(kIZIE AMPbd, LID
domain |23 DM A H N T X/ ROEREE AL (R156 — D33, K157 — D54, D158 —
R36, E170 — K57) 3% 5-LC\% (Figure 2 - 3 -V (d)), ZOEZRMAEHR LY.,
AMPbd, LID domain (2547 % ADP f#1E FIZH1T % CLl-Adkm DHEE AT VAL
T7 e AT Y v ZEEOZFEE E R LTV D,
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Figure 2—-3-V. ApAfSAIRAED CLOSED IRHET 7 = /Ll ¢ — B Off it (PDB: 1AKE) 7 b1
WED Adkey FEEFOT X /18 — EEHEEH, AL CHEOMAEERO—F. (@) 77 =/ ¥
F—EHEE O AMPbd (#f2) & LID domain (27 ). (b) LID domain I[ZJ&9 % Argl56 & U > figT A
T DKFEFES.  (€) LID domain (ZJ&T % Glul70 DA /LR = /LHIEH & AMPbd IZ )84 % Leu58 0 44
7 X FEDOKFERA. (d) CLOSED REDLZEIZHE LTWD T 2/ BEOEFEEK (R156 — D33,
K157 — D54, D158 — R36, E170 — K57)".
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L L, —FHDRAAL AT D AMP, ATP 777E F&RIFICBW T, 530 72
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S CIIBEEIEEDNE T 75 Z 8RB ST g 0880 — itk v AMP #ET
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ol EZEZ N5, NMR OFFEL U ATP (X AMPbd (Zxf L C—ED KyfEZ R~
T3, AMPbd IZE R ZE AL (R88A), E~OBFMEZIKT S EHAITB N TH
ATP ® AMPbd ~® Ky fE1ZZ b L 72w ) Z i3 LID domain (Z#& 4 L 7= ATP 23, A

BHLEALTWRWT LE 717 AMPhd OZEENC 242 5.2 TEB Y . AMP 238 LID
domain [ZIERFRAICHE DT D — 5, ATPIZE L L CTAMPOd IZFA LRV Z 2R L
TW5b, LLEDZ Eovs ATP AFE T CIEREEARMIC LID domain @ #4723 CLOSED kg
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HART SV NS W EFRIRT X 5,

AMP, ATP WIS TIE, FERMBEN EH 32510 o T v~ —R e
DIV NASNTZ, IV L VRET T =R EDHAERIC L D AERHEEL T
WA Z & &SRB L TWD, 1-aminomethylpyrene & V72 32BR Tl ATP FRANIC AR Vi
WO S 7= (Figure2-3-VI), ZDOZ L kv, CLOSED JkfEET=F i~
—DRE 2 b— 3 UANSW ATP IINOBE ., & 2 /87 B OREEIAL D ED 705k
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Figure 2 -3-VI. ATP I X 5 1-aminomethylpyrene M5t A7 R VZ8{k. 45 : [1-aminomethyl
pyrene] = 180 nM in 50 mM Tris-HCI (pH 7.5), 5v/v% DMSO at 25 °C. [ATP]=0to 10 mM. e =341 nm.

PLEX 0 EVE., HERE OfEE12 LY Cl-Adkg, 2 CLOSED #i&E2 B L. & v
NWRIBEHROE LV DNHEWVNIEBETTAZ T ~—3E0nEllsnz, £/-. —
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¥R EE AT L 0 BRRFICEN SN 0TI LR BT F =
B2 — B ARRDE LB A KA A L OFBICHI D BR S TVS = L ARSI,

2-4, YA INITEI L UE ) v — X I —REONFRARAL v F 7

2 -3 TITAERAITL D C1l-Adkyy 73 CLOSED #1522 T 5 Z L T=F v —
FEHOERPBR S N7, WIZY VBT AT VRS OHEITIZ L 0 R O RE % 1Y
325 Z L2 XK 5T Cl-Adkyy 23 OY OPEN #1E2 K L =& v~ —3EnNEET 5
WERRF LT, 7T =B —EBIC L5 Y VBB RN TH D, > TE
DA SO A AR~ 7 - & CLOSED C1-Adkyn % OPEN JREE~ES SE 572

W, ¥V X F—E L OIS EFRH Lz (Scheme 2 -4 1),

Adenylate kinase

Mg?*s ADP + ADP <<%

= Mg?*+ ATP + AMP

Hexokinase

Mg?*+ ATP + Glucose

» Glucose-6-phosphate + Mg?*+ ADP

ADP + Glucose

Overall:

Scheme 2 -4 — 1.

» Glucose-6-phosphate + AMP

T T2 NVERER B LA Y X — B oK.

RIS ([C1-Adkyy] = 180 nM), 1 mM ADP 2 #shi4 % Z & T C1-Adkyn 1= %
Vv —RNER LT, ED%, CL-Adkm 12 & 5 U VR E (Scheme 2 -4 -1 D(1)
R). ~"FVFF—Bickr7ra—x0V VEEL (Scheme 2 -4 — 1 D(2)x) N ST
HZETZFX I ~—FNORA, €/ ~—FHIEOWERIPEHI S - (Figure2-4-1),
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Figure 2 — 4 — 1.

AF Y XS —B L OHERISIZ LD CLl-Adky DE /¥ —,

T IR DR

M2 k. &fF : [C1-Adkyn] = 180 nM in 50 mM Tris-HCI (pH 7.5) at 25 °C, [ADP] = 1 mM, [MgCl,] =5 mM,
[Hexokinase] = 25 unit/ 4 mL. A = 346 nm.
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ZORER KXY | Cl-Adkm O FENCHFFMEIIBER SUSIZ I 1T 5 EE /RS AR
Lo THWHMIZAL v F U 7T ENARETH D Z RSNz,

W, Z DORERITRIERFED AL v F 2 TRV IR LT O Z £ N TE D0t
L7z, U VBB RIS OMEITIC LY =% o~ —F 0 Lz, BHE ADP 2N
THZILETEX U~ NIRRT, TO% Y VBEBMKIGICE D =% v~ —33k
BRSSO L7 (Figure2 —4—11), Z OBV KL AL v F o 713072 b
3V A I BRI ST,
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Figure 2 — 4 — Il. U UBRERRERUSICEE 9 CL-Adky OFCEEDIR VIR L AL v F o 7. Zeff

[C1-AdK;y,] = 180 nM in 50 mM Tris-HCI (pH 7.5) at 25 °C, [ADP] = 1 mM, [MgCl,] = 5 mM, [Hexokinase] =
25unit/ 4 mL. A =346 nm.

AT )~ — X v —RBNAAL v F U TV IRT Z & T AT A 7k
TCOZX v —RHNREPHR L TWSBRR AN, SRIOFERTIT, U 8@
R SO DOHEITIZ L W ADP 23 AMP, ATP IZZ# STV IR T, ATP I3~V &%
FT=BICXOEHINDD AMP 1ZAA v F 7 1% A 7T L mM RHIZFERAET
%o B HEIFAE FI2B T 5 CL-Adkyn DAY AT S b= XL 912, AMP
23 LID domain |2 RIS T 2720, AL v F L TOV A I VERD T LI
F2HO AMP BEN EHT A5 LT, VA7 VT U~ —RR R L L
BE2zbib,
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2-5. F&®

KRE T, BB AVERI I E 5 % v 237 B OBZEEN IS X B/ T D
FRHEHKTFR 7 BE S A A v T 7T HEOBEN IR TH D Z L 2RI 720, 1
MAEAEFERHIZLY =%~ —% %3 Clpyrene-lIAA % 2 5 F Adkim
(AB5C/CT77S/C169C) il {&fifi L 7=,

SE (AMP, ADP, ATP) 5 X ONBHEAI ApsA 7775 T, C1-Adkim (T >~ —Ft %
R UTz, RS T CTEREIT>TCWVDHZ 20D, Bl SN F ~—3k
HUNRTBFNTER SN L XA ~w—ICLDbDTHD ERTE 5, BE
AINMZ XV BHISN D =X ~—3d, BRLIAEFE-HIAORASIZL D bOTITAR
<. HAE L7 D Adk ASROIERES KA A AMPbd, LID domain M ZEhIZ 5% X
Ay FINTEY, il KAAL NTHEET D ADP 2RI LTS, £ D A7 MV
X7 e RT Yy ipEEE R LT,

FE ADP ZBLERIICIIML TS 2 & T, B/ ~v—[=F o~ —FNAAL v F
J S EGEEIC KR 0 IR LB STz, G- TH U7 BoBRZEENC LS < B+
BEHEAA v TV T DO NFRETH D Z E W ENTz, ZORRIZ, X0
DI 63 2 B8 & Ho &b U7 FE Rk Z L R0 g« SERIRBE R O Tk
IZHIRT D Z &M TE D,
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2-6. EBRIH
2-6-1. Materials and Instruments

All Chemicals were obtained from conventional commercial source and used as received
unless otherwise noted. The plasmid pEAK91 harboring Adk:n (A55C/C77S/V169C) was
prepared from the plasmid coding the double mutant of E. coli Adk (A55C/C77S) (gifted by
Prof. E. Haas, Bar-llan Univ., Israel) by site-directed mutagenesis using inverse PCR method.
Primers for PCR were purchased from Invitrogen (Forward primer : ACGTTTACGTAC-
CGTCTCTTCCTGATC, Reverse primer : CTGTGTGAATACCATCAGATGACAGCA). A
kit for plasmid extraction (QIAprep Spin Miniprep Kit) was purchased from QIAGEN.
KOD-plus-Mutagenesis Kit for inverse PCR was purchased from TOYOBO. E. coli. HB101
competent cell was purchased from TaKaRa. Hexokinase and glucose-6-phosphate
dehydrogenase from baker’s yeast were purchased from Sigma as a mixed material (catalog
code : H8629 — 500UN). *H NMR spectrum was collected on a JEOL JNM-EC 400
spectrometer. Protein purification was conducted using AKTA FPLC chromatography system
in a chromatochamber (4 °C). DEAE Sepharose™ Fast Flow, Blue Sepharose™ 6 Fast Flow,
HiLoad ™ 26/600 Superdex™ 75 pg, PD-10 Desalting Column and HiTrap Desalting Column
(5 mL) were purchased from GE Healthcare. ESI-MS analysis was carried out using a JEOL
JMS-T100LC mass spectrometer. MALDI-TOF-MS analyses were conducted using a Bruker

Autoflex Il mass spectrometer. Pyrene-modified Adk:, was purified using BIO-RAD
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BioLogic DuoFlow liquid chromatography system. Mono Q 5/50 GL for purification of
Pyrene-modified Adkim was purchased from GE Healthcare. UV-Vis spectra were measured
using a Shimadzu UV-2550 double beam spectrometer. CD (circular dichroism) spectra were
collected using a JASCO J-725 circular dichroism spectrophotopolarimeter. Fluorescence

spectra were measured using a JASCO FP-8300 fluorescence spectrometer.

43



2—-6-2. Synthesis of Cl-pyrene-1AA (Scheme 2 -6 —1)

Q
o
I \)Loj?
o

N, N-diisopropylethylamine

Y

CH,Cl,
rt.2h
in the dark

C1-pyrene-IAA O

Scheme 2 -6 —1. Synthetic route of C1-pyrene-1AA.

1-Aminomethylpyrene hydrochloride (30 mg, 0.12 mmol) was suspended in 30 mL of 3 M
NaOH,q and extracted with CH,Cl,. The organic phase was dried over Na;SO4 and the
solvent was evaporated to yield the free base form of 1-aminomethylpyrene as white solid (24
mg, yield 93%). In a 50 mL round-bottom flask, 1-aminomethylpyrene (17 mg, 0.074 mmol)
and N,N-diisopropylethylamine (6.6 mg, 0.052 mmol) were dissolved in dry CH,Cl, under a
N, atmosphere. After the addition of N-iodoacetic succinimide (25 mg, 0.088 mmol) to the
solution, the reaction mixture was stirred for 2 h at room temperature in the dark after the
solvent was evaporated, the residue was subjected to silica gel column chromatography
(eluent: CH,CIy). The firstly eluted fraction was collected, and the solvent was evaporated to
yield C1-pyrene-1AA as white solid (23 mg, yield 78%). *H NMR (400 MHz, CDCls, TMS) &
= 8.25-8.16 (m, 5H, pyrene), 8.11-7.98 (m, 4H, pyrene), 6.31 (s, 1H, NH), 5.19 (d, 2H,
CH,NH), 3.76 (s, 2H, CH.l). ESI-HRMS (positive mode) calcd. for C19H14INO™ 399.0120;

found 399.0121.
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2 -6 —3. Preparation of adenylate kinase triple mutant (Adkim, A55C/C77S/V169C)*

67

The plasmid pEAKO91 harboring Adkim (A55C/C77S/V169C) was prepared from the

plasmid coding the double mutant of E. coli Adk (A55C/C77S) (gifted by Prof. E. Haas,

Bar-llan Univ., lIsrael) by site-directed mutagenesis using inverse PCR method. E. coli.

HB101 transformed by the pEAK91 plasmid was grown in LB medium (5 mL) with

ampicillin (100 pg / mL) at 37 °C, 250 rpm for 9 h. After the medium was added to a 2 L of

LB medium with ampicillin (scale up), cultivation was continued at 37 °C, 130 rpm for 16 h.

The microbes were collected by centrifugation (7000 G, 10 min) and suspended in 50 mM

Tris-HCI, 0.1 M NaCl (pH 7.5) (buffer 2 mL / bacteria yield 1 g). After freeze-thaw 3 times,

the suspension was sonicated. (total 6 min, 1 sec : ON, 1 sec : OFF). The cell extract was

centrifuged at 28000 G for 1 h, and the supernatant was dialyzed against 50 mM Tris-HCI

containing 1 mM TCEP (tris(2-carboxyethyl)phosphine) (pH 7.5).

The protein solution concentrated by ultra-filtration was passed through a DEAE sepharose

column (GE Healthcare)(2.5 x 8 cm) with elution of 50 mM Tris-HCI containing 1 mM TCEP

(pH 7.5) (flow rate = 1 mL/min). The eluted proteins were collected by 11 fractions (40

mL/1fraction). The purity was checked by 15% SDS-PAGE (Figure 2 -6 —1).
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Fraction Number
M 1 2 3 4 5 6 7 8 9 10 11

66.4 kDa .
—_——

42.7
34.6

27.0

55.6

20.0

14.3
6.5

Figure 2 — 6 — I.  15% SDS-PAGE after purification by a DEAE sepharose column chromatography. M:
protein marker (NEW ENGLAND BioLabs).

Fractions containing Adk:, (3 — 11) were collected and concentrated to 5 mL by
ultra-filtration. The concentrated solution was loaded to a Blue sepharose column (GE
Healthcare)(2 x 20 cm) and washed with 50 mM Tris-HCI containing 1 mM TCEP (pH 7.5)
until the absorbance at 280 nm became stable (flow rate = 0.5 mL/min). The bound proteins

were eluted with a linear gradient of KCI (0 — 600 mM over 240 mL) (Figure 2 -6 — 11).

0.157 — 1000
£
c - 800
S 0.10
N . P
- -600 O
8 3
§ 0051 -400 =
@]
3 - 200
<

0.00

I I I I 0
0 50 100 150 200
Elution Volume (mL)
Figure 2 — 6 — Il1. Chromatogram of purification by Blue sepharose column with a linear gradient of KCI (0 —

600 mM over 240 mL). Flow rate = 0.5 mL/min. Each fraction contains 5 mL solution.
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The fractions eluted at 120 — 200 mL were collected and concentrated to 5 mL. The

concentrated sample was loaded to a HiLoad 26/600 Superdex 75pg column (GE Healthcare)

and eluted with 50 mM Tris-HCI containing 1 mM TCEP (pH 7.5) (flow rate = 0.8 mL/min)

(Figure 2 — 6 — 111 (a)). Eluent from 150 — 180 mL was collected and checked purity by 15%

SDS-PAGE (Figure 2 — 6 — 111 (b)). The protein samples were stored as solutions in 40 mM

sodium phosphate buffer (pH 6.5) containing 50% glycerol (v/v), 0.1 M NaCl, 2 mM EDTA

and 2 mM DTT at — 20 °C.

(l: Fraction
M a b c d e

E 0 3_
c = 66.4 kDa
S b 55.6 ———
™ U 1d 42.7
T 024 ! 34.6
8
g 27.0 -'
€ 01-
g a e 20.0
Q !
< }

0.0 | | : | 14.3

120 140 160 180 200 6.5
Elution Volume (mL)
Figure 2 — 6 — I1l.  Purification of Adktm by HiLoad 26/600 Superdex 75 pg column. (a) Chromatogram of

purification. Flow rate = 0.8mL/min. Fractions at a — e were used to check the purity by 15% SDS-PAGE. (b)
15% SDS-PAGE after purification by HiLoad 26/600 Superdex 75pg column. M: protein marker. Each fraction

contains 1 mL solution.
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2-6-4. Bio-conjugation of Adky, with C1-pyrene-1AA™

A stock solution of protein was passed through a PD-10 desalting column (GE Healthcare)
with elution of 50 mM HEPES (pH 8.0), 2 mM EDTA to remove glycerol and DTT,
immediately before use. C1-pyrene-1AA (50 eq. for Adk:y) was dissolved in DMSO (2 mM).
The solution was added to a solution of Adk:y, (2.0 pM) with adjusting 5v/v% of DMSO in
final. The mixture was gently stirred at 25 °C for 24 h in the dark. After the centrifugation to
remove precipitated materials, supernatant was dialyzed against 20 mM Tris-HCI (pH 8.0),
and then the sample was concentrated to 500 pL. The conjugated sample was loaded to a
Mono Q 5/50 GL column (GE Healthcare) to separate from the unmodified and partially
modified Adki, (flow rate = 0.5 mL/min). Double modified Adk:, was eluted with linear
gradient of NaCl from 0 to 300 mM for 60 mL (Figure 2 — 6 — IV). The fractions eluted at 26
— 30 mL were collected, desalted using a HiTrap Desalting column (GE Healthcare), and

lyophilized. The protein with two molecules of pyrene was kept at —80 °C.

- 300
250
~ F200
- 150
- 100
| - 50

0.0 0

I I I
10 20 30 40 50
Elution Volume (mL)

Absorbance at 340 nm
(Ww) 10BN

Figure 2 -6 — I\V.  Elution curve of purification by Mono Q column with linear gradient of NaCl (0 — 300 mM

over 60 mL). Flow rate = 0.5 mL/min.
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2 — 6 — 5. Adk activity of Adkym'*

The phosphoryl transfer activities of Adk:mS were measured by monitoring the formation of
NADPH (the increase in absorbance at 340 nm) produced by the Adk:n—hexokinase—
glucose-6-phosphate dehydrogenase tandem reaction in 50 mM Tris-HCI (pH = 7.5) at 25 °C.
The measurement conditions: [Adkg] = 44 nM, [ADP] = 2 mM, [NADP'] = 2.3 mM,
[glucose] = 10 mM, [MgCl;] = 5 mM, and hexokinase/glucose-6-phosphate dehydrogenase =

25 unit.

2 — 6 — 6. Measurements of UV-vis, CD spectra and steady-state fluorescence.

All UV—vis, steady-state fluorescence and CD spectra were collected in a 1-cm quartz cell at
25 °C. The wavelength resolution in UV-vis spectra was 0.5 nm. CD spectra were obtained
by accumulation of five scans with 1 nm-resolution. Steady-state fluorescence spectra were

collected at the excitation wavelength of 346 nm and recorded at 1 nm-resolution.
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3 E: CLOSED JRREEOT7TF= /LX) —FPRBEIIBITAE L OD=FH
v —RBNEKBBE N LV R vF T E— RO

3-1. HIFEEH

HoNRIETa—T L LTE LU T ERWDSHA, BICERIRER AR b

BT TX v ~—[F ) v —RNBELRTIMH SN TS ™8 5t~ T, EFIR
“itxmﬁFWQMK\%ﬁ@m%K@ﬁtﬂmkivﬁW MESCRE 21T O Z
LIk, ZURTEICEAINTZE L U OKERIREE, FEIRREICRIT B X 0 EE
G RERD Z NSNS, S, =X vy —RlIcB s LT r—T
OHEEB LT LX) T —ORELRRL L, Fo NI ETr—T7L LT
L EHWDLERIZER S T AT MAVRIRZ BB 5 2 &IN5 A CHEE RS
THY, T THLNZMRICESLS e — 7SO EbICH k32 2 & B3RS
N5,

KEIZ NI ETu—TL LTE L ZHAWAENCIE, EHIREE, R iRy
WHIEEZ 7Lty R TITW, ELr e —T0RE vx o VE— R2EETLHZ LD
BEMAZRTZEHEHBE L, CLOSED KEED Adkyn i EIZERR D AT LU o h
—ﬁﬁ%%ﬁﬁ“étv/ >TEEANL (Figure 3—1), L6 DRI & & X7 EHFR

BIDIELUV G TOARAE X 7E— REefmat L,

1: Cl-pyrene-l1AA
2. C2-pyrene-IAA
3: C3-pyrene-IAA

O
N l Conjugation
C1-Adky,
C2-Adk;,
C3-Adk;y,

n
O‘ n

Lk
n\n/\l n

N

Inhibitor  EStimation of pyrene-pyrene stacking
mode from the spectroscopic properties

CLOSED C1-Adky, t

CLOSED C2-Adkin, Steady-state measurements
CLOSED C3-Adk;, Time-resolved measurements

Figure3-1. $HEDO LD EL I LD Adky, i EAf & CLOSED Adkyy O EHIRRE,  WREH 37
3 IERIE.
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3-2. YVUEMT T = ABEEF—F (C2-Adkyn, C3-Adkyy) PF ¥ T 72 Y —
a v
3-2-1. MALDI-TOF-MS A~ kL

H2EIZI1T D CL-Adkim & [FIER O FHELE T C2, C3-pyrene-1AA % Adkim (ZE A L |
Mono Q 77 7 & (B&A A > 2#aH T A GE Healthcare) |2 & 2 ¥ 8# . MALDI-TOF-MS
WX BEESHIEEITo72 L 2 A, C2, C3-pyrene-IAA NZENZEN —/HFEBEA ST
DFENMIHIENT (Figure3-2-1), ZOZ &5, Adkn REICE L U 2 55 FE
fifi < A7z B YD C2-Adkin. C3-Adkyn 23N ERR SN2 & 2 HER LT,

(a) Adk,, 23607

(b) C2-Adk,, 24177

(c) C3-Adk, 24205

I I I
23000 24000 25000

m/z
Figure 3 — 2 — I. C2, C3-Adky, ® MALDI-TOF-MS 227 kL. (a) AMERT AdKm, (b) C2-Adkg, (C)

C3-Adkyy. *E—7 : = MU w7 X (T EVE) .

3-2-2. C2-Adkg. C3-Adkgn @ UV-Vis, CD 222 kL

C2-Adkim. C3-Adkun @ UV-Vis 227 R TlL, B L AZEBIE RGN 2227 kL
BRI 7- (Figure3-2-11), ZdOZ &5 MALDI-TOF-MS A7 RV DFER L&
P, Adkm 12 C2, C3E LU BENENEAIN TS Z ENRENT,

(@) (b)
“_ 1.2q < 1.2q
£ =
_U __U
's 1.0+ 's 1.0+
u?D Lr"C)
z 0.8+ = 0.8+
5 5
S 0.6+ s 0.6+
i E
] V]
S 0.4+ 8 044
5 5
E 0.2 1 E 0.2 1
Lﬁ 00 1 ' I T 1 ' 1 L|>j 00 T 4 I T T v 1
280 320 360 400 280 320 360 400
Wavelength (nm) Wavelength (nm)
Figure 3—2—11. E L & Adky @ UV-Vis 2227 kL. (a) C2-Adkyn. (D) C3-Adkyn. 5511 : [C2,

C3-Adkyy] = 5 pM in 50 mM Tris-HCI (pH 7.5) at 25 °C.

51



C2. C3-Adkyy IEAMERS Adken & HEELD CD A7 kL &R L7= (Figure 3 -2 —IlI),
ZORERED | FE L AEM Adkim @ 3 RTTHEIEIZRE S AL TWRNT RS
775
30-

20+
10
0_

-10 4

[0] x 10°(deg cm® dmol ™)

-20 T T T T T 1
190 200 210 220 230 240 250
Wavelength (nm)

Figure 3—2—I1l. C2, C3-Adkyy ® CD %<2 kb, (=) AdKen (=) C2-Adkum, () C3-AdKyn.
25 : [protein] = 7 uM in 10 mM potassium phosphate buffer (pH 7.5), at 25 °C.

3-2-3. C2, C3-Adkyn ® Adk iE M DHESE

AF VXS —B I a—2-6-U T Kurh—8 L oKL ERA L
IEPERIE ClE, C2, C3-Adkim 1% C1-Adkn & FAIDEEETEEZ /R L, 77 =/ —
B L L TOEMEEZRS TWD I L 23R S 172 (C2-Adkey: 80%31E 14 2 f&FF, C3-AdKim:
71% 5 % PR FF) (Figure 3—2 - 1V),

0.8
g Adktm.-""
i 7 CL-Adkyy,
g 06 "2 C2-Adky,
< C3-Adky,
8 044
c
[y]
=
¢ 0.2
[0}
<
0.0 T T T T 1
0 5 10 15 20 25

Time (sec)

Figure 3-2-1V. Cl - C3-Adky, DEEFIENE.  (-++) Adkym, (=) C1-Adkym, (=) C2-Adkym, (-) C3-Adkm.
ZA1F ¢ [Adkym, C1 — C3-Adkyn] = 44 nM in 50 mM Tris-HCI (pH 7.5), [ADP] = 2 mM, [NADP'] = 2.3 mM,
[glucose] = 10 mM, [MgCl,] =5 mM, Hexokinase/glucose-6-phosphate dehydrogenase = 25 unit/4 mL at 25 °C.
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3-3. EEBIUHEBAIRMIX 28RS MAELL

FE (AMP, ADP, ATP) K O ZEH] ApsA 177E FIZEB 1T 5 C2-Adkem, C3-Adkyy D E
J vl xR U —FOE b R R LT, ARSI T ([C2, C3-Adkim] = 180 nM),
HEEWRNT D Lick->T, £/7~—%)% (377 nm) O, =F~—F N0 L
(485 nm) MBI S 7= (Figure3-3-1), ZDZ D, Cl-Adky [FIkE, A F L
YU —EMELEE L U EET D C2-Adkim, C3-Adkyy DFEEFHEIZT T =1
X —EORER-E NAA OFEBHEZ KL TWD Z ERRINT,

(a) C2-Adk,,+ 2 mM AMP (b) C2-Adk,,, + 2 mM ADP (c) C2-Adk,, + 2 MM ATP
o 109 o 104 o109
€ 0.8+ € 084 i , 2 084 i .
8 8 8
c c c
& 0.6 & 0.6 & 0.6
@ @ @a
o < ]
E 3 E
2 044 2 04+ 2 0.4
3 7 3
N N N
s 024 T 0.2 2 g2
E E E
- s s
0.0 : : : . 0.0 < 00
400 450 500 550 400 450 500 550 400 450 500 550
Wavelength (nm) Wavelength (nm) Wavelength (nm)
(d) C3-Adk,,+ 2 mM AMP (e) C3-Adk,, + 2 MM ADP (f) C3-Adk,, + 2 MM ATP
> 1.04 § > 1.04 > 1.04 £
w0 E [} : (7] E
5 ‘ 5 5 f
2 o089 £ 089 | E 087 .
g H o ﬂé H ﬂg_, i <o
& 064 5 8 064 & 064 5
w (2] (2]
o o o
S ) s
T 0.44 1 T 044 T 044 1
g e~ AMP g g i -—ATP
T 0.2 + AMP T 0.24 T 0.2 L + ATP
£ ' E E
g s L g
00 : i | 0.0 0.0 : S :
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Figure 3-3 - 1. FERMIZ X 5 C2, C3-Adky, DHE AT FAEAL. () EIEGFIET, () HWELF
£F. (a) C2-Adkym + AMP.  (b) C2-Adky, + ADP. (c) C2-Adkin, + ATP. (d) C3-Adky, + AMP. (e)
C3-Adki, + ADP.  (f) C3-Adky, + ATP.  4&f4:[C2, C3-AdKypn] = 180 nM in 50 mM Tris-HCI (pH 7.5) at 25 °C.
[substrates] =0 or 2mM. A =345 nm.

FHREREICRTT 2 C2, C3-Adkyn DHOEARY MVELE 7y FLEEGEICS,

C1-Adky [FlEk, ADP f77E F&RIFCRE oo o~ —3 Bl S 7 (Figure 3 -3 —
I, AMP 7#1E F&tbic BT 5 C2, C3-Adkn D = F v ~—FEDH K (Figure 3—3—11
(@), (d)) 1%, Cl-Adkgm(Figure 2 -3 -1V (a)) £ D H K&\, AMP @ LID domain ~®
AT RNTH LN, AF LU U —DMEICE Y, Cyss5, Cysle9 ICfia L
TWBE L U FRIENBEWVICET L, AMP F7E FE&MAI2B VLT C2, C3-Adkm 1
U o h—HEDOHEW Cl-Adkm LV bEWVWTF U ~—F N a2 RLEZEEZOND, F
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7z, ADP fF1E FRIFIZE VT CL-Adky DHEINEANT MY 7EA RELO ik
Zoas L7=A (Figure 2 —3 -1V (b)), C2, C3-Adkm 1XZ D72 Eh 2 R S 72 dv o 72, |
WLIEATF LY o —DRICEDRICEY . AMMIOEE KA A 7 CLOSED
WRBELIEE L TWD 56 (ADPIRIREME) CTHE L FEREEI L TV ARE 2 b
—varNER Lz~ —3NER"T 72D, C2, C3-Adkyy DEFREZ(LIZT 17 A
TV v BB RIS R EHERHIEND, £, O —DODHEHBELT, 7=
X —BREICN) T N7 7 o EEREANLESS, K B LRI 52 &3
ENTNDYZEnb Q2 EL U LI C3ELUVEZEBALEES, HRAL LD
HEBMMEICEEEZ B2 TaxT ) v I RFERR NN B LD,

(a) C2-Adk,,+ AMP (b) C2-Adk,,, + ADP (c) C2-Adk,, + ATP
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(d) C3-Adk,,+ AMP (e) C3-Adk,, + ADP (f) C3-Adk,, + ATP

B .. B 0.047 LR Boots a

g ® g  0.034 L ] A

§ 002 e ® o & - 4 0,010 a b

. 5 0021 s

g0 E o011 2 0.005

£ £ b=

< 0.00 < 0.004 <1 0.000-4

3 0.0 5 00w @ 0.04

£ £ £

2  -01 g ] S 0.1

5 5 -0.2 5

= 02 ° = = 024

s 5 044 Z

2, -0.3 ] e o ©® o 2 0. u ’;\ 0.3+

2 .04 2 .06 u 2 4] A a4

g g " g gg g A A

= 0.5 r T T T T T 1 = -08 T T —a N = -05 T T T T 1
0 1 2 3 4 5 6 0 2 4 6 8 0 1 2 3 4 5

AMP (mM) ADP (mM) ATP (mM)
Figure 3—3— 1. JEEIEEICKT 5 C2, C3-Adkyy DHILIREZL.  (2) C2-Adkyn + AMP, @ : T3 3

~—3TRE, @ T/ ~—FRIHE. (b) C2-Adky, + ADP, B : TF I~ —FEIRE BT v —
FEIETREE (C) C2-Adkyn + ATP, A @ =% o~ —5 8. (d) C3-Adkyy + AMP, @ : T o~ —J8 IR,
@ T/ ~v—FNHME. (e) C3-Adky, + ADP, B : =X ~—FNiRE B £/ ~—3LHME. ()
C3-Adki, + ATP, A : T I ~—3 R, A E / ~—REME. 50k [C2, C3-Adky,] = 180 nM in 50
mM Tris-HCI (pH 7.5) at 25 °C. [AMP] = 0 to 6 mM. [ADP] =0 to 8 mM. [ATP] =0t0 5 mMM. Ae = 345 nm.
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C2, C3-Adkn 1T ApsA fFIE FRIFICE N TH TF o~ —F a2 R L, ApsA 23
10 uM TAAY VAL BFn L7z (Figure3—3—11), L7>L. 10 pM ApsA 7F£7E F
IZB1F % CL - C3-Adkim D= F o~ —FNREEITEW A AL B 7z (Figure 3 -3 - 1V),

(a) C2-Adk;,, + ApsA (b) C3-Adk;,, + ApsA

g 0087 —_qe0 @ @0 © o g 00s untm ™ E = =

% 0.06 K % r

g 004 Z po2

é 0.02 é

< 000 < 000

5 0.0 5 0.0
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S 04 Y 5 04

é 061 ***® 000 o o é 061 " g gy 5 gu

E T T T T T 1 E I T T T T 1
0o 2 4 6 8 10 0o 2 4 6 8 10

ApgA (uM) ApgA (uM)
Figure 3—3—11l. ApsA I 5 C2, C3-Adky, DHEEIEHREZE L. () C2-Adkiy + ApsA, @ @ T

U —RENIRE, @ T ~—3HE.  (b) C3-Adky, + ApsA, B ;. XU —3iRE BT~
—FEEIRE. 4 ¢ [C2, C3-Adkyy] = 180 nM in 50 mM Tris-HCI (pH 7.5) at 25 °C. [ApsA] = 0 to 10 uM.
Aex = 345 nm.

(a) C1-Adk,y, (b) C2-Adk,,
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w (7]
& 6000 & 6000
£ £
Q Q
Q Q
S 40004 S 4000
g Ap<A 8 ApsA
] — [ -—
§ 2000 A ¥ +Ar\)8 A § 2000 ¥ +F'): A
i 5 T Ps
0 T T I T 1 0 T T T T 1
400 450 500 550 600 400 450 500 550 600
Wavelength (nm) Wavelength (nm)

(d) Comparison of excimer emission

(€) C3-Adk in the presence of Ap:A

1200+
8000 A
2z 2 1000
g 6000 g
£ £ 800
3 g
S 4000 g 6004
? ADA @
g v~ Ps £ 400
3 2000 + ApsA E
[T [T
2004
0 T T T I 1 T T T T T T T 1
400 450 500 550 60 440 480 520 560 600
Wavelength (nm) Wavelength (nm)

Figure 3—3—IV. ApsA #SINZ KL 5 CL— C3-Adky, DHOE AR RLZE L. (a) C1-Adkyn. (<) ApsA FETF
E£TF, (5) 10 UM ApsA fF/E T, (b) C2-AdKyn. (-) ApsA FEFFE T, (-) 10 pM ApsA 777E F. () C3-Adky.
(=) ApsA FEFLE T, (5) 10 pM ApsA 7E7E . (d) CL — C3-Adkyy D = 3 S~ —F IR D Feik. i [C1
— C3-Adkin] = 180 nM in 50 mM Tris-HCI (pH 7.5) at 25 °C. [ApsA] = 0 or 10 uM. Xe = 346 nm for
C1-Adkm, 345 nm for C2-Adk;, and C3-Adkn,.
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HHREN R LR DO—DE LT, AT VLUV I —PNHETDHZ LICL-T
Lyt xR ) T =N ER L BRI KEDOFENRELSRLLNE
Z B L5, 9,10-diphenylanthracene % 5% & L 72 CLOSED JRfED C1 — C3-Adkim DFH%}
HHEBFWNREZHFELIZEZA, VU —PET 52 LIk > TEAEFIEENE
IR T LN BHEREWVTIR SNy o 72 (Table3-3-1), — . &/ ~—3¥HIC
T HTX Y —FADTEL IRIX Y ¥ I — DB WEEE BN A LT,

Table 3—3 - I. ApATF(E F 123517 HCLOSED C1 — C3-Adk,, DK ik 745
DB LU/~ — ML TR T~ — LR DRI

Protein b ] I (o]
C1-Adk,, + ApsA 0.25 0.52
C2-Adk,,+ ApsA 0.21 0.40
C3-Adk,+ ApsA 0.23 0.19

[a] 9,10-diphenylanthracene# B & L 7= it aig St 7K.

[b] IR = Iexcimer/ Imonomer-

Adkin. C1 — C3-Adkyn DEEETEMEICIB VT, ApsA ZIRINT 2 & W9 & L e B
FIEEOIHI AR 57 (Figure 3 — 3 = V), ZOfEHEIEL, C1 — C3-Adkyn IZ[FIEED
CLOSED #i& kL CE Y., Cyshs & Cys169 M DL v L A& Adkpn TK
XRERIIRNT L ER LTS, 6> T, C1—C3-Adkyy DT v~ —F SR DE
WE, BERTE L U F OGS D B L Oy TR AAER (BREIRRE, Bhitd R g
IZBTAE LU AZ R 7)) ITERLTWD EB X LD,
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(@) AdK,, (b) C1-AdK,,
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o 0.64 5eq. ApSA Ps ; 0.64
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Figure 3—3-V. ApsA fEE FIZHIT D Adkn. C1 — C3-Adkyy DEEZEIETE. () Adkgn. (-) ApsA FEFFFE T,
(-) 5 eq. ApsA TF7E T, () 50 eq. ApsA 7F7E . (b) C1-AdKyn. (-) ApsA FETETE T, () 5 eq. ApsA fF1E T, (-)
50 eq. ApsA 777E T, (€) C2-Adkym. (-) ApsA FEFFAET, () 5 eq. ApsA f77E T, (-) 50 eq. ApsA 777E . (d)
C3-Adkyn. (-) ApsA FETFIE T, () 5 eq. ApsA 777E T, (-) 50 eq. ApsA TF1E F. Sl @ [C1 — C3-Adkyy] = 44
nM, [ADP] = 2 mM, [NADP] = 23 mM, [glucose] = 10 mM, [MgCl,] = 5 mM,
Hexokinase/glucose-6-phosphate dehydrogenase = 25 unit/4 mL.
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3-4. HFEFEMZ X 5ERIREBARA~R7 MEAL

Adkim Rifi EOE L O REEIREEIZIIT DM AEABER LT 5720, HE
Hl ApsA FTEFIZE T 5D UV-Vis A7 hLB L OEEE A~ 7 hVIE 21T - 7
(Figure 3—4—1, 11),

(a) C1-Adk,, (b) C2-Adk,, (c) C3-Adk,,

Normalized Absorbance
Normalized Absorbance
Normalized Absorbance

T T T T T
320 340 360
Wavelength (nm) Wavelength (nm) Wavelength (nm)

T y T T y T y T
320 340 320 340 360

Figure 3—4—1. ApsA 171E FIZH1F % C1— C3-Adkyy D UV-Vis 227 kLAY, AT R VIZAERSy
(336 nm) DOWLEEETHIRAL.  (a) C1-Adkyn. (---) ApsA FETEELLT, (=) ApsA TE(E . (b) C2-Adkim. (++-)
ApsA FEFFLELLT, (-) ApsA TEE T, (€) C3-Adkin. (---) ApsA FETEIELLT, (-) ApsA TAE T, &k ¢ [Cl—
C3-Adkim] =1 uM in 50 mM Tris-HCI (pH 7.5) at 25 °C.  [ApsA] = 0 or 50 uM.

(a) CLOSED C1-Adk,, (b) CLOSED C2-Adk,, (c) CLOSED C3-Adk,,

monomer

P

excimer

Normalized Intensity
Normalized Intensity
Normalized Intensity

0 T T T T T 0 T T T T T — 1 0 T T T T T — 1
320 340 360 320 340 360 320 340 360
Wavelength (nm) Wavelength (nm) Wavelength (nm)
Figure 3—4—11. ApsA f#1E FIZ31F % CLOSED C1 — C3-Adkyn DAL 2227 kL. AL R LIZAE

4y (336 nm) DOFRE THIMIL. (@) CLOSED Cl-Adkgy. (---) £/ ~—3HE (376 nm) TE=4 —,
() =F~—3NHE (485 nm) TE=X—. (b) CLOSED C2-Adky,. (---) &/ ~—3 N HE (377
nm) TE=F—, (-) =X ~—%NEE (485nm) TE=%—. (c) CLOSED C3-Adky,. (-++) &/ ~—
AW E (B77nm) TE=F—, () =F I ~—RNKE (485nm) TE=F—. Zff:[C1l-C3-Adky]
=180 nM in 50 mM Tris-HCI (pH 7.5) at 25 °C.  [ApsA] = 10 uM.

UV-Vis A7 FLEB X O A ~<27 M VHIEICEBW T, CLOSED Cl1-Adkgy [XTH
FrpTu—R=v 7% LTz, ZOMPIFIRATIEIDNABREDOA Y v X JIZRS
N Fh B EEALLRY =B L AT RNAY OFFEICEV T
WESNTWS, ZOZ D, 207 u— R 3 EEREICBIT AL U1
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EEx2 yﬂeym:oté%@&%z HILD, iz, UV-Vis A7 kL K OYhiEE A

X7 MRIEIZBT D X X7 EIRE (180 nM, 1 uM) #iBHIZ35\\ T OPEN C1 —
C3-Adkim @F&i’éfﬁ%7 oy M5 & WG EZ I Lambert-Beer OVEANZHES THY |
Tua—R= IR 5 (Figure 3-4 - 1), > CTARIBRISN=7 1 — K=

YIRS R B TR < 141D CLOSED Adkim Ml OB L U K

XL TWVWDHZ EERLTVAS,

(a) CLOSED C1-Adk;, (b) CLOSED C1-Adk;y,
(Abs. at peak 346 nm) (Abs. at valley 336 nm)
— » . =
e %27 Re=0999 . E o08{ R2=0999 .
g o8 . 8 006
E 0.10 ‘ § 0.04 ‘
® 005 0‘ T 002 e
4 e 8 o
< 000 T T T T T T < 0.00 T T T T T T
00 05 10 15 20 25 00 05 10 15 20 25
Concentration (uM) Concentration (uM)
(c) CLOSED C2-Adk;, (d) CLOSED C2-Adk;,
(Abs. at peak 345 nm) (Abs. at valley 336 nm)
E _--'. = .-".
g 0.12 R2 = 0.999 E 0.05 R2 = 0.998 +
2 8 004 .
T o008 e < 003 -~
§ 004 . § 0.02 .
E‘ ...-‘ E 0.01 '..--"
< 000 T T < 0.00 ¢ ——F———F——T—
00 04 08 12 18 00 04 08 12 186
Concentration (uM) Concentration (uM)
(e) CLOSED C3-Adk;, (f) CLOSED C3-Adk;,
(Abs. at peak 345 nm) (Abs. at valley 336 nm)
E _.-. E __.-.
S 0151 R2=0999 s 091 R2=0999 .
3 o0 o Z oo o
‘ué 0.05 ‘ Ef 0.02 '
o .o @ o
g OOO I '.'... T T T T g 000 I '.'..‘ T T T T
00 05 10 15 20 00 05 10 15 20
Concentration (uM) Concentration (uM)
Figure 3—4 — lIl. 21281 % OPEN C1 — C3-Adky, D 'L B H SR OWLEEE (345 or 346 nm) 5 &

V336 nm O EZE DT 1 v k. (8) CL-Adky (2331 5 346 nm OWLYEEEZE.  (b) C1-Adkyn 12331
% 336 nm OWESEEZEAL.  (¢) C2-Adkiy (ZF1F 5 345 nm OWLEEZ L. (d) C2-Adky, (2F51F 5 336 nm
DI, (e) C3-Adkyn (2331F 5 345 nm DWESEEEZAL.  (F) C3-Adkyy (ZF51) 5 336 nm DWLEEEZE
{b. &t : C1—C3-Adkyy in 50 mM Tris-HCI (pH 7.5) at 25 °C.
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—J7. C2-Adkm. C3-Adkim I C1l-Adky & LEEEL/NS 72T m— K= %R LT
(Table3—-4—1,11), ZDOfEHIZL. CLOSED C2-Adkyn. C3-Adkyn Eifi EOREIREE L
VHEALw—DHRE 2 b— 3 0% Cl-Adkyn LD BIEWZ EEARL TS, L,
B BT APaps. APexct DEIE LD . AF LU o —DMEICL Y Eflc 7o — =
YT ININE L I o TS DI TIEZAR W (C1-Adky > C3-Adkym > C2-Adkyy), A7 kb
HIERER L0 ERREEIZR W TIE, C3-Adky Ml O B L 243 1-1F C2-Adkm £V b
EEREBICBTIAXA~—ZEE L TWDHRE 2L —2a UREWNWI EDNRINT,

Table3-4-1.
AP ARINCEAUV-VisAXI ML DT r—R =7

Protein Popen @ PcLosen P! APyl
Cl-Adk,, 229 1.82 0.47
C2-Adk,, 2.48 231 0.17
C3-Adk,, 2.38 2.06 0.32

[a] Popen = AbSpear(oreny / ADSyaiiey(oren)
[b] PcrLosep = AbSyeakcLosep) / AbSyaliey(cLoseD)
[€] 4P;ps = Popen— Perosep.

Table3-4-11.
CLOSED C1 — C3-Adk 23R i A7 L D7 m— R =0
Protein P ronomer 1 Pocimer ) APyt [
C1-Adk,y, 2.34 1.69 0.65
C2-Adk,, 2.63 2.23 0.40
C3-Adk,, 2.39 1.84 0.55

[a] Pmonomer = Ipeak(OPEN) / Ivalley(OPEN)
[b] Pexcimer = Ipeak((ZLOSED) IvaIIey(CLOSED)

[C] APexcit = Pmonomer_ excimer.

Lo, —ANCEEREETHERVHEAFEH L TWDGAE, 7e—FK=7%

JCEYEZE‘/7 F BN TR EN D, UV-Vis A7 MLICBIT S5 70— K= 713,

FE M D F DILIGIZ K- TA U 238 M O BREED 3 F I Hp] L THIL 5 B4

THDH RS, 2T a— F=v 7BRBHSN D BEREY 7 B3R LW EKF &

LT, EHOHBOBBEE—AL bOI v TV U IRHFICREL 2NV ENREZD
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n5 B8 RNA NICHLAAEN-E LY PR L 77 v ¥ ooy HdEs e

VO EOBBENR S L UDEEE L TR Y . 2 ORlE R THEENTE L U EE
éhfwé%fik%@ﬁ&ﬁ/7k%rﬁﬂ;mmﬁfjv D% B TIEALT b
NDTu—R= 3R 6N =, REEY 7 MIRE R, ZhIE L U235y
THEET CTHESNTELT, LV O TORLINCL - TEBE— A O v
VT NEES>TWDHZ ENTREND, SBIOAXY NLrOT7Ta— R=V 7RG
L7 C1-Adkim. C3-Adkin IZB W T HBAE LR RIEE Y 7 PRGNV E0vE | Adkin
FHEOVL U XA ~w—DFV =T —2 g AIFEEINLTWDH DT TIERL, B

DTORLENIFIETH &R L TND,

FIRETE L UBHAFEH L TV D54, i FHAEERA BRSNS, fE-o
T UV-Vis, Bt 227 R VI ZAER L > DL ERRE COM AN 23T 5720
C1 - C3-Adkyy ® CD A7 kL ZJIE L7z (figure 3—4—1V),

(a) C1-Adk,, (b) C2-Adk,, (c) C3-Adk,,
40 40— -
_ - CLOSED _ 40
30 + . . 30 = 304
5 (+ 50 eq. ApsA) 5 CLOSED 5 97 CLOSED
5 20- S 20 (+50 eq. ApsA) £ 204 (+50eq. ApA)
5 104 § 104 \ /OPEN § 10- /OPEN
i & 2
mE 0 mE 07 " o -g’ 0F= [t ™
“C_) ) i -9 i i ., O D?O e O
P P s % 107 s
T -20- = 20 T 20
-30 T T T T -30 T T T T -30 T T T T
320 340 360 380 320 340 360 380 320 340 360 380
Wavelength (nm) Wavelength (nm) Wavelength (nm)

Figure 3—4 —1V. ApsA RN X 5 C1 - C3-Adkyy, @ CD A7 kLZ8E (310 — 390 nm). (a) C1-Adkim.
(-) ApsA TF7E T, (<) ApsA FEFEE T, (---) 1-aminomethylpyrene. (b) C2-Adkn. (=) ApsA E1E T, (=) ApsA FE
TELE T, (---) 1-aminomethylpyrene. (c) C3-Adkn. () ApsA 1E1E T, (=) ApsA FEFFETF, (-++) 1-aminomethyl-
pyrene. (d) ApsA 171E FIZEI1F 5 C1 - C3-Adky, @ CD A7 R LD #g. 54 : [protein] = 35 uM in 10
mM potassium phosphate buffer (pH 7.5), at 25 °C. [ApsA] = 0 or 1.5 mM. [1-aminomethylpyrene] = 57uM in
10 mM potassium phosphate buffer (pH 7.5) and DMSO (5v/iv%).

F9°. ApsA FEIFIE FIZH1F 5 OPEN HKHED C1 - C3-Adkm (X CD > 7 /L& R L
Too #2287 BITHER S LTV 2V 1-aminomethylpyrene [ Z5H3E 72 CD ¥ 7 /L AR &
RN EnD, BHIENTZCD v 7 EZ R EREICEMiESND Z LIk T
BRENEZLOTHDEEZLND BN 2o VT LOHEE T D & C1-Adkm
ITADa Yy PR EIRT T, U —DMEIZE Y C2-Adkg. C3-Adky 1T ED
Oy FoIRERLTZ, ZOZENE, CLELYNB Y U =031 6 L<IX 2 HEfR
TAHZETHUNRIERBIIBITAE LV OEBIBEN R D Z ERRENT,
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ApsA 171E T2 31T % CLOSED JREE TlE. C1-Adkum IZBWTHIZEZ2 CD ¥ /)b
DEIR SN, 2OV T FLOFRIL, v 7aT7FA R CHESn 0L E LY
BTORIBNTHBIENTEBY, ELroiE FHEERAZRLTNS 8 [H—
SN FF EAEH L TV DA, CD A7 MARSRTIBRNA NS
%(Figure 3-4-V),

() S-helicityZzrd B2 FHEIFA

Abs.
>

tea

[0]

[ —BDE—

-0.5 4 N
Cottonzh &

-1.0—— T —= T
350 400 450 500
Wavelength (nm)

Figure 3—4-V. i FAHEAEHRD UV-Vis 227 kL& CD A7 kL,

L2rL, L oo tLa BRBaEiEiciE 346 nm (0-0 band) & &4#E#)X ' (0-1 band, 0-2
band) 723&% %728, Figure 3—4 -V IIRTERZR T TRy T FVIBIR TR R, £
Z "C C1-Adkm D UV-Vis A7 kL% 32 Figure 3 —4 -VI (2779 CLOSED C1-Adkim
DCD T FNDEFNERE L, Ly REREFHEEERT S & &RE
RS 5728 (Figure3-4-VI(@)), #H# CD > 7Lzl EZX LD,
T, BEEMICADE —ay FUFIRMALNATHNDSZ ENnD, CL ELUIFAD
F—ay PR, EOF 3y FURREIRT S-helicity OELM AR S TWVWDH Z &
R LTCUWD,

—J5. C2-Adkum 1 ZBHE R NE AR Z R S 2o o, ZORERIE. C2-Adkm
K EOE L FITEERE TITHAEEN L T ZRnZ LR LT 5, C3-Adkim 1
CLOSEDIkfEA & 2 Z L TCD ¥ 7/ AR L TW AN FHAEMERIZR A
VN, $E- T, CLOSED C3-Adkim IE C1-Adkim & HfE L, B L [ LD AR ECIRREIZ
BT DHEAFEMITIHWS, CD 7 FMIR LN TWD T, HAOT X/ o2
(&0, Adkn i EO C3 BV VEBROEEINEIHZZ T TND I ENEX6ND,
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(@) UV-vis 0-0 band
0-2
(7]
0
<L
1
1
—_ \
=  0.00 =% \ -
— \ V4
\ /4
\ /4
\ /]
v 7
|
300

W/
T T 1
320 340 360
Wavelength (nm)

Figure 3 — 4 — V1.

C1-Adky, @ UV-Vis A7 K UZHS L | il 7H E/ER OET L.
C1-Adkyy, D UV-Vis A7 MLV R OETE SN 5 FBIEEV N RO T BE/ERICHE D AT R LsyEd
(b) #87E &4 % CLOSED C1-AdKy, DEHEZ: CD A7 kL,

(a) CLOSED
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3-5. Cl1-Adkum ® CLOSED IRERIZ T 2 i Al EARyT

ERARIBIZR T 5 A~ FVHIE & Y CLOSED C1-Adkyy F1fil LD 'L 1
KIRRIETH A ~—Z R L TWD 2 EAIRENT, ¥R ERE BB IT5E L
2oy O EAEH 2SI HERR T 5 72, CLOSED C1-Adktm O S A& S fEAT &
i L7=, Figure 3 =5 — 1 |2/ i 6E 2.8 A 123315 % CLOSED C1-Adkyy DOl il 2 774,

Figure 3 — 5 — I. CLOSED Cl-Adkum Dffifbi#iE (47fifHE 2.8 A). (a) CLOSED C1-Adkum (green) &
CLOSED wild-type Adk (PDB: 1AKE, orange) M EafbHWAEiE.  (b) 1EAfi L 2 &80 Dk K.
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CLOSED C1-Adky, & CLOSED wild-type Adk (PDB: 1AKE) ZER&HED &,
root-mean-squire (RMS) (£ 0.56 A T&H ¥ 2 SOREEIZHHLI L Tz, BAiE L 134
VORI IERETENICH LN D T L e XU ERE LI L UBE LR TEST LR
Y5, £/2. Lo MERET 3.7 A THY . Adkpn Kl ETE LS FIZBA
VMNZAH »F 7 LTS D & DRGSR S vz,

Effie L B0 oyERK (Figure 3-5—1 (b)) TiX. Cyss5 (ZEAfiSN T\ 5HE
Lot T R ROANE = VRS & Lys166 OIEHT 2 >, Cysss O EFH I LR =L
KEFRES L, Cysle9 ITEMENTWAE L T T 2 ROALR=/L L GInl73 DI
$H7 X . Glul70 DAAEE I VAR = )L AKFEREG LT\ D, £z, Cysbh IZEAT S 7z
B LU O ERIT Lys166 OISHNTFE L, B L B E OREL 2.9 A © CH-n fHA/EH
NhoEHohD, ZNWOOMBERNZ 7 EFRE ETOE L VEREIEOAH
JIWIZHBELTNWDLEZEZOND, MmfEL D Cl B Lol ke <mtatn
720N, ZAUE CD AR MURER L —HPE L TWDH 23, 2.8 A O fRREICE VT Y
VORI AR T D 2 LT LV, Eo, ERRICHAEEICB VT CL B L
VAR INATHW NS LT, WRF TIID FORLEDRH H72H CD A7 |
LTI CL B L 0 S-helicity 2/ R L7 & E 2 b D,

Figure 3—5— 112 & L > 45 1-2MEff & TV D AMPhd (51 — 58), LID domain (162
—~174) ORERTE/R LIz, &7 2 BIZOWVWT, BERFRAEWVIEEZDT 2/ #E
OIEEMENE < . IERFMEVIE CEEMEMEVWZ L AR LTV D,

(@) (b)
o 809 K50 o 904 R165

=< =L

g ~ K162 K166 Q173

5 g0 M53 D54 AB5C K57 5 804

8 158 & 70

g 404 g 60

§ 204 g 50+ M174
£ £ 40 T163 H172

[} @

= 0 T T T T = T T T T T T T

50 52 54 56 58 162 164 166 168 170 172 174
Number of residues Number of residues
Figure 3—5—11. C1-Adky. wild type Adk DR EEK - (a) CLOSED C1-Adky @ AMPhd (51 —58) IZ)@

T5HT R BB  OIREEIR 7. (b) LID domain (162 — 174) (2@ 32 7 2/ BRRIEEER 2y ORI -
(-) wild type Adk (PDB: 1AKE), (-) CLOSED C1-Adkp.
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AMPbd @7 2 BRISHDIEE R F 2B\ T, &7 2/ BRAIEE O IR FEIK - | B 72
EWIR N2>z (Figure3-5-11(a)), ZAuiE, ASSC IZEA SN TWHE L
DTOT7LF e YT 4 —F, Figure3-5-1(0b) IZRTCIEL>OT I REoT
LB OKBRERIZL o THHI SN TWA ZENRKRDO—D2THD EEZ LI
%, LID domain @7 X / FRMRISH DR LK F 23T, V169C OAHIEH oD I L [K] -1 A
DT I EREHE LR LTS, ZORIKNE LTVIEIC IZEASIN-CLE L
YOT7LFR YT 4 —=RNEEL TS EEZX BN, wildtyp Adk (PDB: 1AKE) 35
57 2 L R165, K166, E170, Q173 XA E WIRER FE2 R LI — .
CLOSED Cl-Adkm TIEENLOT I JERIFMMO T X/ BB OWREER 1 & B 72 E WX
.57z, R165 13 wild typ Adk & CLOSED C1-Adkim (23T, 2B E A K& <
FLTELT, KFEMELTNDT I VRO LE/LL T2, R165 DR
FERF DT OJFRRIZA & 23 TidZesvy, LAL K166, E170, Q173 1L CLEL DT
I NEOKRFEFHAEICEHAELTWEL T I JBETHY . ZOKRFEHBEITHED T I/ BRI
DEFERZNGOT IV BORERFOMENZFE L TWDHEBZ 6D,

UV-Vis 18 X OV 27 kL& CLOSED C1-Adkyn O i i & J"‘{&EPU)
C2-Adkim. C3-Adkm il OB L 53 F-Ofdm 2 HEH 3 5 & (Figure 3 — 5 — 111),
RIS vV orAZ X 7 %mR7 Cl-Adkgn O ATF LU o —% 1 }”—JLK
2-Adkin T, LU RAZ X ITNRTH, SHICAFLYY U I—0BHELEL
C3-Adkiy TlE, Cl-Adkpn Kl OV L U BEDOmE (L UENAE TAZ v 7)) N
KEEL (L VBBt E CAZ v 7)) BV UVBRRAILEPFHIMHAERA L THWHET L
MEZHND,

C1-Adk,, C2-Adky, C3-Adk,,

@G@ ’ GIn173 OY\/GInWs { \
/_F&N*NH ,f G@ N\ '% ‘,@@ OY\/GInﬂS

4 $ 3 T
. O\ 27 2_ i @ " NH -"'20
Q’N& @HsN/\/\Lys166 S @H3N Lysme w s/_% 270 %s
=0 W‘NH o \ s
o

HN, wNH 0 @\HSN/V\L 5166
Cys169 HN“ Cys169 HN;N§=°" ’ :N>H_<\o
Cys55 Cysb55 % Cys169
Cysbhb

Figure 3 —5—I11. UV-Vis, filift A7 kL35 X TN CLOSED C1-AdKyy Dl % FEIZHER S 2 o
C2-Adky. C3-Adkn 1l EOE L A% v %7 (@) CLOSED Cl-Adky, DfEsufEE &6z e
Ly AH X7 (b) C2-Adkn il EOE L 2% %7 () C3-Adkp Eli OB L VA X v %
N
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3-6. Cl-C3-Adkem D HKHM

Adky R EOE LU FDARL X 7 E— ROBE LD B L ORN &G
T 57, KRS — 6 FHAIEE (time-correlated single photon counting, TCSPC) %
W CHOEIEERIE 217 > 72, OPEN C1 — C3-Adkiy D/ ~—3% (396 nm) DI
% Figure 3—6—1 (2779, Table 3 —6— 1 lZJE MR B RO -AOEFmE2RT,

(@) C1-Adk,, (b) C2-Adk,, (c) C3-Adk,,
5 20 5 207 5 20-
2 » EE | 2
k] 0 5 0 e s B O o
4] 4 4]
® 20 ¥ _20- @ -20-
2 40 2 40° T 10°
@ @ b
@ =) =)
Ee) o Ke)
@ 107 @ 10° » 10"
o = c
3 =1 3
2 2 5]
(&) [&] (8]
10" 4 T T T T T 1 10" T T T T T 1 10 T T T T T 1
0 100 200 300 0 100 200 300 0 100 200 300
Time (ns) Time (ns) Time (ns)

Figure 3—6—1. OPEN C1 — C3-Adky, @ 396 nm (Z351F B0t ER. (@) C1-Adky.  (b) C2-Adkgn.
(c) C3-Adkyn. 5514 :[C1 — C3-AdKyy] = 1 UM in 50 mM Tris-HCI (pH 7.5) at 25 °C. ke = 375 nm with pulsed
laser with full width at half maximum (FWHM) of 64 ps.

Table 3—6 — 1. OPEN C1 — C3-Adk,,»# K # 1 (396 nmTE = & —)

Protein E ((ﬁg’)EN) T2 ((ﬁg)EN) *
Cl-Adk,, 9.93 (0.67) 163 (0.33) 1.04
C2-Adk,, 10.0 (0.67) 159 (0.33) 1.02
C3-Adk,, 9.83 (0.55) 140 (0.45) 1.10

/% ¢ [C1-C3-AdK,,] =1 uM in 50 mM Tris-HCI (pH 7.5) at 25 °C
under a N, atmosphere. 535y« 3[EIAIE O FHIE. KRN OBl
AL U7 B IR 7

OPEN C1 - C3-Adkm @ 396 nm (2331} % w8z 1% double exponential T~ ot » 7
€T EN, ELURRRORREMISY (n) BMELR Y F, U —0E
12X R AEBES R 57 (CL-Adky > C2-Adkiy > C3-Adkin), = DJFIK D —
DELT, BV rED7 LB T 0 —0O EFICHE O BHRH JEIC L D80k
DI TFREELTND EEZBD, F72, OPEN Cl - C3-Adkm (28 TR m
O BB SN, IR W T Ry o e B S L JRIA & L
Cyss5 & Cys169 JENICIEEMAEHONT=T 2 VBB HFMELTEY, LR EET
2 ROBBMOMEMETC LD 7 20 FRnEZ 515 ¥ (Figure 3—6—11),
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Ala55Cys

l/\
£ Val169Cys
v

Figure 3—6—11. Cys55 JH3iZJ® Lys57. Cys169 &3 ™ Lys166.

CLOSED C1 - C3-Adkn D= o ~—F& (485 nm) DJEE % Figure 3—6— 111

<9, Table3—6— I [ZIHEMBEN O RO T-HEALFMERT,
(a) C1-Adk,, (b) C2-Adk,, (c) C3-Adk,,

% 20+ % 20q = 20+
. 2 . 2 oLlm
I Q- o B 0 —pitnnye e = 0
3] )] [}
© _20- © _20- x
3 10" 2 10" )
? ? @
[=2] [=)] {=2]
L o o
= 10° = 10 2
c c c
> 3 3
=] o] Q
&) &} [&]
10" T T T 101 T T T 101 T T T
0 50 100 150 0 50 100 150 0 50 100 150
Time (ns) Time (ns) Time (ns)
Figure 3 — 6 — I1l. CLOSED C1 — C3-Adki, ® 485 nm (28T a0tz (@) C1-Adkm. (D)

C2-AdKy.  (¢) C3-Adkyn. 554 : [C1 - C3-Adkyn] = 1 UM in 50 mM Tris-HCI (pH 7.5) at 25 °C. [ApsA] = 50
MUM. A = 375 nm with pulsed laser with full width at half maximum (FWHM) of 64 ps.

Table 3—6— 1. CLOSED C1 — C3-Adk,, > # :# i (485 nmCE = & —)

Protein T (((:rI;(S))SED) T2 (((IrI;(S))SED) T ((Crl]_é))SED) T3 (C(ZrI;S)SED) 7
Cl-Adkm (3:421% (3,05';1) (g.lég) 0.92
coade, 25 89 os
C3-Adk;,, (ggg) ((5)843) 1.01

A ¢ [C1 - C3-AdK,y,] =1 UM in 50 mM Tris-HCI (pH 7.5) at 25 °C with 50 UM ApsA under
a N, atmosphere. 776 « S[EIHIE O, FEINA OB AT AL L 7 S K -
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C1-Adkyn DI 1T triple exponential, C2-Adkim. C3-Adkim (% double exponential
TT7 4T 427 S, Cl-C3-Adkim! i%“ﬁ nEk sy (1), BFEMKD (12, 12, 13) &
RLTc, ZZTHRLONDEHMmEEHFMETIL, MEOE L AMEMfiR Y v—r L
{8 RNA OFRICH B D & D12, Eﬁé\ﬁk I sandwich Bl DO L o 2 A = —2 5D
S P S S i1 5) 0 partlally stacking D XA ~—nEHDOFRFITERT D EEZ BN
% 2899 9495 485 nm 23S DA MK 1L, OPEN RAED 396 nm D HEFHAIC LS
NT=FME D L D BB D7T 2 /B (Lysss, Lys166) & OFHAAEHOREL & F
NTWAHREEMENH S, LoxL., CLOSED Cl-Adky OfifabtEiE L ¥ Lysl166 (L& L
DT I REL & KFERES L. TR O CLOSED #i& 238\ T, Lys57 & Glul70 234
*ﬁ%ﬁ/ﬁk LTWDZERMESNTWD ", it > T 485 nm (CLOSED Ikfg) i Fn
%5y Z partially stacking H=F >~ —IC X A5 D THDH EHEZ BN DH, partially
stackmg MO ¥ v~ —{F sandwich Bl =% o~ — L g U, EE AR LMK Z 4
$% %% 22T 450 nm O (Figure 3 — 6 — IV) 2 HHEtHEMmE RS &
(Table 3—6—111), 450 nm (ZF1F 5 11 OFIEIE. 485 nm D EE (Table3-6-11) X

D HHEEK LT, 6> T 485 nm, 450 nm (28 1) B FHmEksy (t1) (X partially stacking
@@7w—v7%I%vv—#%@%ﬁﬁiﬁ%?%é_&ﬁ%i%ﬂéo

(a) C1-Adk,,, (b) C2-Adk,, (c) C3-Adk,,
% 201 w 207 % 204
g 1. : LU 2 ol
2 0 - - 2 0 e = 04
Q 9] o}
® 20- o -20- 12
2 10° ® 10° 7 5
o Q Q
w (o] w
g g g
@ 10° 2 10° 0
c c [=
3 3 =1
o] S] o
O [&] o
10" T T T 10 T T T 10" T T T
0 50 100 150 0 50 100 150 0 50 100 150
Time (ns) Time (ns) Time (ns)

Figure 3 — 6 — IV. CLOSED C1 — C3-Adkiy, @ 450 nm (Z31F 2806, @) Cl-Adkm.  (b)
C2-AdKy.  (€) C3-Adkyn. 554 : [C1 - C3-AdKyn] = 1 UM in 50 mM Tris-HCI (pH 7.5) at 25 °C. [ApsA] = 50
MM. e = 375 nm with pulsed laser with full width at half maximum (FWHM) of 64 ps.
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Table 3— 6 — I1l. CLOSED C1 — C3-Adk,, D Yt 5y (450 nmTE = & —)

Protein T (%ﬁg)s,ED) T, (((:rI;(SD)SED) Ty (Eirl]_SO)SED) T3 (C(ZrI;(S))SED) 2
Cl-Adk (gigg) (8.62'2) (g.zicl)) 0.90
coad, L3 B4 o
cond, 0% 02 g

& : [C1-C3-AdK,,] =1 uM in 50 mM Tris-HCI (pH 7.5) at 25 °C with 50 uM ApA under a
N, atmosphere. #t : 3MIHITE O LA, FEINA OB I T F R AL L 72 B IR 7~

AF LU —DMEIZLD 1 DO RO EH (C1-Adkm (0.27) < C2-Adkim
(0.49) < C3-Adky (0.60)) 2AE. Sz, Z DfEFIL, Cl — C3 B L DOREIERYZLA A
sandwich B! =% o~ — DRI EEZ 52 TWDH Z L2 REB LTS, TDO—D2 L L
T, OPEN C1 — C3-Adkyy D FE A 1, DK I L U CLOSED C1 — C3-Adkyn O HO &
TULHE (Table 3-3 1) OFERNPLTREINLIE LY GFOT7 X BT 4 —0F
2 bbb,

BHFMETIZERT S &, CLl-Adkn 1T 72< &6 2157 (o, 2) AET D &%
R UTZ, FREBICRE 728N 720 28, CLOSED C1-Adky, @ 485 nm D %
double exponential T7 ¢ v 7 1 V&R LD L BRFFFEIRORANSHE KL, BRIk
T4 T A THBRBIE SR (> 1.1), §iE- T triple exponential TH 7 4 v T 4
VINRETHD, TS 2 D057 Figure 3 -6 -V (2779 X 9 72 twisted sandwich
A% LN parallel sandwich D =% o ~—nBHllSh Wb eEz6NnD Y, —F
C2-Adkn. C3-Adkyy DEFMKD (13) 1L 1 KD TT7 4 v T 47 &N, ZOKKE
D—2L LTERODY U H—DHMEICLAE LS TFDT LI E YT 0 —0 E5
L. AK 2D DOEFMBEYMNIFEL TV E LThH, 1D OHNMD & LTEY
fEEnTnDZENEZLND,
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(a) Twisted sandwich (a) Parallel sandwich

Figure 3-6-V. B L A¥ »X 7 OfLM. (a) twisted sandwich =% 2 ~—. (b) parallel sandwich
Br~—.

UV-Vis, it A7 FAEB LU CD A7 FL LD C2-Adkn KIFID 'L 25 F
FHEERETAZ X 7 LT RNI L ZRLTRY, FeithFanbyr sy
FO7 XY T 4 —IZB5-79 % partially stacking =% < —DFHENRRKE A
%, ZILHORERIT C2-Adky O =% v~ —IZ 35T dynamic excimer D %7 523K
% Z L &R LTS, dynamic excimer (XEDECEEIZIB W TV AN #H = % o~ —
O ERN VBRSNS, Lol C2-Adkm DTF U~ —FHLIZBNTZED LD
TN D ER D xR Sz h o7 (Figure 3 -6 - VI, B LSRR Y <—0D%
TlZ dynamic excimer BB SN TV AR ¥ R ~—F#HO 7L XL EVT 4 —D
B8 5-1, dynamic exciemr OERICEHE S L TWD B2 b5, LrL, ARTIHI Y
v Figa-~Y v 7 2R Lo =3B M TR, Eldb b CoEai Lz
T2 BEALICE L U RNMERMI STV DD, X U —ERNIEFICE L, Ao
HOLHE DR TITBLAI TE 2ol bBEZ b D,

INILRSE
- C1-Adk,,
_ - C2-Adk,,
- - C3-Adk,,
Q
w
o
o
@
[
3
Q
Qo
I I 1 I 1
0 100 200 300 400 500
Time (ps)

Figure 3—6—VI. FERFRIGEEIZ 31 2 2Ot M#. 54 : [C1 - C3-Adkym] = 1 M in 50 mM Tris-HCI
(pH 7.5) at 25 °C. [ApsA] =50 UM.  Aex = 375 nm with pulsed laser with full width at half maximum (FWHM)
of 64 ps.

AF L) o —OMEIZL D partially stacking Bl %o ~—DHGENRKE L
HTEMNL, C3ELYOT7LHXIEYT 4 —OEHIZE Y partially stacking =2
V=L E LT v ~OFEEMEET D720 ERIREBEOLA Lz
TAF LU =R X o~ —FNRE MR T2 LIRS D,
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3-7. Cl-C3-AdKnm REIZBIT ALV HFDARF vF v TE—F
- C1-Adkim

CLOSED fRHED &° L &R Adkim H'. CL-AdKim IZB W Tl b BV T v~ —%
FFREE B S 7z (Figure 3—3-1V), ZHUE ApsA & DFEAIZ L 0 . Cl-Adkyy 1
FEOE VYRR A~v—Z KL TSI &R LTS, CLOSED C1 -
C3-Adkyy DEFIREEA T FVAIEIZIBV T, C1-Adkm 238 H K X 72 APy (Table 3 —
4-1), APecit (Table3-4—11) Z/RL. CD A~XZ7 kL (Figure3—4—1V) (28 TJib
A AEIER 278 L2 Z &35 CLOSED C1-Adkey 21 D B’ L >4y T I3 FL IR IE TH
HAEH L TWAZ E &R LTW5D, £7-. CLOSED C1-Adky, O ffidntiE (Figure 3 -5
1) IO X URIEEFERECELVVRELNRAY v 7 LTz, LavL, UV-Vis, il
AR FZB W T ILaBRICHRT 2NN ROEREY 7 PR LR E
EMMDB, EL )/ 77 R RNABAE L U ORRIZ, CLE L OEIE NI lE SR
TWHDITTIERSE LY FORLENRSH H Z L 2R LT 5, Cl-Adkm D 485 nm
DEEFMm LV | partially stacking 4 A ~—IZiENT 25 u 35 o, DT OEL X
(ZEKF 5 2 20 sandwich =% 2~ — (1. 10) DBUIS N2 LB % (Table 3 -
6 — ), BEFIZBWTE LUV TORLERHDLZ EEZRLTWND, LrL, CD
AT NVCHEE AR EERARR LN E N DREERETE LU FHAEER L T
B #mAEFEMIBWTE LV UNEFIZAZ v 7 LT3 sandwich iz % o< —R 3%
I THAZ ENRINT-2 G, Cl LR ~—3E Istatic excimer]
I DFE LGN RE N LARENT,
- C2-Adkim

CLOSED C2-Adkim 1% UV-Vis 3 X Ot 22 kL (Table3-4—1, 1) 2B\ T
Kb/NSRTu— K= T ERLEZENS, BEREBICBITAEL VA A ~—DR
Fal—3a IRV EFIRTE 5, £72.CD A7 hJLIZE VT CLOSED C2-Adkim
5NV 7 vE R LT (Figure 3—4—1V), 5T, AF LU U I—DHEIZE
L70FE )T 4 —FEOMENER DRI REEREBE L XA~ — DBk &
LTS EFZZ BNDH, 485 nm OEEBERAIMR G | B © 1 DEERITA
FL U —OMEICEN ER L TEY (C1-Adky < C2-Adkg, < C3-Adkyn)(Table 3
—6—11), ZiuiZ partially stacking O =~ —3 KL TWHZ AR LTV,
OPEN C1 — C3-Adke @ 396 M DI BN T, AF Lo U o fy— OB e B
¥t M L (Table 3 -6 — 1), CLOSED C1 — C3-Adkyy D48 B - RIZ BT,
C2-Adkin D & UL D CL-Adkyy & FLEE LKW Z E05 (Table3-3-1), AF L2V
VH—EHBELEELUSFDT LR E Y T 0 —7 partially stacking L~ —
FEROBERO—2LEZ HiD, KEREOE L VXA ~—DEAHH ST\ b
Z D, FRIZ C2-Adkin I R B LD =% U~ —F X Tdynamic excimer | FZRKD Zr 5
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MRELROTNDH LRI TZENTES, LAL 485 nm OEEHEZ AR 1,
T R II I m e DS D B 0 IIBIH S e o7, Ziuid CLOSED
WRHIZH T % B L5y T-RIERRE (Cys55 — Cys169) 728 43I LTV S 72, /UL A
JE O H-AENE 64 ps LIND FNKEI A 7 — L TEF o~ —RNER SN TNDH Z L RE X
bhvd,

.C3-Adkim

C2ELUMLEGIZIRLE C3ELUA2HAT 5 C3-Adkm 1%, MR
FzEEh % 7k L7z, UV-Vis 38 KOl A= 27 K /LZ8 T CLOSED C1-Adky & b L
INE 7T a— R=0 7 %R L7223, CLOSED C2-Adkyy KW b K& 7 m— K= 70
RoN7- (Table3—4—1,11), it~ T, C3E L (X C2 B L & kil LALJRIRAEE L
VHEA DR 2 L= a VY NEWNWIENBIONDIN, Te— =T DR TR
ZOMBEERARENEONE I NI ARHBTH S, LovL, 'La BRICH KT 5 I
NUROEREY 7 FRALGNRNZ G, L - LV UMAERITTN & TH
b, CD A7 hLClE CLOSED C3-Adkim IE C2-Adkyn £V & K& e 7Lk
B L7z (Figure3—4—1V), ft-> CTREEIRIETIZ, C3 VL OIEFNEE 21T
TWHIZEMEBEZLND, L LBERMEFHAEFERARR LR D, UV-Vis,
e 27 FLOFER LA E,. C3E LV OEEREICBITA A vy XL CL Y
LR b5n IR T 5,

485 nm DH IR iR 2> 5 1% partially stacking =% v~ — (1) OFLGRE L
AERHT Adkyn O H TR K&V, £72. 396 nm DOHOEHEEE R B SN D HOEHE
i 12 7% C1-Adkym. C2-Adkim & HEEZ LA LTV D Z &6, BhiEREETIZC3I B L v
D7LHFEVT 4 —NREVEHERISND, ZO/RRIL, UV-Vis, il 2~2 ~L
Mool 7e— R=270NEs & Eie s (Cl-Adkm > C3-Adkim > C2-Adkim), L 7>
LEEIRBBIZR 1T D C3 B Ly DAY v X U ZIFHFHNZ L b, FhEREETIX C3 &
L7 bxF e )T 4 —OERPRH L THATND EEZBND,

2 &S (Figure 3 —2 — 1), {EMEHIE (Figure 3 -2 - IV), BEEIEMEIZ T D ApsA
I X B EZE) (Figure3-3-V) KL V., Cl—C3-Adky, (FFEEL> CLOSED ##i % Rk
LTWDN, ZOTX I ~—3NMERS L ORI L o idEic Ly k&<
Bilb Uiz, itoTE LT a—TDFxo~—REEFIHL, ¥ XIEDRAAL
FIEEE D L IXZ VT B H A F 7 AL D RAAL OB DB, EHIR
RO X o~ —FIBE DA Th L | EFIRER X O S tlEZ 7 vt > b
TATWAEEIREE S L OB ERREICB I A B L U A X v X U V2 EET 5 2 L N HE
T D,
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3-8. L UEH Adkm DRI IIT B Mg” B

T T VRS RIS SIS A T 5 8, BERSUSH Mgt IR ISR
T 52 ENOERICIIMETTHD MPZDNKETH S 0 KRR TIE AMP 23
ATP (TREEEZ4T 9 73, Mg¥Hs ATP @ B-K% U8 y-phosphate (Z#54 L. BT %
phosphate O T-HIRFE 2 F1 & 1F % %%, Mo* (71E T | BERBUR OERIRIBICIT O ek
T C1 - C3-Adkiy DEIE A LD B A HL B 7~ (Figure 3— 8- 1),

(a) C1-Adk,, (b) C2-Adk,, (c) C3-Adk,,
8000 8000 8000
= OPEN = OPEN =
@ 60004 & 6000 & 6000 OPEN
£ £ £
] + ApsA @ @
8 ] + ApsA o +ApsA
§ 4000+ + ApsA § 4000 + Ap.A g 40007 +ApsA
E +MgC|2 E + MgC|2 @ +MgC|2
[=] [=] [=]
3 2000+ Increase S 20004 . 3 2000 .
w w No increase L No increase
0 T T 1 1 1 0 T T T 1 1 U -
400 450 500 550 600 400 450 500 550 600 400 450 500 550 600
Wavelength (nm) Wavelength (nm) Wavelength (nm)

Figure 3—8—1. ApsA.MgCl, 7RIz X % C1 — C3-Adky, DAY hVZE{L.  (a) C1-AdKyn, (-) ApsA
FEFETET, (<) 10 uM ApsATETE T, (=) 10 pM ApsA, MgCLF7E . (b) C2-Adkyn, (=) ApsAFETETE T, (-) 10
UM ApsA 1F1E T, (---) 10 uM ApsA, MgClL 777E . (€) C3-AdKyn, () ApsA FEFFLE T, (<) 10 uM ApsA 177E
T, (-++) 10 uM ApsA, MgCl, T77E . &1 : [C1 — C3-AdKyy] = 180 nM in 50 mM Tris-HCI (pH 7.5) at 25 °C.
[ApsA] =0 or 10 uM. [MgCIl;] =00or 5 mM. e = 346 nm for C1-AdKyy,, 345 nm for C2-Adk;, and C3-AdKqy,.
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Mg>* 77/£ . CLOSED Cl-Adkum I3 H 725 =% v~ —FHHEDH K E R LT,
ZOFKED oL LT Mg DOHFEIZL > TELVBRORBNEL LTS Z ENE
255, LaL, UV-Vis BLOEIE A7 hLTliE, MgZ DAFEIZ L > TR

MUTIEE A EBLE RS 22 o T2 (Figure 3-8 — 11, 111),
(a) CLOSED C1-Adk,, (b) CLOSED C1-Adk,y, (c) CLOSED C1-Adk,,
(—)—Mg* (—)—Mg* (=) - Mg*
§ 24 () + Mg § 24 () +Mg> § 24 )+ Mg
E E E
8 8 8 17
[] [] []
E E E
2 2 2
0 T T 1 0 T T 1 0 T

T T T T T T T T T T
320 340 360 320 340 360 320 340 360

Wavelength (nm) Wavelength (nm) Wavelength (nm)
Figure 3—8—11. MgClLf#7E FiZ331F %5 CLOSED C1 — C3-Adkin @ UV-Vis 2 X7 Rk LZE(b. A2 L

ISy (336 nm) OWOLIETHIEL. (@) Cl-Adkm () METIEAFAET, () M*FET. (D)
C2-AdKim, (-) MO IEMFTET, () MEZAFETF.  (c) C3-AdKim, (-) MO*'FEAFIET, () MgZfFIET. &
4 : [C1 - C3-Adkyn] = 1 UM in 50 mM Tris-HCI (pH 7.5) at 25 °C. [ApsA] = 50 uM. [MgCl,] = 0 or 5 mM.

(a) CLOSED C1-Adk,, (b) CLOSED C2-Adk,, (c) CLOSED C3-Adk,,,
with Mg?2* with Mg+ with Mg?*
5. (—) 376 nm 94 (—) 376 nm f 5 (—) 376 nm

= (---) 485 nm = (---) 485 nm = (---) 485 nm

8 11 5 14 8 11

£ E £

2 2 2
0 T T T T T K 0 T T T T T K 0 T T T T T

320 340 360 320 340 360 320 340 360
Wavelength (nm) Wavelength (nm) Wavelength (nm)
Figure 3 — 8 — Ill. MgCl, f#7£ FIZ31F 5 CLOSED C1 — C3-Adky, DJib 222 kL. (a) CLOSED

C1-Adk;, with MgCl,, (-) €/ ~—%XEE (376 nm) TE=4—, (--) =F o ~—FNIE K (485 nm)
TE=%—. (b) CLOSED C2-Adky, with MgCl,, () &/ ~—3):E (377nm) TE=F—, () =F
v —3EE (485 nm) TE =4 —. (c) CLOSED C3-Adky, with MgCl,, (-) &/ ~—& X E (377
nm) CTE=H—, () THF~—F N E (485 nm) TE=F—. 5t : [C1 - C3-Adky] = 180 nM in
50 mM Tris-HCI (pH 7.5) at 25 °C. [ApsA] = 10 M. [MgCl,] = 5 mM.

ZORRLD . MTTEETIZE W TH, BEREO Y L v 2 A ~—JER O RN AL
LTWARWEEZ BN, MgZFEE TIZEIT % 485 nm OGN S5 6N 5
HHFEM L MO HEFETICB T 2 ERB L OEO-R LB LIFEACELT
VRV (Figure 3-8 —1V)(Table 3-8-1),
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CLOSED C1-Adkyy, with MgCl,.

(a) C1-Adk,,

2014
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(b) C2-AdK,,
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(c) C3-Adk,,
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Q
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Table 3 — 8 — I. Mg?*f£1E F1Z351F 5 CLOSED C1 — C3-Adk,, /i iy (485 nmTE = % —)

Figure 3-8—IV. MgCl, f#7E FIZ#51} % CLOSED C1 — C3-Adkyn ? 485 nm (2331 5 B I8 Hi 4R,
(b) CLOSED C2-Adk;, with MgCl,.
24 : [C1 - C3-AdKyy] = 1 UM in 50 mM Tris-HCI (pH 7.5) at 25 °C. [ApsA] = 50 uM. [MgCl,] =5 mMM. e
= 375 nm with pulsed laser with full width at half maximum (FWHM) of 64 ps.

(c) CLOSED C3-Adk:m with MgCl,.

T1 (CLOSED)

12 (CLOSED)

T2 (cLosED) T3 (CLOSED)

2

Protein (ns) (ns) (ns) (ns) X
. 3.41 40.4 81.3
2+
Without Mg (0.27) (0.53) (0.20) 0.92
Cl-Adk 3.20 40.0 79.9
. " . . .
With Mg (0.25) (0.54) (0.21) 0.88
. 281 68.9
2+
Without Mg (0.49) (0.51) 0.92
Ca-Adk 2.92 69.5
. y . .
With Mg 050 048 0%
. 2.35 58.2
2+
Without Mg (0.60) (0.40) 1.01
C3-Adki 2.68 56.7
. N . .
With Mg 062) osg 0

41 ¢ [C1-C3-AdK,,] =1 uM in 50 mM Tris-HCI (pH 7.5) at 25 °C with 50 uM Ap:A, 5 mM MgCl, under a
N, atmosphere. & t5fn « 3[EIHIGE O F-EIE. FHINN O EUE I THAEAL L 7o S K 7.

INHDORER LY Cl-Adkyn DHENEARY FVIZR BT M2 DR R, Bt L

VDARE F T NIRRT D ENKTHEREEICE IS O T

ST,
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Mg?* FEAEAE T (E1E FICB T D ApsA TRIMNCEE 9 Cl-Adkyn DE / = —B L V=%
v — TR A ApsA TEEICKI LT ey kL= (Figure 3—8-V), Mg*f#1E FIZ
BNTH ApsA D EFITHE- T CL-Adkn 1E = ~—F a2 R LTz,

(a) C1-Adk,, (b) C1-Adk,, + Mg2*

. P [ | ] ]

@ ° °® ™ T g m B

£ 0109 _e®® o E 010 ‘F'.

; ® © ||

Z 0.05 * 2 0.05

2 2

L ]

[ =

< 0.00 < 0.00

5 00 5 0.0

:

g 02 e -02

= ® 2 04

5 4@ 5 0

2 064 % Z 06

E} ... ® cICJ -08 ..

E 8 ®e o o E : Sl mEmm m ®m

< ' T < f T T T T 1
8 8

0 2 4 6 10 0 2 4 6 10

ApA (M) ApgA (M)

Figure 3 — 8 — V. Mg FEfF1E T, fA(E FICHBIT % ApsA 2595 Cl-Adky, DEOEIREZE L. (a)
C1-Adkin + ApsA, @ @ XU~ —3KREL L, @ : T/ ~—FNHMEL(.  (b) CL-Adky, + ApsA +
MgCl,, M : =F T ~—FNMEL(, B : E/ ~—FLMEL(L. 5 : [Cl-Adkyy] = 180 nM in 50
mM Tris-HCI (pH 7.5) at 25 °C. [ApsA] = 0to 10 uM. [MgCl,] =0 or 5mM.  Ae =346 nm.

IRHEDT T 7 ANADE, MPPAEE FIBEFAE TIZBIT 5 ApsA OIREEER Ky %K
77, Cl-Adkyn J2E 2 [P]. ApsA BEEZ[L]& L. ApsA & #E4 L CLOSED [REZ Ak
LTCWW5 Cl-Adkpn IEFEZ[PL] &35 & fRBEEE Ky IZIRD L DIz S5,

P][L
Z 2T, Cl-Adkim & ApsA DHIHIIREE[Po. [Llo 13
[Plo=[P] + [PL] (2)
[Llo = [L] +[PL] 3

k 7L£ éo &)é?%&“ﬁ[PL]c:kxbj—éi%‘\/‘?‘_‘%ﬁ%% Fexcimer\ éf@ Cl'Adktm ZI)§ ApSA k
fEa Lzt DEVPLI =[Pl PREDOTF I~ —FN%E Fux & LT L T ZNLHDOH
FRiZ

Fexcimer _ [PL]
Fmax - [P]O (4)
TERIN, TNEEHBT DL, [PLIIZ
F_ .
[PL] _ _excimer [P]o (5)

F
LxRIhd,
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(2)= & B)FUAT D &0 [Pl

[P] _ Fmax ;mi:xcimer [P]O (6)
LREND, RQREEG)RUMATD &, [LIF
F .
[L] = [Lly = —— [Ply )
Es, )X ELEHL
K o
[PL]  [L]
(6). (6). () XEMAL,
Fmax - Fexcimer _ Kd (9)
Fexcimer [L]o - a[P]O

(OC = Fexcimer/ I:max)
[LliZxf LT, [P]/ [PL1Z 7' &> N3 5 & EMAEEZRNS LN (Figure 3 - 8 - VI (a),
€). ./ ~—RN b FRRICEMESRNE G (Figure 3-8-VI (b), (d))., & DOfH X
Mo Kz RES -7z,

(a) Excimer without Mg2* (b) Monomer without Mg?*
@ 5
51 Kg=0.388pM 7 K, = 0.380 uM
4] R?=0.999 44 R2=0.998
T 3- T 3
L2 . B2 e
14 o~ 14 o
o-/. 04
1414 1/1L
(c) Excimer with Mg?* (d) Monomer with Mg?*
.o 2.5 o
2571 Kg=0.205uM 20] Kg=0184puM
— 204 R?=0.999 .~ R2=0.999 -
o 154 1.5
& 10- . 1.0 »
054 & 054 @
00 004
1/1L) 1714

Figure 3—8 —VI. ApsA JEEEIZ% 95 CL-Adkyy, DHETREE AL B 3K oD 7= ff £ 2 Ky,

Mg* E1E T, Kd 1% Mg FEEIE T & el LK 2 38 LT\ 5, 2t Mg n
ApsA L a7 Ly 7 AZET 5 Z &8 L 5 T CL-Adkn & DFEE MR 72> TV D
CENFEREEZOND, D ENS, MgPOFEEZ L 5T Adkn & ApsA & O
FtEN FR L TWAZ ENEZBIDD, Cl — C3-Adkin @ CLOSED fRAED A7 |
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ST, AT SAVEALBERIT DIRED ApsA Z W TWD Z En D, Tx v —3
IR D2 KIE CLOSED SREEDRE 2 L— a7 MAERFERTH S LITE %
DB,

ApsA 1775 T, CLOSED C1 — C3-Adki @ CD A2 kM LZHWNT, Mg? &2 @i
% Z & T CL-Adkyn (T BEE 72 A7 S VD % 7~k L= (Figure 3-8 - VII),

(a) C1-Adk,, (b) C2-Adk, (c) C3-Adk;,
40+ 40+ 40 -
vg 30 —g 30 {o‘ 30  ADA
p
£ 20 £ 201 . AA £ 20- ° /"'ApsAl
g g Ps e i +MgCl,
10+ 10 10
g o 2 0 S 0
= -101 = 410 +ApsA = 10
x x x
= 20 = -20 = -20
'30 T T T T '30 T T T T '30 T T T T
320 340 360 380 320 340 360 380 320 340 360 380
Wavelength (nm) Wavelength (nm) Wavelength (nm)

Figure 3 — 8 — VII. MgCl, ¥z & % CLOSED C1 — C3-Adky, ® CD A7 )LZE4k (310 — 390 nm).
(@) C1-Adkiy. (<) ApsA TF1E T, () ApsA, MgCL 7F1E . (b) C2-AdKyn. (-) ApsA 777E T, (=) ApsA, MgCl,
F1ETF.  (€) C3-Adkyn. () ApsA 1F1E T, () ApsA, MgCL fE{EF.  4&ff : [protein] = 35 uM in 10 mM
potassium phosphate buffer (pH 7.5), at 25 °C. [ApsA] = 1.5 mM. [MgCl,] =5 mM.

Z OFERIE, Mg?EFE FIZB\W T CLOSED HREED &# L {7 HEEDE L vy F DR
MRZELLTNDZ EZRLTWD, i FAEAEERIIE L V0 F0EBE— A2 b
DWEMERIZE > TEL D20, BEBE—A Y NOMAEEROEBEATF o~—F
PREEICR B AR B2 TWAHAEEZHZDH, TDOCD AT MVofERIZ, FERAREE
& (ApsA ETE T) BERRIGIZIIT 2B IREE (ApsA. MUCLAEIET) 12815677 =
SRR —Y 372 5 CLOSED #&E 2B L T\ 5 ERIRTE 5, Mg™. ApsA & =
Vw7 A& LT= B. stearothermophilus 75 = /L& F—¥ Ot futEid (PDB:
1ZI10) TiE., Mg* X ApsA O, ATP IZxIEd % B-J O y-phosphate & &4 L, Mg ic
Bz LTV D K513 Asp8a L KFEREA TR L T\ %, ARV TV 2D KA E Hk
7 F = UE¥%— (PDB: 1AKE) OHFZEICHNTH, Mg ICRIAL L TV D KRS8
Asp84 L KFEMEE AL T D Z & 2w L TH Y B(Figure 3 — 8 — VIII), Mg* 2Rz
LTWBARSTEAREBELTNDT I BRICERZ S & BRIEENE T2 1,
F72. NMR 0#T & 0 & OZERRIE MgZ F71E FICB W T b BT 2 s i8S
a0 ok MgP EAEAEHT AT I BRIFEEEIE I C EE AR E 2 R LT
W5, Al CL-Adkm DHEE A7 FLB L NCD A7 MUZEBW TR LA Mg™
FIL, X R ENEO RPN B E K L WD EEZLRD, EoT, XV
NERE ETHRIS I U2 RT CL LT, XUV HEOMuN o
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EDEAE AT MV 202 L7 m—7 Th D LR TE 5,

Figure 3—8—VIII. JEEHEAIRIED 7 F = Lg% —PHEE T IC BT 5 Mg? DR Ak %
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3-9. £&®

AETIE, =F v~v—RNLE LU AEICERT I E L A X v F v e —
REFR, 2oV BETa—TL LT LR HVARICIE., EERRE, R ofsS
WHIEE 7y hTITW, Lo a—T0RE v JE— RE2EETLHZ LD
BEMEZRTZEAHMNE L, REBOERRLIATF VO I—2(FTHE LT
(C1 — C3-pyrene-1AA) % ZiLZ 11 Adkyn (AS5C/C77SIC169V)IZ &R L . % D & H ke,
IRE R A R 23 YR E 2 AT W R IEIR R, ihERIBICB 1T A L A X v % U 7 &5l L
72

EFIRBEO N AT MUZEBWT, HEA] ApsA F77E T, CL - C3-Adkim [T 7
LI U~ —R R AR LT (C1-Adkm > C2-AdKyn > C3-Adkim). UV-Vis, Jilid A2
7 MAVENCD A7 kLX) CLOSED Cl1-Adkyy i D B L > 4y F- I3 FEERAE C
2By L TNWDHIZ L ERL, EBEIZ CLOSED Cl-Adky, OfgafiE L, # X7
BRETELUNRAX 7 LTWD I EPEEIICHER S, £7-. 485 nm O
WLV . Cl-Adkim D= >~ —3LA 1L sandwich B 3 &~ — 78 3CRLAY T
DI ENRENTZ, TNHORER XY | CLl-Adkm (2B W TR Sz v~ —%
Jeid Tstatic excimer | JERKDFF G0 KE W,
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3-10. EBRIE
3 -10- 1. Materials and Instruments

All Chemicals were obtained from conventional commercial source and used as received
unless otherwise noted. The plasmid pEAK91 harboring Adk:n (A55C/C77S/V169C) was
prepared from the plasmid coding the double mutant of E. coli Adk (A55C/C77S) (gifted by
Prof. E. Haas, Bar-llan Univ., Israel) by site-directed mutagenesis using inverse PCR method.
Primers for PCR were purchased from Invitrogen (Forward primer : ACGTTTACGTAC-
CGTCTCTTCCTGATC, Reverse primer : CTGTGTGAATACCATCAGATGACAGCA). A
kit for plasmid extraction (QIAprep Spin Miniprep Kit) was purchased from QIAGEN.
KOD-plus-Mutagenesis Kit for inverse PCR was purchased from TOYOBO. E. coli. HB101
competent cell was purchased from TaKaRa. Hexokinase and glucose-6-phosphate
dehydrogenase from baker’s yeast were purchased from Sigma as a mixed material (catalog
code : H8629 — 500UN). NMR spectra were collected on a JEOL JNM-ECP400 spectrometer.
The *H NMR and **C NMR chemical shifts are reported in ppm relative to tetramethylsilane
(TMS) or the residual solvent protons. Protein purification was conducted using AKTA FPLC
chromatography system in a chromatochamber (4 °C). DEAE Sepharose™ Fast Flow, Blue
Sepharose™ 6 Fast Flow, HiLoad™ 26/600 Superdex™ 75 pg, PD-10 Desalting Column and
HiTrap Desalting Column (5 mL) were purchased from GE Healthcare. ESI-MS analysis was

carried out using a JEOL JMS-T100LC mass spectrometer. MALDI-TOF-MS analyses were
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conducted using a Bruker Autoflex Il mass spectrometer. Pyrene-modified Adk:y, was purified

using BIO-RAD BioLogic DuoFlow liquid chromatography system. Mono Q 5/50 GL for

purification of Pyrene-modified Adkin was purchased from GE Healthcare. UV-Vis spectra

were measured using a Shimadzu UV-2550 double beam spectrometer. CD (circular

dichroism) spectra were collected using a JASCO J-725 circular dichroism

spectrophotopolarimeter. Fluorescence spectra were measured using a JASCO FP-8300

fluorescence spectrometer. Fluorescence lifetimes were measured by the time-correlated single

photon counting (TCSPC) method using a FluoTime 200 (PicoQuant) TCSPC

spectrophotometer with a picosecond laser system (LDH-P-C-375 and PDL-200B, PicoQuant).
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3 —10 - 2. Synthesis of C2-pyrene-1AA and C3-pyrene-1AA (Scheme 3-10-1)

CHO LiCl CO,Et CO,R
O (Et0),P(=0)CH,CO,Et O N CoCl,
DBU NaBH4
“ THF ‘0 THF/MeOH
O rt. 16 h O rt. 40 h
73% 78% (from 2 to 4)

1 2 R=Et: 3

6 M NaOHagq.
R=H:4

H
CO,H N OBn NH,*HBr
n DPPA n \n/ n
‘0 Et;N BnOH 0 HBr/AcOH
—— —— (1J —— (1
dioxane dioxane rt.4h
O 90 0 e e O 60% (from 4 to 6) O
' ' 63% (from 7 to 9)

4(n=1) 5(n=1) 6(n=1)
7(n=2) 8(n=2) 9(n=2)
N
HSIA O S DBU: DPPA: HSIA: DIEA:

DIEA (0]
CH,CI o _O >\
Y N Pho—F"—OPh
rt.2h S 1l
94% (for C2-pyrene-lAA) N O

86% (for C3-pyrene-lIAA) C2-pyrene-1AA (n = 1)
C3-pyrene-lAA (n = 2)

Scheme 3 — 10 — I. Synthetic route of C2-pyrene-1AA and C3-pyrene-1AA.

Procedure for synthesis of pyrenyl iodoacetamide C2-pyrene-1AA
Preparation of ethyl (1-pyrenyl)acrylate 2'%

Ina 200-mL round bottom flask, 1-pyrenecarbaldehyde (1, 2.30 g, 10 mmol) and LiCl
(42 mg, 1 mmol) were dissolved in THF (40 mL). To the solution were added ethyl
diethylphosphonoacetate (2.46 g, 1.1 mmol) and 1,8-diazabicyclo[5.4.0]undec-7-ene (DBU,
1.67 g, 11 mmol). The solution was stirred at room temperature for 16 h.  After neutralization
with 1 M HCI, the solution was poured into ice. The product was extracted with toluene three

times and the organic phase was dried over Na,SO,4. The solvent was evaporated to afford
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yellow oil. The addition of MeOH gave yellow solid, which was collected by filtration. After
dried in vacuo, compound 2 was obtained as yellow powder (2.2 g, yield 73%). *H NMR (400
MHz; CDCl3, TMS) 6=8.81 (1H,d,J =15.8 Hz, pyrene-CH=CHCO,Et), 8.46 (1H, d, 9.3 Hz,
6-pyrene-H), 8.26-8.00 (8H, m, pyrene-H other than 6-pyrene-H), 6.69 (1H, d, J =15.8 Hz,
pyrene-CH=CHCO;Et), 4.36 (2H, q, J = 7.1 Hz, -CH,CH3), 1.41 (3H, t, J = 7.1 Hz, -CH,CH3).
3¢ NMR (100 MHz; CDCl;, TMS) ¢ = 167.2, 141.4, 132.7, 131.3, 130.7, 129.7, 128.59,
128.56, 128.3, 127.4, 126.3, 126.0, 125.8, 125.1, 124.9, 124.7, 124.2, 122.3, 120.4, 60.66,

14.44.

Preparation of ethyl (1-pyrenyl)propionate 3

Ina 200 mL-round bottom flask equipped with a CaCl,-tube, compound 2 (1.15g, 3.8
mmol) was dissolved in mixed solvent of MeOH (20 mL) / THF (10 mL). To the solution was
added CoCl;, (0.179 g, 1.38 mmol). The solution became dark green in color. To the solution
was dropwise NaBH, (0.294 g, 7.78 mmol). During the addition, gas evolution was observed.
The reaction mixture was stirred at room temperature for 40 h to become yellowish brown in
color. After the solvent was evaporated, the residue was treated with 1 M HClaq. (50 mL).
The product was extracted with toluene twice, and the organic phase was dried over Na,SO,.
After the solvent was evaporated, the residue was treated with cold MeOH. The formed solid

was collected by filtration to obtain compound 3 as yellow powder. The material was used for
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the next reaction without further purification. 'H NMR (400 MHz; CDCl;, TMS) & = 8.30—
7.90 (9H, m, pyrene-H), 4.16 (2H, g, J = 7.2 Hz, -CH,CH3), 3.70 (2H, t, J = 7.2 Hz, pyrene—
CH,CH,CO,Et), 2.86 (2H, t, J = 7.8 Hz, pyrene—CH,CH,CO,Et), 1.24 (3H, t, J = 7.2 Hz,
-CH,CHs). **C NMR (100 MHz; CDCls, TMS) 8= 172.98, 134.6, 131.4, 130.8, 130.2, 128.6,
127.6, 127.5, 127.1, 126.9, 125.9, 125.1, 125.0, 124.94, 124.91, 124.89, 123.0, 60.58, 36.11,

28.68, 14.23.

Preparation of (1-pyrenyl)propionic acid 4

In a 200 mL-round bottom flask, compound 3 obtained above was dissolved in THF
(10 mL), and 6 M NaOHag. (3 mL) was added dropwise. The yellow solution became dark
brown in color. After the solution was stirred at room temperature for 16 h, yellow solid was
formed. The solvent was evaporated and 0.1 M HCI was added. The formed solid was
collected by filtration and rinsed with cold water. The solid was dissolved in mixed solvent of
THF and CH,CI, and the solution was dried over Na,SO,. After the solvent was evaporated,
the solid was recrystallized from AcOEt-hexane. Compound 4 was obtained as yellowish
solid (0.82 g, yield 78% through 2 steps). ‘H NMR (400 MHz; CDCl;, TMS) & = 8.30-7.90
(9H, m, pyrene protons), 4.16 (2H, g, J = 7.2 Hz, -CH,CH3), 3.68 (2H, t, J = 7.2 Hz, pyrene—
CH,CH,CO,Et), 2.85 (2H, t, J = 7.8 Hz, pyrene—-CH,CH,CO,Et), 1.24 (3H, t, J = 7.2 Hz,

-CH,CHs).
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Preparation of N-benzyloxycarbonyl (1-pyrenyl)ethyleneamine 5

In a 100 mL-two necked flask equipped with a condenser and a three-way cock,
compound 4 (0.802 g, 2.9 mmol) was dissolved in dry dioxane (10 mL) under a N, atmosphere
to prepare a red solution. To the red solution was added EtsN (0.356 g, 3.5 mmol, dried over
NaOH) and diphenylphosphoryl azide (DPPA, 0.969 g, 3.5 mmol) using syringes. The
solution was stirred at 90-100 °C for 2 h under a N, atmosphere.  After cooling, the formation
of an isocyanate species was confirmed on TLC (R; ~ 0.68, silica gel, hexane/ AcOEt = 4/1).
To the reaction mixture was added benzyl alcohol (0.381 g, 3.5 mmol) under N, stream. The
reaction solution was stirred at 90 °C for 15 h. After cooled to room temperature, the solution
was diluted with toluene (50 mL). The solution was washed with 5% citric acid twice and
brine. The organic phase dried over Na,SO,4 before the solvent was evaporated to yield red
oily residue. The product was purified by silica gel chromatography with elution of CH,Cl,.
The fractions with R; ~ 0.68 on TLC (silica gel, hexane/ AcOEt = 4/1) were collected and the
solvent was evaporated to yield orange oily residue. The addition of hexane afforded
compound 5 as pale yellow solid, which was directly used for the next reaction. *H NMR (400
MHz; CDCls, TMS) 6= 8.30-7.98 (9H, m, pyrene protons), 7.85 (1H, br, -NH), 7.35 (5H, m,
phenyl protons), 5.13 (2H, s, PhCH,-) 3.67 (2H, m, pyrene-CH,CH,NH-), 3.60 (2H, m,
pyrene—-CH,CH,NH-). *C NMR (100 MHz; CDCl;, TMS) & = 178.3, 134.0, 131.4, 130.8,

130.2, 128.6, 127.8, 127.5, 127.0, 126.9, 126.0, 125.1, 125.0, 124.97, 124.95, 124.93, 122.8,
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35.65, 28.34.

Preparation of (1-pyrenyl)ethyleneamine hydrobromide 6

In a 100-mL round bottom flask, compound 5 obtained above was dissolved in THF
(7 mL) and 25% HBr in AcOH (5 mL) was added. After 5 min, white solid was formed.
The reaction mixture was stirred at room temperature for 4 h, and ether was added. The
formed solid was collected by filtration and rinsed with ether. The solid was dried in vacuo
to yield compound 6 as greenish solid (0.57 g, yield 60% through 2 steps). *H NMR (400
MHz; DMSO d-6) ¢ = 8.44 (1H, d, pyrene proton, J = 8.0 Hz), 8.33-8.27 (4H, m, pyrene
protons), 8.17-8.00 (6H, m, 4 pyrene protons and amine protons), 3.66 (2H, t, pyrene—
CH2CHx—, J =8.0 Hz), 3.26-3.18 (2H, m, pyrene—CH,CHy-). *C NMR (100 MHz; DMSO-d6,
residual proton from DMSO) ¢ = 131.5, 130.82, 130.34, 130.04, 128.51, 127.94, 127.82,

127.40, 127.07, 126.35, 125.32, 125.15, 125.12, 124.25, 124.0, 123.06, 40.2, 30.65.

Preparation of C2-pyrene-1AA

In a 50 mL-round bottom flask, compound 6 (10 mg, 0.031 mmol) and
N,N -diisopropylamine (8.0 mg, 0.062 mmol) were dissolved in CH,Cl, (5 mL). After
N-hydroxysucccimidyl iodoacetate (HSIA, 11 mg, 0.037 mmol) was added to the solution, the

reaction mixture was stirred at room temperature for 2 h in the dark. The solution was
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washed with water three times and dried over Na;SO4.  The solvent was evaporated to afford
compound C2 as white solid (12 mg, yield 94%). 'H NMR (400 MHz, CDCls, TMS) & =
8.33 (1H, d, pyrene proton, J = 9.16 Hz), 8.21-8.14 (4H, m, pyrene protons), 8.06-8.00 (3H,
m, pyrene protons), 7.90 (1H, d, pyrene proton, J = 8 Hz), 3.77 (2H, m, pyrene—CH,CH,NH-),
3.66 (2H, s, -CH,l) 3.60 (2H, t, J = 7.06 Hz, pyrene—CH,CH,NH-). *C NMR (100 MHz;
CDCl3, TMS) 6= 166.83, 132.42, 131.39, 130.85, 130.45, 129.15, 127.95, 127.78, 127.44,
127.14, 126.05, 125.21, 125.15, 125.06, 124.95, 124.89, 123.0, 41.89, 32.97, -0.48.

ESI-HRMS (positive mode) calcd. for CxH16INO™ 413.0277; found 413.0279.

Procedure for synthesis of pyrenyl iodoacetamide C3-pyrene-1AA

Preparation of N-benzyloxycarbonyl (1-pyrenyl)-propylamine 8

In a 100 mL-two necked flask equipped with a condenser and a three-way cock,
(1-pyrenyl)butyric acid (7, 288 mg, 1.0 mmol) was dissolved in dry dioxane (5 mL) under a N,
atmosphere. To the solution was added EtsN (0.121 g, 1.2 mmol, dried over NaOH) and
diphenylphosphoryl azide (DPPA, 0.330 mg, 1.2 mmol) using syringes. The solution was
stirred at 90-100 °C for 1 h under a N, atmosphere. After cooling, the formation of an
isocyanate species was confirmed on TLC (Rs ~ 0.3, silica gel, hexane/AcOEt = 4/1). To the
reaction mixture was added benzyl alcohol (0.130 g, 1.2 mmol) under a N, stream. The

reaction solution was stirred at 80 °C for 12 h. After cooled to room temperature, the solution
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was concentrated.  The resultant oily residue was subjected to silica gel column
chromatography with elution of hexane/AcOEt = 1/1. The fractions with Rt~ 0.4 on TLC were
collected and the solvent was evaporated to yield compound 8 as yellow solid. The material
was directly used for the next reaction. 8.27-7.97 (9H, m, pyrene protons), 7.41-7.23 (5H, m,
phenyl protons), 5.11 (2H, s, phenyl-CH,-), 3.42-3.34 (4H, m, pyrene—-CH,CH,CH,NH-),

2.13-2.04 (2H ,m, pyrene—CH,CH,CH,;NH-).

Preparation of (1-pyrenyl)propylamine hydrobromide 9

Compound 9 was prepared by the same manner as the preparation of 6 and obtained as pale
yellow solid (63% through 2 steps). H NMR (400 MHz; D,0O) 6= 8.32 (1H, d, pyrene proton,
J=09.6 Hz), 8.25-8.14 (4H, m, pyrene protons), 8.10-8.00 (3H, m, pyrene protons), 7.92 (1H, d,
pyrene proton, J = 8.00 Hz), 3.33 (2H, t, pyrene-CH,CH,CH,—, J = 7.6 Hz), 2.92 (2H, t,
pyrene—CH,CH,CH,-), 2.00 (2H, dt, pyrene—CH,CH,CH,—, J = 7.6 Hz). **C NMR (100
MHz; DMSO-d6, residual proton from DMSO) ¢ = 136.03, 131.41, 130.92, 130.02, 128.64,
127.97,127.93,127.91, 127.24, 126.78, 125.63, 125.56, 125.47, 124.78, 124.62, 123.95, 39.30,

30.05, 29.76.

Preparation of C3-pyrene-1AA

Compound C3 was prepared from (1-pyrenyl)propylamine hydrobromide 9 (20 mg, 0.068
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mmol) in the same manner as the preparation of C2. Compound C3 was obtained with 86%
yield (25 mg). ‘H NMR (400 MHz, CDCls, TMS) & = 8.27 (d, 1H, J = 9.24 Hz, pyrene),
8.19-8.12 (m, 4H, pyrene), 8.04-7.98 (m, 3H, pyrene), 7.88 (d, 1H, J = 7.76 Hz, pyrene),
3.65 (s, 2H, -CHyl), 3.46-3.40 (m, 4H, pyrene—CH,CH,CH;NH-), 2.16-2.09 (m, 2H, pyrene—
CH,CH,CH,NH-). *C NMR (100 MHz; CDCls, TMS) &= 166.65, 135.33, 131.42, 130.85,
130.07, 128.58, 127.57, 127.48, 127.19, 126.83, 125.94, 125.16, 125.06, 124.98, 124.93,
124.87, 123.07, 40.33, 31.16, 30.79, -0.36. ESI-HRMS (positive mode) calcd. for

Ca0H15INO™ 427.0433; found 427.0431.

3 —10 - 3. Preparation of adenylate kinase triple mutant (Adkim, AS5C/C77S/V169C)
Adkim was prepared using same procedure in chapter 2.

3 —10 - 4. Bio-conjugation of Adk:, with C2-pyrene-1AA and C3-pyrene-1AA
Preparation and purification of pyrene-conjugated Adki, with C2-pyrene-IAA or

C3-pyrene-1AA were conducted using same procedure in chapter 2. The pyrene-conjugated

protein was eluted at the elution volume of 31-34 mL (for C2-Adk:,) and 32-35 mL for

(C3-Adkiy) in the chromatograph of purification by MonoQ (Figure 3 — 10 — ). The collected

protein solution was desalted using a HiTrap desalting column (5 mL, GE healthcare),

lyophilized and kept at —80 °C.
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Figure 3 — 10 — I. Elution curve of purification by Mono Q column with linear gradient of NaCl (0 — 300 mM
over 60 mL). Flow rate = 0.5 mL/min. (a) C2-Adk,. (b) C3-Adkqn,.

3 -10-5. Adk activity of Adkim

The phosphoryl transfer activities of C2, C3-Adki,»s were confirmed by same protocol in

chapter 2.

3 —-10- 6. Measurements of UV-vis, CD spectra and steady-state fluorescence.

All UV—vis, steady-state fluorescence and CD spectra were measured by same condition in

chapter 2.
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3-10- 7. Measurements of fluorescence quantum yields.
The relative fluorescence quantum yields of a pyrene-conjugated Adkin (@eS) were
determined using the quantum yield of 9,10-diphenylanthtracene (@« = 0.95) in ethanol as a

reference®’.  The value of @ was calculated with the following equation'®;

e = py Lo At Riw (Eq.1)

JIst Ap Rig?
where [lp is the integrated fluorescence intensity of a C1 — C3-Adky, under N, atmosphere, JIg
is the integrated fluorescence intensity of the standard sample under N, atmosphere, As and Ap
is the absorbance of the standard sample and the protein samples at the excitation wavelength
(340 nm), respectively. Riwand Rig are refractive indexes of water and ethanol, respectively

(Riw = 1.333 and Rie = 1.362).

3 — 10 — 8. Measurements of fluorescence lifetimes.

Protein samples for TCSPC fluorescence lifetime measurements were anaerobically
prepared and sealed with a septum to avoid air contact. After the sample solution was excited
at 375 nm by a laser pulse with full width at a half maximum (FWHM) of 64 ps, the
fluorescence decays at 396 nm (for OPEN-form proteins), 450 nm and 485 nm (for
CLOSED-form proteins) were monitored at 25 °C with a time-resolution of 64 ps. The
excitation wavelength was selected in order to avoid the complexity caused by the excitation
of pyrene to higher energy levels than Si-state. The obtained fluorescence decay was
analyzed by (Eq. 2):

10 = [, Fir(t) Ty Aexp(~55)de’ (Eq. 2)

where 1(t) is the observed fluorescence decay, Fir (¢°) is the instrument response function of
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excitation pulse, A; is a fraction of decay component i, and 7 is a fluorescence relaxation time

(life-time) of decay component i.

3-10-9. Crystallization and X-ray diffraction collection of the CLOSED C1-Adkinm.

To a concentrated solution of purified C1-Adk:y sample in 50 mM Tris-HCI (pH = 7.5, 8.5
mg/mL) was added MgCl, and ApsA in water (2 mM in final). The C1-Adk:y crystals used
for X-ray diffraction were prepared by hanging-drop vapor-diffusion method at 20 °C. The
crystals were grown in 0.2 pL solutions that contained 0.1 uL of C1-Adk:y solution and 0.1
uL of reservoir solution (0.1 M HEPES sodium pH = 7.5, and 0.8 M potassium sodium
tartrate tetrahydrate), equilibrated against 50 pL of the reservoir solution. Crystals were
each mounted into a loop and then flash-frozen in a stream of N, at 100 K. Diffraction data
were collected at 100 K synchrotron radiation at the SPring-8 BL32XU (Japan). The

diffraction data sets were processed using HKL2000'%,

3 —10-10. Structure determination and refinement of C1-Adk:n, crystal.
The crystal structure of C1-Adk:, was solved by molecular replacement with the program
Molrep, using the wild-type Adk in complex with ApsA (protein data bank (PDB) ID: 1AKE)

105
S

as a search model. Model refinement was using CNS™, with manual inspection and

modification in conjunction with the CCP4 program COOT'®. NCS averaging between two
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monomers within the dimer was attempted but did not improve the calculated electron density

maps; thus, no NCS restraints were applied. The ¢-¢ angles of >90% of the residues in the

C1-Adk:y structure are in the most favored regions of the Ramachandran plot as assessed by

Molprobity. Phasing and refinement statistics are given in Table 3 — 10 — I. Figures were

prepared using Pymol (www.pymol.org).

Table 3 — 10 — I. Data collection and refinement statistics in X-ray crystallographic analysis of CLOSED
C1-Adkpy.

Data set

CLOSED C1-Adkim

X-ray Source

SPring-8 BL32XU

Wavelength (A) 1.0
Temperature (K) 100
Space group P2:2,2;
Unit-cell parameters
a(A) 60.11
b (A) 58.99
c(A) 118.31
Resolution range (A) 39.67-2.8
(2.85-2.80)"
Total reflections 33272
Unique reflections 11218
Completeness (%) 97.1 (95.9)
Rmerge (%0)" 9.1 (32.3)
I/c 11.1 (1.6)
Refinement
Resolution (A) 39.67-2.8
Reflections (work/test) 10422/548
Rwork / Riree (%) 0.207/0.256
No. atoms
Protein 3512
Ligand 114
Water 27
R.m.s. deviation[®
Bond length (A) 0.009
Bond angles (°) 14
Ramachandran (%)
Allowed 95.5
Favored 87.9
Disallowed 4.5
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Moriuchi, T. et al., J. Org. Chem., 2010, 695, 2562—-2566.
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= OICHH SN TWA N, FRET 2RI 7 0 — 75 F ORI ET D720, R —,
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HZER LT BR, 2O F o~ —REEO T o~ — Bk RERRER X OV
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Figure 1. OPEN C1 — C3-Adky, @ 396 nm (23317 2 a0tz Hi#E. (a) C1-Adkim. (b) C2-Adkm. () C3-Adkyn.
4 : [C1 - C3-Adkqpn] = 1 uM in 50 mM Tris-HCI (pH 7.5) at 25 °C. ., = 375 nm with pulsed laser with full
width at half maximum (FWHM) of 64 ps.
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Figure 2. CLOSED C1 - C3-Adky, @ 450 nm |
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Figure 3. CLOSED C1 — C3-Adky, 7> 485 nm (281} 2 # e h#R. (@) Cl-Adky. (D) C2-Adky. (C)
C3-Adkyy. 55f: [C1 — C3-AdKyy] = 1 uM in 50 mM Tris-HCI (pH 7.5) at 25 °C. [ApsA] = 50 UM. Aex = 375 nm
with pulsed laser with full width at half maximum (FWHM) of 64 ps.
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(a) CLOSED C1-Adk,, with Mg?* (485 nm)  (b) CLOSED C2-AdK,, with Mg2* (485 nm)  (c) CLOSED C3-Adk,,, with Mg2* (485 nm)
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Figure 4. MgCl, 7£7E FIZ81F % CLOSED C1 — C3-Adky, @ 485 nm (Z331) 5 d I Hi#R. (a) CLOSED
C1-Adkyy, with MgCl,. (b) CLOSED C2-Adkiy, with MgCl,. (c) CLOSED C3-Adkyy, with MgCl,. 554 : [C1 -
C3-AdKy] = 1 puM in 50 mM Tris-HCI (pH 7.5) at 25 °C. [ApsA] = 50 pM. [MgCl,] =5 mM. ke = 375 nm with
pulsed laser with full width at half maximum (FWHM) of 64 ps.

Table 1. ApATFTE FIZF517 HCLOSED C1 — C3-Adky, 3 H: e TR G5 L
OB/~ —FEH L o~ —RERIED I

Protein @1 I [o]
C1-Adk,, + ApsA 0.25 0.52
C2-Adk,+ ApsA 0.21 0.40
C3-Adk,,+ ApsA 0.23 0.19

[a] 9,10-diphenylanthracene? K& &1L 7= FHxf 8 S i 7- I =R,

[b] IR = Iexcimer/ Imonomer'

Table 2. Ap ARINZEDUV-ViSA~I ML DT a—R= 7

Protein Popen PcLosen ™! APyl
C1-Adk,, 2.29 1.82 0.47
C2-Adk, 2.48 2.31 0.17
C3-Adk,, 238 2,06 0.32

[a] Popen = AbSpeakoren) / ADSyaiieyopen)
[b] PcrLosep = AbSpeakcLosep) / AbSyaiey(cLoseD)
[c] AP;ps = Popen— PcLosep.
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Table 3. CLOSED C1 — C3-Adk /S i A/ ML DT — R =27

Protein P monomer 1 Pescimer AP, ;1]
C1-Adk,, 2.34 1.69 0.65
C2-Adk,, 2.63 2.23 0.40
C3-Adk,, 2.39 1.84 0.55

[a] Pmonomer = Ipeak(OPEN) / Iva\lley(OPEN)
[b] Pexcimer = peak(CLOSED) ! 'valley(CLOSED)

[C] APexcit = Pmonomer_ excimer.

Table 4. OPEN C1 — C3-Adk,,» & t: 74y (396 nmTE = & —)

Protein E ((rcl’g)EN) T2 ((rolg)EN) x
C1-Adk,, 9.93 (0.67) 163 (0.33) 1.04
C2-Adk,. 10.0 (0.67) 159 (0.33) 1.02
C3-Adk,, 9.83 (0.55) 140 (0.45) 1.10

%4 : [C1 - C3-Adk,] = 1 UM in 50 mM Tris-HCI (pH 7.5) at 25 °C
under a N, atmosphere. = Y754y« 3[E1HIE O FIME. FHINN O ELfE 1%
BIARAL U 72 B IR 7

Table 5. CLOSED C1 — C3-Adk,,,?# Y #fiy (450 nmTE = % —)

Protein Ty (C(Zrl;(s))SED) T (C()rI;;))SED) Ty (E:rll_é))sm) T3 (((:rI;(S))SED) 2
Cl-Adkir, (gigg) (ggg) (g.zicl)) 0.90
C2-Adk;, (338) (86211) 0.81
C3-Adk;, (838) (gozi) 0.98

A : [C1 - C3-AdK,,] =1 UM in 50 mM Tris-HCI (pH 7.5) at 25 °C with 50 UM ApsA under a

N, atmosphere. ‘4t tF5 i 3MEIAIGE O V2. 55NN O KB T BIREAL L 72 LA+
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Table 6. CLOSED C1 — C3-Adk,, 5 5 iy (485 nmTE = & —)

T1 (CLOSED)

T2 (CLOSED)

T2’ (CLOSED)

T3 (CLOSED)

Protein (n9) (ns) (ns) (ns) :
C1-Adk, (Sj;‘% (g%g) (g.lég) oo
C2-Adk,, (g:jé) (g%i) 0%
C3-Adk,, (g:gg) (g%) Hot

ZA1F : [C1-C3-AdK,,] =1 uM in 50 mM Tris-HCI (pH 7.5) at 25 °C with 50 uM ApA under
a N, atmosphere. dEFFA « 3[EAE O 2. F5IN OEARITBIARAL L 7 SHEE I -,

Table 7. Mg2*f#1E FIZ#31F 5 CLOSED C1 — C3-Adk,, D #1485 nm T = & —)

; Ty (cLosep) T2 (cLoseD) T2 (cLOSED) T3 (CLOSED) 2
Protein (ns) (ns) (ns) (ns) x
. 341 40.4 81.3
2+
Without Mg (0.27) (0.53) (0.20) 0.92
Cl-Adkin 3.20 40.0 79.9
. ot . . .
With Mg (0.25) (0.54) (0.21) 0.88
) 2.81 68.9
2+
Without Mg (0.49) (0.51) 0.92
C2-Adkan 2.92 69.5
. - ) .
With Mg (0.54) (0.46) 0.96
. 2.35 58.2
2+
Without Mg (0.60) (0.40) 1.01
C3-Adkan 2.68 56.7
. - ) .
With Mg (0.62) (0.38) 0.97

M4 : [C1-C3-Adk,,] =1 pM in 50 mM Tris-HCI (pH 7.5) at 25 °C with 50 uM ApsA, 5 mM MgCl, under a
N, atmosphere. ¢ < 3[EIHIE O FEIE. FEINN OBAEIT IS U 7o BB R 7.
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