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Cy cyclohexyl
2D-DIGE  2-D  fluorescence difference  gel Cys Cystein
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Abs absorbance D debye
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aq. aqueous DFT density functional theory
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Boc tertiary-butoxycarobonyl DMPU N,N'-dimethylpropyleneurea
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bpy 2,2°-bipyridyl DNA  deoxyribonucleic acid
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BRSM based on recovered starting material dppf 1,1'- bis(diphenylphosphanyl) ferrocene
BSA bovine serum albumin DTB desthiobiotin
Bu buthyl DTT dithiothreitol
c centi- € molar absorption coeeficient
°C degrees celsius EDCI  1-[3-(dimethylamino)propyl]-3-ethyl-1-
CA carbonic anhydrase carbodiimide
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CB cannabinoid receptor EMARS enzyme-mediated activation of the radical
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Cbz carbobenzoxy emis emission
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conc.  Concentration EWG electron withdrawing group

CuAAC Cu-catalyzed azide alkyne cycloaddition dba dibenzylideneacetone
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mass spectrometry

molecular weight

nano
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normal
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PNA  peanuts agglutinin TIC

POI protein of interest TMS
PPI protein-protein interaction TOF
ppm parts per million Trp
PPTS  pyridinium p-toluenesulfonate TRT
Pro proline Tyr
PSMs  peptide spectrum matches uv

PTAD  4-phenyl-1,2,4-triazolidine-3,5-dione
PTLC  preparative thin layer chromatography
PVDF  polyvinylidene difluoride

Py. pyridine

q quartet

quant.  quantitative

R functional group
A wavelength
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RNA  ribonucleic acid
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SAv streptavidin

SCE saturated calomel electrode
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TEM  transmission electron microscope

TFA trifluoroacetic acid
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DONWTIHRENTETWDER, BIFEETH 4) BLXO O B7r74=74—7/ua~ 777 4—D
E L 7o TN D,
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TLEITZDERNE o RITEOMERTICEND Z ENMLNTWVD, AKX DEINTE D L
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1-3. 774 =T 4 =XV 7 (BEMmHEERIE)

1238 CRRIZEIIC, T74=T 4 —27u~ T T77 4 —TlHIVH> KL OHMAERDIHNZ
VRVENNETH D, T4 =T 4—28u~v N TFT7 4 —TIEMRHTERNE T E AR T
BELETDHRIELLTT 74=2T 4 =XV T NRb5H, ZOHEERWRY Ty R-2 X7 A
TERZ R A L > TR T 52720850 U T K- o)y BHEAEAER SR TR
b, TOFEITE L NRTETNUHIZ R EE LTWbTcd, X R_7 8T N AbOBE %R
NEDOBIZ, TT7 4 =T 4 =T T DMz D

1-3-1. ZURIErIINTRY T

BRI ErIANTG XY T (F o T BETHER) &I 5"//\°&’féf®7’\‘/ﬁ§§§%%}if‘“
RELTULEDIERS TE2EATLHFIETHS 10, bbb, BEOAHEK CIHE S 1 & K5
RIGZEATD L 2 A%, X NTBErIANTXY v 7 TRy %k&/ﬂ&gfﬁﬁ%ﬁooL%
DEEEREIZRR Y | X R EIZRT ARG TH D78, KEEEF, FHESRME, 0-37°C OIRE
ST EWIIRRARSENRRD NS, KKITITT 2/ BREIEIT 20 FIEGFET L8, U Y Uik
(Lys) R0V AT A VI (Cys) Lo 7=sREMET 2 BRI 2 RE 107 ~ LRGN A
CHWHERNTWS, BAERMIZIE, VAT A AT, TA— VoW REEEFIA L~ LA 2
R & @ Michael AN o- 1 b ~OREAMIMRS, ¥ ANV T 4 RASHRESZ K D IERFUG
DA ESN TS, VYVERETIEN-E Fefx A7 (I R A7/ (NHS = A7 )V) & O
AFRIERT VT e REDBTHT I /b, £ V3T 32— FROFFHA VT F— h DRI
DA INTWD (Figure 1-6), Lys 7RIS Cys LD 7~ fkicE EE 67, FrI k&N b
U R 77 o2 E AF DU B, AF A=Y XU O C R R0 N R 100
T ~NABE S ITERFE STV D

e

Cys7RY v & 2 X‘S’q{} Lys7RY S e
%4 8
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1-32. 774 =74 =XV TOFRHE

TI74=T 4 =XV T TiE, VFY R, KGEBIOEE S e d T ootz
B LSO EZRHWAZET, UV REEZ 78Ik L THREREEREZITV., U N
GH NI E BRI T T 5 FETH S (Figure 1-7),
KNI ERER
. > A ~ °
R ’ 3 DHY FREEZ2VNIBDHRE

Sy B TR NS

EOTE

Figure 1-7. 77 4 =7 4 —F XY 7 O EL

HIETCIXZ I Er I N TRY T DOFTEEZNL OB LTS, 2o OB 2
INITBEDTSPALICEHE L TWAHENEL, T 74 =T 4 =XV U T ORRIITE BT
0 —F TN T OUENRD D, T 74 =T 4—TFXY IV REMBERZT 2
NI F BRI T AT 5 2 LM LD b EETH D, BIRIEL, S NHS =27 /LR o-2
— K7 hrEBRETIUZ, VA RPENZ R B BEAERT 28NN D & R o g b 4
BREATEREITO, ZDID, TT74=T 14— 7«)/7%ﬁ9% X, U ATy RBEER & 3
BEHEER L, RISEPER Y o7 BISEE LTSGR ORKIGT 5 X 5 e ISR DA% E T
bD, TORODOHFEIFD—2L LT, KISHEIZ %x(ﬁmﬁ@ﬁm%@%@mﬁékwo%@
238 % (Figure 1-8), BEARAIIZIZ, a-F— R7 hrofRbD L(x-&EE/T]\/%ﬁHU\E) I =y
7l FIZROVIZAVE= LTI VEY REAWD EWoTlei&Zit Th o, BHE, WiRT oz~
E&ﬁ&hfﬁmbﬁw;5@@&@%@&@%?%0(%\)w/kkWEW%Lk%éKﬁﬁ
IR E T X R BEE T D720, ROSHEAT LT < 8D GEHER) .
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Figure 1-8. 77 4 =7 4 — 7 XY U JIZBIT 550 Fixal

FEZ. T 7 4 =T 4 =TV T EANTHR T —BHEFEANH ST 5 FF— B0 off target D ATP
FEE X NI EEMNTT 5 FERHRE SN TS VY, ZOFEEFIARHEREAER‘EEN LY T
Niia 2 XV EORINETH D720, HEFEHDOTHTNZ 37 HIZR L THHEHANFRETH 5,

1-3-3. B A RE

HIfiCT 74 =7 4 =XV IO NT, UHY REHAEH L THRWED Y
v RIFRFRI 72 T AR 22 5 2 ENEETH D 2 & 2k 7z, mifi TR Lz FiREsOG
FEBH OIS THET 2 & DO TH DN, ez AV CTRUGNFED UG & HlfE 9 2 e FnbE sk 3
T4 =T 4 =T T TORTEARTEICAS ADNSN TN 18, SeBfrE#k &%, el
Fo TROGHETE MR A2 £ U 241E OLBIAPEEERREL) B RO AL U v FIZEA L7 st
T e — T 2RO D, EERMEERREICIE UV BEC K> TE T VN EA LI Y T2 ) v
RFTA PV EELDBTIV—=AT VR, IARCEALDZDT VU U, BRIGHEESRREZ AT
LHiEEPHWSBND (Figure 1-9) . Z O @ SUSMETEMEFED & /X7 EH O N-H #i&. O-H &, S-H
e CHfEAR RN L, ABEEZEKT S, 207 —T2HNTTr 7 4=7 44—y 7
LRBRDIFITY T NG Z v R0 B a7~ 2 HIETH D, & X7 BIRIERPITEE
M7=, VT R-F 37 EBAEH O 05 & F AR RIS 72 o T BRICOE R 24772 2
X, U RS X o BN @RS HEESEREIZ L0 b sid, S 62, SEBFEE#RIE T
B SN D ESOSHEEMERE L, 2 OmEOWEED T2 D SR DK FIZ L > TRIET D720, #
PNTEERAEER L TORVIRIED U I RIZFEFF R 7 b B Z SR e Hiff s b,
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Figure 1-9. YERAMMEAERIEDIREL (a) JEBFMERERRIE T Y T NG X VN7 HE T~ LT 5 A
F—24 (b) PUH S DI PEAR SR EE DRSS & BUSHEE

HBFEAERIEIL Y o REDOREGNNFTHL TH, X Uo7 BIZHEREEGIC XD R[22 5
ERRT USRS X VNV EE B - RETDHZENTEX LD, 774=T74—ru~v rJ77
4 — X0 BIEENEEO X R BICEAT A ENTE D, EEIC, U A REDREETINTHN
BURTBEELTHLNTWD L7 FrORBA~DIGHBINEE SN TS ¥, £7-, AR
FTT U END Z NI B E AT TORISTT b a2 22 NI BRI D L)
WERDHDLN, ZOZENG, T74=T 14—~ NI 74—y MlazigirssZ &7
< AT % LT T ~AB RO & FE6E T & 28 0 B RMMHE#RIEO R E RS Th 5,

1-3-4. 774 =T 4 —FGRV U TERANZV TV REEE v EDRE

ATET IR~ BIRMEREEZ 0T 7 4 =T 4 — T XV 72 54556 SDS-PAGE # 0D
W72 EIC LTI Ty FEGZ ANV EERINT 522 LIIBSTHL, LLRns, 7L
baEhi L7 DOB TSR E LTI H R3S N EIRIERTICFET D120, 77
42T 4= N7 4—DXIICEHESVNNY 7Y UMb z21T) Z L IIREETH 5, R
IZ MS/MS fENTIZ L2 5% U X7 EDORIEZEAT O T20I2iE, Tk X 2R F e kg3 5 B3 B
b TXVULERWIUITEED X Tt 52 X X7 E FICEANTEDLTD, ZO0X 7 fE=FIHL
TT UL RS 2 FERHAVW LS (Figure 1-10), BRI AT EHF 71—
TTHEUNTEE T~ UL, TV E—XEHWNWTT b X7 EEFERT 5, 208G
M%mﬁiki%KfﬂmMM&#%L%< 1 TG FOEFF - TP AEEERD D B
TWDHDIX T OHREVIFRIZRD, ZOELT -7 BV OfEE R TuIveeiiEic
KD RZTE Al L LIz Z IR 5 ENARELE D, TEY UV E— X%
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1-35. 774 =74 —FXRV " TORES
Riffich =B, 77 4= 40— U 73EMBEICERTE, U R—2 78D
FEENZEILT IV RERX NI EE T TE DR TEATWHAD, UTICHTF5L57%
ﬁﬂ%)ﬁﬁ§ 3?) 50
Table 1-1. 77 4 =T 4 —F XV T O
TR AZFAH L7 SeB RN R s
TI7A4=T 4 =TT

N Q:Fﬂ \£>=kﬂiﬁglkﬁr'*V*

1. D3RRI DRSS X X

2. 7UfbRhR O A

3. 7VUETED REMET X/ FRik AL flie DT I JED a-/KFE (C-HFEE)
VWAL %3S Ser, Cys, Lys 72 &£'° N-H #5&. O-HfEA

B NTERT y MBEDKRENMET X BIREP O LT D FREt R T o T lma. U o
—ROIASyFREBDHY | FUSHKLE T IV BIRENBEN 258 13E & A RIS LRV,
b Z NIRRTy FRERS U UTEBHIAFET D REMET X BRI ALIZIRE

LIZOWTIE, 5V T RIZOWT, FHAERY V8 BT T B2 D Y v — Jesl
VAR AL 2 M Ll 72 7 0 — TS 2 RB T oM EDNH D, NI BIZK > T FR T
v NORE, ENRRDT0, 7o —TET—RIEARETH DL, 0O L bRMOMALE
BT E %$ﬁ®FA%ﬁ®%%%E%kLKT74%T4 TR T BRI
BWHETO TR LIELIEREETH 5, S HIZ 2 12O T, BRI DA U 515
PERE D RS D & & 3 RE T ﬁ%_m%ﬁf®A%@7mw7WT@\%Wﬁm%%%t T 7=
D2 R EASDROSNRITE S 20, TR ZNNDHGE S, SRR T~ bD T DITITN
JRHEE U KRy MEEORENET I 7 BRIRE L OFBBRENLATH 5, 3IRT LI, K
BURMAERECB W TS B DT X VBRIRE LU L 9 2728, #EE LT ¥ VN H E G E IR
LTV, IR EH WY e —F I e — 7 ORSHEN Ser*‘?3 Cys Lys & W o> 72[RE
ENTT R BEEEORIGEVELET D, ZOOIENREEHANVS 2, Bz Ak =
NI NFE Y RaeFEFERD o, m, p fLOVWT I Eﬁﬁéﬁkwo7m~7®m#®b¢ﬁﬁgwf7
UL END X LRI ENELT D 2 &%%iéhfw M LLEDZ EnD, TR

NIV @T#/%%Lkv/%ﬁé BN ZRET DL OO, REOERI O T~ )bz B
M & L728 %@Hmi@%&%@fi&w
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1-4. YV F v FHERAMILRICE D Y TV RS VR0 BT ALk
T, A CIRRTET 7 4 =7 4 — IRV T PO T 7Fa—F L LTV Ty REERMELFIC
K2V T R E NI ETNUBIERRBE SN TETWD, U A FEEAMET TIIER &
NG EFBEERT I A RE, L DT 0 —7 W@ E 2R SIGIED 3 DOEsy T
RENT v —T2HN5, U RE U TRISHEEREMET I 7 BN THET 5 2 & TER
Z Ry B geeb 9% (Figure 1-11),
iiﬁi;é

‘ un/r @Q @Aﬁ

Figure 1-11. U 7> NEEMAMHACFIC L DR Z X7 ED T ~ AL 51k

T74 =T 4= TN U ZIEENERIC T VUL TE L FIETH LD, 7RO E T -T2
BT H o R Z o\ Bl G EE L“Cfft/\bﬁ_ii L2, Thibb, 7UMERITH
//\7?{@ Uy REEERT Y MRERSTRIBIZH DD T, # X7 HOEREITIIE L T DIk

BllbhDHELE R D, OSRIZY TR %@JUW“ZD ZENTENR, XTI ENB Y T Rl
éﬁ‘\ 2RI EOMREEERR D Z R TR FREE 2D, £ TR GIZY T RN TN
IO DIRBERL & 722 X O ey Fakatob &L VT P?f*/*\5 NI BEERIZT AT D
FHEEZPFE L TV D, 2009 4Fii%, DT FERIBED Y »h—I2 b7 — MEGEZEAL, K
T I VBORBEKEZL>TI T FRNBEST S & &I Z "I BITHREELZEAT LY
RFgEME b 215 (Ligand Directed Tosyl Chemistry: LDT k%) & #+5 L CTu 5 (Figure 1-12a) %,
FHEIIRTR LT 74 =7 4 —F XY 7 LERTHY, VT RERNLTY Ty NG Z N7
B L BUSEDN LT 5 2 & TR 7 U b2 2 LT\ D, KFIETIE, EORISENY
UH—REEFINCFET D F Vi e o TN D18, SEA~ORBEHE L & 412, #iEL Tz
UﬁyPﬁﬁﬁﬁéo:ﬂ*iw TI74=2T4—=FRXV T DRINCE LRI E R T R
RS, PRI K > TY W FERETE 2720, "V HOKREZHRDTICT ~ ik
BN BEGH T ENAREL 12D, FT2 2012 FITIT Y U R EMRBEEDOEREIALICTT LA I X
=B, REMET X BEREA~DOT b E S LRI ZERE TS v o U T R
T UvA XY — k5 (Ligand Directed Acyl Imidazole Chemistry: LDAI /b5%) <° (Figure 1-12b) 24,
2015 HFEITITHFEINL 2 YT BT 2= R = N T 5 H Y REEEY 7T ® 7 = =Ry
v =— MEZ: (Ligand Directed Dibromophenyl Benzoate chemistry: LDBB {t.5%) (Figure 1-12¢) 2 23
HINTWD,
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1-5.0 H v FEREREEIC L AU Hy REESZ 37 BRI T~ biE

AR L7277 4 =7 4 —F XU 7B IO Ay RO G LB PR s & FRE
2y BUOSKEE SR E 72D T X FRFRIEDEZE L7\ & BUSDEIT LW 2D M ey TR Et R
VEERD, DT, Fo NI EE T IET D56 ARICE > TREHOZ 7 DE A $t7m
— T DE NI & R BIA BT AR TR D, ZO%E, BATOHHMEZ LICT 7«
=T 4= TRY TR T R LI LA T~k 7 — T SlE B L35, i
ECITY Ty RICHERE S50 T2 EED D~ 288 L, BA L2 WEEES & 7~k
E LTG5 U 7 REERAE A 7o BRI & BRI S Tund  (Figure 1-13), iRy 72 7~ 1
fEOFFE LT, AW U Ty RS FE2MEICHWD T TR L T~ ERIG D H#EITT D,
S HIT, U Ay FEERAEE — AT AUTEA LT WHERE Z L O G Z il b2 2 ¢ T&

5
) 5y FEERAIE
7&»&%

A

Figure 1-13. U > FEFERMAIEZ N2 Y T RiEE 2 375 7 ~Lik

T 5132008 442, U T > RIS EIXE R s FEE LTIT 7 0 =7 « —BREI DMAP
{b7% (affinity-guided DMAP chemistry : AGD {b%) | Z#E L T\W5 %, ZOFETIE, 7 WbkD
AR LTSN TS DMAP & U By ReEEESEE0 72 A0S, 20O DMAP & X
MEBITHDF AT AT ANRIET H T & T, ERZ X7 BEOEE; TRIGHEDmWT L ve ) &
SULERKT D, ZOTINE Y D=0 A ORBEMNET I VR L T VLRSS R 2T
Z & THEAER 7 T~ b ER SN D (Figure 1-14a), Z DO Tlk, DMAP OOENE Z 6 7%
WBRY | DED Y H v REFERIfE CEER ) By REE X X TE DT XA N EBLAEE & 72
%o o, VA Y FEAMEIEFZOGAEITITEA LTEVKEIZIL U T r—7 27 A 9 20380
HHDIZR L, RFETIRY T o REFERAE 2 —EREH U, 7 bRl OEHI 7T
HOLTWD, FRrx BREEREZIERN S VNV BIZEAT LRI AR FETH D, £, BT I T
RERWeT7 7a—F ORI LT FURD RIEFEROZAORIETH S scFv (25 LT DMAP %8s
THZEIZLH- T, MilaE LT LRI H T EB SN TS (Figure 1-14b) 26,
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Figure 1-14. AGD LI LB V) By RSB X 37 7 ~Ul (a) AGD (L2 E B U v RiEE#
LRI BE DT R AF— 2 (b) DMAP it scFv HUAIC L 2 MR L otEey & o =7 8 5~k

S HITEH B 1E 2017 R [T7 7 4 =7 ¢ —BEEVR A% 2 A {bF: (affinity-guided oxime chemistry:
AGOX {b52) | ##E LT\ 5 (Figure 1-15) ¥, AGD {b22THW TV /= DMAP fiftfit & 0 & kit o
BWEY =T AR ABINTF A AT VLY HREF OV N-acyl-N-alkylsulfonamide
(NASA) ZHWW5 Z & T, FERFERNRUSZIH L, ADG (b5 XD bmW@ERETY T Fiss
BRI ED T SNAGEZER LTz, ik L7e ADG LBITHIRENE =T 7~ ufb~ L inH S Tune
N, AGOX ALZETITMIAND U B RiEGH VT HEDO TR FEETH D Z E b RSN TV D,

?/;>_\

\

N7 \-o°
)

o0 O
o= ¥ i8B o= d
N
Nu ? Nu/_\ ° Nu
NASA Noz‘

Figure 1-15. AGOX LI L 2 U I RisH# /37 EH 7~k

S HIZ Ball 51X 2011 4FIZ 1-4-2 Hi Cib 7= Rh R & 7 VfbEmaE AW Y 7 7 7 Uik
EREZRER X 2R BRI 72 T~ UABIE~ LIS LTS 28, A L RaAf )L eI
F REERZFIH L TR $EERZIEN X RIS, ZORhESEKRE T L& S 4
C D BUSHEDE NI NN ) A RERER S X7 BOEETRESE D, ZOEBETELCTZI LY
A RDBEERZ X EROS L, BERZ VX T DT AN ER S LD (Figure 1-16),
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F72. HUHFSEETIX Ru Kl L N'-acyl-N,N-dimethylphenylenediamine ~ (Tyrosyl Radical Trapping
reagent: TRT) % 7~ LAIE L THW-F v v VR T ~UUHLRIGZBITE LT\ D 2, ARG O
# % Scheme 1-1 12/~ L7z, ARKIG TliE Rubpy)sCl 8517 E T, RS 21T 5 Z & T RuD) 23 ik =
D, B S 72 Ru(IDH IR O AR D L <ITIRIM LI~V A& ViR 7 > & =7 A (APS)
IZE > T Rul)~E@fbSnD, 2O Rull)RNTF R P EED 7 = ) — NV E—E Rt T52 LT
Fu TG UHANEL, ZOTPANNTRT ERIET D 2 ETFr L URIET LSRN R
SN,
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S \N.{©/ ©
+ @Rb‘ I+ ~\ 0
Ru(ll | Ru(ll

on U (I + , on

ol NS ®
:
° i (O Tyr
!

Tyr 0 °C, 5 min

Scheme 1-1. Ru(bpy); YefilliE &2 F 7= F 1 o LV FR L T~

BRI TICBIT 2 Ru et e Fu o v b o—E BRSNS, K 1.5 nm OHEPHN TEE
THTENHESNTND N, T4bb, Ruthtifte V7 RiEE X /37 % 1.5nm LIN £ T
MEEDLZENTEIURY T BEEGZ v T EBIRN 72 7 bR ER T 2 2 N TEH 2 &n
RE S le, FEERIC, U FEfER Ru AR 2 WD T L o TR Z X 7 BRI 72 7~ L
bz LT\ % (Figure 1-17),
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)Hy F:‘@%*E!Ruﬁ'éﬂﬂﬁ —BFBEORE

%%

Blue LED
(455 nm)

Figure 1-17. U 77 > NEGER Ru SeAEIC K5 U T RiER Z X7 5D 7 ~ufk

U7 RERERIARE 2 W2 FIETIER WS DD, TV ANRE NI BTk E LT
2013 4E1T Rhee HARE L72T A /LB ULt 4 —+F (APEX) &MINAEEHE A HW-F
BN S 53, BELKEFIE T, APEX X7~ WLHITHH T T I MiEEF O 7 =/ — KR %
TUMNMEL, ZOTVHVNETEERTF oL UERESLCE AT O URL N T Ty Rkl
T 5EWNI D THD (Figure 1-18), Z DT VANV FHEHEMm (<1ms) 2 OBWEPH (<20nm)
TT X BIRA L IET D L VWIMWHEEZRD720, APEX O TOAH T P HVFENE L S, FEMIE
%R T B3, APEX & HW T2 7 LRI ITIAMBEN TO &% X7 B O RTEfTo 7 a7 34— A~
B ISHEINTEY, 7V ANAINTHRNTOZ X7 E 7 ~)RICAEHTH D Z & DR

ShTnb,
{0

APEX

5
C

H,0,

Figure 1-18. APEX Zfilifi & L7 T U H WY& /X0 E T ~ALBOG

REEMET X IR AN S e, RS XY B CA UTIGHREN 7 X Bk L L 2 L
FIUZBOSITEIT LRV, 207D, Vo —ROBE QTS GLEE 2D, =T, ZnbDT7 Y
TNVBIIRZ R Er I TN TR o I —E A BEIOR Z 5 BRNICT X BN EET I,
fiblft & 7 X PEFREE S EZE LA WERBEIC B > TH TR FRECTH D, ZDTDREMET I /2
PN L LI A L0 b TN ES ThDH, £ APEX IEO XD ITENE T2 0 E
DRI DT | Z O & OFBEAEAOATIZCHISHIN TS Z EnD  BERNOREIZE EE BT,
EDZNTEPERNTED LS I 2 R LR L TWD DN EHRD T EnmReL b,
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1-6. [ ETCOREREEHRFIEZFA LIERNHZ R BokEl

T, 123 8 Tl 7 B EERR AP 14 B TR X2 U R TBbFr I HNVTRY T %
BEFHR ETIT O #EH, T7hbb, 77 4=7 41—/ na~ 777 40— TV EAEDYE
IR ESINTWS, T7 4 =T 4 —E—X FIZZ o\ Bh I ESTERRIC X » TR 2 3t
AREAICL > TR TAZ T Ay FHEAEERHOTWS R 2Rl 5 2 LIl LT\ 5,
1-6-1. &7 / B+ ETONEFMHAZEREIC X AER X 7 Bl

2016 TS 5134 2 Ki - E TR MR 21T 2 T, U R (BESH) & OMAERN
<, T 74 =T 4—ru~x 777 4—TCIIBUAIRER L 7 F o oA ER L T\ 5 (Figure
1-19) 2, 12381 (4) THRZX OIS, BEDOT 74 =T 4 —rua~x T 7 4 —TITUEERIEC
KX oTU Ay FFEEROTFWY X7 XD Ay RO EEET 5, — 5, ZOFETITY AR
B LT o7 BRI Lo TR T 5 Z & T, Ik THE&T 2R+ B RRET
HZEWR, ZORHLIF R BT TF A ARSI L > TY o —L & blicheT ki1
INOREES A2 LINTE 5,

oY

o ®.._ <
1) UVEESH . () HS oy >
) 2) U7 =S Al ] B

5 S g
,ATI\E\ ’A-:I_I\I—I:\ X=GN, 0,5 syt

Figure 1-19. &7/ K- EOCHFMEARRIZ L 5 L 7 F o Ol

1-6-2. A ETOT 74 =T 4 —FRY U TICLBZ U7 EDORER - #EElk

2014 A2 PG S 1E, BFH ETT 7 40 =7 4 — T XU U7 BTV, BEEX N7 H ORI E LU
BEAL Z RIRFIZAT O RPiEmae S L Tnd 3, ZoOFETITa-7vE®7r b VT REe RI V0
B Y U —CHfE Ly EREE BT S, ZOE—X2HWTT 7 0 =7 0 —FEREIT O
&L RERZ R ENRIEMET R R LIS L, ARBEE N L TCE—X RICifEE D, BB
FEER . MEOMBREINZH LA X v A2 RNT 5 2 & THR V ARHBMIEN R E, B —X
MORERI S T EDREET D & & HIT, B TAEATHZ LN TE S,

o o)
0
HNJJ\’Br HNJ\
MeO MeO N HN)\
MeO.
\¢ Nu
i _ NZ H,N-0-& A P
HN ﬂ%ﬂ; : 7“}[’“—’-&55 Hp'] 2 hlrl
— = rt,24h o
rt,24h o Ix

PEGA resin PEGA resin

Figure 1-20. [EAH ECOT7 7 4 =7 4 —F XV U 72 X D8ER X X7 B O R - Haglb

19



h“f?
i

1-7. Z R0 B-2 87 BHERROREN FiE

AT E T TR -2 X7 BB O EDE R Z&H T, Fix DY T RiEG 2 o
78T SIAGIEIZ DWW TR, ARGy 1= /37 B EAER OfATIXY T R ORERREIC B S
REHRTH D, —H T, FaxDEWFRT 0t ZAREED A T = X L ORIy -5 %
BHAEFEHOR TR, ZonNIE- 2R ERAEROBITFEVEETCH L, ¥/ I E-¥
VO EMAER RS 1-X R EREER SRR, T =T 4 —ra~v NI T T =R
FTYOULE WD Z LI XTI T2 Z E R ARETH D, AREITIT 72 2 LRy B-5 23
7 EAEBAE R OFRENT JED & B OB DWW TR RS,

1-7-1. AP-MS/IP-MS E\Z X A EARR & v 7 B OfENTE

12BTT 74 =7 4—/na~ 7774 —OFEBERRT, 12 TSV T REHEFL
TR E FHWTe, 2 OWK RICtrxtge % 2327 8 (protein of interest: POI) ZfHEf4 5 Z & 3T
ZAUXPOLICH AR T 54 L\ EE T 5 Z LN ARETH 5, BARIYIZIE protein A X2 protein
G R EDHUEFEAED ) o FIHEEENEZT 7 4 =T 4 —E—=X%& N5, ZDOE—XITH POI
PURZRES S, MR AT %5 Z LI X > T POl ZE— X LICHFE T2 Z L3 TE %,
P POI Hifk% 7= POI 3 X O POl AHEAER & v /R0 B % k583 2 ik Loy i b ik & RS,
POI DA AAER & o 7 EBEEN DA 21T, 93 < western blot JEIZ X > THAAER Z > 2327 /ED
EATINCTE D, RENOHAAEHZ ™7 EZ2RET 553G Lz POl B X UM AEEHZ 3
8% M) T AHE L, LC-MSMS ERWZHEAER Z 3V BDREEAT S, T OHGHELRE
25 LC-MS/MS (2 L DT DO—1# D T35 % AP-MS 75 % L < 13 IP-MS 75 & FES (Affinity purification

with mass spectrometry: AP-MS, Immunoprecipitation with mass spectrometry: IP-MS) 34,

HRRa R
V. 9
%ﬁf 00o
POk
/ OD ’
e
nFEAEYV AV LC-MS/MSHEHT

(Protein A, Protein G%4: &)

Intensity
A
%&
0
o
x
[}
o
1
x
O
(2]
% £
o
T
\0
o
x

3
S~
N

HN

Figure 1-21. IP-MS, AP-MS @ i #{

124 BN CT 74 =FT 4 —27 v~ N7 7 4 —ORBERZRRTZN, 2 ORERILFEERD
JFELCH D AP-MS £, IP-MSTEIZH B TH D, FFIZ PPLIT Ka> 10° M OFFWBIFIMEZ RS H D
DZUND, AP-MS 153 KTV IP-MS V5 TIIAT S RITAH AEAEH OV DIZIRES LT LE 9 %,
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DO

Flo, MIARRHEZ WD 2 Lnb . Z "7 B O RERAEMIEMNER S 31T 2 BR8N HE R
S L2, 2O XD NG M T, 590 PPL AT T& 2 X O e FENER S,
IERRE STV D,

1-7-2. HRP E#EHiEZ V- - pPI XY 7

AR 0> AP-MS/IP-MS £ Cldft POL HifkZ VW2 Z LIZ K> T —X B2 POI 36 L OMHAANEH #
VNI BRI L TS, —AKIIIC Westernblot 1E A4 WA HEITIE, EFED IV AF O H—F

(HRP) Z i U724t POIHiiA S L < 1B POI HUARIZ IR T IR FUAIC HRP HFSHTUAZ NS, 2
? HRP Zfifi & LT POl RRAHANEH X V"0 H 2 T U d 5 L9 7 7 u—F 7% EMARS {4

(enzyme-mediated activation of the radical source) <> SPPLAT 7% (selective proteomic proximity labeling
assay using tyramide) 37 & L CHIHAL S, EMARS JETIET U — 7Y K& 7 ~UL{bHI & L THW,
HRP il F/E T % F A b L2 &k - T, SPPLAT #£ T, 1-5 HiCik~7= APEX filfftiz X 2 7 ~1fk
THEHNONDTFT I FE T UHbAlE LTHW HRP T AT 57 =/ T VT E - T,
POI CAHHANER # o 7 B % T ~1ft$ % (Figure 1-22), HRP IZt MAIIEAN DR TTAAME T CTRIGEL
TLEH Z &6, RFEOREHSHITMRE Lo & > X7 EIZRE SIS, fEfliE%R 7 205,
ZOXOIBREROSL L, MIENTS 7 VL3 ATREZR APEX i 3BAFRE STV 5 35,

Figure 1-22. HRP il C K D R 7B ETO T~ {k (EMARS {4, SPPLAT i£)
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1-7-3. BER % J RS POl Z VW= MRRNBRE TICRBIT2HEERZ V7B T~k

AT EMARS V£, SPPLAT VEITNRE Z o 7 BIRHT -G 8 fillR < dv 5, MERPN CHA/ER 2 o8
VB RN T HHEE LT, 4T H—BEFEE L L7z BiolD £ (biotin identification) 73 < %l
HITWD Y, BFF U T—BIZITKBENTRELT 27 EF/L-CoA WNLRFT T —EE2 AT
AT B Bird WSS, Bird-POL e % o /37 B 52 BIG T+ T FMICHRELSE, B4 F 2 & ATP
ZWINT 5 Z £12 L - T, biotin-5"-AMP 23 {EMERE & LTSI, 8 K2 4425 10 nm DINIZFAET
HRNRTEDY VI E ST D, Bird 1315 553025 72 % biotin acceptor peptide (BAP) 73 5LE
ThHoHID, ZOEEREEHWDEEIZIZIBAP 256 L0 UDIT I RICEAT LB NS DL %, 22
T, fRITXRIRIZBAP B AT 52 L7, HOLWPDHX LRI EE T LHEERZRITCTX %
15 & UT Bird \IZERAZ BN LTz Bird* 5% S V72 30, Z O Bird* % I\ % ii# 7 ~ 1k % BiolD
ERES, L L7273 B BiolD 1% 24 Rl D BRI D Z ~ /LIS CTh D728 RefKAFRY 72 & 2/
7 EOEEMATIIINE TH D, ZORFHOKISEZUET D702, Bird O 14 7 X/ BRIRHIT xS
LCEREPMZ AT U A—EE2H D TurbolD ¥ L W9 SEENBFE SN TWD O, UGE
W23 24 BRI 225 10 HFRRE~LBIICTE S TWD, L LR, @i O BiolD & W5 ik
0 BIERFRN 72 T AR Z 0 WV RSO I 3 2 S BB S TR Y . 2 OIEFR
B2 T~ ERom At L7 ik & LT AIID 3B ST 5 4, AirdD 1330 E R B RS
IFBET 2 H DD, TurboID D 10 73 & W) RUSKFHIZ )T LT 3 RO RS2 B & LT 5,

F 72 BiolD LA OFAEN PP1 7~/ bk L LT, 1-5 §iTH a7z APEX 7% (engineered ascorbate
peroxidase) 23 5 ¥, APEX il T, ZULHIFT T I R HAELT 5T U A (<K1ms) 2>
OVEIPH (<20nm) THEET IV BEREEKICT 5, RER T VANV RINC L > ThTn 1 4
EVV) EREFTO T AN EB L TV D, Lov L, APEX OIEMELD 72 12 @i g otk & %
WL 72 WD T 22 7= . JIIRNICIELE T 5 redox sensitive 72 7 o /X7 BTG5 T 5 2 & A&
b4,

Fusion protein

_ "/ (APEXor BirA).
AR % @ biotin, ATP (BiolD) |
‘. A A 4 or
Q\g/ﬂ i @l \ tyramide-biotin (APEX) '
& @
\“~-‘_ 8 : biotin
4 o

Figure 1-23. BioID {%, APEX {EIZ X DN TOMAENER Z > /37 EH 7~ 11k
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1-7-4. FIEERSIC L5 POIMEAER % VR0 E T ~vfkik

AR U 7e @l S R 2 5 7 b BT R OBUGKR 2 03 L+ 2 Z & (BiolD), #RFH T
TX BRI RN 72 T <AL RSO MaFE  (TurboID) . EiRE iRk /kE DM (APEX)
R EENENDOFIETHER H D, T, K0 BRSO D SRV A E L CTRIR
W CTHEITT B T ~IUALBUG D FE 4 B S CTE T 5,

MacMillan H13A U U0 AWML Z T T DU b IR BTERRT 5 ROs % Bigs L. AR
I~ 236 LRSS B CPOISCH BAER & X0 B % T~ Ak 5 Z L IZRkE) L TV 5 (MicroMap )
M, REONTEFMm 2 ns) O/NER TR (K4nm) EZFFOD AN CFEIZ L o THUNREE
TOTJALNFRE L 72> T 5 (Figure 1-24) , HRP % V% SPPLAT % & bl L C POI B # o
INT B Ze @R BRI TE 5 FlE L > TV D,

® Photo-irradiation (10 min)

N=N L
\*g\m %)LCFE' Diazirine

Energy transfer

Plasma membrane

Figure 1-24. A U T AMME T, U7 VU U nBAE LD DNRUCFRICE DFEERZ X7 8D T
~U k. (MicroMap i)

MicroMap {EIZHIIENE E COMBEEROATIZ E EE > T DA, [F L < 2020 412 Moellering &
\Z X o THEZN T redox sensitive 72 % /N7 ' EH M AEAEH % 7 X)L {LT&Z %, PhotoPPI £
(photoproximity protein interaction) 723BH¥§ 41TV % 4, PhotoPPI 1£ CiX SNAP % 7 & POI % #fl
JAPICHEBL S, JEBMMARRE (7Y »), M, SNAP # 7DV A Nt THIWr v EE7e
Uy h—TCHERET 5, UVIBHICESTOT PV b NARUERHRE Y v —DUkNE Z 5,
ZHUT XY POL ROUEFHICAFAET DM AEAER & X BT~ b &4 %, PhotoPPI ¥ Tl f#AT x5
IZE L TKeapl ZIBELTEY, KZ T HITERNOIEMHRBREFROE P —ThH 5, Keapl O
BN ERENNIV AT A VEEOF A — NV ENEBFE L, ZOFF— B4 A L
3| aAte B@béd::%@%é‘fﬁ%ﬁoo T b, Bk L7z APEX 35 ClIm R E OB LKk E 2 BN
TH0, BILIC X2 EEEZ T, TRREECH >7-, LiL, PhotoPPl {ETIINIHIZL DT
~XETH B 7”:&)\ APEX IETIX T XML TERWT VRV BRITRIRETEDL T ENRENT
W2,
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L 4
UVERSY
(10 min)

Photo-cleavable il
linker SNAP tag

Figure 1-25. JCBIFIMERERIS & photo-cleavable V o 1 —Z & L7 HIfAN COMEAE 2 R BT
~LAk (PhotoPPI %)

Fio, AV U LA W 2 X7 H D T~ b5k E LT MicroMap (2D Tl
RTD, AHICAEE FOIVZHIN TO Z LR BT SOLSTTREE 12 B, A VR A o8y
BAREAE 2 7~ 5 &0 ) BIGE IXRAR D00, 2020 HEICIRIS IV T a7 LA LR A V%
Jefift & U, BEOYAERIE Hoechst & HifE LT D, RS TL 0-7 2= VT IV ETL
fEAE LTHWD 2 & TRBDERI RN T, BN Z o R7 B %2 T~ UET 2 Z LTI LTV,

7O 7NF L4 (DBF)

N Hoechst

N (BDREHRF)

Figure 1-26. A HESEAMEEZ 7= IR 2 o 27 ' D F ~ Al
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1-8. AFHCOBHE

Kim sl e Gl = 5 7 Vi X0 BT ~AbEZER U2 AR s+ A8 B4R A
FRNTIEDBR%E ] &9 BB CULTOAREN DRSNS,

FH—2 [ CIHRS - VR BR AR R0 B4 2 R R EAE R O FiES )
Tk _7e, AR 7-% X7 AR AAERIIFHEBER OIS O % SRR CE 2 FET b7 n 2
b B UNTE- B R B BEAER TR O SIT LCL Rl IZ 2ol ~ D E e <
FIW—1E O BEEA Z BT 2 HIENR W E 2R A ROBERZWA LN E LT,

Fo. 128, 138 TRRET 74 =T 4=/~ N T7 74 —=RT 74 =T 4—F_Y T
DONT, FiBEE DD EUTORD L IR D,

Table 1-2. TERDAKSy1--4 L 737 BAH BAEFFREATIE OB

TFI24=T4—3RYVT FI4=TA4—
SEBAEARR L oAT b TS5 T74—
DFRHOBZ S X @)
FROBESZS A ©
BRHRE A X
DAY FEEHOHEL o y
2 N)BE~DEH

TI4=2T 4 —F_RY TR, RISHEEZ NV BEOT X B L AT MBI ET
LHRENHY ) A —ROREE R NEE T D, I BT, F U EEOEAE/BEERDOR)
RHE < Rn=d, BREREICLIENE->TWD, T74=T 44—~ 77 4 —3fk/ R
DY H 2 RORGEERIZ L - TR Z N7 BaRTx 5, L, SBYEEEORHER (3 ng
FRRD) & X7 EOwEMEP (Ka <1pM OFEGARNED) IHIRAH Y | ED Z /87 HRe,
UH ey REDREGINIHNY L7 B O NREETH 5,

ZZCARMILDEFE _ENLHEMNETIE, FEROMELRRT L7207 71 =T74—rm~v 7
T 74— B U RTET AL ARG DE D & T ERBEOMRIREITH Z b L L, BAK
BINZIE, 774 =7 4 —E—XLICF RV E Tzl 77 =7 41— —X L
TR 2 R TE T SXIAIZ KD @R ) T FHBEEHO 7 A EIZEF T2 L8 L
Tz ZOMBAREFT 7 4 =7 4 —E—XERWTH Ry BEERE, T AT 2R L
BRI B EEEEICRE T Z BN ARRE D, Elo, VA REDOHAAERDRHWEGEIZIE,
B EAZITOT X VRV EIRIER T NIUERIGEITS 2 & T, UV REE X 7 B O
B2 fRMT DS FIRE & 72 5 (Figure 1-26)
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DO

HEER Ky> 10 MDIZE HEEH K, < 105 MDIES
il A A P A AR

Sa

Figure 1-27. 77 4 =7 4 — E—X L CTOMMBEN) % 230 & Z AL IEOTEH

BinH B2 T E T NACEDT TS, T ANE LRI T ORI O N AR T D
EHIRF LT, RBIR L7280, REMET R VBRI L OKRE LY LRI ET VX, TR/
Fapki b U v RS LT 7~ LA EZE T 2 BN B 5, M Z W2 T 2 iz X
78T, L 7 X BRFRELEZE L e < T H AL T O R nm LINIC T X BB
NTFETIULT SMEEITH 2N TE D, ThOLEERY U I—ROGIHEZLEEEFICY A
VNG H NI EETNALTE D LB X, BRI, AR SRR T O igic & v
NRUBEFa v R T LATHREZ Ru iz 7 7 4 =7 4 — b —X EIZHFTH L L LT,
ANMIEIEFT 7 4 =7 4 — =X Lo T, Y TNRGFREIOL &, WREIZY T FHHA
TERMWFINZ X7 ETh > THRIHNTE 52 FEOHMN Z By & L7z (Figure 1-28),

F24=T4—20=2 574 —

s 7N aFERE
R (CIR

- [ERATRE & T ~IL{EEhIR
s Z T B OEMERET

- ER DR T EATTEE

Ru(bpy), Yt fhiRIc & 3
FYHMHE Y RIBEF R

Figure 1-28. Ru YefIEFHEE T 7 ¢ =7 4 —E—X ETO U H v R-Z o) B EAE R HE OB
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DO

ZIT, BIE VT REESY R EORER L T~ L& RIRFICATRE & 972 et £ 7~
4 =T 4 —E—XOBA%) TiX Ru EfBHRRF T 7 ¢ =7 4 —E—XZ{ERLL, U Y RiEGEZ )
BRI LoD, BEEICRET 52 L0 AEE L 70 D FIEOBFICEY MA, TERIE O R E
DOREEMERIZIR Y AT, ZOREOR T, RutlHEET 7 4 =7 4 — =X LTI T Figd
BN B AR IR R A TIRE & 3D & LN EWEPE DR Ru e fitli (Ru/debpy $51A) % BR%E
LD TRz~ %,

B [T Uit 7 ~ LAl 1-methyl-4-arylurazole (MAUra) OBH%E | Tlid Ru JEftEE R —
R HNT, MIRRSE R O U o REG X VRO T~ UbaafLE o Lt 2 A, KT
SO FETIR Y T REEZ R B H BRI T L TE RN EDR LN oTz, 2O
JRRZREAELIZE 2 A, Fr U EKEoRR b+ T ~L{EH TRT & Ru EMEIZ K-> TT ohfk
SNDZENREBINTZ, TRT OF VIR T LR EHETH2DIC, VY RiEaH v
NI FEEIRPNZ TGN T D EBRETH L Enbhrolz, ZO/MEEZIT, X "I HEIR
TERTDY T NG Z LRI BED T ARG FERT D722, D Z < TfED 74T T~k
ATRE7R 7~ LA GEHE T ~ALAD) OB LT o7z, R LI2EH:E T~k (MAUra) % Ru b
fRERER T 7 4 =7 4 —E—X ETOTIHKITGA L, Uy RiEE & 7 E&ERB DO E R
BT )AL EMESL LT= D TRl 2R~ 5,

FIUE [55\NU > R-& 87 B EAE I A R ATREIC 3 2 iR 7 7 =7 1 — b — X |
TOWEHET ~ALIEORFE ) CTlE, 8 _FECHRZ Lz RuSMEHEE Y 7 =7 4 —E— XL =&
THFE L7l 7 ~ bR MAUra Z W, 7 7 4 =T 4 — I/ a~v N9 7 4 —=T 74 =T 4 —7
RY T TIEIREDRRETH D U T REEEZ X ED T~ - [[EEIT>T2, VA KED
FEEAER 395 < ERIETORENEE LW S 2 X2 8 (L F2) % RuEiiEHEs 7 7 « =7
4 —E =X ETOE#ET NI L > TT VUL LEET HDH TR, RV T F AT 541
HAERZ 308 Tl - FET 5 2 ST LTc e Oisfl 2R~ 5,

A EMIAN TORMBTEE T ~ UL AR Ll &2 R0 E-5 X B BAE R AT IE O B
%] TlE, B ZE TR L7 ~UUEAl MAUra & fW 72 7~ b & ERIa N T o 2 > 23 7 B AR
HIER O FiE~EIEA LTz, 127 i CEEE THE SN TE X2 72 R GHEER
DIEMNTEZ R R T X722, N OMELER & /87 B 2 Bl IR & T T ~ b+ % Fik
370, —J7, ERRO Ru M & 5 T P VB T ~OUBEOE Tk, BRI AT O TN % 288 & 19,
APEX JELARRIC S VB A —F —THIT4 5 7 VA NVEISIZ X 5 T~ b & il o 2 Tl T S8
HZEMAMRETH D, b L. TOTVLEMIEANTIT 5 2 &2 CXFUTERERI DR 72 &4 T
PPI Z R AIBEZe T L 720 9 %, L L7 HHIIEIN TO T~ LI TGS M 2 5 Yt 2
BHRTHVLERD D, £ 2T, MIRBERMEIEN DA A2 AR L, 8E LA osmstic
K DN Z R RO EAER # V30 BT b E FE e LTz, AIRPNEREE Tl iR
72 7 ~ ARG 2 FERL L7272 T < Bk APEX 7550 BiolD £ X 0 & BFTHI 2B EE T T ~UL
EDRFRETHHZ L2 RM L7z THEMA IR~ 5,
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FANE ] TR ARG LT,
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F%T%L&kk%@ NG %)ﬁ/%%t A BICHET 2 FiETAY THDH, TOFRTHE
e WVOIRFZREMET, MIEZRY I S22 LT 2R IclETE5 L0 ) m02h, NHS =
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BOIFROBWELZSI R ITHAENH L7720, UV D —FBKEOFEm AT LTI v h
—EBARMEOEWRY = F LY a—v (PEG) VA —O FEEICHOWTEHMiT 52 & & L
(Figure 2-2) ., PEG U > 1 —{Z DWW TIL PEG OH T HEV 18 300 F2£ (n=6) Db D% i,

N
HZN/\/\/\/ HoN \/\60/\%, N

Figure 2-2. 77 4 =7 4 — & — XIZHEFT 5 Ru SO 55 1545
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Scheme 2-1. 7 2 U 1 —&H Ru et &%
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Ru HARBE R & — X DO/ERLE % Scheme 2-2 (277 L7z, NHS = A7 L CREEAH Sz FG B —
XX LT, Apk L7z Ru Gt 1, 2 24 FF L721%., REBOUSO NHS = AT /V% 2-7 X ) =X ) —
NTHxR Y v B 7452 LIk > T Ru i e — X2 L L 7=,

Ru AR D & — X A~DOHFFIC L IR R 72 52 X BOWE DO AR T2HMNT, Zhb
@ Ru AL EF ©— X% HeLa AIRRARIIE P ICIRE S8 g LT & v X7 B2 BVEVEIC XV R,
SDS-PAGE IZ L » TH /R E B %M L7 (Figure 2-3), Ru Yefilfd 1, 2 ZHHE L T2 W&
B URTBEOWREMILE L ER N2 e, BRIk 2542 X7 BEOWFIRITE A
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200|
150

100
75

50
37

25
20

15

10
(kDa) Silver stain

Figure 2-3. Ru JEAREEHEF & — K25 L= & 37 & O *Input: HeLa AR (0.1 mg/mL

proteins)
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AT CIR R LS ICT =F &2 EH Lz Ru K Z2 5T 5 Z & T Ru OFFD 2+D E&Ef & H
L., FERERM2 2 X EWERLE L LD EB X T, TOTHOEEN TG LT, B
ALAHEEIC VAR U EA LT Ru oGk A2l Uiz, BVR VBN LA LD IV RF T T —
28 Ru OFF 240 E M A2 T2 2 & 2 Lz, B FREEICEBRO DV RT U IVEEET D
Ru YEARBEREE IR 13 OA %% Scheme 2-3 (277 L7z, RuCly (ZxF LT 2 ¥ &ED 4,4°-dicalboxy-2,2’-
bipyridine (debpy) 10 Z Bz SH 5 Z & T Ru(debpy).CL 11 ZH L, Vo 1—T%2HBMCHHEAL
BN 9 ERUSSED Z LI K- T RuSAFH LR 12 2157, Ru #5812 @ Cbz A& KB IRINIK
ST & o THiR#ET 5 2 & THMO Ru YRGS EK 13 21572,

HzN{v)N Cbz

N NCbz
EDCI+HCI, DMAP M <\/>
DMF, r.t., 25%

RuCls

EtOH/H,0, 100 °C
77% (2 steps)

CbzN N

H,, Pd/C

MeOH, r.t.

Scheme 2-3. 7 = & Ru YAl 13 (Ru/dcbpy $51K) D& Rk
2-3-4. Ru Yefilifit 13 23 v — XD /ERL

2-3-2 fii & [FBR O FIE T Ru el 13 i e — X2 ERL L 7=, L2 LE—X EORKIED NHS —
AT NE I 2T THX Yy v BT OBEBEIZE T EEN Ru MBLIZHKT o4 L o URIzER
L7c7z8, FiED MALDI-TOFMS fiftr 217 -7, Fv v B 7HIE LTHWS 2- 73 /=& ) —)v
2% Ru YEfE 13 & B 23325 2 L2 D RuSBR 14 DL RE S v7e (Figure 2-4),
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%7 Ru/dcbpy WAMBEDFFOWINE EA2F i+ 5 2 & & Uiz, 22Tk, LV ZEMEOE W Ru
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Figure 2-7. Ru JGAREE EAAR O WO

X 51T, Ru AR EROEBGRTENEZT A 7V v 7 ARNZ A R — (CV) 2L > TRElid
HZEE LT, i CAR T ~ ARG DR 2R~ 7= 23, CV JIIEIZ & > T Ru(ll) @ -2 SOMO D
TR ERFELD 2 ENTED, 2F 0 Ru(I)ABE T %2 TEDHLED = F )L F—HERL )
DT, JIE L7z Ru ks & o X 5 72 HOMO % £ b &Mn s —E 2% T 5 Z LR T
XM EMNZTDHZ ENTED (Figure 2-8),
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(Figure 2-9), HIEDOFER, BT OREEZHL S LTV 20 Ru(bpy)s(PFe)a. BN THEEIZ 1T D7
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Ru(bpy)s(PFe)2< 15 <12 DA, T 72 BB REIZEOHEI L, BALRICENM D DT NIIEH I
T RLTWAZEDRHALMNERST, L0 EEMMAINCEGECEMEZ DLW Z &1, Bk
WA ELTWAZ & 2EW%RT S5, F/-. Fui OB cEAMITW3 7o Ru il o g cE
LI H/NSVEE ESTWD, ZiLE, WTHLd Ru tﬁﬁﬁi BWCbhIFrv o E—E LTS
ZEWARETHDH Z L 2R LTWD, LLEDEFR) - BRUbFRIRAEN S, G H L7z Ru Jtfilik
BRI, ARSI T, Fr Y R A — aﬁ%é’) I TE 5 Z ENRBRI N,

Compound  edox potential(Ey)

V vs. Ag/AgCl
Ru(bpy)s(PFs)2 1.16
15 1.19
12 1.22
Tyr 0.79

Figure 2-9. Ru JARMEEE ER OBl
2-4-2. Ru/dcbpy YEAREED T ~ LAVl AE o 548

AT L 0 . AR L7z Ru/debpy SERRBEI AT EROGEIEL S h T T ~ ARG % i~ 2 7= O 1s 443 72—
EFRLABREEZ A L TWD I EARBEnTz, £2C, EBEII_XTF R - FUTHEIZH LTI
MMERIEZEATH Z L & Lic, 1 DOTFr v VEREEZAT 57 F N Th D Angiotensin 11 & E 7 /L3
TFREL, SYEDT LA (tyrosyl radical trapping agent: TRT) & 10 X4 & Ru Yefiitis LY
ANV FY BT B =T A (APS) FAE T RIS EIT o 7o, RRED~7F RiL MALDI-TOF
MS HIEIZ & o THRISFEZ TN L7z (Figure 2-10), W3 410 Ru Gt 2 V72 BRI & Angiotensin
I OE—2 (m/z[M+HT=1046) 2EK L, £/ 7UEDOE—2 (m/z[M+H]=1222) OB AT
RO E—2 (m/z[M+H=1396) DEHISNT=Z Lnb . TS OET R S 47,
Ru(bpy);Cl,<°. Ru filtfit 15 2 /= & 121X 2 5D TRT 234EA L2 B2 T U KIRD B — 7 358 <
R o252, Ru/debpy Yot 12 2 HW72 T UL TIZZE DO E— 7 OFEENRTHL /2o TWND Z &0
5. Ru/dcbpy Sl 12 TIXE D T ~ALZIRRLCRET L TN D Z & bR I,
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H H
Y ”
~ O ~.
500 uM TRT N N
1 mM Ru cat. OH H
1 mM APS O + ‘(
> 0
N'-DRVYIHPF-C' MES buffer (pH=7.4)
) . hv (455 nm), 1 min —N
Afzg'c?éenhsll';” ( ) N'-DRVYIHPF-C' N'-DRVYIHPF-C' \
H .
mono-adduct bis-adduct
Angiotensin Il
1&[': E‘_ 16011 8-ax115-Angll 0:AT MS Ruw
Rucat. =
1i: mone-adduct . bis-adduct
x1e - x ok - —] 1601 14-axx] 1 5-Ru(bpy)3 0-A2 MS Eawr
Ru(bpy)sCl, ] - .
0.50) ? 2 %i
024 g S g :
15 :
L | hl I I |IU‘L "
12
_ N -

Figure 2-10. Ru JEARBEEEE (R 2 IV 7= Angiotensin I1 DT 1 3 7% KL T ~LAL

PRI Z 3T BT LTI AR AT T 2002 2 & & L, Ui 7 V7 2 (BSA)
BETNLLANIBELE L, BAT U OMEEER LT 7 ~UEA] (biotin-TRT) % VTS 21T
o, TIELTZBSA X, Ve AZ Ty M TolRICA ML R 7 BV HRP THLER L |
LI DIRE 2 el 2 Z & T, BSA (2 & L7z biotin-TRT 0 & 4 F¥Ali L 7= (Figure 2-11), W\ 941
O Ru YefilfiE 2 72 BRI 6 BSA (2% 5 biotin-TRT OFEANHER STz, L L, ZOREG &L,
Ru(bpy)sCL > 15> 12 DA T2 Z LR EhT,
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500 puM biotin-TRT
1 mM Ru cat.
1 mM APS

hv (455 nm), 1 min

12 blotln-TRT

CO;H
- - N
Streptavidin-HRP N
------ Ru—-N HO,C \ Nll-"'Ru—N \ Coz

H
N

CBB stain CbzHN 2
H Y 15 Cb HNHN

Figure 2-11. Ru JEMEREE AR & FU 7= BSA ~DOF 1 o VLT ~ULAL,

U EDSRTF KTl - Z R BE T )b DfERIE, Ru/debpy Jefili 12 8% L X7 BHDF
0y R T SRR E RS TVWA L2 EMF T DD TH D, LD bt X s B0k
REELAG 72 G DD 72N Fr v UEREE T VAR Ru/debpy A 2 R 2 & ITpksh L7z,
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2-5. Ru K7 7 4 =7 4 — B — XD Z X7 BEXEREEDOFHE

A E CTT, Z /T B OIEFFRE DV 725 X7 B T ~ ULl Ru/dcbpy Sl 2 G5
ZEIRBI LT, £ 2T, Ru BB B — X% WA # 2o B ORERL - T UL O E
fTH2 Lz, 9. RuMR T 7 ¢ =7 4 — =X &2 HOCTIEM & 2R 7 8 &2 TRIRIICR
T HZENTEDEIDMRAET DI & & LT, BT VH R TEREM /K (Carbonic Anhydrase :
CA. MW :29kDa) # & L7z, NHS =27 /L CRAEEM S 72 FG B — X2k L T Ru Yefili 1,2,
13 OV e CA DY H R 4-sulfurmoylbenzoic acid DFFE(R 16 % [FFFICHHEF L7z (Figure 2-
12a), U W R KLY Ru SEAlEOHE &4 RISHE O RIEOROCEREIC LV koL 25 1: 17
nmol/mg, 2: 16 nmol/mg, 13: 31 nmol/mg, 16: 24 nmol/mg & 7¢ > 7=, Ru/dcbpy Yefilifi 13 D Ak
FRENHOD, D Ru YL U 7 ROMFFRICKE RERIIRN ERbhoTz, EHIC
Ru JGAfE 13 #Ef B — XK 2 Z b EFBAMEE (TEM) ICX VBRI L7 & 2 A, Ru LAl E &
— XADOIEIL, BE SN TS FG E— X DG 2 &L 228N 202 & b bhro 72 (Figure 2-12¢),

Z DO E—X% H T HeLa M@k HIZIRE 72 CA O %2 1T > 7= (Figure2-12b), U W K 16
DFHZMHFF LT B — ATl CA BRI 2 Z LT L7z (lane3), L L., 2-3HiTHD
AVTZFN @ Y | Ru JEARE 1 2 FRIRFICHEE L72ER. CA DIAMT B2 < D F 37 B A JERF RIS
L7z (lane4,5), HFFT 2% Ru Wiz, 2,13 ~EBH 5 & ¥ X7 HOIERFRI 7235 13
L7z (lane 6 - 9), F#lZ RuJefilif 13 & 16 Z[FIFICHE L7zt —X (lane 9) TIX U T K16 DA
AHFFLI2GH (lane2) ST E A EEANR OGN 2olz, LLEDZ &5 Ru/debpy JeLfiliiiAa 7
E—=XZ Lo T, —RIUICHNWSENDT 7 4 =7 4 —E— X L [AFEOBIWETIEN & X B ok
I ENAREE 2o T,

(a) COH
CN “““ RU—:Nb \ N RU—N/ N g % H H \NHz
N - =/ Ho,C N R ZN co; %NMEN
%NHN % Vfo/\// H

s o %NN
! Hﬁ°1:’.

(b) (c)
Rucat. - - - 11 2 21313
Ligand16 - - + - + - + - +
Lane 1* 2 3 4 5 7 . .
758 ' Y >
150 ; !

(kDa)

Silver stain mn

Figure 2-12. (a) $H#F L 7= Ru Jefiiids L OV o RO (b) Ru Sefliflir ©— X% H\ 7= CA K
# *Input : 1.0 uM CA in HeLa cell lysate (3.0 mg/mL proteins) (c) Ru J&fifg 13 15 & — X TEM [#[{%
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2-6. Ru e EF 7 7 4 =7 4 —E—XZ HWERNZ U7 BEORREB LT~k
2-6-1. BSA, OVA, CA [BTER TOEHZ )7 BREH - 7 N bokgst

Ru/dcbpy Jefiifiiz FH N5 2 & TIERZ X7 B A BRI TE 5 2 & AR O L7z, RIT
RS2 o I BICH L TE—X ETO T~ URISEHETT 5 i~ % HA T, Ru/debpy &
A EF B — X2 AW TR L7z CA O 7 b EIG &2 T 72, FIET V7 2 (BSA), AT
N7 I (OVA) & CA D3 FEEDRR Y 7 B 2IREG LTINS CA DR AT 12#%I12, 7
~JLAEA biotin-TRT 35 & Y APS % ¥ L TK_ETYERE 21T\, biotin-TRT OfE&SEEZ A L7 |k
7 ¥V HRP CHULER 5 Z & TRl L7z (Figure 2-13b), YSILDERIX, =y X RV T7Fa—7
D72 EFIT, HREF 2—T OE EICHE L., Vo FVIRIRICR L CEITHEECE 2 BE L7
(Figure 2-13¢), E—X LDV T ROFEIZED 57 BSA °° OVA OIERFEI WS IR S
T U R16 ZHEFL TWDIGEDAH CA BRI 2 Z LIcsI L7z (lane3,5), &6
(2. RuJEAEE 13 B XN T R 16 ZFRIRFICHEF L7 B — X2 HWEHEEIC, B L7 CA 27X
MET 5 Z LI P LTz (lane5), LU, RuJBAREE 13 Z24FF L TRV E—XZ W TH T 7
(2T OALSOGEREITT D Z 3o 7- (lane 2,3), ZAUE APS 12 K 2B(LAI72 BSOS ISR L
TWHEEZTVWS, £72, WTFNOD lane IZBWT b4y F & 50-70 kDa fHTICEIC 2 & I —
Yar Ll I F ooy REBINTLE o7, WIFERIEIZ L 5T BSA X OVA [ZBRIT TV DITH
bbb, 7 IF BRI TWARNWZ ED, FG BE— XOREEEILr 7 F L 2l E LT E N
5:k%fﬁéhkoEﬁm@%ﬁ%#?%ywﬁﬁiﬁghk%@@ Ru SO 13 HE57 7 ¢
=7 4 —E—=XEANTHER, 7L LA Ru el 13 Z2HE L O RWngEA Lo b3

%@TCA%7AW&LT%50;@;kﬁ%@%f%éRut%ﬁﬁ%774ﬁ74~t
~XLT®UﬁVF%ﬁ&yﬂﬁg®?NWM%$ﬁTé*&ﬁf%ko

) | 0 M
AUt /
HJ\/\/\uJ\/ﬁo/\iNr\/\b )’_giui.'q \ §—N‘Q‘N
N N=
)

(a

2

(b biotin-TRT / »
HHN o 13
Rucat.13 - - - + +
Ligand16 - - + - + (c)
Lane 1* 2 3 4 5 12 3 4 5
200 R
150 : A
' 100 | o K
" 75 | 4= BSA
L 50 | "
37 |- 4= OVA
- -~ . e mCA
SAv-HRP (kDa)  Silver stain

Figure 2-13. (a) biotin-TRT, Ru Yol 13, U 4> RiFEK 16 OFEE (b) Ru et 13 HHE7 7 ¢ =
T4 —bE =Xk D CA DR« 5~k (¥Input: 1 uyM BSA, 1 pM OVA, 1 uM CA in 10 mM MES
buffer (pH 7.4)) (c) YRR D51k
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2-6-2. Ru KT 7 ¢ =7 4 — =X LD F~UKIZEIT B Y v FEIROREE

ZORu M 13 HET 7 4 =F 4 —E—XE AW T VU ERE, E—=XDOFRmE ETY v
REZ U RIBOREEERENS & L TEITL WD DERT D720, VA Y Ry &2 ISR
FHESTE—XREHEOU > R EFEARENEZ 250 T T7 LG E1T - 7=, Ru Yefilt 13
HET 7 4 =T 4 —E—XEZHNTH RV EIRERNS CA 2R LRI, — o7
Z O F F biotin-TRT B3 LN APS Z IR LI ZIT 272, &9 — DOV T NWIZIZTCADY T R
17 2RI L= RER DO XSO 24T - 7= (Figure 2-14a), & LE—XFH ETU H > RIS LT
B NIRRT LSV TWN DD ThHIVUE, BEEHENE Z 5564 TlE 7 U ERISD
EIT LR 2213 THho, FERIZ, BAHERITTIX CA DTN RESETTLHZ
ENHB D E 72572 (Figure 2-14b), A BLEZ T 2B DTN EITL TS O, B
— X EICERBEINTIEE LT CA DO Thens 7-VUbEzZIT-edThH EEZX TS, Thb
H, TYVUBRIGEDIEE A EIFE— XK LT H o FEOREAEZEN & L THEITL TS,

(a) R

(b)
Rucat.13 +
Ligand16 +
17
Lane 1

N o+ o+ 4

Intensity 1.00 0.28

Silver stain
20

kDa

Figure 2-14. (a) #HEOBIIEE (b) KAFETHER - Tk SN2 CA (lane 1) BLUOBAE %
1TV DO DT~ 7z CA (lane 2)

2-6-3. Ru e 7 7 4 =5 4 — ' —X kD T ~JURIZBIT 5 T ~VALEIR O
WIZ Ru W 13 iR 7 7 4 =7 4 —E— X HWTHER - 7L L7 CA DEIHERL LT
TR E RS D Z & L Uiz, BN, BIRED CA OIRY0 /N RIgELZEREL, M
BERAEERRT 5 Z & TR L7 (Figure2-15b), £/-t MJET7 /L7 2> (HSA) IZIZTVALT 4 K
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WAERL TV RWT U —DF F— VROV AT A VREN DR T FEET S, ZOVATA
VRIS VA I REATOHESTFUEEAIEDL LT, —DRETESTFUNEAINL HSA
(HSA-biotin) ZFHHI9 2% = L N T %, KIS D HSA-biotin DFEIRIE 2 & & LB 2 1ERT 5
Z LT, T ERNTE CA DT AR EZ R LT (Figure2-15¢), £9°, K — X% U /= CA
DEGHFEIL 61% ThHDHZ L Rbnotz, Thbb, BXLE 4 ED CA DUPEFEIEIC X > THREEL
TWDLZEZRLTWND, £72,CA DT ~LEEIERIT 0.5biotin/CA TH D Z LR bhroTz, EHIT,
#ZAH A T Ru(bpy)sCL ZJtfififi & LT CA % 7~k L7258 1213 2.7 biotin/CA THHZ & b odro
oo Thbb, BE—=X ETOT U LEINTIERFH O Z ~ AL IZ AR TEREMET T2 L0 )
R THD, ZOFERITIKREL 2 2B 615, —2HIT. BT NVULRISITEDEEE ) & 72 57
D, E—ARHEERT D LI L s THRISHENMETLTLEY Z&THDH, —oHIT, EMEF
TIEAEN CA DH B P DI E BT L D D728, CA Rl LOETOF v v o kiks 7~ ud
LHZENTEDLMN, E—=RXETOTUHLISIZY B REEG AR~ MMAIEIZ Ru Seft s sz 4 5
oD, HAR RN EL, FEAET VMG EZ TR NT e v VERELBINSG 2 EThD, 2
DI, TR OIETIEA LN D S DD — 72 ERERBIE DR L3 (%)
F0 b T VURhERITE L, MEEIZY T REGZ RV BOBRENRTRETH D LEZ BND,

)
hY
(a) N mEd ®) 100
HSA-biotin @K 5 ~ LA CA _— '
SEFE [uM] 0030103 1 # 00100301 03 1 80 1 y = 99.517x - 2.5607 ////
T 60 | R2=0.9967
2 _—
S 40 | -
5 e
£ 20 _—
— - p— e
0+ °*
- —‘ 20 ] I I l
0 0.2 0.4 0.6 0.8 1
Labeled CA [uM]
SAV-HRP (c) 25000000
AT rzm 20000000 |
‘ 140 = 45000000 | Y = TE+07x - 708161
bl |90 # R?=0.9918
= 70 48 10000000 |
' R
55 e
- % 5000000 |
— ‘, 0
20
|15 -5000000 : L
10 0 0.1 0.2 0.3
Silver stain (kDa) HSA-biotin [uM]

Figure 2-15. (a) 7L Lk CA 38 L OVHSA-biotin D 7 = A X 7 1 v b K ORYL (CA sample: Ru
FeAE 13 B L O T K16 HHFfE— X% W TR - 7L L7 CA) (b) CA DERYfE N R
SR DO AR () HSA-biotin 0D %8 Y7 BE D ELf
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2-6-4. Ru MR T 7 4 =F 4 —E— X LTI~ L E 72 CA DOEERTEM T

Ru Jefi 13 7 7 4 =7 4 —E—XE2HNDL Z L TU AV A X v RV BER R Lo>o%
NRICTALTE D Z EZRIE TR L7z, i Chil 72 LB 0, Rupilitlc Lo F v 5%
BT ~SOUBBOS T ARSI S T, 0°C, 53 & W D IRFI72 4o CHEIT T B 720, IEEERFEL D
DUH REGE NI EE T TE 5 ETPIINS, £2C, AFETHERY - 7~k En
72 CA OEEEEMERIEAITS 2 & & Lz, RIffiE TTH. BHOZE B E LTl b B %
FAWTWeR, BRBEO X R BOIEEEZRET 5272013 Ty RiEGE X X7 BRE%T 5
SR T TR bR, T 74 =T 4 — v NI 7 4—IZBWT, E—=X Emnb U v
NG & R BRI T 2 FIEIXEIZRO 3 OB LA TN D,

Table2-1. 77 4 =7 4 =70~ 7T T7 4 —ZBF DUV PGS 237 AOE L

WA USEE

- B EL (95°C, 543) LAV AU EEEM,RESELZ LT, VIV FEDOREE%E
fig il S BV 5 Tk, I bEGHIENBWFELER, WHLEX V30 H
T L TWAHTZD, HiglZ) Ty RiEE 2 o7 EORIBICIEb N5,

Wi BRIBEOY B RERMTHZEICE>»TE—X LDV T Rhb Y H
NfEa & R B a2 S D FiE, ML 7o & X7 BIZI3uimL =y a7
Y RDBFEGT D EEFHEEIC WD ERIIZY T RERET 5 TR
B,

- IR Bt gt - HEHMESRMEIAT T, & L <X, mIREOEZ I LIEH T 5 Fik,

A G UHIRHEERIC L > T, —EICH Lo B O ZIRIEE 2 R L EL &
HAHZETU N RSS2 2 L3 AhEE,

ZIZ T, R SUE LT CA DR FIEIZ EFRO T TR BIEMAFETH 2 EIEHEZ WD
L& L7, CAITHEE p-= ha 7 = = )V ONMUKGIREOG & RS 2 Z L3 6 TR Y O, ks
RIZE > TAELTE p-=ba 7=/ —/LOWHRE (340 nm) ZHET 5 Z &IT L > THEROIEEERE
idDZENTED, T2 THR - UL L7z CA OEERIEMEZFEE p-= F v 7 = =)L ONIKS
MRS & - TRl L 7= (Figure 2-16a),

XU OIZ, Ruthlita e T u o 3R T ~UEBOG D RIFIZ L - T, BEFEN EOREOHIE
THRIET DAL, B =X & HOTIZHFAF T, Ru(bpy)sCly Z it & L T biotin-TRT 5 X
W APS ZWIN L CERIR ATV CA DT~k Z T o7z, Tk &7z CA & HVTHER2 p-= |k
07 = =)V ONKRGSIREOGE AT, SOSERIE D 340 nm OWOEE ZHIE T2 Z & T CA OIFEMEZ 7
L7z (Figure2-16b) , {EAHF OIS T T~ b S 7 CA VLT~ b Z 21T T CA & Hlg L
TB L REEENME T T2 LN E o7z, WRICRu i 13 7 7 =7 4 — 1
— X% [T biotin-TRT (2L % CA DT~ fbE{To7-, 7k LTz CA OIEMHIT, HROHL %
To7= CA OIEME & el 42 = & CTFfi L 7= (Figure 2-16¢) , Al U 7= 95 CHERTEME 2 37l L 7= &
A, R DT SAALRS TIREEOIR TR A 67—, Ru Jefilt 13 K¢ 7 7 1+ =7 1 —
E— X ETT &N T CA ITERERIEE 2 1EIE 100%RFF L TWD Z ERHL N E o7,
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(@)

OH

£
. UYL abeled
{ ca -
i ONQZ | N )OLOH + O 1 Abs: 340 nm
A HO

10 mM MES Buffer (pH 7.4)

(b) (c)

120 - 120
- : unlabeled CA 100 } —— : CA purified by 13

—_ 100 ‘:\ D functionalized affinity beads
2 80 ¢ [ cAmbeled by = 80 |
2 60 : Rulbpy):.Cl; 2 60 | [l : CAlabeled on beads
= 2
g 40 8 40

20 20 +

0 0

Silver stain [

Figure 2-16. (a) CA OFEFIEMEFHM 7% (b)iFHH T Ru(bpy);Cl & Yefiillt & LCZ 1k L7z CA ®
&M (o) Ru M 137 7 1 =5 4 —E— X% T CA k5L - ULk L7 CA OiFEM:

Ru(bpy)sCly Z Jtfilifit & U THWERAEH T F ~ b LI 3G& I3 BRI EME T 216 b 677,
Ru YA 13 K57 7 ¢t =7 4 — B =X LTI~ EAT o GBS IEEARFF SN DB HIX 2 ©
DOHERNE 2 Hd, £9 1 2HIE, AIfiCH L E Lz Ru A2 V2 7 A bh=3RI K4
5HEEZTWD KT TT UL LEZBEICIZ 1 DD CA I 2.7 551D biotin-TRT NS LTV 5 &
DD, RuHfE 13 HEEFT 7 =7 4 —E—XZHW= 7L TIL 1 DD CA 2 0.5 531 O biotin-
TRT LS LTy, 37 b AT CIREEIC 7 /b3 EIT L TR Y | CA OIEHERT »
FHLIEART v MELTO T UULBEITT 5, 207~ BITRE R EER 7 v MTADL D%
FHET 2 7= OBRIEEOIR TIZ OB N -T2 B X TS, 2 D HOERIL, 77 4 =7 4 —b—X 1
TOT~UEIZBWTIL, CA DIEMEART v FBMRESNTNDLTD TR N EEZZTNWD, 77
4 =T 4 —E—X LTI CADIEER v MZIXY Y R1TREELTWD, Zhizk - T, kHix
JSERIZ CA OIEMEAR S~ b~ biotin-TRT NHZE L7728, KR T v hOR 7y NEITO T
JALDEITE T, BERISTEN R SN WO EKRTH D (Figure 2-17),

e EAT Y b &
EERT v MBEDL T <t RELO2T N
biotin-TRT biotin-TRT
D ~@ Ru(bpy):Cl, @ 134855 £ — X
Ex=

Figure 2-17. £ — X L TD T UL LT TD T~ L D&
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2-6-5. Ru Yt 7 7 ¢ =7 4 — ' — XOFEF| FfkEt

KT SXPACISIE AT SRR T 0°C, 593 & WO IRFARRETHEITT D22 2D, Xy
BEOEEERRDTITHER « TR ARETH D Z &2 /R LTI, HEEL TS U H v RNl
HARBIGSGMS TIHEEEZ B 2D TICHEAH TE 20 TiEnh B X 72, KAFIETHW S Ru Sl
HEF7 7 4 =7 4 — =X IR LV ENLATRETH 5728, HEFFL TW A Y Ty RVRTE
L CWRITHEFFAANRECH D, £ 2T, Ru KA 13 #1577 =7 4 —E—XZH/FIAL
THEBICb ) Ty NG E RV Ea R« T TE 0552 2 & & L7z, HeLa i
KEHIZ CA ZIRIES &7 & 7 Gk a2 v, Ru e 13 K7 7 ¢ =7 1 —E—X &2 T
CA Z F581% | biotin-TRT 38 KL OV APS Z iR LIRS ZAT o 7o, ETo, #GF /X7 BOBHEITILH
ENDWHIETH HEZEME (95 °C, Smin) ZHWVWTE =AML T ENT=Z 7 ORI %
1Tole%a, E—XH LIV Hy RORIEPBREIND, S BIZ, BZMEICH WS Sample Buffer
FD2-ANT) T v 2B ) —MIBNLRED R\ S R4 5 ATV S 728 RufitiiE D 453 b G S %,
bz ent, BE%EIY BIRMZ2EMETHIBEEHEZ AW T T b E iz CA 2R L,
B — R &P, [EIN L7 B — X AW THERBROBIEZIT o 72, 7~k CA VL, mifi E
TERERIZA ML 7 BV HRP CTLEET 5 = &L TRt L7z (Figure 2-18),

BRI R

HN)LNH
o—kH
< beads )
O recycle ’
5 = —_—
o =
£ « L 1y 24 34 5n
lane 1 2 3 4 5 6 7 8

iww

SAv-HRP (kDa) Silver stain

Figure 2-18. F-FIM L7z Ru A 13 KT 7 =7 4 —E— X2 W56 ORI - 7~ 11l
WEEOFHM  (FT: Flow Through)

ARE—XTEAHLTHL Y B R X oI E iRl AL TE B2 ENbhro7= (lane4-
8). 3EIH ETCOFFMTILTY /X7 EDERGNRS T AL 2725 Z L7 <R - 7~k
THZENTE T, Ruei T ~ b DA Tl —EIEMESE 2 AT 2 A & LT oRRE

fiD, TOTZOEV IR LML T <IZoi, MEDOIIESCY 7Y FORILAEZP < Z LT
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I 4mEA, 5 EEUEOFEAHTIEY v EORRR « 70U 2 & HICER D 2 Ly
Motz LU BABENT K> T, Ru SEARHEE B — XA IR RE L T\ D 2 & 3 IR
EETROFAANTE S Z LRSI,
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2-7. NEWDOMESY VX7 BE2ER L LIZERN S VR BOREL - 5114k

ATEE C T, MIRBAHE TICET IV XA RIS 5 &0 9 BE 72 2R CTRFIED =
YT NEA AT o TE o, ARHEITCIEEBRISHIREAIE D & NTEME ORI 2 L R 7 B AR L >
FTIT D ENTEDLIIRRET HZ & & L, BEE LTRASDFIEO—D2>THDHVE R
#ERRL ¥ 7 #—+ (DHFR) Z#®E L7/, DHFR DV H > RELTA R ML FRH—F (MTX) 2515
NTWnD 10 FEEIZ MTX O 7 2/ {biFEik 18 2 FG B — X2 @k L, DHFR Z 58 L 7= 525 #
HENTWAHLZZ CRuMEMIE I3 BLI RN A RI8EHEF LT 7 4 =T 4 —E— X Z/ERI L,
DHFR OfEH « 7~ bz G L7z, B — XK A NHS = 2 7 /L CREERM S 4172 FG B — Xk}
LTYU A R 18 3 LU Ru Sfibli 13 OREEAIT > 72, 2-8 i T Ru Sl oo B ek 22 EE b
itk O EEOWENS BFES 728 24 31 nmol/mg L7g->72, UH L K18 1225\ T, BEE
Bt D 3G OWSEEN S FEE(LSEE B »72& 25 8.0 nmol/mg & 729, U2 K18 I Ru )t
it 13 LD L FEEMRERBLE V4 FTIRTFLTWS Z EDbhoTe, U R 18 OREE
BHEDMENER E LT, A b R P — FORWVIEMIERRT 5N D, BEEISICHW DR
DMF (259 2 AR DME < EBICIARE L TV D MTX OIREMEL 725 Z & TRIGEEME T L,
TOEIRMEER LIZEEZERL TS, UH 2 18 L0 & Ru D 7A@ RN &k ST
LHEM LIRS TVHEN, R —X% T HeLa A& & DHFR O ZRALT-, VTR
18 DA ZEFEA L TVWDHE—XEL Ru il 13 &V o R 18 ZRIFFICEEL L7z — XD EL 5
ZHWTHIZIZR & O DHFR 28325 2 L 12pkP L7z (Figure2-19), & B IZ Ru efild 13 E &b
77 4 =T 4 —E—ZX%Z M\ T DHFR % #58%% . biotin-TRT 35 L WY APS Z RN LG & 1T > 7=,
A M7 T EY Y HRP & HW T biotin-TRT 25%E & L7zl L7 & 2 A, DHFR ~D 7~ LK K
I DHEETT DI HERE ST,

purification labeling o
e DD Ay e ned
_ OHJK/\/\EJ\/(\O/\%F!/\/\ISS
200— @I biotin-TRT

+

150 — '
100—

75— W'

50— -

o Ox-OH
37— \‘; OH NH, /@J\”IN\N_;
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Figure 2-19. Ru At 13 157 7 4 =7 1 — B —XZ W TR - 7 ~U1{k L7z DHFR

SHIT, B - 7L L7 DHFR Z @B TE 20 GET 2 2 & & L, — BRI b
BN X ARG L 0 BRENE W72, biotin-TRT I2 KD T E AL T R T EY
HRP OO 2 HWiud, YA TIIREH TERWBEOR G X 7 E bt TE D &
HIFF L7, HeLa AlIQBRAR 110> DHFR Z k58d4% | o2 & [FER D 5 T biotin-TRT |2 & % 7~k %

Tolee 7B DRI Z AR L T RYEA L0 B % I < DHFR Z T 5 2M0REE L7z,
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T 5 &, lane 5 1Z/RT X O IZERYA TR TX 72\ & DHFR &, AFIETEMT H 2 & THi
MA[BEIZ 72 > 7= (Figure 2-20a), IKIZ, AR L7 HEBRmkA AL 5> & DHFR OFEHL, biotin-TRT |2 & %
T AL EAT o7z, $RYA Tl 3.0 mg/mL OMIBUE L 2> & R U 72355120 7« DHFR % 8 Hi§
LZENTETCND, — 5T, KFETHR - 7V LGS ITIIW T IO L O MR I
BUWTH DHFR 232 2 L ICBh L7z (Figure 2-20b) ,

(@  Purification and labeling of DHFR (b)

from 3.0 mg/mL Hela cell lysate Lysate 2/

x1/3 x1/3 x1/3 x1/3
3.0 1.0 0.3 0.1 (mg/mL
l Y (mg/mL)

lane 1 2 3 4 5

Silver stain

Silver stain ¥ ‘

*signal is saturated

Figure 2-20. (a) K5l « T~ L IZAIR L 7= DHFR (b) A7 L 7= HIRRARRFEIE th 2 S R L - 5~k &
#u7= DHFR

54



?“dﬁ
i

2-8. BEDELD

TI74 =T 4 —E =X ETOENY L RTEDT SN EERT 572012, KETE, 774 =
T4 — =X RICHEFT 57200 Ru AR SR 1,2,13 AR L7z, L2 L, Ru Gl 1,2 Tk
Ru Ot 0 2+DIEBRIZH KT DI R & R EOWFEEE U, B FHEEIC LR F
VA L7z Ru AL 13 TiX, IAARFT T — B Ru DL OEMEFMTHZ LIk > TIE
FRHLHg 70 2 L R B O Z P U, @RI 2 o X7 #4522k L7, Ru il
BE3 HET 7 0 =7 4 — B =X &, MR EE R OFER 2 X 7 B DR T Sk E T o T
& A, I BIRIMAERIE O SO E K E < ERZ @0 T S AbzhE (50%) TR 7=
TR T U kA R LT, Ru AR 13 T 7 =7 4 —E—X LTI~k an
722 N BIIRERIEME A RFF L TV, BAUC L D AN L7 B — X2 HF H L2, el E T
BIVUTZ X7 ERGEEE . T S ARERERE O KIE 134 DAL Do T2, ATFVETHIE - biotin-TRT (T
KT~k T RiEEH o278, A MV R T EY -HRP Z W 2R ERRH &2 v
52 LT, WEREORPEATIIRE TERWIFEEMER X VR BB TREIC LT,

Ruldcbpysitk AR

@: biotin

BHALATEEY v IBR L >oKgel
RuftAniiiBfs e —X vV 2y ROEDFERERELRDT 7L
vV BRELERENZ /7 iR
Figure 2-21. B " FEDOE & O
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Experimental section

General. NMR spectra were recorded on a Bruker topspin ADVANCE III (500 MHz for 'H, 125 MHz for *C)
instrument in the indicated solvent. Chemical shifts are reported in units parts per million (ppm) relative to the
signal (0.00 ppm) for internal tetramethylsilane for solutions in CDCl; (7.26 ppm for 'H, 77.0 ppm for 1*C) or
CDsCN (1.94 ppm for 'H, 118.26 ppm for '*C). Multiplicities are reported using the following abbreviations: s;
singlet, d; doublet, dd; doublet of doublets, t; triplet, q; quartet, m; multiplet, br; broad, J; coupling constants in
Hertz. IR spectra were recorded on a JASCO FT/IR-4200 spectrometer. Only the strongest and/or structurally
important peaks are reported as IR data given in cm™'. High-resolution mass spectra (HRMS) were recorded on
a Bruker ESI-TOF-MS (micrOTOF II). Analytical thin layer chromatography (TLC) was performed on a glass
plate of silica gel 60 GF254 (Merck). Silica gel (Fuji Silysia, CHROMATOREX PSQ 60B, 50-200 um) was
used for column chromatography. Reverse phased column chromatography was performed with GL Science
InertSep C18. Most commercially supplied chemicals were used without further purification. All chemicals and
purified proteins for biological experiments were obtained from commercial sources and used without further
purification.

Synthesis of Compounds. N-(6-aminohexyl)-4-sulfamoylbenzamide (16), N°-(Biotin-polyethyleneglycol)- N'-
[4-(dimethylamino)phenyl]glutaramide  (biotin-TRT),  Bis(2,2’-bipyridine)[4'-methyl-(2,2'-bipyridine)-4-
carboxylicacid]ruthenium(Il)bis(hexafluorophosphate) (Ru(bpy).(mcbpy)(PFs).) (6)!, N3-PEG300-NH: (8)’
and 2,2’-bipyridine-4,4’-dicarboxylic acid (dcbpy, 10)® were prepared according to the previously reported

procedures.

H2N H’ NHCbz
6

7

EDCI-HCI
HOBt-H,0

e

DIEA, DMF,

rt., 24 h \_/

H _
CbzHN{ \N
MG o 15

Bis(2,2’-bipyridine){Benzyl|6-(4-methyl-2,2’-bipyridyl-4’-carboxyamido)hexyl|carbamate}ruthenium
(IDbis(hexafluorophosphate) (15). To a solution of 6 (63.6 mg, 0.0693 mmol), EDCI-HCI (16.1 mg, 0.0840
mmol) and HOBt (12.2 mg, 0.0903 mmol) in 3.0 mL of DMF were added 7 (24.7 mg, 0.0861 mmol) and DIEA
(10.0 pL, 0.0580 mmol). After stirring at room temperature for 24 h, the reaction mixture was concentrated in
vacuo. The residue was dissolved in 5% MeCN/H>O and purified with reverse-phase column chromatography
(5-50% MeCN/H»0) to give 15 as a red solid (58.9 mg, 74% yield).

Mp >300 °C; '"H NMR (500 MHz, CDsCN) 8 8.82 (d, J = 1.5 Hz, 1H), 8.53 (s, 1H), 8.49 (d, J = 8.0 Hz, 4H),
8.07-8.04 (m, 4H), 7.83 (d, J= 6.0 Hz, 1H), 7.73-7.69 (m, 4H), 7.65 (dd, /= 1.6 Hz, 5.8 Hz, 1H), 7.55 (d, J =
6.0 Hz, 1H), 7.40-7.26 (m, 10H), 5.00 (s, 2H), 3.39-3.37 (m, 2H), 3.10-3.09 (m, 2H), 2.54 (s, 3H), 1.62-1.54
(m, 2H), 1.49-1.45 (m, 2H), 1.37-1.33 (m, 5H); '*C NMR (125 MHz, CD;CN) & 164.0, 158.8, 157.9, 157.8,
157.7,157.4, 156.9, 153.2, 152.6, 152.5, 151.7, 151.6, 143.6, 138.8, 138.4, 129.6, 129.3, 128.7, 128.5, 126.4,
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125.5, 125.2, 122.4, 66.6, 41.2, 41.1, 30.4, 29.7, 26.9, 21.2; FT-IR (KBr) 3423, 3338, 3112, 3082, 2936, 2862,

1773, 1675, 1604, 1543, 1466, 1202, 1136 cm™'; HRMS (ESI, positive): m/z calced. for C4sHasNsOsRu [M]*":
430.1369, found 430.1375.

EDCI-HCI
HOBt-H,0 \ /

_ =

g
DIEA, DMF, N3\/\Go/\>,N
rt, 17 h h O 16

N3-PEG300-Ru(bpy)s (16). To a solution of 6 (100 mg, 0.109 mmol), EDCI-HCI (42.3 mg, 0.238 mmol) and
HOBt (31.1 mg, 0.230 mmol) in 5 mL of DMF were added 8 (124 mg, 0.404 mmol) and DIEA (32.3 mg, 0.250
mmol) under Ar. After stirring at room temperature for 17 h, the reaction mixture was concentrated in vacuo.
The residue was dissolved in 5% MeCN/H;0 and purified with reverse-phase column chromatography (5-40%
MeCN/H,0), and compound 16 was yield as a red amorphous solid (119 mg, 88% yield).

"HNMR (500 MHz, CD;CN) & 8.93-8.86 (m, 1H), 8.60-8.56 (m, 1H), 8.50 (d, J = 8.0 Hz, 4H), 8.06 (t,J = 8.0
Hz, 4H), 7.84 (d, J = 5.5 Hz, 1H), 7.74-7.67 (m, 5H), 7.55 (d, J = 6.0 Hz, 1H), 7.41-7.37 (m, 4H), 7.27 (d, J =
5.5 Hz, 1H), 3.62-3.46 (m, 28H), 3.34-3.30 (m, 2H), 2.55 (s, 3H); *C NMR (125 MHz, CDsCN) 6 158.9, 157.9,
157.8, 157.7, 157.0, 153.2, 152.7, 152.6, 152.5, 151.7, 143.5, 138.8, 129.6, 128.6, 128.5, 126.6, 125.6, 125.5,
125.2, 122.6, 71.0, 70.9, 70.8, 70.3, 69.9, 69.8, 51.4, 40.9, 21.2; FT-IR (KBr) 3432, 3114, 3081, 2871, 2102,
1666, 1620, 1604, 1543, 1446, 1305, 1239, 1104 cm™'; HRMS (ESI, positive): m/z calced. for C44HsoN19OsRu
[M]*": 458.1480, found 458.1489.

H,, Pd/C

_—_—
MeOH, rt., 7 h

\_/ \_/

H / H /
CbzHNy \N HoNy AN
Mﬁ (e} 15 \<\/)6 o) 1

Bis(2,2’-bipyridine)[/NV-(6-aminohexyl)-4’-methyl-(2,2'-bipyridine)-4-carboxamide]|ruthenium(II)bis

(hexafluorophosphate) (1). To a solution of 15 (2.0 mg, 1.9 pumol) in 0.5 mL of MeOH was added 3.0 mg of
10% Pd/C (50% moisture content). After stirring under H» at room temperature for 7 h, Pd/C was removed by
Celite filtration and the filtrate was concentrated under the reduced pressure to give 1 as a red solid. The red

solid was applied next step directly without further purification.
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MeOH, r.t.

H
Na\/fo/\%nN o 16
H2N-PEG300- Ru(bpy); (2). To a solution of 16 (10.0 mg, 8.0 umol) in 2.0 mL of MeOH was added 3.0 mg
of 10% Pd/C (50% moisture content). After stirring under H» at room temperature for 2 h, Pd/C was removed

by Celite filtration and the filtrate was concentrated under the reduced pressure to give 2 as a red solid. The red

amorphous solid was applied next step directly without further purification.

o} o}

OH EDCI, HOBt N, Hebz
_ H DIEA _ s
7 N\ . A~~~ NCbz 7N\
— \_/ HaN DMF, rt. — \|_/
N N 24 h N N
7
5 9

Benzyl|6-(4-methyl-2,2’-bipyridyl-4’-carboxyamido)hexyl]carbamate (9). To a solution of 5 (50.2 mg,
0.239 mmol), EDCI-HCI (59.1 mg, 0.308 mmol), HOBt (39.4 mg, 0.292 mmol) and DIEA (90.0 mg, 0.696
mmol) in 2.0 mL of DMF was added 7 (83.4 mg, 0.291 mmol) under Ar. The reaction mixture was stirred at
room temperature for 24 h. After addition of EtOAc and H,O, the organic layer was collected, dried over Na>SOs,
filtered and concentrated in vacuo. The residue was purified by silica gel chromatography with
CH,Cl,:MeOH=10:1 afforded 9 as a white solid (20.8 mg, 25% yield).

Mp 136-138 °C; 'H NMR (500 MHz, CDCls) 8 8.97 (d, J = 5.0 Hz, 1H), 8.62 (s, 1H), 8.53 (d, J = 5.0 Hz, 1H),
8.27 (s, 1H), 7.78 (dd, J=2.0, 5.0 Hz, 1H), 7.35-7.29 (m, SH), 7.18 (d, J= 4.0 Hz, 1H), 6.72 (brs, 1H), 5.09 (s,
2H), 4.79 (brs, 1H), 3.46 (q, J = 6.6 Hz, 2H), 3.12 (q, J = 6.8 Hz, 2H), 2.46 (s, 3H) 1.65-1.61 (m, 2H), 1.54-
1.51 (m, 2H), 1.42-1.38 (m, 4H); *C NMR (125 MHz, CDsCN) 165.8, 157.0, 156.7, 155.3, 150.3, 149.1, 148.7,
143.0, 136.8, 128.7, 128.2, 125.4, 122.4, 122.0, 117.5, 66.8, 40.8, 40.0, 30.0, 29.8, 29.5, 26.4, 26.1, 21.4; FT-
IR (neat) 3329, 3286, 3034, 2939, 2870, 1683, 1631, 1595, 1530, 1478, 1342, 1283, 1255, 1221, 1142, 1100
cm™'; HRMS (ESI, positive): m/z calced. for CosH31N4O3 [M+H]™: 447.2391, found 447.2383.

RuC dcbpy (2.0 eq.) 9

u _ > -

°  DMF reflux OH  EtOH/H,0

reflux, 25 h
o)
_/ \/
CozN (LN
1 z
™ b 12

Bis(4,4’-dicdicarboxy-2,2’-bipyridine){Benzyl|6-(4-methyl-2,2’-bipyridyl-4°’-carboxyamido)hexyl]
carbamate}ruthenium (II) bis-(hexafluorophosphate) (12). To a solution of RuCl; (207 mg, 1.00 mmol) in
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5.0 mL of DMF was added dcbpy (487 mg, 2.00 mmol) under Ar. After stirring at 170 °C for 3 h, to the reaction
mixture was added aqueous HCI solution (1 M). This mixture was cooled to 0 °C for 30 min and black
precipitation was collected by filtration. The black precipitation was washed several times with 10 mL of
aqueous HCI solution (1 M) three times and 5.0 mL of Et,O three times, then dried in vacuo to give black solid
11. Then, to a solution of 11 (92.1 mg, 0.139 mmol) in 8.0 mL of 75% EtOH/H,O was added 9 (40.0 mg, 0.0925
mmol) under Ar. After stirring under reflux for 25 h, the reaction mixture was concentrated in vacuo. The residue
was purified with reverse-phase column chromatography (0-20% MeCN/H,0) to give 12 as a red solid (73.2
mg, 77% yield).

Mp >300 °C; '"H NMR (500 MHz, D,0) & 8.86 (d, J= 7.5 Hz, 4H), 8.78 (s, 1H), 8.37 (s, 1H), 7.90 (d, J = 5.5
Hz, 1H), 7.85 (d, J= 5.5 Hz, 1H), 7.81 (t,J= 5.3 Hz, 2H), 7.78 (d, J= 5.5 Hz, 1H), 7.69-7.66 (m, 4H), 7.63 (d,
J=5.5Hz, 1H), 7.57 (d, J = 6.0 Hz, 1H), 7.24 (d, J = 6.0 Hz, 1H), 6.96-6.90 (m, 5H), 4.60 (s, 2H), 3.15 (brs,
2H), 2.78 (brs, 2H), 2.39 (s, 3H) 1.34-1.32 (m, 2H), 1.13-1.11 (m, 2H), 0.97 (brs, 4H); '*C NMR (125 MHz,
D,0) 170.6, 170.5, 170.3, 170.1, 165.3, 157.8, 157.6, 157.2, 157.1, 157.0, 155.3, 152.1, 151.9, 151.7, 151.5,
151.4, 151.0, 150.6, 145.7, 145.6, 141.9, 136.2, 128.9, 128.3, 127.9, 127.1, 126.4, 126.3, 125.3, 124.4, 123.2,
121.3, 66.0, 40.1, 28.7, 28.2, 25.7, 25.4, 20.5; FT-IR (KBr) 3329, 3286, 3067, 2938, 2870, 1683, 1629, 1608,
1541, 1370, 1267, 1137 cm™; HRMS (ESI, positive): m/z calced. for CsoH42NasNsO11Ru [M+4Na]**: 562.0805,
found 562.0805.

N N= ]
/
)\ )\
CozN (| N HN (LN
2

<v>6 o 12 <v>6 o 13
Bis(4,4’-dicarboxy-2,2’-bipyridine)[ V-(6-aminohexyl)-4’-methyl-(2,2'-bipyridine)-4-carboxamide]
ruthenium(II) bis(hexafluorophosphate) (13). To a solution of 12 (2.0 mg, 1.9 umol) in 1.0 mL of MeOH
was added 3.4 mg of 10% Pd/C (50% moisture content). After stirring for 10 h under H, at room temperature,

Pd/C was removed by Celite filtration and the filtrate was concentrated under the reduced pressure to give 13

as a red solid. The red solid was applied next step directly without further purification.

Preparation of Ru cat.- and ligand-functionalized FG beads?. 0.5 mg of FG-NHS beads (Tamagawa Seiki
Co. Ltd.) was washed three times with 100 uL of DMF. To the FG-NHS beads in DMF was added Ru cat. 1, 2
or 13 (from 10 mM solution in DMF, final concentration : 0.1 mM), affinity ligand (from 10 mM solution in
DMF, final concentration : 0.1 mM) and Et;N (from 100 mM solution in DMF, final concentration : 1 mM)
(final concentration of beads : 5.0 mg/mL). After stirring at room temperature for 1 h, the supernatant was
removed by centrifugation (13200 rpm, 4 °C, 7 min) to give both Ru cat. and affinity ligand-functionalized FG

beads. Then, to the reaction mixture was added 4-aminobutanol and stirred at room temperature for 1 h to
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convert unreacted NHS ester to alcohol. The supernatant was removed by centrifugation (13200 rpm, 4 °C, 7

min), the beads was washed with Lysis buffer (20 mM Tris-HCI pH 7.5, 150 mM NaCl, 1 mM EDTA, 1 mM
EGTA, 1 v/v% Triton X) three times and applied next step.

Electrochemical measurement. Electrochemical measurements were performed with a Hokutodenkou HZ-
5000 analyzer. A three electrodes system which consists of glassy carbon working electrode, a platinum wire
counter electrode and an Ag/AgCl (in saturated aqueous KCI solution) reference electrode was used. The CV
measurement were performed in 200 mM KH,PO+/K,HPO, buffer (pH 7.4) which contained 10% DMSO (for

dissolution of substrate) and 1.0 mM substrate at room temperature. A scan rate of 100 mV/s was applied.

DLS measurement.® Particle size and zeta potential of Ru cat.-functionalized FG beads were measured with an
electrophoretic light scattering spectrophotometer (Nano-ZS, Sysmex, Japan). Beads were suspended in H,O

and 0.5 mg/mL of beads solution was applied.

Preparation of crude cellular extract. HeLa cells (2.0 x 107 cell) was washed with phosphate buffered saline
three times and added to 1 mL of EDTA. After incubation at 37 °C for 5 min, the suspension was added to 4 mL
of phosphate buffered saline and HeLa cells and supernatant were removed by centrifugation (1500 rpm, r.t., 3
min). HeLa cells were washed with phosphate buffered saline three times and 1.0 mL of Lysis buffer was added.
After incubation on the ice for 15 min, the sample was vortexed for 10 s, centrifuged (13200 rpm, 4 °C, 7 min)
to give supernatant as HeLa cell lysate. The concentration of HeLa cell lysate was determined by protein BCA

assay.

CA purification from the protein mixture with beads.? HeLa cell lysate was centrifuged (13200 rpm, 4 °C,
30 min) before using to remove insoluble protein aggregates. 0.25 mg of the beads was added 100 uL of protein
mixture (1 uM CA in 3.0 mg/mL HeLa lysate). After stirring at 4 °C for 4 h, supernatant was removed, the
beads was washed with 100 uL of Lysis buffer three times, suspended in 40 puL of 1xSDS-PAGE sample buffer
(50 mM Tris—HCI pH 6.8, 125 mM 2-mercaptoethanol, 2% sodium dodecyl sulfate (SDS), 0.025%
bromophenol blue, 10% glycerol) and boiled at 95 °C for 5 min. The supernatant was collected by magnetic
separation and analyzed by SDS-PAGE.

CA or DHFR capture from protein mixture and protein modification. To the 0.25 mg of beads was added
100 pL of protein mixture (1 uM CA in 3.0 mg/mL HelLa lysate, 1 uM CA, OVA and BSA in 10 mM MES
buffer (pH 7.4) or 3.0 mg/mL HeLa lysate) and rotated at 4 °C for 4 h. Then, the supernatant was removed by
magnetic separation and wash with 100 uL of Lysis buffer three times. After this washing operation, 50 uL of
10 mM MES buffer was added to the beads. To the solution of beads was added biotin-TRT (from 100 mM
solution in DMSO, final concentration 500 uM) and APS (from 100 mM solution in H2O, final concentration 1
mM). The beads was distributed and the mixture was irradiated with blue light (RELYON, Twin LED light,
455 nm) on ice for 5 min. The reaction was immediately quenched with 5xSDS-PAGE sample buffer, the
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mixture was boiled at 95 °C for 5 min and the beads was removed by magnetic separation. The protein mixture
was separated by SDS-PAGE with 4-20% acrylamide gradient gels (Bio Rad), transferred to polyvinylidene
difluoride (PVDF) membrane (GE Healthcare), blocked with Immuno Block (DS Pharma), treated with
horseradish peroxidase (HRP)-conjugated streptavidin (streptavidin-HRP, Sigma-Aldrich), and a blot was
treated with ImmunoStar LD (Wako Pure Chemical Industries, Ltd.).

Measurement of CA activity. CA was labeled according to above-described method. After photo reaction, the
reaction was immediately quenched with Tris(2-carboxyethyl)phosphine Hydrochloride (TCEP-HCI) (from 100
mM solution in DMSO, final concentration 1 mM), to the solution was added 60 mM acetate buffer (pH 5.2)
containing 2 M NaCl (final concentration 30 mM acetate, 1 M NaCl) and incubation on ice for 10 min. The
supernatant was diluted with 10 mM MES buffer (pH 7.4) and excess amount of small molecules was removed
by AmiconUltra (MWCO: 10 kDa). To the labeled CA solution (50uL/well in 96 well plate) was added 4-
nitrophenylacetate (1.1 mM in Tris buffer50 mM, pH 8.0, 100uL/well in 96 well plate) and the time-dependent
increase inabsorbance at 340 nm (4-nitrophenol) was detected using a platereader (TECAN, Infinite F200).

CA modification in liquid phase. To a solution of 1 puM CA in 10 mM MES buffer (pH 7.4) was added biotin-
TRT (from 100 mM solution in DMSO, final concentration: 500 pM), Ru(bpy)sCl, (from 100 mM solution in
H>O, final concentration: 1 mM) and APS (from 100 mM solution in H>O, final concentration: 1 mM). The
mixture was irradiated with blue light (RELYON, Twin LED light, 455 nm) on ice for 5 min. The reaction was
immediately quenched with 5xSDS-PAGE sample buffer, the mixture was boiled at 95 °C for 5 min and

analyzed according to above-described method.
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'H and '*C NMR spectra of compounds
Compound 9
'H NMR (500 MHz, CDCl;)
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Compound 15

'"H NMR (500 MHz, CD;CN)
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Compound 16

'"H NMR (500 MHz, CD3;CN)
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ESI-TOF MS spectrum data
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'"H NMR (500 MHz, D,O)
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CYV spectra of compounds
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DLS spectra of beads
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3-1. IZC®HIC

2 ETYHY FIEA X L7 BRI L 555~ L. $EREEL D & EREICY H o RisEd
BRI B EBHT D FERERE Lz, Lol WEEEZIT O 720U v K EOFEET1A355 0
B RGOSR E L THEETH S, £ 2T Ru HHHEE T 7 0 =7 4 — B — X%
T, BHBEZITDOT, XUV HIRIERFTH U Y RiEE X /37 B2 BIRIC T ~LER T
XHLORTFEORIKICET Lic, THAEBTIUL, RIFEICHR Lo EImz <, V7
RFEG I DFINZ X7 B ORI ARE L 72 5, A TIX, Ru ABLEEHIAFIET D % /R BED
I T XALDIATRE TR T AL GEHE T~ LAl OBIFSIZER Y fLA . Ru KR EF T 7 ¢ =7
A —E—XETOY T RFEGEZ o3BT <AL FIEOFEBRZ B LT,

3-2.TRT 7 ~ULHIE LTHWZZ VRV BIRERFO Y v REEGZ v /R0 BT~k

BOETIH RuEMEL 13 BL Y T2 R 16 24HEF L7 B — X% T CA DR - 7L & 1T
ofz, AEITHEH, ¥R ERERBTY Ay MGG 2 R a7 LT 5 Z LR T
XDLDDMGET D HI T AE = X2 HNWTH U R EIRERFT D CA DT )b E1TH Z & & LT,
BSA, AART /N7 I (OVA) BELOCA O 3 FHD X /37 HOIRIER I Ru Sefilii 13 HEF
T4 =T 4 —E =X &Mz T, O 7T biotin-TRT 3 L TWNAPS # i LR 24795 Z & T
LRI E T XA ELT 572 (Figure 3-1), Ru Jefili 13 ZH£F L7255 12 CA B8 LUV BSA (TxHT
% 7 XL OBAT RS ST D3, OVA LI T /b DEITIZ R 72 o7 (lane 4), & HIZ,
Ru JEME 13 B L OV A R 16 O )7 205 L 72 BRI 1 CA (2% 5 biotin-TRT D& A BN L
7= (lane 5), DT 72D BSA ~D T UIFTHETL TWD 0D, R ETH CAZ LD EWRD
FTTUUETHENTET,

Rucat.13 - - - + * - - -t
Ligand16 - - * - % - -+t - 4
Lane 1" 2 3 4 5 1“2 3 4 5 A o 0 e
90 O\”JJ\A/\HMOMAHM
(1] T biotin-TRT
55
40 | < OVA
356
—-_— A — — T—— | - CA
20 . «
SAv-HRP (kDa) CBB stain

Figure 3-1. BSA, OVA. CA IR{EZRH TD 7~k (*Input: 1 uM BSA, 1 uM OVA, 1 uM CA)

I, LVEHRRTY B REER X R BEBIRINC T ST 5 Z E R TE D05
BT, HeLa MINAMEIEETIZ CA 2L, Z D&% R0 HIRIEZ T D CA 21BN T~k
5T EMTEDL MR LT (Figure 3-2), B & RO EMFETT b a i AT & 2 A, Ru Sfili
13 ZHEFFL TWRWEAICH, X X7 E8RT~ubansd Z Enbnolz (lane2,3), BZ5H<
WML TS APS IZ X DB ERRIBUSIC L 2D THDH LB Z T DH, RuAE13 B8 KXY o
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L R 16 ZRIFFCHE L7541, CA BEWIR T~ EZ T TNE EDDEL D CA LSO
B S IR TIEERT TE Y, Z0/8Y FOWBL S — 21T Ru A 13 0% 2 187 L5
/ﬁ\kgﬁ‘g‘é (lane 4, 5)0 zizﬁ‘!}%{”i—l_'%%@ U jJ?/ }‘i(ﬁ%/ﬁ\& NIV g%{zﬁj}ﬂ ]\/7"::5’7‘—/1/%’(\3;)671—:
O, Ru AL 13 OB 2 EF L= DT 4 7 7 L Uy VRITIC L > T, CA DT~ L&
HT 252 ERAREICR>TWD, L, KVEODRVNENED ) T RiEE X 7O
BT %G, SOV T RIFRIFNE T ~S/ALRISIETIR LTI T 2 b O TIERV, AT
ST AT DB FANTY By RES X V7 ED T~ [E A A[REICT A= 0IZ =20 ) By
RIFK 78 T ~AALR R D SER R AR T 5,

Rucat.13 - - - * # T
Ligand16 - - * - % - -+ -+
Lane 12 3 4 5 1“2 3 4 5
10 /'li HN)LN.:'H
40 OHJI\/\/\HMO/\)FM
% biotin-TRT
- s Hg?géH i
<« CA O iz iy oM
20 ; o\'jm“>o%ﬂﬁrlwm
O 3,
18 ‘ %Hﬁgw 16
SAvV-HRP (kDa)  CBB stain

Figure 3-2. HeLa AR i T D 7 ~/L{t (*Input: 1 uM CA in HeLa cell lysate (1.0 mg/mL proteins))

RIS T Ru SEAMERFT 7 1 =7 ¢ — &= KUK B IR 5 8 T O 32
FBLTWD, F72, T VLG ERES T D72ODIZ APS ML TWD L O D, JERIGEHC RS
N2V 0 RIFRIFEHRZR T Ut (lane 4) & g9 UL, BISISIC X DT~k & (lane 2, 3) 1%
We 2% bOTH B, EBIRENETFICB T B FBBIRISIEEEA L4 mm DO EE TR
EWVIHFEMRENREINTHDEN !, 20X N7 E 124 LAZZNLLFOFEEAICEL DY
Hy RIERE-D F 280 BRI S < OIXREECH D, —IUEEL< DU H o RIEERGH 7
FGAXJALORRE Z D E W) Z &, EEIZEZ > TV a7k R HE S TWD —&E 1
BENL DL GIRWAREENEZEZ DIVD, T VN L X T BT bk L THE L
% APEX {ETlX., 7~ LAITH 5 biotin-phenol 70 54E U 5 FH M (< 1 ms) Mo/ 72 B2

(<20nm) Z2HT 5T HANBTHIR T A FREICT 5 L ST 5 2 Ru ez 555
LB TET 0 Y BRIER T DA MMEEND & L TR, TUNMEENSD T = ) — /il
MORIEIZR —ThoZ b, Fr i i biotin-phenol [FIERICEFF D2/ S 70 JLHCER %
T 23T ThH, 202 b, 20U B> RIFRIFH2 T~ ULBUEDFRIR % 7~V AL#H] TRT
DTN DFEE ECBHCERIC b 5 OTIEARV I L TR LT, 22T, EC T ~LA TRT
WTCHMEEZIT S D00, £12F CHMEENEERE, 20T VN OFEMPIEECERIZE D
59 A O ORISR D 2L kL,
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+ ‘: \ hll ~N O o]
i Ru(ll) + \
OH \—/ OH
(©, - 0 —_— O
Tyr 0 oc, 5 min Tyr
Tyr
FRAZEFRMEEIDF S AN TN DB
Blue LED
@ (455nm)

TRTO 7 PHNLHERIGICES T 5 /Thett
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(o] 1 H 1
] N ]
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Scheme 3-1. F 1 o L FHE T ~OUAb DO HEE SRS
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3-3. 7RO BRI ZH RS X OVT ~ AL A ZhEERE D LA
3-3-1. TRT B L UOF v ¥ DEBESILFRRHER L O LA 2 EERED FAfh

AT CT7 LK TH D TRT 237 VAL S I D B AREMEIZ DWW TE & L7z, Ru(bpy)s Stz
Ko TTFu NI Vb E=T H5E121E, 12 3o HOMO 76 Ru(lll)? SOMO (%t
THEBFORZNRI D, Lo TH FETHLIRA X 512, Rull) & AbAY OELE TTEN % el 3
52 EICE T, ALEWH Ru(IDIZ L > TS ) 20FHili 3§25 Z &R TE 5, £ 2T Ru(bpy)s
JefiiE, Fra . TRTIZOW T LR CEMZY A 7V v 7RV A R — (CV) 12X > TiE
52 Ld Lz, CVERAWIUE, BILETEMNOLL LT, AU LHEE (T V0 IEERE) ©
GEWEMET D2 E L ARETH D, —MRMIC CV ZHIET D & &, IEHMBICENMZ ELE LRI
o —72 (Bn CAFMICEERELLEREIZEHNDE—2 (Ex) DFF 2 2OE—27 3@l 5
(Figure 3-3), L2 L, HEENRELE TH LG EITELANER L2 ZICHHEIEEEL L, A
FINZIFZe—7 BB 725, T8bD EaBLUVE BT —7 OEE# ik 5 Z & Tk
BRI L LB LS THEL L FRHKOZEMER LTI T 5 Z LN TE D, 72, EnB LW E
DELLLRBEDHETE -7 BNEHSNE2DZ L% TA[WiZe R LIFOY, AR TE B
ARV A ITIT By & Epe ITIFB L FAE=23RT/nF (R: %UEER. T: HoHEE, n BE)I4 5
B F: 77 77— BREOBMENEL D, TOTDIEROEERLETEM ORI H
725 TIX Epa & Epe DEEETH D Eip Z ORI 2 OB — KA TH 5,

(MPEAFEHIRERSE (2) PEAGHTRELIEE
0.025 0.08
0.02 007 1 i
0.06 + !
0.015 | |
T T 0.05
g 001 f E 004 | :
="} =1 1
c 0.005 T 0.03 H
g 2 '
5 0 £ 002 ¢ !
© © 001 | .
-0.005 i
0| i
1
001 | P -0.01 | E
-0.015 L L Wy -0.02 | | L E i
-1 -0.5 0 0.5 1 1.5 2 -1 -0.5 0 05 1 1.5 2
Potential [V vs. Ag/AgCl] Potential [V vs. Ag/AgCI]

Figure 3-3. (1) BEZRHMEELECDILEMDO RN ZET T A (2) NEELFRIEREZA LT HLEW
DRINVHA T T T M

FEERIT T ~IABSISIZ O DI T & 2 KR CORLR BN 2 i+ o 7-oic, B E e
[FARIC Y ERRRENAR T T CV JIE Z21T - 72, Ru(bpy);Clay TRT B L OF 1 2 122\ T CV HIE
AT o7& 2 A Figure 3-4a, b IR TRV F TS T ABEONTZ, T AZBWTIE By 2R3
HTENTERDSTTED, B HWCENM O AT 572 & 2 5 Rubpy)sCh TlE Ep =112V %
RLIZ—FHT, FuY > TEER=082V, TRT TiXEL=052V & W) fE%ZR L7 (Figure 3-4c),
ThbbTFr B LU TRT OFLEITCEMITINOTILE Rubpy)sCh LD HIEWVELZ & > TR F
2B LN TRT OWTiLd Rulbpy)sCh 2264 U % Ru(l)IIZ X > TR bZ=IT 5 Z ERB o0 E
Rolc, ZOZ MDD, RITSIAEEISE T LRI TRT L Fr s v EE 607 V65T
% AREMED RIE ST,
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(a) (b
0.025 0.12
002 - Ru(bpy)Cl, o1 T
. 0015 | 0.08 |
b3 T 006 |
E 001 | E 004
£ 0.005 | € 0.02
Q [
£ o o
3 5005 | 3 -0.02
-0.04
-0.01 | _0.06 |
-0.015 ‘ : - : -0.08 ; : ‘ —
1 05 0 05 1 15 2 4 05 0 05 1 -15 2

Potential [V vs. Ag/AgCI] Potential [V vs. Ag/ACI] - Ru(bpy)s

©

112 1.08 1.10

TRT 0.52 0.28 0.40

Figure 3-4. (a) Ru(bpy);CL DRV ZE7F A (b)) TRT BL T u v v ORALVEET T A (c) HLEW
D Epaw Epe 38 X VB Off, HIZESAF : 200 mM KPi buffer (pH 7.4) containing 10% DMSO, [Substrate] =
1 mM, EEE: 100 mV/s, 1ERM: 7T ARD—R >, s (4, SR Ag/AgCl

EBIZ, TRTBEOTF RV VORLVEET T ABHRLIZEZA, Ta 13082V BB LT
HE—7 (Bp) MENTZOHIZ, WHASNOEEZTOTEEOE—7 (B DENLTELT, Fo
UM SN TAEULIEERIIALE THH Z N5, ZHUE biotin-phenol 23ELFEARA>D/)N
SRR A DLV APEX OE EAET 5, —HFTTRT ORNLVZET T A TIEEnBIO
Epe DWWTIH B CTX | A7 RN E TS T LR LTz, TDL TRT LA LD T VU HNVITER
MTHY ., ZORWEMIIERTHRERTAMEEREZAF L TNWD ZERRBINT, FTART
— XX CV DAL 5T, Ru(bpy)s-(Pro)y-Tyr & H\W\=F v v VD 7~ bRFHZ L0 YifFE=
OPHBFHEMNTOSNTWS 3, RYFa YU o h—id3BET 2T 2BERoEL 2 |
Z OIRFERSEIIMIE R ERIRE 222 2 L0 n [FER) ELTHmonTWnS 4 KaoriaHnsZ
& TF v -Ru(bpy)s MO HREZ 0.3 nm B CTHETT 2 2 ENFARETH D, Ay FEIEHLZT X
IALB ZhERBE DR FTORE R, TRT 1% Ru-Tyr 7% 0.9 nm~2.4nm OWTNOLEIZB N THIZEA L
BEOLRVWHRETCTFa L VEREZ T~ T 52 ERBLNERS>TWS  (Figure 3-5),

H oY

Blue LED (455 nm) Ru(bpy)s-(Pro),-Y

0 /
40 50
Crosslinking yield [%]

Figure 3-5. Ru(bpy)s;-(Pro),-Tyr & FW\ 7= F 1 o U iR D T ~ AL RN IO RG 3
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bz &nt, RifiCORBEY ., Tuv i b TV EH TRT b7 ¥ b a5 Tk
V. SHICTRT HAEL DT P HMIRNT AL RIEREAH L TWDH Z & ibhoTz, ZHAN
HiiE GOl L o2 U H Y RIERFR T ~IALEIGEDBERTH D L\ 25, T~ b E L8R
BED RN T < ALFITIE Ru A O BEN AL IAFIET D % /87 BTk LT T~ bhiitE
ITLD B, BHHEMDT P ANEEL D TR E AU, —E FBENEZ 28 CTH 5 1.4nm
DINTTZ O ANFENERKR L, AU T P HAENIEE L 9 528 nm ~ 0+ nm OFERNTORY
IR E BRI T LT 5 Z LN FRBIC /2 5 (Figure 3-6), WREITIE, £ D X 9 72 Ru SfilkiEd
TEBETCORT TV ANEETER T DT LB OB EITH Z L & Lz,

4 A

{ TRTO S Y AADHET 2 442

Figure 3-6. (a) AW T~/ AENEREZ G525 7 ~U{bAl (TRT) & MW7~k (b) /hE72 T
LA NEREZ S 2 7~ AkAl 2 F 2 7~k

3-3-2. FULEZIEERED /N & 72 T AL EI D RFR

ATEINC IV T, JERE THW TV 7 LAl TRT 134 U 5 7 U VO L ENEITER T 5 JA
T RIIEREZ A L TWA Z E RSN E o7, Ru M7 7 =5 4 —E—X LTV
Ty REGEH X7 IR T T 57291213, Ru JEAEED & < S5 TD I T AL D AT
RECTh DT ~UEAIZRIET D MNEND D, £ 2T, 7 bR OBMEEMEED CV %
WETHZEIZEST, MSBRTNVUEEDIERZ LD, U RS VX7 BRI 7~ L
fbEAREE T 2{LEMERET HZ & L Lz, 7-ULANT Ru Yefilit L 0 —EB @b z=F, 7
INVEERT DHEND D720, BILZZ T WIMEEMN T ~eHl L 720 55, £ZT, I
MMERIDBERIEE & LT, BRI & o T E T I W BN EE D 8 DB & 5
Z O ETMMT 52 & & Lz, BAERRIZIE, APEXETHW SIS tyramide  (28) 2, Fr v >
B D 7 ~ LA PTAD OHIBFA urazole <° urazole DORIEXA (20-27) 5. CAN 2 L » TE{LAY 72T
02T B AREZR T = U CEREAR (29-31) ©, MAfF%EE T Hemin il ~F 1 o LRI T ~ LAl
N7 D Z EMAH &I TV S luminol $E%IK (32-34) 772 EEFHGT 5 Z & & L= (Figure 3-7a),
FPEMIEAEY 20-34 ([ZOWTKIBERICET S CV JIEEIT 7= (Figure 3-7b), 7z, HIE DR
1% Ru(bpy);Cl, DERLIETENM N 1.1V (vs. Ag/AgCl) TH D=8, FxRKOENZ 1.1V & L CVHlE
LT o7,

77



i
[1]
gl

(a)
Ny N NSO R=H,X=0;20 PP R, X=H,0O; 24
g g oW T, pxess, LS P
19 (TRT)  Me a Ph, X = O; 23 LR Ph, O; 27
Ny N NP NN R, R' = Me, Me; 20 s Ron:
T O TR e i
(b)
19 0.44 042 0.55
20 0.38 0.32 0.28
21 0.38,0.93 N.D. 0
22 0.55 0.50 043
23 0.50 0.44 2.93
24 0.43,0.79 N.D. 0
25 0.36,0.93 N.D. 0
26 0.65 N.D. 0
27 0.71 N.D. 0
28 065 N.D. 0
29 0.50 N.D. 0
30 0.33 N.D. 0
31 0.36 N.D. 0
32 0.58 0.55 0.15
33 0.65 0.64 0.36
34 0.63 0.61 0.38
(c) 2°
2
15
§ 05
(6]
0
05

|
1
05 /65\ 1.5
Epc potential [V vs. Ag/AgCl]

Epa

Figure 3-7. (a) i L 72 ML EWRE (b) LS OERLEITENM IS X O HEMEOFN (o) £&
FLOXEE GAIESRME - 50 mM Tris buffer (pH 7.4) containing 0.1% DMSO, [Substrate] = 100 pM, £
FE: 100 mV/s, 1EFMR: 75 AR —R 2, sti: B4, 20 Ag/AgCl)

& 21, 24, 25 12OV TIE-0.1 Ve b 1.1 VETOEERIZCBWT 2 2O —7 BREH i, =
AU Ru(bpy)s JefED RuIDIZ L > TEFHOBENEZ Y 552 2R L TW5H, TSSO
IEEMZONTIE 1 DO =27 OABPBHI SN, ZOZENLWTNOEMEAEY H Rul)iZ X
H—Em IR EZ TAZ EBRHENE o, ETELHEHEOLZENEZ, K8 —7 OER
1 B E VL) Olez L 22 & TIMBIL7Z, TRENRNZE THLHE e DIEPKRE HADT D
720, oo/l DA/ SUWDTFIUT DN S WVIE (LGNS E T HIERERENARLETH D Z ERB I
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5o N RIZT 2= VEZHT D 23 1L L/l PEWVEZRLTEY, ZHIE—E NI zo
HIZHI DAL E D~ DREEERPE Z > TB Y | EBREOEWSAE U b G OE Tk OE N %
B LT D (HERTHR) 23 IS OBEFLEILT X TR D T ~UALA] TRT & g U TR T/ I
DIz & >TNDHZ &b, 23 RS TXTOBEMLEWIT TRT 19 L b A LZEREHFEZAEL S
ZENREEI N,

3-3-3. UV FRERE 7 ERIRWR T XA FIERZR T NWALHIDIRE

AIEICIX CV W5 Z & TREERIEMEZ £ U 5 7 LB DRB R AT, 1ZEAED
BEARULEWIINER ETD T ALHI TRT LV b ARLERIEWEEL LT D EBRA LN LR, T
BT L EDBEMIEEMITERE T ~ALAIOBERM & 720 5 5 Z LRIz, £ 2T, Aifi
THET It e a MO THEEEICY R EIRERT OV T NG H T B a7~ 6T 5%
ZENTEDENMRD L L LTz (Figure 3-8), 3-2 i & [FARIZ CA Z SN L 7= HeLa AR FLIRIC
®F L. RuNEBE 13 HEFT 7 4 =7 4 —E—XZIRM LT, Fix O Z7 < eFlEgibay (19-34)
BN UERRE 21T o 72, 8 " FE TIX APS ZWIN LTI~ b Z1T-> T s, 3281k 0, APS 2%
LB ZRBIRS Z B S T 2 LAURR ENT=720, APS O ZITh IR 21T -7-, T
ML E X7 E R T D T2 DI T~ EBIDOE T 57 ¥ RH & DBCO-Cy3 & D7 V—Dn 7 1
v 7 A R =2k BEOEHE Cy3 DEAEFT57-, SDS-PAGE (ZX > T CA T~k LY
7Y RIEFRAFI 72 T b mZRHME L7 & 2 A, 20, 22, 30, 31 ZH W27 ~HLTIEH VRV EiR
TERF D CA ZENRIZTNHETED T ENHLNE R 5T, 20 Z W27~ L{ETIL CA LISk
W65 U H v RIFRTERI 7R T~ DI T L7273, 22, 30, 31 272 7~ {L Tl CA Bk T
~UARICRED LT=,

AKRRETTY T RiEE & o7 BRI 7 AL Z R TE T2 3 DO T~ EANT T/l OfE
DO THIE TRT X0 /S 72 lE2 2 D500, 22 Tl I/l = 043, 30,31 TiE I/l =0 £72-> T
WD, EBIT L/lp=0 & 725> TWAILETH 7R HETT L T RWMEEMNE L B D, T2,
U B RIEIFHI 72 T ORI TT 5 20 TlE L/1,,=028 £ 22 L0 {/hNERfHEEZ L > TWHHD
D, TXALDOBHRMET 22 OFFHBE, ZDZ LD Ll DIED % FHWT 7~ LA & 88T
HZEIWTHNETHD Z DR Tz, KT NIUEDIRFHZBWT Y T NiEaZ v X7 B 7
T XA B FERR T E 72 22,30,31 D3 SDOHF T, fih 7 ALEERME Y 22 (1-methyl-4-arylurazole:
MAUra) Z#ci7e 7 ~UbAl & U TERE LT,
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O R=H,X=0;20 R, X=H,0; 24
\[::L { HX=s521 M~ X B H, S 25
NJ{N—R Me, X = O; 22 NJL”'NIOE‘ Me, O; 26
xZNH Ph, X = 0; 23 Ph, O; 27
o]
AL R, R' = Me, Me; 29 R R=H;32
\©\N,R' Me, H; 30 NN\/\,O-!—: zu Me; 33
b H, H; 31 ; Ph; 34
T ke 5o, st
(5 KE, 57, KRBH 1) AA
) 2) TIILAE
S ~JUALE | 3) DBCO-Cy3
(19-34) 4) REH
SDS-PAGE

19 20 21 22 23 24 25 26 27 28 293031323334

o]
¥ o\ OH 140
! =1 35
s CA®
(o]
0 = %HQHJ\@\ NH
: Fluorescence (Cy3) (kDa)

210

8
16 0

140

90

m/\/\/\ﬂ\@\ j(’ ég

oluﬂ_w CA® | 20

1-methyl-4-arylurazol (22) Li d U : 1
(MAUra) el = (k1c(>)a)

CBB stain
Figure 3-8. 7 ~ULAIAR Y U —=2 7 Dk L fER
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3-4. MAUra DUt ARZ D FREA

BEINTEZTVUUEH MAUra & T v VEENRED L HITHEE L TWA 0 FRET 5 HIT,
TR EBEOF v UFHER 35 2% LT Ru(bpy)sCl 777E F. MAUra 36 (2 L 5 Y6217V, NMR
WL DGR EEITHI Z &L Lz, RS EIToTZEZ A, FrY VO DT = ) — W KERIED
F /L ML T MAUra 2356 L72 37 28 S1%OPERTHER L TWD Z ERBH 60 E 7 -7 (Scheme 3-
2)e SHITWHETIZIH DL DD, MAUra 8 2 DDAV MLIZHES LT 38 DA bR Sz, TRT
ZHWTTF a3 35 DRRISEIT - T2EIE 11%DINR T TRT N —ofa LT a v o NMEsnT
W5 bbb, TRT LY 5 BEWEIERTMAUra l3F 1 v U LA L TCWA Z &b
mElproi-,

o)
- o) Ph
oron’ N OyN,Ph }N'
OH >]/NH N /g /N\ /&o
o — \N O N
OH
0 36 OH . o
H Ru(bpy)sCl,
)J\N N o NJ(N—Ph
H 10 mM MES buffer (pH 7.4) H 0 HoON
© 20% DMSO, )J\N N< )LN N~ ~
hv (455 nm), 0 °C, 10 min Ho g N 0
0
35 37 (51%) 38 (3%)

Scheme 3-2. 1 o U ~DfEEAEX D REFE

F 72, MAUra 36 D/KEETICE T D N-H 71 hidpKa=52 THDH I ERHESNTND Y,
ZDOZENG, AFR pH OKEEIET TlX MAUra Ofii 7 10 b AR T~ UL RIS D > T b
ATREMED E VY, & 51T, 7' b=k U LT 36 3 L O Ru(bpy)s(PFe), D CV DJIEZTT>72, 36 T
1% Epa=1.54 Vvs. SCE. Ru(bpy)s(PFs)> TiZ Epa=1.33Vvs. SCE & 72 ~>7= (Figure 3-9), 7725, /K
TAIE R Gl Ru Yt iz X > C MAUra b C& 5 —7C. 7 h= K U /LHTiZ MAUra % Ru Jt
fIEIC K> TIRE TE RN & 2R LTV D, KiEHE & AR TR & < BRLiECENMN A > 7
FL72Z & BKEIET T MAUr 137 2 h oAbk e UTHAET 5 2 &R S -,

0.000004 0.00002
(o]
0.000003 | | j
0.000015 @_Nw\
= 0.000002 | T 4
= = 0.00001 3
§ 0.000001 g
3 0 E 0.000005 |
-0.000001 0 r
-0.000002 -0.000005 ‘ : :
-0.5 0 0.5 1 1.5 2 2.5 0.5 0 0.5 1 15 2 25
Potential [V vs. SCE] Potential [V vs. SCE]

Figure 3-9. 7% h= h U /LHZ351F % MAUra 36 35 L OF Ru(bpy)s(PFe) ® CV

PLEOFEF DS MAUra & flWicTFa o VR T ~ b OHEESSHEEIZL T O X 912 b &5
2D, Thpb, FHHHZICA U7z Rubpy); H O Ru(iDAATF 12 2 8 LN MAUra O 7w k>
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KE2T7 bt 5b, EU7= MAUra O N BV EBLOTFa LT hIVinNT = /) — U Kie
DANMLTH Yy TV T THZEIE>TFus v EIRO T LR 5E T4 5 (Figure 3-10),

\

Blue LED N
(455 nm) Y N
N, 1 “\N~
fR-u 2+
SNT :
N

Ru(l) > i
>—< o Q

Tyr

Figure 3-10. MAUra % 7= F 10 3 LB SE T~ b OHETE SRR
S 512, 3-3-1 Hi Tl 7= Ru(bpy)s-(Pro),-Tyr Z VT MAUra @ 7~ A 2hih %z S35 & |
MAUra % 7~ bHl & U THWEEIZIZZ 2 U U808 0 i, T 72b b5k X% 1 nm LIRS
FET DT a2 VHRIEN 90%DNETT AL END—FH T, 71l VR 1~5 OHEIZED TN
IERNERZE LK T T2 ERHLNE R S>TWD (Figure 3-11) 10
o O

\>_

2
OI\/) )LN ~N, /&o
0.9-24nm NH
)f OH
)|
% Blue LED (455 nm)  Ru(bpy)-(Pro),-Y

0 ‘*
n=0 0.9 nm 7‘ I
=1 1.2 nm = : Tl | ‘ ‘
_ 2 ‘_
=2 1.5 nm e # | l
| o 3 | ‘
— 4 |emm | |
5 J‘r~ | I |
0w |
0 s g
100

Crosslinking yield [%]

Figure 3-11. Ru(bpy);-(Pro),-Tyr % I\ 7= MAUra ® 7 ~ )AL Zhith B O EE 1
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3-5. MAUra BE Y F v FEREE Ru ML LB U T REESZ /7 BRI T UL G

FG B — XITRIEEDHI 200 nm TH Y —kKi7+H7- 0 OFHENB L Z 1.3X10° nm> TH D, Fi=,
FREEAFFTRER BRI~ 7 H72 0 10°HTH D L SN TND, ZI0nbitadsL, VY
R-Ru YA ORI R TR L £ 35 A TH D, L, B—X LIZEIZ Ru el L OVY
VREHEFLTELT, 4T LHEE— X ETRuGMELE U A RRBEY A 5 i Tldnizd, E
BRIZIE Ru St & U 5 RG2S & ORREBEN - BEBEICALE L TV D EEN TR, T72bh,
FG B — X ECONKIETIX Ru KL U o REE X VXV BRIHEL THDHDOTIERL, 5
FEEEEN 7= BB AT D REME b B D, T D72, MAUra D X 9 IZ/NE R TR EZH TS
Baix, Uy REfER Ru Ao L5 ITibiE- & o X7 B0 nm DANICHESRICIEHET 5% T
DT XA & 72 D AREMER H D, FZTCA DY H > R E Ru itz 85E L7571 39 2 H
W\ C., HeLa fIOAEMET O CA 2 MAUra IZ K> CT UL CE a0 iHMtid 52 L & Lz, F7-.
E—=X ETOTAke Uy REFEA Ru S O5 6 Clraftilt-& o X7 B OBRRER R v |
it 72 7 ~ALRI L B &N H D, Lizdi-> T, CA Z IR L7 HeLa MR FLE 12 Ru Sefil
39 ANz 7%, Flx DO T LA (19,20,22,23,33) ZRINLERGE21T > 7=, KW T DBCO-
Cy3 £D 7 U v 7 FIGBIZHE N EZHRET 5 2 L2k > TT UL bhER « BIRM: %2 55M L 7= (Figure 3-
12a), U #y RNEFER Ru YAt Z2 72355126 MAUra22 28 E 0 EhEE « BIRMETY T2 NiEE ¥
VORI B T AIETE 2, 20 BL D23 1 MAUra22 (I35 DD, EVIERM T CA 2T ~UL
fET 52N TETEY, 33 TET~VHbIRIEE A EH#ITL T eV (Figure 3-12b), = OfEHEH»
5. Uy RERER Ru etz W58 0 MAUr IZ K-> CTU Ty REEE X VR B % i OGEIR
P R TT AL TEDL Z LW LN E R ST,
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DBCO-Cy3
=]

Me ; 22
Ph;23

Labeling reagent 19 20 22 23 33
Lane 1 2 3 4 5

210
140

90
70

55
2
20

Fluorescence (Cy3)  (kDa) CBB stain

Figure 3-12. U H Y REfER Ru k2 =0 T2 RiEE X X780 7~ Ul (a) 7~k
O (b) AW T U LA - U v REFERSEARE & Z ~ b oifs R
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3-6. U AV FEREE Ru YA T I23881T 5 MAUra @ 7 ~UALZ RO FER

AT E TTIE, AN fERT Y REZEA LT U bBERM LW 2 VT 7~k 217>
oo TVRKIZZV I 7IA NI —ZHWHZ L THADT LI MLEWEEANT HZ LN TE
LHRER DD, —HT, EHW=r Y v 7 I A KU — (Cu-catalyzed Azide Alkyne Cycloaddition:
CuAAC) " TIIEHA A ~DENLUZ L DX R EOENERS A8 BRT7 AT U ZHNL7 Y v
27 /7 X A K U — (Strain Promoted Azide Alkyne Cycloaddition: SPAAC) '2 CiéiZ D LB 720N
DE R EOEMITRT SN DD, 7V =DV AT A UEEETF A —N-A VRS ERE T E
WOT Ay FbdDd, Lo T, Z U\ EOEMEIAEET, SPAAC RUSDRIFS7: & &)
2 DT OIIXEER IR A8 L2 7 bR WD Z EREE LW, 22T, TATFFEL T
VA EE L7 MAUra O AR A L7, TP ChbR e X ICT AT A AT EZT7 e ol i
VRTHLEST UOERETHY, EXTF U EHELTTEY DT 7 4 =T 4 —70% 1000 [#F2
EERTFLTWS, ZHcky, TED UV E—RXZ2 AN TEREZITHIBIC, 7% R B DO
HMREGIZI D, 1000507 7 4 =7 4 —DIRFBEZ 572 LTH, Ko =10-2M! & 5RVFEAAE
HAThHoHI-0, FiECHIHEI TITo72 L 9ICA L7 R T E YV HRP (2 X BH{LFREOMI E ATHET
bb, T T, TATFAEATF &G L7z MAUra (MAUra-DTB) O&RkIZ#HE T L. MAUra-DTB
LD T EITHSTZOBIZT EV U E— XL A EITH Z & TT LD R ZFHET 5
kL,

MAUra-DTB D&l A F— L% LU FIZAR LTz, MAUra-N; 22 07 ¥ RIEEAEERT LT 2 1K 40 245
OB, TATFAEFT U EOMERIGEITH 2 EI2X > THIO MAUra-DTB 41 % 2 T TH
952 LT L,

2 b
£ £ o o M
O BN, O ENH, o o
HO™ ) A A
H,, PdIC EDCI-HCI, HOBt, DIEA ('j
N MeOH, RT, 2 h N DMF, RT, 26 h
0 0 0 o R,
<"r <"r oMo
HN-N_ HN-N_ j\kr
\
22 40 41

Scheme 3-3. MAUra-DTB O& kA % — A

U A REfERD Ru SefliEl KOV R L7 MAUra-DTB #HWTU o REEGH v 0B DT
JABIZAEF Lo, BifiE TERIERIC CA ZHEm & v 28 & L, MaiE - ToZ7 ~ b7 -
72o MAUra-DTB # H\\% Z & T SPAAC IS D /Ny 7 7T v REMRW L, LY&Enwar hZ A b
TUH REEEX VNI BEE T d 52 LN TE 7 (Figure3-13b,lane 1), 7 AF A B4 F 1 |Z
K7L D T U BN LIZERENAEEL 72> TWNWDH T2, TE YV E— X% HWN TR
B A NTERETT D52 LI Ko TT MR E T T 5 Z L 23 ARE TH 5 (Figure 3-13¢),
KL 727~k CA OV REEE A FEEL LIRSS, £ 19%D CA N7~ bEZF Tnbs 2 L
ML EIRoTlz, ZOfEIX, VA REEZ RV BEERET HT7~UbiEE LTRHS D
BURMPEARERRIE & i L TEzghR Th 5 OEBURMMEARRIE D 7 ~ bR <10%), §72 5, MAUra
RN T SABIZ L > T, ERIEX D b @EhRR ) T RiEEZ T BEO T AT LT,
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lane 1 2 1 2 (c) S
x
5
210 < £
140 o £
= L
90 =4 c
~— ()
70
55
gg CBB stain
—— -« CA
20
15 1.0 1.9 Intensity
10 _— : . .
SAV-HRP (xpa) Silver stain Labeling efficiency: 19%

Figure 3-13. MAUra-DTB # W72 U 7> REEEH X7 B D T~k (a) U F > REERD it
KO~ LAIOME (b) VT REEZ /X7 EDZ 1k (lane 1: 1 uM CA in HeLa cell lysate
(1.0 mg/mL proteins), lane 2: 1 uM CA)  (c) 7~/ Ei7z CA DFFHRLES X OVT ~ AL Zh =0 -

X2, WINT5 CADEEFS LTWE, U Ay RERER Ru SEAREE N MAUra 2 VT 7 ~L
k352 T, EOREODEETOI T NEGZ "7 HEREARBTH L0 HMIT o2& & L
Too U B2 REFER Ru JEMRIEE 39 2 7R L 72 CA L% &I/ L, MAUra-DTB (2 L % 7~ UL &7 -
7z (Figure 3-14,lane 1,3,5), [AIRFIZIBFIED CA U H 2 F1TICK2BAMHELZITo 254 TH T
IMbEIT o7 (lane2,4,6), BiAMHEZITH) 2 & T, B =X EnD U Ty REEGE X X7 B BT
Hc, MEV TNV ERETHZETY T NEEZ XV a5 Z ENAEETH H, CA
Z 100 nM., 10 sM @SN L7285 B 2IZ Y o Ra Z " 2HThH CA 2 7~ TETED, 28
kDa fPTICH G IHESRMETITEET 230 RRBRIE SNz, L L2225 1M OS5 T TIEEia i
EFMBL OB EIT>TH CA OV REemT 52 R TERNoTe, LEoZ &bV TR
LG Ru el 2 F e T~ b OB HERFUIE nM~ 10 nsM RBREE TH D Z L VR STz,
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CA [nM] 100 100 10 10
17 - + -+
lane 1 2 3 4

210-
140-
90 -
70—
55—

40 —
35~

§

20-
15—
10—
(kDa) SAV-HRP CBB

Figure 3-14. VU 77 N@EFER Ru JEflii 39 £7/£ T, MAUra-DTB IZ £ % CA D 7~k

F 7 ERLE TIE CA 2N L - BRI CORMETCTH D03, WIEMED CA 27~k T 52 &
HLARETH D, 2T, MCF-7 Mifafeii iz U 7> R Ru Sfilit 39 36 LU MAUra-DTB %
WL 7 AL E T2 T2, MIRICNTET 207 WEBEO X VXV ETH-Th, U REiRE
BRI LY TN e DT 4 77 LUV R VR AAT ) 28I Ko T T G X NI B
BT 2 Z Lk Lz (Figure 3-15), LInL7aR b, fFEEDDRNY T NG X 7 ED
Z XTI, 5T ~UAEHI MAUra 2 W T h U 7 RIFIRAFRI 72 T~ RS DS BEE IR &
NDHZEBRBGMNETRoT, RITEFFMEZIRRD A, ZHT Ru SEABEIZ k92 g B i 2 2Ry
BEOWAEIZHKTHHDTHY . Rudebpy YRR 7 7 4 =7  —E—=XZHNDH 2 & T, 20D
U H v RIFEAF 72 7 A Z I3 2 Z E N A[RETH 5,

17 - +

lane 1 2
210
140
90
70
55

40
35

hCAIl P

20
- 15
10
SAv-HRP  (kDa)  CBB

Figure 3-15. MCF-7 Ml |2 NFET % hCAIL D 7~ ALk F}
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3-:7. 774 =T 4 —E—XDRI Y —=v 7

BOESSPHEETCTCIR, T 74 =T 4—E—XL LT FG E—=XZH\WTY Hv R &7
BRI X VR E TN E T CE 2, LML, FG E— X & AWEBICIEMEICa % I %
—>ar LT FUME—RIIRE LT b ESZ T RHOTIZ7e 5 2 & &5 2 % (2-6-1 i)
Tik_7z, bLavdIx—ya s LErIFroWENRETENL, ¥ oV BRERT TS
SXUUBISEAT 9 AR THIERRN 72 7 LA M T 5, &5, O HMIXY T RiEE
H N7 B ORERTIEZe <, Ru MR 13 JFFE— XA W e & LR BIRIERF TO Y T R
BENRTBEDTACTH D, Thbb, MEMAELITRERE-AVRERIBELH D, 22
TAHITCIET 74 =T 4 —E—XDAY ) == T &7V, S 5R5ERMEOME - DIBEORTHT
KERE—ZADBELRITI 2L & Lz, BRE—RIITZ o7 B2 HE LNy oM B R
THHHX NIV EEREHT DD His # 772 ETHE b ENT X R el 5=/
TEREEM SN O, ElkZ4#HEF L mRNA X° DNA 28425 FRo b o0/ 1 U Ay K08
FEHEELRARO U T FigEZ o7 BEROTR AT IR0 b DR Ekc TH D, ZbD
FCTHRIRD X 7 B aFEMT 5 HiBOS E— X TREMN LS D% Table 3-1 IZ/R LTz,

Table 3-1. MR SN DRFEMRBENET 7 4 =T 4 — B — XDOFFK

Bl i RIfE [um] | AF: B — AR OB HEH:
774 MhiFERNE
LIERVAF LR | =R 7I 7K B Rexy
FG beads 0.2 KPEDRY 70 v | Fha VATV b 2L NHS
AA7 YL —hTa—| A7)
TH4T
Nz
MyOrne | 1 TR VI
M270 |28 7274 MRLFEBK| ZARFUE TI K IARFY
Dyna beads PR ~v—Ta—7 ¢ | VE LK
M-280 | 2.8 7 U
N
M-450 | 4.5
TR F A
PureProteome 0 Rl % 2L VU | IR T oL
Magnetic beads HCa—7 47 NHS =27 /L

FG B'— X% Dyna B —XIREMPBAKMEOR Y ~—TEDONA TN D720, BUKEREORLEG L
WL TH R B OIRFRA RS T (2 <V, —J7 T, PureProteome Magnetic beads 1325 fL1#: 2
U TEDILTWD, BKMERELIDHE STV DDTEN TRV LMD R EEEITHRE
TLZELIE o TEREMPIES > TEY, KVEZ DI B FElETL2 LR TED, HFE
MELBRIUXEVZL DY T NG OBV 2 RICHGT D720, VY RGN
JED T SNALEIRIER ERAWIFRFTE D, E72, Dyna B —X3ERA RBIR DO B — XBFEET D73,
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WSO EITH ZEETEETDE, RIENNINWE—=XTHNIEH H1F EoratErsm < e &l L
W WD T 74 =7 4 —E—XLETOX N\ IETNABIZITRAEED/NS 72 MyOne 25 L TV
HEFEZT, FZTARE T FG BE—X (D) OfLiZ Dyna beads MyOne () <> PureProteome Magnetic
E—X (@) O3FHEOWKE— A% WV, RFEICHE R EREE LR T 52L& L,

37-1. BT 7 4 =T 4 —E—XDY H FEGZ 30 BREREE DTN

FP. BB LA 3 FEEOT 7 4 =T 4 —E—XD Y A2 REE X 7 G ORI ESCIER R
BNy B OWAEMNEFHET 5 BT, Ru A 130U T F16 # L7z —XZH\WCT U A
v RREA X R B ORERAEA T D 2 & & L=, Dyna B — XX NHS T 27 /)L CREEM SN
T E—=XRHREN TR, Dyna B — XKD /LR % EDCL IZ X HiEHE(L% NHS &
e d 22 LIk > T, NHS = A7 /L CRIEER S 4172 Dyna B — X% f57-, NHS =X 7 /L CKIA
Bfisn/c =Xk LT, AFETEBYOFET Ru KL 13 BLOY T R 16 ZHEF L7,
CA ZISIN L7 HelLa MFBHEEF 226 FEE — X% HWT CA O A1T -7 (Figure 3-16),
PureProteome Magnetic £— X (@) T, U > K16 <° Ru Jfillit 13 ZHE L CWARWEETH S
< OIERFEIIAE DB S 7= (lane 8 - 10), Z #U1E PureProteome Magnetic £ — XD fLI%EDFK M
WEIEICHF RV EDRYENE R Z LTcloOThH EB X TW5DH, FG B—X% FHWTBRITIE, FEFF
B2 2 N EOWAEZI A DD, CA ZHRTLZ LR TETVDEHOD, 78 50 kDa M 1
DFEZIZ DT RN B X X7 B ORI 72 AN E U Tz (lane 2-4), Dyna E—X (@) %
HWIZIGE T, IR Z R BEORE BRSNS L DD, FG E—X (D) Lkl Tk
KFABEEDO Y T RiEE X X BT Z LA LMNE72 o7 (lane2-7), T2 5 FG
E— XLV E Dyna B —AXDHNY T FEG X RV EESSHIETH 2808 TEX5, FG E—X
TlE, B —XFMEmD NHS = 27 /L23K) 200 nmol/mg T&H 5 DIZxf LT, Dyna B — XTI & — AFK M
D J1 VIR EEIE 400-800 nmol/mg Tdh 5, 725 Dyna B —ADHF N E—ARMEIZHEFTEZH I H
Y RMERTAMEIEZ D720, CA DEIREN 451278 oT- LW I FRERIC—ET 5, £/2, £E—XD
KiREIX FG B — X723 02 uym (2% LC Dyna E— XX 1 ym TH D, ZI0HKFEEFHE T 5 & Dyna
E— XL FG B —AOK 120 (FORFETH 5, E—ADLENF U LETHIE, R UEEDOE—
R AN & EMWTRLFBUE 1120 £ 725, T72405 Dyna BE— X TIL 1 KL F-H72 Y 4X120 =480
REDOEREREE &L 72> T 5, £HEMIT Dyna B'— X8 FG B — X|ZHAT 24 (5T 5 7= 0 B
W72 TIE 20 (EFERERBN SN2 L1272V . Dyna B — AR EOE LM OMHEEX FG B —X0F
KXZEVA L2, ZHIETFG E—X XD RuGAEEIS LV o RS KV #6F LI/ EICALE S
TWAHZ EEEWT D, 77005 Dyna B — A% M ETlI RuEAE & U > RESGE % VX7 -1 FG
=X LX) b LR TS EITRA D Z LI TE D,
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gl

Beads - «—@ ® B@—>
Rucat.13 - - - + - - + -+ "o Q
Ligand16 - - + + - + + - + + < °
Lane 1* 2 3 4 5 6 7 8 9 10 o =N N4 °
= \ S OH
he o ] J AN RU=N Y $ s—N('%NJ\@
210 | ‘ s N B H R 5NH:
H H)= \ 7/ 16 0,
Ll %NH: o 13
70 S
55 | . OFGE—X (#f%200 nm)
40 @Dynat —X (#if% 1.0 pm)
-—— < CA (3PureProteome Magnetic beads (FI{% 10 pm)
20 [ -
15F
10
(kDa) Silver stain

Figure 3-16. K7 7 4 =7 4 —E—XZ 72 CA O (*Input: 1/10 dilution of 1 uM CA in 3.0
mg/mL HeLa cell lysate )

2-6 Hi L [FERIC, B — A ~DIERFEA 72 E & Kifi B OB Z 7R~ % HAY T Dyna £'— A DLS

ORE 1T 7= (Table 3-2), 2-6 HiTHIE L7 FG B —XDY¥—ZBEA L 1THE/2 0 Dyna E— XD
B —ZBILINHS TATNLDF v v B 7 DFH%{T -7z Control 3 LT Ru Al 13 ZHHFF L2
—ZXDONTHICBWTHADEZ R LTZ, FG B — ATl — ARMEITEBR S PHEICT-S < R,
B R B OIERF R RAENPIHI ESND Z EZHALMNI Lz, 2, EEmATRISND Z &
IZE T, ZURTEREDOT ANRT R UFRFERC I NV I VBB EHAERNEZ 2720 TH
HLELRLTWD, FFEICEZTE, ABHMICE—XEHEAEHELCLEXIE., VI UVEEST L
FoURELEOMAEEANEZ 23T THL8, TRICK LU THERENZREEITEZ > Ty
(Figure 3-16, lane 5) , #EAfZRBRHIT O B2V ZAUXERER R 23-30 mV FREE TOAEM TH
UL Z R BOIEFFRIIRAEEZ S S Z SN2 2R THRTH D, £72, Dyna B — X |THL
& 1um THDHA, DLS THIE LRIV TND lum L0 L REVWHEIECTH -7, ZHUTRIE S
TIHEEIZ L > TRV >—DH L TR, i FBRRELRTZDTELEELE L TWD, S HIZRu
JtfidhE 13 A #H%f L7 Dyna B — X% Control & Hlg U TR/ NS < 725 T 5, 2T Ru Sl
13 OHFFZ L > TE—XERmOABMNB DT NICHFR I, R Y ~—50 T OB 7RSO D]
SINTZTDTHDLEBLZL TN D,

Table 3-2. Ru Yl il E; FG ' — X3 J 0O Dyna B — X ™ DLS & 5

B—x R [nm] Y —ZENL [mV]
) ; Control 261.7 +14.2
FG £ —X
Ru JEfffit 13 #HEf 262.8 +9.42
. Control 1563 313
Dyna B— A
Ru YEAREE 13 HHEF 1343 -26.5
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3-72. KT 74 =T 4 — =X T NEEZ 7 EOREH - 5~k

FIET L U, FEHARIT Dyna E— AR LEN TS Z ENRHLNER -T2, L, FG BE— XX
RIRRMNEBELZ 200nm TH 2D DIk LT, Dyna E—XX 1.0 pm ERIENPKEZ L 2o TV D, ZDhL
BOBNIHIEDNRIZKELS Do T HEEZX TS, Thbb, KEEVLTIRY, B
— A HEZ VLT 2D E—RITx L THEICERE 232 2t L 0 Rl s, =
M2 L 5T Dyna E— X TIEHENENFG E— X L) I FT 25 2 ERBAIND, T2 T8
FLREOTFETEMET 7 4 =7 4 —E—XZHW= CA OFEHL - biotin-TRT (2K 25 7~ %&1T
W, ED TN ERE R L7z (Figure 3-17), & /37 BRSHEIL FG ¥ — XL Y & Dyna B —X
NBLLABEENLTODDIZH L, HBEGIRIZFG B — XX 0 ¢ Dyna B — X088 L% 2 5 B9
HIZEEE ST (lane4, 7). Z DT ENH ., KRGS L TV T8 DRI O RKIZHEV D L
TWD, LML 5 FG B — X TIEIERFRI 2 7 ~ kI K 52 7 L S 8IS CTu 5 23, Dyna
E— XTI INNMIE A CBIIS TR, TRb BAERNEIIED [ BIZRPI L T\ b 729, FG
E—XOBEE IR L0ESTFREOX LRI EE TN BT 2R E LY ST ARy s
77 RIZHENDBEN VR Rb, ZOZENL T VULEITHIBEILLT 7 =7 4 —F

— X% Dyna B — XD il T D Z & DR STz,
o] o, _
HO o]
o = ) OH

Z =

\
N
S
S2+
-

\ s
RU
N/ "’N 5
Beads . })—Q 16 0,
Ru cat. 13 §‘"(v);‘ C 13
Ligand 16
Lane 1" 2 3 4 56 7 8 9 10

i 210

4

3
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|40
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20
|15

10
SAv-HRP Silver stain (kDa)

Figure 3-17. £ FibE— X% H\ 7= CA OFEHEL - 7 ~LAk (* Input: 1 uM CA in 3.0 mg/mL HeLa cell lysate,
R LTS R D & N B

3-7-3. Ru Yeflfii48#E: FG ©—XB LU Dyna E—XZ AW Y H o FEEEZ V7 B 5~k

A Tl Dyna E— X2 VWL FIZ Lo T, G - FVU b LT Y o REEZ 37 B a2 IR R
72 T AL ZINZ SOOI TE AL NHL Mo Tn, FZTE—XDE VNI L > TH N7
FIRIESR TD T ~)ALRNRSOIERF R 72 T AU S IZ Z BB D i~ 5 BT, MAUra22 %
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FUUEAlE L, Ru B 13 H0RF 7 7 ¢ =7 4 —E—XEHW ¥ VN BIRIEEHF O CA T
IMMEZEATS T & & Lie, FEFRERAIWAE 1L < Bl S 115 PureProteome Magnetic B — A& (@) X4 [
DM Z T, FG E—2 (D) 8L U Dyna E—X (@) O 2 FIETOEE AT~ 7= (Figure 3-
18), FG B =X ZHWZBRIZIT CA Z @V TT LT 5 Z LN TETWDH 5T, R
2T B HRREMEITT HZ N oTlz, Ll Dyna BE—XEHWHZ & TCADT~L
BRI TR T T2 b O OIEFERN 72 T LR IH TE 2 Z Lo To, ZHULRITEICH L
ML &2, E=X RITHERT DI T REGH VT ENREAHET D720, FG B — XD
AL LT CA~DT NP FEEICET LD THD EEXTWD, — 5T, FGE—X%H
WA LD S TR OIR TR A LD DITRIEDEWNCH D EEZE X TS, BRI E N
EEE— R EMEN L ORI D Z ENTE S, T7hbb Ru el 7 7 =7
— b =L, KERRENT 7 4 =5 4 — =X %M LSBT bR MR T T 52 & %
AR HRERTH D,

CA

Figure 3-18. &4 b — X% W= &Z L X 7 BIRIEZR T D CA T ~ULAL (* Input: 1 pM CA in 3.0 mg/mL
HeLa cell lysate)
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3-8. U7y RERER Ru YEAER X O Ru M7 7 4 =5 4 —E— XD K8
FRRETT2oD Y HY FfEGH NI E T ~biEZR R~ T, 76 ) 7 RERER Ru St fih
39 BEXORu G 13T 7 4 =T 1 —E— X2 A= TV TH S, W TR EHWTHIT
7~ bAl MAUra ZHWIURXY T REEE X X7 a2 RHT 5 Z ENAEBTH DH Z & &b~
Too BT, EBRZV TV FfEG X VB2 - AET2HMTESL L OFENENTND )
W2 TH> 2 & Uiz, RifiE CERBRET NAZ V87 E E LT CA Z%E L, HeLa MR+
[N LT, CA U 4> RERER Ru Jefilit 39 ¢ L < 1% Ru/debpy Yl 13 8L ONCA U K 16
FHFLIEE—R%Z, ZOX T BEEERFICERM L, MAUra22 I & 5 7~ b % 350 L 7= (Figure
3-19a), 3-6 fi & FAEICHI AL EZ T T2 L DT )LD 1TV, ) H v K& o378
BT AT 7 LU VTS X o THRIBATREIC L7, U o KRR Ru Skt 39 2 VW24
(lane 3,4) B L O Ru MEHEETY 7 4 =5 4 —E— X2 H V284 (lane5,6) OWTHOEE DL
Uy REEEH L RIETHD CARRRED T ~)ULRE TR T 2 Z S I2Zh LT\ 5, Ru il
B3 HET 7 4 =7 4 — =X HWTEGEOHNY T RIEEAFRI 72 7 U LR iifl c& 5 2
EMARET L VAL E 7257 (Figure 3-19b), ZAUIEL 2 B CTHRH L&A D@ Y . Ru/dcbpy Y fili
TIEfBEIZ T 5 &2 VR B OIEFF R BRBAE RN DN TWAHTDTH D, 775, Ru/debpy
Jefihitt 13 2 U H 2 R EERETIUERERIC Y B2 RIERTFE R T~ UL Z2Mfl Loo U F Y RiEA
BN BT XNETHTENRARETHLEEZEZXOLND, L L2 5, Ru/dcbpy Jefiit & U 77
VREEREL LD LT AEA . MR 4 SO B NVRUEEE O LM DREA T & 5 EEs 23
T D8, BKMED B Ru/debpy YN U 4 > RifES O A RECT 5 Lo 7= Eak Eo
HIRBIFET D, —H TE—RIZHFFT 2 FEZ L, ARoFMz2»T5 2 872, T TIZE
X D Ru/debpy 7 2 /ALFHEER 13 L U By REFFICHEFT 205 THD, 02 b, &
R EOFER AT D Z LR U H Y REEAH B A S EIRMETT ~UL L TX 5 Ru el
77 4=7 4 —E—XERWIIEDTN, VH v REGZ X7 O « [FIEIZBWTEY
FHWTH D LT 52 &R TE D,
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7GRN T2 T ~IOULIE Z (T2 T2, ek E TDZT UL LH| TRT TIEIERFRI 72 T LGN %
SHEAT L=, L, 79I E Rl 2 2 & TR TG EM A, U Ty Rk
BH R B RN BRI T LT D 2 N TE D MAUra & #i7=72 7~ bl & LCRH
Lice 7 /BOF v U FHEREOHRKIG CV ORENDS, MAUra (35 1 3 VR & ORIG%)
FENTRT LV BLZESHFEM ELTEBY, 7LAIN—E B2 521 THE L DIEMHEREN AL E T
572 Ru e b EEN - BREE AL B35 & L X B A~DOIERFR RIS Z 65 2 &M
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Experimental section

5
- O Ph
O, Ph )
Ph—N N §-—N' »LN
OH i N, N o
o “NTTO N
36 OH
0 OH + o
H Ru(bpy)sCl,
AN N o NJ(N—Ph
H 10 mM MES buffer (pH 7.4) H 0} H ll\l
° 20% DMSO, )LN N< )LN N~ =
hv (455 nm), 0 °C, 10 min Ho § b o
o}
35 37 38

Compound 37 and 38. N-acyl tyrosine methylamide 35 (23.6 mg, 0.100 mmol), Ru(bpy)sCl. (64.1 mg, 0.100
mmol) and 36 (38.3 mg, 0.200 mmol) were dissolved in 10.0 mL of 10 mM MES buffer (pH 7.4) contained
20% DMSO. 1.0 mL of the mixture was stirred open to air at 0 °C for 10 min under irradiation with a blue light
(RELYON, Twin LED light, 455 nm) in 50 mL round bottom flask. This reaction was repeated 10 times to react
all of the mixture. After all of reaction, the reaction mixture was concentrated in vacuo, the residue was dissolved
in MeOH, the solution was passed through a pad of silica gel and concentrated in vacuo. The residue was
purified by PTLC with CH2Cl, : MeOH =10 : 1 and Recycle Gel Permeation Chromatography (JAIGEL-GS310,
CHCls) to give 37 (21.7 mg, 51%) and 38 (2.0 mg, 3%) as white solid.

Compound 37

Mp 146-148 °C; '"H NMR (500 MHz, CDCl;) 6 7.49 (d, J = 7.0 Hz, 2H), 7.44 (t, J = 7.0 Hz, 2H), 7.36 (t, J =
7.0 Hz, 1H), 7.04-7.02 (m, 1H), 6.98 (d, /= 7.5 Hz, 1H), 6.88 (d, J= 7.5 Hz, 1H), 6.83-6.80 (m, 2H), 4.52 (d,
J=71.0 Hz, 1H), 3.07 (s, 1H), 2.92-2.88 (m, 1H), 2.81-2.77 (m, 1H), 2.55 (d, J = 4.0 Hz, 3H), 1.83-1.81 (m,
2H) ; BCNMR (125 MHz, CDCl;) § 171.8,171.0, 153.2,152.7,152.2,131.9, 131.3,129.4, 129.1, 128.8, 128.7,
125.9,121.9, 118.5, 54.8, 37.6, 32.6, 26.2, 22.9; FT-IR (neat) 3309, 3102, 3079, 3013, 2941, 1765, 1704, 1651,
1541, 1515, 1505, 1433, 1407, 1304, 1159 cm'; HRMS (ESI, Positive): m/z calced. for C,1H2;NsOsNa
[M+Na]" : 448.1591, found 448.1587.

Compound 38

Mp 168-170 °C; '"H NMR (500 MHz, CDCls) & 7.53 (d, J = 8.0 Hz, 4H), 7.49 (t,J = 7.5 Hz, 4H), 7.41 (t, J =
7.0 Hz, 2H), 7.26-7.25 (m, 2H), 6.38-6.36 (m, 1H), 6.24-6.21 (m, 1H), 4.60 (quint, J = 7.5 Hz, 1H), 3.21 (s,
6H), 3.06 (d, J = 6.5 Hz, 2H), 2.70 (d, J = 4.5 Hz, 3H), 1.99 (s, 3H) ; *C NMR (125 MHz, CDCl;) § 170.9,
153.8, 153.0, 131.0, 129.5, 128.8, 128.1, 126.4, 125.8, 54.5, 37.6, 33.7, 29.8, 26.4, 23.3; FT-IR (neat) 3338,
3066, 3014, 2949, 2925, 1769, 1711, 1652, 1541, 1504, 1430, 1405, 1291, 1164 cm™'; HRMS (ESI, Positive):
m/z calced. for C21H23NsOsNa [M+Na]* : 637.2130, found 637.2134.
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Compound 41. To a solution of 22 (41.5 mg, 0.125 mmol) in 1.0 mL of MeOH was added 4.0 mg of 10% Pd/C
(50% moisture content). After stirring for 2 h under H, at room temperature, Pd/C was removed by Celite
filtration and the filtrate was concentrated under the reduced pressure to give 40. Then, D-desthiobiotin (24.1
mg, 0.113 mmol), HOBtH,0 (26.0 mg, 0.170 mmol) and EDCI-HCI (20.1 mg, 0.136 mmol) were added to a
solution of 40 in 2.0 mL of DMF at room temperature. After stirring at room temperature for 26 h, the reaction
mixture was concentrated in vacuo. The residue was purified PTLC with CHCI3:MeOH =6 : 1 and HPLC (50-
100% MeOH/H0) to give 41 as a white solid (14.9 mg, 26%).

Mp 170-172 °C; 'H NMR (500 MHz, CD;0D) & 7.31 (d, J = 9.0 Hz, 2H), 7.01 (d, J = 8.5 Hz, 2H), 4.02 (t, J
= 6.0 Hz, 2H), 3.82-3.79 (m, 1H), 3.71-3.67 (m, 2H), 3.22 (s, 3H), 3.18 (t, J = 6.8 Hz, 2H), 2.18 (t, J= 7.3 Hz,
2H), 1.81-1.77 (m, 2H), 1.64-1.60 (m, 2H), 1.57-1.31 (m, 12H); 3C NMR (125 MHz, CDCl;) § 176.1, 160.5,
154.9,154.8,128.9,125.3,115.9,69.2,57.4,52.7,40.2, 37.0, 33.0, 30.7, 30.3, 30.2, 30.1, 27.7,27.1, 26.9, 26.8,
15.6; FT-IR (neat) 3293, 3079, 2932, 2860, 1698, 1515, 1432, 1248, 1222 cm™'; HRMS (ESI, Negative): m/z
calced. for C2sH37N¢Os [M-H] : 501.2820, found 501.2816.

Preparation of NHS ester functionalized affinity beads. The 4.0 mg of Dynabeads (MyOne carboxylic acid)
was washed by DMF and dissolved in 800 uL of 0.2 M NHS/DMF solution. Then, to the mixture was added
EDCI-HCI (final concentration ; 20 mM), stirred for 1 h at room temperature and the beads was washed with
DMF to give NHS ester functionalized Dynabeads. The beads was preserved in IPA at -20 °C.

Preparation of Ru cat. and ligand-functionalized affinity beads. 0.5 mg of NHS ester functionalized
Dynabeads was washed three times with 100 uL of DMF. To the beads in DMF was added Ru cat. (from 10 mM
solution in DMF, final concentration 0.1 mM), affinity ligand (from 10 mM solution in DMF, final concentration
0.1 mM) and Et;N (from 100 mM solution in DMF, final concentration 1 mM) (final concentration of beads:
5.0 mg/mL). After stirring for 1 h at room temperature, the supernatant was removed by magnetic separation to
give the beads functionalized with both Ru cat. and affinity ligand. Then, to the reaction mixture was added 4-
aminobutanol and stirred at room temperature to convert unreacted NHS ester to alcohol. The supernatant was
removed by using magnetic separation, the beads was washed with Lysis buffer three times and applied next

step.
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Electrochemical measurement. Electrochemical measurements were made with a Hokuto-Denko HSV-110
analyzer. A three-electrode system which consists of glassy carbon working electrode, a platinum wire counter
electrode and an Ag/AgCl (in saturated aqueous KCI solution) reference electrode was used. The CV
measurement were performed in 50 mM Tris buffer (pH 7.4) and 100 pM substrate (from a 100 mM stock
solution in DMSQ) at room temperature. A scan rate of 100 mV/s was applied.

Target protein-selective labelling in HeLa cell lysate. MAUra-N; (22, from 100 mM solution in DMSO, final
concentration 500 pM) and Ru/dcbpy photocatalyst-functionalized affinity beads (concentration of beads: 5.0
mg/mL) were added to the protein solution (bovine CAII (Aldrich, 1 uM) containing HeLa cell lysate (1.0
mg/mL proteins) 50 pL), and the mixture was incubated at 4 °C for 4 h. The light irradiation (RELYON, Twin
LED light, 455 nm, 230 mW/cm?) was performed on ice, 0.5 cm from the light source for 5 min. The reaction
mixture was added to 2-iodoacetamide (from 100 mM solution in H,O, final concentration 2 mM), incubated at
37 °C for 30 min. Then, low MW molecules was removed by gel filtration (GE Healthcare, Sephadex™ G-25
Medium), the filtrate was added DBCO-Cy3 (Aldrich) (from 10 mM solution in DMF, final concentration 50
uM) and incubated for 1 h at 37 °C. The resulted samples were added 5xSDS-PAGE sample buffer (final
concentration: 50 mM Tris—HCI pH 6.8, 125 mM 2-mercaptoethanol, 2% sodium dodecyl sulfate (SDS),
0.025% bromophenol blue, 10% glycerol) and heated 95 °C for 5 min. After removing the beads by magnetic
separation, proteins were separated by SDS-PAGE using 4-20% acrylamide gels (Biorad). Fluorescence of
labelled proteins was detected with a Molecular Imager Fusion Solo S (VILBER LOURMAT). After obtaining
of fluorescent image, the same gel was visualized with Coomassie brilliant blue (CBB) stain, and the image was
obtained with a Molecular Imager ChemiDoc XRS system (Bio-Rad).

CA-selective labeling in HeLa cell lysate using ligand-directed ruthenium photocatalyst. To a HeLa cell
lysate (1.0 mg/mL proteins, pH 7.4) was added bovine carbonic anhydrase II (Aldrich, 1 uM) and 39 (a 100 uM
stock solution in DMSO, final concentration 1 uM). After incubation at 4 °C for 1 h, labeling reagent (a 50 mM
stock solution in DMSO, final concentration 500 uM) were added to the solution (50 pL). The light irradiation
(RELYON, Twin LED light, 455 nm, 230 mW/cm?) was performed on ice 0.5 cm from the light source for 5
min. The reaction mixture was added to 2-iodoacetamide (a 100 mM stock solution in H»O, final concentration
2 mM), incubated at room temperature for 30 min. Then, low MW molecules was removed by gel filtration (GE
Healthcare, Sephadex™ G-25 Medium), the filtrate was added DBCO-Cy3 (Aldrich) (from 10 mM solution in
DMF, final concentration 50 uM) and incubated for 1 h at 37 °C. The resulted samples were added 5 x SDS-
PAGE sample buffer and heated 95 °C for 5 min. Proteins were separated by SDS-PAGE using 4-20%
acrylamide gels (Biorad). Fluorescence of labeled proteins was detected with a Molecular Imager Fusion Solo
S (VILBER LOURMAT). After obtaining of fluorescent image, the same gel was visualized with Coomassie
brilliant blue (CBB) stain, and the image was obtained with a Molecular Imager ChemiDoc XRS system (Bio-
Rad).
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'H and '*C NMR spectra of compounds
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Compound 38
'H NMR (500 MHz, CDCls)
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CV spectrum of compounds
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DLS spectra of Dyna beads

H
[1]

1

Size Distribution by Intensity

Z-Average (dnm): 1562

Zeta Potential Distribution

Zeta Potential (mvVy: -31.3
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Size (left) and zeta-potential (right) of control Dyna beads
Size Distribution by Intensity Z-Average (dnm): 1343 Zeta Potential Distribution Zeta Potential (V) -26.5
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Size (left) and zeta-potential (right) of Ru cat. 13-functionalized Dyna beads
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4-1. IXCBHIZ

JFFam CHIR_I@ 0 VA R N EHAEAEROFNZ X7 BEFEET HDIXRETH Y |
TIA4=T 4 =270~ T 7 4—TlE K< 10°M OBFIEZE FFo & L7 BITIRNT R RE X
o Z R0 BFMERERRE TRV ARSI L LIZLIZY T REGZ 8%
[FET DONRREEZ /D EVWHIBEND D, FHVHAEEMAZRE - FET 2 Z ENR T, KR
BA7Z o710 By R=2 U X B EAERAORRICO/RF A2 ENTEAEHFHFL TS, S HICRE
THEMA IR R DM, & T - X7 R EAERIT RN O 2 72 W) PRI IR D3 do 2 B
77 R —=ThHoDbOD, ZOMANEMNT—MNR) T R-2 37 EHEFERED 5502
LB TWD, T7Rbb, BWHAEH OB TERIZ U, Z T B2 87 B AEAE
RO XS eggun—iatE oM AEER 2T 28I ~DISH bW T & 5,

AR E TIZY W NS & /37 B 2 3R T & 5 Ru/debpy JEREE 13 #HEF B — X% %
L. RE—X ETOU By RiEG S R0 EiRN e T~ b a ik LTz, RETIX, 2O Ru Yfit
AT 7 4 =7 4 —E— X &AW, (ERETIERENRREE R Y RV EORIEICETTHI L &
Uiz, BARRNCIE, VA B BEE) —Z o BROHEEHNZ LW & THON LGS
WRIBETHDHVIF U 2ERE L, (ERIETIIRL 220> T MRNTEEO L 7 F o okt - [FE
Bt omer & B L7z,

42, FEREGZ VRV E (VIFV) OTALERRE

WEfE G 2 VX7 E (L7 Fr) Il boMiasEs, v A VAL 7 F o 085121308 B
JaDOFEFR E NS TR BEERFF O Z LD, LI F U OREREDERR « FHEFI OB 72 E VI RAEIR DAY
LIRS OREIAC, U A NV AERBOIEFRICBW CHEEREEZHY |, L7 F U3t I~v—H
NRIETHY ., AERNTIHEEOR Y v B L THEEE Z2MICEE T2 TCTr 7 =7 4 —0
M ELTWD 2 ZREFAL, BTy R ~—% U H o Re LB 7 0 — 7 235 % &
NTETND S, Ll b7 FUaiEr e LI tBIP R A AR Zh 203 10% A0 T d 5 D A3l
BITHY 4 ZOREERZRITHIANTEED L7 F o O - [FEZWECT 5,

Z ZCATE T, BIE E TIZHR Lz RuBAMBLHLEE T 7 ¢ =7 ¢ — B — X3 L ONTHE 7 ~ AL A
MAUTra & B L, FIIANTEMEL 7 F o D7~ RIZHR L7, AR L7 L 9 IV 7 F U3 oNE
HEDBMOERICIVZOT 7 4 =T 41—\ LESEDH I ENTE D, EBICET ki1 i
FFLIEHEBEDN L 2 F o eDT 7 4 =7 4 — %A LSV FPRESINTND * ZOZ T 7
A =7 4 — =X LICHFF LRI DT O MR EIREEL N TE, L7 F U2
FEENTHIRCELEWF LI, 22 CTF 74 =74 — b =X LTIV T FEEZ "I EEmwh
I T LD FREZR MAUra 2 W2 7 b Z1T 9 2 & T, —tEORiHE-v 7 F R & 2 -
FETEHEBZ AT,
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(a) EEE#EFRALELIF Y IRME (—RABL I F¥ FRLE)

.
HLYF> ng =
% o </ uvEst

“EOFYFYe—

(b) RuXfiRiBIF 7 74 =571 —E— xirov7?z7A»m($ETﬁ%?a¥$)

©0.0 Ruldcbpytfiis
OH 9
TN
R:u‘2+
X (o]

Blue LED (455 nm)
0 °C, 5 min

\N'
0 ,/N:{b N\
- f;?
HO™po
Figure 4-1. AFEOWE  (a) PEOT > R ~—%IEH L7V 7 F o ONEEE#RE  (b) RuYefil
WHE 7 7 =7 4 —E—X ETOL I F o T~k
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4-3.p-D-7 7 b—RT I J{LFHEEDOBK

AT CIR 7= L H1C, KRETITY W R-Z XV EHEEROH NV 7 F U a2ERE LT~ L
£%1T9, 287 FEHOZHIZ, RIETHHWTWE Y T REEF 37 B & IRz
LT ANLIZIRIMT 2EBRAREZHWD Z & & Lz, BT /VH 737 B |21 Peanuts agglutinin (PNA)
EHWHZ L& LTz, PNA ZE—FT v YHIZEENDINERDL 7T THY, VI RTHDHS
D-7 7 b—ALDFEENTKi=T10uM TH D Z ERHEIN TS S, 725, 1uM BLFD Ky
ENRUNEEINDT 74 =T 4=~ I 7 0 —TRIELED 95 L, BeifElERICfifiE L
TLEIPFNY A R-Z U RXTEHEERTHD, PNA ZET VX RIELE LTIV 7 F O
P RROMRFHNIHERNH 0, &F ki EICT 7 b— 2 BRI A FIRF R L, &
FIRA ElTR Y T ) EDOREEEIT LT PNA i3T5 2 LIZkEI LT D 3, Zoflinn
He LI FUIERAREAETHD IV T R- X RV EMEERZN L CHERTHZ S L <, 3t
HREATREN LI NEE TH L Z NI D,

E—XHFFOTZODBD-7 7 b —ADT I/ ALFFERD AL % Scheme 4-1 (277 L7=, DMAP fif:
AFET, pD-727 h—ADt Ru XU B2 EKFRRICE > TTreF bl bEY 42 2157141
SNCLFE T, TMS-Nz IC K B 7P FMEZITH Z LIk > TAD-T 7 b —AD T ¥ FLiFElk 43 215
¥, W T, TRy NI U A HAE R X OVEEEAAL - TH D Tris(3-
hydroxypropyltriazolylmethyl)amine (THPTA) {#{E . {b&4# 43 & 7 = L F /L7 I 2 D Huisgen 5
BB ZAT S 2 & THD-F 27 h—AT I JbFEEK 44 2 G LT, BT & F b L7 BEgHI3oK
EHEMRE A LT 270N REEC /22 00N~ TH D, £ T, 22 TIHLED 44 OPilE
HEIITTHOT . FG B —XIHE L7, BiRF#EZ1T 5 Z & T Ru/debpy il - p-D-7 7 b —AfHEfE
—REGFHZ &L LT,

OH OH OAc_OAc
ACZO DMAP o) OAc
" AcO o 0
Py., gROI/ 2h OAc AcO OAc
OAc
p-D-lactose 42
NH,
=/
oA CuS0,4°H,0 OAc_OAc
TMS-N3 ¢ OAc OA Na asscorbate 9] OAc
SnCl, 0 c o] =
o THPTA AcO 0 N=N
———————" AcO o E—— OAc AcO N NH
DCM, RT, 42 h OAC AcO Ns  BUOHH.O oA NP
63% OAc 2
43 RT, 67 h, 23% 44

Scheme 4-1. fD-7 7 b —AD 7 I JALFHFEARO A AL
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4-4. Ru Yttt 13,/ 6-D-F 7 b— AT 7 4 =T 4 —E—XZ HU 7z PNA T~V LORRET

Ru Jefitii 13/ pD-7 7 b — 2 HEF £ — X DOfERE % Scheme 4-2 (27~ L7z, NHS = A7 /L CEIH
fEffi St/ Dyna B —X1Zxf LT, Ru il 13 B LT F 6T 7 b—2D7 2 7 {LFFER 44
ZHEELIZ%, RSO NHS TAT)NVE 4-T X )-1-7 X ) — L Thy vy BT Lz, i\, LA
Y) 44 O T v FIVEEE PUR#ET 572912 0.1 M NaOH KIEIRF CE— X &M L, - Jeis 28 <

Ru i 13 « p-D-F 7 b — 2K £ — X 45 Z/ERL L 7=,

0.1 mM 13 NH
0.1 mM 44 1.0 M 4-amino-1-butanol 0.1 M NaOH aq
1.0 mM EtzN
> : > H
DMF, RT, 1 h DMF, RT, 1 h H,0, RT, 30 min “
o]
HO
s
° Hmﬂ o o84 OH
_ o N o
NHSTZF /L E—X Ho ),

beads 45

Scheme 4-2. Ru Yefitli 13 - AD-7 7 F— AHEF & — X 45 O/ERE

ER L 7= B — X 45 Z H\\ T PNA ZIBIRICT LT 5 Z E N TELDRGET H 2 & & LTs,
HeLa AHRRAEAHE HIZ PNA ZIRINL, 2O X VX7 EIRIERFICER L7z B — X &R L7, E£72,
AT AN 2 5 2 LD (BIEE: CA, RE:PNA) MAUra LIS D3 i 72 7 ~ VAL 72 2 Al REME
HLIEA L, TRT (19), 7 F (28), /v 3/ —/LiBEK (32-34)., urazol iRk (20,22,23) 72 &
K& 72 7 ~OUEA &2 DT T~k O RiE 247 - 7= (Figure 4-2a) , Bii# £ T & [AEEIC. DBCO-Cy3 &
@ SPAAC FUGRIZ £ » TT U bRIGZ Al L LTz, 85 8 THWW TV e 7 ~L{bAl TRT Tl PNA
DT SNAITIE E A EEIT L2 o 72 (Figure 4-2b, lane 2), BHEREVNZ L 12, CA ZHEM & L7ZBRIC
TIEEAE TR ET L2 - 7257 2 R 2813, PNA ZE & L2, IRV TIEH 5
B DO DOFIRANT T ~ AL ST L= (Figure 4-2b, lane 3), Z4Ui% CA & PNA TOREHDE,
FRloTu v UEREOMNEOEWNI LD D EEZ TS, BE—=RX ETT LI DEALIZ DOV T
DOFEIIHIRT 228, VA REEER7 v MEETEIIIZ T LR EITT 5 Z E R L E e
STWD, ZDD, VA y REERT y MEEOBEH LicF rm o VEREDHFIEEN 7~ S i
RTIERESTIHEK LD, VI —FHERTIL PNA TV RIRIZE A EH#IT Lo T

(Figure 4-2b, lane 4-6) , CA ZAERY & L7256 & [RIBRIT, urazole F5EKR TIX T ~/UALES S HEIT L |
urazole 20 TILZAE MRS DD, MAUra22 TidmWEIFRUET PNA 2 7T 5 Z E B3 50
& 72 o7 (Figure 4-2b,lane 7,9) , 23 IZB W TIE T /LIS DNE & A EEIT LTV, 2313 CV
DWNE 24T > T2 BITE TR O E— 7 () LD E—2 () L0 BRELRDHERFR L 72
HZEWNDLMNS TS, T7bb, HUETUUNANEBLIZHIOE~NEZLLTLE I TZD, T
SUUERIFEE A EEITL T RNEBEL TS, ZOZ b, Ru T 7 =7 1 —t
— X ET, MAUra 2 7-~VULAIE T D52 LI Lo TL I F U8R « @ZRITT L TE 52
ERHA BN T,
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(a) N, N
@"&— ,é“&/ N=N @ MC‘: \©\ Me
HoO. 1o} ;e H .
OH HoA—=y N N2 o N
19

N H
° HO N\n/\/\Na
0PN PN OH HO o
Ho ey /Y"?—omou HO »

beads 45 Ho™ on

(o}

o
R R=H(32) R R= H(20)
Noa NN L Ph (34) "3V\/\/\o—©—N>L N Ph (23)
2NV Me (33) ) Me (22)

o

o

zZ-Z

(b)
Labeling reagent - 19 28 32 34 33 20 23 22
Lane 1*2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9

210
140
90
70
55

40
35

PNA
20

- — 15
BB stain (kDa)

Fluorescence (Cy3)

Figure 4-2. Ru JEfiliEREs 7 7 4 =7 4 —E—X 45 L TO PNA 79Uk (a) AWz E—XBLW
T LEIREE  (b) Z o3V EIRIER T O PNA T ~L{b#ES: (*1 uM PNA)

Fio. KTVULIGENE—ZX ETHDT 7 b—A-PNAMEERAZ I L TEITLTWD 5 H
T, U REHEF L7220 Ru G 13 HEFE—X46 X°7 7 h—Z2ADRb VI 7 Vva— A2 HE;
L7 Ru tfilidt 13,/ 7 v a2 — A e — X 47 % 72 PNA 7L {b & 30E L7~ (Figure 4-3), Ru
FEfRIE D I DFHEEFS, PNA OV H 2 R TIHRW I L a— R & [FRFICHEEF L7- B — X Tld, PNA (2%
T 5T NAEBONTIZE A EEITL TRV, — T, PNADYU T RTHLHT 7 h—AZHHEFL
A PNAMREHWIRTT VL ENTNDEZ b, KT -VUERISIFIE—RX EDT 7 h—2A
-PNAFREA/ERZ N L CTHEITL CWD Z RO N E o7z,

112



i
=
1

=2 = - - - -beads46

OH

HOSTeR O~y - - - beads 47

S o OH _OH

46
Ru! =N
Aoy H  Ho N H, + + - beads 45
N|: @ OH \)\/N-i-
45

<Z’:<or~m <Z(<or~m
£ ¥ < < £ T <
s 80 0 £s3% 8 o
233§ ¢ 235§ ¢
2 O O O 2 O 0 O
£+~ o0 o o £ ~0 0 o

210
140
90

70
55

40

3% pNA

20

15

10

(kDa)

Figure 4-3. £ — X 46, 47, 45 % [\ 7= PNA 7 ~/L{L®OFRFE (Input: 1 x M PNA in HeLa cell lysate (1
mg/mL proteins))

Cy3 CBB stain
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4-5. Ru SEMEEEEF T 7 4 =7 4 — & — XK@ Rl /) > FHERFFH OB

AIEIC. L7 FUTEHOBEH E OZMOBEICLVZEDT 7 4 =7 4 — %M ESEDHZ ENT
XL L EBRRIZ, BN EN LTI B RiEG X 7 BaitEd2121%, VT R Rut
DR ENEE 27 7 7 X —l B ETIRTE S, Ihbb, 2MOBEIRERET L7290
WXV RCTHLPEHDBHED GoTLBRENRAIRTH D, VA ROBERFEEZEOEIXY TR
MY B o T BRENAEFTNLT V), £ 2T, A E CTHM L2 Ru BB 7 4 =7 4 — b —
X 45 O Ru Jefiblt - UV Ay FHFBEZFMTHZ & & Lz, ©—X EICHEFFS 72 Ru Yefitlgt - v
H FEZFMOT 5 2 LIZRE#TH 5720 NHS B— X & ORISHTB L ORIGHE O FiED LC-MS %
WETDHZLICE-T, BE—XEIZHEALTWD Ru Wil - U FoBEZ AL ZEE L

(Figure 4-4), Ru JEfiE 13 35 LV T7 7 b — R 44 % B — X 1 mg (2% L CEAZE 4 20 nmol 0 L=
1 RERCHRF L7z, LC-MS T L 0 13 13G#ICZ 0.2 nmol L2VEF L T LT, BE—X kA~
FHEFEIT 19.8 nmol/mg beads & 72> 72, — 5T 44 [ T4 D _LIEIZ 16.2 nmol 7847 L T &
1% 3.8 nmol/mg beads & 72 >72, T DOHEFEOEFEWIT I > O RUNEDEWCAL &Y D FK ML BRK
PICE D E—A~OEDERT ICER L TNDH EE X TND, BE—X 45 T Ru Bl : 77 K
— A =5:10HFERHS>TEY, VH RTHDHT 7 b—AL D & RuSEAEED 5238 ZAFE
LTWb, D7, ZOE—XHEEETIE, 77 b—ADBE—XEH LTS 9 fERMEW 72
D, ZMBRFEGIRP TGN TV RWATREER & 5, £ 2T, &il7R Ru el - 727 h—=
HFFEOMRFTZITI 2L & Lz,

(a) 20 nmol (Ru)—NH,
0]

On beads

1mg

%NHz v&/NHz mmm) LC-MS analysis

Supernatant (unreacted amines)

(b)

total(supernatant+on beads) MS intensity MS intensity iﬁf;?;?g Supernatant on beads
[nmol] (pre-reaction) | (after reaction) (%] [nmol] [nmol]
R“/fgbpy 20 618640 5264 1 0.2 19.8
44 20 281727 228215 81 16.2 3.8
Figure 4-4. Ru e 13 B X VT 7 b — 2 44 OHEFEOFME  (a) HEFEOFGSGE (b) 13 - 44

EERES

Ru YL 13 B L OYT 7 b —R 44 ORI 22 L% Ru SCAEHEF 7 7 4 =7 4 — b — X%
TERLL | RiH & FIERIC 7 U LROG 2 T o 7o, BULBRIEWZ L1, U Ty ROMEFEOHENE X O Ru
AR OFEF EOEEIMD NI PNA O T /AL 2 S HHER & 72 572 (Figure 4-5, lane

2-4), LI F U LB E DOt R A G H DI Ay ROHEEIZER L TE 0, iR
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2T EFEBRT L7201 Ru KL U H v A X v B O BT 7 7 X —
L0 55, VA FOMEFEZIESC LIZERIC T b3 LDk, Z o Ru efgt s U 77
VREEE S R BOERENAE TN K polndThH EEZBND, — 5T, RuYufillt
OWFFEZENT 5 & U T FRPT#ET DRENAEENICS 2D, O, Ru tilEEOHE:
BAHECT 2L TR NED LI2oix ) 7y REOI#RENMEZNICSSRY, LI F
VENRIKHIRTAZENTERLS RSO THLEMAD I ENTE D, T70bb, BRT
BB, IHIRE CHWEZANE 13:44=1:1 (B —X{EFE 13:44=5:1) 75 Ru Jefildfie-v 4
VRREE S R EMOEHEREE E U o R-U Ty R OUIHEREED /N7 o AN LTz i /a1
FLeThHorZ LN Lo T,

o
<
B
(]
s
13:44 © o ~ «
AME Z O I Qo
lane 1 2 3 4

bk |

Cy3 CBB stain

Figure 4-5. Ru JEAAE 13 I8 L TNT 7 b — R 44 O 2 PN ORRFES
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4-6. Ru YR 7 7 4 =T 4 — ' — X L TOZMDOFER IR DKRIE

AE Tl Ru MBS T 7 =5 4 —E—X 45 LD T 7 F—Z7 PNA L&A L TW5
DMRFET S BT, ELISA 7' L— b BICHFFL7HESX 37 E L PNA Oy ik VT, B —X
45 ® PNA %*Aﬁ% P52 & & L, BEROEEZSHBIC S, 7T weT =V A (ASF) %
ELISA 7' L — MCEE L7z, ASFIEZ /R BREIIN-TEF LT 7 MY I 4E1E (LacNAc) &4
BETHHS L NIBETHD, 7R yF o THICE—R45 (L LIET77 b—RA) BLXOFITC &
fifi SN2 PNA ZIRIMNMLA > FaX— L7, IML7EE—XRT 7 F—ZIZ PNA ~DOFEEHEN B
FUE, ASF & PNA OFEAEMRILESNS, T 725, ELISAplate (25% - 7= FITC-PNA O &% FITC @
WHNDOERTDHIETICn & LTHARAMET 22 N AiETH S (Figured-6a) , 7 —0D7
7 b =A% T ASF-PNA #E A DILEFZEBRZIT 72 & Z A IC0=43.7+14.4uM & 725 7-, Ru fik
BEHFF B — X 45 T ASF-PNA G IHEFEBR AT o7, N2 8 —X0E&EZ 2 st L, mif
TRO=T 7 h—A{HEFEN G (Figure4-4) 727 b—ZADOWE B HHE LTofEE, 1C5=7.0£3.0 M
E D B RIZHEEENTWRNT 7 =R LR L TR X% 6 (5K T ASF-PNA f5 & % [HE
TEHZENBBMNERo7 (Figure 4-6b) . T2 H, {EEMGAY B —X45 FDF 7 h—R |
ZMDOFEAICE > T, L VBOHAEEHATPNA ZHEL TS Z EAHLNE o T,

(b) Compound
B-D-lactose 43.9t14 .4
beads 45 7.0x3.3

Figure 4-6. PNA & B —X DT 7 h— 2 DSBS OREE  (a) FHEHFEOEAM (b)) ASF-PNA
A B HE O REAM 5 5L

BB T NG Z T ED Tl - A FIRRICT 2 FiEE LT, Uy NEgEa
Ru Jefilftt & = ~ b Al MAUra & fla B b7 7 b L O Ru SEfEEHEE 7 7 4 =7 4 — B —
A& MAUra #flAaG b7 7 b 2 i 8Y O FIEIZOW TR, Ru SRR 7 ¢ =7 o
—E—X ETOT LTI, E—XEmEICY B RBBEY & OBRENEEND -, ZMOfRE
BINREB/DLHZENTE D, —HTU I FEFER Ru SEDGEIZIE, YT R—21Zxf LT

Ru Y2 HRE LT D72, ZliZefi S 72y, PNA BERAY 72 7 ~ARIC Sl O #5 A 23
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HBLTWA0 &5 BNT, 2b0 Y 7y RERERAMER X O Ru SEAMEREET 7 =7 ¢ —F
— XD " FEE AW, HIRAARE IR L 72 PNA O~ b &Rt L7z (Figure 4-7a) ., 77 b
— A HFER Ru Lt 49 2 W 25513 PNA 237 UL EZ 1T T D 6 O OZ OFEPUEIT 75T
72K, BEEDOT 7 F—AEIRMLUIEERICH U H Y RIFKRGFEH R T LSS B & vz

(Figure 4-7b, lane 3, 4), Z Ui 49 D55 WHAAEHIZ Ko T Ru LA D1Z & A £ PNA 7 & fig
LTWBZEICERNTEEEZTND, —J7T49 & [E—OfilfiiEis 42 o b — X 48 TIZ PNA O T
~UfbhER R L OIS M L35 Z E R & A o7 (Figure 4-7b, lane 5), [Fl— OfihiiiAg ik %
AWV TOREEMIC 7~ Eh R - B RN E L2 20D, BE— X ETOZMOfEERICE - T
PNA DOIEIRE « BRNRR T IENEHR TETCWD Z ENEMT R, L, BEEDT 7 &
—AWINEFIZ S 7~ EREIT L TE D . 24 Rulbpy)s HefilEo & o <7 HEMIZERT 5 6
DT % (Figure4-7b,lane 6), % Z T, Ru(bpy)s A L U & & o /X7 B OIEREA) 7235 DD 7o
Ru/dcbpy Y2 HHEF L72 B — X 45 Z WD Z L2 Lo T, & HITHERERIUER [ B35 2 L3R
W2 &7 (Figure 4-7b, lane 7), BEIED T 7 b—ADTINZ L VIFEAE T LRSI &
NTHHT (Figure4-7b,lane8), B —RX LDV A R-L 7 FUAEEZBRIICT L TE 5 2 &
M SN IR oT,

22 (MAUra-N3;)

(b) beads48 - - -
beads45 - - -

49 - - +

competitor (lactose) - - -
lane 1* 2** 3

A+ + 0
O+ v+
~N 0 o0 4
o + + 4+

123 4 56 7 8

210
140
90
70
55
40

35 PNA

20
15

Fluorescence (Cy3) CBB stain (kDa)

Figure 4-7. 7 7 b — A5 Ru Y vs. Ru JEAEHER T 7 0 =7 0 — B — X (a) #Hli L 7-fik
Bt B —XHEE (b)) TARGRES - BIRMEO S (*Input: 1 pM PNA in HeLa cell lysate (1 mg/mL
proteins), **1 pM PNA)
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4-7. Ru A7 7 4 =5 4 —E— X ETO PNA 5 ~XAALZI RO

4-2 HiTlR IO . V7 F O - [REICILH S 2 JCB MR E O ARG T BRI
10%ATM CTdh 5 Z L 23@f CTh 5, RuEHEERTY 7 =7 4 — =X ETO V7 F DT~k
TIEERE L LT, EOREDRI ELTCW DMl 25 BT, PNA 27 AF A4 4T
Fa % 7 ~ U EAI MAUra-DTB IZ K> TI -~k L7z, 7SN PNA 27 £ B — X
Lo THHEIL, 7~V PNA O& %M L7= (Figure4-8a,b), 7~k &47= PNA % 15 f52HE &
&6&5K?EVV€~%#%%&L&Omm%%m% SRYL ATV RS RATR D 7~k PNA @
Ny RREAI L2 Z A, Tl - IBHE L7232 RIZotd PNA &0 328 (5 & 7eoT=, T7eb
B T ERIERIE(3.28/15)*100=22% & 72 > 7= (Figure 4-8¢), Z OAEIXAIR L 72— %1072 e BiFnrE
s DI (10%A0H) 2 KRE S LELEETH D, ZOMENS, KRFEITHRIITHN DS
D IEBIFRIMHAEIE LD BRIV I TF U 2T TE DL ZERHALNE 25T,

o O
@@ Avidin beads

Desthiobiotin labeled PNAs :

A\
(b) © &
¥ &
Q <
N N
X &
o N &
o HN
Jk/\/\/k( H
)L /@ . Silver stain
—N ———
HN"&
MAUra-DTB
1.0 3.28 Intensity

Figure 4-8. 7~ /ULZREORE T (a) FMAE (b)) MAUra-DTB O (¢) IEME# ORYLE
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4-8. Ru A 7 7 4 =5 4 —E— X ETO PNA 5 ~ALERAL DSR4

MAUra % W2 7~ BOSIE Ru SEAEO T < T2 5 2 625 3 ETRIHL TS, 2
DWUN 2R E /T2 T ~ARIC K o TIEARIRMEO 72 537 ~ UL OEALERIRMEZ 132 &2
TEXHDTIEIRWNEEZTZ, VT FiEGZ I BED T~ « [BEO R TIEEN 2R
FTUULE Z2Z T TSN ATRETH D, DT, KR TIL T ~IALDOEALRIRME 2 A3
HZEICEWERTZZ2D, L LD, MAERMEEZA LU, YTy REGZ /37 ED
B - FE LSO SIS e — X ETO T UMb ZISHT 2 2 ENTE 5, Bl ZpiRse
BB I PRSP B AR T F &2 T T 5 2 & TH U RV EOMEEZ R 5, LRI
2T SXALREBTIUL, 2D KD X R EOWEICEE R A~D T~ L E BT, Z N
JEDORFDOMRER BT D Z L HREILT D 2 E N AREE 72 D, T bbb HUIR-EEMEA K (ADC)
RH NGB E IS LT A2 YO E~DIS AN R T X 5, & 2 TAHITIE Ru Jtfit
BAHEE T 7 4 =7 4 —E—X ETMAUra & W=7 U b&47H5 2 &L T, U G X v 08
D EDTNLN T SN EZ T D DOIMRAET H Z & & L2, MAUra-N;22 % fl\ T —X45 | TPNA
D Z <AL E1TV, DBCO-Cy3 & ® SPAAC il X » TT7 UL PNA % Cy3fk L7=, 7V &
AL7= PNA % SDS-PAGE (2 L W8, Z AN R U 72 U lfb#., LC-MS IZX » TT b EN7-1H
BT F RO itasc X 2 HEs LOYMS OFffElT 247> 7= (Figure 4-9)

LC-MS analysis

Do
Q COH
. Tryptic
Z ~XLAE digestion g 5 | " I
_— —_— HO.C HN _— L
COH Rt
HN

Digested peptides
of labeled proteins

Intensity

Intensity

Figure 4-9. 7 ~JUALHEML O [RIE J5 14

E—X45 ETOT VUL TIERA Y v —72 Cy3 Oat v — 27 28 1 DftH &7z (Figure4-10b), £
— X L COENFREA 2 T ~OALDRER T E TV D 0l % BAY T Ru(bpy)sCh 12X %5 PNA @O
UL EFTV, RO TE T T U BEL Z Cy3 OHE G - TR L7z, Ru(bpy)sCl & V7= F
AU TIIBE DB E RN T o X L L 72 D=0, PNA OREIZH DT 1 v U REOT TR T~k
T D D, EERIZE—X45 ETO T~ E 8720 BED Cy3 b7 F R &7z (Figure
4-10d, ZHNHDOFERITE—X LT MAUra # HW 727 UL EATH T LI Lo TEALERI 72 7 X
JALDIFREIC /2D Z & R d, £7o, BE—X 45 ETT7 LA 1T 72 PNA OFHEIT Y124 BLW
Y129 DWTNNTHDH Z ENHB D E 72 7= (Figure 4-10e),
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Figure 4-10. PNA O T~ LI OFRIE (a) B — X 45 1T MAUra IZ X - T 7~k & 72 PNA #
7T KD TIC (b) (a) &M L7 vd Cy3 OEEHERRKDO E—2 (c) Ru(bpy);Cl filt it ¢
MAUra (2 £ > T7 UL E 7= PNA L7 F KD TIC (d) (c) L [F LW > 7o Cy3 Ot E
HRDOE—7 (e) ICBWTHFRAITRLIZE—ZDMS B—7

FAYULENTETREMED H A F v U RKIT Y124 BLOY129 128666 U By REEAR7 v b
R ET D2 2 R h el ole, Thbh, E—X ETMAURICE D 7L EITH Z &I
KoTU Ty REG RAAL UAHEDOT v o VR Z BRI T N TE 5 Z EMmRmg sz, £
BRI, UKD Fe fElGAS G Y 2 N & Ru/debpy Jefitfi 25 L7 B'— X 1 TD MAUra IZ X 5 7 X
JBIE, BUAD Fe fEIBGRINGY 72 7 ~ AL HiE~NEHER L T s 7,
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Figure 4-11. PNA O fit#i& (PDB: 2pel,

Fo v o EEE RO TRLT)
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4-9. MENEMET 7 F—XEEZ VI BD T~ - FIE

AIETE TT, MM ERN 2 R B TNT 5 E WO ETADRTIEH DB DD, Ru fl
BAHRFT 7 4 =7 4 — =X LTl 7 ~UUEAI MAUra (2 & 5 7~ bz v, & 87 T IRE R
HDY T R-Z NI BB O T R & ™7 BaBIRIC T T 5 2 L1
R Uiz, & 2 CARHEITIE, & BIZEMNRIHER~DIGHZ B L, MIBICHNEST S Y 7 Mg
BADIINZ X7 B OfRNT 2 R Uz, BARRIZIZRTET & FERIC Ru SEAREEHE: ©— X4 flv T
MIEND T 7 b —RAfEGZ /37 B E RN T kT 5,

4-9-1. ©—X45 ZFWTENERT 7 F—ZfEEF 7 B DT bkt

Ru LR T 7 ¢ =7 4 — B — R 45 % A431 MIRRER TN 2 7=, BEABEERIC L 5T «
Ty Ly MENTEIT ) BT, BFEIEO T 7 b —2 & MAUra 22 i LIS EITH o7
v, BEXOMAUra 22 OAH & RIML TG EIT 728 > 7V &8 U= (Figure 4-12), RifiE T
T BT NVORTIEHDEDIENL 7 FUBHE LTzTe s, FERERIR T b Z T L A T
52 LR, BRI T LR ER TE TV, L LAEITE TOET LR E R NIEKE
DIV FfEEZ NV BIIMETH DT, [FAERERDZNF X7 I T D IR R 72 7~ v
LRG3 2 < Bt &7z (lane 2,3) o IERFERAN 72 T ~ALBORIIM I ST 5 %@@ BAPHE A
[ToleP o TNEeDT 477 Loy v VENTIZE D, 30kDa 1313 LTV 15kDa 0127 7 b — Ak
G UoNTEEELNA N KA 72 (lane 2 vs. lane 3),

beads 45 - + +
lactose - -
lane 1% 2 3 1 2 3

210
140

90
70

20
15
10

Fluorescence (Cy3) (kDa)  CBB stain

Figure 4-12. B — 245 ZHWT-WNTEMET 7 b —RfEA X VX7 B D 7~ ket (* Input: A431 cell
lysate (3.0 mg/mL proteins))

4-9-2. NIEMET 7 v —REEEZ 737 B D5~ « nanoLC-MS/MS IZ X B [RIE
AIEICIEINEEDZ 7 F— XﬁA5/ﬂ7 5 7KV HT D2 EnTEZ, T~ULL

SN Z RN EERIETH7-HIC MAUr-DTB 12k > TT7~ULkthk, TV E—X k> TT

UL Z R B R RERL LT, **;@ L7z~ 0k # R E % Y 72 ik L. nanoLC-MS/MS fi#
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Mr&4T-7= (Figure 4-13), nanoLC-MS/MS fIEHTIZE W T H B A EZ T o> T~k E T 7=
Y7V (sample2) BLEFIEY 7~ LEIT o7 7L (samplel) OMFIZDOWTHIEZ1T >
7=, sample 1 DA THH S L7z % > 737 E ))> peptides-spectrum matches (PSMs) > 20 THH X7z
B R B ) A RNT v LTz (Figure4-13b), ZOFERNS B-H T 7 by RIZKES T2 Z ERH5
LT % galectin-1 (Kq= 190 puM for lactose) ® 35 X TN galectin-3 (Kq=220 uM for lactose) ° 2% 7 ~/iAk
SNTWVWDLZERHLNE R ST 10 it - [FE ST 7F RO MS 8 % sample 1 -2 ] T
T5HE, WTFNOXTF FEti b sample | TOHFEICHRIBSNTEY . BiEHE 21T 72 sample
2 T EAEHE STV (Figure 4-14), AFERIZNTEMED L 7 F o Z M8 7~k L
[FE L7=#DFI T %, nanoLC-MS/MS FEHT DA T2 W L 7= 7~k & > /X7 B OHT galectin-
1 HiiRF LWL galectin-3 HLiKIC K D western-blot iEHTIZ K - T galectin-1 3 KL U galectin-3 & 7 X
JABIZEM T BTV D (Figure4-15), 7/ LE 37 E &84 5 & galectin-1 35 X TN galectin-
3MWTALE R E LTHREESNTEY (lane2), EIED T 7 F—RAFINZ L > T~k
DEHEINTWD (lane3), Z D Z &3 galectin-1 3 L O galectin-3 23— R 45 LOF 7 h—RA & D
EAEEINT LTI ULEZIT TS Z EERBAFIT TS,
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MWIEAESL 7 F >~

COH

TV E—
MUY UEL

HOC HaN COH

HoN'
HZN; g g HO
O,H

Sample 1

COH

TEY Y E— X 3}.%
NS 1[4 ‘ |
..

HN HoL
N = — COH
BREDNZ 7 b —ATHREHEE ‘
Sample 2
o MW Number of
Description (kDa) calculated pl PSMs
Putative keratin-87 protein 291 5.8 112
Nucleoprotein TPR 267.1 5.0 48
Galectin-1 14.7 5.5 37
RuvB-like 2 511 56 33
Inactive tyrosine-protein kinase 118.3 71 26
Isoform Beta-4E of Integrin beta-4 106.7 6.3 24
Isoform 2 of Cystathionine gamma-lyase 39.5 6.9 24
Fatty acid-binding protein, epidermal 15.2 7.0 23
Keratin, type | cytoskeletal 18 48.0 5.5 22
Galectin-3 26.1 8.6 22
Heterogeneous nuclear ribonucleoprotein K 50.9 55 22
26S protease regulatory subunit 10B 441 7.5 21
Tumor protein D54 22.2 54 20
Integrin alpha-2 129.2 5.3 20
Thioredoxin-dependent peroxide reductase, mitochondrial 27.7 7.8 20
Leucine-rich PPR motif-containing protein, mitochondrial 157.8 6.1 20
Nuclear migration protein nudC 38.2 5.4 20

i
=
1

| wﬁgio“

Figure 4-13. £'—X45 T MAUra-DTB 7~k S iz Z o737 B D nanoLC-MS/MS fi#tr (a) 7%
JWAEZ> 5 nanoLC-MS/MS FENTZ#1T 9 £ TO AX—2L (b) sample | DA TR INT=X X7 ED Y

A b (number of PSMs =20 DX X7 Ex MM, KT 77 b—AEEX LV E, HF
@ PPI 73— hF—)
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Galectin-1 Galectin-3

“Ei08 POGNE LEQIHUMAN - P17931 LEG3_HUMAN
4 E+08 | AET
3 E«DB LEsT
AE+08

2E«0T
2 E+D8

2E«O7
2E«08
1.E«08 1 E-0F

S E«08

1828 2535 4T3 T4-HE BO0-107 112927 o 2143 ATB-183 18- 20 F0-EE3
Inactive tyrosine-protein kinase Isoform beta-4E of Integrin beta-4
CNXR0l PTET_HLALAK PAET44-5 ITE4_FHUMAN

Wil =07 L E=GOF
FE=O0 e

JE=OF
T =07

TE=OF
'|llw E=07
S 08 ) . Ee07 :
o LN :
-u,’fI j .09‘ ’# ’\p f “f,;! W10 1WBITY PO-TE FRA-MA RS0 B0-EAZ R D D

Heterogeneous nuclear

ribonucleoprotein K Integrin alpha-2
- PE1378-3 HNAPK HUMAN - PI7T301 [TAZ HUMAN
bl JE=ET
1 Eulr
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TE=O7
LA g ‘I'
e ® 1 E=T
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Figure 4-14. Figure 4-13 CTHH SN2 HL~T7F RO MS JRE L (5 : sample 1, 7% : sample 2)
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Lactose - +
Lane 1* 2 3

,‘ g a-galectin-3
< .

Figure 4-15. FE# L7 Z ~ (b & o 737 B D western-blot (Z L D FENT (* 0.3 mg/mL A431 cell lysate (10

times dilution))

F 7o, BBRZEN T &2, galectin-1 X2 galectin-3 Off1IZ integrin <> protein tyrosine kinase, heteronuclear
pibonucleoprotein K L WN\o 72X X7 T U b Z2 T TWD Z EBR B E 7o 7= (Figure 4-
13b), 2 HDF /37 HT galectin-3 LHHAEHT A & TGN Z NV ETHL N, T70b
B, Ru MBI K2 7 Ayl 7 ~bisz VUL, U e NG 2 "7 B X0 b7
ALEIZAF7ET D Protein—Protein interaction (PPI)/N\— h F—F TT L TH 2 ENTE L. BE L,
PPl /3\— R —D%A . SR S HEEEBEN T L & 9 7290 7 VLRI < MS O intensity % Lt
#2945 & sample 1 & sample 2 D fH] T intensity (ZH B ZED & HIHLTF ROBFEEBIH S AR
i EFE oz, Lol T ~ LA & 5 7~ LiEBED Foi b 2 KiuE, KT )7
NIABIEZ PPL D70 7 7 A U 7T ~OISHANIFRFTE 5, EERICHEILE T, St o stz
T, PPIOT 07 7 A4 Y U TIEFL TN D,

U h—AfEE X R EE LTHRE ST E 72 galectin-3 [22OW T, 4-5 Hi & RO HIET, ©
— 245 EDT 7 F—=REZAMMITHEE LTV D~ 5HZ & & Lz, ASF % ELISA 7' L — MZEE
L, 78yX 2 7H%IZE—X45 (L LLIET7 7 b—R) BLOY a7 b galectin-3 Z RN L A
VX a2 _X— |k L7z, RWT, His % 7 Hifk-Alexa488 THLEE L, U 2> & |k galectin-3 OFF> His
2 7% LT L— bk kD galectin-3 #Yt4 7= (Figure4-16a) , 7V —D 7 7 k— A% T ASF-
galectin-3 i APLEZ1T 72 & 2 A 1C5=3.87+£1.43mM & 72 >7-, — 5T, Ru e Rs B — X 45
T ASF-PNA #EABLEEBR 21T >72& 25 1C5 = 0.39+0.03 uM & 72V, E—X|ZHEF S THin
T h—=REHBELTIMELDT 7 4 =T 4 —DE LR L E 25 7= (Figure4-16b) . 10*f57
TA4=T A=A LELTWDSZENST 74 =27 4=~ T 7 4 —IZ KRN TE SR
MWD, £ TE—X 45 Z VT A431 itk 2> & galectin-1 ¥ JXOf galectin-3 @ pull down %
1T 7= (Figure 4-17) , # 12 13 CBB ¥ (o -08R e ta K 0 % J&EE 23 =)\ vt galectin-1 HT4K 3 L UL galectin-
3 Piik % v 7= western blotting % V>, galectin-1 33 X 08 galectin-3 OO T +—H A L1z,
galectin-1 35 X WM galectin-3 W41 d pulldown 56 Z LIXTET, 774 =T 14— u~ 777
A —ICLD LI F U ORBIINEETH D Z ERbooTz, 7725, MAUra ICLHE—R 45 kT
DT XIAGITIERIETITR B TE NS U B2 RIETE L FIETH DL Z EBNEMNT b,
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—— beads 45
120 +
---- B-D-lactose
100 + '»I_,
£ o
T 80 | 1
=3 N
2 .
o N
£ 60 T
2 T
3 1
40 | : il
™
20 + 1
0 1L L n
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Concentration of lactose [uM]

Figure 4-16. galectin-3 & ' — X LD T 7 b —ZADLAMifES OMGEE  (a) FHMAGIEOEAL  (b) ASF-
galectin-3 #5 A PHLERE O FHMAL K (1Cs0 = 3.87=1.43 mM for lactose, 1Cso=0.390.03 uM for beads 45)

Pull down Pull down
A43Tcelllysate 45 g3 @1 l 10 03 0.1 l
[mg/mL proteins]
‘- — -
a-gélectin-S - a-galectin-1

Figure 4-17. £ — X 45 % F\ 7= galectin-1 33 £ O\ galectin-3 @ pull down

B — X 45 TP MAUra (2 L5 7 ~UkIZ L - T galectin-1 35 J I8 galectin-3 Z [RIET 5 Z L ITHK
DIL72b DD, PNA LG L 2D T~ bh#RITE < 72y (Figure 4-15), ZAUT4-8HiTHEM L
Lo, VIV REAERTy MEEOBEBH LT oy VOFERICEID DO THD, EEEIC
galectin-1 I XN galectin-3 DffatfEL 25 &, 77 F—ARAR Ty METIZBEH L7cF e v
BHEELTELT., NI TR 77 R ATFVUNRT » MPTIZFEEL TS (Figure 4-18), U
T REEERT > MEEIZTFa v B R0nIC bbb 7 b2 0 - B RITKR D 2 D0R%ET
b b,
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(Dgalectin-1 3 L W galectin-3 O 7 7 h—AFEER T v M bEENT-TF o N7 b a2 T 72
@V H Y REEERT » MBELIFET D Y 7 h 77 b LB RAF VU R T EZ T T2

Galectin-1 (PDB: 1w60) Galectin-3 (PDB: 4rl7)
Red: Tyr, Green: His, Blue: Trp

Figure 4-18. Galectin-1 35 X U galectin-3 O ditiE

@IZ DWW TIE Ru(bpy)s Jefilit-7 X 7 ik s 4+ (Ru-Tyr, Ru-Trp, Ru-His) ZHW\ 727 ~L
fEDORRFHZ L 0 . Ru(bpy)s Jefiit 2 W28 7 <AL TIE b T NN 6 R 7 7 7 o F~0
ks Z ENBBMNE7R > TS (Figure 4-19), EFC 2 DO EKE galectin-1 35 L T galectin-3 @
F PR N E L W & S A 895, galectin-1 X° galectin-3 237~ L& IT T2 &0 ) FER
. VA RREERT Yy MBI F e o Z2F LT TS 7RIS EITT 5 L0 2 &
ZRLTEY, Fri g LTEIZR O TERA 22U T R-&2 o _ 7 B AEARH 2 f87Er 2 [[E
AEETH D Z ENTRB I N,

128



OH

i
=
1

N.D.

] Ru-Tyr ’ H Ru-His
B 2 g H ] H ]
A S L I
. ; After photo-irradiation After photo-irradiation

—

é,r__
—

- mono-adduct

= e
F Ru-Trp

20

o

o575

—onsn

=

MaT WO B3 MR

After photo-irradiation

-] mono-adduct
’ ii | z H
Li % i

E3

500

Figure 4-19. MAUra (2 & % Ru Jefile sk 7
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4-9-3. NTEMT 7 b—RFEEH /X7 B DT ~)U{L - 2D-DIGE (Z X 5 fig#r

A £ TTE—X45 ETD MAUra-DTB (2 L 5 7 ~LAk, #2< nanoLC-MS/MS FEHTIZ L - THllk
WNIEMED T 7 b —RfEE & 737 & galectin-1 3 KX O galectin-3 % 7~/ 5 Z LIZkEh Lz, &
F AKX, 7Y REA MAUra (IZ23< SPAAC KJSIZE > TT VLT 5 Z & T, Fx O
BEMZ U T A X VX7 BICEAFRETHDL EVWIHIFIENH D, AEITIXZ OFLSEIERH L.
77 F—=AREEF N7 B D 2D-DIGE |2 X Hfiftr 21795 Z & & L7z, Ru SCfHEETT 7 ¢ =7 4
—E—X 45 Z T, A431 MIBRAEFEE P C MAUra 22 # W TG EIT S, — DV 7 ik
W &AT > 1212 DBCO-Cy5. & 9 —HDH » T/ITBEIRED T 7 h—A&IFML, 77 b—
AfEEH N B B — X b DR S B RISOES 21TV DBCO-Cy3 Z HIWT 27 U v 7 BUG %
1T9, 0%, 2OV T NVEIRE L, [A—7 /v ETIRTESUKEI 21TV Cy3, Cy5 DENZEH
DENERMTHZEICL Y, FERRANR T N IC L D AR v MX Cy3 & Cy5 Ol 7 O# AR
HE, UV RERZ T EA~D T LTI Cy3 o8 ST Cys oAt snsg
(Figure 4-20), Cy5 3 XU Cy3 ot fatt LERG bW 7o & 2 A 30kDa f1iri2 1 #E$4, 15kDa ff
WS pI3FHED S D & pl 5 D 2 FifE, GFF 3 Cys ODADOEINAR Yy bR Sz, L
JF 1 0Epl 53, AL 7 F 31T pl8s5 ThHhHI LD 30 kDa fHird AR v M galectin-3, 15
kDa 722 pl 5 ffL D AR k73 galectin-1 TS, F72 pl 3 (115D AR > FiX nanoLC-MS/MS T
EESNTELEL LRI EOWTRICHEY Lgholz, T THEYUTIHLZ U IEDFAVRN Y
AL KON MSMS 2 K DN 2 A T3, [RET 2 2 L IETE oo, 79U ERmR{kIC &
STMSIZEDMHNEEEL 22> TNDH D EBLEL TS, Fiz, Aifi TlE galectin-3 & OFHAAE
Mo IEE T EzZ T TS ERHALMNE7 > TS, LivL, 2D-DIGE |2 X A fiEHr T
IE galectin-1 38 X O galectin-3 IR TE TWDH S DODOMD PPl /X— M —IIHT 52 LN TET
WU, BRI Y | PPI /X— M — 3l O & HREEREESBEL CLE S 720 U T e v
NWIEEH LTI ~HERIERMET LT LE 9, £D72% 2D-DIGE TiX U v i F# v/ 78
ORI E EE TS, L, AFEEZHAVIEY B RiEE X v R0 BOFERE EEMNIC
T 52 ENFARETH D, T7hbb, AFIEICL T MS TOTORIZE HLDbRT, UHT R
fEEH NI BEMAT - RET HZ ENAREE Ieo Tz,
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Figure 4-20. =X 45 L CTT7 UL S 7% v /37 B D 2D-DIGE |2 X % fifthfr
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4-10. FUEDE L ®
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Experimental section
1. Synthesis of compounds. Compound 43 and 2-aminoethylglucose (component of beads 47) were synthesized

according to previously reported procedure.

NH,
=/
OAc_OAc CuS0,4+5H,0 OAc OAc
o OAc Na asscorbate
o THPTA
AcO o — > AcO N N
OAc AcO N3 fBUOH/H,0 OAc Aco
OAc RT, 67 h

43

2. Synthesis of compound 44. To a solution 0f 43 (203.1 mg, 0.307 mmol) and THPTA (26.0 mg, 0.0599 mmol)
in 2.5 mL of tBuOH was added aqueous CuSOjs solution (65.0 mM, 1.25 mL, 0.0812 mmol) and aqueous sodium
ascorbate (78.3 mM, 1.25 mL, 0.0980 mmol) at room temperature under Ar atmosphere. After stirring at room
temperature for 67 h, the reaction mixture was extracted with CH»Cl,, the organic layer was washed with
saturated aqueous NaCl solution, dried over Na,SOs, filtered and concentrated in vacuo. The residue was
purified with silica gel chromatography with CH>Cl,:MeOH=10:1 to give 44 as amorphous (48.0 mg, 0.067
mmol, 23% yield) .

"H NMR (500 MHz, CDCls) & 7.66 (s, 1H), 5.83-5.81 (m, 1H), 5.41-5.39 (m, 2H), 5.37 (d, J = 3.0 Hz, 1H),
5.16-5.12 (m, 1H), 4.99-4.97 (m, 1H), 4.53 (d, J = 7.9 Hz, 1H), 4.48 (d, /= 11.0 Hz, 1H), 4.18-4.08 (m, 4H),
3.98-3.89 (m, 4H), 2.17 (s, 3H), 2.11 (s, 3H), 2.08 (s, 3H), 2.07 (s, 3H), 2.06 (s, 3H), 1.98 (s, 3H), 1.88 (s, 3H);
BC NMR (125 MHz, CDCls) & 170.5, 170.3, 170.2, 170.1, 169.6, 169.3, 169.2, 119.3, 101.2, 85.6, 76.0, 75.7,
72.7,71.0,70.9, 70.6, 69.1, 66.7, 61.8, 60.9, 20.9, 20.8, 20.7, 20.6, 20.4; FT-IR (neat) 3382, 3142, 2919, 2851,
1738, 1651, 1557, 1433, 1368, 1213, 1041 cm™'; HRMS (ESI, Positive): m/z calced. for C2o0HaiN4Oy7 [M+H]" :
717.2461, found 717.2460.
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0 OAc
AcO o O N=n +
OAc AcO N \)\/NHz

OAc
44

EDCI-HCI
HOBt-H,0
DIEA

OAc OAC

DMF, RT, 33 h / N
N N
OAc AcO

NaOMe

OH _OH

MeOH, RT, 1 h /N
N
%&NN QQ

3. Synthesis of lactose conjugated Ru photocatalyst 49. To a solution of 6 (10.0 mg, 10.9 umol) in 1.0 mL of
DMF was added EDCI-HCI (2.3 mg, 12.0 umol), HOBt*H,O (1.6 mg, 18.0 umol), 44 (8.6 mg, 12.0 umol) and
10 pL of DIEA at room temperature. After stirring for 33 h, the reaction mixture was concentrated in vacuo.
The residues were purified by reverse-phase column chromatography (10-100% MeCN/H20O) and HPLC (40-
100% MeOH/0.1%TFA aq.) to obtain the semi-pure product 50 as orange oil. 50 was dissolved in 2.0 mL of
methanol and 100 puL of NaOMe (28% MeOH solution) and stirred at room temperature for 1 h. The reaction
was quenched by addition of 1.0 mL of 4 M HCI solution in dioxane and concentrated in vacuo. The residues
were purified by reverse-phase column chromatography (0-100% MeCN/H,O) and HPLC (10-100%
MeOH/0.1%TFA aq.) to obtain 49 as red amorphous (1.9 mg, 12%).

"HNMR (500 MHz, CD;0D) 6 9.08 (s, 1H), 8.71 (d, J= 7.0 Hz, 4H), 8.66 (s, 1H), 8.19 (s, 1H), 8.18-8.10 (m,
4H), 7.96 (d, J = 6.0 Hz, 1H), 7.85-7.80 (m, 4H), 7.64 (d, J = 6.0 Hz, 1H), 7.52-7.47 (m, 4H), 7.38 (d, J=5.0
Hz), 5.64 (d, J = 8.5 Hz, 1H), 4.73(s, 2H), 4.41(d, J = 7.0 Hz, 1H), 3.97-3.50 (m, 21H), 2.61(s, 3H); 1*C NMR
(125 MHz, CD;0D) & 158.6, 153.4, 152.7, 151.8, 139.4, 130.2, 129.0, 126.9, 126.2, 125.7, 125.6, 123.7, 123.0,
105.1, 89.3, 79.7, 79.5, 77.2, 76.8, 74.8, 73.7, 72.5, 70.3, 69.0, 62.6, 61.5, 61.3, 60.9, 36.3, 30.8, 21.8; FT-IR
(neat) 3353, 3123, 3054, 2941, 2854, 1681, 1611, 1541, 1444, 1372, 1266, 1137 cm™'; HRMS (ESI, positive):
m/z calced. for C47HsoN19O11Ru [M]*": 516.1353, found 516.1356.
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4. Preparation of NHS ester-functionalized affinity beads. The 4.0 mg of Dynabeads (Dynabeads®
MyOne™ carboxylic acid, 400-800 nmol mg* carboxylate, Invitrogen)® was washed with DMF and dissolved
in 800 uL of 200 mM NHS/DMF solution. Then, the mixture was added EDCI - HCI (final concentration ; 200
mM), stirred for 2 h at room temperature and the beads was washed with DMF to give NHS ester functionalized
Dynabeads. The NHS ester-functionalized affinity beads applied to section 5 (For storing the beads, stored in
isopropyl alcohol at -20 °C).

5. Preparation of ruthenium photocatalyst- and lactose-functionalized affinity beads. 0.5 mg of NHS ester-
functionalized affinity beads (prepared according to section 4) was washed three times with 100 pL of DMF. To
the beads in DMF was added Ru/dcbpy complex 13 (from 10 mM stock solution in DMF, final concentration
0.1 mM), 44 (from 10 mM stock solution in DMF, final concentration 0.1 mM) and Et;N (from 100 mM stock
solution in DMF, final concentration 1 mM) (final concentration of beads: 5.0 mg/mL). After stirring for 1 h at
room temperature, the supernatant was collected by magnetic separation. The amount of Ru/dcbpy complex and
44 immobilized on beads was determined by LC-MS analysis of this supernatant (44: 3.8 nmol/mg beads,
Ru/dcbpy complex: 19.8 nmol/mg beads, see Figure 4-4). Then, to the beads was added 1 M 4-amino- 1-butanol
solution in DMF and stirred at room temperature for capping of unreacted NHS ester. The supernatant was
removed by using magnetic separation, the beads was washed with water three times. To the beads was added
aqueous 0.1 M NaOH solution for the purpose of deprotecting O-acetyl group in lactose structure and stirred at
room temperature for 1 h. The resulted beads were washed with 10 mM MES buffer (pH 7.4) and applied to
section 7, 8, 9 and 10 (For storing the beads, stored in aqueous 50% MeOH solution at -20 °C).

6. Preparation of crude cellular extract. HeLa cells or A431 cells (2.0 x 107 cell) were washed with phosphate
buffered saline (PBS) three times and EDTA solution was added. After incubation for 5 min at 37 °C, the
suspension was added to PBS and supernatant were removed after centrifugation (1500 rpm, r.t., 3 min). The
cells were washed with PBS three times and 1.0 mL of Lysis buffer (20 mM Tris-HCI pH 7.5, 150 mM NaCl, 1
mM EDTA, 1 mM EGTA, 1 v/v% Triton X) was added. After incubation on the ice for 15 min, the sample was
vortexed for 10 s and centrifuged (13200 rpm, 4 °C, 7 min) to give supernatant as HeLLa or A431 cell lysate.

The concentration of cell lysate was determined by protein BCA assay.

7. Target protein-selective labelling in cell lysate. MAUra-N; (22, from 100 mM solution in DMSO, final
concentration 500 uM) and beads 45 (concentration of beads: 5.0 mg/mL) were added to the protein solution
(PNA (Wako, 1 uM) containing HeLa cell lysate (1.0 mg/mL proteins) 50 uL or A431 cell lysate (3.0 mg/mL
proteins) 50 pL), and the mixture was incubated at 4 °C for 4 h. The light irradiation (RELYON, Twin LED
light, 455 nm, 230 mW/cm?) was performed on ice, 0.5 cm from the light source for 5 min. The reaction mixture
was added to 2-iodoacetamide (from 100 mM solution in H>O, final concentration 2 mM), incubated at 37 °C
for 30 min. Then, to the reaction mixture, D-(+)-lactose (from 100 mM solution in H,O, final concentration 10
mM) was added. After shaking the tube for 1 h at room temperature, the beads were removed by magnetic

separation, low MW molecules was removed by gel filtration (GE Healthcare, Sephadex™ G-25 Medium), the
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filtrate was added DBCO-Cy3 (Aldrich) (from 10 mM solution in DMF, final concentration 50 uM) or DBCO-
CyS5 (Aldrich) (from 10 mM solution in DMF, final concentration 50 uM) and incubated for 1 h at 37 °C (When
performing 2D-DIGE analysis, refer to section 8 for subsequent operations.). The resulted samples were added
5xSDS-PAGE sample buffer (final concentration: 50 mM Tris—HCI pH 6.8, 125 mM 2-mercaptoethanol, 2%
sodium dodecy!l sulfate (SDS), 0.025% bromophenol blue, 10% glycerol) and heated 95 °C for 5 min. Proteins
were separated by SDS-PAGE using 4-20% acrylamide gels (Biorad). Fluorescence of labelled proteins was
detected with a Molecular Imager Fusion Solo S (VILBER LOURMAT). After obtaining of fluorescent image,
the same gel was visualized with Coomassie brilliant blue (CBB) stain, and the image was obtained with a
Molecular Imager ChemiDoc XRS system (Bio-Rad).

8. Two-dimension electrophoresis analysis of fluorescent-labelled lactose-binding protein. Lactose-binding
proteins were labelled in A431 cell lysate (3.0 mg/mL proteins) with Cy3 or Cy5 according to protocol of section
8. Low MW molecules were removed with ReadyPrep™ 2-D cleanup kit (BioRad). The rehydration of IPG
strips (Immobiline DryStrip, pH 3—10, 7 cm, Bio Rad) were performed for 12 h in rehydration buffer (8 M urea,
2% CHAPS, 50 mM DTT, 0.2%(w/v) Bio-Lyte® 3/10 ampholyte, trace of BPB) containing the probe-labelled
protein (mixed with Cy3-labelled proteins and Cy5 labelled proteins). Isoelectric focusing was carried out using
the Ettan IPGphor 3 (GE Healthcare). The IPG strips were incubated for 15 min in equilibration buffer I (0.375
M Tris-HCI (pH 8.8), 2% SDS, 6 M urea, 20% glycerol and 2% (w/v) DTT) followed by equilibration buffer Il
(0.375 M Tris-HCI (pH 8.8), 2% SDS, 6 M urea, 20% glycerol and 2.5% (w/v) iodoacetamide) for 15 min. The
strips were then transferred to 4-20% polyacrylamide gradient gel and electrophoresis was performed.
Fluorescence image was obtained with a Fusion Solo 4S (Vilber Lourmat). The gel was visualized with
coomassie brilliant blue (CBB) stain or silver stain and obtained image with a Molecular Imager ChemiDoc
XRS (Bio Rad).

9. Enrichment of desthiobiotin-labelled proteins. MAUra-DTB (41, 100 mM stock solution in DMSO, final
concentration 500 uM) and beads 45 (final beads concentration: 5.0 mg/mL) were added to 1 uM PNA solution
(50 uL x 15 vials, in MES buffer pH 7.4) or A431 cell lysate (3.0 mg/mL), and the mixture was incubated at
4 °C for 4 h. The light irradiation was operated according to section 7, and proteins were precipitated by 2D
clean up kit (BioRad). The residue was rehydrated with lysis buffer, Dynabeads™MyOne™Streptavidin C1
(Invitrogen) (0.5 mg) was added and shaken at room temperature for 60 min. The beads were washed with lysis
buffer three times. For the elution of desthiobiotin labelled proteins, beads were added DTB elution buffer (2
mM biotin, 200 mM DTT, 1 x NuPAGE buffer (Thermo)) (50 uL) and incubated at 95 °C for 5 min. Then, the

supernatant was collected by magnetic separation and applied to section 10 or 15.

137



I

10. Western-blotting analysis of labelled galectin-1 and galectin-3. Desthiobiotin labelled proteins in A431
cell lysate were enriched according to section 9. The protein mixture was separated by SDS-PAGE, transferred
to polyvinylidene difluoride (PVDF) membrane (GE Healthcare), blocked with Immuno Block (DS Pharma),
treated with anti-galectin-1 (rabbit, abcam) or anti-galectin-3 (rabbit, abcam) and anti-rabbit-HRP (Santa Cruz
Biotechnology), a blot was treated with ImmunoStar LD (Wako Pure Chemical Industries, Ltd.) and chemical
luminescence was detected with a Molecular Imager Fusion Solo S (VILBER LOURMAT).

11. In-gel tryptic digestion. Separated proteins by SDS-PAGE were cut out (ca. 1 mm pieces) and gel pieces
were transferred into tube. Then, to remove low MW molecules, the gel pieces were incubated with 1 mL of
water at 37 °C for 10 min and supernatant was removed (Repeat 3 times). The gel pieces were added Silver
Stain KANTO Gel Washing Solution For MS and de-stained gel pieces were washed by water. Gel pieces were
dehydrated by addition of MeCN. After removal of the supernatant, the gel pieces were added 100 mM DTT in
100 mM aqueous NH4HCO; solution, the tubes were incubated at 37 °C for 30 min. After removal of the
supernatant, the gel pieces were added 250 mM 2-iodoacetamide in 100 mM aqueous NH4HCO; solution for
carbamide methylation of cysteine residue, incubated at room temperature for 30 min in the dark. After the
carbamide methylation, the gel pieces were washed with 100 mM aqueous NH4sHCOj3 solution and 50% MeCN
in 100 mM aqueous NH4HCOs solution and dehydrated by addition of MeCN. The dehydrated gels were added
trypsin solution and incubated at 37 °C overnight. Resulted solution was quenched by aqueous TFA solution
(final conc. 0.1%) and desalted using C18 pipette tips (Nikkyo Technos Co., Ltd.). Desalted solution was applied
to LC-MS analysis.

12. LC-MS analysis of labelled peptide fragments. PNA-labelling was operated using 22 (500 uM) and
Ru(bpy);Cl, (1 mM for 5 uM PNA monomer) or beads 45 (5.0 mg/mL for 1 pM PNA monomer), and DBCO-
Cy3 according to section 2-11. After trypsin digestion, the peptides were detected by LC-MS detecting the
fluorescence of Cy3 (ex. 550 nm, em. 570 nm). The micropump gradient method was used, as follows. Mobile
phase A: 0.1% FA, mobile phase B: 100% acetonitrile. 0—5 min: 5% B, 540 min: 5-60% B, 40—45 min:
60—100% B, 45—51 min: 100% B, 51-53 min: 100—5% B, 53—60 min: 5% B.

13. Galectin-3 inhibitory assay. To the 96 well microplate (F-bottom, black, high binding, Greiner) was added
ASF solution (20 pg/mL, final: 1 pg/well) and incubated at 4 °C overnight. Then, unoccupied binding sites were
blocked by Immunoblock (DS pharma) at room temperature for 1 h. Recombinant galectin-3 conjugated His-
tag (abcam) was pre-incubated with lactose or beads at room temperature for 30 min. Concentrations of lactose
on beads 45 were normalized by calculation from lactose molecules immobilized on beads 45 (3.8 nmol/mg
beads). After washing operation of the plate with TTBS, to the ASF-immobilized plate was added pre-incubated
galectin-3 solution (1 uM, 50 pL) and the plate was incubated at 37 °C for 1 h. After washing operation, to the
well was added anti-His-tag mAb-Alexa Fluor® 488 (Medical & Biological Laboratories Co., Ltd.) and the
inhibitory activity was quantified by detecting fluorescence (ex. 485 nm, em. 535 nm) with plate reader (TECAN,
infinite F200).
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14. Affinity purification of lactose-binding proteins using lactose-functionalized affinity beads. Lactose-
functionalized beads was prepared according to section 5. To the 0.25 mg beads functionalized with lactose was
added 50 pL of A431 cell lysate (3.0 mg/mL proteins). After incubation for 4 h at 4 °C, the supernatant was
removed by magnetic separation and the beads was washed by lysis buffer three times. Then, to the beads was
added 1xSDS-PAGE sample buffer (50 mM Tris—HCI pH 6.8, 125 mM 2-mercaptoethanol, 2% sodium dodecyl
sulfate (SDS), 0.025% bromophenol blue, 10% glycerol). The samples were heated at 95 °C for 5 min and the
beads was removed by magnetic separation. The proteins were separated by SDS-PAGE with 4-20% acrylamide
gradient gels (Bio Rad), transferred to polyvinylidene difluoride (PVDF) membrane (GE Healthcare), blocked
with Immuno Block (DS Pharma), treated with anti-galectin-1 (rabbit, abcam) or anti-galectin-3 (rabbit, abcam)
and anti-rabbit-HRP (Santa Cruz Biotechnology), a blot was treated with ImmunoStar LD (Wako Pure Chemical
Industries, Ltd.) and chemical luminescence was detected with a Molecular Imager Fusion Solo S (VILBER
LOURMAT).

15. Preparation of digested peptides for nano LC-MS/MS analysis. Desthiobiotin labelled proteins were
enriched according to section 9. Low MW molecules were removed with ReadyPrep™ 2-D cleanup kit (BioRad).
Resulted proteins (25-50 pg) were denatured by addition of 14.25 pL of 8 M urea solution. To the solution was
added DTT (from a 100 mM solution in 100 mM NH4HCO3, final 5 mM) and incubated at 37 °C for 30 min.
Then, to the solution was added 2-iodoacetamide (from 220 mM solution in 100 mM NH4HCOs3, final 55 mM)
and incubated at 37 °C for 30 min. Resulted solution was diluted by addition of 60 pL of 100 mM NHsHCO:s.
Trypsin solution (final 10 ng/uL) was added to the solution, and pH was adjusted by addition of 10% TFA
solution (pH=28). After incubation at 37 °C for 1 h, to the solution was added 10 uL of 100 mM NH4HCOs3 and
trypsin solution (final 20 ng/uL). The solution was incubated overnight, and quenched by aqueous TFA solution
(final conc. 0.1%) and desalted using C18 pipette tips (Nikkyo Technos Co., Ltd.). Desalted solution was applied
to LC-MS/MS analysis (section 16).

16. Nano LC-MS/MS analysis. LC-MS/MS analysis was performed by LC-nano-ESI-MS composed of a
quadrupole-orbitrap hybrid mass spectrometer (Q-Exactive; Thermo Fisher Scientific) equipped with a
nanospray ion source and a nano HPLC system (Easy-nLC 1000; Thermo Fisher Scientific). The trap column
used for the nano HPLC was a 2 cm % 75 pum capillary column packed with 3 um C18-silica particles (Thermo
Fisher Scientific) and the separation column was a 12.5 cm x 75 um capillary column packed with 3pum C18-
silica particles (Nikkyo Technos Co., Ltd.). The flow rate of the nano HPLC was 300 nL/min. The separation
was conducted using a 10—40% linear acetonitrile gradient at 70 min in the presence of 0.1% formic acid. The
LC-MS/MS data were acquired in data-dependent acquisition mode controlled by Xcalibur 4.0 (Thermo Fisher
Scientific). The settings of data-dependent acquisition were as follows: the resolution was 70,000 for a full MS
scan and 17,500 for MS2 scan; the AGC target was 3.0E6 for a full MS scan and 5.0E5 for MS2 scan; the
maximum IT was 60 ms for both a full MS scan and MS2 scan; the scan range was 310—1,500 m/z for a full

MS scan and 200—2,000 m/z for MS2 scan; and the top 10 signals were selected for MS2 scan per one full MS
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scan. The MS/MS spectra were searched against the UniProt database of human (taxonomy 9606; downloaded
on Feb. 29, 2016) using the Sequest algorithm within the Proteome Discoverer 2.1 (Thermo Fisher Scientific).
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'H and '*C NMR spectra of compounds
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Compound 49
'H NMR (500 MHz, CD;0D)
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HPLC analysis of compound 49

8

155000
135000
115000
95000
75000

Intensity [-]

55000
35000
15000

-5000

Analysis conditions:
Absorbance 455 nm
Column: InertSustainSwift™ C18

9 11 13
Rt [min]

4.6 x 250 mm (GL Science Inc.)

15

17

19

1

Mobile phase A: 0.1% FA in H>O, mobile phase B: 0.1% FA in acetonitrile. 0—5 min: 5% B, 5—17 min: 5-100%
B, 17-22 min: 100% B, 22—23 min: 100—5% B, 23—25 min: 5% B.
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BT B DI ST, BENWIALEAFIET D X Ry G- Lo B EAER (PPI) 78— b —1%
FRJULTE D Z ENAL N E e oTe, L LARD LETE E TR T o Z bz it
LTWE72, AN TO & X7 O JRTERR BRI 2 2811972 PPl 2382 5 2 & 1%
WEECTH D, Fim CHIRZ@EY | AN TOEIRY 72 PPI fi#T O 72 912 BiolD 1£X° APEX 75 & W
S T T ~OABIEDR OO ND, L LR, 2D O 5L 10 ~ 20 nm D T~ L
EHELTWDTIZD, BERREZ T EEGEROHTC, &# 2 X37 B O AL % T TI3A M7 FIET
HDHLDD, FEEDZ L RTEINT SOALERNOIFIETE D128, fEhxtge % 737 & (protein of
interest: POI) OITAZFEL TV DHODOEHEMHAENEH L TV WX LRI EHE 7k 9 %,
I 7205 POL & EHEH BT 22 /X7 BOREICITE L TW2Rv, 6 L, MAUra Db 07 /) A
— b A—=F—D T AL EFILN T O PPLFENTIZIS AT 2 2 & A TE T POL & OEHE O AAE
HZ B ERINZ T b L, BT 95 Z E D AIEEIZ D EWIFF LT, & 2 CARETITIHE
7 ~UAEH] MAUra % FH, POL OFHAAER & o /X7 ORI 72 T ~ bz & L7z, Hifa N el
P HE 7 ~ Ak (intracellular photocatalytic-proximity labeling: iPPL) DS % H¥5 L 7=,

» RETHETFE (iPPLE) » §tFiE (BiolDi%k, APEXiE)

POIL OEFEEEERTA 20 8%
EIRMIC T RLE

{ 7S
Rt
* el

Figure 5-1. KEO a2 &7 K
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5-2. MIBIN TO Z >R BHEAER 7~V LERG

RED HINIX, POLICHAERT 2 L R BOFRETHY . ZNEERT 572512, POLIZKS
U Ol 2 i S0 ERH D, —F - WE TR T }\ertﬁ”jlnﬁﬁiﬁ‘;%ﬂ%b\é7’7 07—
FTIE, VA R FRE0Z "I BEORERTHLZEBNEEAETH LD, 27 HED
BERESC PPLIC B2 5 2 D& H D, £ 2T, POI O N Kb L < 1% C RIRIC ¥ v X7 B Ok

DEEEDDIRVME S RGO 2 72 BATHZ L& Lz, Tk, #7415 Lz POl &
B LFANCEAT DUER D D0, Z /37 BOMRROZES PPL OZELA M 22D, il
ot C X 5, BRI e # 7 & LT haloalkane dehalogenase (D %8 ¥4{KC & % HaloTag (ca. 33 kDa)
ZHWHZ L& L7z, HaloTag (37 mu~FIgEL Y o RE L, #ERTy NNOT AXT
X UMRD 7 v ma~F WIS U ORBRE T S5 Z LI K A HEE TS E 2 EATE D,
HaloTag-POl % i&{n 1 T HIAEIZ 78] S &, HaloTag U 7> REAEADGAREE 2 Miash 2> 50z %
Z & T, POLIZK U CHRPEIIC AR E 28859 % (Figure 5-2),

F 7o, BT E T Ru et A A HIRERE R T T NG 2 o T D T~ ka1 - T
X7z, MRANEREE TT7 LT O 7oOITiE, 7~ LRE S D A7 b J i Ead itk & E e 7 7
72— &72%, RuGAEEITIEEAR 2RO A AORE WM TH L7200, L0 /NS AL
AW & i U CRIBRBSERMEDMENZ E RTINS, Lo T, 7 bzhEn g < Miakhs

PEICHEN T e 2 E T D2 BN S D, £ 2 CARETIE, Mg COMELTEE: 7 ~ A2
AR A RET H 2 L b LT, BE SN AROLAELIZ % U C HaloTag U 7> N & Hiks
L. iPPLIEO a7 FREHEZTTS 2 & L LT

HaloTag! #i~ F

—
@ X n(/\o);\/\/\/c'

HaloTag) > KiEfmscatg Nl

HaloTag- POI

Uﬁ!fﬁ%x%‘éﬂ'qc:%ﬁ REEOHEERZ /N0 E
Figure 5-2. #MifN CTOMBENEM & 37 E 7~ AL TTiA
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5-3. Ml TDF LRI BT SNALICEE RPN R 7 ) —= 7

RIS TR _7= L 912, MIEANTO X v 37 8T ~ AW TIRBEE R M O & A B 2 5,
HTVERH D, XA A A=V T THOYBNET 7 VP #, BODIPY, 7~V v, 74 L
A= I b Vot T o T IE BT BEBRG A ET S E AR LT LIEL
FHWOHND 2, 2O XD BRAERBEEEDOESNEXT B —T DOHRND T UL 720 5 5{EW
ERETHIE L LT, £lo, TV EREOFHMZT Tl <, POLICEEES 5% XV HED K% T
METE DT LR LM T2 2 L & L, bbb, ¥V ETVULREEZA LTV
ELTH, XUy EWFEEO OB ThHIUE POI L BIEOW Y VT HA~OW A % 5| &
U, FERERNR T SOALIE~E DN D Z E N TREND, ZOlHET ~IALiELE M 5
FiEE LT, BIEE CTHWMEER Y 7 =7 4 — =X L TO U T NEEX I E T
IR ENTH D, RFIETHIUDMME A e AR LT 7 4 =7 A — =X L TD T
~UEEE, pull down 7 2 A 12 & B IS RSB & 2o g RS TED WU & I FTRE T 5.,
MR CAFATHEZR NHS = X7 V&3 5 7~ bfitidefif 649 (51-68) & CA U > Ko NHS
TATIVHER 69 27 I CREBHSNT-MRA L — X LICHEF LTz, 72, REEOT I U 0%
fFLTCWBIGEIES R EOIEF RN 2R AE Z R 23720, BEIEOBKEERZ L > TRIEIED
T ORGEEITV it 5 (51-68) ZHEF L7727 7 4 =7 4 — b — X & AERL L 7= (Figure

5-3) .
@I
@) 1—68 °

%P P

)
2 ? S NH, Ss,
N o
NH, o N
69

N
s NH

NH;
0,
H NH
e <}
I o o o
NH, oo Pl
H,N N N
’ . QP N H A op W H
NH. S Y "
" 2 HﬁT)f' - "ﬂflf Ry
N N
o
HN
: “ “ o

o]

RS 7 2T —E—X

SOzH SOzH
H 3 My

! b
e et L
@, P
o Z N N N
J¥ o .
/\(,)JLO,N )
4 -,
o
o

]

67 68
Figure 5-3. (a) 7 X o B — RT3 D00l - U 7 FHEEFE (b) #HFF Uit & o
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L L7- B — X2 5 =5 L [AARIC CA 2T L 72 MRk o i 2 7=, IRV "C MAUra-Ns % i
MU YeHAE 2470, DBCO-Cy3 & @ SPAAC JJGIC Lo TT b A LR B EDT ¥ REICK L
THOE Cy3 A L 7~ b % a4k L 7= (Figure 5-4a) , % 7-. Aii# £ CTH\ T & 7= Ru/dcbpy
Jefihlt 13 & T ALY RRTRINME A T 5 72, B — XOFHRIGIEIZ R/ 553, NHS B — X0 5
AR L 72 Ru YA 13HHEF T 7 ¢ =7 ¢ —E— X [ARRIC T UL OFHi 21T o 7=, 7~ U > (52,
68) <° BODIPY (53,64-67) . 7/ A L&A 54, 727U (56,58 u—F=I (62,63) &\
S T2 DGR BN Z 8T BT AR L 70 % 2 L 3o 7= (Figure5-4b) , W
fil it 3 Ru SEffE 13 & beifis L C T~ L3RI R, — RIS A#EA R Al XL 112 X > THD
SIRPRESND T2, UL R T O(LFFECVRBEIZ K D AREE o I35 235 2 0 12 < Wiz o filidtmlEs gk
M, — T, AREEAELIRIRL S 7 Al A CIR#EE 2 R VIS LOREE L 72 0 |
Bt W O FRESOTAIEC K 0 BB ITRIET D 72 D ARl MRV, 2072, A Bl ¢
&5 Ru AN B b B WVIRTT L TE - LB X T D, AL T, R L T r
LR3I T LT U5 52-54, 56, 58, 62-68 |2 DU\ T, TV LERMICERT &, Z7~U 68X
BODIPY 53, m—4# 3> 62, 63 |%. Ru/dchpy Jefilfit 13 & [AIEED & EIRIE T CA 2 T~ L TX
72,52 R 54 IZOWTIE CANEIL T VUL EN TS DD U H 2 RIFIRIER 72 T~ LS
Hani, 77U B#%EA 7 5 acriflavine 58 < acridine orange 56 (XU 5> RIEKAFHI 72T ~L
EEOSEREICHET LTS Z ERHLMNE 5T,

oo .E, 5 5. Blue LED
® |OW; 1) DBCO-Cy3

A
AN 2) mIH
Eii MAUra-N,

3) SDS-PAGE

1 UM CAIl in HeLa
cell lysate
(1 mg/mL proteins)

(b)

Photocatalyst 13 51 52 53 54 5556 57 58 59 60 61 62 63 64 65 66 67 68

140 kDa

Fluorescence (Cy3)

Figure 5-4. filiiEir$z 7 ~ABIZEE L7t 2 7 ) —=2 7 (a) #5715 () SeftiEEs 7y —7 ¢
=T 4 —E—X LTI T REGH R I-E T ARG R
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FREC R U7 A DT UK BB IS T B AL b3 2 & o Xy WM A R
THZEE L, FRUEMERREY 7 =7 4 — =X TU T FEGZ R ETH
% CA OF5H % fFt L7 (Figure5-5a) , 4 > /37 B AEMEDIRW G Cld CA 238 IRMIZE 5
DI BRI ERAEMED R TIX CALSMT H L2 D& RV ER G B D, Sl 51-68
D9 BT ILREER A L TV D AOEIMIEZ ST Z OS2/ L7, @V ERMET CA &5
U TE -7 < U 68 X° BODIPY 53,64-67, = —4 3 o 62,63 |3/E \ VEIRMET CA 245425 =
LN &7z (Figure5-5b) , AR DBRKYEIZ X 2 WA TEDOREE LTI T 5 72 DT, [Fl—@ BODIPY ‘&
a2 b b, MIBOREE TR 2 FHEK 53, 64-67 12OV T EMEZ Hlg L7-, 53 10%F L T HEERCA
U7 4 U BNEANSIUTEARMEDR ) L L2581, CALUSND X U7 B H RSN TV D038, BN
ARELSBERIIFEOWERTIIRL, Z Uo7 BOWAENETKT 2 BAMEDREIIBEE R S DT
X7V T EAURIE S N, EEIC 25 O BODIPY 3BEKIL T ~IALDORICEITH D L O DN
NH CAZBIRINCT LT DHZENMTETCND, FARkIcr—4 I 638 CAUSND X X TE
ERAE L TODR, TR CA 2RI RIFE2 62 LRIBRCTH D, T7obb, UH
v REEEZ RNV ENEIHEOND L, BT X T EREEDOENTHLT LD
BIRNMEICHEL G I RN EBNTRBEIND, —HTY Ty RIFERFR R T XAALDELT L7
acriflavine 58 <° acridine orange 56 % fHi% L7- ' — X% CA ZBINANITIE5 = LR T F, BHEIC X
VNI BERETHZENALNE T, TRODT 7 UV UEKITERWM AR LTS,
BN TEDT = A NMEOT X BRE (TAF IR, TANRTX ) LEENIMEEER %
L, ZU NV EOWEZSIESHZI L TWAD ETHETE S, EMICEH LGS, 62X°63 b IEEM &
ALTWDED, IVARCBELAELTWSED, o FATIEEWMEZFTMTLI ENTE D, TIUTH
T TR 7= Ru/debpy YR Z BN T H LR R EMER I DN D FEE L FEETH D,

YL bms 2= BODIPY, B —4& 2 IR v 87 SIS s B REAgEIR M E OV T
NIALISD TS 22 L 77V VU EREAT OMLEWITEBMICHKRT D ¥ o7 BRE M
WL TUHY RIEEGFR TR EITT D2 Z E DAL ER-T2, ZbD 55, HilakiE
WIEEEE L, A XO/NS G % DI ORGT CHW D Mt L CRET DL & Lz,
BARBCIE, & o 37 B AEPEDIR O E LT BODIPY 53, 7~ U 68 Z@E L, ¥ /37 Bk
EPEDO @M & L C acriflavine 56 Z38#E L7z, T 3 DOMBLIINZ T, &b 7 EZhRD
ARG d B Ru YA A IN % 72 3F 4 SO Wfil & LIS ORECRWA Z & & LT,

150



i
=
1

(b)

-
=]
o

£

input

53 64 65 66 67 68

13 56 53 62 63

catalyst

210
140
90

(kDa) Silver stain

Figure 5-5. Yt 7 7 1 =5 4 — ' — X & V7= CA O (a) 2R OFLIX (b) 45 fifik
W7 7 4 =7 4 —bE— XX D CA AR (Input: 1 uM CA in HelLa cell lysate (3.0 mg/mL
proteins) )
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5-4. RABRAE B T efiines: 7 N~ b oREt

HIEE TTH R EWAEMENMES U T G F 27 B2 BRI 7 ST & 2 At fih
ikl LT BODIPY, 7=V, ZU"7EPAENERRENT &b U T RIFRFAIC T~ EDR
HEAT9 5 AR acriflavin 2 R L=, 26 OFREAREEF X O Ru(bpy)s it (- HaloTag U
vORzZERE L, AR T 2N T b A R S 2 & & L, M TORETZ1T
AT Mg Mo AR L N D PR HER) D 58 % 52 1T 72 WS C L HaloTag BITHE & L 7 eiliiEns = ~1qt
finfft & UCHSRET 2055 2 & & Uiz, X XU B Th 5 /IR E R 7% 24 (PDGFR)
DOIEEE N A A > (transmembrane domain: TM) % POl & L C&E L7 (Figure5-6a) , HEK293FT i
faiZxt L C HaloTag-TM (V5-HaloTag-Myc-TM) Z 58 &, ¥k C HaloTag U 7 & Rl filfif 70-
73 THLER L 7=, RFEEOfE%Z PBS TUEH#%, MAUra-DTB Z¥s L, 1 MO HF GRS 21T 9
Z & TR T T N~V b A 4T o 72, Ru B 70 2 BODIPY 72, 7~ VU ¥ 73 TlXWIFh s 7
th; 384T L7272 (Figure 5-6b, lane 1-2, 5-8) ., Acriflavin 71 % 72354120 4 HaloTag-

M 2% LT~ LROG A EST L7 (lane3) . & 512, HaloTag-TM 75@%@%1}@\6%%@’(@%&7
f\“/lzﬂﬁ)i)f‘ﬁﬁiﬁﬁ LTW5bZ LD, HaloTag-TM Lo acriflavine 71 12 & - TAR Z AL FEST
LTWbZ R Ens (lane3vs. 4)

(@) ®  Photo-irradiation (1 min) C(@ 7 % e .
“’ Z H,N O %’ NH,

ﬁ / ‘ Ru(bpy)3 (70) Acriflavine (71)
O \\N;B;N\\ cl \)‘ ,

NSO {:C;(gn(/\o

- TM j o H 3 3

BODIPY (72) Coumarin (73)
Plasma membrane
HNJLNH
° OR/W\NJ\/\/\)‘(
(b) = 5,
Catalyst 70 70 71 7172 7273 73 "'N‘% MAUra-DTB
Transfection + - + - + - + -
lane 1 2 3 4 5 6 7 8 12 3 45 6 7 8
=
210 B
140 “
90 !
70 e
55 -
40
20
15
10 i
SAv-HRP | CBB stain
(kDa)
| -— — —_— — |C(-V5

Figure 5-6. & L 7= AHOGMEC X 2 T T~ BEIG (@) FVWZ U 4 v REERDE it
f§1& (b) HaloTag-TM @ 7 ~ L1k
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AR ECO T~ Th D720, KT ~UAGHERITOLAE O FEIRIE DR BT E O & 7
o, MRERET TOY AT REE S T BT UL ORRETClE, Wi ottt s 2 o3 s
BT~ URE R LTV D Z ERbhr>Tnvb (Figure5-4) , THUZ 6723020 59 HaloTag-TM
W25 T~ ULABBED 72 2 BRIk D % L R AV H D D TIZ R W EEZTVD,
ATEiOES T, BODIPY, 7~ U 3% /37 B EMEDME < acriflavin 134 & /37 BWREMED &
S CH D Z Lo TWD, SEABEREF B — X ECORFHIRB O T, Jeflit S fa ik
FOHLWDHH L RIEEREERNTE 5720, X U7 EREEDOR SI1LT7 U LEIRPEDK
Ta&fWIz, LArL, HaloTag & il 4 A5G CiEfs 3 % HaloTag-POl & W 723551213, fillht
IZPOI BIZRELTEY ., POIBLIOZEDELNY R EORH EFEAER L&Y 5, HaloTag 1% C
KbV Ty RiEA RAA L (D116) £ COHRENB L2 3nm F2ETH S (Figure5-7a) . 7113
Vo h—ERBXZ2m THLDOIZK L, U RAE7y POERSIZLTINnmBETHDL Z b,
Acriflavine BH&IZAR 7~ FOH OFMIFICHEL TWAH Z ENFHEND, 22T UH U FRYZ v |k
HAafHricdh 5 F155 & C K& OFBEZ AfEb 72 & 2 A, C Kb B LZ 44 nm OIS
Acriflavine 23FET 5 Z & L 7e %, £72 MAUra & F\\N 72 F U B V72 Z ~OVALROG I A & 38 &
Z 1nm OHEECHETT 5 2 ENE T THLMNE o> T D, T 725, HaloTag o Yefitix POI
D T SIALERD 4~5 [ERREBENI-ALEICH D728, POISCHI EAER # > R0 B % T~ b+ 5
ZLIIREETH D (Figure5-7b) . —J5 T acriflavine 23 HaloTag _EIZAF(ET %54 . acriflavine 1 POI
RAENEHE o RIEA~OWRFETHZENTED, TORICZRXNAVF = LD AR e a7 4 R
—Ta vk EDLZENTRTE DN, MBIIBAATENR2WGE & e U T, M & o7 B2 H
LT WNHDOEEZZXBND, E- T HaloTag-POl % W28 T ~ U LIZ B W CIE & 37 EHk
H MO E acriflavine D3 Fei 72 Yot 72 5,
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(a)

(b)

KA S OB ICHE LT
AV TFA—avEEYIKL

HaloTag7 D #%E&#E (PDB: 4kaf)
CRiF—VUHYFEAF A4 (D116) :30 A
VHY FEA R XAy =Ky bHOGHE (F155)
CERim—R4s v FHOHE (F155) 44 A

L]

o
|
g\/\)LN /\/o\/\o/\/o\/\/\/\m
H
L J
NH, |

ca.20 A

NH,

WA DB

AEFRRFZOAL T A—a0THEIMN
S DREEERBLA RO BEICERET

i

17 A

1

Figure 5-7. POI-SLARBER] D B & SE O EYE, T~ b & OFEBE (a) HaloTag? O ffiE (PDB:
dkaf) BELOC Kb U U FiEER 7 v MR £ TOMmEE (b) Sefito & o~ 7 EWAENE L

i oD i i oD FH BE
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5-5. Acriflavine YefliE oD #Z o R 7 B 5~V AR
5-5-1. Acriflavine YEAREEIZ K D T~k E3NB T I J BBEREDRE

AiEi C HaloTag-POIl % FV = 7~ WAL it 70 A Bl & LT acriflavine % R L7-, ARHiT
13 acriflavine YEAEIZ LV T~ b SN DT XV BIRIEEZA LN T H I L L LT, £ I T RTF
NIz LTI HBEOGE ZATV, T bR T F RO MSIMS fift 2179 2 & TT VR E I 5
MZTHZ Ll Lz, 1 DOF v EKikEHT57F R THD Angiotensin Il Z#ET /LT F R
E L. 10 % &ED T~ LA (1-methyl-4-phenylurazole) & 10 24 £ acriflavine {77E . 5 0O FE
SRR EAT o T2, 7B RIGE . ROSEIR D MALDI TOF-MS fi#tf 217 5 Z & T 7~ bSO
1728 L7 (Figure 5-8),

bl N Z
OH 1-methyl-4-phenylurazole (1 mM) ’N~N)‘~‘o /N'N)Eo H;N N l NH,
Acriflavine (1 mM) OH OH e
> " Acriflavine
DRVYIHPE 10 mM MES buffer (pH 7.4) * H -Fh
o, . 7 o
100 |JM Blue LED (455 nm), 0 °C, 5 min DRVYIHPF S \NJ{
DRVYIHPF mL\("_@
[e]
1-methyl-4-phenylurazole
In;:!] [ Angll 0:E17 MS Raw
»?| | § | Angiotensin |l Before light-irradiation
10
08 :
0.6
04
004k fl [ il !
=105 — . Acri 104q 0:E18 MS Raw
23 £ | bis adduct ) ) o
g After light-irradiation
¥
0 z
mono adduct
10
03 5
, R EEEE 2 2 2 <
w0 | T 1200 i 1300 140 T 1500 ) 1600 T 100 ) 1800 1900 Cms

Figure 5-8. Acriflavine Yt . MAUra (2 & % Angiotensin Il @ Z ~L{bfE}

5 4y RS #% . angiotensin Il (m/z:1046) 1XiF & A EiHE &4, angiotensin Il D / 7 ~ULAKIK
(m/z: 1215) BROE R TV E (mlz: 1424) 56T, ZEND T LT F RIZO0
T MSIMS T 54T o1& Z A, F ) TR E ER T U BROWT LG o v VRN T~ L
b%Z T CnDZ ERHLMNE -7 (Figure 5-9)
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Y*+1+H+P-+F+COOH DRVYIHPF

~ yB\ y7 \yS \y4\ y3 \y2 ~ y1 Y* : mono MAUra adduct
Abs. Int_* 1000
a —
b —
¥ 1120618
= 263.142 m:ice 964,512 v7
10.0 ¥2 ¢ vE
. 723.362 o
75 Ti(]-"’ 3‘t;,| of ;:‘ <t 1235691
5.0- ) 1 218 695.394 £08.500 o i YV?
25 H o 186.084 ol a’ . 513297 as el L
| I e ol v L ki il ;
| 16" 260 360 M‘]D SUIﬂ G(:U TI‘W KI!EI séu 1D‘UU 11‘DU 12‘“D 13‘00 ‘H‘IIU
o Pn
N
(b) b4 . b5 i

H,N—+D—+R—+V—Y**+I+H+P+F+COOH

LA,

b2 b3 b6 b7
NN OINININTN r@’
N
DN T AN

YT e+ . bis MAUra adduct DRVYIHPF

Abs. Int. * 1000
a —V—t H—t
b —v—t : + + {———p—
y p—F— ——t ¥ t t R p—
,,,,, 133911 260,095
e 400§02 987 493 e | 1260085 1424756
80 ‘E; ¥ as . b7 y8
w0 37: g"f | _1153.:-45 1309,642
H : ¥ ¥7
20 PI 556 e
" 1es.027 S 513.331 378.345
. o y4 ag l
NI A i fy ol N 1 M i . A A
T T T T T T T T
] 200 400 600 800 1000 1200 1400 1600 iz

i

1

Figure 5-9. 7 ~L1k angiotensin Il @ MS/MS fi##T (a) €/ T~ UKD MSIMS fif#fT (b) B A7 ~L

{bAR D> MSIMS it

FleTFa U EEEROARTF RICK L THRBRIC T LIS 2 e LTz, 1 o U RN
2T ~ALRISAEITT 5 D ThNIE, Frir2aERW0_T7F R TIIRGAET LAV T
bb, FEEIC, FryrEEER0_TF RTET LRGN EHETT L2y~ 7= (Figure 5-10) , 3
726 acriflavine 1Z Ru Yefiblit & FIEEICF 1 o U L A TRINAIIC T~ LT 2t ch % = &

DB NE o Tz,
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1-methyl-4-phenylurazole (1 mM)
Acriflavine (1 mM)

DRVAIHPF > ND.
10 mM MES buffer (pH 7.4)
100 pM Blue LED (455 nm), 0 °C, 5 min
DRVAIHPF Before light-irradiation

VSALABEL 0224 M Raw

After light-irradiation

1000 1200 1400 1600 1800 2000 2200

Figure 5-10. 1 v & & 72\ <X7F K (DRVAIHPF) (Zx}9 2 7~ bkt

5-5-2. Acriflavine IZ X 3 F 1 v VU RE T ~ AL OHEE R ISHEHE

TP UERITAER R U CHEBEARRIC LIZLIZWV B, RS X OREIREEIC R
T DERALIR T EA DT STV D, Acriflavine DERLIRTTENLITH RS TV 20D i EFERIR
Thr7m 77 e OBLETTEMPHISNTWS (Figure 5-11a) , W TF A HOREEEFF>Z
EMBIB M EZITITS W ERTRRESN LD, ERIC, BEREBIZBW I e 7 7 B ki
Bk 5 CV E—27 138N, B —7 0k (E%,=-0.72Vvs.SCE) NELND Z Lo T
W52 ZOZEnb, BERRETIIT—EFRIEETCT OOV EERT D2 LT TET, hEREE
DT AN ST 5, 717 T BBV CIREIRIE T E® = +1.48 V vs. SCE DENL % £F
DT END, EREIZS W T T v U R (B =082V vs. Ag/AGCH X° 7 ~L{LH] MAUra (E>
=052V vs.Ag/IAQCl) & T VAT D 2 EMARETH D, ZD T EMBAT ~IALKUE DOHEE SO
AKX Figure 5-11b (/R K 91272 %, T b, AIEDLENE S 7z acriflavine 28 E T & & 7 M
L MAUra 6 —EBFBENZ L > TT VIV EITS, S HIZ, ZORRIZA L % acriflavine D Z >
I IVTIRIE T OEFIRE I LV b S5 728, acriflavine [ XA FE T ~ LG 2 1 T S &
HZENTED,
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(a)
O
P
HyN r|1® NH,
H
Proflavine

Ered,, =-0.72 V vs. SCE
Ered;, = +1.48 V vs.SCE

i
=
1

(b)
OH o
N
POR
NN
Tyr o
Acr** -0
o :
N
hv
Tyr O%N’N\

é
+ OH
Wi
Acr* Acr NJ( '
, Tyr
N

Figure 5-11. (a) Acriflavine O#§1E#%ARTdH 2 Proflavine DS 3 L OB L& STHEAL (b) Acriflavine
AT X BT 1 o LRI T AU RO DO HETE SRR
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5-6. #MBRAN TOYEfirE: T ~fk (iPPL) ORRE}

A ST £ CTOMFT HaloTag-POl % W 7=l TD T XAl A7 A i 72 e il & L €
acriflavin Z FLH U7z, A2 W T IiPPL IEZ M5 2 & & L7z, POl (21X nucleosome % 454~
HEARNCEBREL, 8 BIKEMRT D 4FEDOT ) ~— (H2A, H2B, H3, H4) ® 5L H2B (2%}
L T HaloTag Z il . acriflavine Yeftfii Z @445 Z 1T L7z, B XA Tl Z % PPl 3y
WHEER BiolD 15, # 2/ XV E 7R ) 7 THRARLNTND S, L LENS /37 ORI
X R EOEMNRM 2T+ 2 2 L% <, REILRIETIEZ—HD PPl AWEMIZ LV KIET
D EVBEINT WD, ZD7d, N PPl FENTIZAEMIEN OIEEMESM T, T#ET ~ ks
FAWTFET N E E LV, L L7R285, nucleosome 1X b A kil & H>< DNA MGG D THER
10 nm BEOEEGERTH D, ZD X ) Rk NS e & 87 BEARIZRE LT BiolD &4 A
HEA . 51 TRRZLEHICE A MACBEE LARNWZ X7 BN Tt EZ T AEERH Y . &
0 Z IR DN S IRt T ~SOALTENEEN D, £ 2 CTAETIHN 10 nm O % U 7 EEE
KT 5 nucleosome [Z%F LT, I8 7~ LA MAUra %z W72 /AT 72 7 ~ Ak 2170, iPPL 75
DAt FEHEIT o7,

5-6-1. HaloTag-H2B % %3 X ¥ 7= HIFEN T acriflavine @ JHTE

iPPL V5217 5 AiIZ, acriflavine YEARMEASHAINIZE D IAE LT POl EfERT DML Z L L L
7z, HaloTag-H2B % HEK293FT (Zi&i| BB, 27 —F v a— Na{Tolo i \—H T X L THE
L. acriflavin 71 © 2 BFEALER L 7=, 4%/XT RV A7 VT & KRR CHEEL L0 BIcE o Ytk
3K Hoechst C 15 23 [HJALEE L, PBS THREES OMGFHEE 1 [AIPE% L7-, Hoechst 3 X N acriflavine 7.
7 R RBEEEIC K o TEBIHI L, acriflavine 23EZIZJHTE L CW A ) MiEi8 L 7=, acriflavin 71 (3% DY
BRI TH D Hoechst L JREN—E L TVWDH I ERHALNE o7z, Thbb, MfiIRHE I
HaloTag-H2B L OVt ©d 5 acriflavine (ZEDIFE A EREIZREL TWDHZ ERbhoiz

(Figure 5-12) ,
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Transmitted Marge

______________________________________

Figure 5-12. HaloTag-H2B % 5| 5 Bl X ¥ 7= HEK293FT ffRNIZ 1T 5 acriflavine 71 O J/F{E

L L7235 acriflavine [XDNA O A U X —J L—4—L LTHLN T\ A7, FEHFEEED
FEAERIZ &> TERNIZRIEL TW D ATREMED & 5 4, acriflavine 71 TALER L 72 HaloTag-H2B % 388
L 7= HEK293FT #lfil 2 SDS-PAGE sample buffer (2 J > THEARE « 280 L, AR A & - T acriflavine
71 78 POLIZ3ERE LTV 5 2aFfli L7z (Figure 5-13) . SDS-PAGE DS Tl /™7 BITAMS
L, FLERE TG LIRS 32 XV B DIREET 5, ZMESRME T IRV T acriflavine
DAY HaloTag-H2B 2> A& H &4, acriflavine (Z#flaN THARE S 12 & > T HaloTag-H2B (238
LTCWADZENBHLMNERoT-, S 5IZ, acriflavine OLEREE OMFT 21772 & Z A 2 B UL LoD
RLEECIX HaloTag-H2B L acriflavine Oz EoffE T e A EE(L L TV, Z D728 2 KD
acriflavine ®ALERIZ X - C HaloTag-H2B & OFEANE TT 5 Z ENH LM E 2 -T2,

71 incubation < 2 4
time [h]
Fluorescence

Intensity 1.00 1.12 1.14

Figure 5-13. HaloTag-H2B (Z %9~ % acriflavine 71 5 & & O REFMEK /A DR (*HaloTag-H2B Z %31 L
T 720 HEK293FT Ml xf LT 71 z4LE])
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5-6-2. Acriflavine Yefiiiihiz X A H2B 2 fEMTkt5 & L7- iPPL IEDRET

AIEI CIIEZN O HaloTag-H2B (2 acriflavine 71 3L TEAZ N L CRIEL TWD Z L2 AL M E
L7, acriflavine 71 THLEE L 7= M2 %F L C MAUra-DTB Z ¥R L. & GOEMRE 247 - 7= (Figure 5-
14a), MRIPNIZISWNTH acriflavin 71 133542 7~/ Lo fililt & U CTHEEE L T Y . HaloTag-H2B 735
L TWAMIETT Wb E1To 7258 DA MAUra-DTB (12X > T~k S a8 D % Ry
a3t s 47z (lane 1vs. 2) . L HaloTag fitf&% H\ 7= western blot #1772 & Z A, Streptavdin-
HRP T 41T % 55 kDa D 7~k % > /378 L HaloTag # > /X7 DN RRBR—E L
72 2D Z L5 acriflavine 2385 L 7= HaloTag-H2B 73 7 ~ AL T 5 Z & Myr S vz (Figure
5-14b) , £7-RIK L7228V, E A R IE8ODE /) ~—n bR HEAKRTH D, D=, POl D
BRI OTHHAEERZ VNI BT T 52 ENTELOTHIVUEL, WEMEOE R N> (H2A,
H2B, H3, H4) & 7L EINDIETTH D, £ TRBENZ LD 7 ~{bik, MlazmL, 7
YU F R R T BV BRI L o TR LTz, IR LT % Ry B AR % . SDS-PAGE %
T, Bie A b PURIC & D Westernblot 247> 7- (Figure 5-14c) , H2A, H2B, H3 B3 X OVH4 O
TNDE /) ~—b HaloTag-H2B FELKN TOAMET 2 Z LA TE e, T7bb, Jeiianss o~
MEIZE T, POl DA BT, FHAEERZ V0B L T-IULTE D ZEDNHLMNE T2,

(@) " . (b)
AIARAEEST (1 min) \ HaloTag-H2B + -

Lane 1 2 1 2
A

4

\
\

L/ .
e HaloTag-H2B ——— ~= —
25 )
‘ SAvV-HRP a-HaloTag (kDa) CBB stain

(©) HaloTag-H2B +

a-H2A

+ -

e
f@

%
M

MAUra-DTB

Figure 5-14. HaloTag-H2B Z% 5| 3 Bl & 72 HEK293FT Al CTo iPPL ¥ 5Dt (3) B A b7
VORI (b) T b H 7 (SAV-HRP) 3 X UMWt HaloTag $1A1C L % Western blot (c) 5
LT T~k s 7B D e A b HURIZ K % western blot

F 72, HaloTag-H2B 23 %8l L TWaWIGAIZE 70kDa (T2 7 XAk & X 7 i3 ST
% (Figure5-14b,lane 2) . Z DT ~UAbLH X7 BT EIERREEF (Figure 5-15, lane 1, 2,4,6) B X
acriflavin 71 Z LB L7254 (lane 1, 3,4,7) (26 MAUra-DTB IS FTh VI Sz (lane
4,6,7,8) . ZDZ L HMANERE THEMEDOEEEANZ LV MAUra 23k S 7~ ks A3 it
ITLTW D AR B 5, Z D MAUra iINRFIZ BT 2 T~ b3 o RIZOERESTIRERS acriflavine 7

MEFZEE LTV 5, FMIFNTEMED 7 5 B =2 Hemin [T K L 700 . 75 B U Sefillit F & 2%
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U8 ETSMME LTI ERE SN TWD B, 77 B EBEECRISOHRIE T Th 5 7= OAIEMIC
TRANAAET DN TPREND, EEICTZ TV E2MERE L TR Va—2FF v x4 —F

(GOX) THHAKIIGELTTZ I UG RAL vHhoFry 2 —EFNC@BbLTFri L7
VANEKT DT ERMESNTND B, Fo, IR Y XA RELSEEGT L2 R7HETH
% Cryptochromes (CRYS) 1%7 7 B> O 2 #8H L7c —E BRI 22 L LT 7V RiEL i
TTZELRBENTND S, ZDZ N, ZOTUE Ry RIFNEED 7 Z e ¥ VX E T
D LEERLTND, 5T, HIE %2 LI25AIC acriflavine OHEIRE N2 2 E RSN E
7257z (lane 5, 8) . Z OFERIL acriflavine 2SHEFRNEREE CTORMEHIZ L o> THR A ITRIE L T\ DT
DTHY ., BIROKFTHHBEITEE acriflavine 23 7E L TV 2 &R LTV A,

Acgf;"ig; oo Acriflavin 71
MAUra-DTB - - - + - + + + ot
Lane 1 2 3 4 5 6 7 8
E Wi
.

H
1
i

SAv-HRP
Fluorescence (on HaloTag-H2B) Labelling reagent i Jk/v\){i(
i —— «:)’,L,QO " MAUra-DTB
a-HaloTag

Figure 5-15. i x DM TITIIT D T ~IUALRIG DRRFT

SRR O i b 21T 72 & 24 10 ~ 60 B OSEHRS TIZIRES R O HINC > T F ~ L E4)
Fm L7z (Figure 5-16, lane 1-5) . L2>L 60 OIS & 180 DY Tlid 7 ~ b=
LA EEDLRD T (laneb,6) . JEHRETOHANZ LV acriflavine DHEE2NEA L TR Y . 60 7
TIRFEAEZOEITBR S TN & D, 60 FYLIBEO KR TiX acriflavine YA 2k
TG L7 U EROGDEIT LW 2 EDRIB EiTe, 7~ BRIG OEIT R FERE T2 60 7 D YU IR
Mz fol St & LLUBROMGT THW=, F£7-. Hi HaloTag BRIz & 5 Western blot #17-72& Z A,
SRR SR T Tl S o EEIICHT HaloTag HURIC KD e s in o # v R RNz, ZhiZ
acriflavine filt it > —EFBENC L > THELAF O AT OHANRKED v T v T HEZ L, Z N
JERLET/7aRY 7 LD ThD, 2O LD, KFEET SO R TR, DTN T
IOV EERZ X7 ERIEO 7R ) 7 IGHEITSED ZERH LN E R ST,
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Photo-nrrqdnatnon 0 10 15 30 60 180
time [s]

Lane 1 2 3 4 5 6

[*— Cross linked

140 — .
% i . HaloTag proteins
%5 - BB z I — — ———

40
35

20
(kDa) SAv-HRP a-HaloTag

S W S——
- \

Fluorescence (Acriflavine 71)

Figure 5-16. 7 ~/LAK SO his D RS RE [ D A st
5-6-3. nanoLC-MS/MS 2 & B H2B fHEAER # o 37 ‘& DfEMT

RiTEN £ CCIT acriflavine 71 T, FIFRANERSE T POI B X OWNFEED B A k> (H2A, H2B, H3,
H4) % T~ A3 5 2 LICE) Lo, BEROMBEAEH Z o _ 7 B2 i3 % %6 1213 western blot 14
TR AIBETH D0, HBOMHEAER & o7 ERORMOIM AN & N7 8 % MR I ST
52 EIFAES TIERV, 22T MAUra-DTB IZ LY T~k a2 T =& VNI B A5 4 3 & [FERIC
TE Ve —X & AW TR L, Orbitrap nanoLC-MS/MS (2 L » CTRIET 5 Z & & L7z (Figure5-17a) ,
AEN & [AA%IC HaloTag-H2B 7 5& |78 81 & 7= HEK293FT #ifilcxt L C acriflavine 71 ZJLEE L 7=
5. MAUra-DTB 2RI LS 2175 2 & T H2B ICHIEMEAT 2 2 v 0 EaE T~ b Lz, =
DT OMIRZEL, TEY U E—XZ L8 - N 7Y Uik 21TV, X7 F Rk
YT NEE (lightt) , —F T, x0T 472 ba—nt LT, FEEORMETHRFZ1THT,
TEVUER e MY TR E T oo VBB L7 (light-) . light+H- 2 7L KON light--
TN DENEIUZ DU T nanoLC-MS/MS Il E 2 3 [HI1TV (n=3) # Y S 7=~ 75 Rt v @ intensity
Z te#E L7=, nanoLC-MS/MS 12 kW &&F 87 FMED X o R E NI E N, X7 F KO mE
light+/light- > 2, 2>2>p>0.05 &7 % X7 EHATH LT & 2 A BFFD X RV ENFER
H2B & DR EAEM Z v /7B LTt &z (Figure5-17b) . 26 33FEMED & o 7 E O JFJ(E
1% 30 FEEDSERHTETH O Pt ffink # o X7 EIX 16 FHEEEN TN DH 2 &Ebh~7- (Table 5-
1) o ZOZENBRTNIMUISITENTEITL TS Z ENEMIT b, £/, RESNTE
e B XTI, B R EORSIEROT — X X— A Th % Mascot ZfEH L7223, FIEINTX
128 X EOBIBFIHEROT —F X—=2 % B2, F X7 EORRER AN FHIREE DR H
WZOWTHEHTHZENTED (Bia Ay heP—fiff : GO) , £ Z TIIHHDOAER T~k
B LRI IBEIZHOWT GO BT 21TV, protein containing complex (ZOW TR S iz & /8T E %55
5 L7 (Figure5-17c) . WTEMEE A b > THERL S 415 nucleosome DAL ribonucleoprotein complex %D
spliceosomal complex 72 & RNA &% VRV ENAEIL T b &% 1 T D 2 & BARRITIC
oo, RNAKER X XV EITIRIRIA T Z A4 2 7 ORRIZ, B A /L@%ﬂuﬂ?&ﬂkﬁfﬁ (J
DT T b, A F L) #ERE L T splicing regulator 2V 7 L— h 95 Z EREIHILTND &,

FERRIT A ] O VAT HE T ~ AL CRIE S 72 SFPQe < NCL7 1 H2B L FHAAEM T2 2 & b &
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NTW% (Table5-1) ., ZDOZ EMNHART VLKL POl ThH D H2B DI THEITL TWDH Z & AVR

e iz,
light-irradiation
a 1 min .
(@) ( ) light+ sample
71, 37 °C MAUra-DTB . ) ) Trypsin
@ <2 h 1. 30 min labeling lysis  enrichment digestion -
HaloTag-H2B - light- sample
expressed _ Without
HEK293FT cells light-irradiation
(c)
(b) light+/light-  light+/light- ribonucleoprotein complex
45 =05 =2 ® H2A, H2B, H3, H4 EAEETD
" |light+light- < 0.5; 1 1 light+/light- > 2, p < 0.05; spliceosomal complex
4 9 proteins : : 33 proteins
| | @ catalytic step 2 spliceosome
1 1
35 , ' ° nuclear nucleosome
3 : : ° RNA polymerase Il transcription regulator complex
o] | | g © ) o meiotic cohesin complex
—_ o o (o] ® ® ® ®
225 ! ! cohesin complex
E OB o T P
8’ 2 o) © : o Q@ telomerase holoenzyme complex
' o) Ole pyruvate kinase complex
LR i _ag% - (_9_: ___________________________ p=0.05 chaperone complex
] ] .
1 . & gab ' © GAIT complex
] ] T o
CRD-mediated mRNA stability complex
05 Loy v comp
! ' eukaryotic translation elongation factor 1 complex
0 . = . = Prp19 complex
-4.00 -2.00 0.00 2.00 4.00 6.00 8.00 ‘ ‘ :
. ; . 0 2 4 6 8 10
log,(light+/light- ratio) Count

Figure 5-17. HaloTag-H2B fH AAEH & /X7 E DOfEHT (a) H2B % POI & L7z iPPL 7> 5 Orbitrap nanoLC-
MS/MS FENTE TOAF—L (b) T-IULZ VT EDHRNr— 7 Ty ~, (R p=0.05, Fik
# : light+/ light- ration = 0.5 or 2, light+/ light- ratio > 2, p <0.05 L 725 X L XV EHIKEAD K>+, WNEE
P 2 N EZFRBEO Ry b TRLUTE) () lightt/ light- ratio > 2, p < 0.05 L7225 X /"7 /E D GO iR,
Uniprot D7 — % ~X— A % F{\ T protein containing complex (Z-DVNT3%E L7,
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Table 5-1. light+/ light->2, p <0.05 £ 72 > 72T )L Z LRI ED U A N ERTET DA NVHT R T

PE=1SV=2

Accession Description logz(light+/light-) | -logiop Cellular Component
Q9P258 EE:?'%\F;SZCZ OS=Homo sapiens OX=9606 GN=RCC2 6.64 3.94 [chromosome;cytoplasm;cytoskeleton;cytosol;membrane;nucleus
Malate dehydrogenase, mitochondrial OS=Homo sapiens . o ]
P40926 0X=9606 GN=MDH2 PE=1 SV=3 6.64 2.58 |membrane;mitochondrion;nucleus;organelle lumen
Phosphoglycerate mutase 1 OS=Homo sapiens OX=9606 . . i .
P18669 GN=PGAM1 PE=1 SV=2 6.37 3.06 [cytoplasm;cytosol;extracellular;membrane;organelle lumen
PO7737 gggn-1 08=Homo sapiens OX=9606 GN=PFN1PE=1 5.82 2.82 [cytoplasm;cytoskeleton;cytosol;membrane;nucleus
ISplicing factor, proline- and glutamine-rich OS=Homo . X
P23246 Sapiens OX=9606 GN=SFPQ PE=1 SV=2 4.84 2.77 [chromosome;cytoplasm;nucleus
Glyceraldehyde-3-phosphate dehydrogenase OS=Homo . . . i
P04406 s apiens OX=9606 GN=GAPDH PE=1 SV=3 4.60 212 [cytoplasm;cytoskeleton;cytosol;membrane;nucleus
Heterogeneous nuclear ribonucleoprotein A1 OS=Homo . . e
P09651 apiens OX=9606 GN=HNRNPA1PE=1 SV=5 442 2.63 [cytoplasm;membrane;nucleus;spliceosomal complex
Q71UI19 EEL?I";\/HZZ:){A‘V 0OS=Homo sapiens OX=9608 GN=H2AFV 3.29 2.43 |chromosome;nucleus
Mediator of DNA damage checkpoint protein 1 OS=Homo .
Q14676 sapiens OX=9606 GN=MDC1 PE=1 SV=3 3.21 2.84 |chromosome;nucleus
INon-POU domain-containing octamer-binding protein i
Q15233 |58=Homo sapiens OX=9608 GN=NONO PE=1 V=4 318 225 embrane;nucleus
P11142 Heat shock cognate 71 kDa protein OS=Homo sapiens 297 231 cytoplasm;cytosol;endosome;extracellular;membrane;nucleus;organ
(OX=9606 GN=HSPA8 PE=1 SV=1 ) ) elle lumen;spliceosomal complex
P19338 g{ﬁgo“n 08=Homo sapiens OX=9808 GN=NCL PE=1 2.97 2,40 [cytoplasm;membrane;nucleus
IStructural maintenance of chromosomes protein 1A . .
Q14683 0S=Homo sapiens OX=9606 GN=SMC1A PE=1 Sv=2 2.81 2.59 [chromosome;cytosol;nucleus
[Structural maintenance of chromosomes protein 3 . .
QIUQE7 OS=Homo sapiens OX=9608 GN=SMC3 PE=1 SV=2 2.78 2.21 [chromosome;cytosol;nucleus
Heterogeneous nuclear ribonucleoproteins A2/B1
P22626 |0OS=Homo sapiens OX=9606 GN=HNRNPA2B1 PE=1 2.75 2.43 |cytoplasm;extracellular;membrane;nucleus;spliceosomal complex
Sv=2
Q00839 Heterogeneous nuclear ribonucleoprotein U OS=Homo 270 243 Cell surface; chromosome; cytoplasm;membrane; nucleus;
sapiens OX=9606 GN=HNRNPU PE=1 SV=6 ) ) spliceosomal complex
P62805 g{icéne H4 OS=Homo sapiens OX=9606 GN=H4C1 PE=1 2.60 2.37 |chromosome;extracellular;membrane;nucleus
Nuclear mitotic apparatus protein 1 OS=Homo sapiens . X . . X
Q14980 0X=9606 GN=NUMA1 PE=1 SV=2 2.56 2.79 [chromosome;cytoplasm;cytoskeleton;cytosol;membrane;nucleus
Probable ATP-dependent RNA helicase DDX17 OS=Homo i i .
Q92841 apiens OX=9606 GN=DDX17 PE=1 SV=2 242 2.35 [cytoplasm;cytosol;membrane;nucleus
Histone H2B type 1-A OS=Homo sapiens OX=9606 .
Q96A08 GN=H2BC1 PE=1 SV=3 217 2.07 [chromosome;nucleus
Histone H2A type 3 OS=Homo sapiens OX=9606 .
Q7L7LO GN=HIST3H2A PE=1 SV=3 2.16 2.84 [chromosome;nucleus
PODMVS Heat shock 70 kDa protein 1B OS=Homo sapiens OX=9606 205 231 cytoplasm;cytoskeleton;cytosol,endoplasmic
IGN=HSPA1B PE=1 SV=1 ) ) reticulum;extracellular;mitochondrion:nucleus
Histone H2A type 1-J OS=Homo sapiens OX=9606 .
Q99878 GN=H2AC14 PE=1 SV=3 1.92 2.23 [chromosome;nucleus
Histone H2B type 3-B OS=Homo sapiens OX=9606 . .
Q8N257 GN=HIST3H2BB PE=1 SV=3 1.84 2.24 [chromosome;cytosol;nucleus
Probable ATP-dependent RNA helicase DDX5 OS=Homo i . I
P17844 sapiens OX=9606 GN=DDX5 PE=1 SV=1 1.71 2.16 [cytoplasm;membrane;nucleus;spliceosomal complex
P84243 EEE";VHSZB 0O8=Homo sapiens OX=9606 GN=H3-3A 1.66 3.34 |chromosome;extracellular;nucleus
Elongation factor 1-alpha 2 OS=Homo sapiens OX=9606 i
Q05639 GN=EEF1A2 PE=1 SV=1 1.64 2.35 |cytoplasm;nucleus
P14618 Pyruvate kinase PKM OS=Homo sapiens OX=9606 155 203 icytoplasm;cytosol;extracellular; mitochondrion;nucleus;organelle
IGN=PKM PE=1 SV=4 ) ) umen
ITubulin alpha-1B chain OS=Homo sapiens OX=9606 i .
P68363 GN=TUBA1B PE=1 SV=1 1.37 2.14 |cytoplasm;cytoskeleton;membrane
Histone H2B type 2-F OS=Homo sapiens OX=9606 . .
Q5QNWE GN=HIST2H2BF PE=1SV=3 1.37 2.35 [chromosome;cytosol;nucleus
PODPK5 ge}:gwe histone H3.X OS=Homo sapiens OX=9606 PE=5 133 259 lchromosome:nucleus
Heat shock 70 kDa protein 6 OS=Homo sapiens OX=9606 i i i
P17066 GN=HSPAG PE=1 SV=2 1.20 2.27 [cytoplasm;cytosol,extracellular;organelle lumen
PO7437 Tubulin beta chain OS=Homo sapiens OX=9606 GN=TUBB 119 174 cytoplasm;cytoskeleton;extracellular;membrane;nucleus;organelle

umen
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5-6-4. fE3REE (BiolD, APEX) & iPPL 0D ik

AIRO@EY | TEE THO LN TV DHIBEN TOMEIER Z v 37 BT 521X BiolD 15X
APEX IENIA SRS, EBICZ7 n~F O 7 a7 4 —ARHTcB W TH, BirA-H2B % 5fifil 8Bl &
72 HEK293 #ifid . BiolD {£E% VT H2B & OFH EAEM & /37 B & iRt L= B3 s S aun
%8 ZOWERTTT b EZIT o2 N E Z i L RO T — 2 X — 2 & F T GO iRt &
fT- 7 (Figure5-18) ., BiolD {ECIX 210 FHD ¥ L V7 EPMHAEERZ > X7 H L LTSN T
BOIPPLIEL Y L EL DX U RIEPFEERZ VX7 LTRIESNTWD, — 5T, fii
VT 7~ IE T EIC T ~ b & %21 T 7= nucleosome X° RNA f&E4 # > 737 1% BiolD £ Tl
[FESD D72 & D3y o 7= (210 FE%EH C nucleosome: 3, ribonucleoprotein: 10 72 &) , X 512,
B A kUG fiEEE L 72 DNA _EICHEE T 2% & > 737 & protein DNA coplex, transcription regulator, DNA
repair complex 72 EN 7 XA EZ T TWAH Z E BB b E R ST,

catalytic complex 58

transcription regulator ...

I
microtubule associated co... _12
I
&
7

ribonucleoprotein complex

DNA repair complex

PcG protein complex -
protein-DNA complex -
BRCA1-A complex
ribonuclease H2 complex -
nucleosome -3

membrane protein complex 3

@

5
4

interleukin-5 receptor co... .2
centralspindlin complex 2
ESCRT Il complex I1

DNA replication factor C ... I1
gamma-tubulin ring complex I1
eukaryotic translation in I1
cyclin-dependent protein ... I1
mitotic cohesin complex Iw
replication fork protecti... I1
myosin V complex I1

exon-exon junction complex Iw
RNA N6-methyladenosine me Iw
U4/U6 x U5 tri-snRNP complex Iw
DNA ligase III-XRCC1 complex Iw
CAK-ERCC2 complex Iw

BRISC complex I1

Figure 5-18. BiolD £ ClRE S 417z H2B tHAAEH &% /37 B D GO f##T. J.-P. Lambert & D7 — % 7%
Uniprot D7 — & ~X— 2 % FHWCTHRAENT L 72,

BiolD A3 —REIZE LZ 10 nm LIAD 7~V EEEEZF L TS ZERRHALNE > T D,
—75C nucleosome | DNA %4 ® T HEAIT 10 nm Kiiti Td 5, BiolD $5TIiE H2B L v Bt /=% o~
NIZBEIZXH L TE 7V RICDNEIT LT b DO Th D LA DH Z N TE 5, FEERIT, BiolD{5TT
)L E ST TWD X X7 D 5 B DNA methyltransferase 3A (DNMT3A) & nucleosome D dtifi
WA B2 E 725 T %D, DNMT3A 1L DNA O A F /UL AT 913>, H3 OFHFR 1% &6 4 585% L DNA
AFIACEREZ SIS 5 2 &2 EDRHMBILTND DD H2B & OEEOHALEHITIMEFI2 7209,

DNMT3A-nucleosome D gtti7)» & HaloTag A HAL Tod 5 H2B @ N K & DNMT3A O hHfE%
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FHELIZE A, H2B © N Eduanr 5 DNMT3A (XEB L% 10 nm #i TR v . BiolD O 7 ~/bL4%
ERET D ERHL L2572 (Figure5-19) ., DNMT3A (X iPPL ETIL T~/ STV RN 2
EMB | PPLEIX BiolD LV /hS 72 7~ R (<10nm) ZH L TW5DH Z &R I,

Figure 5-19. DNMT3A & nucleosome O i &b A & & BRAE O 515 (PDB: 1kx5 (nucleosome), 6pa7
(nucleosome-DNMT3A), magenta: DNMT3A, green: H2A, orange: H2B, gray: H3, cyan: H4, red: tyrosine
residue)

F 72, IPPL{ETIX, BiolD (£ TIEH £ D 7~k & 52T T 24 nucleosome <2 RNA fif & & o3
U R RN T~ CE TS (Figure 5-17) , 3785, iPPL 1E POI (38T % 2 L%y
B BRI T L TE D Z RN E N5, Nucleosome (Zkf 3 2HAEIER Z /37 Bk A k
DN Kb 20 FRIEFREH 5 tail LOFERZREMZRET 5, ZD7D, B X O tail MO
B2 AL 2 2 TEBBLEDO T AL ERZ R L 5 2 L3 TE D L T LI, FRTIPPLIET
UL E T Z XD H B SFPQ X° NONO (% H2A D tail D7 2T AL 2385k 5 Z & BB 5
MEIRSTVND, £ TH2B & H2A O tail D% nucleosome D fAEED G S o 7o & 2
AHEFLT 3nm R, LT 6nm FREE tail EIOERENSBENL TV o Z & B E 2o 72 (Figure 5-
20) ., AIROIEY HaloTag DEAEN 45nm BE TH D Z L5 (Figure 5-7a) i AHEIEEETH 5 3 nm
FORERTIMALEREFL TS Z R TPHREND, TO72O IPPLIEITZBEE 6 nm T ~L
fBEERERE LTS EEZ NS, ZOHHET HaloTag DEAATH 5% 45 nm & MAUra O 7 ~L
EERETHLImMEZRELAEDLELEH L) ERN6MMBRELRDZ LN E BB > TN D,
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Distance from H2B A1 to H2A S1 (ca.60A )

Figure 5-20. 7 ~U{LEEEEDFHE (PDB: 1kx5 green: H2A, orange: H2B, gray: H3, cyan: H4, red: tyrosine
residue)

ATk L72 DNMT3A [Z DNA E# L < 1% H3 @ tail EICIEET 5, H3 @ tail =2 H4 O tail i DNMT3A
PIAMZ & Fix D DNA B & o 7 BEORERZIEMRIC B D DRER E M EERT 5 2 L b o T
% W0, ZZTH2B ® tail 7»H H3 <° H4 @ tail OFREA RAEH 22 & & L7z (Figure 5-21) , +5¢&
H3 & @ tail 125 11 nm.H4 O tail 135 8 nm 2 H2B @ tail 7> CTWnWAD Z ERA LN E o7,
TRHE 6nm DT HEERETIIHI R HA B X X7 BHIRIF L A E T~ nanZ LR
2 X7,

Distance from H2B A1 to H3 A1 (ca. 109A)
Distance from H2B A1 to H4 S1 (ca. 80A)

Figure 5-21. H2B tail 7>& H3 3 X O H4 O tail fIFEEEDFIH (PDB: 1kx5 green: H2A, orange: H2B, gray:
H3, cyan: H4, red: tyrosine residue)
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UL EDOFERIT H2B & OBEDIRN\Y RV H BRI T XL TE D Z L 2 X FT5/RTH
%o BIR D Y nucleosome (X DNA Z& T 10nm f2ED X L RV EEAIRTH H7=H, 10nm D Z
UL & A9 5 BiolD ¥ TiL[A— nucleosome N C H3, H4 B % o /R 7 B0 H2A, H2B BiE % o
NI B T XALTERIT 2 2 L IEREETH 5, 7005, iIPPLIEDK 6 nm D 7 ~ /AL 13 B
DIERNZ R TE . Z ) TRWE T E e T~ TRBIT D Z N TE, L VEEMZR PPI O
WEHOLND Z EBNFIND,

F7z. BiolD DA T7 < APEX VAL O HIHRET 1T > 72, APEX J£1T BiolD & i % & T ~L
EERITIB L E 20nm &AW H OO iPPL E & [FIERIC 1 43fH] & vy 9 By T ~OL{BIRER] C PPI % figdT
T5HZ k 75%‘% 5 FUTH D, APEX-H2B % 5|5 8l X 7= HEK293FT (2% L T tyramide-DTB % 4L
L, @ELAKBRFIE T T k&1 T>7- (Figure5-22a) , —J7C HaloTag-H2B % Jiifi| 3 Bl <t 7=
HEK293FT #fifa izt L C Acriflavine 21 Z4LEE L7-D 5, MAUra-DTB Z i LS 2175 Z & C
H2B (ZFHEAER T B % v 0 B H T~k L= (Figure5-22b) . Z OWE DT ~NAL X R T EHD
LA 4T o 72 & Z A, APEX JETIX APEX-H2B, WNEMEE A b DMIIZE < O LRI E A @R
LKTT U5 —J7 T, iPPL ¥ Tl HaloTag-H2B °HNTEME B A b U @V EIME T T~k 5%
T TW5D, 2D APEX 5L iPPL 0D T ~UL L 3% — 2 DiEW T BiolD 5 & D & AR 7~k
PEOBNERKMLTWD EEZLND,

(@) (b) 0
HN o HNJ(NH
O\/\ NH o /@}k/\/\/\uw
N
tyramide-DTB HN, MAUra-DTB
Mt + - HaloTag-H2B + -
210 F 210
140 -4 140
0 = 90
70 | 7o
40 40
20 20
- 15 15
10 10
SAV-HRP (kDa) CBB stain SAV-HRP (kDa) CBB stain

Figure 5-22. APEX 74 & iPPL {E D s (a) V5-APEX-H2B % #&8i L 72 HEK293FT #fild C tyramide-DTB
12 & > T7 ULk (b) HaloTag-H2B % %8l L 7= HEK293FT #iffd T tyramide-DTB (Z L > T 7~k

b Z et RETHIE L iPPLIEIFIERIEL D /NS 7 bR (BXE6nm) 26
LTCEY, POl \CEEMAEERT D2 T ENRIINC T UL TE D Z ERRB I N, T/
A — MV — =D T ~SIALRGIZ L - T, POl OEFEMENER % > /30 8 % fiftf e 7e
TFEIE MeMiilan 512 X - T &7z MicroMap 1D & LME3 7wy 1) Loy L7223 & MicroMap 1%
VIR 0> 2 2 X 7 BN R G DR IE S 41D, § 7205 iPPL AL, Ml TF /) A— bLA—
K —D [T 7 AL Z FRRIZ LTI TOBITH 5,
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AREECILE =BT L7zt 7 ~ LAl MAUra % FVy, POI OFFBAER % o /X7 B ORINE 72
F bz I U MR PG e T~ LAk iPPL A #ESE L 7=, iPPL (T S 72 e s i 14 oD
B WA B A AR Y 7 ¢ =7 4 — =X ETO Y T RiEE X BT~ iz k-
TARAI V== T 5AToT0, A7 U —=0 ZIZBWTC, # U3 7 BREEMEL , POL 2 & IRMIZ T
~JULHA[HEZ: BODIPY, 7~ U VB LW, @WH X7 Bl EEEZ/ LA e — X ETiY
H v RIFEIER 72 T AL D38 T9 5 acriflavine & W o 726k A2 RH3Z Ll L7z, =
AUD OFEREIZ HaloTag U 7 Rz 85 L, M@l > HaloTag-POI (2§95 7 /L O N Ml
T UL BRI T L Z A H T BWAEE ORI TIE T ~ UL ROE M E & A EEITE T,
& B AEMEDE acriflavine YLt 2 )2 - T HaloTag-POl % HWN T2 i#: 7 ~ WAL 25 FIHEIC 72
5HZEHFH U=, Acriflavine Yefitfit 2 VN 10 nm B D EED ¥ X7 E G485 1K nucleosome
(2% L CiPPL 5% L7z, H2B % POI & L7- iPPL &2 FEMi L7z & Z A, MANEEICBWLTYH
acriflavine |3 HaloTag-POI Tir## 7 ~/WLIGZ AIREIC T 5 Z E B B & 72 o 72, iPPL AT 1 7/
DO ATSEIRGT & 9 Bl DI AN G T, fEkiE (BiolD 15, APEX %) KV & JEATRYZE[ T POI
BLOMENERZ 7 E o T~ T& %, BiolD D7 ~UL¥RITBLE 10nm &b TH
V. H2B 2 HEEAZEREEICH D H3 Bl & X7 X0 He B # N7 B DNA fE/ 2 v 378 b
T YU T& B, —Ji. iPPL ¥ H2B ORI & > /3 7 <2 H2B & I ICUT WO B /AT 5 H2A
DOPRFE & 2 X7 H RN T b TE D Z EMA LN o7, ARBFETRA%E L7- iPPL (X, 6
nm O 7~ H D Z & B AN NREEIZ IS 1T D BERE L 7= PPL & Bk FE ICMRNT T & 209D C
DFETH D,

(a) This work: Intracellular photocatalyst- (b) Conventional methods: BiolD, APEX

proximity labeling (iPPL) Labeling radius < ca. 10 nm (BiolD)

Labeling radius < ca. 6 nm Labeling radius < ca. 20 nm (APEX)
Promgy
L 4 'F"é:l-nk Sk
=7 PPI partners
' BirA or APEX )

RNA binding |
proteins

e roteins
No association P

: Labeling radius

@
® g

Living cells

Q : Biotin or desthiobiotin

:Acriflavine photocatalyst

Figure 5-22. S{HEDE &
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Experimental section
Synthesis of compounds. 2-(2-(2-azidoethoxy)ethoxy)ethan-1-ol (74)* and BODIPY FL carboxylic acid (75)°

were synthesized according to previously reported procedure.

N N
cl
NaH

N30~ 0n > N ’(\/o);/W\CI

DMF, 0 °C to r.t.
74 1.5h 76

1-(2-(2-(2-azidoethoxy)ethoxy)ethoxy)-6-chlorohexane (76, azide containing HaloTag ligand). To a
solution of 74 (232.3 mg, 1.33 mmol) in 1.0 mL of DMF was added NaH (60%, dispersion in paraffin liquid,
63.6 mg, 1.59 mmol) at 0 °C. After stirring at 0 °C for 30 min, to a solution of 1-chrolo-6-iodohexane (490.6
mg, 1.99 mmol) in 1.0 mL of DMF was added the reaction mixture at 0 °C. After stirring at room temperature
for 1 h, reaction was quenched by addition of aqueous HCI solution (1 M) and AcOEt, extracted with AcOEt,
dried over Na,SOQq, filtered and concentrated in vacuo. The residue was purified by silica gel chromatography
with Hexane : AcOEt =3 : 1 to give 76 as a colorless oil (128.4 mg, 0.585 mmol, 44%).

"H NMR (500 MHz, CDCl3)  3.69-3.65 (m, 8H), 3.60-3.58 (m, 2H), 3.53 (t, /= 6.7 Hz, 2 H), 3.46 (t, /= 6.5
Hz, 4H), 3.91 (t,J= 6.0 Hz, 2H), 1.78 (q, /= 6.8 Hz, 2H), 1.63-1.57 (m, 2H), 1.48-1.42 (m, 2H), 1.40-1.34 (m,
2H); *C NMR (125 MHz, CDCls) & 71.3, 70.9, 70.9, 70.8, 70.2, 70.2, 50.8, 45.2, 32.7, 29.6, 26.8, 25.6. FT-IR
(neat) 2936, 2864, 2104, 1446, 1349, 1301, 1287, 1252, 1122 cm’!; HRMS (ESI, Positive): m/z calced. for
C12H24CIN3O3 [M+Na]": 316.1398, found 316.1397.

H,, Pd/C
/(\/0)\/\/\/\ —_— 0)\/\/\/\
MeOH,rt, 1h M N/(\/ ci

77

2-(2-(2-((6-chlorohexyl)oxy)ethoxy)ethoxy)ethan-1-amine (77, amine containing HaloTag ligand). To a
solution of 76 (54.0 mg, 0.183 mmol) in 1.0 mL of MeOH was added 2.7 mg of Pd/C (50% moisture content). After
stirring for 1 h under H; at room temperature, Pd/C was removed by Celite filtration and the filtrate was concentrated

under the reduced pressure to give 77 as a colorless oil. The colorless oil was applied next step directly without

further purification.
z —I 2+ 2 —I 2+
< 2PFg HZN‘G/\O«)’?‘\/\/\/C' -
N AN
| Yol 77
/N,," ' ‘\\\N Z ’l/ \N s
“Ru’ EDCI-HCI, HOBt, DIEA
ZEN -
Z "N H z H
| : N | DMF, r.t., 24 h H
N N N OH N CI
I N
o]

Synthesis of HaloTag ligand-conjugated Ru(bpy)s complex (70). To a solution of 6 (11.0 mg, 0.0120 mmol),
HOBt * H,O (2.8 mg, 0.0180 mmol) and 77 (3.9 mg, 0.0144 mmol) in 1.0 mL of DMF was added EDCI + HCl

(2.8 mg, 0.0144 mmol) at room temperature. After stirring at room temperature for 24 h, reaction was quenched
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by addition of water (20 mL) and CH,Cl, (10 mL), extracted with CH,Cl,, dried over Na;SOs, filtered and
concentrated in vacuo. The residue was purified by HPLC (20-100% MeCN/H,0) to give 70 as a red oil (3.9
mg, 0.0033 mmol, 28%).

"H NMR (500 MHz, CD;CN) & 9.08 (s, 1H), 8.66 (s, 1H), 8.50 (d, J= 8.1 Hz, 4 H), 8.05 (td, /= 7.8, 9.1 Hz,
4H), 7.83 (d, J = 5.9 Hz, 1H), 7.75-7.70 (m, 5H), 7.54 (d, J = 5.8 Hz, 1H), 7.40-7.36 (m, 4H), 7.26 (d, J= 5.7
Hz, 1 H), 3.65-3.63 (m, 2H), 3.59-3.52 (m, 10H), 3.45-3.43 (m, 2H), 3.31 (t, /= 6.6 Hz, 2H), 2.55 (s, 3H), 1.69
(q, J = 6.8 Hz, 2H), 1.76 (q, J = 7.0 Hz, 2H), 1.45-1.41 (m, 2H), 1.38-1.32 (m, 2H), 1.29-1.22 (m, 2H); '*C
NMR (125 MHz, CDsCN 6 164.2, 158.8, 158.0, 157.9, 157.9, 157.8, 157.1, 153.2, 152.7, 152.6, 152.5, 151.8,
151.7,143.5, 140.6, 138.8, 138.8, 138.7, 129.6, 128.6, 128.5, 126.7, 125.8, 125.2,125.2, 122.6, 71.5,71.0, 70.8,
70.7,69.8,46.1,40.8,33.2,30.1,27.2,26.1,21.1. FT-IR (neat) 3413, 3111, 3080, 2930, 2864, 1677, 1542, 1465,
1446, 1201, 1132 cm!; HRMS (ESI, Positive): m/z calced. for C4HsoCIN;O4Ru [M]** : 438.6323, found
438.6326.

A HoN ,)'\/\/\/Cl A
O
O @/O o7 O @/O o
H,N N NH, 77 H,N N NH,

Ocio, - Scio,

H
O\N Et;N, DMF, .r.t., 2 h, H\'("L(/\o

3
(o} (o}

(o]
ATTO 465 "

Synthesis of HaloTag ligand conjugated acriflavine (71). To a solution of ATTO 465 (5.0 mg, 0.010 mmol)
in 1.0 mL of DMF were added 26 (from a 100 mM stock solution in DMF, 0.010 mmol) and Et;N (from a 100
mM stock solution in DMF) at room temperature. After stirring at room temperature for 2 h, DMF was removed
under reduced pressure. The residue was purified by HPLC (10-80% MeCN/H;0) to give 71 as a yellow oil
(5.7 mg, 0.0088 mmol, 88%).

"HNMR (500 MHz, CD;0D) & 8.61 (s, 1H), 8.50 (brs, 1H), 7.83 (d, J= 9.4 Hz, 2 H), 7.04-7.01 (m, 4H), 4.57-
4.54 (m, 2H), 3.65-3.62 (m, 6H), 3.58-3.56 (m, 2H), 3.53-3.47 (m, 6H), 3.39 (t, /= 6.6 Hz, 2H), 2.60 (t, /= 6.4
Hz, 2H), 2.25-2.20 (m, 2H), 1.71 (q, J = 6.8 Hz, 2H), 1.52 (q, /= 7.0 Hz, 2H), 1.44-1.38 (m, 2H), 1.35-1.30 (m,
2H); “C NMR (125 MHz, CDsOD) & 174.7, 159.3, 144.9, 144.7, 135.0, 118.7, 118.1, 94.9, 72.1, 71.6, 71.5,
71.2,71.1,70.5,45.7,40.5,33.7, 32.6, 30.5, 27.7, 26.5, 22.6; FT-IR (neat) 3353, 3207, 2931, 2863, 1651, 1599,
1496, 1386, 1326, 1192 cm™'; HRMS (ESI, Positive): m/z calced. for CaoHaCIN4O4 [M]": 545.2889, found
545.2889.

H,N Cl
2 \(/\OW
3
77 TN A\
EDCI*HCI, HOBt-H,0 N\ _N NS
- B~
DMF, .r.t., 9 h, F \F
(0]
N‘é\/ )3/\/\/\0|
75 (0} 72 0" H

Synthesis of HaloTag ligand conjugated BODIPY (72). To a solution of 75 (11.2 mg, 0.0383 mmol) in 1.0
mL of DMF were added HOBt-H,O (8.8 mg, 0.046 mmol), EDCI-HCI (8.8 mg, 0.046 mmol) and 77 (from a
100 mM stock solution in DMF, 0.0421 mmol) at room temperature. After stirring at room temperature for 9 h,

the reaction was quenched by addition of water (20 mL) and AcOEt (20 mL). Organic layer was washed with

173



5L

cold water (20 mL x 2), saturated aqueous NH4ClI solution (20 mL x 2), saturated aqueous NaHCO3 solution (20
mL x 2) and brine (10 mL x 1). The organic layer was dried over Na,SOs, filtered and concentrated in vacuo.
The residue was purified by GPC to give 72 as an orange amorphous (5.7 mg, 0.0105 mmol, 27%).

"H NMR (500 MHz, CDCl5) & 7.08 (s, 1H), 6.88 (d, /= 4.0 Hz, 1 H), 6.30-6.29 (m, 2H), 6.11 (s, 1H) 3.62-
3.55 (m, 8H), 3.53-3.50 (m, 4H), 3.45-3.42 (m, 4H), 3.29 (t, /= 7.6 Hz, 2H), 2.63 (t, J = 7.6 Hz, 2H), 2.56 (s,
3H), 2.25 (s, 3H), 1.75 (q, J = 6.8 Hz, 2H), 1.57 (q, J = 6.8 Hz, 2H), 1.46-1.40 (m, 2H), 1.37-1.32 (m, 2H); 1*C
NMR (125 MHz, CDCl3) 6 171.9, 160.1, 158.0, 143.8, 135.1, 133.5, 128.4, 123.8, 120.4,117.6, 71.3, 70.7, 70.6,
70.4,70.2, 70.0, 45.1, 39.4, 36.0, 32.6, 29.8, 29.5, 26.8, 25.5, 24.9, 15.0, 11.4; FT-IR (neat) 3314, 2930, 2864,
1659, 1606, 1529, 1487, 1443, 1252, 1174, 1135 cm™'; HRMS (ESI, Positive): m/z calced. for C26H39BCIFN3O4
[M+Na]": 564.2582, found 564.2586.

H,N o
e e A e a0
N ) ° /\N

Et;N, DMF, .r.t., 3 h,
K 68

Synthesis of HaloTag ligand conjugated coumarin (73). To a solution of 68 (8.4 mg, 0.023 mmol) in 1.0 mL
of DMF were added 77 (from a 100 mM stock solution in DMF, 0.046 mmol) and Et;N (from a 100 mM stock
solution in DMF, 0.046 mmol) at room temperature. After stirring at room temperature for 3 h, the reaction was
quenched by addition of water (20 mL) and AcOEt (20 mL). Organic layer was washed with cold water (20 mL
x 2), saturated aqueous NH4Cl solution (20 mL x 2), saturated aqueous NaHCO3 solution (20 mL x 2) and brine

(10 mL x 1). The organic layer was dried over Na>SOs, filtered and concentrated in vacuo. The residue was
purified by silica gel chromatography with AcOEt to give 73 as a yellow oil (11.9 mg, 0.023 mmol, 99%).

"HNMR (500 MHz, CDCls) § 9.01 (brs, 1H), 8.69 (s, 1H), 7.42 (d, J=9.0 Hz, 1 H), 6.64 (dd, J = 2.4, 9.0 Hz,
1 H) 6.49 (d, J= 2.3 Hz, 1H), 3.70-3.64 (m, 10H), 3.60-3.58 (m, 2H), 3.52 (t, /= 6.8 Hz, 2H), 3.47-3.43 (m,
6H), 1.77 (q, J = 6.8 Hz, 2H), 1.59 (q, J = 7.0 Hz, 2H), 1.47-1.41 (m, 2H), 1.39-1.33 (m, 2H), 1.24 (t,J="7.0
Hz, 6H); *C NMR (125 MHz, CDCls) § 163.3, 162.6, 157.7, 152.6, 148.1, 131.2, 110.4, 109.9, 108.4, 96.6,
71.3,70.8, 70.7, 70.6, 70.2, 69.9, 45.1, 39.5, 32.6, 29.5, 26.8, 25.5, 12.5; FT-IR (neat) 3341, 2969, 2933, 2866,
1703, 1618, 1584, 1531, 1515, 1418, 1352, 1230, 1189, 1135 cm™ ; HRMS (ESI, Positive): m/z calced. for
C26H39CIN2Os [M+Na]": 533.2389, found 533.2388.

Photocatalyst screening. Preparation of photocatalyst 51-68 functionalized affinity beads and target protein
labeling was operated according to our previous report’. Photocatalyst 51-68 was purchased from commercial
sources. ATTO390-NHS (51, ATTO-TEC); ATTO425-NHS (52, ATTO-TEC); ATTO488-NHS (55, ATTO-
TEC); ATTO495-NHS (56, ATTO-TEC); ATTO610-NHS (57, ATTO-TEC); ATTO465-NHS (58, ATTO-
TEC); ATTO514-NHS (59, ATTO-TEC); ATTO520-NHS (60, ATTO-TEC); ATTO532-NHS (61, ATTO-
TEC); ATTO565-NHS (62, ATTO-TEC); ATTO590-NHS (63, ATTO-TEC), BDP FL-NHS (53, Lumiprobe),
BDP 558/568-NHS (64, Lumiprobe), BDP 581/591 (65, Lumiprobe), BDP RG6-NHS (66, Lumiprobe), BDP
TMR-NHS (67, Lumiprobe), 7-(diethylamino)coumarin-3-carboxylicacid N-succinidimyl ester (68,
invitrogen); 5-SFX (54, invitrogen).
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Cell culture. HEK293FT cells were incubated with the RPMI-1640 medium, supplemented with 10% fetal
bovine serum (FBS) and 1% penicillin/streptomycin (Gibco; Thermo Fisher Scientific, Waltham, MA). Cells

were incubated in a cell incubator with 5% CO, at 37 °C.

Plasmid preparation.

pFN21A/Halo-H2BA. The plasmid was purchased from Promega.

pcDNA3/VS5-APEX2-H2B. Nuclear export signal (NES) sequence was removed from pcDNA3/V5-APEX2-
NES (kindly provided from Prof. Hyun-Woo Rhee, Seoul National University) is amplified by PCR using
primers (TAATAGCTCGAGCATGCATCTAGAGGGC and GGCATCAGCAAACCCAAGCTCG). H2B
sequence was obtained from pFN21A/Halo-H2BA using primers (GAGCCAACCACTGAGGATCTGTAC and
CATGGTGGCTTTGCTAGCCCTATAG). The obtained H2BA sequence and pcDNA3/V5-APEX2 fragment
were ligated with In-Fusion HD cloning kit (Takara Bio Inc.).

pDisplay/CMV-V5-HaloTag-myc-TM. The vector, pDisplay/CMV-V5-APEX2-myc-TM  (kindly provided
from Prof. Hyun-Woo Rhee, Seoul National University) was amplified except APEX2 gene by PCR (primers:
GAACAAAAACTCATCTCAGAAGAGG and GGTGCTGTCCAGGCCCAG) and HaloTag gene amplified
by PCR (primers: GGCCTGGACAGCACCATGGCAGAAATCGGTACTG and
GATGAGTTTTTGTTCCTCCATGGCGATCGCGTT) from pFN21/HaloTag-HOMX1 (addgene, FHC09676)

was ligated into it with In-Fusion HD cloning kit.

Transfect cells. Transfection of HaloTag-POI was operated according to protocol of Lipofectamine™ 3000

reagent (invitrogen).

Protein labeling in cells. HaloTag-POI transfected 293FT cells were incubated on 24 well plate (2x10°
cells/well) in CO; incubator for 24 h. These cells were treated with ligand conjugated photocatalyst (70-73,
from a 10 mM stock solution in DMF; final 1 uM in medium) and incubated in CO, incubator for 2 h. HaloTag-
POI transfected 293FT cells were transferred to centrifuging tube, discard supernatant, add PBS and centrifuge
(100 x g, 5 min, 4 °C) to remove albumin derived from medium and unbound photocatalyst. After discarding
the supernatant, to the cells added 500 puL of 500 uM labeling reagent solution in PBS. The cells were incubated
at room temperature for 30 min, and operated photo-irradiation on ice for 1 min. After the labeling reaction,
reaction was quenched by addition of 1 x SDS-PAGE sample buffer (50 mM Tris—HCI pH 6.8, 125 mM 2-
mercaptoethanol, 2% sodium dodecyl sulfate (SDS), 0.025% bromophenol blue (BPB), 10% glycerol) and
heated at 95 °C for 5 min. Proteins were separated by SDS-PAGE using 4-20% acrylamide gels (Biorad),
transferred to polyvinylidene difluoride (PVDF) membrane (GE Healthcare), blocked with Immuno Block (DS
Pharma), treated with horseradish peroxidase (HRP)-conjugated streptavidin (streptavidin-HRP, Sigma-
Aldrich), and a blot was treated with Immobilon® Forte Western HRP Substrate (Millipore) and chemical
luminescence was detected with a iBright CL 1500 | FL 1500 Imaging Systems (invitrogen). For checking of
HaloTag, V5-Tag or Myc-Tag linked protein expression, tagged proteins were visualized by western blotting
analysis (details are described-above) using anti-HaloTag pAb (rabbit IgG, promega), anti-V5-Tag pAb (rabbit
IgG, proteintech) or MY C-tag rabbit pAb (rabbit 1gG, proteintech).
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Immunocytochemical study (ICC) of Acriflavine-HaloTag-H2B. Cells were seeded at a density of 8 x 10°
cells/mL with media 0.15 mL on the collagen-coated cover glasses in 6 well plate dishes, and incubated for 2 h
in CO; incubater. After incubation, to the cells was added 1.0 mL of additional medium and incubated for 12 h
in CO» incubater. To the cells was added acriflavine 71 (from a 10 mM stock solution in DMF, final 1 uM) and
incubated for 2 h in CO; incubater. The cells were gently washed once in the dish with 1 mL of PBS buffer,
fixed with 4% paraformaldehyde (PFA) for 15 min, the cells were washed with PBS buffer once. Nuclei were
counterstained with Hoechst33452. Fluorescence signals were observed using a confocal laser microscope

(LMS780 spectral confocal system, Zeiss).

Protein purification from photo-irradiated cells. After photo-irradiated (protein-labeled) cells (3.0 x 10°
cells) was added 1.0 mL of RIPA buffer (50 mM tris-HCI (pH 8.0), 150 mM NacCl, 0.5% sodium deoxycholate
(SDC), 0.1% SDS, 1% NP-40, supplemented 1 mM DTT, 1000 U/mL Micrococcal nuclease (Takara-bio), 1
mM CaCl; and EDTA, EGTA-free protease inhibitor cocktail (Sigma-Aldrich). Then, the samples were
incubated at 4 °C for 15 min, followed by incubation at 37 °C for 10 min. Precipitation was removed by
centrifuging (16000 x g, 4 °C, 10 min) to obtain protein extraction. Dynabeads (MyOne StreptAvidin C1, 0.2
mg/sample) was washed with ultrapure water three times and added to protein extraction. After stirring for 4 h
at 4 °C, beads were collected by magnetic separation and washed with RIPA buffer (1 mL x 1), wash buffer I
(100 mM tris (pH 9.0), 12 mM sodium deoxy cholate (SDC), 12 mM sodium N-lauroyl sarcosinate (SLS), 1 mL
x 3) wash buffer II (20 mM Tris buffer (pH 7.5), 150 mM NaCl, 1 M Urea, 1 mL x 3), wash buffer III (20 mM
tris buffer (pH 7.5), 1 M NaCl, 1 mL x 3) and 20 mM Tris buffer (pH 8.0, 1 mL x 2). Then, labeled protein
binding beads was applied next step (Western-blotting or trypsin digestion for LC-MS/MS).

Western-blotting analysis of labeled histone. Desthiobiotin labeled proteins were eluted from beads (prepared
in section “Protein purification from photo-irradiated cells”) by adding 1 x SDS-PAGE sample buffer
supplemented 1 mM biotin (from a 100 mM stock solution in DMSO) and heating at 95 °C for 5 min. The
protein mixture was separated by SDS-PAGE, transferred to polyvinylidene difluoride (PVDF) membrane (GE
Healthcare), blocked with Immuno Block (DS Pharma), treated with anti-H2A (rabbit, Active Motif), anti-H2B
(rabbit, Active Motif), anti-H3 (rabbit, Active Motif) or anti-H4 (rabbit, Active Motif) and anti-rabbit-HRP
(Santa Cruz Biotechnology), a blot was treated with Immobilon® Forte Western HRP Substrate (Millipore) and
chemical luminescence was detected with a iBright CL 1500 | FL 1500 Imaging Systems (invitrogen).
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Preparation of digested peptides for nano LC-MS/MS analysis. Desthiobiotin labeled proteins were enriched
according to section “Protein purification from photo-irradiated cells”. The beads were suspended in 100 pL of
20 mM Tris buffer (pH 8.0) and to the suspension was added trypsin (Promega, final 100 ng/sample). After
incubation at 37 °C overnight, to the solution was added 10% TFA solution in ultrapure water (final 0.1% TFA).
The solution was desalted using C18 pipette tips (Nikkyo Technos Co., Ltd.). Desalted solution was
concentrated under reduced pressure, dissolved in 5% MeCN/0.1% TFA and applied to LC-MS/MS analysis.
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1-(2-(2-(2-azidoethoxy)ethoxy)ethoxy)-6-chlorohexane (76).

'H and '*C NMR spectra of compounds
'H NMR (500 MHz, CDCls)
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HaloTag ligand conjugated Ru(bpy)s complex (70)

'"H NMR (500 MHz, CD3;CN)
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HaloTag ligand conjugated acriflavine (71)

'"H NMR (500 MHz, CD;0D)
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HaloTag ligand conjugated BODIPY (72)

'"H NMR (500 MHz, CDCl5)
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HaloTag ligand conjugated coumarin (73)

'"H NMR (500 MHz, CDCl5)
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(a) This work: Intracellular photocatalyst- (b) Conventional methods: BiolD, APEX
proximity labeling (iPPL) Labeling radius < ca. 10 nm (BioID)
Labeling radius < ca. 6 nm Labeling radius < ca. 20 nm (APEX)
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