BAEMDOIHAICH->TGEEHRIXTFAZEGE 1280

REHIZIE, ZEEEOFRICHECTRD I GY—IZHLTNET,
REMECHAITBRIZIE EDEDHDHESAIZHE>TLZELY,

* EEENE=ZBICREIIZEYTHY. FRAICH--TX. COE=ZFLYVERREZTR[ILE
BNHYET,

CC.ENFENE=BICRBITAFE=ZFDEFEYWTHLIMN. V) TAT4T ATV ADTAEADEHLET
FEATEEYT,

@ TV IRATHY  EEEDOFIRGFIATEES,

L EEEDIY—IMISNTORNS S EFENRERZRVRRAFOXEFITRELET .
BET. FEMMIN OEEFENLTEMICR>T. ROMTHRYT S EaErFELET,

I #EHERUVERYOMER. RE. B

I LB

M (23— YMREFDARIZE

IV #HER. w&E. TOMDERE

V AEMZLEERSNEZRAEEDISOVTO I HMdIV

CHAIZH->TIE. ROELLMDIL IR EBAREEL TLZELY,

B KE Todai OCW EH{FEEES
Copyright 2013,;EHE7 ZHE

The University of Tokyo / Todai OCW The Global Focus on Knowledge Lecture Series
Copyright 2013, Yasuteru Urano




(

alalalal=ReRelzls

: NERLLL &

i'l':* CRETEM B DFL

~IERICE D EEBEMDE|H ~

& =S & H

REED?)
REKRNF KFb ’ﬁ%zﬁw R ERIEHRFST

ﬂ%?i'iﬂﬂh_‘z 1%%1% B ;hJJIJ i?‘;ﬁﬂ:? I:I’J 5 Ls

,5;" el
N
b
3

 2013.7.1 ER25EESFEES @EBKOMCEEL ¥ F v—

R—IL




FAT A A= 7 1L B MRERRR B

FEAENERFHMARRE. =5

JETEY X dITHE ; Hﬂ-:f;? FY—LA
I

» \V4
O } o
\V4 . »
O 4 -
¥R E O VA 0

RIVFF Y — L

¥ EfRHE RRAXZEGHERETRESRSE
http://csls-db.c.u-tokyo.ac.jp/

GE7-FEHMBTRTE, TOFETIRRALL -



70eh7571—RWEERR S 2

I FY—L
INEEE

Yyyy—yg W

* EfRHE: RRKZERR
FHEREGRSE
http://csls-db.c.u-
tokyo.ac.jp/

HHRaE
Jhy—Lh | EPAFYT
RVFFOV—L4

&P : RBFERPFOEFRNRIL NI

SESIRE S
Image by Fifo,
from Wikimedia
Commons
(2013/09/12)
http://commons.wi
kimedia.org/wiki/Fil
e:Syringe_with_ne
edle_and_needle_
cap.jpeg
CCBY-SA25

Image by ConHelius,
from Wikimedia
Commons (2013/09/12)
http://commons.wikimed
ia.org/wiki/File:HPLC.gif
CCBY-SA25

7Pk : EETI\ 5T €0 FSFHMNI D EFTELG)



BATO-T72FALIEDFA A=)
> R4 ELTIMIBRNBIEEY7ZIVE1LICHS

3

> Biology: 21471 X—J 12 BB E IR S R AT

Chemical Biology
(Chemistry for Biological Research)



KR ILFES. FD=HICS k%
LTLBDNESD?

- SRITBEBRHNEN?

cHNO,, cH,SO, NO,
O—




KR LFEE. MOHICEmE
LTLBDNESD?

- SRR EBRNEM?
- FENDHWEZFH LS TFER/IRNT S,

OH OH o°
NO, N0
> > ||
HNO, NH, yZ

FH 7071 R = HPLCRUTEBIXR7 S /BEDOFEEMS



KR ILFES. FD=HICS k%
LTLBDNESD?

- SRR EBRNEM?

- FEDWAEZIF/-E-2F2RIRT S,
— HOTENHAELRIMTEEHH ?

- MEIRBZFALT, HEDHEEZRIRT S,



BIEEIIERICHERETHS

~HRDOR D=2 7=—R D72 F TEHIR L FTRE~

% RIE RHEERE & DB %R 57
7'5 A = -log(I/Ip) = ec-l
sJo & -9
i c = 10 mol/L
W7t ( A=10"*, £=10°, I=1 cm )
F = KIydec
HAiE |(Kk=0.01, To=1 mW=2"10"" photons/sec, ¢ = 107 mol/L
$=0.5, €=10", |I=1cm, F=100 photons/sec )
E = K'N-¢-c
R E | (K=0.01, N=6.02"10%°, $=0.01, E=100 ¢ =1.7-10"" mol/L

photons/sec )




BIEEIIERICHERETHS
~HRBOPDI=27—E D5 FTHIR L A RE~

% RE RHECRE & DB % L PR 57
A = -log(I/Ip) = ec-l
sjo & =1 -9
n&?'l:}f ( A=107%, £=10°, I=1 cm ) ‘ 07" mol/L

E = K-N'¢-c

R¥iE | (k=0.01, N=6.02"10%°, $=0.01, E=100 ¢ =1.7-10"*8 mol/L
photons/sec )




BEXNIVEDFRAICEDZIFITI A0 ORENES

B
Image from the RCSB PDB
(www.pdb.org) of PDB ID
1EMA
(Ormo, M., Cubitt, A.B.,
Kallio, K., Gross, L.A.,
Tsien, R.Y., Remington,
S.J. (1996) Crystal
structure of the Aequorea
victoria green fluorescent
rotein, Science 273:
1392-1395)

Photo by Prolineserver, from Wikimedia Commons (2013/09/12) % ©Sierra Blakely, from Wikimedia Commons Tyr66 0 GlysT e]
http://commons.wikimedia.org/wiki/File:Osamu_Shimomura- http:/en.wikipedia.org/wiki/File:Aequoread.jpg ‘N r«.\"}; N/‘\n:ﬂ;
press_conference_Dec_06th,_2008-1.jpg CC BY-NC-SA 2.0 " HN.A 9"' 0 > o _,#Hg
H
NH
o

THExE A Sk "l o
2008F/—NIVEFEE @/\#0

N f BELAVRFICRKL KOHEE

@7 oDl TRSUBTENHES
g 9 — EoTNBETS=FBL L
’;‘ ERRE EEEERK (RERAZIZRMER)

ae  AFHEETBESS .
§ HETEDLS
LETRALL ) EODRRZBESICLEST=0D ? BEEE T,
> ERHIRIEE I CEBELREATETHS. B
> HELEVRREFICREL NIBEE S DHTROUBIENTES,




FRAAMRICSZI—RERFHE

BERERXESINVAEGPIHRRLET—2—22NIBF2 2 HL—I
(WMME D LEEL>TIKEST, AL DEEIE—RFFDF R ICHETS,
SDFZ(Unc10DIFIERISEVERE(2 um/s)TEENT S,

| TR *
A _ T

M. Tomishige et al.
~180 nm § vy ! - (2002) Conversion
J ) ’ : of Unc104/KIF1A
R FIE ——. il Kinesin into a

— Processive Mowor
e 1 um ’
L —HF—3 H Science,
\ Cy5-axoneme vol.297:2263-

2267, Supporting
Online Material,
movie 1.

* EGRYS EEERK (RRAFIFRHRR)

RRAE XERIFRMARE MEBIFEH EEEHEHATEHomepage

BETRALL ) OH7?
> REVEDE. FFRICDBVELHIFELEVNIESSL,. — HNEDFR
> REVHDICE. KEBBHAFOTWEND, — BXZN7EOER



HRRRICEIIDZDF1—TVFA4TAA=20Y

A

sy —L ju [ PR 7. 8 IRV —L

IharFU7
RNFFY—4

Bruce Alberts et.al., Molecular Biology of the
Cell, 5th ed., Garland Science, 2007, DVD-
ROM, Media 17.6 (Media Code:TTCT)
Courtesy of William Sullivan (UC Santa Cruz)

¥ EMRHE: RERXZEGHERERESRE
http://csls-db.c.u-tokyo.ac.jp/




BEFINIBDFRICEDIFITLA-I T ORIBHIES

*
M. Tomishige et al.

(2002) Conversion of
Unc104/KIF1A Kinesin

into a Processive
Motor After

Dimerization, Science, C y 5-axoneme

v0l.297:2263-2267,
Supporting Online
Material, movie 1.

REAY K¥ERIFRHARE
VMETSEY FEEEHMATEHomepage

*

Image from the RCSB PDB
(www.pdb.org) of PDB ID
1EMA

(Ormo, M., Cubitt, A.B.,
Kallio, K., Gross, L.A.,
Tsien, R.Y., Remington,
S.J. (1996) Crystal
structure of the Aequorea
victoria green fluorescen t
protein, Science 273:
1392-1395)

BETRALVD ] BDHRABEINCET=DH?
> BRELEVRFEHIRES VB EODITERBEICESES.

BESZNVATRERHHLLCE
> aUNRTRICLIRES VBRSO DIIBTERTELL,

> BIELEVRFOFERDHIH. EABREICHZDHDIEDHSEL,
> EMCEBESONVBREFALTIA—I7FTBIESEEHULY,



k20N ZARMA - EIMTA

LEHEZE1LOHh?

[ BALBEEETIYESE. TJLESTNCTYLY . AHITED,
> EBEA—RETHMERA TR, BEFRELAVIBHTILL 5.

| EMCRETEAEBREHGLLTOBANTETSHS, )
LETRALL OM?

> BEVGOE, ERICHEVBLAEELLLIEH S,
(> REVEOKE. XEBBARLTLIEL, ]

ESXH>TIRDITE1 DM ?

(> BEICEAEHETIEEERILT. REVAFETRILTS
Mk 70—7 (RN EEN A/ S FERRTUER.

> ERICE T M- —%EhH | | 2RRT B, y




(EERAEMET r—)—%2HE ! | IETEZHN?

T—T A4 NIRTH—F (fE-#&)
[#Ho+—)—%&hE | JERAI=E=GR).
TL—ARJLEE. 20005




(EERAEMET r—)—%2HE ! | IETEZHN?

EZFEDODEREIZKY
ZZICERAIN TV -EEE
HIERLZELT=

X—TA INRTDH—FK (fE-#&)
[#hoA—1)—%&h & !
FER A== (ER)
TL—A~JLEE. 2000F KUY



(EERAEMET r—)—%2HE ! | IETEZHN?

(_;,J"

T l/7<‘:7i710)¥|t

BIRTE 74— -SSR TEHEITNIENTEN




(EERAEMET r—)—%2HE ! | IETEZHN?

var—')—yb\n)\c\aw\yb\m\bm\e: S IRE
BIFADIEENDHDASLEL,
= 91— O ABLLEOBERITAGE - -

//7' l/7<‘27177~0)¥||$
BIRYE 91—~ A SR TRHIE L)




(EERAEMET r—)—%2HE ! | IETEZHN?

EZFEDODEREIZKY
ZZICERAIN TV -EEE
HIERLZELT=

X—TA - INRIDAH—K ({E-#&)
[#hoA—1)—%&h & !
FER A== (ER)
TL—A~JLEE. 2000F KUY

VA=) —ICBTESALN>IERERATLEDST,

HI=DEIA—")—HNBEIINRATLES,
— BIREHFOETTIEZA !




VA= )—HEBERRFEHNENLTS
(EEEXTO-TT Ior—1)—2ZhHtE | | ZRRTS

EEEDEEIZELY
ZZICERAIN TV -EEE
HIfRLELT=

I—TA IR I+ —F (E-#&)
[#FroA—)—%Zh& ! |
FER A== (ER)
JL—A~JLEE. 20005 &KUY



VA= )—HEBERRFEHNENLTS
(EEEXTO-TT Ior—1)—2ZhHtE | | ZRRTS

EEEDEEIZELY
ZZICERAIN TV -EEE
HIfRLELT=

I—TA IR I+ —F (E-#&)
[#FroA—)—%Zh& ! |
FER A== (ER)
JL—A~JLEE. 20005 &KUY

BIEDEL:7+—)—-HEDETIEXSLEL,
VA—1)-HEHENDHTHES

B :2x—)—=FICESRTHBE



B¥70—7 D%

O O &
o v ©° | wyyo-7 |° 0
o U (V) ¥ ¥ ¢
O v > O
o Vv © O ﬁo v
e vV O O & C

BE7O-7Lld.
BN R S FEMFRNIC RG-S
- TDRIRTERAEFEHAESEILTS
HREEDFTHS. (EERBHREZRANICRLEZED, VOB FOHERARMICIRTETS. )

Hardware

(axmmeE) | BHEMREAVT, £ TUVSIRETER
B ZE =T 2%k, EEDEMEHRE
(CBE<TRESLWERLBiEELOTIVS,

Software
(#¥20—72)

ECBHH, FEBTERIRTIMLIAMER
DFEREEEIIEN—TT, PATLO—R%
53T DXABEESF(RAETO-THRE)
DESIIEREISEN o7,




BAE70—-70HREH

OKO';»OLO- ° JORI\;}O Q
O ouo@

cl ‘ CI Hs
aos Unpredictable |

|/x7O-7&ls.

Y

BN R S FEMFRNIC RG-S
- TORIETERERFEHKREISENLTS
HREEDFTHS. (EERBHREZRANICRLEZED, VOB FOHERARMICIRTETS. )

Image by KMJ from de.wikipedia.org
http://commons.wikimedia.org/wiki/File:Buntstifte_01_KMJ.jpg
CCBY-SA 3.0

12080EIREIIHDH. 1208BIEAN L



RIEIEREEREN., MAEIREERXETO—THySOXDRH 5

RIBIEREE

HySOx 2 uM in 0.1 M NaPi buffer, pH 7.4 ~ 200
5
--NaOCI solution 1 uM X 5 < 150
c
-- Peroxynitrite solution 1 uM X 5 o
-- Monochloramine 5 uM 5
-- NOC13 (NO generator) 5 uM 2
o
S
=)
T
--H,0, 100 uM 0 500 1000
-- No treatment Time (sec)

JACS 2007, 129, 7313-7318.



SiR-based HOCI Probe
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HOCI
O . O
MMSIR (R = H) SMSIR (R = H)
wsMMSIR (R = CON(CH,COO"),) wsSMSIR (R = CON(CH,CO0"),)
colorless & nonfluorescent colored & highly fluorescent

JACS 2011, 133, 5680-5682.



SiR-based HOCI Probe
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Reproduced with permission from Y.
Koide, Y. Urano, et.al. (2011)
Development of an Si-Rhodamine-Based
Far-Red to Near-Infrared Fluorescence
Probe Selective for Hypochlorous Acid
and lts Applications for Biological Imaging,
Journal of the American Chemical
Society, vol.133(n0.15):5680-5682,
p.5681 Fig.3. Copyright 2011 American
Chemical Society.

Fluoresence microscopy imaging of phagocytosis

of 1 uM MMSiR-loaded porcine neutrophil.

(0 sec) Opsonized zymosan particle was near the neutrophil.

(30 sec) The neutrophil was engulfing the zymosan.

(90 sec) Phagosytosis was complete.

(240 sec) HOCI was generated in phagosome and MMSIR detected it.
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maging agents
Technique Costf )
m e

Paramagnetic

© chelates etc.
lodinated
CT © © % 53 molecules %
Ultrasound © @) X $$ Microbubbles X
18F-labelled

FEY S © % 553 compounds etc. %

9mTc-labelled
SRECT O & © X $% compounds etc. %
Fluorescence © © A O $ R ClE eI ©

Photoproteins

Adapted mainly from Weissleder, R. and Pittet, M.J., Nature, 2008, 452, 580. §©, <1 mm; O, 1-2 mm. '@, msec;
O, sec ~ min; A, min ~ hr. *Tissue penetration; ©, no limit; O, cm; A, < 1 cm. *Cost is based on purchase price of
imaging systems in the United States: $, <US$100,000; $$, US$100,000-300,000; $$S, >USS$300,000. *Activation
rate of imaging signal [fold]; ©, no limit; O, ~ 10; X, 1.
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Resolution

Imaging agents

Activat-
ability*

Paramagnetic

© chelates etc.
cT © © X 55 o locules *
Ultrasound © O X $$ Microbubbles X
PET O © X 383 C(;anp-l)aubned”Se:tC. 8
SPECT O A © 8 $% cgcjrr:mTpCc;lfr?desl,lzfc.
Fluorescence © © A O $ F;%%izf)%?;?r?: | -

Adapted mainly from Weissleder, R. and Pittet, M.J., Nature, 2008, 452, 580. §©, <1 mm; O, 1-2 mm. '@, msec;
O, sec ~ min; A, min ~ hr. *Tissue penetration; ©, no limit; O, cm; A, < 1 cm. *Cost is based on purchase price of
imaging systems in the United States: $, <US$100,000; $$, US$100,000-300,000; $$S, >USS$300,000. *Activation

rate of imaging signal [fold]; ©, no limit; O,

~10; X, 1.
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Chemical Medicine ({LZRICED<FLLER)
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Screening of Cancer-Specific Enzymatic
Activities with Fluorescence Probe Library

Normal cell Cancer cell
(HUVEC) (SHIN3)
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gGlu-HMRG Leu-HMRG Calcein-AM
(GGT) (LAP)

(Esterase)

*

Images (partly) from: Y.
Urano, et.al. (2011) Rapid
Cancer Detection by
Topically Spraying a y-
Glutamyl transpeptidase—
Activated Fluorescent Probe.
Science Translational
Medicine, vol.3:110ra119,
p.3 Fig.2A. Reprinted with
permission from AAAS.

Sci. Transl. Med., 2011, 3, 110ra119.
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Science Translational Medicine,
vol 3(Issue 110), 23 November 2011,
Online Cover Image
http://stm.sciencemag.org/content/3
/110.cover-expansion

*

Images from: Y. Urano, et.al.
(2011) Rapid Cancer
Detection by Topically
Spraying a y-Glutamyl
transpeptidase—Activated
Fluorescent Probe. Science
Translational Medicine,
vol.3:110ra119, p.3 Fig.2A.
Reprinted with permission
from AAAS.

Sci. Transl. Med., 2011, 3, 110ra119.
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Sci. Transl. Med., 2011, 3, 110ra119.
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BEARFEHSALZE (7O0-THE19%)
(AETHK-TLBM/NIHA=0.5-3 mmizRE)

An Image (above) from:Y. Urano, et.al. (2009) Selective molecular imaging of viable cancer
cells with pH-activatable fluorescence probes, Nature Medicine, vol.15:104-109, p.105 Fig.1.
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