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WoITTVUY -2 ITIS5S—CRE R. Dubois (1885)

Luciferin-luciferase reaction (L—-LKJt)

AR @BEIL>TITS5—PEE)
ETDET

Bi# (mgLs7TU>an)

EHVUIAYF Pyrophorus WD OB HiC 22y
L—- L& gz (EH
o — o — \ls M == E Ek
AR + B === FE ( Eg':fD‘ 5
BE A MIAA—R)

* 35725 “lucifer” = “light-bringing”
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1885 LETTUS—ILS T TS—PRIEOEE

1928 IV J —ILOAEEFEN E NMRS 2L g
1947 O R ILEMIFEN (CATPH L E (1945)

1957 MERGIVLS T T U DfERIL S——DNAZE5EA
1957 O RTILILE T T > DiEsRt (1953)
1961-1963 @7RSILILS T T U DIBERE (1560810
1962 A DAY EGFPORR (BAADT IS5 ) — qrvoxE
1966 S SIRAILILILE T T U > OSSR (1961)
1975 A OA S DREREBE LTSS LS TTUY) OER

1984-1985 ORI DJxS—tEDoO—=—>7

1085-1986  FARADAUSDIO—=28 FHADI55) " qomm
1992 GFPOoOO—=>7 (BAEAIT>TS45)

1996 O ILKERSIILS T T 5 — D OMRHEERE

1996 GFPOEEBIERTE

2000 (AU DR RE

2006 05 SRS T T S—CORRESRE (RENE)

2015 &+ ORIV B OIS RIE



WoITTVU /RABEENSTIS—E
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firefly luciferin ©ji L/\/ ©/[
RA)VIREFERR
Cyprldma luciferin coelenterazine
CHO D =RA)L AD>2D055, D=>2A595
bacteria luciferin =
02— firefly luciferase N¥FE 60-62kDa
FANTTIT RS EH  pH 6.2-6.3
Watasenia luciferase 3kfi%88
IV H
Cypridina luciferase @ 9¥& 60-70 kDa
DRI Z&ES pH 4.35
Renilla luciferase 9= 35 kDa
=A%
Bacteria luciferase DF2 70-80 kDa
dinofllagerate luciferin J\Z 51077 (heterodimer)
Sl s a subunit 40-42 kDa

B subunit 37-39 kDa



IRFIVOEMFNE : Luciferin-luciferase reaction (L-LKS)

. BB
HO S /N
T~

ATP, MgZ+ 2693

O = j/+5'e
NWoIJx5—%

(530 ~ 640 nm)

ISV ##/N/?IU/ Mz 0
(FREE) (k) A= 41%
By SR JLRERSIL

Luciola cruciata Photinus pyralis Phrixothrix hirtus

Photo: Ojibway Nature Centre, Windsor, Ontario Photo: Professor Vadim R. Viviani
at Universidade Federal de Sao Carlos, Brazil

Quantum (1) Seliger H. H.; McElroy, W. D. Arch. Biochem. Biophys. 1960, 88, 136.
Yield (2) Ando, Y.; Niwa, K.; Yamada, N.; Enomoto, T.; Irie, T.; Kubota, H.; Ohmiya Y.; Akiyama, H. Nat. Photonics 2008, 2, 44.
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NI, BRHEERE
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luciferase

i, FEiFE
oO0—=>9

7 =) E4Eesl
ZE2{& (mutant)
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firefly \
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) Luciferin-luciferase reaction
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IRFIVIVE T T S5—CE Dt - BiEg

IR N\ — [—3=z
sr e dried and removed lanterns - BHEURWKDITER
LKEARZIL

\4

EDTAR R

EERIILS D5 —+

(30 g from 6,000 fireflies) E@E%%&%Tr iﬁ;u%g FL— hAl
TR
» orinded, defatted with acetone, and dried
> acetone powder (in the cold) Green, A. A.; McElroy, W. D.
» extraction with I mM EDTA (pH 7.8) Biochim. Biophys. Acta
1956, 20, 170—176.

The Johns Hopkins University
* adsorption on calcium phosphate [Ca,;(PO,),] gel and

washed the gel
> removing soluble impurities

* eluted with 0.82 M (NH,),SO,/1 mM EDTA (pH 7.9)
« ammonium sulfate fractionation (4.1 M, pH 7.8)

» dissolved and dialysis against a low 10onic strength

buffer (0.1 M EDTA, 10 mM NaCl, 2 mM Na,HPO,, ALK ERZIL
pH 7.3) Photinus pyralis

wEILIDIS—F



WS I T V>0 - BEE (AEKERS IV Photinus pyralis)

B e dried over CaCl, in a vacuum desiccator
Y - 2
EST=RRI e their lanterns are separated by hand

. tor of diied | - AEEDIEEN RS T
ac:ton: pOW°t§rbO .1.1'16 at[nterns W LMESYE RS

* extraction with boiling water HIEER  SSHRREE

* adjusting pH 3 and extraction with AcOEt (p R

v
s p 4o 1 FAEHER DTSR
;ﬁ%'ﬁfi' " %C e Fuller’s carth m - L-LRIG (7w tz1)

adsorption on Celite-Fuller's earth mixture . UV-VisTELY

for column chromatography
» wash with water-saturated AcOEt and

elution with alkaline water (pH 8.0-8.5) Bitler, B. & W. D. McElroy,
» adjusting pH 3 and re-extraction with AcOEt Arch. Biochem. Biophys.
» partition chromatography [Celite; elution 1957, 72, 358—-368.
! with butanol-chloroform-water (135:15:50)]
1V A D > RIS DJx) 9mgfrom70g
* adjusting pH 3 and extraction with AcOEt of acetone powder
* evaporation, dissolving in acetone, and (12000 fireflies)

addition of water
* slow evaporation of acetone by N, gas flow
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firefly 1k | pyA — mRNA —> protein
SR

-AAAAAA

~ d

v

{B##8IDNA (cDNA) SA4J5SU—
complementary DNA

!

recombinant protein
HHAHRR T > INDBDFEB




IRFIVIWVE T T S5—EDF7 =) Bl

JEKERS IV
Photinus pyralis
luciferase

DFE 60734
7= ERRE
550

TR II
Luciola cruciata
luciferase

DF£ 60024
7= ERRE
548

Photinus pyralis: De Wet, J. R.; Wood, K.V.; Helinsky, D. R.; DeLuca, M. Proc. Natl. Acad. Sci. U.S.A. 1985, 82, 7870—7873.

Sequence

1
51
101
151
201
251
301
351
401
451
501

MEDAKNIKKG
ITYAEYFEMS
AVAPANDIYN
IMDSKTDYQG
STGLPKGVAL
TTLGYLICGF
IDKYDLSNLH
ITPEGDDKPG
YVNNPEATNA
PAELESILLQ
YVASQVTTAK

Sequence

1
51
101
151
201
251
301
351
401
451
501

MENMENDENI
VDYSYAEYLE
GVGVAPTNEI
IVILDSKVDY
SGSTGLPKGV
MFTTLGYLIC
ELLNKYDLSN
IIITPEGDDK
KGYVNNPEAT
VPPAELESVL
MDYVASQVSN

PAPFYPLEDG
VRLAEAMKRY
ERELLNSMNI
FQSMYTFVTS
PHRTACVRFS
RVVLMYRFEE
EIASGGAPLS
AVGKVVPFFE
LIDKDGWLHS
HPNIFDAGVA
KLRGGVVFVD

VVGPKPFYPI
KSCCLGKALQ
YTLRELVHSL
RGYQCLDTFI
QLTHENTVTR
GFRVVMLTKF
LVEIASGGAP
PGASGKVVPL
KELIDEEGWL
LQHPSIFDAG
AKRLRGGVRF

TAGEQLHKAM
GLNTNHRIVV
SQPTVVFVSK
HLPPGFNEYD
HARDPIFGNQ
ELFLRSLQDY
KEVGEAVAKR
AKVVDLDTGK
GDIAYWDEDE
GLPDDDAGEL
EVPKGLTGKL

EEGSAGTQLR
NYGLVVDGRI
GISKPTIVFS
KRNTPPGFQA
FSHARDPIYG

DEETFLKTLQ DYKCTSVILV

LSKEVGEAVA
FKAKVIDLDT
HTGDIGYYDE
VAGVPDPVAG
VDEVPKGLTG

Luciola cruciata: Masuda, T.; Tatsumi, H.; Nakano, E. Gene 1989, 77, 265-270.

KRYALVPGTI
CSENSLQFFM
KGLOKILNVQ
FVPESFDRDK
IIPDTAILSV
KIQSALLVPT
FHLPGIRQGY
TLGVNQRGEL
HFFIVDRLKS
PAAVVVLEHG
DARKIREILI

KYMERYAKLG
ALCSENCEEF
SKKGLDKVIT
SSFKTVEVDR
NQVSPGTAVL

RRFNLPGVRQ
KKSLGPNRRG
EKHFFIVDRL
ELPGAVVVLE
KIDGRAIREI

AFTDAHIEVN
PVLGALFIGV
KKLPIIQKII
TIALIMNSSG
VPFHHGFGMF
LFSFFAKSTL
GLTETTSAIL
CVRGPMIMSG
LIKYKGYQVA
KTMTEKEIVD
KAKKGGKSKL

ATAFTNAVTG
FIPVIAGLFI
VQKTVTTIKT
KEQVALIMNS
TVVPFHHGFG
PTLFAILNKS
GYGLTETTSA
EVCVKGPMLM
KSLIKYKGYQ
SGKNMTEKEV
LKKPVAKM



NH,

IR IVEVDFES Dt HtE f
¢ A2

H 0
HIVIRK>EED j)ko—%'—o
o EMHE s ”aH {:
H ! ATP, H O
HO s, N3AO, gz+ 5 & ¢
\©: an j, %—( T NoAMP——> %—( T Noamp
N S
IS 1Y > (luciferin) 75— )ik §J7_ g
CTIL(ESahHie T ) tkiE
EZ|SEEE: @ {b;}ﬁbﬁ_ %
i
+ AMP + 0=C=0
SAFXES) > o
¢ 3R —EIAFhRIARED

[EIRILF—hfEE]

O+ E#48 . Branchini, B. R.; Behney, C. E.; Southworth, T. L.; Fontaine, D. M.; Gulick, A. M.; Vinyard, D. J.; Brudvig, G. W.
J. Am. Chem. Soc., 2015, 137, 7592.

A X2/ 88 (180,3EER) : Shimomura, O.; Goto, T.; Johnson, F. H. Proc. Natl. Acad. Sci. USA, 1977, 74, 2799.

O CTILHEHE : Isobe, H.; Takano, Y.; Okumura, M.; Kuramitsu, S.; Yamaguchi K. J. Am. Chem. Soc., 2005, 127, 8667.
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- Phrixothrix hirtus
CE[EwiNE=
fRixI=iFE

| o OR2)L

Luciola cruciata

ESpirgss!

Photo: Professor Vadim R. Viviani
at Universidade Federal de Sao Carlos, Brazil

O
H ATP, Mg2* .
HO S N B O HO O
\@:/ /j)koH 2 ) S/ /Nf I
N S }l/°/7:|:3—'t} N :S

e UM FEIILSTT)
(XEDEE) (—EIRRERRE

OR—DEBTHALKEREBENES, v
=)L IS—EDEE p)"
SAFULLTTIVOBRENEILTS 5 < 530~ 6A0RMY
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L-L reaction

’ |
S green

9 |

green
reporter gene

oy —  —> ) e
|
o —> — O

red red luciferase
reporter gene

green luciferase

1.0-
0.8+

=}
o
i

(o)
1]
HO S N C\
O, + ATP + — o
2+ M92+ \©|:N Sj,@

luciferin

Fiod o2 ve inton sty

Nakajima, Y.; Kimura, T.; Sugata, K.; Enomoto, T.; Asakawa, A.; Kubota, H.; Ikeda, M.;
Ohmiya, Y. BioTechniques 2005, 38, 891.

Tranamtancs (%)



IRFIIVDENFEXDZERE

Pyrocoelia miyako (A, =550 nm) =S¥a<KkR4%JL yellow-green

max

max = 962 nm) LK ERSIL  yellow-green
max = 562 nm)  HERERAIL  yellow-green
= 544 nm) 5oOmRARIL  yellow-green

Photinus pyralis (A
Hotaria parvula (\

Luciola mingrelica (A

Luciola cruciata (A

max
- Luciola lateralis (2., = 552 nm) AL HR42)L  yellow-green

023 Pyrophorus plagiophthalamus ()., = 546 nm : green)

max

0% Pyrophorus plagiophthalamus (1.,,, = 560 nm : yellow-green) .< 14 BE
=578 nm : ) EAYIAYF

=593 nm : orange )

0.00918°%2 Pyrophorus plagiophthalamus (\

max

0.013 Pyrophorus plagiophthalamus (A

0.004 max

Ohmlya Y.; Ohba, N.; Toh, H.; TSLI]I F. 1. Photochem. Photobiol. 1995, 62, 309.

EAYaAYE

FoORA)L

SvaviRaL o ARSI
(BE) KEESR, &5, vol. 50, no. 11 (1996); ‘KL DRV LBER’, ~N—RMHAR (1998); “REZNLDAK’, £H.5-o4 (2003).



WoITIS—CDERWE : BZEAD

FUSRENNLTIS—HE 1) EFOFLTIUNE

DcDNAZE i;fg%;fbm*
KBTS RZRpGLF37 2) KIFECTHE 2=
W2 )2EMAT
RAEFTVY
x5 #14% (562 nm)
Val239 — lle #% (558 nm)
Prod452 — Ser &AL 2 (595 nm)
Ser286 — Asn AL (607 nm)
Gly326 — Ser 7% (609 nm)
His433 — Tyr 7 (612 nm)

FH 3. RABEERICLDEL
FEAER T Y P HR%k, € OMBEREMRE,

Kajiyama, N.; Nakano, E. Protein Eng. 1991, 4, 691-693.



ERKERFIVILETITS —t’OJ.‘ﬁE ;-El*ﬁf:'l_:(Photinus pyralis)

C-terminal domain

(small)
(7=/8% 440 - 550)

active site ?

N-terminal domain

(large)
(72/8 1 - 436)

EREFRZL  OFE 60734
Photinus pyralis 73BT E 550

luciferase

Conti, E.; Franks, N. P.; Brick, P. Structure 1996, 4, 287—298.



TSI IS T T 5—EDFEERIBIE (Luciola cruciata)

NH,
NN
S
HO ] ° Ny
S N
\©:,>—</| HE ° DLSA: RIGTERZLILY Tz
NS o "o o 7T ZIVA(RIGFRE) DT FaY

. HO S NH
Hiso47 N A CH
\/IN \\ ’» 3
HO o) o HO’L
N ~ "',' \“ ————— Thl’529
\\’NH 3 . PR |

N
PheZ49 Ser34g Th 53 Argzzo

Nakatsu, T. Ichiyama, S.; Hiratake, J.; Saldanha, A.; Kobashi, N.; Sakata, K.; Kato, H. Nature 2006, 440, 372—376.



SOSRININS T I S—LORBRIBE : RREHE

oc”
7
/s
o-helix 871
, B-sheet
/o
HO

DLSAM A ST-RATLS286NE £ (K

Figure 2: a, Superposition of the LerLuc (WT)
DLSA (green) and LerLuc(WT)AMP/oxyluciferin
(white) complexes. b, Superposition of the structures
of LerLuc (S286N) DLSA (pink) and LerLuc (WT)
AMP/oxyluciferin (white) complexes. Polar
interactions are shown as dashed lines. ¢, Comparison
of van der Waals interactions in the structures of wild-
type (left) and S286N (right) luciferase complexed
with DLSA. The van der Waals radii of DLSA (blue),
Ile 288 of wild-type (green and light green) luciferase,
and Ile 288 of S286N (red and pink) luciferase are
drawn in colour. The atoms in van der Waals contact
Wild-type {closed form) S286M (open form) with DLSA are highlighted in green and red.

Nakatsu, T. Ichiyama, S.; Hiratake, J.; Saldanha, A.; Kobashi, N.; Sakata, K.; Kato, H. Nature 2006, 440, 372—376.



IRFIVDFEElEElE (CRET DA%
g1 h—T/—))LEZE% (White)

oy T == S eyt

keto-form / phenolate anion enol-form / phenolate anion
red emitter green emitter

White, E. H. et al. J. Am. Chem. Soc. 1969, 91, 2178; Photochem. Photobiol. 1991, 53, 131.

o p

g2 . 7B D /S5— A2 D FJE (Branchini)

o)
HO\©:S N oamp O, et
>_</ > >_</
/, /
N s—\ CHs luciferase CH3 green~red
CH; CH3
5,5-dimethylluciferin keto-form of phenolate anion
adenylate multi emitter

Branchini, B. R. et al. J. Am. Chem. Soc. 2002, 124, 2112.



ThEDIDT)S—MMAZDHEEANT ML

@-) (@)
Base-H >_</
\©:N/ s\ CHs

CH;
base: tri-n-butylamine base: 1,1 ,3,3-tetramethy|9uanidine
benzene CHCI benzene HCI
10k 54] 588 624 CH;CN 10k 570%0? 624 CH,CN
~ 1 541 624 2-PrOH - p_xy|e5|§e3 624 2-PrOH
> 630 MeOH | » | 630 MeOH
= =
- C
80.5 20.5
= £
OO 2 | 2 | 2 | 2 | OO 2 | 2 | 2 | 2 |
500 600 700 800 500 600 700 800
wavelength / nm wavelength / nm

Fluorescence: 541 ~ 637 nm
[Bioluminescence: 530 ~ 640 nm]

Hirano, T.; Hasumi, Y.; Ohtsuka, K.; Maki, S.; Niwa, H.; Yamaji, M.; Hashizume, D. J. Am. Chem. Soc. 2009, 131, 2385.



ThEDIIT)S—PMMAOHLHE :

AR EA A 2 BEDIKFIE

4l 52.8 kcal mol-!
(541 nm)
reen

52 |- 9

5

e _ | orange-red

HYERR A :3 45.7 kcal mol-! red
TRILF— S asl (625 nm) 44.7 kcal mol-!
Aemq E, (640 nm)

) . 5

46 S orange-\g& & %
- 46.1 kcal mol-! Q . St
a4 (620 nm) TBA & TMG
30 /35 40 45 50 55 60 65
' E-(30) / kcal mol
A2 Akl me
(ZOFEEEE)
@ O o ® Sg0O o
Base-H====0 S N Base-H S (0 S N
>_</ >_</
bonding \©:N/ SiCH3 \©:N/ S CH,
character CH; _ . CHj
contact ion pair (CIP) solvent-separated ion pair

(SSIP) or free ion couple



IRFILDMMREDFENEBIEA D X I

D AFINLTIIODT T/ S— T ZAUDERE, o

QT =AEDOEENELLTRAEENEILLT D,

(D WS Tz5—HEDFHEEELDOBHEDEL
2) T=AUREEBAFT UV EDFEEDEEDEIE

WoI7x5—ED
SETEER L DB TE

Woox5—+
@ ® s o) |* |
L
H

RS raet

RAAVEBAA D BT ITID
HEDRADEL (i aRre

® .-° S NP
H” /
Base-H N,>—<S CH,

CH;
5,5-VAFILAFTUILL D)

Y& (530-640 nm)

Hirano, T.; Hasumi, Y.; Ohtsuka, K.; Maki, S.; Niwa, H.; Yamaji, M.; Hashizume, D. J. Am. Chem. Soc. 2009, 131, 2385.



IR IDL-LRIBDEFIERRTE & pHﬂkﬁ'E dXEREZILILDIS—F

ﬂ Wavelength (nm)
740 680 620 560 500

S i i S S S R R [y 505 .
T o) 40 N 8
2 34 77/ € 3 W o6 3
= : ’ E 30 fi g © & : (=1
c = - Aot o
g , E ' ‘* "E4 8
a 2 203 o E
S g : ¢ 4 E 3
8 3 S S E . &
= S ] x

() = sansal .'. CpTTTTTrOIITT e ey e 0 ‘jT‘**‘ "r'?"r RLAANEARAE LAREN LARRERRRRERRR S 0
50 24 28 55 60 65 70 7.5 80 85 90
Photon energy (eV) pH

Figure 1 Quantitative measurements of firefly bioluminescence.

a, Quantitative luminescence spectra for 2.98 X 10! luciferin molecules at various pH values: black, pH 8.5; blue, pH 8.1; green,
pH 7.6; yellow, pH 7.2; orange, pH 7.0; pink, pH 6.7; red, pH 6.4. The vertical axis is scaled by the absolute number of emitted
photons in units of eV~!. b, Quantum yields at various pH values with Tris (blue open circles), GTA (red filled triangles, 3,3-
dimethylglutaric acid, Tris, 2-amino-2-methyl-1,3-propanediol) and glycylglycine (green crosses) buffer solutions at 23.5-26.5
°C. The right vertical axis shows uncertainty in the quantum yields resulting from ==18% uncertainty (k = 1) in the calibration.

Ando, Y.; Niwa, K.; Yamada, N.; Enomoto, T.; Irie, T.; Kubota, H.; Ohmiya, Y.; Akiyama H. Nature Photonics 2008, 2, 44—47.



IRFIVDL-LRBNDpHDFE

Wavelength (nm)
(B0 e, B, A0, AN FUHE T
- i reverS|bIe D-LH, 2 OLH* | —> hv
. |V|92+ (yellow-green)
E & yellow-green
] D-LH, + ’ precursorYG emitting state
s N
% Iuciferase
2 D-LH, OLH* ) —> hv (red)
precursor R red emitting state

| C I -
3 3 4 ATP O
14 £
e ixd  Ea WA I bI D-LH, @ —>—> OLH* | —> hv
R 5T 263am gy 2 precursor YG yellow-green
g5 3 A ._-,‘.:' " E % D-LH, + emitting state
2§ 63 A L L E® 2
E 43 A F ¥
e . £20 l"m B Iumferase ATP O
= V| N g 3ees.adiaf ag 8 -
= gl AT 8o nm £ D-LH, W_2> OLH* B —> hv (red)
oz—ﬂmﬁmm—rn—n-p—m. £ 0 gt
=5 4 mpH s T A precursor R red emitting state

Ando, Y.; Niwa, K.; Yamada, N.; Enomoto, T.; Irie, T.; Kubota, H.; Ohmiya, Y.; Akiyama H. Nature Photonics 2008, 2, 44—47.



P=)IL>TITVU>DFEHX : Photinus pyralis VI 15—

Good
activity
luciferin aminoluciferin
pH &7&FH pH {KFHENEL - FREBEHEIL
pH 8 560 nm pH8 &6 610 nm
pH 6 620 nm

FI/T7 a8 IR EILIS, 5,5-dimethyl analog

White, E. H.; Worther, H.; Seliger, H. H.; McElroy, W. D. J. Am. Chem. Soc. 1966, 88, 2015.
Hirano, T.; Nagai, H.; Matsuhashi, T. ; Hasumi, Y.; Iwano, S.; Ito, K.; Maki, S.; Niwa, H.; Viviani, V. R.
Photochem. Photobiol. Sci. 2012, 11, 1281.



L-LRIGNADEBREZER JtEERIILILS TTS—E
red shift

/ H 0\
H2N S N ? MEzN
NH LH NMe LH
pH mdependen\ /pH independent
R (0,) =

L PH5.0,8.0 gh s PH 6.0, 8.0 NH, (-0.66)
609 /L™ 640 NMe, (-0.83)

Ll ==

LN
o

intensity
o
@)

pH 5.0 or 6.0
pH 8.0

500 600 700
wavelength / nm

BEREDEFHEENRELKRERDS

Takakura, H.; Kojima, R.; Urano, Y.; Terai, T.; Hanaoka, K.; Tsuboi, T.; Nagano, T. Chem. Asian J., 2011, 6, 1800.
Hirano, T.; Nagai, H.; Matsuhashi, T. ; Hasumi, Y.; Iwano, S.; Ito, K.; Maki, S.; Niwa, H.; Viviani, V. R. Photochem. Photobiol. Sci.
2012, /1, 1281. Kakiuchi, M.; Ito, S.; Yamaji, M.; Viviani, V. R.; Maki, S.; Hirano, T., Photochem. Photobiol., 2017, 93, 486.



AFSIINSTT V> 7O DEEFHE

H2N \@S N o) Me2N \@S N O
/ /
/>_< 5 />_< 5
N si“"e N SiMe
Me Me

p-xylene [33.1]
benzene [34.3]
chloroform [39.1]
DMSO [45.1]
acetonitrile [45.6]
2-propanol [48.4]

Me,NH,OL red shift Me,NMe,OL Vrcaettehra[”6°3'_[]5]5-4]
—
1ol 494 610 (MeOH) 1ok 535 656 (MeOH)
' 634 (H,0) | 690 (H,0)
2 2
205 205
= = R (0,) =
NH, (-0.66)
00 LLE T 0o S | \NMe; (=0.83)
500 600 700 800 500 600 700 800
wavelength / nm wavelength / nm
@ =0.36-0.78 P- =0.11-0.90

EREDEFHEMZEHLI>RABRORKERIEEVILAMOZIX L
&’Eﬁﬁu DK =>7EEEEOBIEZRSEDSLIELTHRATES




BRARIVSJDxS—EZHVEL- LR

NH,LH

Viviani, V. R.; Rodrigues, D.; Amaral, D.; Prado, R. A.; Matsuhashi, T.; Hirano, T., Biochemistry, 2014, 53, 5208-5220.

LUCIFERASE A, (hm) Relative Activity

NH,LH |Me,NH,LH
LH, |NH,LH [Me,NH,LH|/LH, / LH,

pH-SENSITIVE

LAMPYRIDAE F2IVE

Macrolampis (pH 6.0) 606 594 595 0.15 0.1

Macrolampis (pH 8.0) 563 594 598 | 0.045 0.045

Photinus pyralis (pH = 6.0) 611 598 594 0.44 0.36

Photinus pyralis (pH = 8.0) 560 603 599 0.6 0.5

Amydetes vivianii (pH=6.0) | 551 582 585 0.083 0.104

Amydetes vivianii (pH =8.0) | 538 584 585 0.6 0.47

pH-INSENSITIVE

ELATERIDAE EAVaXY*x

Pyrearinus termitilluminans 538 560 559 0.31 0.077

C311A 588 579 579| 0.033 0.044

PHENGODIDAE &iEH

Phrixotrix vivianii (GREEN) 548 580 584 0.17 0.33

RE220GR (YELLOW) 578 584 585 0.23 0.27

Phrixotrix hirtus (RED) 623 607 605 0.48 0.30

C311T 606 589 598 0.7 0.8

C311A 627 607 608 0.9 0.85

T345| 629 604 612 0.26 0.37

TENEBRIONIDAE =—/IV7—AL4

Zophobas luciferase-like 611 572 577 0.05 0.1
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Viviani, V. R.; Rodrigues, D.; Amaral, D.; Prado, R. A.; Matsuhashi, T.; Hirano, T., Biochemistry, 2014, 53, 5208-5220.
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( Amydetes vivianii (pH = 8.0) 538 nm
Pyrearinus termitilluminans 538 nm
= p-xylene [E;(30) = 33.1]
Phrixotrix vivianii RE220GR 578 nm

= CHClI, [E4(30) = 39.1]

( Pyrearinus termitilluminans C311A
LH, 588 nm, NH,LH 579 nm

= 1-BuOH [E;(30) = 49.7]
Phrixotrix hirtus T345I

LH, 629 nm, NH,LH 604 nm

= MeOH [E(30) = 55.4]

( Photinus pyralis (pH = 8.0) 599 nm
= 8:2 EtOH/H,0 [E;(30) = 53.7]
Pyrearinus termitilluminans $59 nm
= CH;CN [E{(30) = 45.6]

Phrixotrix vivianii RE220GR 585 nm

L= 1-PrOH [E(30) = 50.7]

Viviani, V. R.; Rodrigues, D.; Amaral, D.; Prado, R. A.; Matsuhashi, T.; Hirano, T., Biochemistry, 2014, 53, 5208-5220.
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Kakiuchi, M.; Ito, S.; Kiyama, M.; Goto, F.; Matsuhashi, T.; Yamaji, M.; Maki, S.; Hirano, T., Chem. Lett. 2017, 46, 1090.




IR ZJILS>T TV DFESEFE : photinus pyralis VI 15—

N5 = — (] C> N7 = — Q <l:
Mor = —N
A, /Nm D, K./HM rel. Vi ax
NMe, 640 0.069 0.021 1.00
N5 621 0.095 0.020 1.56
N6 629 0.13 0.038 1.20
N7 622 0.11 0.084 3.9
Mor 628 0.009 0.047 0.076
=>5FINEDR L

=>N7HARVWHEALFEZ T (HEHEDHLHREE)

Kakiuchi, M.; Ito, S.; Kiyama, M.; Goto, F.; Matsuhashi, T.; Yamaji, M.; Maki, S.; Hirano, T., Chem. Lett. 2017, 46, 1090.

“N7
i~y o

MiLaD

DFEREICTrv b



EMFEICDDFiIBDIA

EYHEFLD
DT HEEDERE

T—o— A2 DY EBEFHET
EADFELFEEZTRT
o) Wz s—E,
RIERIGFHDREERE

EREEEDRFEZEBET D

Amodified enzyme could light
the way to better imaging of brain
umours,

Ariane Soling from the Georg
August University in Gittingen,
Germany,and colleagues, ina
collaboration with Bruce Branchini
of Conneticut College, New
London, US, haveshown thatlight
from Branchini’s analogue of a
firefly luciferase enzyme penetrates
tissue more deeply than the
unmodified version.

Luciferases catalyse alight-
emitting reaction and the resulting
bioluminescence can be used
to monitor biological processes
in vivo,such as tumour growth
or metastasis. “We are working
onmalignant brain tumours,’
says Soling. ‘Invivo studies are
relatively difficult to conductusing
bioluminescence imaging, as skull
reducesthe bioluminescent light

Fireflies use
luciferase to create
bioluminescence

signal emitted from the tumour 100-
fold.’ Branchini's enzyme produces
light at a slightlylonger wavelength
thanthe unmodified luciferase, and
she suggests that it is this red-shift
that allows the light to penetrate
tissue more deeply. ‘Red light is

knowntobeless absorbed by tissue,’

she explains.

‘Red-shifted luciferase reporter
proteinscould greatly improvein
vivoimagingincancerresearch,’
says Soling. New bioluminescent
reporters will also allow
simultaneousimaging ofmultiple
molecular processes in vivo, she
adds, ‘and may thushelp to identify
complex molecularinteractions.’

Nikolai Rainov isa senior
consultant neurosurgeon at the
Augsburg Clinic, Germany, and
carries out academic research in
experimental neuro-oncology - the
study of tumoursofthe nervous

Red-shifted luciferase emits light with deeper tissue penetration

Light up your life processes

system. He says the mostimportant
finding ofthe work is that the

light emissionofthe red-shifted
analogue in livinganimals was up
to 3.5 times more efficient than that
of its unmodified counterpart, even
though the in vitro activity was
only a fraction of the activity of the
unmodified luciferase.

Headds that ‘one ofthe most
interesting aspects of this luciferase
is the profound changein the light
emitting activity of the enzvme after
substitution of asingle nucleotide
[in the DNA plasmid used to
generate the luciferase]. This
phenomenonis known with other
proteins, but rarelydemonstratedin
such ahighly visual way.’

Rachel Cooper

Reference
H Caysa er al Photocham. Phorobial Soi
2008, DO 10.1039 /b814566 k

£ : January 2009 / Volume 4 / Issue 1 / ISSN 1747-1605 / CBHIBN
/ www.rsc.org/chembiology
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O
H ATP, O,
HO s. N3 “on Mgz+ 4 photon
T TG Fortenred
N S Iuaferase (530 ~ 640 nm)
luciferin oxyluciferin + CO, + AMP + PPi

high-sensitivity

q photon
@ detector
wavelength, intensity, polarity etc

Detection of related substances by light emission
(reporter assay, detection of ATP originated from organism etc)

¢ low background — high sensitivity
¢ simple setup without excitation light source
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Photo by Dr. V.R. Viviani 0 1 2 3 4 5 6 7
day

28IV T 13 —CBICKBDEFHELRF DI PV 1 LEM

Noguchi, T.; Michihata, T.; Nakamura, W.; Takumi, T.; Shimizu, R.; Yamamoto, M.; Ikeda, M.; Ohmiya, Y.; Nakajima, Y.
Biochemistry 2010, 49, 8053.
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Comparison of Katushka and DsRed-Express in Xenopus laevis.
Transgenic 2.5 month old Xenopus laevis expressing Katushka
(left) and DsRed-Express (right) under the control of muscle actin
promoter. The frogs are shown from the dorsal side under white
light. (Photo Courtesy of Andrey Zaraisky)
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A optical window
a (cm”) | water :
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iHo6G - | water
1000 - melanin [}
100 - | / vid NI Cy7 COOH-AL
AL N \__coon =Y -
10 - d i ca. 800 nm
i H H
0.1 - Hb02 N~ AN S Nj,COOH
_ Ewid I \©iN,>_</S

100 400 700 2000 6000 A (nm) ) .
Takakura, H.; Kojima, R.; Urano, Y.; Terai, T.; Hanaoka, K.; Nagano, T.

The ‘Optical window’ of cells and tissues Chem. Asian J. 2011, 6, 1800.; Kojima, R.; Takakura, H.; Ozawa, T.;
(the spectral range 700-1100 nm) Tada, Y.; Nagano, T.; Urano, Y. Angew. Chem. Int. Ed. 2013, 52, 1175.

Konig, K. J. Microscopy 2000, 200, 83—104.
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Reddy, G. R.; Thompson, W. C.; Miller, S. C. J. Am. Chem. Soc., 2010,
132, 13586; Moftford, D. M.; Reddy, G. R.; Miller, S. C. J. Am. Chem.
Soc., 2014, 136, 13277.
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Iwano, S.; Obata, R.; Miura, C.; Kiyama, M.; Hama, K.; Nakamura, M.; Amano, Y.; Kojima, S.; Hirano, T.; Maki, S.; Niwa, H.
Tetrahedron, 2013, 69, 3847.



HRERBMIDRVEIA CHEHETED
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HO s N pCO0H /N:( IVIS Spectrum [Calliper Life Science]
\©: — j’ J s Substrate
N S / D-Luciferin, Akalumie HCI, 3.3mM 100 uL each.
MesN .
Exposure time
HCI 60 sec after 6-20 min. Injection of the substrates.
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Kuchimaru, T.; Iwano, S.; Kiyama, M.; Mitsumata, S.;
Kadonosono, T.; Niwa, H.; Maki, S.; Kizaka-Kondoh, S.
Nat Commu. 2016, 7, 11856.
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Iwano, S.; Sugiyama, M.; Hama, H.; Watakabe, A.; Hasegawa, N.; Kuchimaru, T.; Tanaka, K. Z.; Takahashi, M.; Ishida, Y.; Hata,
J.; Shimozono, S.; Namiki, K.; Fukano, T.; Kiyama, M.; Okano, H.; Kizaka-Kondoh, S.; McHugh, T. J.; Yamamori, T.; Hioki, H.;
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BioLet (bioluminescent enzyme-induced electron transfer): Takakura, H.: Kojima, R.; Kamiya, M.; Kobayashi, E.; Komatsu,
T.; Ueno, T.; Terai, T.; Hanaoka, K.; Nagano, T.; Urano, Y. J. Am. Chem. Soc. 2015, 137,4010-4013.
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