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Mioundepasa — obuiee Ha3BaHMe Knacca GEPMEHTOB,
KaTa/IN3nNPYIOLWUX OUONOMUHECLEHTHYIO PeaKLuIo.
TioundepuH — obLee HasBaHME Kaacca CBETOM3MYyYatoLWmX

BELECTB, ABAAKOWMXCA cybcTpatom OUMONOMUHECLLEHTHOMN
peaKkumnu.




Firefly luciferase Bacterial luciferase Renilla luciferase

PDB 2D1R PDB 2BKIJ PDB 2PSD

Firefly luciferase
D-luciferin W Oxyluciferin +
ATP, O,, Mg2*  AMP, PPi, CO, L 550-620 nm
Bacterial luciferase
FMNH, + RCHO ﬁ" FMNH + RCOOH +
O, H,0 - 478-490 nm

. Renilla luciferase
Coelenterazine > Coelenteramide +

0, CO, = 480 nm



Renilla luciferase Oplophorus (nanoKAZ) Ca?*-regulated
luciferase photoprotein

Foi r_“}

PDB 2PSD PDB 5B0OU PDB 1QV0
| 1 Luciferase *
:é) :é) = 460-480 nm
Coelenterazine Coelenteramide

Photoprotein =) Ca?*-discharged photoprotein +

A, = 460-495 nm



Discovery of Ca%*-regulated photoproteins

Aequorea victoria

Ca%*-regulated photoproteins are
“precharged” bioluminescent proteins
because the reaction does not require the
presence of molecular oxygen or any other
cofactor — the photoprotein and the
triggering ion are the only components
required for light emission. Since the energy
emitted as light is derived from the “charged”
photoprotein, that molecule can react only
once, i.e., it does not “turn over” as an
enzyme does.

Dr. Osamu Shimomura

In this respect, as well as in the lack of a requirement for molecular oxygen or
any other cofactor, the reaction is strikingly different from that of classical
bioluminescent systems in which an enzyme (luciferase) catalyzes the oxidation
of a smaller organic substrate molecule (luciferin) with the creation of an excited
state and the emission of light.

This feature prompted Shimomura and Johnson to coin the term “photoprotein”
to describe proteins that serve as sole organic molecular species in
bioluminescent reaction systems.

Shimomura, O., Johnson, F.H., and Saiga, Y. (1962) Extraction, purification and properties of aequorin, a bioluminescent
protein from the luminous hydromedusan, Aequorea. J. Cell. Comp. Physiol. 59:223-239.




Ca?*-regulated photoproteins are responsible for the bioluminescence of a variety of cnidarians
and ctenophores. Although photoproteins have been detected in many marine organismes,
cloning and sequence analysis have been achieved only for:

5 hydromedusan (aequorin, clytin, mitrocomin, and obelins from Obelia longissima and Obelia
geniculata) and 4 ctenophore (Beroe abyssicola, Bolinopsis infundibulum, Mnemiopsis leidyi,
and Bathocyroe fosteri) photoproteins.

Aequorea victoria Mitrocoma cellularia

| -

Clytia gregaria Obelia longissima Obelia geniculata




Ligand-dependent conformation states of hydromedusan
Ca?*-regulated photoproteins

+ Coelenterazine, O,

Apo-obelin




Proton-relay mechanism of the photoprotein Ca?* trigger and formation
of the product excited states
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Site-directed mutagenesis of
active site AA makes the

s () bioluminescent
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WO92F ,H22E and Y138F reveal violet and greenish
bioluminescence, high quantum yield and stability
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Bioluminescence
system of jellyfish
Clytia gregaria —

a natural BRET pair

Structure of
cgreGFP-clytin
complex

4844 sauauis

B Chemis Shppe

15040800 4aRgRiE

NMR determination of residues participating in
formation of cgreGFP-clytin complex




PelleHbl CTPYKTYpbI:

- O6enuH dukut mun — 2F8P, 1SL9, 1SL8, 1SL7, 1S36, 1QVO,
1QV1, 1EL4

- ObenuHsbl 88Y, 138F u 92F— 4MRX, 4MRY, 4N1F, 4N1G, 1JF2

- O6enuH u3 Obelia geniculata — 1JFO

- MumpokomuH — 4NQG

- beposuH — 5BPJ, AMNO

- KnumuH — 3KPX

- GFP u3 Clytia gregaria — 2HPW

- LeneHmepasuH cea3zvisarowjuti besok (CBP) — 2HPS, 2HQS



BuontommHecueHUMs ana megmumHbl 1 BUOTEXHONOTUU
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[ BoicoKonpou3soo0umenbHbil CKPUHUH2 HOBbIX fIeKApcme ]

> cDyH,D,aMEHTaﬂbeIe nccneanoBaHuA 6MOﬂIOMMHeCLLeHTHbIX CUCTEM PaA3/TNYHDbIX
OopraHM3mMmosB npueean K CosgaHumto paaa 6MOI1IOMMH€CLI,€HTHbIX penopTtepos
ANA Pas/INYHbIX aHATNTUYECKUX HpMMEHeHMﬁ Ha OCHOBE K/IOHMUPOBAHHDbIX
reHos, KOANPYHOLWNX 6VIOI]}OMMH€CLI,eHTHbIe 6enku.

» CTpYKTYpHO-YHKLMOHaNbHbIE UCCIeA0BaHNA BUONOMUHECLEHTHbIX 6E/KOoB
MO3BO/INZIN CKOHCTPYMPOBATb BUONOMUHECLEHTHbIE penopTepbI C
YNYy4YLEHHbIMW CBOMCTBAMM.

buontommHecueHTHbIe penopTtepbl — OCHOBHbIE NMpenmyLlecTBa:

Bobicokas yyecmeumesibHOCMb, CONOCMABUMASA € U30MONHOU MmemKol
NMpocmoma peaucmpayuu NOMoKa pomoHo8
LupokKuli auHeliHblli duana3oH

Omcymcmeue moKcu4HOCMuU 011 HUBbIX OP2aHU3MO8
Bo3MOXHOCMb OYeHKU OUHaMUKU Npoyeccoes in vivo




[ MeouyuHcKaa moneKynapHasa Oua2HOCMUKaA ]

> Ha ocHoBe Ca%*-perynnpyemoro ¢potonpotenHa obennHa paspaboTaHbl BbICOKOIDDEKTUBHbIE
6MONOMMHECLLEHTHbIE METOAbI MMUKPOAHaM3a pada CoLUMaNnbHO-3HAYMMbIX 3a601eBaHNI U MHEKUUA
> Pa3paboTaHbl 3KCNPECCUOHHbIE KOHCTPYKLMM U TEXHONOTMA NOJTyYeHUA BbICOKOOUYMNLLLEHHOTO
pPeKoMbUHaAHTHOro obenrHa gnsa co3gaHuA AMarHOCTUYecKMxX Habopos

AunarHocTnyeckue HaGOpbl, ncnoianb3youiue obenuH B
KaYvyecTBe MEeTKM, OI'IpOGOBaHbI npu AnarHoOCTukKe:

» oucgyHKyuu wumosudHol xceneseol (T, T,)

» OUCGYHKUUU HeHCKol pernpodyKmusHoU cucmemesl
(nposnakmun)

» mybepKynezHo20 MoKcuHa, 2enamumos B u C

MpumeHeHne GMONIOMUHECUEHTHON METKMU B
ANarHocTnyeckmnx Habopax nossonser:

> UCK/IKDYUMb UCM0/16308aHUE pAOUOU30MOIHbLIX Mamepuasos
» 3aMeHUMb UMMopMHble Habopeol
» npoeodums aHanus beicmpo




Bbicokonpou3sodumesnbHbil CKPUHUH2 HOBbIX
s1eKapcmeeHHbIX coeOuHeHul

feHeTUYeCcKn Kogmpyembie BUONIOMUHECLEHTHbIE penopTepbl AN MOHUTOPUHIA FEHHOW 3KCNPeccumn, B
TOM YuMCAe ANA NEeKAPCTBEHHOIO MOJIEKY/IAPHONO CKPUHUHTA:

1) cekpeTnpyemble penopTepbl - Atoumdepasbl u3 konenoa Metridia longa

2) BHYTPUKNETOYHbIE penopTepbl - GOTONPOTENHBI TMAPOoMeay3 (06ennH, KAUTUH 1 ap.)

AHanut

<: Perncrtpayma
cBeTa




BuoumuoMcuH2 —

8U3yanu3ayusa MosaeKynAapPHbLIX NpPoyeccos 8 ¥usbix o6veKkmax
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AHanun3 6enoKk-6ea1KoBbIX B3aMMOAENCTBUM
MOHWUTOPUHT Pa3BUTUA ONYXONEN
MOHWUTOPUHT Pa3BUTUSA NMHPEKLMOHHbIX NPOLECCOB

OueHKa 3$pPEeKTUBHOCTM AENCTBUA IEKAPCTBEHHbIX
NPenapaToB 1 CXeEM UX MPUMEHEHUA

AHaNN3 NOTOKOB BHYTPUKAETOYHOTO KaabLMA C
nomolupbto Ca%*-perynnpyembix $oTONPOTENHOB,
3KCnpeccupyemblx B KNeTKax

Bu3yannsauma noToka
KPOBM B MYyNbCUPYIOLLEM
cepaue C NOMOLLbHO
PEKOMOBMHAHTHOWM
noumdepasbl Konenoa
Gaussia princeps




Determination of activity of cell receptors using Ca?*-regulated photoprotein

ion ligand
channel 8 ® G-protein enzyme:
l coupled phospholipase C,
receptor adenylate cyclase etc.
G-protein G-protein
Increase of concentration of ions in Messenger: CAMP,
ATP cytoplasm: Ca?*, Na*, K*, CI cGMP, DAG,
Ca2t InsP;, Ca%*, NO etc. Ca2t
o0 o0 @ ~2.5mM
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Luciferases from Metridia longa and Gaussia princeps

A MLuc7 10 20 40 &0
| | [ |
Seguence NETVNNCVHRGEMPGERLPEVLIEMEANAFEAGCTRGCLTICLSKIRCTARMEDY I PGRCHDYGEDERTGOAGIVEAIVD

Frediction CCCCCCCHHCCCCCCCCCHEHERRHHHAHHHCCCHEHHHHHEE HCCCCHHHAEHHCCCECCECCCCCLCoTCoTCoCeee
80 100 120 140

l | ! I ~16.5 kDa

Sequence IPEISGFEEMEEMEQF T ACVDLCADCTTGCLRGLANVECSELLEFWLPDECASFADE T OREAHNTKGTAGDR
Prediction CoECCCCOCCEHIENAEHRHHHCCHEABHAREN T HE EHE B EEHAEHH BN EEHAHEECCCCe

HiHelix; 8:8trand; C:Coil

B. GLuc 20 ¢ #

Sequence KETENNEDFN IVAVESNEFATT DL DA DR GELPGRR L PLEVLEEME RN ARKAGCTRGCLICLSHIKCTPEMER FI BGRCHT
Fradiction CCCCCCCCCOS3585CCOCS S8 CCECCCCUCCCCCHEHHHHHEEHHHHOCCHHHHHHHAAHCCCCHHHRHHECCCCECE o 19 k Da
B 1040 120 L&] Lad
| | | I
Fequence YEGDEESACGGIGEAIVDIPEIPGERDLEPMEQEIACVDLOVDCTTOCILRGLANVOCSDLLERWLEQRCAT EASKIQEOVORTIRGRGED
Fradiction CCCCCOCCCCCCCCOCCCCCCCCeC oI CHH] ! HHEHEEHHREHCOCCECE

HiHelix; S:5trand; cicoil
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Ca?*-regulated photoprotein berovin Superposition of the overall structure of
from the ctenophore Beroe abyssicola obelin (yellow) and berovin (blue).
Calcium ions are shown as balls.
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MTERLNEQNNES YRYLRSVGNQWOQFNVEDLHPKMLSRLYKRFDTFDLDSDGKMEMDE
---------- MASKYAVKLKTDFDN--~----PRWIKRHKHMFDFLDINGNGKITLDE
--------- MTSEQYSVKLTPDFDN------PKWIGRHKHMFNFLDVNHNGRISLDE

VLYWP- DWWEEMWAWWKMMMW&E&
IVBKLSDDICMEATPEQTKRJ!QVCVEAF!RGCMYGKEIA!‘PQI‘LDMQLPLTB
MVYKASDIVINNLGATPEQAKRHKDAVEAFFGGAGMKYGVETEWPEYIEGWKRLASE

II
ERERERRGEPSLIALLSNSYYDVLDDDGDGTVDVDELKTMMKAFDVP--QEAAYTFF
ELWRNEPILIRMNWDIEDEDGMITLDMGKISGISPSQEDCEATE
ELKRYSKNQITLIRLWEGDALFDIIDKDQNGAISLDEWKAYTKSAGIIQSSEDCEETF

IIXI Identities
EKADTDKSGKLERTELVHLFRKFUME PYDPQWDGVYAYKY ~
RHCDLDNSGDLDVDEMTRQHLGFWYT-LDPEADGLYGNGVP 29.4%
RVCDIDESGQLDVDEMTROHLGFWYT-MDPACEKLYGGAVP 27.7&

Comparison of the amino acid sequence of berovin (BA) with those of obelin (OL) from
Obelia longissima and aequorin (AV) from Aequorea victoria. Red and blue letters represent
identical and similar residues, respectively, black letters show nonsimilar residues. The
residues that form the Ca(2+)-binding site are highlighted in yellow. Gaps are shown by
dashes. The amino acid residues forming the inner coelenterazine-binding cavity of obelin
and aequorin, as well as the berovin residues identical (or similar) to them are shaded.



3ajauun NaHUpyemble K peLueHuUIo:

- MONY4YEHUE NPOCTPAHCTBEHHbIX CTPYKTYP HEN3YYEHHbIX OBUONOMNHECLEHTHbIX
6enkos. /ltoundepasbl n3 octpakoabl Cypridina nocteluca, onuroxetbl
Fridericia heliota v gp.

- CTPYKTYPHbIN aHA/IN3 MYTAaHTOB OMONOMUHECUEHTHbIX 6es1KoB

- CTPYKTYPHbIX aHaNM3 BMONIOMUHECLEHTHbIX BEKOB B KOMMIEKce C
MOANPULIMPOBAHHBIMU IUFAHAAMM.



Photobiology lab
IBP SB RAS:

Eugene S. Vysotski
Pavel V. Natashin
Ludmila P. Burakova
Marina D. Larionova

Former members:

Galina A. Stepanyuk
Maxim S. Titushin

Collaborators:

Prof. John Lee
Prof. Bi-Cheng Wang

Department of Biochemistry and
Molecular Biology
University of Georgia, Athens, USA

Prof. Zhi-jie Liu
1Human Institute

ShanghaiTech University
Shanghai, China



CNKUCOK Ncnosb30BaHHbIX UCTOYHUKOB CUHXPOTPOHHOTO
U3NlyYeHuUs:

The Advanced Photon Source (APS), USA

Shanghai Synchrotron Radiation Facility (SSRF), China

Super Photon ring (Spring-8), Japan

Swiss Light Source (SLS), Switzerland



CnucoK xenaemoro ob6opyaoBaHUA:
1 Cnuctembl OUYUCTKMU:
- FPLC, GE AKTA Pure (Avant). OuncTtka n pasgenenme 6enkoB
- HPLC, Agilent. AHanu3 uynctotbl 6enkosoro obpasua
2 PoboTbl:
- Mosquito, TTP Labtech - agns cKpMHHMHIA YCAOBUN KPUCTANIIN3ALUN
- NT8, Formulatrix - 4na CKPUHHMHIA YCNOBUN KPUCTANNMN3ALNN
- Dragonfly, TTP Labtech - ans ontumunsaumm ycnoBuim KpUCTanamsaumm

3 UeHTpundpyru, MMKpOCKoMbl, MUNETKU U Ap.



CnucoK »xenaemoro o6opyaoBaHUS:

4 Microfocus single crystal X-ray diffractometer, XtaLAB Synergy, Rigaku




5. Fast two-dimensional grid and transmission X-ray microscopy scanning methods for
visualizing and characterizing protein crystals

5 iR Fast two-dimensional grid and transmission X-ray
o APPLIED i : - 17
;- iy microscopy scanning methods for visualizing and

characterizing protein crystals
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