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Bioluminiscence

Bioluminiscence je emise svéetla z biochemickych reakci, které se
objevuji v zivych organismech.

Pri této reakci se vyzaruje az 96 % svétla a jen 4 % tepla, je tedy z
hlediska danych organismu velmi efektivni (pro porovnani, u
vybojek je jen 10 %)
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https://www.thermofisher.com/cz/en/home/life-science/protein-biology/protein-biology-learning-
center/protein-biology-resource-library/pierce-protein-methods/luciferase-reporters.html



1. Probiha v pritomnosti kysliku
2. Vzdy jsou zapotrebi dva typy latek:
luciferin

luciferaza
(lucifer znamena prinasejici svetlo).
Struktura a vlastnosti luciferazy a luciferint se lisi u jednotlivych skupin
lumineskujicich organismu
3. Luciferin je zakladnim substratem reakce

4. Luciferaza katalyzuje reakci
5. Nékdy jsou luciferin a luciferaza navazany a tvori jednotku nazvanou fotoprotein.

Aktivita fotoproteinu je spousténa dodanim urcitého typu iontu (nejcastéji Ca%*).

luciferase
(A) luciferin + O, — oxyluciferin + CO; + hv

(B) photoprotein + Ca?* — protein-coelenteramide + CO, + hv

http://photobiology.info/LeeBasicBiolum.html



Obvykla hlavné v hlubinach mori

bioluminescence’emission

of terrestrial organisis
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of marine organisms
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best wavelength for
light transmission in ocean water
l__ -ALSO-

maximal sensitivity of visual pigments
of most marine organisms

http://www.annualreviews.org/doi/pdf/10.1146/annu
rev-marine-120308-081028

Bacterial
Luciferin + Aldehyde + Luciferase

Dinoflagellate
Luciferin + Luciferase

Cypridina

Luciferin + Luciferase

Coelenterazine

Luciferin + Luciferase
Photoprotein

Other or unknown
mechanism

Luciferin + Luciferase
Photoprotein
2+?

Bacteria
Some fish
Some squid
Pyrosomes?

Dinoflagellates
Euphausiid shrimp

Some ostracods
Midshipman fish
Some other fish

Radiolarians
Ctenophores
Cnidarians
Squid

Some ostracods
Copepods
Decapod shrimp
Mysid shrimp
Some ophiuroids
Chaetognaths
Larvaceans
Some fish

Some polychaetes
Bivalves
Hemichordates
Amphipods
Nemertean worms
Tunicates and doliolids
Echinoderms

Other polychaetes



Bioluminiscence - rozsireni

http://www.annualreviews.org/doi/pdf/10.1146/annu
rev-marine-120308-081028



DEFENSE

Bioluminiscence - funkce

Dinoflagellates, squid,

Startle stern-chaser myctophid
Counterillumination Many: crustaceans, fish, squid
Many: crustaceans, polychaetes,
Misdirection: scyphozoans, chaetognaths, squids,
smoke screen tube-shoulder fishes, ctenophores,
siphonophores, larvaceans?
Distractive Octopoteuthis squid, brittle stars,
body parts polychaetes, siphonophores
Burglar alarm Dinoflagellates, jellies, others?

Pelagic sea cucumbers, jellies,

Sacrificial tag polychaetes

Warning coloration Jellies, brittle stars?
(deter settlers) (tube worms, clams)

Flash Glow Prey Predator 2° Predator



OFFENSE

Bioluminiscence - funkce

Flash

Lure prey or
attract host (bacteria)

Lure with external light
(evaluate habitat?)

Stun or confuse prey

llluminate prey

Mate atttraction/recognition

(swarming cue)

Glow Prey Predator

Anglerfishes, siphonophores,
cookie cutter shark, squid?

Sperm whale?
megamouth shark?

Squid, headlamp myctophid?

Flashlight fish, dragonfishes

Ostracods, Japetella octopus?
lanternfish, flashlight fish,
anglerfish? syllid polychaetes,
others?

2° Predator



® BACTERIA

O ARCHAEA

—E; Polycystine radiolaria
Acantharea

EUKARYA

Luciferin type

[B] Bacterial (+ symbiont)
[C] Coelenterazine

[D] Dinoflagellate

[V] Vargula (ostracod)
[0] Other (known)

[X] Other (unknown)

Luminescence and habitat
O Nonluminous

® Terrestrial/freshwater

® Marine

Cercozoa
Phaeodarian radiolaria
Foraminifera

— O Diatoms
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O CHOANOFLAGELLATA
O PORIFERA*
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O Phoronida

O Brachiopoda
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http://www.annualreviews.org/doi/pdf/10.1146/annurev-marine-120308-081028



BILATERIA

Luciferin type

[B] Bacterial (+ symbiont)
[C] Coelenterazine

[D] Dinoflagellate

[V] Vargula (ostracod)
[0] Other (known)

[X] Other (unknown)

DEUTEROSTOMIA

Luminescence and habitat

O Nonluminous

® Terrestrial/freshwater

® Marine

* Unsubstantiated reports of lumin

http://www.annualreviews.org/doi/pdf/10.1146/annurev-marine-120308-081028

O Kinorhyncha

O Nematomorpha

® NEMATODA (1)

ECDY-
SOZOA

ARTHROPODA

O Tardigrada
Hemiptera
Coleoptera
Hymenoptera

Diptera

HEXAPODA

——@ (Collembola

Amphipoda
Isopoda
Mysid shrimp

—® Decapod shrimp

—® Euphausiacea

—O Stomatopoda
Ostracoda

® Copepoda

CRUSTACEAL o Cirripedia (barnacles)

Spiders and scorpions
Centipedes
Millipedes

® Pycnogonid (1)

Echinoidea
Holothuroidea
Ophiuroidea

ECHINODERMATA

Asteroidea
—® (rinoids

® HEMICHORDATA

CHORDATA

VERTEBRATA

O Cephalochordata
Mammals
Reptiles and birds
Amphibians
Ray-finned fishes

—— @ Sharks and rays

Ascidian (1)

Salp (1) and doliolids

TUNICATA L@ Appendicularia
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Dinoflagellata (= Obrnénky)

- Planktonni bicikovci hojni v teplych mofrich. Luciferin je zde pravdépodobné
odvozen od chlorofylu, ktery ma podobnou strukturu

- Noctiluca miliaris, N. scintilans,
Pyrocystis fusiformis, Gonyaulax sp.

Caek COO-

Dinoflagellate luciferin Presumed intermediate Oxidized luciferin
tetrapyrrole

Noctiluca sp.
http://www.bbc.com/news/science-environment-
21144766

Pyrocystis sp. Gonyaulax sp.



U rodu Gonyaulax, pfi pH 8 je molekula luciferinu ,chranéna" pred luciferazou
pomoci "luciferin-binding protein", kdyz pH klesne, volny luciferin m{ze reagovat

a svétlo je produkovano.

A Tonoplast of
Cytoplasm Acidic Vacuole B Interior of scintillon
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http://tolweb.org/notes/?note_id=5621



Fungi (= Houby)
Houby vyuzivaji bioluminiscence predevsim k prilakani bezobratlych, aby si
zajistili Sireni spor do Sirokého okoli.
Mechanismus bioluminiscence je dvou krokovy

Omphalotus sp., Armillaria sp., Mycena sp.
Panellus sp., Locellina sp.
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http://photobiology.info/Viviani.html



Cnidaria (= Zahavci)

- Typickym luciferinem je Coelenterazin, Je to obecné ; ::: o
nejrozsirenejsi morsky luciferin nalezeny v mnoha ]
ZivoCisnych taxonech. NN

- Molekula luciferinu se muze objevit v komplexu /@/J;H |
(fotoprotein nazvany aequorin) H

- Cilem bioluminiscence je prilakat korist HO

- Scyphozoa (medUzovci), Hydrozoa (polypovci) a
Anthozoa (kordlnatci)

Coelentrazin

£

Scyphozoa Aequorea victoria Anthozoa



Aequorin — vyuZiti pro analyzu Ca?*

Je fotoproteinovy komplex izolovany z meduzy Aequorea (a jinych morskych
druh).

Funkéni komplex = apo-aequorin (protein) + molekularni kyslik + luciferin
coelenterazin.

KdyzZ se Ca?* navaze na komplex, coelenterazin je oxidovan na coelenteramide
pfi uvolnéni CO2 a modrého svétla (469 nm).

aequorin
+0; ® O
+ @ - ® e @
coelenterazine 7

coelenteramide
+ 4+ Cco;

i N

apoaequorin



Cnidaria (= Zahavci)

Zahavci mohou krom Aequorinu emitovat svétlo pFes green fluorescent protein (GFP)

Pr. Aequorea victoria - okraj zvonu




Cnidaria (= Zahavci)
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Annelida (= Krouzkovci)

Diplocardia longa

O o O OH
H,C - I P Hsc\ Il |
_~CH-C-NH-CH,-CH,-C __ +H,0, — ~ CH-C-NH-CH,-CH,-CH-00H
H,C “H H,C”
Diplocardia
Fig. 2 Bioluminescent annelids. (A) Chaetopterus variopedatus, scale bar 2mm; (B) Harmothoe imbricata, scale bar 2mm; (C) Fridericia LUCIFERASE
heliota bioluminescence, scale bar 1mm; (D) Thelepus cincinnatus, scale bar 2mm; (E) Tomopteris helgolandica photographed under PRODUCTS + LIGHT
natural light (left) and in the dark after KCl-induced bioluminescence (right), scale bar 500 pm; (F) Eusyllis blomstrandi, scale bar 2 mm;

(G) Odontosyllis fulgurans, scale bar 2mm; (H) Close-up of Odontosyllis enopla male, scale bar 1mm; (I) Odontosyllis enopla female
bioluminescent display, still frame from Supplementary Video S1, scale bar 2 cm. Images courtesy of Alexander Semenov (A, C), Fredrik
Pleijel (B, D, F, G), Anaid Gouveneaux (E) and John Sparks (I). Image E was adapted with permission from The Journal of Experimental
Biology (Gouveneaux and Mallefet 2013).



Mollusca (= Mékkysi)

- Rod Pholas je nejdéle zkoumanym rodem. Objeven pholasin, ktery je
strukturné velice podobny coelenterazinu.

- Vyuziti v detekci produkce ROS

Hinea brasiliana

Pholas dactylus - skular vrtavy Staurotheutis sp.



Crustacea (= Korysi)

Vargula hilgendorfii ma dvé luminiscencni zlazy Oﬁ—g_/
schopné rychle vystriknout luciferin a luciferazu

do morské vody, za ucel vylekat jejich predatory. Qj/[ j/\/\, LR

U tohoto druhy byl nalezen luciferin Vargulin Cypridina luciferin
(Cypridina). g
Luciferase
hv
(465 nm)
@)
H
N. _NH
lNL\,H NH, + CO
r N b
HN NH

Vargula hilgendorfii Oplophorus sp. Cypridina oxyluciferin



Millipedes (= Mnohonozky)

= cuolutio}u-.\ﬂa‘-—rty origin
5] of bioluminescence
-'/--. |
1
Mytoxia sp. http //www.apheloria.org/Paul_Marek/Aposematism.ht

B

Lummodesmus sequoiae

7,8-dihydropterin-6-carboxylic acid



Diptera (= Dvoukridli)

- Jednad se preddevsim o rody Arachnocampa (Arachnocampa luminnosa)
Orfelia (Orfelia fultoni)

Arachnocampa luminnosa Orfelia fultoni



Coleoptera (= Brouci)

Zndmo vice jak 200 druhu predevsim reprezentovano
rody Lampyridae sp., Phengodidae sp. a Elateridae sp.

Svitit dokazi nejen létajici samecci a na zemi Zijici
samicky, ale i larvy. Mnohdy sviti i vajicka. Samicky
maji vice svételnych organd nez samci.

Svétélkovani dospélct (,,sexy-svit”) umoznuje sblizeni
jedincq, ktefi si zplsobem sviceni vzajemné imponuiji.
Samci |étaji se slabym svicenim a hledaji si samicky,
které lezi v traveé a sviti velmi vyrazné.

Svétlo také napomaha vymezovat teritorium a
upozornuje i na nebezpecné prekazky (pavucina,
voda).

(A) Cratomorphus sp. (Lampyridae);
(B) Phrixotrix sp. (Phengodidae);
(C) Pyrophorus sp. (Elateridae).



Coleoptera (= Brouci)

Regulace emise svétla svétluskami:

- Vzplanuti nervové aktivity stimuluje uvolnéni primarniho neurotransmiteru -
octapaminu.

- To spousti svételny orgdn lokalizovany na zadecku, ktery obsahuje tisice fotocytl s
organelami obsahujicimi luciferin a luciferazu.

- Ty reaguji a emituji svétlo, pokud je pritomen kyslik. Ten je dodavan z mitochondrii
pritomnych na koncich fotocytu.

Které faktory kontroluji emisi svétla ?
- Kyslik proudi do mitochondrii fotocytl. Néjaka

latka musi regulovat oxidaci luciferinu a
luciferdzy ve fotocytech, pokud svétludka S
chce/nechce svitit.

- mitochondrialni spotreba kysliku je konecny
kontrolni bod pro odstranéni veskerého kysliku,
ktery dosahne fotocytu.

-V odpovédi na neuronalni excitaci je uvolfovan
NO — ten inhibuje extrakci kysliku

TE &nd argan

mitochondriemi.
- To dovoluje kysliku oxidovat luciferin.



Vyuziti bioluminiscence zivocichu

Toxikologie

Escherichia coli K 12 (pEGFPluxABCDEamp) E.coli-lux

Fatty acid metabolism Bioluminescence

FMNH, + RCHO + O, — FMN + RCO,H + H,0 +

luxA )

Photorhabdus luminescens



Luciferase Reporter Assay

Appropriate  Luciferase gene

Promoter [Repuner)
Luciferase gene

Promoter 1  Beetle green Luciferase
gene
/

Transfection
Reporter vector

Control  Beetle red Luciferase
promoter )

cell
extracts

Firefly
. luciferin
— v

Promoter activity = Luciferase activity / Cell number or cellular enzyme activity

Principle of a simple luciferase reporter assay

Splitting emissions —
using optical filters Promoter 1 activity
= Green luciferase activity
Green / red luciferase activity
S ey Orange Promoter 2 a.ctivity 3
Red = Orange luciferase activity
luciferases

/ red luciferase activity

Principle of multicolor luciferase reporter assay

http://photobiology.info/Ohmiya.html




Living cell

Coelenterazine CQ” Coelenteramlde
0
. °z ‘ ; s’ i
Apoaequorin Active aequorin
ADP PP
0,
~-£o
Oxyluciferin

AP = Actin promoter, AQBI = apoaequorin gene , PxRE = Beetle red luciferase

Principle of calcium ion and ATP monitoring using photoprotein and beetle luciferase

http://photobiology.info/Ohmiya.html



In vivo assay

Transfection > Stable cell line > Dissemination of cell > L-L reaction |

ﬁ Injection dntibocy
[Eaging Cancer tissue /

Constitutive  Luciferase gene
Antibody fused

Promoter \ (Repo;ter)
Cypridina luciferase probe

| .
Establish for stable cell line ::{:?Ct:-?nn of
:@ luciferin
Dissemination /
!

In vivo bioluminescence imaging using luminescent living cells and antibody-fused luciferase probe

http://photobiology.info/Ohmiya.html






