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Nature of Chemiluminescence Reactions
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Nature of Chemiluminescence Reactions

Chemiluminescence reaction vyields
one of the reaction products in an

A + B - (Cofactors) . . )
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F+hv deactivation process

Basic Mechanism of Chemiluminescence
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Nature of Chemiluminescence Reactions
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Nature of Chemiluminescence Reactions
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Chemiluminescence reaction vyields
one of the reaction products in an
electronic excited state producing
light on falling to the ground state.

v AG = AH - TAS

v" Reaction pathway must be favorable
to channel an electronic excited
state.

v" Photon emission must be a favorable
deactivation process
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Bioluminescence Reactions
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Bioluminescence Reactions
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Bioluminescence Reactions
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Mechanisms for Light Emission

White A Keto-Enol tautomerism mechanism in chemiluminescence
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Figure 1. Normalized bioluminescence emission spectra of Ppy (Panel A)
and PplGR (Panel B) catalyzed reactions with LH> plus ATP-Mg at pH
86 (---) and pH 6.0 (—-—) and p-DiMeLH:-AMP at pH 8.6 (—).
Conditions used to obtain the spectra are in the Supporting Information.
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Mechanisms for Light Emission

McCapra B Twisted intramolecular charge transfer (TICT) mechanism
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Mechanisms for Light Emission
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Biosynthesis,

Recycling, Inhibition
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Biosynthesis, Recycling, Inhibition
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Representative D-luciferin Analogs
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D-LH2 p-luciferin, 588 nm CycLuc1,601 nm p-luciferin, 600 nm

red, 620 nm
yellow-green, 565 nm

@4\/\\/43 OHQ’ “@[Hj H;N‘ o T%Aj j)\DH

AkaLumine, 675 nm CybLuc, 603 nm NH,-NpLH2, 743 nm || 4-MorphoLuc, 628 nm

Tissue penetration is high at wavelengths greater than 620 nm.

Disadvantages:
1. Emission intensity
2. Substrate specifity

1. sterically modified
2. electronically modified
3. heteroatom replacement
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Design Logicality
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1. Substrate specificity: Only luciferases capable of enforcing a geometry should
produce light, making them suitable candidates for orthogonal probe development.
2. Red shifted emission
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Evolutionary Luciferases via RosettaDesign

The modified luciferins were » Optimize the residues » Ranked by shape
first docked into the surrounding the luciferins complementarity
luciferase enzyme
'R1+R2 region _
(amino acids 199-400) reverse primers
N-terminus reverse primers
5 — fragment PCR —
¥ —NDT— —NDT— 7 cycles —
— DT —NDT—=—NDT— :
+
=—NDT— =—NDT— =NDT—
5" = NDT— =—NDT— fragment PCR .
) I 7 cycles e
forward primers ——
'_F"

forward primers

- eI 1. QEI puriﬁE‘d
— 2. joining PCR
O O (O 1. ligated with vector — - (25 cyclgs}
O 2. transformed —e o e—— 3. repeat process {x3]
O O O -
e — —
I — —

4~7 mutations per clone

18



Screening for Complementary Luciferases
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Screening for Complementary Luciferases
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Bioluminescence Emission
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Two-component Imaging

Firefly luciferin (Fluc) has been historically challenging: most synthetic analogs react
with Fluc and most mutants react with D-luc.
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Four-component Imaging
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Bioluminescence Resonance Energy

Transfer (BRET
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Luciferin emission is red-shifted by its conjugation to NIR-emitting dye (BRET)
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When the OH group of LH2 is caged, bioluminescence is off. The protecting group
(PG) is removed by enzyme or analyte of interest, thus turning bioluminescence on.
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Triggerable Dioxetane
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Triggerable Dioxetane
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Figure 10. A) Structure of 'O, chemiluminescent probe SOCL-CPP, which emits green light upon reaction with 'O,. B) Structure of NIR-emitting
chemiluminescent probe with an extended m-electron system, which emits NIR light upon reaction with H,0,. C) In vivo imaging of endogenous
H,0, in the peritoneal cavity of mice during an LPS-induced inflammatory response, using the NIR-H,0, probe.
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Summary
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