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#1 INTRODUCTION
1.  Two enzyme groups – luciferases (oxidoreductase, EC 1.13.12.5) and haloalkane dehalogenases (hydrolase, 

EC 3.8.1.5) – functionally distinct but evolutionarily related1

2.  A stable ancestral protein2 exhibiting a dual promiscuous activity (starting point of evolutionary divergence)
3.  An urge to identify the driving force of the emergence of a new enzymatic function and understand the 

process of evolution at the molecular level
4.  Exploration of a novel technique for insertion and deletion (InDel) mutagenesis3

#4 CONCLUSIONS
•  Alteration of dynamics demonstrated to be important for the evolution of the luciferase activity
•  Engineered dynamics enhanced substrate binding and significantly increased bioluminescence half-life
•  InDel followed by fragment transplantation is a valuable tool for the novel catalytic activity development
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Crystal structure showed 
open and closed states

Molecular dynamics simulations suggested 
increased dynamics
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#3 RESULTS

Hydrogen-deuterium exchange 
confirmed dynamic behavior
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Transient kinetics linked dynamics 
with enhanced substrate binding
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Increased luminescence 
stability switched “flash” 
luciferase to “glow” type
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#2 WORKFLOW
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ACTIVITY SCREENING
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HITS CHARACTERIZATION, DYNAMIC 
REGIONS IDENTIFICATION

TRANSPLANTATION OF 
DYNAMIC REGION (ANCFT)

RLuc

Anc

N
H

N N

O

R1 R2

R3

N

N

R1 R2

NH

O R3

O2 CO2
 
+ light

R X R OH

H2O H+ 
+ X-

Luciferase (RLuc)

Haloalkane
dehalogenase (HLD)

R1 = 4-hydroxyphenyl (HOPh); R2 = benzyl (Bn); R3 = 4-hydroxybenzyl (HOBn)
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