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Investigation into the mechanism for high enantioselectivity of the
thioesterification enzyme
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Firefly is an insect which is felt familiar and attractive to us because
with which the word of lighting insect is closely associated. Thus firefly luciferase is
generally supposed to be bioluminescence enzyme, however, we have found another
catalytic activity, “enantioselective thioesterification activity”, in this enzyme. When
ketoprofen, which has an asymmetric center in the molecule, was subjected to firefly
luciferase catalyzed thioester formation reaction, R-form would be preferentially
transferred to the corresponding thioester. In this research, by detailed Kkinetics
measurements, MD simulation and X-ray crystallographic analysis we could have throw
light on a reason why firefly luciferase can distinguish the absolute configuration in the
molecule.

2007 1,700,000 0 1,700,000
2008 1,100,000 330,000 1,430,000
2009 500,000 150,000 650,000

3,300,000 480,000 3,780,000




(E
)35
1996
14 2005
3000
5 7 -0-[ N-(dehydro
- -luciferyl)sulfamoyl]adenosine (DLSA)
DLSA
DLSA
2-
AMBER
1 -
-AMP
-AVP
MD
@
( -AMP )
D-
ATP, Mg*

2- N-acyl sulfamate ( 1a)
CoASH ACS AMP-




(DLSA,  1b)

@

N-acyl sulfamate -

(©)
-AMP (DLSA)
(PDB ID 2D1S)
DLSA
R-
KPF-R S- KPF-S
(b
2 -
AMBER ver.7.0
300 K 1ns Time
step 1 fs
a) NH2
<1 )
0 CHz iy O N
N—S-0 o
O O (@] |
OH OH
b) NH,
NN
¢ ]
N S N /)
S H% N
< N N—S-0 o
HO I
(@] ]
OH OH
1. -AMP ; a) KPF-X,
X R

S , b)DLSA

*

M.-X. Wu
AMP

HPLC

@
(Luc-H)
N-acyl sulfamate
sitting drop
12.5%(w/v) PEG-4000, 100 mM Glycine-NaOH
(pH9.5)

« 3

p-loop (199N-2096)

MD

2. (LUC-H)



@

KPF-S

2D1S
KPF-S

®

Ser200

« 4

Ser201

. S-
R- S-
(RMS fluctuation) KPF-R
1.7%
30042 K
RMSD  KPF-R 1.7
2.0
KPF-R KPF-S
Ser201
Ser200
6.8
KPF-R
Ser200 3
2

KPF-S Ser200
KPF-R

Ser201
KPF-R

Ser200 Ser201

4. MD p-loop
‘R- S
O]
Ser200
Ser201
(LUC-H)
(S200A, S201A )
S200A
S201A S-
R-
1/10
R-
kcat
p-loop



4
A.Tagami, N.Ishibashi, D.Kato, N.Taguchi,
Y.Mochizuki, H.Watanabe,M.Ito, S.Tanaka,
“Ab initio quantum-chemical study on
emission  spectra  of  bioluminescent
luciferases by fragment molecular orbital
method.”, Chem. Phys. Lett., , 472,
2009, pp.118-123.
K.Sasa, D.Kato, T.Uno, H.Hayashi,
H.Nakano, “Computational Chemical
Analysis of Firefly Luciferase Catalyzed
Enantioselective Thioester Formation toward
Ketoprofen”, J. Comput. Chem. Jpn.,

, 7, 2008, pp.143-150.
A.Tagami, N.lIshibashi, D.Kato, N.Taguchi,
Y.Mochizuki, H.Watanabe, M.Ito, S.Tanaka,
“Theoretical Study on Emission Spectra of
Bioluminescent Luciferases by Fragment
Molecular Orbital Method”, J. Com. Aid.
Chem., , 9, 2008, pp.47-54.
D.Kato, K.Teruya, H.Yoshida, M.Takeo,
S.Negoro, and H.Ohta, “New application of
firefly luciferase - it can catalyze the
enantioselective thioester formation of
2-arylpropanoic acid”, FEBS J., :
274, 2007, pp.3877-3885.

13

2010
(4syan) , ( 22 3
30 ).
p-loop
, 13
, ( 21 12
34 ).
, 61
v ( 21 9 2325
).
, 61

» ( 21 9 2325

20 9 2728
).
2-
, 60
. ( 20 8 27-29
).
, Brevibacterium sp.
KU1073
, 88
v ( 20 3 26-30
).
88  ( 20 3 26-30
).
B .1
( 20
1 2425 (
).
, Brevibacterium sp.
KU1073
, 11
( 20 1 2425
( ).
58 ( 19 10 12
; ).
@ 07 ( 19
9 15 ,
).



5 , 1
( )1

pp.434-438, 2010.
o 0
o 0

HP

http://ww._eng.u-hyogo.ac. jp/msc/msc3/t
op.html
@

KATO DAI-1CHIRO
60423901

@
®




