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Molecular Modeling Study on the Three—dimensional Structure of the
Luciferase Protein in Vibrio—qginghaiensis sp.—-Q67
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Engineering, Tongji University, Shanghai 200092)

Abstract Bioluminescence technique derived from the luciferase-based catalization reactions has been widely used in
chemistry, biological assay and environmental science. The three-dimensional crystal structures of luciferase proteins in some
firefly and luminescent bacteria were elucidated. Vibrio ginghaiensis sp.-Q67 (Q67), one of freshwater luminescent bacteria
which was extracted from Gymnocypris przewalskii in Qinghai lake, has been used in biological assay and toxicity evaluation
of many chemicals. However, the crystal structure of the luciferase (the most important catalyzer to bioluminescent) in Q67 is
still not established, which hinders the process of the study on the molecular mechanism of toxicities of chemicals to Q67. In
this study, the three dimensional structure of bacterial luciferase in Q67 was constructed by using the heterodimeric homol-
ogy modeling combined with the molecular dynamics simulation which were performed with explicit TIP3P water. The
simulation system was equilibrated at 4 ns, and was prolonged for another 4 ns for extracting the equilibrium trajectories at
the 8th ns. The stability of the system was monitored through the convergences of energy, temperature, and global root mean
square deviation (RMSD). The ptraj modules in the AMBER software were used to analyze hydrogen bond occupancy be-
tween o and B subunit. And then, the molecular mechanics generalized born surface area method was applied to identify
critical amino acids of the a and 8 subunits that interact with each other during the native heterotetrameric structure forma-
tion. It was shown that the luciferase in Q67 is a heterdimer including two polypeptide subunits (o and ) and the stabilization
of this heterodimer was mainly determined by the van der waals force. The specificity of association is realized by hydrogen
bonds formed between subunits. However, the electrostatic interaction from the net charge on a and 3 subunit is unfavorable
to the stability of the dimer. The active sites of flavin mononucleotide binding to the luciferase in Q67 are located in the ac-
tive pocket of o subunit. The B subunit is helpful to keep the structural stability of the active sites on the o subunit.
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Figure 1 Plot of root mean square deviation (RMSD) vs. time for the
luciferase in Q67
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Figure 2 Ramachandran plot of the structure of luciferase in Q67
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Figure 3 Topological graphs for the secondary structures of a (a) and §
subunit (b) of the luciferase in Q67
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P b, I HOson ik 5 2 8] R AR B AR R AR (43 ik
—20.06, —17.72 F1—21.73 kcal/mol). 1 3 /K4 T
Z: 5 FEE (R D).

o 5 B IALES H HBEAG) W LA R w A bl
PERE(AGporsol) s W FMLAEMR I BE(AGupotsor)« TEFEAERE
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Table 1 The occupancy of hydrogen bonds formed between o and
subunits and bonding distance

frpk Ak B % PH /A
Asn159°@0 Glnl17"@N 100 2.90
GIn95* @0 Thr18‘@0 100 2.68
Glu43* @0 Arg85°@NH2 100 2.79
Glu43* @0 Arg85“@NH1 100 2.81
GIn95*@0 Thr18*@O 100 2.74
Val57"@0 Ser60° @O 100 2.71
Glu43'@0 Arg85\@N 100 2.75
Ser152°@O Argl15°@N 99 2.93
Glus8! @O His45*@N 99 2.76
Ser152°@O GIn266“@N 97 2.94
Asn273“@0 Asnl18"@N 97 2.93
Thr80*@O Arg85P@N 97 3.01
GIn266*@0 Asnl45P@N 96 3.03
Thr80°@O Arg85F@N 96 2.89
Glu48' @0 Asn159°@N 95 291
His152°@O0 Asnl18*@N 94 3.02
Phell16* @0 Val82"@N 91 2.96
water@O Thr80*@0 97 2.90
water@O Asn273"@N 97 3.01
water@O Ser298*@0 93 2.79
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FIAG o101 1 —45.0 keal/mol ¥ fifl, HRIT-4:4.
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Bl 1) —22 g 51200 gt i sl A B4R R,
VL 22 ) (P LR SR AN A TS 1, (R R P e
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Table 2 The interaction energies of pairwise residues between o and 3
subunits

%E 1 l]—jéjj_t 2 AGvdw AGr:lc

AGpol sol Aanol sol AG[O[

His45"  Glugs® 061 —5361 3185 —0.64 —21.79
Arg85®  Glu43® 120 —49.14 2832  —049 —20.12
Glu43"  Argss’ 081 —4470 2648 —032 —17.73
Lys98"  Asp22® 055 —5093 4044  —0.79 —10.73
Thr80°  Arg85" —021 —11.60 294 —069 —9.57
Asp89"  Thr47" 049 —11.52 460 —068 —7.11
Lys98" Thri8® —047 —7.86 290 —124 —6.66
Glu88" His45?  —0.64 —39.97 3471  —0.65 —6.55
Arg85® His81® —1.74 —3.97 065 —138 —6.44
Glu48®  Asnl59* —0.55 —8.35 347  —088 —6.31
Arg85® His76®  —0.56 437  —141  —040  2.00
Arg85® His45"  —034 3019 —2574 —029 3.8

His45*  Arg85* —0.61  33.67

“ e LT keal/mol.
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B Y ARG AT IR SF RIS . FMN 5 Vibrio
harveyi RN E I GE AL AL T o W, TR EBERN) 56
HeHL LN Glud3, Ala75, Argl07, Leul09, Ser176 il
Thr179. HF Q67 Y Vibrio harveyi 1% )t 2 B o V. FE H
IR — 5 (84%), W# LIASIX IR 758 LT — 5L,
R IEAL T8, KL, AT Vibrio harveyi 7t %
fitfh 5 FMN 454011 o NP3 AR T [FIJR A, Fy gt
Q67 WL F B FMN 45 A MRS, Q67 7t M/ 15))
DI G o RIS A - WA 6.
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445 FMN 25 G PAeRES T R FRA U 4. Thr1 79
FRAER) o WEIEM A A, (515 4T AR, AT
FMN HEAGETE 148 . 8 FMN 454 1%+, Thr179* 5
FMN (XA 5 AU I 20 2.47 A, A TSR K
JuHE. 553 Ser145%~ Argl 65 loop X H A BN HIZ M,
) Thr179* FT{E I o BRTE A7 B4 T 4545

B VHE 48 FFIE B 42 Al — e o 2S
Mgk, HASHR LBk, I H N RMSF B nJ LA H,
PG AR e AN, AR TR AR e 45 A, H2
ATRASS BN A T

—26.62 —0.55 5.89
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Figure 6 The structures of active pockets of the binding-free luciferase
(blue) and the binding FMN-luciferase (yellow) in Q67
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Motk sb et S A GB (Generalized Born) /5 ikt
AR R, AR AL B B RE B2 T ] A IR TR
SASA ¥ LCPO J5 it 545568,

T RIS AN P 2 A AR OB k2, R
AMBER ] MMPBSA.py bt #1 EAF T fE 247
MM/GBSA H HRESFE, THE RO ERIE 2 7] [F BE 12
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