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Abstract: The wild-type protein and mutant protein models of sulfide:quinone oxidoreductase (SQR) from Thiobacillus denitrificans

Q,
ATCC25259 were generated by homology modeling using Di

y Studio 3.5. All models were optimized by molecular mechanics and
molecular dynamics using GROMACS 5.1.2, yielding. pro models in“a stable state with a relatively low energy. Three methods, i.e.,
PROCHECK, Verify 3D, and ProSA, were used to evaluate the moﬁels, and the results indicated that the models were reasonable and reliable.
The protein models were used to calculate the interactions between proteins and ligands, as well as the solvent accessible surface (SAS) and
energy values. The expression vectors of SQR and mutants were constructed and transferred into Escherichia coli BL21 (DE3) to express the

proteins with a molecular weight<of about 65 ku.-Several wild-type and mutant proteins containing the 6x His tag were purified by

nickel-affinity chromatography. QR enzyme activity was determined using established methods, and the results showed that the activity of

the mutants was‘lower than that of the wild-type SQR. Both simulation calculations and experimental verification suggested that the structural

stability of alp~1

of the p&n decreased; the enzyme.activity also decreased.

elix in the C-terminal of SQR had an important influence on the structural stability of the protein. If the structural stability
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Table 1 Numbering of mutants

S R
1 Val412Lys
2 Val412Ala
3 Leud415Ala
4 Leu415Gly

122 T hx55 T HFHmA
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AR E € o S )5 0 P o B AN LG B VAR
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Table 2 Sequences of the primers for site-directed mutagenesis

HE B4 5 Gl 7| ¥E Tm  GHC%
Val412Lys-F AGCCGCTGTACGAGAA&T GCTCGGCCTCATGGGCATCAA 43 7383 55
Val412Lys-R TTGATGCCCATGAGGC ACTTCTCGTACAGCGGCT 43 7383 55
Val412Ala-F AGCCGCTGTACGAG CGGCCTCATGGGCATCAA 43 7574 60
Val412Ala-R TTGATGECCATGAGGCCGAGCGCGTACTTCTCGTACAGCGGCT 43 7574 60
Leu415Ala-F TACGAGAAGTACGTGCTCGGCGCGATGGGCATCAAGAAACTCAAG 45 7343 53
Leud15Ala-R CTTGAGTETCTTGATGCCCATCGCGCCGAGCACGTACTTCTCGTA 45 7343 53
Leu415Gly-F GAGAAGTACGTGCTCGGCGGCATGGGCATCAAGAAACTCAAG 45 7343 53
Leu4l5 C GTTTCTTGATGCCCATGCCGCCGAGCACGTACTTCTCGTA

r@aﬁgﬂi
WS T!&;‘tﬁﬂ’wz/"“” fimﬁbéﬁ 50 mM B
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Fig.1 Structure of SQR protein
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48



MK EmBHL

Modern Food Science and Technology

2017, Vol.33, No.9

TFEIE H-FAD FAL BREUAT i ATCC 25259 (1) SQR
HA “hg A IR a5 M e, RPN D g
P&, BANDERFEEMEPIANER R AR,

B EIE 6 STATH B I8 SHXT o BRI
B-a-p-a-p IFFEERY, FAD 456 TN B Hi2ihE

a -
1,001

-1.05+
-1.00-
-1.15F
-1.20
-1.25
-1.30F
-1.351

Epot / (k,Jrnol)

-1.40

EMstep

800
600+
400+
200

-400 -
-600 +
-800
-1000

Pressure / ber

T

0 1000 2000 3000 4000 5000 6000 7000 8000 9000 1000

0
=200+

70 80

50 60
Time / ps

0 10 20 30 40

o

=x]0?

-L1F

-1.2F

Epot / (k,Jrmol)

A

90 100

2000 3000 4000 5000
EMstep

6 L
0 1000

800
600+
400 -
200

0
-200
-400
-600 +

-800
-1000 y L

Pressure / ber

0 20
Time / ps

40 60 8O 100 120 140 160 180 200 22

o

PMSD / nnr

AV N\

6000 7000

Temperature / k

ittt CoEAPIAN o B, FEDREEN
FHRAIES & A Ko

2.2

310
305
300
205
280
2851
2801

a0 F AT 5 0 F A

2751 @

270

025

020

0.10

0.05F

b

Temperature / k

PMSD / nnr

200 30

50 60 70
Time / ps

10 40 80 90 100

=]

N A ¥4

L 1

0.5 1.0

25 30 35

1.5 2.0

Time / ns

0.0

310
305+
300
295
280
285§
280
2751

2'.!'(]0 50

100 150 200 250

Time / ps

030
025
020
0.15F
0.10F
0.05

T

L

0 50

100 150 200 250 300 350

Time / ps

& 3 Val412Lys EEMD FRINZFLEERE
Fig.3 Results of MD simulation of Val412Lys
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Fig.7 Evaluation results of the WT SQR protein model
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BRSNS, AT Pi s e, B
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366.07 A%, ZARERTAN 351.96 A%, BiKEA
41.79%. FAFRE S FAD I 14 S, Bk
BT AN 366.86 A%, 2RIy 352.12A%, i
IKEEN 41.80%. RAGRE A58 ARIEEMAEL, B
B SQR JERIE) 13 ANE ) /N =)

K, HEA S5
SRIRAT ] B 5 S
25 B 7 FAREE DA TR A 2 5 R 1 S A ) 1
S S KA AR A B A

Calculate Solvent Accessibility iz 513 H 85 SAS
‘(Solvent Accessible Surface) {E, SAS NEF|A] K ZFE
[1g2% TE%%%%%EE@%%UEPE@%WRQ W
A IR SAS TE KT 25% SASmax HINERFEZS, /N T 10%
SAS e M RIE R IR L NMHE, N T 10%~25%
SAS o Z IR RS . BFAEA SQR [ SAS fH N
2023540 A%, AK SAS H4rHIA 20163.10 A2,
20187.10 A®F120202.10 A*F1120179.70A%, Ag{LiEH
K 33.30 A%~72.30 A%, BRI SQR H4-FAD SAS 1
N 1981580 A%, ZARKER (H-FAD SAS {4 5N
19750.80 A?.19792.20 A%.19087.20 A #119767.40 A2,

%<3 B4R SR R EZRTIAEL-FAD AEARIEMETIRE

Table 3 Polar and ni

olar contact surface-area of the interface in the protein-FAD complex of WT SQR and mutants

Ligand Contact Ligand Polar Contact Ligand Nonpolar Contact
tal Hydrogen Bonds

/& Surface Area (A%) Surface Area (A%) Surface Area (A%)
SQR 13 ' 366.07 249.36 116.71
2 14 366.86 249.87 116.99
2 § 14 366.86 249.87 116.99
3 14 366.86 249.87 116.99
4 14 366.86 249.87 116.99

Receptor Con(tg% Surface Area Regiﬁzzg’z?eraC(g‘r;;act Recesp;(;rf;:grlli)rz{:; ‘gz(;ntact Hydrophobicity/%
SQR 351.96 168.62 183.34 41.79
1 352.12 169.06 183.06 41.80
2 352.12 169.06 183.06 41.80
3 352.12 169.06 183.06 41.80
4 352.12 169.06 183.06 41.80
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1 20163.10 1030.88 1975080 7 -4023.38
2 20187.10 1030.88 1979220 = -4022.80
3 20202.10 1030.88 19087.20 -4023.02
4 20179.70 1030.88 19767.40 -4009.53
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[&] 8 SDS-PAGE #&;iI[E
Fig.8 SDS-PAGE images
E: a, FAR SQREGNERE (M, Marker; 1, #F/ELHE; 2, RFEFAE; 3, $F50E). b, REREGIERHE,
(1, RFEF2RE; 2, Leudl15Gly #5/5700; 3, Leudl5Gly HF/E00IE; 4, Valdl2Ala 5800, 5, Valdl2Llys H-F/E00i;
M, Marker; 6, Leud15Gly #55/5 L#; 7, LeudlSAla %555 LA; 8, Valdl2Ala 53/ LiF; 9, Valdl2Lys 536 L#F). ¢, &
&) 4t R %5 69 SDS-PAGE #) (M, Marker; 1, Leud15Gly; 2, Leud4l5Ala; 3, Val412Ala; 4, Valdl2Lys; 5, T4 % SQR).
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Fig.9 Enzyme activity of WT SQR and mutants
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