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Effect of Water—Mediated Communication Path on
Thermal Stability of Lipase
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Software Technology, Wuxi 214122,China)

Abstract: To study the effect of signal transmission between residues and water on protein thermo
stability, the Residue-Residue and Residue-Water interaction networks were constructed based on the
trajectories obtained by molecular dynamics simulation of wild-type lipase (WTL) and its mutant
(6B) at different temperatures,with residues and water as nodes and residue-residue and
residue-water interactions as edges. The Dijkstra algorithm was used to calculate the shortest path
between nodes in the network. The results showed that at 300 K, the residues on loop between aB
and (34 and oB in WTL and 6B frequently communicated with water, which reduced the flexibility of
this region. At 400 K, WTL only strengthened the internal connection of aC, while in 6B, the loop

between B7 and B8, aA and the longest loop were connected to each other and maintained stable

s B H# . 2020-03-18
E&TB.: HERAREEILETH (21541006)
*EEEE. TEEA976—), @, it 28z, WL A S0, R 2 NG eI S5 8 e M4 AW B2,

E-mail : yr_ding@jiangnan.edu.cn

JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol. 40 Issue 5 2021



BB KA G4 8IS R R B AL P 4

communication with water, thus stabilizing the thermal stability of lipase. In addition, the mutation

point A20E in 6B was more likely to form stable hydrogen bond with water after the mutation, and

the mutation increased the thermal stability of lipase. Thus, this study can provide a theoretical basis

for rational design to improve the heat resistance of protein.
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Fig. 1 The three—dimensional structure of WTL and 6B
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Fig. 2 Number of shortest stable paths in WTL and 6B at

different temperatures
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Fig. 3 Number of shortest stable paths with different path length in WTL and 6B at different temperatures
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Table 1 Stable paths from residues in WTL to water molecules at 300 K in the top ten of path length

s i,

Met134-Asp133—His156-His76—Val9—Phe41-Trp42—water 8 SP1_WTL300
Alal32-Asp133-His156-His76—Val9—Phe41-Trp42—water 284 8 SP2_WTL300
Asn51-Phe41-Val9-His76-His156—Asp133-water 296 7 SP3_WTL300
Gly155-His156-His76—Val9—Phe41-Trp42-water 293 7 SP4_WTL300
Asp133-His156-His76—Val9—Phe41-Trp42—water 292 7 SP5_WTL300
Trp42—Phe41-Val9-His76-His156-Asp133—water 292 7 SP6_WTL300
Thr47-Asn48-Gly52—Ser56—GIn60—-Asp64—water 287 7 SP7_WTL300
Asn98-Ile73-Val9-His76-His156—Asp133—water 287 7 SP8_WTL300
Val96-1le73-Val9-His76-His156—-Asp133-water 284 7 SP9_WTL300
Gly46—Asn51-Pro53—Arg57-Lys61-Glu65—water 280 7 SP10_WTL300

®2 30KEET6BEREZ KRG FZEBEEREHZA 10 HRERKE
Table 2 Stable paths from residues in 6B to water molecule at 300 K in the top ten of path length

H IR AL BRAR K
Gly46-Asn51-Leu55-Val59-Leu63-Lys69—water 290 7 SP1_6B300
Thr47-Asn51-Leu55-Val59-Leu63-Lys69-water 290 7 SP2_6B300
Tyr49-Asn51-Leu55-Val59-Leu63-Lys69—-water 290 7 SP3_6B300
Gly46—AsnS51-Pro53—-Arg57-Lys61-Glu65-water 283 7 SP4_6B300
Met78-Gly79-Thr83-11e87-1le123—-Lys122—water 275 7 SP5_6B300
Lys69-Leu63-Val59-Leu55-Asn51-Asn50-water 274 7 SP6_6B300
Gly46—Asn51-Gly52—-Ser56—GIn60-Asp64—water 272 7 SP7_6B300
Pro53—Asn51-Lys61-Val9-Phe19-Glu20—water 272 7 SP8_6B300
Asn98-1le73-Val9-Phe19-Glu20—water 295 6 SP9_6B300
Gly52—Asn51-Phe41-Asp40-water 300 5 SP10_6B300
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Table 3 Stable paths from residues in WTL and 6B to water molecules at 400 K in the top five of path length
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Table 4 Distribution of residues in the shortest stable path from residues in WTL and 6B to water molecules at 300 K in

the secondary structure of lipase
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Table 5 Distribution of residues in the shortest stable path from residues in WTL and 6B to water molecule at 400 K in

the secondary structure of lipase
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