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Structuralflexibilityandproteinadaptation
totemperatureofmarinemolluscs

WiththesupportbytheNationalNaturalScienceFoundationofChina,acollaborativestudybyProf．
DongYunWei (董 云 伟)from theState Key Laboratoryof MarineEnvironmentalScience,Xiamen
Universityand Prof．George N．Somerofrom the Hopkins Marine Station,Stanford University,
uncoveredthestructuralflexibilityandproteinadaptationtotemperatureofmarinemolluscs,whichwas
publishedinPNAS (２０１８,１１５:１２７６—１２７９)．

Orthologousproteinsofspeciesadaptedtodifferenttemperaturesexhibitdifferencesinstabilityand
functionthatareinterpretedtoreflectadaptivevariationinstructural“flexibility”．However,quantifying
flexibilityandcomparingflexibilityacrossproteinshasremainedachallenge．Toaddressthisissue,Dong
andhiscoＧauthorsexaminedtemperatureeffectsoncytosolicmalatedehydrogenase (cMDH)orthologs
from differentlythermally adapted congeners offive genera of marine molluscs whosefield body
temperaturesspanarangeof ~６０℃．Theydescribedconsistentpatternsofconvergentevolutionin
adaptationoffunction (temperatureeffectsonKM ofcofactor)andstructuralstability (rateofheat
denaturationofactivity)．Todeterminehowthesedifferencesdependonflexibilitiesofoverallstructure
andofregionsknowntobeimportantinbindingandcatalysis,theyperformed moleculardynamics
simulation(MDS)analyses．

Thedatasupportthe microstateensemble modelofproteinstructure which postulatesrapidand
temperatureＧsensitiveinterconversionofconformationalmicrostatesandashifttowardsanensemblewith
fewerligandＧbindingＧcompetent microstates with highorlow extremesoftemperature．Ithasbeen
conjecturedthattheintensityofnaturalselectiononproteinsevolvingatdifferenttemperaturesmaybe
governedbythetypesandmagnitudesofconformationalchangesthatarenecessaryforfunction．Ifthisis
thecase,thenthetypesofflexibilityＧmodulatingadaptationsdescribedforcMDHsmaybecommonamong
many,butpossiblynotallclassesofenzymes．Investigationsofothersetsoforthologousproteinsfrom
speciesadaptedtowidelydifferentrangesoftemperatureseem warrantedtotestthegeneralityofthe
observationsmadeinthisandearlierstudies．Invitroandinsilicostudiesofthese“naturallyoccurring
mutants”couldcomplementstudiesoflaboratoryＧcreated mutantsandyielddeeperinsightsintothe
processesofproteinevolutionacrosstheproteomeandprovideabetterunderstandofhowchangesin
sequencetranslateintoadaptivemodificationsofproteinfunctionandstructure．

Figure　Orthologousproteinsofspeciesadaptedtodifferenttemperaturesexhibitdifferencesinstabilityandfunction．MDS
analysisrevealsproteinＧwideaswellaslocaladaptationinflexibility．Sequenceregionsinvolvedinbindingandcatalysisshow
significantinterＧspecific,temperatureＧrelateddifferencesinflexibility．


