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AdvancesinartificialdesignoflightＧdriven
carbondioxidereductase

WiththesupportbytheNationalKeyR&DProgramofChina,theNationalNaturalScienceFoundation
ofChina,andtheChineseAcademyofSciences,theresearchteamledbyProf．WangJiangYun(王江云)
attheInstituteofBiophysics,CAS,rationallydesignedageneticallyencodedphotosensitizerprotein
(PSP)thatfacilitatesphotocatalyticCO２reduction,whichwaspublishedinNatureChemistry (２０１８,
DOI:１０．１０３８/s４１５５７Ｇ０１８Ｇ０１５０Ｇ４)．

Inrecentyears,searching methodstoconvertsolarenergyintochemicalenergyandtocontrolthe
increasingatmosphereCO２concentrationhasbecomeakeyissueinthefieldofchemistryandbiology．The
naturalphotosynthesissystem (PS)hasattractedlotsofattention,becauseofitsadvantagesincluding
environmentalfriendliness,sustainability,selfＧassembleabilityandhighlyefficientphotoＧinducedcharge
separationefficiency．However,itisdifficultto geneticallyengineerthephotosynthetic machinery
consistingofalargenumberofmembraneproteinsandcofactors,whichremainsasignificanttechnological
challenge．Moreover,compared withsmall molecule CO２ reductioncatalysts,thenaturalPS hasa
relativelylowCO２reductionactivity．Afteryearsofeffortsonmetalloenzymesdesigning,Wangsteam
developedanartificiallightＧdrivencarbondioxidereductase,whichcombinestheadvantagesofthenatural
photosystemandsmallmoleculecatalysts．

Previousstudieshaveprovedthatfluorescentproteins(FPs)couldbetransformedintophotocatalysts．
Meanwhile,thechromophorecouldberationallydesignedbyreplacingitsnaturaltyrosineresiduewitha
geneticencoded UAA．Thus,thephotochemistryfeaturesofthechromophore,includingabsorption
spectrum,lifetimeandradicalreductivepotential,couldberationallyattunedwithhighaccuracy(ANIE,

Figure　Schematicdiagram ofproposedcatalyticmechanism
ofPSP２T．
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Basedonthepreviouswork,withthegeneticencodetechnology,aPSPbyincorporatingBpathat

containsabenzophenonemoietyintochromophoreofFPwasdeveloped．ThePSPproteincanbephotoＧ
convertedtoalongＧlivedphotoＧexcitedstate．Ifareductantispresent,thePSPproteinintheexcitedstate
thenfacilitatesanelectrontransferreaction,resultingintheformationofaPSPradical．Electrochemistry
analysissuggestedtheredoxpotentialofradicalstateiscloseto－１．４６V(vsNHE),whichismuchlower
thanCO２ reduction potentialand many biologicalrelevantreductants．Moreexcitingly,the XＧray
chromatographyresultsshowthattheradicalsconformationformsinanextendedconjugatedπＧelectron
system,correspondingtoasignificantlyredＧ
shiftedUVＧVisspectrum．Tothebestoftheir
knowledge,thisisthefirstreportofaprotonated,
neutralbenzophenoneradicalstructure．

WhenligatedwithaCO２reductioncatalyst
nickelＧterpyridine (PSP２T),thePSP２T can
photocatalyzeCO２toCO,withmorethan１００
TONsanda２．６％ quantumyield．Compared
with small photoredox molecules, the
photoredoxproteinhasthefollowingadditional
merits:１．heavyＧmetalfree;２．capableof
beingeasilyintroducedintovariousorganisms;
３．having dramatically expanded abilities
throughrationaldesignordirectedevolution．


