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Themitochondriaactasthemainproducersofreactiveoxygenspecies (ROS)withincells. Elevat
edlevelsofROScanactivatethemitochondrialapoptoticpathway, leadingtocellapoptosis. Inthis
study, wedevisedamolecularprodrugnamedCTT2P, demonstratingnotableefficacyinfacilitatingm
itochondrialapoptosis. Todevelopnanomedicine, weenvelopedCTT2Pwithinbovineserumalbumin (B
SA), resultingintheformulationknownasCTT2P@B. ThemolecularprodrugCTT2Pisachievedbycovale
ntlyconjugatingmitochondrialtargetingtriphenylphosphine (PPh3), photosensitizerTPPOH2, RO
g—
sensitivethioketal (TK), andchemotherapeuticdrugcamptothecin (CPT). Theprodrug, whichischem
icallybonded, preventstheescapeofdrugswhiletheycirculatethroughoutthebody, guaranteeingt
hecoordinateddispersionofbothmedicationsinsidetheorganism. Additionally, theconcurrentin
tegrationoftargetedphotodynamictherapyandcascadechemotherapysynergisticallyenhancesthe
therapeuticefficacyofpharmaceuticalagents. Experimentalresultsindicatedthatthecovalentl
yattachedprodrugsignificantlymitigatedCPTcytotoxicityunderdarkconditions. Incontrast, TP
POH2, CTT2, CTT2P, andCTT2P@Bnanoparticlesexhibitedincreasingtumorcell-
killingeffectsandsuppressedtumorgrowthwhenexposedtolightat660nmwithanintensityof280mWe
m-2. Consequently, thislaser—triggered, mitochondria—
targeted, combinedphotodynamictherapyandchemotherapynanodrugdeliverysystem, adeptateffic
ientlypromotingmitochondrialapoptosis, presentsapromisingandinnovativeapproachtocancert

reatment
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Nitricoxide (NO), carbonmonoxide (CO), andhydrogensulfide (H,S) areendogenousgasotransmi
ttersinlivingorganismsthatplayvitalphysiologicalandpathologicalroles, whilealsoexhibiti
ngpotentanti-
inflammatoryandantimicrobialactivities. Giventheiruniqueadvantagesandproventherapeutice
fficacyintreatingmanydiseases, thedevelopmentofgasotransmitter—
basedtherapeuticshasattractedconsiderableattention. Unlikeconventionalsolidorliquiddrug
S, gasotransmitterscannotbeadministeredorally, byinjection, ortransdermally;theyarerapidl
ymetabolizedunderphysiologicalconditionsandhaveextremelyshorthal f—
lives. Inhalationdeliveryprimarilytargetsthelungs, makingitdifficultforthegasestoreachot
herdiseasedtissues. Toaddressthesechallenges, wehaveconductedaseriesofstudiesonthecontro
1leddeliveryofgasotransmittersandhavepreliminarilyexploredthepotentialofgasotransmitte

r—-basedpolymericmaterialsforthetreatmentofinflammation—andinfection—relateddiseases
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Infectedbonedefectsarecharacterizedbysevereinfection, lackofbloodsupplyandbonedestr
uction. Effectivetreatmentofthesedefectsnecessitatestheeradicationofpathogenicperiodont
albacteriaandtherestorationofaheal thyboneecosystem. Iron—
basednanozymeshasbeenreportedtocombatinfections;however, itson—
demandliberationandtheelucidationoftheunderlyingantibacterialmechanismremainchallengin
g. Toovercomethisdauntingissue, wedevelopaversatileorthopedicimplantcomprising3D—
printedtitaniumalloyscaffoldsandFe3S4nanozymebycrosslinkingpolydopamine/hyaluronicacid
hydrogel, servingasapH-
gatednanocoatingtoimproveinfectiousbonedefectosseointegration. ThemorphologyofFe3S4wass
ynthesizedviaahydrothermalmethod, whichfacilitatedtheexposureofadditionalactivecentersi
tesandsignificantlyenhancedenzymecatalyticactivity. Fe3S4nanozymeexhibitingmultipleenzy
maticactivitiesweredevelopedforantibacterialandantibiofilmapplicationsthroughaferropto
sis—
likemechanism. TranscriptomicsanalysisrevealedthatintracellularFeoverloadinducedbyexces
siveFe (I1)-mediateddysregulationofthetwo—
componentsystemdisruptsbacterialmetabolism, ultimatelyleadingtobacterialferroptosis—
likedeath. Itdemonstratedthattheengineeredplatformdemonstratedexceptionalcontrollablean
ti-
bacterialpropertiesandreinforcedosteogenicityinvitro. Moreover, employinganinvivomodelof
infectiousbonedefect, itisconfirmedthattheplatformcanconsiderablyboostboneregenerationth
roughpathogenelimination, angiogenesispromotion, andosteogenesis. Together, thepresentstud
yoffersaviableapproachforaddressinginfectedbonedefectsthroughamultipleenzyme—

likeactivitiesplatform.

R 1. MultipleEnzyme—LikeActivities2. Ferroptosis3. Angiogenic4. Osteogenesis
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