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ABSTRACT: Semiarticial photosynthetic systems have shown tremendou
potential to address global energy issues by combining the exceptional optjcal
properties of nanomaterials with biological whole-cell catalysts. To achigve 1,
sustainable energy conversion between inorganic materials and whofig cells in @@ o
semiarticial photosynthetic systems, it is highly desirable to introélut . e 2

; X ) : . S =, -1 (0,/-0,) CBe ee
biocompatible nanomaterials with broad light adsorption into the R¥byi 028Vi T N G

catalysis system. Herein, we developed a whole-cell biohybrid catalysEwith in < & .~ Band gagiy > Oz

. . L - . . . L (1.53 eV) Organic
situ synthesized 4/ QDs for visible-light-driven photocatalytic orgghic¢ S Z0i SUNR VeRTReRY( pollutants
pollutant degradation. With the synthesize8 MiDs on the surface dt > (-oH/H,0) B Ag,S QDs
engineerecEscherichia calells, the biohybrid system showed superior{ 238ev """~~~ """ 7° Degradation
performance for the photocatalytic degradation of organic pollutants. The products

photogenerated reactive oxygen speé€dgs) (were conrmed to play a

pivotal role in removing organic pollutants during the photocatalytic process. The enhanced photocatalyticEaatiiyoss the
QD biohybrid system could be ascribed to thetiwe separation and transfer of the interfacial charge carriers. This whole-cell
biohybrid system could provide a promising approach for environmental issues in solar energy conversion.

KEYWORDS:whole-cell biohybrid catalyst, surface-displ&@D#&gohotodegradation, solar energy

1. INTRODUCTION Although semiconductor-based photocatalysts such as CdS

(Eg=2.51 eV, 405 nm) and Tj@anoparticless; = 3.2 eV,

300 nm) show their photocatalytic activities in serialti
hotosynthetic systems, the photodamage with increasing blue
'§ﬁt radiation is harmful to whole cells, which leads to the low

Solar-to-chemical conversion by senuiitiphotosynthetic
systems has attracted siggmt attention in recent years as a
newly emerging approach that uses solar energy to addr

global energy and env!rqqmental challén?gé’sx this end, catalytic eciency of semiartial photosynthetic systefns.
several excellent semiartil photosynthetic systems have gjspyhyrig systems combining broad light absorption nanoma-
been exploited based on theedent combinations of light- teriais with whole cells in light-driven reactions could
harvesting synthetic material and biological componenigyercome these limitations. Pioneering work by Strano et al.
which were employed as biohybrid catalysts for theemonstrated that the combination of single-walled carbon
applications in derent elds, such as G@eductiori;® H, nanotubes with broad light absorption and chloroplast greatly
evolutiorf, ® and N, xatior? ** Among them, a sigeant  improved the photosynthetic @ency in plants. Recently,
breakthrough was made by Yang et al. who developedjiang, Wang, and Wong et al. reported the iodine-doped
semiarticial photosynthetic system based on the combinatiohydrothermally carbonized carb&@olibiohybrid system

of biologically precipitated CdS nanoparticles and the nomhat showed broad light absorption ability and visible-light-
photosynthetic bacteriutoorella thermoacetica light- enhanced hydrogen productiodowever, the synthesis of
driven acetic acid production from carbon dioxidenda et these semiconductors still requires a complicated progss. Ag
al. rst demonstrated the semiaitil photosynthetic system quantum dots (A§ QDs), as excellent photosensitizers,
by using anatase Ti@ith an engineerdgscherichia cfu demonstrate tremendous potential for biological applica-
biological hydrogen productiGninspired by these seminal tions:**¢ Compared to narrow band gap QDs with highly
studies, we developed a surface-display biohybrid approach-ta

light-driven hydrogen production in air with in situ biosyn-Received: May 5, 2022

thesis of biocompatible CdS nanoparticles by engiBeeoéid  Accepted: June 23, 2022

cells:* These results provide important guidance for the

rational design of a biocompatible photosensitizer in semi-

arti cial photosynthetic systems to address energy and

environmental issues in the future.

© XXXX American Chemical Society https://doi.org/10.1021/acsanm.2¢01955

W ACS PUbl ications A ACS Appl. Nano MateXXXX, XXX, XX¥XXX


https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Peiqing+Sun"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Kunlun+Li"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Kai+Lin"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Wei+Wei"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Jing+Zhao"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/showCitFormats?doi=10.1021/acsanm.2c01955&ref=pdf
https://pubs.acs.org/doi/10.1021/acsanm.2c01955?ref=pdf
https://pubs.acs.org/doi/10.1021/acsanm.2c01955?goto=articleMetrics&ref=pdf
https://pubs.acs.org/doi/10.1021/acsanm.2c01955?goto=recommendations&?ref=pdf
https://pubs.acs.org/doi/10.1021/acsanm.2c01955?goto=supporting-info&ref=pdf
https://pubs.acs.org/doi/10.1021/acsanm.2c01955?fig=abs1&ref=pdf
www.acsanm.org?ref=pdf
https://pubs.acs.org?ref=pdf
https://pubs.acs.org?ref=pdf
https://doi.org/10.1021/acsanm.2c01955?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://www.acsanm.org?ref=pdf
https://www.acsanm.org?ref=pdf

ACS Applied Nano Materials WWW.acsanm.org

toxic components, such as BbsdSe/znS?! and InAS? After conrmation by sequer]cing, the_ PCR product was digeste_d with
AgS QDs with no toxic heavy metal components exhibiteBamHI and kpnl and then inserted into the pBAD vector to display
excellent biocompatibility ihiomedical applicatio?f&z.“ the silver-binding peptide on the surfac&.ofolicells, and the

Notably, the signiant breakthrough was made by Wang elpBAD-OmpA plasmid served as a negative control. Finally, two

. . plasmids were transformed iBtacolBL21(DE3).
al. who rst reported the chemical synthesis ¢6 RDs by 2.2. SDS-PAGE and Western Blotting Analysis of Displayed

thermally decomposing a255|ng|e-source precursor of Afision Proteins. The E. coliBL21(DE3) strain containing the
(DDTC) [(C Hs5) NCSAQ]™ AgS-based materials have ompA-silver-binding peptide plasmid and the negative control were
been widely in theeld of photocatalysis due to their excellentincubated overnight in LB medium containing ampicillin ¢50
and e cient photooxidative properties. Huang et al. reporteciL ) at 37°C with shaking. After 1:100 dilution in LB medium, the
that AgS-deposited GO cubes forming heterostructures cells were grown in LB with ampicillin (80mL ) at 37°C to an
exhibited high photocatalytic activity for degradation of methfdDeoo = 0.6 0.8, induced overnight by arabinose (0.002%). Cells
orangé? yvere.harvested by centrifugation (4590 rpm, 5 min) and (esuspended
Inspired by these pioneering works, here, we developedne{ys's buer (PBS, pH 7.4). After sonication, the two fractions of the

: . . o . supernatant and the cell membrane were separated by centrifugation
whole-cell biohybrid catalyst with the in situ synthesizgd Ag(ll'?’Ooo rpm, 30 min). The cell membranep was resyuspende?j in

semiconductor by using the surface-display appr&atoln  tpseT puer (1% Triton X-100, 0.2% sodium deoxycholate, 0.1%
for further applications utilizing solar energy. Based on odbs, 10 mM tetrasodium EDTA, and 10 mM Tris/HCI). After
previous studi€s, two components are essential for centrifugation (14,000 rpm, 10 min), the precipitate was resuspended
constructing photosynthetic biohybrid systems: (1) in sitin 300 L of PBS. Then, 50L of the supernatant and the
synthesized A§ QDs, a biocompatible, light-harvestingresuspended precipitate fractions were resuspended in loaating bu
component, and (2) the well-studied microorganism E. cofnd the samples were heated t6Ctor 10 min. The samples were
engineered as a whole-cell biocafﬁlﬁs}. integrating the Iogided on 15% SDS-PAGE ge!s and electrophores.ed at 50 V for 30
light-harvesting properties of2@Ds with the self-repairing/ Min and then at 150 V for 50 min. For Western blotting analysis, the
replicating potential of engineeEedtolcells, theE. colAGS separated proteins were transferred onto polyvinylideride

. . . ? embranes (Bio-Rad) at°€ for 2 h (100 V, 250 mA). After
QD biohybrid system showed broad light absorption an locking at room temperature for 2 h in Blotto solution (5% nonfat

exhibited excellent performance for the photocatalytigry milk in 1x TBST), a monoclonal anti-FLAG tag (1:1000, Santa
degradation of organic pollutants under visible fightr¢ ). Cruz Biotechnology) was added and incubated overnigliCat 4
Horseradish peroxidase (HRP)-conjugated goat antimouse antibody
““““““““““““““““““““ ! (Santa Cruz Biotechnology) was used as a secondary antibody at

: Yang's work12 Honda’s work'3

X room temperature for 2 h.

! 405 nm 300 nm 2.3. Synthesis of AgS QDs.The recombinari. colstrains were

I Q& CO, \ o cultured as described above. When thg@&lue of the cell culture

! ( 00 reached 0.8, 0.1 wt 94cysteine was added to the medium. After
N cds CH,COOH 110:.( H, reacting for 4 h, 1 mM AgNQvas added into the medium for a

" further 16 h at 37C for the synthesis of AQDs.

! ) To measure the metal ion adsorption ability of the recomBinant

! colistrain, the silver-adsorbed cells were lyophilized to measure the
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1
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1

1
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: dry weight and subjected to wet ashing. Then, the samples were

1 analyzed by inductively coupled plasma-atomic emission spectrometry

' (ICP-AES).

! 2.4, Characterization of the E. coltAg,S QD Biohybrid. The

1 optical properties of tite cobAgS QD biohybrid were analyzed by

! UV Vis di use reectance spectroscopy (DRS) using a Lambda 950

! (PerkinElmer) spectrometer. The band gap of the obtaisRavag)

: calculated using Tauc plots. All images were obtained alding

! emission transmission electron microscopy (TEM, Tecnai G2 F20 S-

1 TWIN, FEI, USA) equipped with EDX spectroscopy. The samples

' were washed three times using deionized water and then dried at

! room temperature.

1 2.5. Evaluation of the Photocatalytic Activity of the E. coli

! Ag,S QD Biohybrid System. After silver ion adsorption, the

samples were harvested by centrifugation (4000 rpm, 15 min) and

Figure 1.Schematic representation of a biohybrid system as a wholxen resuspended in PBS. The suspensions contairnliify lls/

cell biocatalyst by a surface-display approach for the photodegradatitn were then transferred to a cylindrical reactor (Beijing Perfect-

of organic pollutants under visible light irradiation. light). For visible light irradiation, a 300 W xenon lamp (PLS-

SXE300D, Beijing Perfectlight) equipped with a 420 nm digo

was used as the light source. The light intensity is 1008, Whan

solution was then shaken continuously in the dark for 30 min to

2. EXPERIMENTAL SECTION ensure adsorptiodesorption equilibrium between the sample and
2.1. Construction of Plasmids for Surface-Displayed Silver-  methylene blue (MB, 20 mg'). During the irradiation experiments,

Binding Peptide on E. coli According to the previously published the samples were collected at various times to monitor the removal of

method’? the expression gene of outer membrane protein AVB using a UVVis spectrophotometer (UV-2700, Shimadzu, Kyoto,

(OmpA) silver-binding peptide fusion protein was constructed inJapan).

three steps. The gene encoding OmpA, which has 159 amino acids2.6. Identi cation of Reactive Oxygen SpeciesAccording to

was amplied by the primers OmpA-1 and OmpA-2, and the genes dhe previously described metffbd? free radical capture experi-

the full-length silver-binding peptide with the FLAG-tag &-the ments were performed by addingedint scavengers into the

terminus were synthesized. Two fragments were then joined togetheaction system. Isopropanol (IPA), sodium oxalate, and 1,4-

by overlapping PCR using OmpA-1 and the silver-binding peptideenzoquinone (BQ) were used-@Bl, hole, and O, scavengers,

B https://doi.org/10.1021/acsanm.2¢01955
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Figure 2.(a) Detailed diagram of silver-binding peptide displayed on the surface of an egicaiesdidby the outer membrane protein
OmpA. (b) TEM images of the synthesize®APDs on the surface of engine&rarbltells. (c) Result of EDX analysis of the synthesiZgéd Ag

QDs. (d) HAADF-STEM images of faecoliAgS QD biohybrid system. (e,f) EDS mapping shows the Ag and S on the surface of the entire cell.
Scale bars in (b) 100 nm and 20 nm and(@ m.

respectively. These tests were performed following the sarigns, and the optimal concentration of the silver ions was 50
photocatalytic experiment asntianed above. Electron spin M (Figure Spwhich is higher than that of the undisplayed

resonance (ESR) tests were carried out at ambient temperat§gmples. The toxic metals can be precipitated to form metal
using a Bruker EMX ESR spectrometer (Billerica, MA). A 300 omplexes on the cell surface due to the detan
xenon lamp equipped with a 400 nm culier was used as the light mechanism oE. colf* During this process, the induced

source. As a speci*eO, scavenger, superoxide dismutase (SOD) teine d Ifhvdr in Ehesolican catalvze th Steine-
was used to catalyze the conversion@yf into O, in the cysteine desulinydrase &oican catalyze the Ccy

photocatalytic degradation. ESR spectra were obtained fiém thet0-Sul de conversion, which will provide the basis 8 Ag
coliAgS QD biohybrid system containing 20 mM DMPO before andnanoparticle formation on the cell surfaée obliAccording
after irradiation. All spectra were recorded after 4 min of irradiatiofQ the optimized concentration of the silver ions thooti

AgS biohybrid system was constructed by adding 0.1 wt %

cysteine to the culture medium when the value @f,OD
3. RESULTS A_ND DISCUSSIOI\_‘ ] ) reached 0.8. As a result, the color of the hybrid system turned
3.1. Construction and Characterization of the E. colt brown, preliminarily indicating that thecoiAgS biohybrid

Ag,S QD Biohybrid. As described in previous wirkSwe  system was successfully fabricated. EBM was performed
selected a silver-binding peptide displayed on the surfacet®further investigate the morphology of the hybrid. Compared
engineereé. colcells for the synthesis ob,8@Ds Figure  to the images d&. colicells aloneRigure SB visibly dense

2a). The plasmid containing the fusion protein expression gefgnoparticles were more closely deposited on the suBace of
encoding thée. coliOmpA and a silver-binding peptide was colicells, and the formed nanoparticles were observed to be
transformed into thE. colistrain BL21(DE3). SDPAGE smaller than 10 nm in siz€iqure B). Moreover, the

and immunoblotting analyses were used to analyze tlR@aracterization of EDS comed that the primary elements
expression of the surface-displayed silver-binding peptide.ohghe surface nanoparticles were Ag and S, and the Ag/S ratio
illustrated irFigure Sthe expressed recombinant protein hadwas close to 1.768:Figure 2), which was close to the

a molecular weight of approximately 30 kDa according tdeoretical stoichiometric ratio of silverdsul Additionally,

SDS PAGE gel (calculated MW = 30.2 kDa), and thehigh-angle annular dagdd scanning transmission electron
identities of the proteins were further eeriby immunoblot  microscopy (HAADF-STEM) and energy-dispersive spectrom-
analysis with the anti-FLAG antibody. This result indicatedtry (EDS) mapping were carried out to reveal the surface
that the silver-binding peptide was successfully displayed eemical composition of tBe cobAgS biohybrid system. As

the E. colicell surface. Subsequently, we measured thshown inFigure & f, high densities of bright spots were
resistance oE. coliwith surface-displayed silver-binding uniformly distributed on the surface of enginéeredicells.
peptide against silver ions. Compared to the controls (withodthus, the results camed that Ags nanoparticles were
induction or expressing only OmpA), Ehecoliexpressing  successfully fabricated and immobilized irEtheohAgS
silver-binding peptide showed enhanced tolerance to silM@ohybrid system. Furthermore, the optical properties of the

C https://doi.org/10.1021/acsanm.2¢01955
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obtained Ag nanoparticles, such as absorption and photo- 3.3. Mechanism of Photodegradation for the E. colt
luminescence spectra, are showrigare SAThe UV vis Ag,S QD Biohybrid System.To explore the mechanism of
DRS spectrum of 4§ nanoparticles showed a very broadthe photocatalytic process mediated byEtheotAgS QD
absorption spectrum ranging from the visible light to neabiohybrid system, reactive species trapping experiments were
infrared region Higure S4a implying the excellent light carried out to investigate theets of the key reactive species.
utilization property. Interestingly, the PL spectra exhibitetPA, BQ, and sodium oxalate were employed to capture
near-infrared emission (around 1050 nm) under 808 nrhydroxyl radicals@H), superoxide radicakJ; ), and hole
excitation and were observed in NIR imadingue Sh radicals (B, respectively. As shown inFigure d, the
which was similar to that reported foySAQDs>° The results ~ removal rates after the addition of IPA, sodium oxalate, and
indicated that A§ QDs were successfully synthesized by BQ decreased to 68.6, 15.6, and 6.0%, respectively, suggesting
surface-displayed silver-binding peptide on the outer mettate O, and H are the dominant reactive species during the
branes of engineergd colicells. In addition, the amount of MB degradation. Howevethe removal rate is nearly
synthesized Ag QDs on the surface of engineé&reamblcells unchanged after adding IPA to the photocatalytic reaction
was measured by ICRass spectrometry and reached#).96 compared to th&. colAgS QD biohybrid system with no
0.02 g 16 cells after 16 hF{gure Sf which was much scavenger, suggesting @ is not the primary reactive
higher than that in cells not displaying the silver-bindingpecies in the degradation process. To further verify the
peptide’.’ reactive oxygen radicals generated frota.theliAgS QD

3.2. Photocatalytic Activity of the E. coltAg,S QD biohybrid system under visible light irradiation, the ESR
Biohybrid System. The photocatalytic activity of the coli method using DMPO as a spin-trapping reagent was carried
AgS QD biohybrid system was characterized by measuring thet. As depicted irigure 4,b no apparem, signal can be
removal rate of an organic pollutant under visible light
irradiation. We used MB as the model organic pollutant. As
shown inFigure 3, a higher removal of MB was observed for

Figure 4.(a) ESR spectra of DMP@D, in the presence of tiie

coliAgS QD biohybrid system under visible light irradiation. (b) ESR
Figure 3.(a) Photocatalytic degradation and (b) kinataurves for spectra of DMPQ/O, after 4 min visible light irradiation. (c) ESR
the degradation of MB over the coliAgS QD biohybrid system  spectra of DMPQG/O, with di erent concentrations of ,8gQDs.
under visible light irradiation. (c) Corresponding rate constants. (diRed lines represent 0670.03 g AgS QDs/16 cells, and black

E ect of scavengers on the degradatiaieacy of MB over the. lines represent 0.260.02 g AgS QDs/1G cells. (d) ESR spectra of
coltAgS QD biohybrid system under visible light irradiation (5 MM DMPO/+ O, before (black lines) and after (red lines) the addition of
IPA, 1 mM sodium oxalate, and 1 mM BQ). SOD (3000 U LY.

detected in the ESR spectrum oBheotAgS QD biohybrid

system under dark conditions, while the characteristic peaks
the treatment of thee. cobAgS QD biohybrid system (1:1:1:1) of +O, are observed in thE. coiAgS QD
illuminated under the same conditions compared with oth@§iohybrid system under visiblight irradiation, further
treatments. In pagncular, the removakiency reached = gemonstrating thatO, is the key reactive oxygen radical
approximately 70.8% after 100 min. Moreover, the degradatigfying this reaction. In contrast, the characteristic peaks of
performance of the coliAgS QD biohybrid system belonged DMPO/» OH (1:2:2:1) adducts were not observed under the
to the pseudorst-order modelHigure B). The rate constant same conditior.lsl.:(éure Sy Moreover, we found that the

of the E. coliAgS QD biohybrid system was 0.0126 . ) . : :
min Y(Figure 3),gzwhi§1 was h%/gher thz':ln those of controlss'gnal intensity of DMP®D, increased with the amount of

(pristineE. colbr AgS QDs alone¥’ This may be attributed  the Synthesized /& QDs Figure ), indicating that the

to the outer membrane protein as an electron carrier tgroduction of superoxide was directly related to the
facilitate electron transfer in the microbial decolorizatiofoncentration of A§ QDs. We also investigated thece
process! These results demonstrated thaEtheplAgS QD of SOD on theE. cobAgS QD biohybrid system as it can
biohybrid system was highlyc&nt in degrading organic converO, to O, The signal intensity of DMP&D,
pollutants under visible light. quickly diminished after adding SCHg(re 4), indicating

D https://doi.org/10.1021/acsanm.2¢01955
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that «O, plays a signiant role in the photodegradation
process.

The proposed photocatalysis mechanism by whid¢h the
coliAgS QD biohybrid system degrades organic pollutants
under visible light irradiation is showrSoheme .1Under

Scheme 1. Proposed Mechanism of Chafigaensfer
Interaction and Photodegradation of Organic Pollutants
with the E. coliAgS QD Biohybrid System Under Visible
Light Irradiation

Figure 5.(a,b) Microscopicuorescence images of EhecotAgS

QD biohybrid system before and after light exposure (scale bar: 20
m). (c) Concentration of the leaked DNA and RNA during

photocatalysis in theé. coliAgS QD biohybrid system. (d) Cell

density of th&. cobiAgS QD biohybrid system in the photocatalytic

process.

damaged cells emitting redorescenc®, cells with intact
visible light irradiation, electrdrole pairs are generated in membranes exhibited greenrescence, clearly indicating the
the conduction band (CB) and valence band (VB) of thecell membrane integrity. To further gom this result, the
synthesized A8 QDs. The band gap of the,3dDs is leakage of DNA and RNA experiments was performed using a
calculated to be 1.53 eV from the WK-DRS spectrum NanoDrop spectrophotometer, and the results showed no
(Figure S4% which is higher than that of bulk,®d0.9 eV) ob_vious leaked nucleic acids dyrir)g the photopatalytic process
due to quantum conement eects:**° Meanwhile, the (Figure 5). Moreover, the cell viability of thecoiAgS QD
potential values of CB and VB ofA@Ds are calculated to biohybrid system under visible light irradiation was inves-
be 0.31 eV (CB) and 1.22 eV (VB) according to previoushytigated. As shown Figure 8, the cell population remained

reported formulds$*? Due to the potential of £» O, almost unchanged after 100 min, suggesting that the light
( 0.28 eV vs. NHE), electrons with a potentialQ081 eV intensity had no ect on cell growth. All these results
transfer from the CB of @QDS to Q to generate 02 . demonstrated the excellent biocompatibility (EtbehAng

However, as the potentiak@H/H ,0 (2.38 eV vs. NHE) is QD biohybrid system to ensure its potential application in

lower than the VB of A8 QDs (1.22 eV vs. NHE), oxidative €nvironmental remediation.

species*(OH) cannot be generated, which is consistent with

the above mentioned ESR results. Instead, photogeneraf]edcoNCLUSIONS

holes in the VB degrade organic pollutants directly. Thi# summary, th&. coliAgS QD photosynthetic biohybrid

photogenerated electrons from the surface,8f@s are  system was successfully prepared based on a surface-display

quickly captured and react with the dissolyeéd tbe system  approach for the degradation of organic pollutants under

to yields O, , which in turn react with the organic pollutants visible light. The improved photocatalytic activity &.tbeh

to degrade the organic pollutants. Meanwhile, the phot#\gS QD biohybrid system is due to theative separation

generated holes “fhaccumulated in the VB of /8gQDs and transfer of photogenerated charge 8 A{s. The

further accelerate the degradation process, eventually resulfihgtocatalytic mechanism indicates the key reactive species in

in clearly improved photocatalytic activity. degrading the organic pollutants under visible light irradiation.
3.4. Biocompatibility of the E. coltAg,S QD Biohybrid Furthermore, our results cam that in situ synthesized,8g

System. Although the ecient photocatalytic performance of QDs are capable of capturing light. This strategy could be

the E. cobAgS QD biohybrid system was promising, reactivextended to other well-established organisms, such as bacillus

oxygen species produced in the photocatalytic degradation yeast, to broaden its range of potential applications.

process may act the biocompatibility of the biohybrid Together, in addition to chemical and physical treatments,

system. Cell surface-display system as a promising platfdéhis biohybrid system based on bacterial surface-display

avoids possible poisoning of the biohybrid catalyst through tktechnology provided an alternative approach for bioremedia-

isolation of whole cells from the biohybrid catalyst displaydibn of organic pollutants in aqueous environments.

on the cell surfa¢é’® The cell membrane integrity and

viability of theE. cobAgS QD biohybrid system during the ASSOCIATED CONTENT

photocatalytic processes were observedubgescent * Supporting Information

microscopyKigure &,b). LIVE/DEAD BacLight viability kit The Supporting Information is available free of charge at

was utilized to evaluate the viability of baéfePiamparedto  https:/pubs.acs.org/doi/10.1021/acsanm.2cQ1955
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SDS-PAGE and immunoblotting analyses, TEM, ICPand a whole-cell biocatalyst: Escherichia coli expressing [FeFe]-
AES result, and near-infraregorescence |mag|ng hydrogenase and maturase g@atal. Sci. Techri912Q 10, 6006
6012.
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