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Supporting Information

1) Materials

HEPES (Sigma Aldrich), 2-(N-morpholino)ethansulfonic acid (MES) (Sigma
Aldrich), MgClz(Sigma Aldrich), NaCl (Sigma Aldrich), CaCl, (Sigma Aldrich),
Sucrose (Sigma Aldrich), Ascorbic acid (Sigma Aldrich), EDTA (Sigma Aldrich),
TritonX-100 (Sigma Aldrich), Octyl Glucoside (Anatrace), Dodecyl B maltoside
(Anatrace), 2,6-Dichloroindophenol sodium salt hydrate (DCPIP) (Sigma
Aldrich), Dichloro 2,6 benzoquinone (DCBQ) (Sigma Aldrich), HAuCl3 (Sigma
Aldrich), NaBH4 (Sigma Aldrich), Cysteamine (Sigma Aldrich).

2) Sl Results and Figures
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Figure S1: Schematic description of the energy levels in the PSII-AUNPcys-bcBQ
system. The green box and gold circle represent the PSIlI and AUNPcyc-bDCBQ
components, respectively. Energy levels of the AuNP are as reported in supplementary
ref. 4. Thick arrows represent light-driven plasmonic enhancement activity of the
AUNP at 535nm (green wavy arrow) and 660-680nm absorption of PSII (red).
Electrons in PSII cascade to Qa and then to either DCBQ bound to the AuNP through
the cysteamine linker or to a small amount of soluble DCBQ. Electrons are further
transferred to the BPEC graphite electrode via the AUNP which settles onto the anode.
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Figure S2: A. Absorbance spectra of cysteamine coated AuNPs before and after reaction with
DCBQ. B. Zoom in of the absorption spectra of the supernatant of the AuNPcys.nceq pelleted
by centrifugation, showing only traces of released DCBQ. The particles were washed a
second time before attaching the PSIlI complexes. The spectra are the average of three
experiments.
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Figure S3: UV-Vis absorption of re-dispersed and washed AuNPcys-nceo -PSII pellet.
The absorption clearly showing the superposition of the chlorophyll absorption bands as well
as the AuNP SPR band.
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Figure S4: PSII-AuNPs conjugate connectivity is cysteamine dependent. A typical
relative absorbance of the supernatant at 652 nm and maximum AuNPs concentration (1.2
nM) following centrifugation at 5000 RPM of PSII-AuNPscys-poceg and PSH-AUNPSitrate-pcBQ,
respectively. AuNPs with cystamine or citrate modification were reacted with DCBQ. The
resulting AuNPScys-oceQ OF AUNPScitrate-pcBg Were mixed with PSII (see Experimental for
details). 1.2 nM of the resulting PSII-AuNPscys.oceg Or PSII-AUNPScitrate-DcBQ  Were
precipitated by centrifugation at 5000 rpm and the absorption of the resulting supertantents at
652nm were measured and compared to the same amount of PSII treated identically without
NPS present (100%).
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Figure S5: DCBQ binding assay. Photocurrent production from PSII after the addition of
cysteamine-DCBQ capped AuNPs supernatant, post centrifugation. In order to probe for
DCBQ binding efficiency to cysteamine ligand shell, DCBQ was reacted with cysteamine
capped AuNPs as was described in the experimental section and washed twice by
centrifugation. Each time the supernatant was saved and added to unconjugated PSII and then
CA measurements were performed. The green bar represents a positive control of
unconjugated PSIl with the same DCBQ concentration as used to react with cysteamine
capped AuNPs. The orange bar shows the photocurrent produced with the supernatant of the
first wash- indicting that a fraction of DCBQ did not bind to the cysteamine on the gold
nanoparticles. The yellow bar shows the remaining photocurrent produced from PSII with the
supernatant from the second wash- it is clear that most of the remaining DCBQ remains
firmly attached to the amine end of the cysteamine shell and does not come off. The brown
bar represents PSII photocurrent without DCBQ at all or any other electron shuttle.
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Figure S6: Cyclic voltammetry of PSII-AuNPs with conjugated PSII or unconjugated
PSII, in solution. A) CV measured during constant illumination. B) CV measured in the
dark. Samples were scanned at a rate of 0.1 V/s ranging from -1V to 1V. lllumination was
performed with white light at an intensity of 250mW/cm?.
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Figure S7: PSII fluorescence quenching in the absence of DCBQ modification of

AUNPcys. Fluorescence of PSII was measured in the presence of AuNPcys lacking the DCBQ
modification, shows reduced quenching when compared to the results presented in Fig. 2.
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Figure S8: Examination of the role of DCBQ in electronic connectivity in PSI1-AuNPs
conjugate. Double reciprocal analysis comparison for fluorescence quenching of PSII excited
state by A) AuNPcys and B) AuNPcys-pcBo.
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Figure S9: PSII removed from PSII-AuNPs are still active. PSII-AuNPs conjugates
containing the highest AuUNPs DCBQ concentration (7.6 uM) were precipitated as described
in the centrifugation binding assay. The pellet was then resuspended in MES buffer
containing 0.05% Dodecyl B maltoside in order to remove the PSII complexes from the NPs.
DCPIP to final concentration of 7 uM was added to the solution, and the absorbance at 600nm
was measured in the dark. The reaction mixture was then illuminated with white light for 20
seconds and incubated in the dark for additional 40 seconds, after which absorbance at 600
nm was measured again. The activity was calculated according to Beer-Lambert law and the
extinction coefficient of DCPIP.!
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Figure S10: PSII-AuNPs conjugate photocurrent is inhibited by DCMU. The herbicide
DCMU inhibits electron transfer to the Qg site in PSII. We performed CA measurements as in
Fig. 3, in the presence of DCMU to assure that the current is still PSII dependent. The red bar
presents photocurrent produced by PSII-AuNPs conjugate and the grey bar presents the

photocurrent produced by the conjugate in the presence of 10 M DCMU.? 3
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Figure S11: Absolute PSII-AuNPs conjugate photocurrent values A: Average PSII-
AuNPcyspcBo conjugate photocurrent density values, without normalization to mg
chlorophyll. B: Maximal photocurrent achieved with PSII-AuNPs conjugate compared to bare
PSII photocurrent showing near to 10X increase in photocurrent. In order to compare the
photocurrent value produced by cysteamine-DCBQ AuNPs to that of PSII control and PSII-
AUNPs, we show in Figure S10 the absolute current density values for the conjugate, as well

as the controls
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Figure S12: Light-Dark photocurrent measurement. A typical PSII-AuNPs conjugate
photocurrent measurement in light-dark cycles. The yellow bars represent maximum
normalized currents under illumination, the grey bars represent normalized dark currents after
stabilization and reaching a plateau.

S| Table 1: Tri-exponential fitting parameters and amplitude weighted average lifetimes of

the TCSPC measurments for PSII and PSII-NP conjugates.

Sample A1 (%) | 11(ps) Az (%) | 12(ps) Az (%) | 13(ps) Tavg (NS)
PSII 5.71 563.3 53.05 3156.1 41.24 5665.7 2.6
PSI+AUNPcys 5.39 451.6 45.31 2975.1 49.30 5433.6 2.3
PSI+AUNPcys. 3.69 136.3 21.1 1553.3 75.3 4807.3 1.2
DCBQ
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