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CHARGE TRANSPORT IN PHOTOSYNTHETIC AND RESPIRATORY COMPLEXES
protein-mediated electron transport (ET)
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inter-biomolecular interactions at the nanoscale
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Electrochemical STM
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AFM force spectroscopy
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Cytochrome c (Cc)— cytochrome ¢, (Cc,)
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Cytochrome c (Cc)— cytochrome ¢, (Cc,)

AFM probe

Gomila et al. Nat. Commun. 2022
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PSI — Plastocyanin (Pc)
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Main observations

v" long-range ET in PSI-Pc and Cc-Cc, in aqueous solution, ion depletion conduit (ECSTM on
oriented protein cognates)
v' charge exchange distance and conductance is modulated by the cooper ion in Pc
(PSI-Pc)
v" Phosphorylation impairs ET (Cc-Cc,)

binding as a regulatory mechanism for ET rates
rather than a necessary condition for ET

v’ specific but weak binding, necessary for high efficiency and turn-over rate (AFM-FS on
oriented protein cognates)
v' regulated by redox state, Mg?* ions in solution (PSI-Pc),
v" regulated by chemical modifications (PTM) like phosphorylation (Cc-Cc,)
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Protein immobilized with right orientation
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Electrochemical STM

Au ECSTM Probes. Functionalization with Pc,,, 01

Au probes placed
in a PDMS-coated
Petri dish

Mechanically sharpen  Coat with Apiezon
the Au wire wax
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Electrochemical STM

Au ECSTM Probes. Functionalization with Pc,,, 01

Pc,p, is ready for

experiments
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Probe [ v

Au ECSTM PROBES FUNCTIONALIZATION: jg——

1. Mechanically sharpenthegoldwire:cutthe Auwireand pulland cut at the savmat;ﬁ’ré wit sparp
hand-held steel wire cutterto obtainthetip Fj‘ I Sample Elctode

2. Coat twice the Au wire with Apiezon wax heated at ~1202C with a home-built heat-coating
applicator

3. Place 6 probes looking at each other in a polydimethylsiloxane (PDMS)-coated Petri dish

4. Place 100 pL drop of purified protein (Pc,,,) solution soaking all probe tips and incubate for 1
hour at 42C

5. Put drops of water around the probes to maintain humidity

6. Extract the protein (Pc,,,) drop and rinse with protein buffer to eliminate the unbound protein

7. For Pc,, incubate 1 hour more at 42C with a solution of MES 5 mM pH = 5.5 with 100 mM of

CuS0Q, and rinse again with MES after to eliminate the unbound Cu?*

Lagunas et al. Nat. Commun. 2018

Gomila et al. Nat. Commun. 2022
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AFM force spectroscopy e { e
Si/SisN, AFM probes. Functionalization with PEG-protein o
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AFM force spectroscopy

Si/SisN, AFM probes. Functionalization with PEG-protein
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Si/Si,N; AFM PROBES FUNCTIONALIZATION:

1. Treat 15 min with a UV/Ozone ProCleaner (BioForce Nanosciences) to activate surface

2. Amino-functionalize in an atmosphere of 3-aminopropyltriethoxysilane (APTES) and
triethylamine (TEA). Inside the desiccator previously flooded with Ar or N,. Two containers with
45 uL APTES and 15 plL TEA, separately, close to the probes (on clean inert surface), vacuum on
for 5 min. After 1.5 h, remove APTES and TEA containers, and vacuum is restored. Overnight, RT

3. Rinse chloroform (2x) and ethanol (2x) and dry under gentle N, flow. When not used
immediately, they can be stored in a desiccator under Ar

4. Place in glass wells with a 0.5 mL solution 1 mg/mL heterobifunctional PEG (Mal-PEG27-NHS)
and 5 plL of TEA in chloroform, 1.5 h, RT. Rinse with chloroform, ethanol and MilliQ water

5. Place 3 probes looking at each in a PDMS-coated Petri dish. Place 25 uL drop of purified protein
solution (1 mg/mL) over all probe tips and incubate for 1 hour at 42C

6. Rinse with protein buffer to eliminate the unbound protein

Gomila et al. Nat. Commun. 2022
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