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Ready to use bioinformatics analysis as a tool to predict immobilisation strategies for protein direct electron transfer (DET)
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S.1. Sequence alignment and crystal structure similarity of the FdsG sub-unit of Rc-FDH.
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Capture. S1. Results of the blast analysis of the FdsG subunit of Rc-FDH showing high structural similarity with thioredoxin-like [2Fe-2S] ferredoxin superfamily. Sequence alignment shows the two phenylalanine (F60-F64) and the Tyrosine amino acid in close proximity to the Cysteine bonding the iron sulphur cluster.
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Query  15   RGREGALLPILHDVQAAFGFIPEDAYAPIAADLGLTRAEVAGVVGFYHDFRKAPAGRHVI  74
             GR  A++P+L  VQ   G+I  +    IA  +G T  EV GV  FY  ++  P G++ +
Sbjct  21   EGRRAAIMPLLRRVQQEEGWIRPERIEEIARLVGTTPTEVMGVASFYSYYQFVPTGKYHL  80

Query  75   KLCRAEACQAMGMDAVQARLESALGLRLGDSSE--AVTLEAVYCLGLCACAPAAMVDDR  131
            ++C   +C+  G + +   L   LG+  G+ +     +++ V CLG C  AP   V+D 
Sbjct  81   QVCATLSCKLAGAEELWDYLTETLGIGPGEVTPDGLFSVQKVECLGSCHTAPVIQVNDE  139

Fig. S1. Results of the Blast sequence analysis of FdsG subunit with The NADH Quinone reductase subunit 2 (pdb 3iv9). The amino acid involved with the α-helix are shown in red, the amino acid involved with the β-sheet in green. The two Phenylalanine residues of FdsG (F) would be situated in an external loop of the NADH Quinone reductase subunit 2 resolved structure.

In order to confirm the presence of the phenylalanine residue in an external coil of Rc-FDH, we used the NetSurfP - Protein Surface Accessibility and Secondary Structure Predictions
Program of the Technical University of Denmark.(Petersen et al. 2009) The FdsG subunit of RC-FDH contains four Phenylalanine residues (F60 and F64) which have high probability to be involved in the secondary coil structure (highlighted in red)  situated in-between an -helix (red font) and a strand (green font) as predicted from the NADH Quinone reductase subunit 2 structure (Fig. S1). 
-------------------------------------------------------------------------------------------------------------------
# Column 1: Class assignment - B for buried or E for Exposed - Threshold: 25% exposure, but not based on RSA
# Column 2: Amino acid
# Column 3: Amino acid number
# Column 4: Relative Surface Accessibility - RSA
# Column 6: Absolute Surface Accessibility
# Column 7: Z-fit score for RSA prediction
# Column 8: Probability for Alpha-Helix
# Column 9: Probability for Beta-strand
# Column 10: Probability for Coil

E M        1    0.749 149.955  -0.445   0.000   0.001   0.999
E T        2    0.525  72.762   0.440   0.018   0.019   0.964
E D        3    0.607  87.526   0.824   0.115   0.016   0.868
E T        4    0.316  43.801   1.461   0.923   0.002   0.076
E A        5    0.687  75.696   1.517   0.923   0.002   0.076
E R        6    0.410  93.867   2.263   0.938   0.007   0.055
B L        7    0.027   4.907   0.867   0.970   0.001   0.030
E R        8    0.472 108.042   2.192   0.970   0.001   0.030
E A        9    0.530  58.351   2.195   0.970   0.001   0.030
B I       10    0.068  12.561   0.868   0.970   0.001   0.030
B L       11    0.060  11.023   0.599   0.970   0.001   0.030
E A       12    0.713  78.551   1.956   0.923   0.002   0.076
E A       13    0.604  66.594   1.716   0.694   0.003   0.303
B H       14    0.125  22.774   1.248   0.246   0.004   0.750
E R       15    0.692 158.399   0.499   0.053   0.005   0.942
E G       16    0.674  53.075   0.256   0.016   0.005   0.979
E R       17    0.558 127.713   0.855   0.053   0.005   0.942
E E       18    0.448  78.231   0.223   0.321   0.003   0.675
E G       19    0.434  34.172   0.064   0.339   0.016   0.645
B A       20    0.110  12.144   0.246   0.802   0.014   0.185
B L       21    0.031   5.749   0.329   0.938   0.007   0.055
B L       22    0.071  13.092   1.301   0.975   0.003   0.022
E P       23    0.376  53.298   0.895   0.970   0.001   0.030
B I       24    0.047   8.787   0.942   0.970   0.001   0.030
B L       25    0.020   3.754   1.307   0.970   0.001   0.030
E H       26    0.273  49.586   1.222   0.988   0.000   0.012
E D       27    0.276  39.772   1.487   0.988   0.000   0.012
B V       28    0.026   4.012   0.863   0.970   0.001   0.030
B Q       29    0.065  11.663   0.638   0.970   0.001   0.030
E A       30    0.665  73.327   1.033   0.923   0.002   0.076
E A       31    0.602  66.373   0.468   0.782   0.003   0.216
E F       32    0.346  69.402   0.679   0.246   0.004   0.750
E G       33    0.476  37.445   0.062   0.016   0.005   0.979
B F       34    0.252  50.677   0.431   0.005   0.015   0.979
B I       35    0.061  11.322   0.951   0.005   0.015   0.979
E P       36    0.212  30.140   1.330   0.005   0.015   0.979
E E       37    0.552  96.487   1.272   0.923   0.002   0.076
E D       38    0.695 100.164   1.457   0.923   0.002   0.076
B A       39    0.037   4.121  -0.162   0.923   0.002   0.076
B Y       40    0.046   9.873   0.658   0.970   0.001   0.030
E A       41    0.465  51.243   2.173   0.970   0.001   0.030
E P       42    0.314  44.528   2.175   0.988   0.000   0.012
B I       43    0.020   3.793   1.132   0.988   0.000   0.012
B A       44    0.053   5.808   0.368   0.970   0.001   0.030
E A       45    0.717  78.980   1.327   0.970   0.001   0.030
E D       46    0.347  49.945   1.550   0.923   0.002   0.076
B L       47    0.095  17.340   0.709   0.502   0.002   0.495
E G       48    0.793  62.448   0.655   0.016   0.005   0.979
B L       49    0.078  14.263   0.670   0.003   0.003   0.994
E T       50    0.425  59.003   0.756   0.018   0.019   0.964
E R       51    0.365  83.677   0.218   0.751   0.050   0.199
E A       52    0.325  35.815  -0.717   0.802   0.014   0.185
E E       53    0.314  54.856   0.957   0.879   0.010   0.111
B V       54    0.038   5.917  -1.324   0.911   0.033   0.057
B A       55    0.285  31.429   0.647   0.911   0.033   0.057
B G       56    0.239  18.809  -0.606   0.831   0.044   0.125
B V       57    0.038   5.825   0.204   0.779   0.100   0.120
B V       58    0.084  12.988  -0.047   0.605   0.105   0.290
E G       59    0.327  25.727  -0.325   0.386   0.097   0.517
B F       60    0.147  29.463  -0.415   0.354   0.048   0.598
B Y       61    0.114  24.447   0.840   0.339   0.016   0.645
E H       62    0.413  75.088  -0.584   0.339   0.016   0.645
B D       63    0.296  42.682  -0.811   0.339   0.016   0.645
B F       64    0.062  12.363  -0.145   0.257   0.016   0.727
E R       65    0.423  96.913   0.728   0.184   0.043   0.773
E K       66    0.423  87.011  -0.193   0.113   0.043   0.844
E A       67    0.495  54.560   0.641   0.053   0.043   0.903
E P       68    0.433  61.400  -0.119   0.018   0.019   0.964
E A       69    0.527  58.031  -0.447   0.018   0.019   0.964
E G       70    0.404  31.795  -1.241   0.018   0.047   0.935
E R       71    0.501 114.660   0.509   0.005   0.045   0.951
B H       72    0.121  22.064   0.883   0.004   0.514   0.481
E V       73    0.219  33.630   1.917   0.001   0.900   0.099
B I       74    0.018   3.367   1.447   0.001   0.959   0.040
B K       75    0.101  20.693   1.321   0.001   0.959   0.040
B L       76    0.028   5.108   0.890   0.001   0.900   0.099
B C       77    0.015   2.148   1.158   0.003   0.718   0.279
B R       78    0.223  50.998  -0.540   0.018   0.088   0.893
B A       79    0.108  11.913  -1.449   0.058   0.017   0.925
B E       80    0.183  32.057  -0.349   0.522   0.016   0.462
B A       81    0.082   9.080  -0.360   0.782   0.003   0.216
B C       82    0.036   5.012  -1.386   0.717   0.014   0.269
B Q       83    0.170  30.291   0.444   0.622   0.015   0.363
B A       84    0.157  17.257  -1.605   0.522   0.016   0.462
E M       85    0.313  62.711   0.645   0.257   0.016   0.727
E G       86    0.291  22.878  -0.806   0.115   0.016   0.868
B M       87    0.055  11.046  -0.841   0.694   0.003   0.303
E D       88    0.537  77.382   1.150   0.970   0.001   0.030
E A       89    0.514  56.632   1.821   0.970   0.001   0.030
B V       90    0.028   4.242   0.603   0.970   0.001   0.030
B Q       91    0.099  17.771   1.188   0.988   0.000   0.012
E A       92    0.598  65.867   2.154   0.988   0.000   0.012
E R       93    0.289  66.181   2.467   0.988   0.000   0.012
B L       94    0.017   3.113   1.582   0.988   0.000   0.012
E E       95    0.338  59.118   1.885   0.970   0.001   0.030
E S       96    0.754  88.345   1.745   0.970   0.001   0.030
E A       97    0.375  41.292   1.851   0.923   0.002   0.076
B L       98    0.070  12.890  -0.754   0.782   0.003   0.216
E G       99    0.663  52.178   0.392   0.406   0.004   0.590
E L      100    0.578 105.813  -0.528   0.246   0.004   0.750
E R      101    0.658 150.682   0.478   0.109   0.005   0.886
E L      102    0.569 104.147  -0.766   0.058   0.017   0.925
E G      103    0.608  47.873  -0.883   0.018   0.019   0.964
E D      104    0.517  74.485  -0.382   0.018   0.019   0.964
B S      105    0.210  24.659  -0.022   0.018   0.047   0.935
E S      106    0.321  37.633  -0.125   0.018   0.047   0.935
E E      107    0.708 123.653   0.043   0.018   0.088   0.893
E A      108    0.502  55.298   0.273   0.004   0.197   0.799
B V      109    0.059   9.130   0.679   0.004   0.616   0.381
E T      110    0.322  44.717   1.718   0.002   0.816   0.182
B L      111    0.105  19.171   0.766   0.001   0.900   0.099
E E      112    0.412  71.907   1.554   0.011   0.918   0.071
E A      113    0.497  54.758   0.228   0.018   0.846   0.136
B V      114    0.078  11.989  -0.253   0.023   0.655   0.322
B Y      115    0.302  64.495  -0.133   0.074   0.484   0.442
B C      116    0.036   5.111  -1.195   0.074   0.484   0.442
B L      117    0.140  25.689   0.245   0.135   0.317   0.548
B G      118    0.140  10.994  -1.501   0.125   0.227   0.648
B L      119    0.201  36.748   0.719   0.118   0.150   0.732
B C      120    0.027   3.749   0.069   0.052   0.084   0.864
E A      121    0.366  40.355  -0.950   0.018   0.047   0.935
E C      122    0.300  42.078  -0.213   0.018   0.047   0.935
B A      123    0.033   3.637   0.244   0.018   0.088   0.893
B P      124    0.038   5.406  -0.703   0.020   0.205   0.775
B A      125    0.057   6.259   0.754   0.002   0.816   0.182
B A      126    0.029   3.185   0.608   0.001   0.959   0.040
B M      127    0.111  22.311   1.057   0.001   0.959   0.040
B V      128    0.057   8.761   0.654   0.001   0.900   0.099
E D      129    0.488  70.321  -0.176   0.004   0.197   0.799
E D      130    0.587  84.616  -0.037   0.018   0.019   0.964
E R      131    0.495 113.469   1.181   0.021   0.756   0.223
E L      132    0.237  43.450   1.382   0.018   0.846   0.136
B V      133    0.108  16.538   1.276   0.022   0.552   0.426
E G      134    0.462  36.328   0.135   0.005   0.262   0.733
E R      135    0.559 128.057   0.936   0.004   0.085   0.910
B L      136    0.051   9.320   0.754   0.005   0.045   0.951
E D      137    0.393  56.631   1.912   0.005   0.015   0.979
E A      138    0.333  36.741   0.655   0.923   0.002   0.076
E A      139    0.798  87.995   1.025   0.858   0.002   0.139
E A      140    0.351  38.680   2.233   0.858   0.002   0.139
B V      141    0.024   3.704   0.954   0.970   0.001   0.030
E A      142    0.481  52.984   2.218   0.970   0.001   0.030
E G      143    0.517  40.664   2.325   0.970   0.001   0.030
B I      144    0.064  11.785   1.218   0.970   0.001   0.030
B V      145    0.058   8.930   0.742   0.970   0.001   0.030
E A      146    0.665  73.338   2.166   0.923   0.002   0.076
E E      147    0.553  96.522   1.988   0.858   0.002   0.139
B L      148    0.147  26.897   0.562   0.694   0.003   0.303
E G      149    0.616  48.440   1.290   0.406   0.004   0.590
E A      150    0.884  97.428   0.375   0.003   0.003   0.994
--------------------------------------------------------------

Therefore, F60 and F64 are good candidates for binding to the hydrophobic pyrene moiety of the modified electrode.



[image: ]
Fig. S2. Crystal structure of the NADH-Quinone reductase subunit 2 from http://www.ebi.ac.uk/pdbe/entry/pdb/3i9v/protein/2. The blue domain is the binding site to the NADH-Quinone reductase super complex, while the red area represents the coil containing the phenylalanine residue (F66 and F72 for the NADH-Quinone reductase subunit2 and F60 and F64 for the FdsG subunit of Rc-FDH).
	

S2. Deconvolution of CV cycle during pyrrole-pyrene polymerisation
[image: ]

Fig. S.3. Electro polymerisation of the pyrene pyrrole monomer (PyPn) on Fluorine-doped tin oxide electrodes (FTO). Platinum wire and silver/silver chloride electrodes are used for counter and reference electrodes, respectively. The monomer (PyPn = 1 mM) is dissolved in an acetonitrile solution containing Bis(trifluoromethane)sulfonimide lithium salt (LITFSI, 0.1 M). Cycles 0-3 (A) cycles 4-10 (B) and cycles 11-40 (C).

The first cycles 0-3 show the covalent linking of pyrrole unit on the FTO surface (Fig. 1A). The first Redox pic (Quinoid0/Polaron+) appears upon polymerisation of the pyrrole moiety. The second Redox pic of polypyrrole (Polaron+/Biplaron+) responsible of the film colour change appears upon the polymer chain extension (Fig. 1B) An increase of capacitance due to the incorporation of the pyrene moiety onto the electrode is also visible. From cycles 11-40 the second Redox peak occurs at a lower potential further confirming the polymer chain extension.

S3. Poly(pyrrole)pyrene redox chemistry


Fig. S.4. The poly-pyrrole structure (a) and its quinoid form (b) can undergo a first oxidation process yielding a Polaron based polymer (c) and a second oxidation process yielding Biplaron based polymer (d).
The Polaron form of the polymer (Scheme 2,c) is mostly stabilized in its polypyrrole structure. Upon further oxidation, a biplaron polypyrrole polymer (Scheme 2,d) is stabilized by quinoid mesomeric effect, leading to UV-Vis absorption change responsible of polymer colour change.
The movie clip pPy(Pn) RedOx.mp4 shows (from 0:30 min) the pPy(Pn) film color change from yellow (Polaron) to Green (biplaron) and dark green (pyrene oxidative crosslinking) upon oxidation and the reversibility of the redox reactions upon reduction.

S4. Differential linear sweep voltammograms
[image: ]
Fig. S.5. The linear sweep voltammogram (LSV) of modified electrode (A) and pristine electrode (B) were constructed by subtracting the blank LSV from the LSV of enzyme loaded electrodes. The originals CV were acquired in phosphate solution 0.1 M, pH 9 in presence of 1 mM NAD+. 

The pPy(Pn)/FTO electrode orientates Rc-FDH for DET, therefore faradic current response may result from activation of the FdsG subunit containing a Fe2S2 iron sulphur cluster and the FdsB subunit containing both a Fe4S4 iron sulphur cluster and the FMN bound coenzyme.(Aguey-Zinsou et al. 2002; Liu et al. 2014) The maximal current density (JMAX) is obtained at -0.3 VAg/AgCl.

S5. Enzyme turnover calculation
+The charge passing through the electrode is 0.006 Coulomb in 1 hour (=1.66 10-6 C/s).
-Elementary charge is 1.602 10-19 Coulomb, therefore 1.036 10 13 mol of electrons are transferred per second.
The assumed enzyme loading is 630 pmol/cmgeom2 with a geometrical area of the electrode of 0.3 cm2 (0.3 cmgeom2).
Avogadro number is 6.022 1023 mol-1.
Consequently, 1.036 1013 / (630 10-12 x 0.3 x 6.022 1023) = 0.091 electron/s/molRc-FDH
-Alternative calculation using the faraday constant (96485 C/mol).
1.66 10-6 / 96485 = 1.72 10-11 electron/s
1.72 10-11 / (630 10-12 x 0.3) = 0.091 electron/s/molRc-FDH



S6. Bode plot from the EIS of bio cathodes

[image: ]
Fig. S.6 Bode plot of the bio electrode for pPy(Pn)@FTO (blue, red) and Rc-FDH@pPy(Pn)@FTO (green, purple) at  -0.3 V Ag/AgCl with an AC perturbation of 20 mV from 20 kHz to 1.5 milli Hz. In the presence of enzyme, the phase shift from 1000 kHz is attributed to protein motion induced electrical field perturbation.(Khoa Ly et al. 2011)
[image: ]

Fig. S.7 Chronoamperometry of RcFDH@p(Py)Pn/FTO at -0.4 VAg/AgCl in presence of NAD+ (1 mM) and the influence of frequency package 1 (blue) frequency package 2 (green) and monochromatic frequencies (red, 20kHz, 2kHz, 200Hz, 2Hz).
[image: ]
Fig. S.8 Fourier transform of the frequency packages used during the chronoamperometry experiment displayed in Fig. S.7.


Appendix B.2. Supplementary material for Appendix A.
S7. Electrochemical setup
[image: ]

Fig. S.9: Electrochemical set up for pyrrole pyrene electro polymerisation. Two FTO substrates were connected in series in a single electrochemical cell. A platinum wire was used as counter electrode and potential were reported to the silver/silver chloride (Ag/AgCl sat. KCl).

S9. characterisation of poly-pyrrole(pyrene)functionalized FTO (pPy(Pn)/FTO).
  [image: ]
Fig. S.10. (A,B) Cyclic voltammograms of pPy(Pn)/FTO at various scan rate in CH3CN (0.1 M TFSI). (C) Electrode characterization in presence of [Fe(CN)6]3-/4- (1mM in 0.5 M KCl) at 50 mV s-1 and (D) electrochemical impedance spectroscopy at fixed oxidation potential and reduction potential (dashed line) with an AC perturbation of 25 mV from 10 kHz to 10 mHz.
The cyclic voltammograms show two redox peaks corresponding to the redox state change from the aromatic or quinoid pPy(Pn) polymer to the polaron (E01 = 0 VAg/AgCl) and bipolaron form at E02 = 1 VAg/AgCl (e.g. 0.7 V vs Ag/AgNO3).(Fernández et al. 2005)  At higher scan rates, the capacitive current due to the pyrene moieties superimposes to the two redox process (Fig. S.10B). The polaron/bipolaron redox process in reversible in both organic and aqueous media, and is diffusion controlled. The reversible oxidation of the polaron and pyrene occurs at a similar potential,(Bachman et al. 2015; Fernández et al. 2005) therefore in aqueous media a hydrophobic polypyrene barrier prevents water molecule diffusing inside the poly-pyrrole backbone. Consequently, the formation of pyrrolinones leading to break up of polymer chains can be avoided.(Beck et al. 1987; Otero et al. 1987) It should be noted that upon reduction, the quinoid form of the polymer irreversibly detaches from the FTO support at potentials lower than -0.55 VAg/AgCl, (see supplementary material S10). 
Cyclic voltammetry in presence of [Fe(CN)6]3-/4- was used to determine the proper potential for electrochemical impedance spectroscopy experiment (EIS) (Fig. S.10C) . The weak signal for pPy(Pn)/FTO is due to low electron conductivity between the poly-pyrrole backbone and the pyrene moiety in contact with the electrolyte. The equivalent circuit inserted in Fig. S.10D models the electronic properties of the pPy(Pn) coating

[image: ]
Fig. S.11. (A,B) Plot of Log I as a function of the square root of the scan rate in CH3CN and water, respectively. (C) Variation of E as a function of log(I) for the reduction peak of bipolaron to polaron in organic media at different scan rates. (D) Cyclic voltammogram of pPyPn/FTO in a phosphate solution (0.1 M, pH 9) (E, scan rate 0.1 V.s-1).
Reversibility of the polaron/biplaron process in organic and aqueous media is supported by the linearity of plotting the square root of the scan rate versus the current density (Fig. S.11A,B) The linearity observed between the oxidation potential and the logarithm of the current density is characteristic for diffusion controlled electrochemical processes (Fig. S.11C). Two different slopes correspond to counter-ion diffusion limitation at low scan rates and electron diffusion limitation at high scan rates.(Barbi and Beonio-Brocchieri 1988)

S10. Irreversible detachment of the polymer from FTO
[image: ]
Fig. S.12. (A) Interference of recorded current occurs during CV when the potential decreases below -0.55 V vs Ag/AgCl. (B) As a result, the poly(pyrrole)pyrene polymer slowly detaches from the fluorine doped tin oxide electrode.

S11. Diffusion limited electrochemical process in water
At potentials lower than -0.55 VAg/AgCl, the FTO surface hydration is more favoured than the electrostatic binding of the pyrene moieties. The scan rate influence of the polaron/bipolaron redox currents in aqueous media (Fig. S5, B) displays a slope change for both oxidation and reduction reactions. It is ascribed to the polymer rearrangement. Since the covalent link between the polymer and the FTO surface is broken, the pyrrole ring needs to diffuse toward the conductive surface to undergo redox changes. Upon increasing of the scan rate, the first redox process (quinoid/polaron) is diffusion limited. In aqueous media, the two Redox transformations occurs at more reductive potential (E01 = -0.7 VAg/AgCl, E02 = 0.1 VAg/AgCl). In organic media, two redox process are visible at low scan rates (E01 = 0 VAg/AgCl, E02 = 1 VAg/AgCl). Thus the polymer is positively charged over a broad potential range (-0.5 to 0.5 V Ag/AgCl, Fig. S5, D).

S12. Electrochemical impedance spectroscopy
 [image: ]	[image: ]
Fig. S.13. AC equivalent circuit fitting the EIS spectra for (A) pristine FTO and (B) pPy(Pn)/FTO. We used Random iteration (10000) plus Levenberg-Marquardt fitting to error < 10-9.
	FTO-Ox (0.33 VAg/AgCl)
	FTO-Red (0.155 VAg/AgCl)
	pPy(Pn)/FTO-Red (0.155 VAg/AgCl)

	   R1 = 38.89 Ohm
	   R1 = 36.63 Ohm
	   R1 = 11.2 Ohm

	   C2 = 4.267e-6 F
	   C2 = 4.337e-6 F
	   Q2 = 14.9e-6 F.s^(a-1)

	   R2 = 1 287 Ohm
	   R2 = 2 302 Ohm
	   a2 = 0.738 3 

	   s2 = 2 750 Ohm.s^-1/2
	   s2 = 3 404 Ohm.s^-1/2
	   R2 = 17 641 Ohm

	
	
	   s2 = 7 244 Ohm.s^-1/2

	
	
	   C3 = -8.865e-9 F

	
	
	   R3 = 23.26 Ohm

	
	
	   s3 = 68.16 Ohm.s^-1/2



Table 1. General value of AC equivalent circuit components.
The resistance transfer from the electrolyte (R1) is similar for oxidation and reduction reaction on Bare FTO. While the capacitance of the fluorine-doped tin oxide is constant (C2), the resistance of the FTO layer changes upon oxidation and reduction electro processes (R2, s2). This is explained by the n-type character of tin oxide which oxygen vacancy are easily oxidized (R2Ox < R2Red).
Upon polymerization of the Pyrrole pyrene, the resistance of charge transfer to the electrolyte diminishes (R1) due to higher conductivity of the pyrene rings than that of the FTO. The resistance of the oxide thin film diminishes (R3, s3) because the charged poly pyrrole withdraws the electronic density of Oxygen vacancy, thus lowering the band gap of FTO by facilitating n-type conduction in the FTO layer. Propagation of electron from FTO to the electrolyte exhibits a strong charge-transfer resistance (R2, s2) between the polypyrrole backbone and the pyrene moieties. The distance-dependant kinetics of electron transfer could be reduced by employing a shorter alkyl spacer between pyrene and pyrrole.
S13. ATR-FTIR spectra of drop-casted and spontaneously adsorbed Rc-FDH.
[image: ]
Fig. S.14. ATR-FTIR spectrum of poly(pyrrole)pyrene coated FTO (pPy(Pn)@FTO, dark yellow) and after spontaneous adsorption of 0.33 mm Rc-FDH solution (FDH@pPy(Pn)@FTO, dark red). ATR-FTIR spectrum of a dropcasted 1 nmol/0.3 cm2 (blue) and after Rc-FDH leaking (red).
The intense FTIR signal (21 a.u. at 1652 cm-1 for 1 nmol dropped on a geometrical area of 0.3 cm2, blue) weakens upon leaking of the enzyme once immersed in the electrolyte (4 a.u.). The characteristic band of the poly(pyrrole)pyrene polymer concomitantly disappears with Rc-FDH adsorption (yellow arrows). 

The relative intensity of FTIR band allows calculating enzyme loading on the electrode; 
Loading = x/21 (ATR-FTIR relative intensity / a.u.) * 1000 (nRc-FDH / pmol)/ 0.3 (Ageom / cm2) 
Loading by spontaneous adsorption: 1.64/21 * 1000/0.3 = 260 pmol/cm2
Loading after desorption: 3.9/21 * 1000/0.3 = 630 pmol/cm2
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