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SIMULATION METHOD SECTION 

Electron transfer model for k
0
 

The electron transfer between an electroactive reporter such as cryptochrome 1 and an 

electrode can be written as follows by assuming the direct superexchange pathway is the 

dominant pathway.
S1
 

1* oxk
CRY Electrode→                                                        (S1) 

Note that here the acceptor is actually the electrode. A very important feature of 

electrochemistry is that the Gibbs free energy of the reaction above can be easily changed by 

the overpotential η, therefor the rate constant kox is also subject to the overpotential η. 

Therefore, in cyclic voltammetry, the crucial step is to get the expression of kox in terms of η 

by using a density of states (DOS) treatment and assuming a Marcus (Gaussian) density of 

states.  

We assume that the DOS of the oxidized form is a normalized Gaussian distribution with 

2 Bk Tλ  as the standard deviation, then 
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Where ( )ρ ε  is the DOS of the electrode, λ is the reorganization energy, kB is the 

Boltzmann’s constant, T is temperature in Kelvin, εF is the Fermi energy, ε is the energy of an 

electronic state in the electrode, e is the elementary charge, and η is the overpotential. And the 

overall oxidation rate constant can be obtained by using Fermi’s golden rule: 
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Where h is the Planck constant, HDA is the effective electronic coupling between the electrode 
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and the probe states, f(ε) is Fermi function. Since η is a function of time t and scan rate ν, the 

rate constants for oxidation kox depend on the time and scan rate.  

To compare the intrinsic charge transfer properties of different systems, the standard 

heterogeneous rate constant k
0
 is used: 

( )0 0oxk k η= =                                                             (S4) 

Hence the standard heterogeneous rate constant k
0
 is given by 

( ) ( )
( )( )220 2 1

exp
44

F

DA

BB

k H f d
k Tk T

λ ε επ
ρ ε ε ε

λπλ

∞

−∞

 + −
 = −
 
 

∫
h

              (S5) 

These calculations allow us to make plots of the Faradaic peak potential shift from formal 

potential versus log(ν) for different k
0
 values. Note that formal potential is the y-intercept at 

the scan rate of 0 V s
-1
 by plotting peak potential vs. scan rate. These calculated curves can 

then be compared to plots of the experimental Faradaic peak potential shift versus scan rates 

to extract the k
0
 values for different systems. 
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SUPPLEMENTARY FIGURES AND TABLES SECTION 

 

 

Figure S1. Polyacrylamide gel electrophoresis analysis of purified CRY1 with a molecular 

weight of 67 kDa. 

 

 

Figure S2 UV-Vis absorption spectrum of CRY1 performed in a solution of 50 mM Tris 

buffer containing 500 mM NaCl under pH=8, indicating its blue-light receptor role.
S2-S3 
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Figure S3. Cyclic voltammograms for the gold slide surface immobilized with CRY1 

with/without blue light excitation in the absence of magnetic field and with blue light 

excitation under different magnetic fields at the scan rate of 4 V s
-1
. 

 

 

Figure S4 Cyclic voltammograms for the gold slide surface immobilized with CRY1 without 

blue light excitation under different magnetic fields at the scan rate of 4 V s
-1
. 
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Figure S5 Cyclic voltammograms for the SAM/gold slide surface in which has not been 

immobilized with CRY1 with blue light excitation in the absence of an external magnetic 

field at the scan rate of 0.2 V s
-1
, 0.5 V s

-1
, 1 V s

-1
, 2 V s

-1
, 4 V s

-1
, 6 V s

-1
, and 8 V s

-1
. 

 

 

Figure S6 Cyclic voltammograms for the SAM/gold slide surface in which has not been 

immobilized with CRY1 with blue light excitation under 1.32 mT of magnetic field at the 

scan rate of 0.2 V s
-1
, 0.5 V s

-1
, 1 V s

-1
, 2 V s

-1
, 4 V s

-1
, 6 V s

-1
, and 8 V s

-1
. 



S8 

 

 

Figure S7 Cyclic voltammograms for the gold slide surface immobilized with CRY1 with 

blue light excitation in the absence of an external magnetic field at the scan rate of 0.2 V s
-1
, 

0.5 V s
-1
, 1 V s

-1
, 2 V s

-1
, 4 V s

-1
, 6 V s

-1
, and 8 V s

-1
. 

 

Figure S8 Cyclic voltammograms for the gold slide surface immobilized with CRY1 with 

blue light excitation under 1.32 mT of magnetic field at the scan rate of 0.2 V s
-1
, 0.5 V s

-1
, 1 

V s
-1
, 2 V s

-1
, 4 V s

-1
, 6 V s

-1
, and 8 V s

-1
. 
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Table S1 The dependence of the peak current on the voltage scan rate under different 

magnetic fields. 

 Peak Current (µA) 

Scan Rate 

(V/s) 

0.00  

mT 

0.22  

mT 

0.44  

mT 

0.66  

mT 

0.88  

mT 

1.10  

mT 

1.32  

mT 

0.2 0.1929 0.2195 0.2755 0.2812 0.3297 0.4611 0.5912 

0.5 0.2946 0.3738 0.4304 0.5004 0.5956 0.7923 1.0261 

1 0.4615 0.6332 0.7752 0.8749 0.9747 1.1971 1.4968 

2 0.7551 0.9176 1.0802 1.4067 1.6537 1.9178 2.3322 

4 1.4628 1.7877 2.1226 2.4283 2.7576 3.2334 3.7239 

6 2.0840 2.6007 3.0236 3.4965 4.0614 4.7258 5.2398 

8 2.6518 3.3525 3.9135 4.4291 5.0483 6.0389 6.6106 

 

Table S2 The dependence of the peak potential on the scan rate under different magnetic 

fields 

 

 Peak Potential Shift (V) 

Scan Rate 

V/s 

0.00 

mT 

0.22 

mT 

0.44 

mT 

0.66 

mT 

0.88 

mT 

1.10 

mT 

1.32 

mT 

0.2 0.0211 0.0172 0.0151 0.0127 0.0098 0.0077 0.0064 

0.5 0.0286 0.0224 0.0203 0.0178 0.0150 0.0131 0.0101 

1 0.0414 0.0299 0.0280 0.0254 0.0201 0.0183 0.0167 

2 0.0558 0.0482 0.0456 0.0356 0.0325 0.0271 0.0250 

4 0.0836 0.0733 0.0682 0.0634 0.0454 0.0439 0.0379 

6 0.1116 0.1032 0.0948 0.0863 0.0708 0.0565 0.0482 

8 0.1370 0.1188 0.1092 0.1014 0.0914 0.0733 0.0601 
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Figure S9 The dependence of the peak potential on the scan rate under different magnetic 

fields. 

 

 

Figure S10. Peak current vs. magnetic field at different cyclic voltammetry scan rates. 
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Figure S11. Cyclic voltammograms at positive voltage for the gold slide surface immobilized 

with an empty vector negative control with/without blue light excitation in the absence of 

magnetic field and with blue light excitation in the presence of magnetic fields at the scan 

rate of 4 Vs
-1
. 

 

 

Figure S12. Cyclic voltammograms at negative voltage for the gold slide surface immobilized 

with an empty vector negative control with/without blue light excitation in the absence of 

magnetic field and with blue light excitation in the presence of magnetic fields at the scan 

rate of 4 Vs
-1
. 
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Figure S13. Cyclic voltammograms at positive voltage window for the gold slide surface 

immobilized with FAD with/without blue light excitation in the absence of magnetic field and 

with blue light excitation in the presence of magnetic fields at the scan rate of 4 V s
-1
. 

 

 

Figure S14. Cyclic voltammograms at negative voltage window for the gold slide surface 

immobilized with FAD with/without blue light excitation in the absence of magnetic field and 

with blue light excitation in the presence of magnetic fields at the scan rate of 4 Vs
-1
. 
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