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Figure S1. UV-Vis transmittance of a) U-360, b) Y-50 and c) glass filters 
used for filtering the illuminated white light. 

0

20

40

60

80

100

250 350 450 550 650 750

%
T

Wavelength (nm)

Glass Filter 
Transmittance

c

0

20

40

60

80

100

250 350 450 550 650 750
%

T
Wavelength (nm)

Yellow Filter
Transmittance

b

0

20

40

60

80

100

250 350 450 550 650 750

%
T

Wavelength (nm)

UV Filter
Transmittance

a



 S2 

 

 
 
 
 

 

a

0

0.1

0.2

0.3

0.4

0.5

0 100 200 300 400 500 600 700 800

Ab
s.

 a
t 5

56
 n

m
 (a

. u
.)

Time (min)

y = m1*(exp(-m2*m0))+m3
ErrorValue

0.00124270.38763m1 
5.9567e-50.0105m2 

0.000329840.042089m3 
NA0.0069354Chisq
NA0.99872R

6.9°C
t
1/2

 = 66.0 min
b

0

0.1

0.2

0.3

0.4

0.5

0 50 100 150 200 250 300

Ab
s.

 a
t 5

56
 n

m
 (a

. u
.)

Time (min)

y = m1*(exp(-m2*m0))+m3
ErrorValue

0.00166050.39139m1 
0.000201190.024949m2 
0.000533250.030924m3 

NA0.0019619Chisq
NA0.99913R

16.4°C
t
1/2

 = 27.8 min

c

0

0.1

0.2

0.3

0.4

0.5

0 50 100 150 200 250

Ab
s.

 a
t 5

56
 n

m
 (a

. u
.)

Time (min)

y = m1*(exp(-m2*m0))+m3
ErrorValue

0.0029090.37245m1 
0.000625640.047204m2 

0.00063020.024058m3 
NA0.0028743Chisq
NA0.9978R

24.9°C
t
1/2

 = 14.7 min
d

0

0.1

0.2

0.3

0.4

0.5

0 50 100 150 200

Ab
s.

 a
t 5

56
 n

m
 (a

. u
.)

Time (min)

y = m1*(exp(-m2*m0))+m3
ErrorValue

0.00235560.46035m1 
0.000815940.095946m2 
0.000383790.030577m3 

NA0.0009086Chisq
NA0.99923R

30.5°C
t
1/2

 = 7.2 min

Figure S2. Half-lives of R111K:R132L:Y134F:T54V:R59W/retinal complex after white light 
irradiation using UV filter for 1 min at varying temperatures a) 6.9 °C, b) 16.4 °C, c) 24.9 °C, 
d) 30.5 °C. The half-lives were determined through fitting the data to an exponential decay 
(pseudo first order) shown in Eq. (1) of the main text experimental procedure. For a plot 
showing the overlay of the kinetic data, see Figure 3a in the main text. 
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Calculations of Thermodynamic Parameters 
 
Table S1 tabulates the rate constant (k) of reactions at different temperatures. 
 
Table S1. Summary of kinetic data obtained with varying temperature. 

T (K) k (min-1) 
280.05 0.0105 
289.55 0.0249 
298.05 0.0472 
303.65 0.0959 

 
Arrhenius Plot 
 
An Arrhenius plot was obtained by plotting ln(k) versus 1/T (Figure S3). 
 

 
Figure S3. Arrhenius plot showing the effect of temperature on the rate constant 
k. 
 
The Arrhenius equation (Eq. (4)) can be rearranged to solve for a linear 
relationship between ln(k) and 1/T (eq 4). 
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where k is the reaction rate constant, Ea is the activation energy, A is the 
preexponential factor, T is the absolute temperature and R is the gas constant. 
 
The slope and y-intercept from the linear formula obtained in Figure S3 can be 
fitted to Eq. (5), to solve for the activation energy (Ea) and the preexponential 
factor (A), respectively: 

 
!!!
!
= −7718.2 ! 𝐸! = 64  𝑘𝐽  𝑚𝑜𝑙!! = 15.4  𝑘𝑐𝑎𝑙  𝑚𝑜𝑙!! 

 
ln 𝐴 = 22.971 ! 𝐴 = 9.5  𝑥  10! 

 
Eyring Plot 
 
An Eyring plot was obtained by plotting ln(k/T) versus 1/T (Figure S4) 
 

 
Figure S4. Eyring plot showing the effect of temperature on the rate constant k. 
 
The Eyring equation (Eq. (6)) can be rearranged to the linear form (Eq. (7)). 
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where k is the reaction rate constant, Ea is the activation energy, T is the 
absolute temperature,  ΔH* is the enthalpy of activation, R is the gas constant, 
kB is the Boltzmann constant, h is Planck’s constant and ΔS* is the entropy of 
activation. 
 
The slope and y-intercept from the linear formula obtained in Figure S4 can be 
fitted to Eq. (7), to solve for the enthalpy of activation (ΔH*) and the entropy of 
activation (ΔS*), respectively: 

 
!∆!∗

!
= −7426.9 ! ∆𝐻∗ = 62  𝑘𝐽  𝑚𝑜𝑙!! = 14.8  𝑘𝑐𝑎𝑙  𝑚𝑜𝑙!! 

 

𝑙𝑛 !!
!
+ ∆!∗

!
= 16.296  !   ∆𝑆∗ = 62  𝐽  𝑚𝑜𝑙!! = 14.8  𝑐𝑎𝑙  𝑚𝑜𝑙!!  𝐾!! 
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Figure S5. Half-lives of R111K:R132L:Y134F:T54V:R59W/retinal complex after white 
light irradiation using UV band-pass filter for 1 min a) D2O b) D2O overlaid with H2O from 
Figure S2c. The half-lives were determined through fitting the data to an exponential 
decay (pseudo first order) shown in Eq. (1) of the main text experimental procedure. 



 S7 

 

  

0

0.1

0.2

0.3

0.4

0.5

0 10 20 30 40 50

Ab
s.

 a
t 5

56
 n

m
 (a

. u
.)

Time (min)

y = m1*(exp(-m2*m0))+m3
ErrorValue

0.00345560.27468m1 
0.00357910.13866m2 
0.00127230.18209m3 

NA0.00038145Chisq
NA0.99849R

pH 4.1
t
1/2

 = 5.0 min
a

0

0.1

0.2

0.3

0.4

0.5

0 20 40 60 80 100 120

Ab
s.

 a
t 5

56
 n

m
 (a

. u
.)

Time (min)

y = m1*(exp(-m2*m0))+m3
ErrorValue

0.0022570.34599m1 
0.00100550.087728m2 

0.000520070.074578m3 
NA0.00057295Chisq
NA0.99913R

pH 4.6
t
1/2

 = 7.9 min
b

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0 50 100 150 200 250

Ab
s.

 a
t 5

56
 n

m
 (a

. u
.)

Time (min)

y = m1*(exp(-m2*m0))+m3
ErrorValue

0.0012660.32652m1 
0.000342790.052394m2 
0.000264440.026444m3 

NA0.00047659Chisq
NA0.99948R

pH 5.8
t
1/2

 = 13.2 min
c

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0 50 100 150 200 250 300

Ab
s.

 a
t 5

56
 n

m
 (a

. u
.)

Time (min)

y = m1*(exp(-m2*m0))+m3
ErrorValue

0.00141980.090256m1 
0.00140730.055679m2 

0.000221610.0149m3 
NA0.00082337Chisq
NA0.98873R

pH 7.3
t
1/2

 = 12.4 min
d

Figure S6. Half-lives of R111K:R132L:Y134F:T54V:R59W/retinal complex after white 
light irradiation using UV band-pass filter for 1 min at varying pH values a) pH 4.1, b) 
pH 4.6, c) pH 5.8, d) pH 7.3. The half-lives were determined through fitting the data to 
an exponential decay (pseudo first order) shown in Eq. (1) of the main text 
experimental procedure. For the kinetic plot at pH 5.2, see Figure S2c. For a plot of the 
rate versus pH see Figure 4a in the main text. 
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Figure S7. a) UV-vis traces after iterative UV and visible light (BP 473-579 nm) 
irradiation of the Q108K:K40L:T51V:R58F-hCRBPII/retinal complex; b) The 
absorbance at 565 nm measured after 15 cycles of alternating UV and visible light 
irradiation. 
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Figure S8. Overlay of R111K:R132L:Y134F:T54V:R59W-CRABPII/retinal (cyan) and 
Q108K:K40L:T51VR58F-hCRBPII/retinal (green) crystal structures. In CRABPII, the 
distance from E73 to the iminium nitrogen is 9.3 Å. In hCRBPII, the distance from E72 
to the iminium nitrogen is 10.9 Å. 
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