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Figure S1: Plots of Inv, versus In[reactant] to determine the rate law for the reaction between
CBTOH and cysteine at pH = 7.2. The initial rate (v,) was determined through UV-absorption at 343 nm

by fixing the concentration of one reactant and varying the other.
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The values obtained fit the following rate law for the reaction:

v =k, [Cysteine][CBTOH]
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Figure S2: Time profile for the absorption of luciferin at 343 nm produced upon reaction of CBTOH
and cysteine at pH = 7.2 and 8.2. The Equation 1 and Equation 2 were used to obtain the observed rate
constant from the experimental data using mono- and biexponential curve fitting, respectively. The

results are listed at Tables S1 to S12.
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Table S1: Observed rate constant (k

obs

1), bimolecular rate constant (&

obtained for the reaction between CBTOH and cysteine at pH = 6.0.

k17

0.00060

0.00045

2 0.00030 4 -

0.00015 | o B

0.00000

11k, 1 (s)

6000

4800 -

3600

2400

1200

T T T T
600 1200 1800 2400

T
3000

o o OOODISCys] (MO)OM o o ’ 1/[Cys] (L mol™)
[Cysteine] (mol L™) kgl (s7)
0.00033 0.00016 + 0.00003
0.00067 0.00028 + 0.00001
0.00100 0.000403 + 0.000005
0.00133 0.000518 + 0.000003
0.00167 0.000625 + 0.000001

kyim (L mol ™' s7")

0.39+0.01

ksat (Sil)

0.0019 +0.0003

) and saturation constant (k)

Conditions: in 0.10 mol L' phosphate at pH 6.0, [CBTOH] =2.0 x 10° mol L™", T = 25.0 °C, 343 nm.
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Table S2: Observed rate constant (k

obs

obtained for the reaction between CBTOH and cysteine at pH 6.20.

0.0012

0.0009 +

0.0006

4
k1 ()

0.0003 -

0.0000

T T T T
0.0000 0.0004 0.0008 0.0012 0.0016

0.0020

1(s)

1k,

4000

3200

24004

1600 4

800

T T T T
600 1200 1800 2400

T
3000

[Cys (M) 0
1/[Cys] (L mol™)
[Cysteine] (mol L™) kgl (57
0.00033 0.00026 = 0.00001
0.00067 0.00047 = 0.00002
0.00100 0.00068 +0.00001
0.00133 0.00087 = 0.00001
0.00167 0.00106 = 0.00001
kyym (L mol ™' s71) 0.65+0.01

ko (s7)

0.0038 + 0.0006

1), bimolecular rate constant (k) and saturation constant (k)

Conditions: in 0.10 mol L™ phosphate at pH 6.2, [CBTOH] =2.0 x 10° mol L™", T = 25.0 °C, 343 nm.
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Table S3: Observed rate constant (k

obs

obtained for the reaction between CBTOH and cysteine at pH 6.40.

1
)

e
g

0.00175 4

0.00140 4

0.00105 -

0.00070 4

0.00035 4

0.00000

3000

2400+

600

T T T T T
600 1200 1800 2400 3000

[Cysteine] (mol L™) kol (s7)
0.00033 0.00036 0.00003
0.00067 0.000688 + 0.000004
0.00100 0.00105 + 0.00001
0.00133 0.00135 + 0.00002
0.00167 0.00167 + 0.00002

kyi (L mol™ s7)

1.017 +0.009

ko (s7)

0.020 + 0.005

1), bimolecular rate constant (k) and saturation constant (k)

Conditions: in 0.10 mol L' phosphate at pH 6.4, [CBTOH] =2.0 x 10° mol L™', T = 25.0 °C, 343 nm.
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Table S4: Observed rate constant (k

obs

obtained for the reaction between CBTOH and cysteine at pH 6.60.

0.0025 4
0.0020 4

~ 00015
2

= 0.0010

2000

1600

800

0.0005 - 400+ ©
00000 ; : ; . 0 ; . : :
0.0000 0.0004 0.0008 0.0012 0.0016 0.0020 0 600 1200 1800 2400
[Cys] (M) 1/[Cys] (L mol™)
. 1 -1
[Cysteine] (mol L) kol (s7)

0.00033 0.000570 + 0.000007

0.00067 0.00109 + 0.00001

0.00100 0.00156 + 0.00002

0.00133 0.00202 + 0.00001

0.00167 0.00249 + 0.00003
kyim (L mol ™' s71) 1.52+0.02

ke (s7) 0.014 +0.001

1), bimolecular rate constant (k) and saturation constant (k)

Conditions: in 0.10 mol L™ phosphate at pH 6.6, [CBTOH] =2.0 x 10 mol L', T = 25.0 °C, 343 nm.
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Table S5: Observed rate constant (k,1), bimolecular rate constant (k,;,) and saturation constant (k)

obtained for the reaction between CBTOH and cysteine at pH 6.80.

0.0035 | 4 1200+

0.0028 - -
900

< 0.0021 o -

1k, 1 (s)

A6

600

&
0.0014 o

300
0.0007 4 i

0.0000 T T T T T T T T T
0.0000 0.0004 0.0008 0.0012 0.0016 0.0020 0 600 1200 1800 2400 3000

[Cys] (M) 1/[Cys] (L mol ™)
[Cysteine] (mol L™) kol (s7)
0.00033 0.000819 + 0.000005
0.00067 0.00152 + 0.00004
0.00100 0.00222 + 0.00001
0.00133 0.00280 + 0.00006
0.00167 0.0034 +0.0001
kyym (L mol™' s71) 2.12 £0.04

ke (s71) 0.015 +0.002

Conditions: in 0.10 mol L™ phosphate at pH 6.8, [CBTOH] =2.0 x 10 mol L', T = 25.0 °C, 343 nm.
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Table S6: Observed rate constant (k,,), bimolecular rate constant (k,;,) and saturation constant (k)

obtained for the reaction between CBTOH and cysteine at pH 7.00.

1000

0.0045
800
0.0036

600
0.0027 4

MG

x

1k, 1 (s)

0.0018 4 400+

0.0009 - B 200

0.0000 . . . .
0.0000 0.0004 0.0008 0.0012 0.0016 0.0020 0

(Cys] (M) o ew0 1200 180 2400 3000
1Cys] (L mol")
[Cysteine] (mol L™) Kops (87

0.00033 0.00103 = 0.00002

0.00067 0.00204 = 0.00003

0.00100 0.0030 = 0.0001

0.00133 0.0038 +0.0001

0.00167 0.00475 = 0.00001

ko (Lmol s ) 290+ 0.03
ke 5 0.054 + 0.009

Conditions: in 0.10 mol L' phosphate at pH 7.0, [CBTOH] =2.0 x 10° mol L™", T = 25.0 °C, 343 nm.
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Table S7: Observed rate constant (k,1), bimolecular rate constant (k,;,) and saturation constant (k)

obtained for the reaction between CBTOH and cysteine at pH 7.20.

0.008 : " ; , _ 750

600
0.006 4

‘w_ 0.004
2
8

0.002 |
o 150 |

0.000 4 . ; | T
00000 00004 00008 00012 00016  0.0020

T T T T T
0 600 1200 1800 2400 3000

Gy (mol L) 1Cys] (L mor")
[Cysteine] (mol L™) kol (s7)
0.00033 0.0015 = 0.0001
0.00067 0.00299 + 0.00007
0.00100 0.00430 + 0.00008
0.00133 0.00526 + 0.0008
0.00167 0.0067 = 0.0002
Ky (L mol™ s71) 409 +0.08
kg (s 0.06 +0.03

Conditions: in 0.10 mol L™ phosphate at pH 7.2, [CBTOH] =2.0 x 10 mol L', T = 25.0 °C, 343 nm.
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Table S8: Observed rate constant (k,1), bimolecular rate constant (k,;,) and saturation constant (k)

obtained for the reaction between CBTOH and cysteine at pH 7.40.

500
0.008
400
0.006 -{
300

1¢67)

£ 0.004

1k, 1 (s)

k

200

0.002 H
100+

0.000 T T T T T T T T T
0.0000 0.0004 0.0008 0.0012 0.0016 0.0020 0 600 1200 1800 2400 3000

(Cys] () 1Cys] (L mol”)

[Cysteine] (mol L™) kops (s7)
0.00033 0.00199 = 0.00006
0.00067 0.00369 = 0.00008
0.00100 0.0056 = 0.0001
0.00133 0.0072 = 0.0001
0.00167 0.00881 = 0.00005

fo (L mol "5 ) 542008

ke 5 0.06 £0.02

Conditions: in 0.10 mol L™ phosphate at pH 7.4, [CBTOH] =2.0 x 10 mol L', T = 25.0 °C, 343 nm.
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Table S9: Observed rate constants (k.1 and k

obs

2), bimolecular rate constant (k.;,) and saturation

obs

constant (k) obtained for the reaction between CBTOH and cysteine at pH 7.60.

0.015 . ; ; . 400
0.012 - i 320
Q
0.009 | 4 @ 2404
éoooe- 4 :\f% 160 o n/a
0.003 | d 80 -
0‘002 0000 00004 0.0008 0.0012 00016 0.0020 ° 0 660 12'00 18'00 24I00 30|00
[Cys] (M) 1/[Cys] (L mol™)
[CySteine] (mOI Lil) k()bsl (Sil) kobsz (Sil)
0.00033 0.00280 + 0.00005 0.03+0.01
0.00067 0.00524 + 0.00003 0.0232 £ 0.0002
0.00100 0.0076 + 0.0002 0.024 +0.003
0.00133 0.0108 + 0.0006 0.028 +0.008
0.00167 0.013 £0.001 0.029 +0.009
kyim (L mol ™" s7") 78+0.1 0.027 £0.02

k(s 0.10 £0.05 -

Conditions: in 0.10 mol L™ phosphate at pH 7.6, [CBTOH] =2.0 x 10 mol L', T = 25.0 °C, 344 nm.
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Table S10: Observed rate constants (k,

obs

I and kg,

.2), bimolecular rate constant (k,,) and saturation

bim

constant (k) obtained for the reaction between CBTOH and cysteine at pH 7.80.

T T T 300
0.016 E 240
R 0.012 4 - . 160
:goooef B “\fguo_ n/a
0.004 - 60
0.000 - T T T 0 T . T T T
0.0000 0.0004 0.0008 0.0012 0.0016 0.0020 0 600 1200 1800 2400 3000
[Cys] (M) 1/[Cys] (L mol™)
[CySteine] (mOI Lil) k()bsl (Sil) kobsz (Sil)
0.00033 0.0037 £ 0.0004 0.021 £ 0.006
0.00067 0.0068 + 0.0001 0.023 £0.001
0.00100 0.0149 + 0.0007 0.020 +£0.003
0.00133 0.015 +£0.002 0.018 £0.001
0.00167 100+0.9 0.024 +0.006
Ky (L mol ™ s7) 100+09 0.021 = 0.009
ky (s 0.11 £0.06

Conditions: in 0.10 mol L™ phosphate at pH 7.8, [CBTOH] =2.0 x 10 mol L', T = 25.0 °C, 339 nm.
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Table S11: Observed rate constants (k1 and k.,.2), bimolecular rate constant (k,,,) and saturation
constant (k) obtained for the reaction between CBTOH and cysteine at pH 8.00.
0.016 o 200+
;¢
a 160 -
f"; g 120 + -
= 00084 [®) <§
2 = n/a
80+ B
0.004 o °
404
’ 0000 0000 00004 00008 00012 00016 0.0020 ° r Y Y ! Y
) ) . 0 600 1200 1800 2400 3000
[Cys1 ) 1/[Cys] (L mol”)
[Cysteine] (mol L™) kol (s7) ko2 (s)
0.00033 0.0047 £ 0.0002 0.014 £0.001
0.00067 0.0082 + 0.0003 0.018 £0.002
0.00100 0.0118 £ 0.0006 0.018 £0.001
0.00133 0.0148 £ 0.0008 0.018 £0.001
0.00167 0.0162 + 0.0006 0.0208 + 0.0009
Ky (L mol™ s7) 100+09 0.018 +0.003
ko (5 0.045 = 0.005

Conditions: in 0.10 mol L™ phosphate at pH 8.0, [CBTOH] =2.0 x 10 mol L', T = 25.0 °C, 338 nm.
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Table S12: Observed rate constants (k,,

constant (k) obtained for the reaction between CBTOH and cysteine at pH 8.20.

1 and £k

N

s2), bimolecular rate constant (k) and saturation

0.016 o

0.012 A

O

- 5
:é 0.008 -] R n/a
oocg 0000 00004 00008 00012 00016 0.0020 0 00 1200 1600 2400 3000
[Cys] (M) 1/[Cys] (mol L")
[CySteine] (mOI Lil) k()bsl (Sil) kobsz (Sil)
0.00033 0.0048 + 0.0002 0.020 +£0.003
0.00067 0.0099 + 0.0005 0.0134 +0.0007
0.00100 0.0133 +0.0004 0.0151 £ 0.0005
0.00133 0.015+0.001 0.017 £0.002
0.00167 0.0142 + 0.0007 0.025 +£0.003
Ko (L mol "5 12508 0.018 = 0.005
ko (51 0.05 = 0.02

Conditions: in 0.10 mol L' phosphate at pH 8.2, [CBTOH] =2.0 x 10° mol L™', T = 25.0 °C, 337 nm.
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Figure S3: Plot of &

« versus pH for the reaction between CBTOH and cysteine. Conditions: see
Tables S1 to S12.
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Data fitting

The plots of k1 and k,,, versus pH were fitted with a simple logistic function (Equation S1) at the
Origin 7.0 software (Microcal, USA), which generates a sigmoidal curve. The parameters obtained are:

a (maximum value for the y axis), k (steepness of the curve) and x, (sigmoid mid-point).

a

Equation S1 Y =
[+e™

0.016 10 —
y= .a/(1. + exp(-k*(x-xc))) II\EA;S:(\ibiFoglstlcﬂ
Weighting: o 1 y=al(1 + exp(-k*(x-xc)))
1y No weighting Weighting:
§ 8 Vv No weighting
Chi*2/DoF RA2
0.012 4 Chi"2IDoF  R"2
7.7733E-9 oge8st _/Jx | A ——
0.0149 0.99985
‘TA 6 ; T
2]
" ooos{ TR T g | el Ve Ero
-, a 0.02711 0.01444 £ a 30.01944 0.12238
3 xc  8.05456 0.39474 a = 44 x 815519 0.02074
< 1k 1.94611 0.15079 £ k 1.93248 0.04595
X
0.004 H
0.000 T T T T T T T T T T T T
6.0 6.5 7.0 7.5 8.0 8.5 7.5 8.0 8.5
pH

Figure S4: Sigmoidal fitting using the Simple Logistics (Equation S1) for the plots of k1 and k.,

versus pH for the reaction between CBTOH and cysteine. Conditions: see Tables S1 to S12.
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Reaction Kinetics in buffered D,0

Table S13: Observed rate constant (k1) for the reaction of CBTOH and cysteine at pD = 7.20 in
D,0. The values for the bimolecular rate constant (k,,) and saturation rate constant (k) have been

obtained from this data.

1000
0.005

800 —
0.004 4

600 -
£~ 0.003 1

bel (S
obs

Uk 1(s)

X" 0,002 ] 4007
0.001 | 200
0.000 T T T T T T ¥ T T 0 T T T T T T T T T T T T
0.0000 0.0006 0.0012 0.0018 0.0024 0.0030 0 500 1000 1500 2000 2500 3000
[Cysteine] (mol L) 1/[Cysteine] (L mol")
[Cysteine] (mol L™) kops1 (s7)
0.0033 0.00104
0.0067 0.00196
0.0010 0.00280
0.0013 0.00370
0.0017 0.00460
Ky (L mol™ s 1.86 £0.02
kg (571 0.024 +0.004

Conditions: in 0.10 mol L' phosphate at pD 7.2, [CBTOH] =2.0 x 10° mol L™", T = 25.0 °C, 342 nm.
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x Model: Line
Equation: y = A + B*x
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Chi*2/DoF =0.00167
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A 9.88333 +0.26087
B -1.0625+0.03608
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Figure S5: Plot of ky/k, versus pH for the reaction between CBTOH and cysteine. Conditions: see

Tables S7 and S13. The value for &, /k;, reaches unity (no KIE) at pD = 8.3.
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Activation parameters

The activation parameters were determined from the Arrhenius plots in different pH conditions.

Table S14: Arrhenius plot determined from the k1 at pH = 6.0
T T T T T
-6.5 i
7.0 i
2 754 -
XO
=
-8.0 -
-8.5 .
000315 000320 000325 000330 000335 000340 000345
1T (KT)
T (OC) kobsl (sil)
19.2 0.000202 + 0.000003
25.2 0.00036 = 0.00001
310 0.00057 = 0.00001
36.5 0.00089 = 0.00001
422 0.00138 +0.00001

Conditions: in 0.10 mol L™ phosphate at pH 6.0, [CBTOH] = 2.0 x 10” mol L', [Cysteine] = 1.0 x

107,342 nm.
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Table S15: Arrhenius plot determined from the k1 at pH = 6.4
i
-6.28
&
<
-6.89
-7.50
0.003150 ' 0.00;3225 ' 0.001’3300 ' 0.001’3375 ' 0.003450
UT (K"

T (°O) kops1 (57
20.2 0.00058 + 0.00002
25.2 0.000885 + 0.000008
304 0.00144 = 0.00002
354 0.00215 = 0.00006
40 .4 0.00332 +0.00007

Conditions: in 0.10 mol L™ phosphate at pH 6.4, [CBTOH] = 2.0 x 10” mol L', [Cysteine] = 1.0 x

107, 342 nm.
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Table S16: Arrhenius plot determined from the k1 at pH = 6.8

Equation y |: i *bb‘x
-5.07 e i
?Z,;i‘}”;;éom %9
-5.5
x‘é
£ 6.0+
-6.5
-7.0 T T T T T T T
0.003150 0.003225 0.003300 0.003375 0.003450
UT (K7
T (°C) kops1 (s7)
18.6 0.00118 + 0.00008
254 0.00216 + 0.00003
30.8 0.00315 + 0.00004
36.2 0.0048 + 0.0001
416 0.00722 + 0.00009

Conditions: in 0.10 mol L™ phosphate at pH 6.8, [CBTOH] = 2.0 x 10” mol L', [Cysteine] = 1.0 x

107,342 nm.
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Table S17: Arrhenius plot determined from the £,

obs

latpH=72

-4.00
Equation y= :; ;:x
-4.55 - R are(co0) oo
£ 510+
=
-5.65 -
-6.20 T T T T T T T
0.003150 0.003225 0.003300 0.003375 0.003450
1T (K
T (°C) Kobs1 (s7)
18.6 0.00246 = 0.00007
24.1 0.0041 +0.0001
30.8 0.0070 = 0.0003
36.2 0.0102 = 0.0001
41.6 0.0145 = 0.0002

Conditions: in 0.10 mol L™ phosphate at pH 7.2, [CBTOH] = 2.0 x 10” mol L', [Cysteine] = 1.0 x

107,342 nm.
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Buffer concentration

Table S18: Rate constants determined varying the phosphate concentration at pH = 7.2.

0.0030
Data: Book1_C
Model: Constant
Equation
0.0024 y=y0
Weighting:
y No weighting
Chi*2/DoF = 2.7666E-8
R"2 = 1.3878E-14
0.0018
—_ yo 0.00112 +0.00007
o
_;ﬁ 0.0012 - I I T T
0.0006 - f
0.0000 , ; ; —
0.0 0.1 02 03 04 05 06
[Phosphate] (mol L")
-1 -1
[Phosphate] (mol L) kopl (s7)

0.1 0.0011 = 0.0002
0.2 0.0014 + 0.0001
03 0.0011 = 0.0002
04 0.0010 = 0.0002
0.5 0.0009 + 0.0003

k. 1=0.0011=+0.0001 s

obs

Conditions: in 0.10 mol L™ phosphate at pH 6.4, [CBTOH] = 2.0 x 10 mol L', [Cysteine] = 1.0 x

10° T =250 °C, 342 nm.
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Computational studies

The analysis of the structure of the intermediates, that is, the quantum calculation were made using
the ORCA software (version 3.0.1). For the optimization of the geometry, necessary to determine the
dihedral angle, DFT (Density Functional Theory) was used, because it is regarded as having the highest
accuracy/computation cost ratio. B3LYP was used as functional and 6-31G(2d,2p) as basis set. The
most energetically favourable conformation of the intermediates, as long as the dihedral angle H23-

N11-C10-N16, were determined and are reported at Table S19.

Table S19: calculated parameters for the intermediates (R)-2. The bonds making up the dihedral angle

along the H-N-C-N bonds plane are marked in red.

(2RAR)-2 (2RAS)-2
O - @) -

N N—

Planar structure N /> N />
HO NH, HO NH;
+ +
Optimized spatial
structure ¢

Dihedral angle 146 4° 17.0°
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