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Table S1 

Measured rates 

Direction Process Rate or rate constant (s-1) Method used to 
determine 

Forward DHNP 
consumption 

kburst-DHNP = 0.0176   0.0063 
kcat-DHNP = 0.0112  0.008 

Quench-flow 

  kcat-DHNP = 0.0146  0.0015 s-

1 

NMR 

Forward HP 
formation 

kburst-HP = 0.037  0.031 

kcat-HP = 0.0091  0.0008 

 

Quench-flow 

 -using 
DHNP 

0.028  0.001 Stopped-Flow (STO) 

 -using 
DHMP 

0.026  0.001 Stopped-Flow (STO) 

  kcat-HP = 0.0074  0.0005 s-1 NMR 

Forward DHMP 
formation 

kburst-DHMP = 0.0098   0.0023
  

kcat-DHMP = 0.00151  0.0006 

Quench-flow 

  kcat-DHMP = 0.0015  0.0004 NMR 
Forward DHXP 

formation 
kburst-DHXP = 0.0652   0.0267 

kcat-DHXP = 0.00113  0.0002 

Quench-flow 

  kcat-DHXP = 0.0023  0.0004 NMR 
Reverse HP 

consumption 
0.0247  0.0012  NMR 

  0.52 s-1 (estimated, see text) Stopped-Flow (STO) 
 DHNP 

formation 
= 0.0128  0.0004 
 

NMR 

 DHMP 
formation 

= 0.0031  0.0001 
 

NMR 

*STO = Single turnover conditions 
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Table S2: Models tested for dome-shaped proton inventory fit – Red letters indicate why 
the model was rejected 

D2OV 

Model Equation ϕ1 Φ2 ΦSolvent R2 SKIEcalc 
1TS proton Vn = V0*(1-n+n*ϕ1) 0.76  0.06   0.51 1.3 

1 TS proton, 
1 solvent 
proton 

Vn = V0*(1-
n+n*ϕ1)*(ΦSolvent)

n 
0.18  0.04
  

 2.76  0.33 0.87 2.01 

2 TS 
protons ϕ1= 
ϕ2 

Vn = V0*(1-n+n*ϕ1)
2 0.88  0.03   0.50

 
1.3 

2 TS 
protons, ϕ1 

= ϕ2, solvent 
contribution 

Vn = V0*(1-
n+n*ϕ1)

2*(ΦSolvent)
n 

2.61  0.21
 

 0.09  0.02
  

0.90 1.63 

2 TS 
protons ϕ1 

≠ ϕ2 

Vn = V0*(1-n+n*ϕ1)*(1-
n+n*ϕ2) 

1.88  0.09
  

0.33  
0.03 

 0.84 1.6 

2 TS 
protons, ϕ1 ≠ 
ϕ2, solvent 
contribution 

Vn = V0*(1-n+n*ϕ1)*(1-
n+n*ϕ2)*(ΦSolvent)

n 
0.49  0.27
  

2.55  
0.73 

0.52  0.40 0.71 1.53 

2 distinct 
TS, one TS 
proton from 
each 

Vn = V0*[(1-n+n*ϕ1) + (1-
n+n*ϕ2)] 

0.20  125415
  

0.0024  
125415 

 0  

1 TS proton, 
1 RS proton 

Vn = V0*[(1-n+n*ϕ1)/(1-
n+n*ϕ2)] 

0.02  0.06
 

0.08   
0.08 

 0.80  

2 TS 
protons, 
from each 
TS, 
weightening 
factor 
included 
(w1) 

Vn = V0*[w1*(1-n+n* ϕ1a)* 
(1-n+n* ϕ1b) + (1-w1)*(1-
n+n*ϕ2a)* (1-n+n*ϕ2b)] 

ϕ1a  = 1.04  
0.001  
ϕ1b  = 0.98  
0.0002 
 
 

Φ2a  = 
0.62  
0.0002 
Φ2b  = 
0.97  
6704600

 0.93 
w1 = 
0.93 

1.0 
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D2OV/KDHMP 

Model Equation ϕ1 Φ2 R2  
1TS proton Vn = V0*(1-n+n*ϕ1) 0.33  

0.04 

 0.92 3.03 

2 TS 
protons ϕ1 

≠ ϕ2 

Vn = V0*(1-n+n*ϕ1)*(1-
n+n*ϕ2) 

1.38  
0.23 

0.18  
0.07 

0.94 4.02 
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