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Table S1. NBO charge of the important atoms in the reaction species.

Distal proton shuttle mechanism TS-8
RC TSI INT TS2 P mechanism
N -0.951 -0.793 -0.795 -0.778 -0.695 -0.790
H 0.411 0.540 0.541 0.577 0.523 0.557
02'(P-A76) -0.828 -0.865 -0.866 -0.787 -0.837 -0.786
H2'(P-A76) 0.547 0.568 0.562 0.585 0.536 0.549
02'(A2451) -0.841 -0.848 -0.855 -0.846 -0.840 -0.821
H2'(A2451) 0.539 0.564 0.563 0.553 0.540 0.529
Owi -1.035 -0.999 -0.985 -1.032 -1.035 -1.039
0O3'(P-A76) -0.579 -0.678 -0.678 -0.811 -0.816 -0.722
0] -0.662 -0.902 -0.904 -0.779 -0.687 -0.813
C 0.901 0.803 0.802 0.781 0.722 0.794
Ows -1.003 -1.007 -1.008 -1.015 -1.016 -1.025
Hws 0.541 0.500 0.499 0.517 0.508 0.521




Table S2. The key hydrogen bonds in the distal proton shuttle mechanism. (The
hydrogen bond length is measured as the distance between heavy atoms.)

R TSI INT TS2 P
OW1-O(POy) 2.94 2.79 2.78 2. 89 2.95
OW1-N(L27) 2.75 2.62 2.56 2.74 2.76
OW1-N(A2602) 2.94 3.16 3.22 2.99 2.93
OW3-02/(P-A76) 2.92 2.90 2.90 3.17 2.80
OW3-03/(P-A76) 2.99 2.84 2.84 272 2.78
OW2-N(A2602) 2.84 2.89 2.90 2.82 2.81
OW2-N(U2584) 2.74 271 271 2.70 2.76

Oow2-0 2.92 2.69 2.67 2.76 3.85
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Figure S1. Schematic representation of the energy profiles of the distal proton shuttle

mechanism. The PCM continuum solvation model with the dielectric constant of 4, 24

validates the QM model used in this paper.

and 78 was introduced to mimic the water environment. ZPE correction is also included.
The overall energy barriers are very close under different dielectric constants, which
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Figure S2. Schematic representation of the energy profile for the peptide bond
formation with W3 involved in proton transfer in the rate-limiting step.



& A-site A76

- L27

A2451



(C-N) 1.43

P-site A76

(C-03') 1.86 //

‘*’ ; A2451
w3

Pr

Figure S3 Geometries of reaction species including RC, INT, TS2 and Pr in the distal proton
shuttle pathway. Hydrogen bonds are represented by dashed lines. Important geometric
parameters are labeled. The hydrogen bond length is measured as the distance between two heavy

atoms (in red).



Table S3. Cartesian coordinates of the RC, TS1, INT, TS2 and P in the distal proton

shuttle mechanism.
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52.87670300
54.31840200
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57.98724400
58.34170100
58.77127100
59.16921600
57.54421200
58.41925300
63.77908400
59.33893900
55.38396100
55.24509700
54.32005500
54.00240500
57.72657600
58.99946100
57.33452400
58.76569500
61.77320900
60.74143500
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40.77503400
41.40295200
42.50852500
39.77695900
39.57121200
40.36148000
41.67232700
42.46263400
43.49386100
42.48155600
42.84810900
41.75843000
40.68995100
47.33451400

41.92392500
41.95022400
41.98994500
43.93438900
42.85719600
40.91904200
42.62978700
42.59725700
44.11274600
44.67259100
43.98683400
44.39232900
45.28346900
44.54325600
41.80088000
40.99891400
40.69623100
39.81126500
39.10845500
39.49940600
39.34834700
39.96486800
38.77914200
38.87603300
37.72772900
36.50097000
37.54599400
38.05260300

60.12313200
60.34845900
59.44922200
59.11345200
58.85110500
61.05383100
58.81992200
58.73580800
59.36678400
60.62311700
57.95741100
61.38301500
60.13812100
59.60118700

57.56827900
57.96729400
57.18035300
58.50590600
56.36614900
57.29927600
61.96277100
60.85551500
60.51287500
61.05947800
62.26247500
59.12040300
58.81237300
61.02297300
59.77853400
58.99368200
59.79293800
58.44869700
57.49117400
56.18892900
55.45510600
55.84493000
57.87633900
59.56557900
59.04532000
60.30563900
61.40188600
60.84008000

61.54636300
62.91676300
63.04602300
61.63375300
60.72721000
61.14337900
59.69364300
58.62047500
58.48070700
60.31110500
61.66638900
62.99793500
63.71626000
61.19628900

57.74262500
56.35265400
55.71298000
54.65431100
57.95491000
58.09728200
54.00077800
55.10644100
55.23841800
53.93733100
53.74014200
55.38831900
55.88580100
56.10125700
54.70186700
55.98323600
56.91250600
55.14581300
55.99362500
56.06133500
57.01704200
55.11516300
56.87499000
54.69926600
53.84408300
53.38261100

52.38543900
51.59649800
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36.88730900
38.28231300
37.16498100
38.10711700
38.49410500
39.47673500
40.19433000
42.20584700
38.75550200
40.12446600
40.42011200
41.24775600
42.09307100
41.05763700
43.07908500
42.42776100
43.32074700
38.54645000
38.13948800
38.43184900
42.13929300
42.12699800
45.74602700
44.46319600
46.16064100
46.13210300
44.71444200
44.43318100
44.97180500
44.76054600
46.94851800
47.04522400
46.56698400
47.56397800
48.57887400
47.19254700
45.83332300
44.83519700
45.04409000
44.29478000
45.96044500
43.56568400
43.26596500
42.23146400

62.13795000
61.92684100
58.28378600
58.57322900
60.07456500
60.29395800
57.89520300
61.22746500
63.69729900
63.43440700
62.83341800
61.73825900
62.20456500
61.13132800
57.96083100
58.75209700
58.05726000
64.17226100
62.78940500
64.38379500
61.55100100
62.88463200
61.26089300
60.33360500
61.35556200
62.74759100
60.71231400
59.31351200
58.73386800
59.02302500
60.31510400
61.05415600
66.25298100
65.40303800
65.76178300
64.17544200
64.15914100
63.12478300
61.83297200
61.16079100
61.52442600
63.38361100
64.61861000
64.79466600

51.92251500
52.99630900
54.39137400
52.92951600
55.59022700
54.14865900
54.27637400
56.05928200
60.33744100
60.52587700
59.81224700
58.74335500
58.60245300
58.00439800
53.69193300
53.96853200
52.76420500
59.36874000
60.40928900
61.12438200
53.10596500
54.29629800
53.95611400
53.12837700
61.64211300

61.20935800
61.85030900
61.64565800
62.40598000
60.64217100
60.67054300
62.96814200
59.07498600
58.65044600
58.53826400
58.39827200
58.66501300
58.64993200
58.35198100
58.47402600
58.05570900
58.96073600
59.35403100
59.64404900
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44.10299600
45.38959200
49.92664400
49.75404300
49.85288200
51.27194700
49.23632000
48.27623900
46.99616200
48.32859800
48.53237700
46.87036800
46.18725200
46.43627800
46.99238600
48.65233500
47.46072000
48.43499900
51.32892500
52.06975700
51.45293500
48.18597800
46.56589400
46.62419600
49.09596700
50.07121400
46.92530900
46.22279200
43.86240200
42.89122600
42.48116300
47.02748200
42.93865700
42.02543800
40.77077000
41.40200000
42.48245200
39.77600000
39.60434900
40.35687200
41.64300700
42.41430900
43.44099500
42.48380500

65.61403000
65.40436700
59.68504900
59.97499500
58.67186200
60.10201700
58.57804500
57.43370200
56.90576200
56.79195100
55.71426400
57.02816400
56.27861400
58.32131300
58.89917900
57.28502000
60.01062800
60.03308200
61.19165800
59.70541900
59.76774800
56.73301100
61.26384700
67.22078800
57.52800900
57.07930000
55.85510200
57.47922300
56.62871500
56.09000600
55.50735700
60.03519300
59.03244600
59.72333200
60.12804500
60.35000000
59.42320000
59.11500000
58.82528800
61.05922200
58.82227200
58.71208900
59.33678200
60.61546500

59.43402700
59.09054900
59.01335900
59.97220600
58.96839200
58.60801800
55.67688900
54.23075900
54.56678600
56.49347100
56.42724700
56.07929600
56.49983500
56.43428900
57.08709700
57.78069200
57.92691500
58.15910000
58.61698000
59.24649600
57.58451300
58.41927200
63.78133600
59.34473200
55.38401300
55.17940600
54.25437300
54.04712300
57.61120500
59.01194300
57.39274000
58.79446700
61.78262800
60.75065400
61.55323900
62.91900000
63.05566300
61.63600000
60.73075200
61.15191700
59.71143000
58.62270900
58.44861800
60.32094700
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42.82429100
41.78266600
40.68653700
47.33355800

41.58089300
40.86937700
41.28221100
41.96587200
42.85721100
40.89485500
42.62983300
42.75494500
44.16964500
44.67249900
43.95584400
44.07742500
44.89342600
44.80813600
41.72308000
39.80625800
39.45477200
39.06425500
37.93187700
37.98232600
37.11065200
38.91346300
37.14900000
38.64521900
38.14507900
37.62234900
39.24124900
39.88390000
39.06176900
39.73551900
37.27199200
38.92554400
37.87750000
39.51313100
39.73339100
42.71302700
38.75549600
40.09442300

57.94232000
61.37673500
60.16622400
59.60273500

57.18015200
57.54513400
57.46268500
59.82579300
56.36607800
56.65772000
61.96289600
61.28645300
60.62464900
61.05942900
62.22657600
59.22052400
58.86755100
61.04536000
60.33989600
58.36228700
58.66427700
58.89519100
58.04018600
57.02218000
56.19673000
57.04499000
58.02962000
60.34052700
61.03854400
62.75348400
63.50215000
63.42004300
64.55962100
63.05569400
60.52435100
61.03781900
60.35290600
60.87487300
58.85502800
62.03210200
63.69729700
63.27276800

61.66645200
62.98868600
63.72286300
61.19854300

58.12808900
56.92634400
55.98818300
56.35390300
57.95492900
58.79985700
54.00059000
55.37888200
55.31737200
53.93745700
53.60582000
55.47103000
55.87378400
56.09576700
55.56160000
57.14333100
58.28482700
55.91976400
55.61550400
54.70757100
54.55263200
54.10790900
56.25874400
56.18658700
54.93089200
55.23309700
55.57416500
54.69412500
55.77530100
56.44058700
54.51868900
54.16002300
56.96711200
56.58293400
55.05459400
56.18211900
60.33743600
60.46675400
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40.36111000
41.15785500
42.05273500
41.21852000
41.92898000
41.72340100
42.88239500
38.62771400
38.06815300
38.46063900
42.13604500
42.07929700
45.73959800
44.44912300
46.08913900
45.96535000
44.67734100
44.48339900
44.95734700
44.93784500
46.82429900
47.04522200
46.56696700
47.56418200
48.57886700
47.19270700
45.83402900
44.83111200
45.04416700
44.23312000
45.92918700
43.55647900
43.26120100
42.22486700
44.10302800
45.39115100
49.85437100
49.59683200
49.68202900
51.27190800
49.41658500
48.13895100
46.99617700
48.37801900

62.86183700
62.11086000
62.45280700
61.14988800
57.88241400
58.82831800
57.91408800
64.43562900
62.86278300
64.16718100
61.25859000
62.90380800
61.28522100
60.24494500
61.29230100
62.66699500
60.61904600
59.20162400
58.84784000
58.69881800
60.24425900
61.05418000
66.25299300
65.40109700
65.75919400
64.17197900
64.15737600
63.12859400
61.83294100
61.23530400
61.52365200
63.39519700
64.62810800
64.80713600
65.61399600
65.40473400
59.81989200
60.10923400
58.82060200
60.10203200
58.50202200
57.73178800
56.90577000
56.73038300

59.62273400
58.20405700
58.44096300
58.28278400
54.27831800
54.38575800
54.45065500
59.53430800
60.14342000
61.27889200
53.30944100
54.01542800
53.89716100
53.22716800
61.68189100
61.21600300
62.02830600
62.14617600
63.06891500
61.28345000
60.68519800
62.96812500
59.07492400
58.65361800
58.53863200
58.40771900
58.67259600
58.63365500
58.35208000
58.27236800
57.96527500
58.92210900
59.33035500
59.61130400
59.43407700
59.09380300
58.83663200
59.77624200
58.75333800
58.60802600
55.77154300
54.34934500
54.56677400
56.49607100
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48.69571800
46.88512100
46.33230700
46.24266500
46.86708100
48.65233800
47.31852100
48.28905100
51.43994400
51.94777800
51.54210300
48.18596900
46.56588700
46.62301700
49.09597200
49.96783800
47.13394500
46.12553400
43.60236000
43.26460100
42.64791800
46.99256100
42.99466300
42.19900100
40.88534800
41.40202100
42.37071300
39.77596500
39.51095600
40.61697100
41.93720600
41.97904600
42.35850500
42.75344000
42.92765600
41.86102900
40.59531300
47.33354800

55.68018700
56.80983000
55.91353500
57.92545100
58.61231800
57.28501300
60.07361600
60.21278100
61.17947600
59.61351100
59.77231200
56.73301900
61.26382000
67.22395700
57.52800200
56.98823600
55.91173600
57.39496100
56.93157200
56.13602900
55.42724100
60.02013100
58.86585200
59.38499300
59.99082300
60.35002800
59.38935800
59.11497600
58.88836900
60.90012700
58.27581500
58.45794700
59.47592500
60.15398300
57.76855200
61.34691700
60.35287600
59.60276700

56.46842000
56.08987100
56.39777100
56.65856900
56.99987000
57.78068300
57.78150500
57.90729300
58.65748400
59.32095900
57.60264000
58.41927700
63.78134600
59.33435000
55.38401500
54.99933300
54.11593200
54.12462200
57.38505200
58.94133600
57.43732600
58.69252600
62.18644000
60.97882300
61.54278000
62.91898600
63.32620800
61.63603200
60.73129500
60.99038500
60.13661100
58.83131700
58.27965500
60.43318000
62.20703600
62.88452400
63.65448600
61.19850000



