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COMPUTATIONAL METHODS
Computational details of the molecular models set up

Initial geometry of the protein was obtained from the PDB structure of Candida antarctica Lipase
B (PDB ID: ITCA).! The protonation state of titratable residues were determined at pH equivalent
to 7 using the semiempirical program PropKa ver. 3.0.3.23 The calculations determined that
Asp134 must be protonated and all histidines as neutral with hydrogen atom added in No position.
Moreover, three disulphide bridges between residues Cys22 and Cys64, Cys216 and Cys258, and
Cys293 and Cys311 were identified. Hydrogen atoms were added to the structure and the system
was solvated by placing it in a 100 x 80 x 80 A3 pre-equilibrated box of water molecules. Any
water with an oxygen atom lying in a radius of 2.8 A from a heavy atom of the protein was deleted.
The geometry of the system was optimized using a series of optimization algorithms.* A final
equilibration was done to fully relax the entire system. In order to study the amidase activity of
CALB, the system was set up by building the corresponding substrates, benzylbutyramide (1) and
N-(4-nitrophenyl)-butyramide (2), into the active site pocket of a pre-equilibrated CALB.* In order
to equilibrate the total system a classical MD simulation was done to the Michaelis complex of
each system. Substrates were parametrized with Antechamber® at AM1 level. Parameters for 1 and
2 are showed in Tables S1 and S2, respectively. Finally 5 ns of classical MD using the NVT
ensemble were run to equilibrate the system with AMBER force field,® as implemented in NAMD
software.” In order to avoid the diffusion of the substrate, the distance between OGge19s and Clgyps

was constraint applying a force constant of 2000 kJ-mol-!-A-2,
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Table S1. Atom types, charges and parameters obtained for 1.

Atom name

C23

H26

H27

H28

C22

H24

H25

C3

H20

H21

Cl

02

N4

H5

Parameters:

MASS

c3 12.01

hc 1.008

c 12.01

o 16.00
14.01

hn 1.008

hl 1.008

ca 12.01

ha 1.008

H16

H18 C14

Atom type
c3
he
he
hc
c3
hc
he
c3
he
he
c
0
n

hn

0.878
0.135
0.616
0.434
0.530
0.161
0.135
0.360
0.135

/H15
10 HS  H20 H21 7‘26
| \ /
7 N4 Cc3 C23 —H27
~..7 ~..- N_7 N\
Cé C1 Cc22 H28

H8 H9 02 H24 H25

Charge Atom name Atom type

-0.0941 Cé c3

0.0374 H8 hl

0.0374 H9 hl

0.0374 C7 ca

-0.0784 C10 ca

0.0447 H15 ha

0.0447 Cl1 ca

-0.1564 H16 ha

0.0727 Cl12 ca

0.0727 H17 ha

0.6511 C13 ca

-0.6061 HI18 ha

-0.5569 Cl14 ca

0.3015 HI19 ha
BOND
c3-hc 330.60 1.097
c3-c3 300.90 1.538
c3-c 313.00 1.524
c-0 637.70 1.218
c-n 427.60 1379
n -hn 403.20 1.013
n-c3 328.70  1.462
c3-hl 330.60 1.097
c3-ca 321.00 1.516
ca-ca 461.10 1.398
ca-ha 345.80 1.086

Charge
0.1233
0.0712
0.0712
-0.1213
-0.1175
0.1355
-0.1315
0.1330
-0.1240
0.1320
-0.1315
0.1330
-0.1175
0.1355
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ANGLE
¢3-c3-hc
c3-c3-c3
hc-¢3-he
c3-c3-c
c3-c-o
c3-c-n
hc-c3-c
¢ -n -hn
c-n-c3
0-C-n

n -c3-hl
n -c3-ca
hn-n -c3
c3-ca-ca
h1l-c3-hl
hl-c3-ca
ca-ca-ha
ca-ca-ca

IMPROPER
c¢3-n-c -0

¢ -c3-n -hn
c3-ca-ca-ca
ca-ca-ca-ha

NONBON
c3

hc

c

hl
ca
ha

46.340
62.860
39.400
63.270
67.400
66.790
46.930
48.330
63.390
74.220
49.840
66.210
45.800
63.530
39.240
46.990
48.180
66.620

10.5
1.1
1.1
1.1

1.9080
1.4870
1.9080
1.6612
1.8240
0.6000
1.3870
1.9080
1.4590

109.800
111.510
107.580
111.040
123.200
115.180
108.770
117.550
120.690
123.050
108.880
112.380
117.680
120.770
108.460
109.560
119.880
120.020

180.0
180.0
180.0
180.0

0.1094
0.0157
0.0860
0.2100
0.1700
0.0157
0.0157
0.0860
0.0150

2.0
2.0
2.0
2.0

DIHEDRALS
c3-c3-c3-hc
c3-c3-c3-c
hc-¢3-¢3-he
c3-c3-c -0
c3-c3-c -n
c3-c3-c -n
hc-c3-c3-c
¢3-c -n -hn
c3-c -n-c3
c3-c -n-c3
hc-¢3-c -0
hc-c3-¢ -0
hc-c3-c -0
hc-c3-¢c -n
¢ -n -c3-hl
¢ -n-c3-ca
0 -c -n -hn
0 -c -n -hn
0-c-n-c3
n -c3-ca-ca
hn-n -c3-hl
hn-n -c3-ca
c3-ca-ca-ha
c3-ca-ca-ca
hl-c3-ca-ca
ca-ca-ca-ha
ca-ca-ca-ca
ha-ca-ca-ha

—m o e e e b e e e e e e e e e e e e e e e e e e e e e

0.160
0.156
0.150
0.000
0.100
0.070
0.156
2.500
0.000
1.500
0.800
0.000
0.080
0.000
0.000
0.000
2.500
2.000
2.500
0.000
0.000
0.000
3.625
3.625
0.000
3.625
3.625
3.625

0.000
0.000
0.000
180.000
0.000
0.000
0.000
180.000
0.000
180.000
0.000
0.000
180.000
180.000
0.000
0.000
180.000
0.000
180.000
0.000
0.000
0.000
180.000
180.000
0.000
180.000
180.000
180.000

General improper torsional angle (2 general atom types)

General improper torsional angle (2 general atom types)

3.000
3.000
3.000
2.000
-4.000
2.000
3.000
2.000
-2.000
1.000
-1.000
-2.000
3.000
2.000
2.000
2.000
-2.000
1.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
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Table S2. Atom types, charges and parameters obtained for 2.

023 H19
N20 C14 H18
-~ -~
~ ~
02477 a5 Scis oz ML
| | | | | ég/ H25
C16 -~ C6 A N ¥
AR N c3 C10
H21 C17 N4 Ry
| | /\ | “H2e
H7 H8
H22 HS H27

Atom name Atom type Charge Atom name Atom type Charge
C10 c3 -0.0981 C6 ca 0.1226
H25 he 0.0370 C13 ca -0.1920
H26 he 0.0370 HI18 ha 0.1650
H27 he 0.0370 Cl4 ca -0.0360
C9 c3 -0.0864 H19 ha 0.1715
H11 he 0.0552 C15 ca -0.2172
HI12 he 0.0552 N20 no 0.3192
C3 c3 -0.1584 023 o -0.2145
H7 he 0.0812 024 0 -0.2145
H8 he 0.0812 Cl6 ca -0.0360
Cl1 c 0.6681 H21 ha 0.1715
02 0 -0.5731 C17 ca -0.1920
N4 n -0.4731 H22 ha 0.1650
H5 hn 0.3235
Parameters:
MASS BOND
c3 12.01 0.878 c3-hc 330.60 1.097
he 1.008  0.135 c3-c3 300.90 1.538
c 12.01 0.616 c3-c 313.00 1.524

16.00  0.434 c-0 637.70 1.218

14.01 0.530 c-n 427.60 1.379
hn 1.008  0.161 n -hn 403.20 1.013
ca 12.01 0.360 n-ca 384.20 1.412
ha 1.008 0.135 ca-ca 461.10 1.398
no 14.01 0.530 ca-ha 345.80 1.086

ca-no 321.70 1.469

no-o 741.80 1.226



ANGLE
¢3-c3-hc
c3-c3-c3
hc-¢3-he
c3-c3-c
c3-c-o
c3-c-n
hc-c3-c
¢ -n -hn
c-n-ca
0-C-n

n -ca-ca
hn-n -ca
ca-ca-ha
ca-ca-ca
ca-ca-no
ca-no-o
0 -n0-0

IMPROPER

c3-n-c-o

¢ -ca-n -hn
ca-ca-ca-n

ca-ca-ca-ha
ca-ca-ca-no

ca-o0 -no-o

NONBON

c3
hc
c

ca
ha
no

1.9080
1.4870
1.9080
1.6612
1.8240
0.600

1.9080
1.4590
1.8240

46.340
62.860
39.400
63.270
67.400
66.790
46.930
48.330
63.820
74.220
67.870
47.630
48.180
66.620
66.770
68.700
76.730

10.5
1.1
1.1
1.1
1.1
1.1

0.1094
0.0157
0.0860
0.2100
0.1700
0.0157
0.0860
0.0150
0.1700

109.800
111.510
107.580
111.040
123.200
115.180
108.770
117.550
123.710
123.050
120.190
116.000
119.880
120.020
119.010
117.760
125.080

180.0
180.0
180.0
180.0
180.0
180.0

2.0
2.0
2.0
2.0
2.0
2.0

DIHEDRALS
¢3-c3-¢3-he
¢3-c3-c3-c
hc-¢3-¢3-he
c3-c3-c -0
c3-c3-c -n
¢3-c3-c -n
hc-c3-c3-c
¢3-c -n -hn
c¢3-c -n -ca
hc-c3-c -0
hc-c3-c -0
hc-c3-c -0
hc-c3-c -n
¢ -n -ca-ca
0 -c -n -hn
0 -c -n -hn
0-C-n-ca
n -ca-ca-ha
n -ca-ca-ca
hn-n -ca-ca
ca-ca-ca-ha
ca-ca-ca-ca
ca-ca-ca-no
ha-ca-ca-ha
ca-ca-no-o
ha-ca-ca-no

b e b b b e e e e e e e e b e b e e e e e e e e e

0.160
0.156
0.150
0.000
0.100
0.070
0.156
2.500
2.500
0.800
0.000
0.080
0.000
0.450
2.500
2.000
2.500
3.625
3.625
0.450
3.625
3.625
3.625
3.625
0.600
3.625

0.000
0.000
0.000
180.000
0.000
0.000
0.000
180.000
180.000
0.000
0.000
180.000
180.000
180.000
180.000
0.000
180.000
180.000
180.000
180.000
180.000
180.000
180.000
180.000
180.000
180.000

General improper torsional angle (2 general atom types)
General improper torsional angle (2 general atom types)

Using default value

General improper torsional angle (2 general atom types)

Using default value
Using default value

3.000
3.000
3.000
2.000
-4.000
2.000
3.000
2.000
2.000
-1.000
-2.000
3.000
2.000
2.000
-2.000
1.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
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Computational details of the QM/MM simulations

In this work, an additive hybrid QM/MM scheme was employed for the construction of the total

Hamiltonian, H.g, where the total energy is obtained from the sum of each contribution to the

energy.

~ ~ ~ el ~ VAW -
Hegr = Hom + Hommm + Homymm + Huw (S1)

Here, ﬁQM describes the atoms in the QM part, ﬁQM smm defines the interaction between the QM

and MM region and Hyyy describes the rest of the MM part.

Potential Energy Surfaces

Exploration of the Potential Energy Surfaces (PES) was carried out by choosing the appropriate
combination of internal coordinates (&) in every single step of the reaction. A harmonic constraint
was used to maintain the proper interatomic distances along the reaction coordinate, and a series
of conjugate gradient optimizations and L-BFGS-B optimization algorithms were applied to obtain
the final potential energy of the minimized constrained geometry. The QM sub-set of atoms were

described by the Austin Model 1 (AM1)? semiempirical Hamiltonian.

After the exploration of stationary points on the PES, the structures corresponding to reactants and
products states (RS and PS, respectively), intermediates (Is) and transition state (TSs) were
localized applying the Baker’s algorithm.® Minimum energy path was traced down to reactants
and products following the Intrinsic Reaction Coordinate!? (IRC) method from every localized TS

structure.
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Spline corrections

A correction term is interpolated to any value along the reaction coordinates in the FES. A

continuous energy function is used to obtain the corrected PMFs:
E = Ey1um +S[AETE(§1,62)] (52)

where S is the two-dimensional spline function and AE}} is the difference between the energies
obtained at low-level (LL) and high-level (HL) of theory of the QM part. The AM1 semiempirical
Hamiltonian was used as LL method, while a density functional theory (DFT)-based method was
selected for the HL energy calculation. In particular, HL energy calculations were performed by
means of the hybrid M06-2X!! functional using the standard 6-31+G(d,p) basis set. These

calculations were carried out using the Gaussian09 program.!?
Free Energy Surfaces

FESs were obtained, in terms of 2D-PMF,!3 for every step of the reaction using the Umbrella
Sampling approach!3 !4 combined with the Weighted Histogram Analysis Method (WHAM).!3
Series of MD simulations were performed adding a constraint along the selected reaction
coordinates with an umbrella force constant of 2500 kJ-mol--A-2. In every window QM/MM MD
simulations were performed with a total of 5 ps of equilibration and 20 ps of production at 303 K
using the Langevin-Verlet algorithm!® with a time step of 1 fs. Structures obtained in previously

computed PESs were used as starting points for the MD simulations in every window.
Kinetic Isotope Effects

Averaged KIEs were calculated from isotopic substitution of the key atoms from localized RS and

TS structures. From the definition of the free energy of a state and using the Transition State

S10



Theory, the ratio between the rate constants corresponding to the heavy and the light atoms can be
computed by means of equation S3.

(o)
QRs

KIE = Le( —1/(RT))(AZPE, — AZPE}) (S3)

Here, Q refers to the total partition function which was computed as the product of the translational,
rotational and vibrational partition functions of isotopologs in RS and TS structures, and AZPE
refers to difference of the zero point energy between RS and TS in the light (L) and heavy (H)
isotopologs.!”!8 KIEs were computed at M06-2X/MM and AM1/MM level of theory. In the case
of AM1/MM KIEs, ten structures representing each of the TS and the RS were extracted from a
MD simulation constraining the key distances to maintain their characteristic geometries. These
structures were localized to have 10 representative structures of each state. Those were used to
compute the averaged KIEs. The Hessian was computed for the QM subset of atoms. For M06-
2X/MM KIEs, one RS structure and one TS structure for each step of the reaction were localized

at this high level of theory.
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EXPERIMENTAL METHODS

Synthesis of benzylbutyramide (1)

The synthesis of the substrate benzylbutyramide was carried out following an enzymatic approach.
Commercial immobilized CALB (Novozyme 435) was used to synthetize 1, from benzylamine
and butyric acid. Equimolar solution of 50 mM of butyric acid and benzylamine in 2-methyl-2-
butanol, was incubated during 120 hours in sealed vessels with argon atmosphere and molecular
sieves to minimize the available soluble water that is formed in the reaction. The reaction was
followed by Thin-Layer Chromatography (TLC), with a mobile phase of hexane:ethyl acetate
(2:3), until complete conversion. The product was purified by Silica column with hexane:ethyl
acetate (1:5) as mobile phase. Solvent was finally evaporated in a rotatory evaporator, obtaining
pure product, which was characterized by mass spectrometry (m/z=178.2) and NMR (Figure S1).

The overall yield obtained was of 48%.

Synthesis of N-(4-nitrophenyl)-butyramide (2)

Butyryl chloride dissolved in 5 mL anhydrous dichloromethane (4.32 mmols) was added to 10 mL
of a solution of 4-nitroaniline (3.60 mmols) with pyridine (7.20 mmols) in anhydrous
dichloromethane to act as a base to catalyze the reaction. The molar ration of butyryl chloride:4-
nitroaniline:pyridine was set to 1.2:1:2. Reaction was performed in sealed vessels in argon
atmosphere at room temperature over-night. Once reaction was completed, further washes with
10% HCI were performed. 2 was purified by Silica column with hexane:ethyl acetate (4:1) as
mobile phase. Solvent was evaporated in a rotatory evaporator obtaining yellow crystals. The

product was characterized by NMR (Figure S2) and the overall yield was 74%.

S12



Enzymatic assays of the hydrolysis of 1.

In order to evaluate the amidase reaction of CALB, experimental kinetics parameters of hydrolysis
of 1 were obtained. Commercial free form of wild type CALB was purchased from Sigma-Aldrich.
Kinetics assays were performed in 20 mM phosphate buffer at pH 7, with 10 % of organic solvent,
acetonitrile in this case. The addition of organic solvent is due to the poor solubility of 1 in aqueous
solution. Different organic solvents were discarded due to interferences with the signal during
HPLC acquisitions. Real concentration of enzyme in the commercial powder was determined by
Bradford. Final concentration of enzyme in the assay was adjusted to 105 pg-mL-! and
concentrations of 1 were set to 0 mM, 0.2 mM, 0.5 mM, 1 mM, 5 mM in a final volume of 500
pL. Reactions were done at 37 °C and 100 rpm. Aliquots of 50 uL were taken at 0 h, 3 h, 5 h, 7h,

24 h and 48 h, and were frozen at -20 °C to stop the progression of the reaction.

Formation of the benzylamine was monitored by HPLC (JASCO UK Limited). A diluted sample
of each aliquot was injected into a C18 column and a mixture of water:acetonitrile 50:50 with 0.5
% of trifluoroacetic acid was used as a mobile phase with a 1 mL-min! flow. Elution of products
(benzylamine) was followed by absorbance at 206 nm (retention time of benzylamine = 3.1 min;

retention time of benzylbutyramide = 4.5 min).

Enzymatic assays of the hydrolysis of 2

To assay the amidase activity on 2 commercial wild type CALB was used (Sigma-Aldrich). The
poor solubility of the substrate makes impossible to perform reactions in pure aqueous solutions
so addition of organic solvent is required. Reactions were done in 20 mM phosphate buffer at pH
7, with 10 % of DMSO. Concentrations of 2 were set to 0 mM, 0.5 mM, 1.0 mM, 1.5 mM, 2.0

mM, 2.5 mM and 3 mM and final concentration of protein was set to 35 ug-mL-!. Reactions were

S13



carried out in a final volume of 150 uL in microtiter plates at 37 °C and 100 rpm. Reactions were
done in triplicates. The progression of the reaction was monitored during 24 hours by the increment
of absorbance at 405 nm using a spectrophotometer (Spectra max Plus 384 from Molecular
Devices). The use of this spectrophotometric technique permits the use of DMSO instead of
acetonitrile in the case of 2. The use of spectrophotometric approaches is not possible in the case
of 1, because of the very high similar peaks of absorbance of substrates and products (maximum

absorbance peak of 1, substrate: 250 nm; and benzylamine, product: 245 nm).
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RESULTS

NMR Spectra of the substrates

'"H NMR spectra were done to characterize the substrates. Spectra for 1 is depicted in Figure S1

and for 2 in Figure S2.

Benzylbutyramide: '"H NMR (300 MHz, Chloroform-d) & 7.47 — 7.17 (m, 3H), 5.76 — 5.67 (m,

1H), 4.44 (d, J= 5.7 Hz, 1H), 2.32 — 2.00 (m, 6H), 1.85 — 1.54 (m, 2H), 1.14 — 0.82 (m, 2H).

N-(4-nitrophenyl)-butyramide: '"H NMR (300 MHz, Chloroform-d) 6 8.27 — 8.16 (m, 2H), 7.76 —
7.65 (m, 2H), 7.37 (s, 2H), 2.40 (dd, /= 7.8, 7.1 Hz, 2H), 1.88 — 1.69 (m, 2H), 1.03 (t, /= 7.4 Hz,

3H).

S15



~2000
-1800

-1600

-1400

-1200

~1000

-800

-600

~400

--200

i~
i
S

£1P29Z'L1
924
922
zL
7L
i
i
i
872
824
622
6274
622
6241
0g°L
LEL
LeLy
LEL
TeL
£€L
£EL
€EL
vEL
vEL
vEL
e
sEL
SEL
98’
98’

fag

J

N
=

/

6

13

7

N AT

™~

5

10
o
16

12

15 (m)
0.95

13 (m)
1.69

15

12|(m)
2[18

7(d)
4.44

9 (m)

5.72

1,2,4,5,6 (m)

7.30

12456

6Lz

¢St

[EE9

ﬁmm_.

Feao |

5.0

5.5

6.5 6.0

7.0

7.5

2.0 1.5 1.0 0.5 0.0

2.5

3.0

3.5

40
f1ppm,

4.5

Figure S1. '"H NMR spectra of 1.
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Classic MD simulations

MD simulations were done in order to equilibrate the system containing 1 and 2 as substrates. The

time dependent evolution of the RMSD for both systems is depicted in Figures S3 and S4.

1.50 -

' MWMWWMWMWWM

o000 —mM@8M8M8Mm —————

R.M.S.D.N-Co-C (&)
o e = =
w ~ o [3e]
(=] W (=] wn

=

[

w
L

Time (ns)

Figure S3. Time-dependent evolution of the RMSD of the atoms belonging to the protein

backbone during the 5 ns MD trajectory of the 1-CALB system.
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Figure S4. Time-dependent evolution of the RMSD of the atoms belonging to the protein

backbone during the 5 ns MD trajectory of the 2-CALB system.
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QM/MM localized structures

Transition state structures localized at M06-2X level of theory are depicted in Figure S5. Averaged
key distances of the structures localized at AM1/MM and M06-2X/MM are showed in Table S3
and Table S4 respectively. Averaged charges of key atoms were calculated from a QM/MM MD
simulation at M06-2X/MM level and are shown in Table S5. Charges and polarization of the atoms
belonging to the amide group of 2 produced by the residues belonging to the active site can be

found in table S6.

Transition State 1 @ Transition State 2 _&

Transition State 4 4-nitroaniline

\ His224

Figure S5 M06-2X/MM TS structures appearing along the hydrolysis of 2 catalyzed by CALB.
Key protein residues are showed in liquorice, and substrate and products are showed in ball and

sticks representation. Distances are in A.
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Table S3 Averaged key distances obtained from the structures located at AM1/MM level for the

hydrolysis of 2 and used to compute averaged KIEs listed in Table S7.

RS TS1 TS2 TS3 TS4
OGser105=Clsubs 2.51+0.06 1.605 £ 0.012 1.4424 £0.0019 1.4199£0.0014 1.538 +£0.006
OGserios— HGgerios 0.9631 £0.0005 1.299 £0.016 2.28+£0.05
NE2yiso04—HGgerios  2.37 £0.07 1.245 £ 0015 1.253 £ 0.006 - -
ClaubsN4gubs 1.3823 £0.0023 1.460 = 0.005 1.556 £ 0.005 - -
HGger105—N4subs 2.78 £ 0.05 2.68 £ 0.03 1.393 £0.013 - -
Ouar—CLsubs - - - 1.51+0.24 14£03
OwarHlyat - - - 1.273 £0.011 2.26 £0.03
HlyarNE24i004 - - - 1.256 £0.012 1.252 £ 0.009
Hlya — OGserios 2.289+£0.024 1.292 £ 0.007
Clser1i05—O024ubs 1.2589 £0.0020 1.2928 £0.0011 1.3053 £0.0011 1.2980 £ 0.0014 1.2928 £ 0.0009
O24ubs—Hrhrao 1.94 +0.08 1.79 £ 0.05 1.78 £ 0.06 1.72+£0.03 1.82+0.04
024bs—HO 140 1.92+£0.04 1.90 £ 0.03 1.86 £ 0.04 1.843 £0.018 1.82+£0.04
O24bs—Hain10s 2.17+0.18 1.90 £ 0.04 2.03+£0.07 1.91+£0.03 1.94+0.04
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Table S4 Key inter-atomic distances of the different states appearing along the hydrolysis of 2

catalyzed by CALB. Structures optimized at M06-2X/MM level. All distances are given in A.

RS TSI INTI TS2 INT2 TS3 INT3 TS4 PS

OGseri0s— Clups 2.32 1.68 1.1 142 132 139 143 1.63 220
OGser10s— HGser10 1.00 124 181 250  2.53 - - - -

NE24is224— HGser105 1.65 126  1.04 127 291 - - - -

Clgups— N s 1.36 1.44 148 1.61 284 - - - -

HGser105 — Ndgubs 2.76 2.66  2.74 134 102 - - - -

Owat— Clubs - - - - 433 1.69  1.49 140 133
Ouat— Hlyar - - - - 0.97 1.17 160 240 255
Hlya— NE2yis04 - - - - 3.77 132 1.05 126 1.64
H1a — OGserios - - - - 4.78 2.61  2.78 1.24  1.00
HD 155024 — OD2agp187 2.02 208 204 219 215 218 214 203 2.00
Clgups— 0245 1.26 129 131 130 123 130 132 129 124
024ubs — Hrnrao 1.77 1.77 168 1.82  1.86 195 188 197 185
0245 — HOThrao 1.85 1.87  1.65 1.81  1.66 197 177 1.88  1.66
024u5s— Hain106 2.14 195 178 2.05 1.85 193 1.79 189 191
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Table S5. Charges of the key atoms of the 2 computed with the CHelpG method at M06-2X/MM

level as an average of 20 ps MD simulations on the states involved in the full chemical reaction,

from reactants state (RS) to Products state (PS). N4 only participates in the first two steps of the

reaction. Charges are in a.u.

Cl 02 N4

RS 0.85+0.03 -0.884 £ 0.012 -0.77£0.03
TS1 0.92 +0.04 -1.009 + 0.020 -0.888 £ 0.023
INT1 1.04 £ 0.03 -1.104 £ 0.017 -0.89£0.03
TS2 0.85+ 0.04 -1.086 +0.015 -0.49£0.03
INT2 0.82 £ 0.03 -0.806 £ 0.013 -0.78 £ 0.04
TS3 0.74 £ 0.04 -0.965 +£0.022 -
INT3 0.73 £0.03 -1.039 £ 0.015 -

TS4 0.96 + 0.04 -1.030 £ 0.021 -

PS 0.76 £ 0.03 -0.848 +0.013 -

Table S6. Charges of the key atoms of 2 computed with the CHelpG method at M06-2X/MM level

in gas phase and including, as point charges, the atoms of the residues belonging to the oxyanion

hole formed by residues Thr40 and GIn106 (Oxyanion), the residues Ser105, His224, and Asp187

(Catalytic Triad), residues Thr40, GIn106, Ser105, His224, and Aspl187 (Oxyanion hole +

Catalytic Triad), and the full protein. Charges are in a.u.

Atom Gas Phase Oxyanion Hole  Catalytic Triad  Oxyanion Hole Full Protein
+
Catalytic Triad
Cl 0.78 0.87 0.98 1.10 1.11
02 -0.56 -0.79 -0.71 -0.91 -0.94
N4 -0.77 -0.72 -0.95 -0.98 -0.97
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Determined Kinetic Isotope Effects

Averaged KIE at AM1/MM level are showed in table S7. As explained above, 10 structures of RS
and each TS were localized at AM1/MM and averaged KIE were computed. Slightly differences
on key distances and KIE exist between M06-2X/MM and AM1/MM which may be due to

differences in the computed charges of the methods.

Table S7 Averaged KIEs computed at AM1/MM level for the reaction of hydrolysis of 2.

TS1 TS2 TS3 TS4
1411-C] 1.043 + 0.005 1.016 £ 0.005 0.999 £ 0.004 1.007 £ 0.004
15[4-N] 1.0008 +0.0021 1.0006 +0.0021 - -
132-0] 0.994 + 0.004 0.992 + 0.004 0.981 + 0.005 0.987 £ 0.003

It is interesting to stress that the KIEs values obtained at M06-2X/MM level (see Table 1 of the
text) are in good agreement to those average values calculated at AM1/MM level (see Table S6)
in the case of *C and >N substitutions. On the contrary, the '30-KIE values at AM1/MM level
(see Table S6) are slightly inverse, from 0.6 to 1.9 %. This can be rationalized based on the analysis
of the inter-atomic interactions established between O2 and the residues of the oxyanion hole
(Thr40 and GIn106). In all TS structures localized at AM1/MM, O2 atom forms stronger H-bond
interaction than in the reactants state, due to the accumulation of negative charge of this atom along
the reaction. This result explains the inverse '0-KIEs obtained at AM1/MM level. This effect is
not so dramatic at M06-2X/MM level, where the variations of the distances between O2 atom and
the residues of the oxyanion hole from reactants state to the different TSs, are not so meaningful

(see Table S4).
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Kinetics of hydrolysis of 2

Hydrolysis of 2 by CALB was evaluated at increasing concentrations of substrate as explained
above. A Michaelis-Menten curve was fitted on the data (Figure S6), and kinetics constants were

measured.

3.0+
2.5 1
2.0 1

1.5 1

Vx10 (U-mg™)

1.0 1

0.54

0.0 T T T T T T 1
0.0 0.5 1.0 1.5 2.0 235 3.0 3.5

[N-(4-nitrophenyl)-butyramide] (mM)

Figure S6. Kinetics of the hydrolysis of 2 by CALB. Velocities were calculated at increasing

concentrations of substrate.
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