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1. QM/MM computational details

The IRC calculations of the Claisen rearrangement of chorismate to prephenate in explicit aqueous
solution (R3) were performed using molecular dynamics (MD), followed by the QM /MM calculations
using the B3LYP/6-31+G(d,p) level of theory for the QM part,[1,2] and AMBER force field for the
MM part.[3,4] First, the chorismate molecule was surrounded by atoms of TIP3P water molecules [5]
with a sphere of a radius 20 A, and applying an external harmonic potential of a force constant 10
kcal/mol/A2. MD consisted of 2000 steps of minimisation, 100 ps heating from 0 to 300 K, followed
by production dynamics for 2 ns, and followed by annealing dynamics, performed for 200 ps by
heating the system to 500 K and cooling to 0 K. The simulations were performed with a constrained
TS geometry of the solute with a force constant 1500 kcal/mol/A2. Based on the final geometry
of the molecular system from MD, the IRC calculations of the reaction R3 were performed without
constraints using the QM /MM method with ONIOM.[6]. The QM part included the chorismate
molecule and the MM part included all water molecules. The calculations of the reaction in the
protein (R4) were performed using the QM /MM method and applying the same level of theory as the
reaction in the explicit water solution (R3). The initial protein coordinates were taken from the crystal
structure of the Arg90Cit (citrulline) mutation of the protein in complexation with a TS analogue.[7]
The Arg90Cit mutation was manually replaced back to the original Arg90 structure. The molecular
structure was neutralized by six Na™ ions and minimised at the MM level with a fixed TS geometry.
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The following IRC QM /MM calculations were performed without geometry constraints with ONIOM.
The calculations of the chemical reaction of chorismate in the protein (R5) were performed using the
QM /MM method similar as in the reaction R4, but with the increased size of the QM part. The QM
part in the reaction R5 included the chorismate molecule and side chains of Arg90, Arg7 and Glu78,
which make hydrogen bonds with chorismate. The reaction R6 was composed of chorsiamte in the
original Arg90Cit protein mutation, and the IRC calculations of the reaction R6 were performed using
the same computational protocol and the same level of theory as the reaction R5.

2. Summary of reaction videos

Table S1. Description of reaction videos and IRC coordinates files of the chemical reactions discussed in this study

Reaction

File Name

Movie

Coordinates

Description

Rh-catalyzed carbonylation

Ti-catalyzed Sharpless epoxidation
Au(I)-catalyzed|3,3]-sigmatropic

rearrangement of allyl acetate

Bacillus subtilis chorismate mutase
catalyzed Claisen rearrangement

RhCarbonyl-stl.mpg
RhCarbonyl-st2.mpg
RhCarbonyl-st3.mpg
RhCarbonyl-st4.mpg

Sharpless.mpg

Claisen-noncat.mpg
AuClaisen-stl.mpg
AuClaisen-st2.mpg

Chorism-gas.mpg
Chorism-pcm.mpg
Chorism-tip3p .mpg
Chorism-protl.mpg
Chorism-prot2.mpg
Chorism-prot3.mpg

RhCarbonyl-stl.xyz
RhCarbonyl-st2.xyz
RhCarbonyl-st3.xyz
RhCarbonyl-st4.xyz

Sharpless.xyz

Claisen-noncat.xyz
AuClaisen-stl.xyz
AuClaisen-st2.xyz

Chorism-gas.xyz
Chorism-pcm.xyz
Chorism-tip3p .xyz
Chorism-protl.xyz
Chorism-prot2.xyz
Chorism-prot3.xyz

S1:
S2:
S3:
S4:

S5:
Se:

S7.
S8:

S9

First reaction step
Second reaction step
Third reaction step
Fourth reaction step

Catalyzed reaction
Non-catalyzed

Catalyzed, first reaction step
Catalyzed, second reaction step

: Reaction R1: Gas phase

$10: Reaction R2: Water (PCM)

S11: Reaction R3: Water (TIP3P)

S12: Reaction R4: BsCM (QM/MM)

§13: Reaction R5: BsCM (QM,,;/MM), part 1
S14: Reaction R5: BsCM (QM,y: /MM), part 2
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2 3. Browsing file examples

Begin of each
IRC point SN gran

Number of NZ ,NSubs
umberof o "4 153

Values,IntVec,FPVec
-0.249179731729739E+01
0.167798388729603E+01
-0.236076202482508E+01
-0.191351937972107E+01

cC

Coordinates - -0.249179731729739E+01
-0.191351937972107E+01
-0.142587682913156E+01
-0.445314423664765E+01

Gradient FX_ZMat_Orientation
B 0.125742849033999E -04
0.115127806109269E-05
0.126182247428896E-05
0.106869281378268E-05
0.871710208550798E-05

FFX_ZMat_Orientation
. 0.576503516228613E-+00
Hessian —_ 3 _9.815192224469469E-02

0.707185935858208E-01
-0.276847918819828E-01-

IRC point '

number IPoCou,Energy ,XXIRC
END

End of each 7 f

IRC point Energy

atoms 1AnZ,171,172,173,1Z4,LB1,LAlpha,LBeta

6 0 0 0 0 1 2 3
Atomic _—" 1 @ @ @ @0 4 5 6
numbers 1 0 0 0 0 7 8 9

1 0 0 0 0 10 11 12

'

L}

.

Nvar

153

0 0.000000000000000E+00
0 0.000000000000000E+00
0 0.000000000000000E+00
0 0.000000000000000E+00

0.167798388729603E+01-0.236076202482508E+01
0.148738685477007E+01-0.434259125324094E+01
0.320766916424450E+01-0.147521546884059E+01
0.232759996018568E+01-0.230467018618761E+01

(SIS SIS S

]
]
-0.681559574623432E-01 0.
]
0

277764432017101E-04 0.
360464576782535E-05 0.
167077501208518E-05 0.
240569793710129E-05 0.
158686561048084E-04 0.

.955565197102137E-02 0.
.643326912626387E-01 0.
606539914521952E-02 0.
.590367011342694E-02-0.
.975185565526022E-02 0.

375 -0.107937661443453E+04 -11.2471818062

AN

345509075137282E-04
281515731326852E-05
383164562694131E-05
310782433261679E-05
142043905184887E-04

490735849096399E+00
540161334546678E+00
691161700289515E-01
510672948493642E-01
545133770652555E-01

Reaction

coordinate

Figure S1. Browsing file version 1 with storage of the Hessian at one representative IRC point s.
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Begin of each

IRC point ~ BEGIN (no Hessian)

Natoms ,NatomQ

2324 0

Atomic masses needed for the decomposition
0.120000000000000E+02 ©.100782503700000E+01 .
0.100782503700000E+01 0.120000000000000E+02 .

Number of
atoms

Atomic  __y  0.100782503700000E+01 0.100782503700000E+01 0.
masses 0.100782503700000E+01 0.100782503700000E+01 0.
:
cc

-0.567613048769446E+01-0.100731020628619E+02 0.
-0.439466996809797E+01-0.111441013936450E+02 0.
-0.645581580739358E+01-0.113958070676757E+02 0.
-0.454709407929562E+01-0.871136419774327E+01 0.

Coordinates —y.

Tangent vector eta (mass-weighted)
-0.468960230865146E-01 @.453080403733721E-01-0.
Vector 1 ——» -0.922705107789463E-02 0.151896981707737E-01-0.
-0.173400678506947E-01 0.102161675835089E-01-0.
-0.181181902629704E-01 ©.116313089012388E-01 0.

Curvature vector kappa (mass-weighted)
Vector - 0.339021615568806E-02-0.185307589203597E-0.

0.482065100420639E-03-0.689402291898235E-0!

0.118885566637580E-02-0.407529474320692E-0

2 0.
3-0.
3 0.
0.147283299835390E-02-0.701167238617733E-03-0.

IRC point » IPoCou,Energy,XXIRC
number 396 -0.106870873006623E+04 -19.7987868899

100782503700000E+01
120000000000000E+02
120000000000000E+02
120000000000000E+02

192929422171218E+01
712776632567566E+00
330949727996440E+01
298898982471451E+01

201959583101049E-01
313019479968394E-02
107718406844267E-01
550779658411630E-03

263150224910690E-03
282019377363770E-03
2707703500974 87E-03
296489517426708E-03

Energy Reaction

e coordinate

frequencies

End of each
IRC point

Normal mode

0.375636000000000E+04 @.375819000000000E+04 @.376007000000000E+04
—7 0.376049000000000E+04 0.376097000000000E+04 0.376126000000000E+04
0.376252000000000E+04 0 .376349000000000E+04 0.376753000000000E+04
QM Imaginary Freq No.

0
QM Imaginary Normal Modes
END

4 of 5

Figure S2. Browsing file version 2 with storage of reaction path direction #(s) and reaction path
curvature x(s) instead of gradient and Hessian at one representative IRC point s.
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