
Supporting Information:

Extended-sampling QM/MM simulation of

biochemical reactions involving P–N bonds

Mayukh Kansari, Lena Eichinger, and Tomáš Kubař∗

Institute of Physical Chemistry, Karlsruhe Institute of Technology, 76131 Karlsruhe,

Germany

E-mail: tomas.kubar@kit.edu

S-1

Electronic Supplementary Material (ESI) for Physical Chemistry Chemical Physics.
This journal is © the Owner Societies 2023



Table S1: Cartesian coordinates (Å) of the molecules P-N-product and P-N-intermediate,
as used to generate the repulsive potential with erepfit. The structures were obtained from
energy minimizations on the level B3LYP/aug-cc-pVTZ in vacuo.

PN-product
x y z

C −1.0760 1.2296 0.0
N −0.2002 0.1559 0.0
C −0.9982 −0.9869 0.0
C −2.2823 −0.5390 0.0
N −2.3187 0.8430 0.0
P 1.4965 0.2653 0.0
O 1.9723 −0.6759 −1.1922
O 1.9196 1.6662 0.0
O 1.9723 −0.6759 1.1922
H −0.7121 2.2442 0.0
H −0.5751 −1.9763 0.0
H −3.1869 −1.1254 0.0
H 1.9944 −0.2124 2.0395
H 1.9944 −0.2124 −2.0395

PN-intermediate
x y z

C −2.7736 1.7845 0.0
C −1.4192 1.5932 0.0
N −1.2147 0.2152 0.0
C −2.4710 −0.3281 0.0
N −3.4219 0.5781 0.0
P 0.4567 −0.5869 0.0
O −0.3169 −1.9890 0.0
O 0.8191 0.1611 1.3790
O 0.8191 0.1611 −1.3790
H 0.0896 0.6936 −1.7194
H 0.0896 0.6936 1.7194
H −2.6281 −1.3922 0.0
H −0.6037 2.2985 0.0
H −3.3120 2.7190 0.0
O 1.8977 −1.3902 0.0
C 3.1649 −0.7384 0.0
H 3.9201 −1.5233 0.0
H 3.2862 −0.1220 −0.8925
H 3.2862 −0.1220 0.8925
H 0.3320 −2.7058 0.0

Table S2: The length of the P–N bond (in Å) in phosphohistidine resulting from geometry
optimization performed on various DFT levels, with aqueous environment represented with
the polarizable continuum model (PCM). The molecule of phosphohistidine is protonated at
the histidine moiety, with a completely deprotonated phosphate group, which is the state
appearing as P in the PMF in Fig. 4 (main text).

Basis set B3LYP PBE
aug-cc-pVTZ 1.91 1.93
SV 1.98 2.02
Huzinaga-MINI 2.13 2.23
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Table S5: Cartesian coordinates (Å) of the states R and P1 observed in the first step of
the hydrolysis of TEPA, after energy minimization performed with DFTB3/3OB-OPhyd-
PNmod. (Energy minimization of state TS was not performed.)

TEPA-R
x y z

O 12.2937 14.5736 13.1267
P 13.2403 13.6703 13.8135
N 12.0424 12.3919 14.5990
C 12.4545 11.0978 15.1638
C 11.9051 12.1534 16.0444
N 14.0413 14.0871 15.2136
C 14.1782 15.4797 15.7055
C 15.3806 14.7214 15.2974
N 14.1926 12.5445 13.0238
C 14.1494 12.3475 11.5527
C 15.3736 12.8839 12.1847
H 11.8307 10.2529 14.8802
H 13.5283 10.9232 15.1489
H 10.8796 12.0791 16.3995
H 12.5881 12.7352 16.6609
H 13.9496 15.6020 16.7644
H 13.8017 16.2616 15.0473
H 16.0261 14.2838 16.0594
H 15.8626 14.9708 14.3533
H 13.5047 13.0231 10.9908
H 14.1137 11.3021 11.2468
H 15.6030 13.9435 12.0729
H 16.2258 12.2239 12.3464
O 14.6240 15.9701 12.5238
H 13.7045 16.1152 12.2695
H 15.1728 16.6822 12.1809
H 11.1498 12.3626 14.0943

TEPA-P1
x y z

O 0.1440 1.6877 −1.3743
P 0.0917 0.4353 −0.6244
N −1.1872 −0.5299 −0.5749
C −2.6242 −0.3120 −0.3878
C −1.8987 −1.3143 0.4378
N 1.3838 −0.2444 0.0437
C 2.0172 −1.5526 0.1912
C 2.8101 −0.3669 −0.2440
H −3.2455 −0.6494 −1.2169
H −2.9124 0.6395 0.0618
H −1.9983 −2.3750 0.2056
H −1.6650 −1.0798 1.4779
H 1.7395 −2.3112 −0.5405
H 2.1049 −1.9055 1.2205
H 3.1032 −0.2735 −1.2908
H 3.4665 0.1302 0.4718
O −0.5541 1.6122 1.5631
H −0.8366 2.5224 1.4189
H −0.0877 1.5531 2.4038
H 2.0104 −2.5907 −3.8011
N 0.4001 −1.1881 −4.1958
C 1.7878 −1.6655 −4.3370
H 0.4312 −2.6337 −5.8218
H 0.3704 −0.1695 −4.2068
C 0.8699 −1.6918 −5.5064
H 2.5773 −0.9157 −4.3031
H 1.0180 −0.9604 −6.2955
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