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enzymes is life’s key molecule

https://en.wikipedia.org
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simulation of enzymes

E = k
2(b0 − b)2 HΨ = EΨ

Etot = EQMI + EMMI+II − EMMI (1)
https://en.wikipedia.org
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MM Engine = Gromacs, QM Engine = Mopac



perfomance with 64 qm atoms
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Performance of QM/MM packages for the “small” system on local workstation (left) and supercomputer ”Lomonosov-2” wit Lustre
filesystem (right).
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perfomance with 400 qm atoms
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Performance of test systems for the “big” system on local workstation (left) and supercomputer ”Lomonosov-2” wit Lustre filesystem.
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precision
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Comparison of energy values for QM subsystem for MOPAC/Gromacs: red circles and ORCA/Gromacs: blue triangles.
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antibody

∙ AB has rigid backbone
∙ AB is burn to be mutated
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medical importance

Antibody

+ Antigen Action

Abzyme

+ AntigenAntigenAntigenAntigenAntigen
Actions
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Smirnov et al, PNAS 2011
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combinatorial mutations

17 positions = 2017 mutants
We need to reduce sampling
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qm/mm metadynamics

∙ we «warm up» the bond
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V(⃗s, t) =
∑
kτ<t

W(kτ) exp

−
d∑
i=1

(si − s(0)i (kτ))2

2σ2
i


Liao & Parinello, 2002
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Stochastics



 

 

Mechanism



type of muattions
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17 positions = 2 ∗ 106 mutants
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mutants in 3d

∙ 2 ∗ 106 mutants
∙ PyRosseta framework

Mutate, 105 conformations

top 100

Optimize

Sort

top 3

375 mutants selected (1125 ssytems) CPU querry on Lomonosov-2
Smirnov, Golovin et al. Sci. Adv. 2016; 2:e1501695
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qm/mm slection

375 mutants * 3 replica

Sort on reaction fact

Sort on energy

top 10

∙ H-bond donor aminoacids won
∙ 10 muatnts was selected on CPU querry Lomonosov-2

Smirnov, Golovin et al. Sci. Adv. 2016; 2:e1501695 16



experimental validation

AB Experiment Prediction
WT 1 1
S35R 229 14
L47K 333 113
S35E NA 0

Smirnov, Golovin et al. Sci. Adv. 2016; 2:e1501695

17



why mutant is better?

WT S35R Mutant

1 (66746) 2 (9991)1 (37066) 2 (58102)

3 (57745) 3 (52628)

Smirnov, Golovin et al. Sci. Adv. 2016; 2:e1501695
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Поиск места для внедрения сайта



active center transfer

∙ 100 ways to acomodate active center
∙ 5 ∗ 104 mutants PyRosseta

Active center po-
sitions, up to 103

top 100

Mutate to stabilize, 104 ∗ 102

Sort

top 1000 QM/MM

15 mutants selected
21



Authors
∙ Artur Zalevsky

∙ Olga Zolotoreva

Collaborators
∙ IBCH RAS, Moscow

∙ Ivan Smirnov
∙ Alexander Gabibov

∙ EMBL Hamburg
Spyros D. Chatziefthimiou

∙ Krebs Institute, UK
Michael Blackburn

QM/MM Interface improvement was supported by RussianMinistry of
Education and Science, project number RFMEFI57617X0095

22





почему мутант лучше?

WT S35R Mutant

1 (66746) 2 (9991)1 (37066) 2 (58102)

3 (57745) 3 (52628)

Smirnov, Golovin et al. Sci. Adv. 2016; 2:e1501695
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methods

∙ Gromacs with Plumed, MOPAC2012 as lib
∙ PM6-D3H4, Hamiltonian with h-bond
corrections or DFTb-D3.

∙ Metadynamics with 0.2 fs step
∙ Run multiple replicas with stochastic
thermostat

25



time-resolved attack
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