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Amino acid variations in protein targets and drug resistance
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Quantifying drug resistance using molecular modeling tools

Value of interest is binding energy
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Calculated and observed values

1 kcal/mol error in energy estimated corresponds to 5-6 fold 
difference in rate / equilibrium constant

Calculations Experiment

Activation energy Rate constant

Gibbs energy of reaction Equilibrium constant

𝑘 ~ 𝐴(𝑇) ∙ 𝑒−
∆𝐺(𝑇)≠

𝑅𝑇

𝐾 ~ 𝑒−
∆𝐺𝑜(𝑇)
𝑅𝑇

Potential alternatives are QSPR-like relationships
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Relations between micro and macro parameters

✓ Regression and classification models 

❖ QSPR, QSAR – quantitative structure 
property/activity relationship

❖ Predictors are molecular descriptors and 
physicochemical properties 

❖ More complex descriptors can be applied: electron 

density descriptors and dynamic properties. Zefirov N.S.
(1935 – 2017)
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Arbidol (umifenovir) interactions with hemagglutinin

Arbidol-resistance mutations K51N, 
K117R, Q42H, and Q27N in HA2.
Those are far from Arbidol binding site.

Why does the resistance appear?
* PNAS (2017) V.114, P. 206-214.
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Arbidol is a Russian‐made indole‐derivative small 

molecule licensed in Russia and China for the 

prevention and treatment of influenza and other 

respiratory viral infections. 



Dynamic network analysis studies the correlation of 
movement of representative atoms (or nodes), such as 
Ca atoms of amino acid residues, and is used to 
determine the presence and degree of interrelation of 
movement between different fragments of the system.
Only short-range interactions are calculated:
➢ To determine which nodes are in contact, the 

shortest distance between any heavy atoms 
related to two nodes is calculated. If the distance 
is less than 4.5 Å for more than 75% of trajectory 
times, such nodes are considered to be 
interacting. 

➢ Long-range interactions are determined through 
short-range networks.
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Dynamic network analysis



The edges between the 
contacting nodes 
(without weights)

The edges between the 
contacting with weights
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Interacting nodes



➢ Communities are parts of a common network. 
Nodes within a community are characterized by 
stronger connections than between communities. 
Communities are defined according to weights 
determined through correlation.
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Communities



Arbidol and hemagglutinin variants: analysis

➢ For WT HA fragments of Arbidol
belong to communities with both 
α-helices being like a “zip”;

➢ For HA from resistant strains 
Arbidol belongs to a community 
with only one α-helix.
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Dynamic behavior of penicillin binding protein PBP2 and its 
A501X variants



Structure of the PBP2
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Penicillin binding protein PBP2

PBP2 with A501X variants demonstrate 
different catalytic activity *

These variations can by due to changes of k2

and/or Ks values.

PBP2 variant Relative k2/Ks

A501V 1.8

A501 1

A501R 0.5

A501P 0.02

* J. Tomberg et al., Biochemistry (2017) 15



Acylation mechanism in the active site of the PBP2

QM(PBE0-D3/6-31G**)/MM MD 16



Dynamic behavior of the β3-β4 loop

MD: 500ns, CHARMM + TIP3P 17



Clustering of β3–β4 loop states 

• 500 ns MD trajectories (NAMD software)
• Clustering over backbone dihedrals of the β3–β4 loop, 14 principal components (EnGens service) 18



Distribution of φ(Gly507) and φ(Asn506) over MD trajectories 
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Increase of ceftriaxone resistance is due to both changes of 
the acylation rate constant and binding constant
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Catalytic efficiency and dynamic behavior of enzyme-
substrate complexes: metallo-β-lactamases NDM-1 and L1



System size
QM part: 
100 – 200 atoms
ММ part: 
103 – 105 atoms

Active site

Methods
QM subsystem: quantum chemistry methods – DFT, HF…
MM subsystem : classical force fields

2013

Combined quantum mechanics / molecular mechanics method
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MMQМ

From local minima to trajectories

MD Trajectory step
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Hydrolysis mechanism in the active site of metallo--lactamases

Zn2+
Zn2+

+ OH-
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β-lactam activation in the active site of metallo-β-lactamases
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Active sites of metallo-β-lactamases NDM-1 and L1
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Substrates from different classes

Nitrocefin
(cephalosporin)

Imipenem
(carbapenem)
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ES complex dynamics

kcat, s
-1

L1 – imipenem 384

L1 – nitrocefin 35

NDM-1 - imipenem 64
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Concluding remarks
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Thank you for your attention!
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