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Polybrominated diphenyl ethers (PBDEs) and hydroxylated polybrominated diphenyl ethers (OH-PBDEs) belong to a class of chemical 
substances which cause environmental and health concerns because of their toxicity.  In this work we have been using molecular dynamics 
simulations with metadynamics (MetaD) and expanded ensemble (EE) approaches. EE calculations have been carried out in  for 19 
molecules in order to relate toxic mechanisms to partition coefficients between water and octanol systems while metadynamics simulations 
were supposed to give us answers on how binding free energies are related to toxic mechanisms for 4 chosen molecules.

What is a toxicity and how is it studied 
experimentally?

EE simulations set-ups and MetaD simulations set-ups 
and models

 Results: MetaD simulations Some molecules which 
were used in simulations 
with derived charges

EE simulations: 20 simulations in octanol (SLipids force field model)+ 20 simulations 
in water (TIP3p model). Simulations were done at T=298K and p=1 bar for 50 ns. The 
number of subensembles was 26 for solutes in water and 41 for solutes in octanol. 
The uncertainty in free energy was 1 kJ/mol. The used software was MDynaMix 5.27.
Well-tempered MetaD simulations: 5 simulations were carried out for 4 molecules in 
NVT ensemble with T=298K. The bias-factor was ΔT=6000K. The software was used 
Gromacs-4.6.7 with PLUMED-2.1.0.
Used models in both kinds of simulations: SLipids force field  v 1.0 for all used lipids 
(DMPC and POPC) and octanol; GAFF for molecules where the partial charges were 
calculated using the  RESP software.
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Lipid Molecule ΔG
bind

POPC 2'-OH-BDE68 -40.6 kJ/mol

DMPC 2'-OH-BDE68 -47.1 kJ/mol

DMPC 6-OH-BDE47 -50.5 kJ/mol

DMPC 6-OH-BDE85 -60.2 kJ/mol

DMPC 3-OH-BDE155 -46.7 kJ/mol

In what conformations and with what 
angle do molecules go in/out?

 (A) 2'-OH-BDE68 (ortho)     (B) 3-OH-BDE155 (meta)

  Selected vectors in molecules and dihedrals:
 (A) Vector: C2-C10; Dihedrals: C3-C4-O1-C7 ( β

1
 ), C4-O1-C7-C8 ( β

2
 )

 (B) Vector: C5-C10; Dihedrals: C4-C3-O1-C7 ( β
1
 ), C3-O1-C7-C8 ( β

2
 )

 Results: EE simulations

log(P)

Endpoint LogP, all LogP, ortho

Uncoupling, LOEC 0.03 -0.63

Inhibition, LOEC -0.14 -0.77

A.M.P., LOEC -0.45 -0.6

A.M.P., EC
50

-0.37 -0.56

Pearson's correlation coefficients

Comments to figures and the table:
LOEC – the lowest observed effect concentration.
A.P.M. - altered membrane potential
Uncoupling – protonophoric uncoupling.
 Inhibition – protonophoric inhibition.
EC

50
 – a half maximal effect concentration

(i) log(P) vs log(Uncoupling, LOEC)
(ii) log(P) vs log(Inhibition, LOEC)
(iii) log(P) vs log(A.M.P., LOEC)
(iv) log(P) vs log(A.M.P., EC

50
 )

* Experimental values for concentrations are taken from J.Legradi, A.-K.Dahlberg, P.Cenjin, G.L.Asplund, Å.Bergman, J.Legler, Environmental Science and Technology, 2014, 48, 
14703-14711.

Conclusions
Correlation between log(P) values and values obtained from experiments is quite weak for the whole set of molecules and stronger for the molecules in ortho conformations which do 
not contain any Cl atoms. This gives a hint that in order to perform toxicological studies using computational methods one shall select compounds with the same chemical 
specification.
Metadynamics simulations do provide the information about free energy differences which can be obtained for the same molecule in different bilayers. The conformational scan of 
trajectories for those species shows that OH-BDEs certainly have preferable angles and dihedrals inside the bilayers and on their edges what can explain their ability to penetrate 
through them. 
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α – an angle between the vector and the normal to a 
membrane.
(A,B) – a molecule is at the bilayer's surface; 
(C,D) – a molecule is in the center of a membrane
 

* All molecules were optimized using the 
Gaussian09 software with B3LYP/6-311G(d,p)

* Partial atomic charges were computed in the 
aqueous environment using RESP software 
together with Gaussian09 software with HF/6-
31G*  

Toxicity is a relative degree of being poisonous of a certain chemical 
compound. A toxicity doesn't have to be referred to  deadly effects, it is 
enough to damage a living organism. Experimentally such effects aren't 
studied  on humans but some animals or other organisms are used in order 
to predict how a specie can affect people. Compounds which are studied in 
this project are known as flame retardants as well as products of an activity of 
organisms in the marine environment. Due to their presence in a marine 
environment toxic effects were studied by J.Legradi et al. (Environmental 
Science and Technology, 2014, 48, 14703-14711)  on zebrafish embryonic 
fibroplasts. Hypotheses regarding toxic mechanisms which were tested by 
experimentalists listed above became a motivation for our computational 
project where we relate them to physical chemical properties.  

mailto:inna.ermilova@mmk.su.se
mailto:samuel.stenberg@hotmail.com
mailto:alexander.lyubartsev@mmk.su.se

	Slide 1

