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ABSTRACT 
Mycolactons are responsible for Buruli Ulcer which (BU) is a necrotizing disease of the skin and soft tissue. In 

this work, up to five metals, meaning Lithium (Li), Sodium (Na), Magnesium (Mg), Calcium (Ca), and 

Aluminum (Al) are used to complex mycolacton A/B molecule. Quantum chemistry method, especially ONIOM 

two layers computation method, i.eONIOM(B3LYP/6-311+G(d,p):AM1)level, has led to determine the major 

interaction sites ofmycolacton A/B. Furthermore, geometric and energeticparameters of the above mentioned 

complexation reaction have been computed for each metal. Results showed that magnesium is the metal that 

possesses the strongest affinity with mycolacton A/B. The identification of such a metal constitutes a noticeable 

advance towards understanding the mode of action of the toxin. Its consideration in the design of drugs 

againstBuruli Ulcer will lead to annihilate destructive effects of mycolactonA/B. 
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I. INTRODUCTION 
Buruli Ulcer, caused by Mycobacterium 

ulcerans, is the third most frequent mycobacterial 

disease in the world after tuberculosis and leprosy 

[1]. Longtime neglected, this disease, that rages in 

tropical and subtropical humid countries, has 

increased in West Africa since 1980 [2]. Its quick 

spread in this part of the african continent has led the 

World Health Organization (WHO) to initiate a 

global stuggle against this diseasesince 1997 [3]. 

Buruli Ulcer has been classified as an emerging 

disease and recognized as a public health and 

development problem [3].Nowadays, although no 

official estimation of global incidence is available, 

West Africa is the main endemic area, with more 

than 4.000 new cases reported in Côte d'Ivoire, 

Ghanaand Benin in 2010 [4]. Buruli Ulcer is a 

devastating necrotizing skin infection characterized 

by lesions (nodules, plaques, oedematous 

infiltration) that develop into deep ulcers with mined 

edges that can spread to a full member and 

disseminate to the bone. Mycobacterium ulcerans 

secretes in skin tissue, a toxin called mycolacton, 

responsible for tissue damage, because of its 

cytotoxic and immunosuppressive properties. Up to 

now, six different natural molecular structures of 

mycolacton, named A/B, C, D, E, F and G, have 

been isolated [5]. The particular structure 

namedA/B(Fig.1), the most virulent form met in 

Africa, is the subject of our study. 

 

 
Figure 1: Structure of mycolactonA/B. 
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The raw structure of mycolactonA/B was 

founded by spectroscopic methods, and 

stereochemistry had already predicted this by the 2D 

NMR database approach [6]. Mycolactons are 

constituted of a lactone core attached to alateral ring 

which is highly unsaturated [7]. Up to now, the 

treatment of Buruli Ulcer remains limited, despite 

theobserved progress in the medical management 

[8]. Indeed, antibiotic therapy remains thetreatment 

of reference. One can also mention restorative 

surgery, with its high cost and numerous relapses 

(16 to 28%), in case of serious infection [9]. The 

mode of action of the toxin remains less or ill 

known until now. The relationship between 

mycolacton produced by Mycobacterium ulcerans 

and the proteins responsible for the onset of Buruli 

Ulcer is linked to the conformation of the molecules 

and the intermolecular interactions they can 

establish.  

Knowledge of the interactions between 

metal ions and biological molecules is of paramount 

importance; because they allow to understand the 

usefulness role of metal ions in the vital functions of 

the human beings’ organism [10]. Indeed, good 

operating of vital phenomena depends directly on 

the metals contained in humanbeings’ body [10]. 

This interaction is one of the most important 

involved in supramolecular chemistry and in 

protein-ligand relationships. This work, part of the 

Buruli Ulcer control program, focuses on 

mycolacton A/B. It aims to determine, by means of 

quantum chemistry methods, some geometric and 

energetic parameters of the complexation reactions 

of mycolacton A/B with various metals. 

Calculations are carried out atONIOM(B3LYP/6-

311+G(d,p):AM1) level. ONIOM method, 

developed by Morokuma and al. [11-13], has often 

been used successfully on large molecules [14-17]. 

We aimto identify a particular harmless metal that 

can strongly gather up mycolactonA/B molecules, in 

order to prevent their tissue damaging process, and 

finally, to propose an alternative treatment that can 

annihilate the destructive effects of the toxin. 

 

II. COMPUTATION METHODS 
2. 1. ONIOM Method 

ONIOM method consists in cutting the 

studied system into several layers, each of them is 

treated at a different calculation level. In the case of 

a two-layer system (ONIOM2), the complete system 

will be the real system while the part that is of 

particular interest will be the model. The actual 

system will be calculatedat a low level (lower part). 

The model system will be treated with a high level 

of theory (higher part). The model system will also 

be treated at a low level, the final goal is to 

extrapolate the energy from the actual system to the 

high level. The total energy of the real system, 

determined by extrapolation from three independent 

calculations, will be computed according equation 

(1). The description of mycolactonA/B with the 

ONIOM2 method can be seen at Fig. 2. 

𝐸𝑂𝑁𝐼𝑂𝑀  2 = E high , real 
= E low , real 
+ E(high , model)
− E(low , model)                   (1) 

 

Figure 2: Description of a cutting model of mycolacton A/B with the ONIOM2 method. Image obtained from 

GaussViewsoftware. The part shown in the tube is the optimized part at the low level. And the surrounded part, 

presented in ball and stick, is the model system. 
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All calculations were performed using 

Gaussian 03 software [18]. Previous studies[19-21] 

have shown that the DFT/B3LYP method gives better 

relative energies and is in good agreement with high-

level ab initio methods. As for the calculation high 

level, i.e. B3LYP/6-311+G(d,p), DFT is nowadays, 

widely used to study the properties of complex or 

even biological molecular systems. The presence of 

diffuse and polarization functions is useful to take 

into account the free lone pairs of the heteroatoms. 

 

2.2. Geometry Optimization 

The complexing reaction is a process in 

which a LEWIS base(ligand, L)fixes on a LEWIS 

acid (metal ion, M) to give an 

organometalliccomplex ion 𝑀𝐿𝑛  𝑛+, according to 

reaction (2), in which L stands for mycolacton A/B 

and M for metal ion. Thus, the complex formed is a 

polyatomic building composed from acentralmetallic 

cationsurrounded by n molecules of mycolactonA/B. 

 

n L +  Mn+ →  MLn n+                                       (2)  
The ionic and coordination links are 

electrostatic bonds which tend to form under both 

directional and energetic conditions. Indeed, 

observed directional preferences of the ionic or 

coordination binding are those predicted by Grignard 

[22] and Gillespie's theory.Thus, as initial guess 

complex geometry(Fig. 3), angle has been settled to 

109.5° and 120°, respectively for sp
3
and sp

2 

hybridized oxygen atoms, whereas distance O…M 

depends on the metal. We performed a prior single 

point calculation, in order to determine the initial 

guess distance, assuming that this distance in the 

onethat corresponds to the minimum electronic 

energy of the complex. As results, initial 

distances𝑑𝑚𝑖𝑛  have been settled to 1.9 Å, 2.3 Å, 2.0 Å, 

1.9 Å and 2.0 Årespectively for Al, Ca, Li, Mg and 

Na metals.  

 

Figure 3:Initial guess geometry parameters of the complex before optimization. 

MycolactonA/B has nine 

heteroatomscolored in red, the whole corresponding 

tosp2orsp3hybridized oxygen atoms (Fig. 4).The 

labelling of the heteroatoms of mycolacton A/B 

starts with thelateralchaingoing from the right to the 

left via the lactone ring. Thus, the numbers 1 to 9 

refer to the different heteroatoms.In a former study 

[23], oxygen atom O5sp
2
surrounded in the molecule 

(Fig.4) has been undoubtedly identified as the major 

site for all intermolecular interactions. Thus, all 

complexes have been modeled involving only 

O5sp
2
oxygen atom. 

 

 
Figure 4: Structure of mycolacton A/B visualized with the GaussView software. 
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2.3. Energetic Parameters 

Internal energy variation, ∆𝐸0, at 0 K, of the 

complex formed between the metal (M) and the 

ligand (L) can be calculated according to equation 

(3): 

𝐿 + 𝑀 ⟶  𝐿 … 𝑀 

∆𝐸𝑒𝑙𝑒𝑐
0 =  𝐸𝑒𝑙𝑒𝑐

0  𝐿 … 𝑀 

−  𝐸𝑒𝑙𝑒𝑐
0  𝐿 + 𝐸𝑒𝑙𝑒𝑐

0  𝑀     (3) 

This energy is the sum of the electronic, rotational, 

translational and vibrational contributions given in 

equation (4): 

𝐸298𝐾 = 𝐸𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑛𝑖𝑐
0 + 𝐸𝑟𝑜𝑡𝑎𝑡𝑖𝑜𝑛

0 + 𝐸𝑡𝑟𝑎𝑛𝑠𝑙𝑎𝑡𝑖𝑜𝑛
0

+ 𝐸𝑣𝑖𝑏𝑟𝑎𝑡𝑖𝑜𝑛
0                            (4)  

Geometry optimization of both complexes and free 

molecules, called monomers, provides the electronic 

contribution to the interaction energy (containing 

nuclear repulsion energies). In ideal gas 

approximation, rotational and translational 

contributions are given according equation (5): 

Δ𝐸𝑡𝑟𝑎𝑛𝑠𝑙𝑎𝑡𝑖𝑜𝑛
0 = Δ𝐸𝑟𝑜𝑡𝑎𝑡𝑖𝑜𝑛

0 = −
3

2
𝑅𝑇             (5)  

 

ZPVE (Zero Point Vibrational Energy) contribution, 

i.e. lowest vibrational level energy, due to 3N-6 

normal vibrational modes (3N-5 for the linear 

molecules), each with frequency i , up to N kernels 

at 0 K, is defined according equation (6): 

𝑍𝑃𝑉𝐸 =
1

2
𝑅  

ℎ𝜈𝑖

𝑘

3𝑁−6

𝑖=1

          (6) 

To obtain the corresponding energy at 298.15 K, it 

is necessary to take into account the extra energy 

due to vibrational levels population during 

temperature rising from 0 to 298.15 K. Thus, 

equation (6) becomes equation (7):

 
𝐸𝑣𝑖𝑏 .𝑡ℎ𝑒𝑟𝑚𝑎𝑙

0 = 𝑅  
ℎ𝜈𝑖/𝑘

𝑒(ℎ𝜈𝑖/298𝐾) − 1

3𝑁−6

𝑖=1

                  (7) 

As a result, internal energy variation at 298.15 K is 

given by equation (8): 

Δ𝐸298𝐾
0 = ΔE𝑒𝑙𝑒𝑐

0 + Δ𝑍𝑃𝑉𝐸 + 𝐸𝑣𝑖𝑏 .𝑡ℎ𝑒𝑟𝑚𝑎𝑙
0

− 3𝑅𝑇                                      (8) 

Enthalpy and free enthalpy variations, at 298.15 

K,are given respectively by equations (9) and (10), 

and entropy variation, by equation (11):  

Δ𝐻298𝐾
0 = Δ𝐸298𝐾

0 − 𝑅𝑇                                           (9) 

Δ𝐺298𝐾
0 = Δ𝐻298𝐾

0 − 𝑇. Δ𝑆298𝐾
0          (10) 

Δ𝑆298𝐾
0 = Δ𝑆𝑡𝑟𝑎𝑛𝑠

0 + Δ𝑆𝑟𝑜𝑡
0 + Δ𝑆𝑣𝑖𝑏

0  11  

 

III. RESULTSAND DISCUSSION 
3.1. Optimized Geometry 

Optimized geometries are given at 

Fig.5.The absolute deviation of the interaction bond 

lengths(Δ𝑑) and the valence angle variation (Δθ) 

between mycolacton A/B and metals stand for 

geometric parameters of the complexationprocess. 

These parameters were calculated according, 

respectively, equations (12) and (13).Our aim is to 

determine the better metal that strengthens the bond 

M-L. We assume that the smallertheseparameters 

are, the stronger a bond is.Results are given in table 

1. 

∆d =  𝑑 − 𝑑𝑚𝑖𝑛                                              (12)  
Δθ = θ − 120°                                                   (13)      

 

Metals Mycolacton-metalA/BComplex 

 

 

 

 

Aluminium (Al) 

 
O5sp

2
...Al 
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Figure 5: Structures of optimized organometallic complexes formed withmycolacton A/B. 

 

 

 

 

 

Calcium (Ca) 

 
O5sp

2
...Ca 

 

 

 

 

Lithium (Li) 

 

 

 

 

 

 

 

 

 

 

Magnesium (Mg) 

 
O5sp

2
...Mg 

 

 

Sodium (Na) 

 
O5sp

2
...Na 

B 
O5sp

2
...Li 
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Coloured legend:  

 
Aluminium (Al) 

 
Calcium (Ca) 

 
Lithium (Li) 

 
Magnesium (Mg) 

 
Sodium (Na) 

 

Table 1: Geometric Parameters of Complexes BetweenMycolacton A/B andStudied Metals Optimized at 

ONIOM (B3LYP/6-311+G (d, p): AM1) level. 

 Aluminum (Al) 
Calcium 

(Ca) 

Lithium 

(Li) 

Magnesium 

(Mg) 

Sodium 

(Na) 

d  Å  1.75 2.17 1.68 1.83 2.13 

𝒅𝒎𝒊𝒏 Å  1.9 2.3 2 1.9 2 

 ∆𝐝 Å   0.15 0.13 0.32 0.07 0.13 

Values of the angles of valences 

θ(°) 154.2 174.12 165.08 127.63 170.62 

Δθ(°) 34.2 54.12 45.08 7.63 50.62 

 

The lowest value of ∆𝐝 corresponds to 

magnesium (0.07 Å). Furthermore, the smallest value 

of Δθ, i.e. 7.63°, equally corresponds to magnesium 

metal. All these results are obtained for an 

sp
2
hybridized oxygen. According geometric 

parameters, there is a greater affinity of mycolacton 

with magnesium metal comparatively to the other 

checked metals. 

 

3.2. Energetic Parameters 

The computed energetic parameters (Table 

2) are the variations of the thermodynamic quantities 

linked to the complexationreactions. All 

complexations are settled to involve the O5sp
2
oxygen 

atom of mycolacton A/B.We assume that the smaller 

the Gibbs free energy ∆𝑟𝐺298
° is, the stronger the bond 

is, and the more stable the mycolacton-

metalcomplexwillbe.Analysis of the energetic 

parameters (Table 2) shows that all of them 

correspond to negative values.  So whatever the 

metal, all compexation reactions are spontaneous, 

carried out at 298.15 K under a pressure of 1 atm. 

However, most negative value of free enthalpy is 

computed for the magnesium, i.e.-1309.38 kJ/mol. 

The values computed for the other metals are very 

much higher. Thus, magnesium appears as the better 

metal needed to complex mycolacton A/B, in order to 

prevent its action. Furthermore, an increasing scale of 

reactivity can be settled (Fig. 6) apart from free 

enthalpy values for all five metals. 

 

Table 2: Energetic Parameters ∆𝑟𝐻298
° (kJ/mol), ∆𝑟𝐺298

° (kJ/mol) and ∆𝑟𝑆298
° (J/K.mol) of The 

ComplexingReactions of Mycolacton A/B with Metals, Computed at ONIOM(B3LYP/6-311+G(d,p):AM1) 

level. 

 Aluminium 

(Al) 

Calcium 

(Ca) 

Lithium 

(Li) 

Magnesium 

(Mg) 

Sodium 

(Na) 

∆𝒓𝑯𝟐𝟗𝟖
°  -227.17 -1517.25 -72.26 -2624.41 -216.59 

∆𝒓𝑺𝟐𝟗𝟖
°  -0.21 -3.33 -0.15 -4.41 -0.14 

∆𝒓𝑮𝟐𝟗𝟖
°  -163.83 -524.78 -25.79 -1309.38 -174.3 

 

 

 

 

 

Figure6:Reactivity increasing scale of metals with mycolacton A/B. 

 

 

IV. CONCLUSION In this study, we have modelled five 

mycolacton-metal complexes by means of ONIOM 

Li Al Na Ca Mg 

-

1309.38 

-524.78 -174.30 -

163.83 

-25.79 

  ∆rG298
°  
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method, as complexes are large. The metals lithium 

(Li), aluminium (Al), sodium (Na), calcium (Ca) and 

magnesium (Mg) have been chosen, because of their 

supposed harmless properties toward human body. 

Geometric parameters, as well as energetic ones, 

show that, far away, magnesium can strongly 

complex the mycolacon A/B, and prevent itsaction, 

even if secreted in the tissue. Identification of this 

metal allowsto envisage a medical approach for the 

treatment of Buruli Ulcer. Indeed, the conception of 

anointment based on magnesium powder and applied 

to the infected part could help healing wounds and 

suffering people to recovery from this disease. 
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