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Abstract 

The details of antigen-antibody interactions and the identification of epitopes are 

critical for the development of monoclonal antibody drugs. Ab42 is a native 

human-derived anti-CFH monoclonal antibody. In this study, the interaction between 

antigen pCFH and antibody (Ab42) was theoretically demonstrated by molecular 

docking and MD simulation, combined with free energy calculation and 

computational alanine scanning (CAS), and key amino acids and epitopes were 

identified. Experimental alanine scanning (EAS) was then carried out to verify the 

results of the calculation, and our results indicated that Ab42 antibody forms 

hydrogen bonds and interacts hydrophobically with pCFH through the Tyr315, Ser100, 

Gly33, and Tyr53 residues on its CDR, while the main pCFH epitopes are located at 

the six sites of Pro441, Ile442, Asp443, Asn444, Ile447, and Thr448. In conclusion, 

this study has explored the mechanism of antigen-antibody interaction from both 

theoretical and experimental aspects, and our results have important theoretical 

significance for the design and development of relevant antibody drugs. 

 

Keywords: Complement factor H (CFH), Molecular docking, Molecular dynamics 

(MD) simulation, Computational alanine scanning (CAS), Experimental Alanine 

Scanning (EAS) 
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Introduction 

CFH is a soluble glycoprotein expressed by normal epidermal cells with a 

molecular weight of 155 kDa[1,2]. The main function of CFH is to protect the host 

cells from complement system-mediated attack and destruction through inhibiting the 

complement activation pathway, i.e., preventing the deposition of C3b on the surface 

of target cells[3,4]. Certain malignant tumor cells escape the body’s tumor clearance 

through over-expressing CFH, which is one of the important mechanisms of 

malignant tumors escaping the immunity[3,5]. 

The polypeptide domain SCR19 on the CFH protein (sequence: 

GPPPPIDNGDITSFP) is an important region for its binding to the membrane of 

C3b-expressing cells[2,5]. Previous literature also reported that anti-pCFH antibodies 

recognize and bind CFH on the surface of tumor cells and thereby facilitate the 

activation of complement system, which in turn damages the tumor cells by both 

complement-dependent cytotoxicity (CDC) and antibody-dependent 

complement-mediated cytotoxicity (ADCC) and ultimately suppresses tumor growth 

and preventing tumor metastasis[6,7]. 

Ab42 is an human-derived high-affinity anti-pCFH monoclonal antibody isolated 

previously in our laboratory from the peripheral blood mononuclear cells of a 

malignant glioma patient using a single memory B lymphocyte sorting and RT-PCR 

method [8]. As a native human antibody, it can avoid the immune rejection of the body 

and thus has an important application prospect for the development of anti-tumor 

drugs. 
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Information on the interaction of antibodies with their targets is critical for the 

development of antibody drugs. Molecular docking[9,10] and MD simulation[11,12] 

methods provide an advantageous means for studying the interaction between antigen 

and antibody. Our previous studies have screened different solvent water models and 

force field calculations in the MD simulation system and suggested that 

amber99sb_spce is the best candidate model for studying antigen-antibody 

interactions[13]. 

Therefore, the present work applied this amber99sb_spce model to study the 

interaction between Ab42 antibody and pCFH by molecular docking, MD simulation, 

and CAS[14,15], and successfully identified the binding epitope of Ab42. Finally, the 

results of theoretical calculations were further verified by both EAS[1,16] and 

enzyme-linked immunosorbent assay (ELISA) antigen-antibody binding experiments. 

 

Results and Discussion 

The three-dimensional (3D) structure of Ab42 

Ab42 was originally an intact antibody containing FC segment. However, in the 

calculation part of this work, in order to more accurately describe the interaction 

between the antigen and the antibody and simplify the calculation, only the Fab 

segment of Ab42 antibody was established (Figure 1A). We used the Verify Protein 

(Profiles-3D) program under the Homology Modeling module to examine the 

compatibility scores of each amino acid residue in its primary sequence on both the 

homology modeled structure and the corresponding 3D spatial structure. 
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Figure 1B shows that the Verify Score of Ab42 antibody structure is greater than 

zero, indicating that the amino acid sequence of Ab42 antibody is compatible with its 

corresponding 3D structure. The stereo-chemical accuracy of the model, including the 

rationality of structural parameters, such as bond length, bond angle, and dihedral 

angle, was evaluated by the Ramachandran plot analysis method, which shows that 

most of the atoms are located in the first quadrant, second quadrant, and third 

quadrant, demonstrating that the bond lengths, bond angles, and dihedral angles of the 

entire molecule are reasonable (Figure 1C). These results are similar to the template 

for homology modeling and are also consistent with the Profiles-3D predictions, 

suggesting that the structure of Ab42 antibody was precisely optimized by energy 

minimization with correct stereo-structure accuracy. 

Molecular docking 

The ZDOCK program was used to perform the molecular docking between pCFH 

and Ab42 proteins to achieve the highest docking pose (Figure 2). Our results showed 

that the entire pCFH molecule spans around the CDR of Ab42 molecule (Figure 2A), 

and subsequent analysis further revealed that pCFH interacts strongly with the surface 

amino acids of Ab42, mainly by hydrogen bonding and hydrophobic interaction 

(Figure 2B), which play the major roles in the binding of pCFH to Ab42 antibody. As 

shown in Figure 2B, pCFH forms hydrogen bonds with the sites of Tyr315, Ala103, 

Ser100, Gly33, Ser52, and Leu31 on the CDR of Ab42 antibody, and interacts 

hydrophobically with the sites of Tyr248, Tyr255, and Ala104 too. 

In the docking model, 15 intermolecular hydrogen bonds were formed in the 
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Ab42-pCFH complex (Table 2) with an average length of approximately 2.0 

angstroms, indicating that they play the most important roles in the binding between 

Ab42 and pCFH during the complex formation, followed by the hydrophobic 

interactions. 

Stability analysis of Ab42-pCFH complex 

MD simulation can be used to solve the energy barrier problem that EM 

calculation cannot overcome, and the equilibrium trajectory of MD can be used for 

the conformation sampling of MM-PBSA combined with free energy calculation. In 

this study, the Ab42-pCFH complex was subjected to three MD simulations under the 

force field of Amber99sb-spce with each run lasting 100 ns (designated as MD-1, 

MD-2, and MD-3, respectively), and the root mean square deviations (RMSDs) were 

analyzed subsequently to evaluate the balance of trajectory. 

As shown in Figure 3A, the three MD repeats obtained similar MD trajectories, 

and the system reached equilibrium at approximately 40 ns. Since the interaction of 

antigen and antibody is mainly between the epitope of the antigen and the CDR of the 

antibody, in the RMSD analysis, we used the index tool of gromacs (Make_ndx) to 

define the CDR of Ab42 and the pCFH as a molecular group. In the 100 ns MD 

process, in addition to analyze the RMSD of the total backbone, the variation curve of 

CDR-pCFH was also analyzed (Figure 3B). The antibody CDR interacted with the 

pCFH, and the results of RMSD analysis of the CDR-pCFH group showed that the 

RMSD values remained within the range of 0.1 nm, indicating that the CDR regions 

of the antibody maintained a stable binding state with pCFH. 
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MM-PBSA and energy decomposition 

In order to further explore the interaction mechanism between pCFH and its 

antibody Ab42, the equilibrium phase of the three kinetic simulation of the 

Ab42-pCFH complex structure was selected and sampled. Binding free energy and 

residue decomposition were then calculated using MM-PBSA. As shown in Table 3, 

the binding free energies MD-1, MD-2, and MD-3 obtained from the three MD 

simulations were -608.996±55.221 KJ/mol, -626.732±65.203 KJ/mol, and -658.252± 

66.766 KJ/mol, respectively. During the interaction between pCFH antigen and Ab42 

antibody, the electrostatic interaction, van der Waals force, and non-polar solvation 

play important roles combinatorially. 

Taking average of the residual energy contribution values obtained from the 

three simulations, we further analyzed the energy contributions of pCFH and the key 

amino acid sites on the CDR of Ab42 separately, and the results showed that almost 

all the amino acids in pCFH sequence (except for GLY437 and GLY445, which did 

not interact with the antibody), displayed negative energy values (i.e., PRO441, 

ILE442, ASP-443, ASP-446, ILE-447, THR448, and PRO451), strongly 

demonstrating that these amino acids on the polypeptide facilitate the binding of 

Ab42-pCFH, whereas the two sites of GLY437 and GLY445 may exert an adverse 

effect on the antigen-antibody interaction. 

Comparison of CAS and EAS 

Alanine mutation of an amino acid replaces its reactive group with a small 

neutral methyl group on the side chain, exerting little effect on the whole protein 
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structure, and hence is commonly used in observing the functional impact of amino 

acids on proteins. Therefore, this study used alanine mutation to further verify the 

results of CAS by performing EAS on the interaction of Ab42 with pCFH. 

The free energy changes after amino acid mutation into alanine were mainly 

considered in the CAS. An energy value of >0.5 Kcal/mol after the mutation indicates 

that the structure is unstable and that the particular amino acid in situ plays an 

important role in stabilizing the structure, whereas an post-mutational energy value of 

<-0.5 Kcal/mol means that the structure remains stable and that the original amino 

acid in situ is not conducive to the structural stability; similarly, a mutation energy 

between 0.5 and -0.5 Kcal/mol indicates that there is no significant effect on the 

structural stability before and after the mutation, i.e., these amino acids play little 

roles on the structural stability. 

During the EAS, our CAS data showed that the sites at Pro441, Ile442, Asp443, 

Asn444, Asp446, Ile447, Thr448, and Phe450 had an energy of >0.5 Kcal/mol after 

mutation to Ala (Figure 5A), suggesting that when these amino acids were mutated, 

conformational changes of the entire molecule occurred and thereby that the 

antibody-polypeptide interaction mechanism changed, implying that the amino acids 

at these sites play key roles in stabilizing the Ab42-pCFH complex. 

As shown in Figure 5B, the area under the curve (AUC), as an important 

pharmacokinetic parameter, represents the bioavailability of the drug (the extent to 

which the drug is absorbed and utilized in the human body); the larger the AUC, the 

higher the bioavailability, and vice versa. 
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Figure 5B shows that the AUCs after the alanine mutations of Pro441, Ile442, 

Asp443, Asn444, Ile447, and Thr448 decreased, respectively, indicating that the 

amino acids at these sites play important roles in the bioavailability of the protein. 

Compared with the original CAS data, the results of experimental Ala mutations of 

PRO441, ILE442, ASP-443, ASN444, ILE447, and THR448 were confirmatory. 

However, we also noticed that the results of alanine scanning are not completely 

consistent with the results of residue decomposition calculated by MM-PBSA, 

especially for the ASP446, and the main reason may be that the analysis of the residue 

energy decomposition was obtained in a single run, and it did not change the 

molecular structure. The contribution of an amino acid to the binding free energy 

reflects its importance in the complex structure during the alanine scanning process in 

both CAS and EAS, and when mutated, it not only has a structurally complex effect 

on the original site but also influence the amino acids around it. In general, our data 

indicated that the six amino acids PRO441, ILE442, ASP-443, Asn444, Ile447, and 

Thr448 are the key amino acids for the formation of a stable complex. 

Distance monitoring of key amino acids 

In order to find out the specific bonds between the key amino acids in the 

structure of Ab42-pCFH complex, this study also investigated the distance changes 

between several pairs of amino acids, through which pCFH interacts with Ab42 by  

hydrogen bond formation, and the amino acid distance changing with time were 

calculated. 

As shown in Table 2, the amino acids on Ab42 interacting with pCFH are located 
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in the CDR of the antibody, while the key amino acids on the polypeptide (Figure 6B) 

are Pro441, Ile442, Asp443, Asn444, Ile447, and Thr448, which form hydrogen bonds 

with the amino acids Tyr315, Ser100, Gly33, and Tyr53 on the CDR of Ab42 

respectively. The relevant distance for pCFH is also very stable (Figure 6), implying 

the stability of the CDR structure. As shown in Figure 6B, the decomposition energy 

of these amino acid residues in the CDR are negative too, suggesting that the amino 

acids at these sites contribute significantly to the antigen-antibody binding. 

 

Conclusions 

Revealing the details of antigen-antibody interactions and identifying the 

important amino acid sites (epitopes) through which an antibody interacts with an 

antigen are critical for the development of an antibody drug. In order to understand 

the mechanism of interaction between human anti-CFH antibody Ab42 and its target 

pCFH, the present study has used computational simulation methods, such as 

homology modeling, molecular docking, MD simulation, and CAS, to study the 

interaction between Ab42 and pCFH. 

The amino acid energy contributions obtained from both the MM-PBSA 

calculation and the CAS were used in our study to describe the key amino acids of the 

antigen-antibody interaction, and the results indicated that the mechanisms of 

interaction between Ab42 and pCFH are mainly hydrogen bond formation and 

hydrophobic interaction between the amino acids Tyr315, Ser100, Gly33, and Tyr53 

on the CDR of Ab42 and the amino acids Pro441, Ile442, Asp443, Asn444, Ile447, 
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and Thr448 on the pCFH. Finally, all the computational results were verified by the 

EAS method. As a fully natural human antibody, Ab42 can be further developed into 

anti-tumor drugs without the concern of invoking immune rejections.  

In summary, the present study has important guiding significance not only for the 

development of Ab4 into anti-tumor drugs but also for the investigation of other 

relevant antibody-antigen interactions. 

 

Materials and Methods 

Structural optimization 

The structure of CFH polypeptide was retrieved from the PDB database 

(PDB_ID: 5EA0)[1]. The Dmol3 quantum chemistry calculation in Discovery Studio 

software[17] was then applied, with the quantum chemical optimization setting at the 

density functional theory B3LYP method[12] for optimization, the maximum SCF 

cycle setting at 300, and the calculated non-bond interaction value setting at 14 

angstroms, respectively. 

The human antibody Ab42, isolated from our laboratory, is a Fab antibody with 

217 amino acids in the heavy chain and 219 amino acids in the light chain. According 

to the IMGT numbering scheme, The CDR of Ab42 was defined as the following: 

H-CDR1 (amino acids 26-33), H-CDR2 (amino acids 51-58), H-CDR3 (amino acids 

97-108), L-CDR1 (amino acids 244-255), L-CDR2 (amino acids 273-275), and 

L-CDR3 (amino acids 312-320). 

  The 3D structure of Ab42 was established using the homology modeling 
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method[17,18]. DS_Model Antibodies module in the Discovery Studio v4.5 (DS45) 

package was applied, and the antibody CDRs were optimized using the Model 

Antibody Loops program. Finally, the charmm27 force field was used in the GBSW 

solvent model, and the energy minimization (EM) was performed on the DS_Charmm 

module in DS45. The final convergence was lower than 0.4184 kJ/(mol·nm), and the 

output structure was the initial structure for molecular docking calculation. 

Molecular docking 

    The molecular docking of pCFH with Ab42 was performed using the 

ZDock[19,20] module under the Discovery Studio platform. The pCFH and Ab42 

molecules were assigned to the all-atom Charmm27 force field[21], first using the 

steepest descent (SD) method to optimize 1000 steps and then using the conjugate 

gradient (CG) method, to optimize until the whole system convergence criterion 

reaching 0.4184 kJ/(mol·nm), with pCFH as the ligand, Ab42 as the receptor, and the 

antibody CDR defined as the binding region. 

    The RMSD Cutoff and the Interface Cutoff were set to 6 and 9 angstroms 

respectively. All the docking poses obtained were scored by ZRank[22], and the 

highest scored Poses docking conformation was selected for the RDock[23] program. 

The simulated annealing method was used to reconstruct the docking compound, and 

the RDock optimization parameters were as follows: Generalized Born with a simple 

Switching (GBSW), Charmm force field, and dielectric constant 4.0. 

MD simulations 

MD simulations were peformed to fully optimize the conformation of the 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 28 December 2018                   Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 28 December 2018                   doi:10.20944/preprints201812.0336.v1

http://dx.doi.org/10.20944/preprints201812.0336.v1


complex. The MD trace was also used to calculate the MM-PBSA[24,25] binding free 

energy and select the dominant conformation for further analysis of the virtual 

mutation. The MD was run using the Gromacs 5.1.2 software package[26,27], and the 

initial model was dissolved in a cube box containing SPC/E water molecules; the 

system was assigned to the Amber 99sb force field[28]. The entire system was 

balanced by addition of neutral ions under the Genion program in the Gromacs 

package. 

Before the final production of MD, a 500-step SD optimization of protein 

molecules in the system was performed to eliminate the positional conflicts from 

unreasonable van der Waals force, and then a 2 ns position-restricted MD simulation 

was performed with NVT and NPT[11] ensemble separately.  

Finally, a 100 ns unrestricted MD simulation was performed at 300K, with 

atmospheric NPT ensemble, and under periodic boundary conditions. All the bond 

lengths were limited by the LINCS algorithm[18], and the electrostatic interactions 

were calculated using the Particle Mesh Ewald (PME) summation scheme[29]. The 

time step was set at 2 fs, and the conformations were stored every 20 ps, with each 

MD trajectory file containing 1,000 conformations. 

In the MD simulations, we mainly used the RMSD of backbone to examine 

whether the system reaches its equilibrium and used the cluster analysis to obtain the 

representative conformation after the system achieving balance. All of the Gromacs 

MD simulation jobs were performed on the high performance computing platform of 

Jinan University. 
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Binding energy calculation by MM-PBSA 

A total of 100 conformations were extracted from the equilibrium phase of each 

MD locus (wild type and mutant), and the g_mmpbsa software package[30] was 

executed; the binding free energy and residue decomposition of Ab42 and pCFH 

complexes were calculated using the MM-PBSA method[13,31]. 

 In MM-PBSA, the enthalpy of the system was calculated using the molecular 

mechanics (MM) method; the contribution of the polar part and non-polar part of the 

solvent effect to the free energy were determined by solving the Poisson-Boltzmann 

(PB) equation and calculating the molecular surface area (SA) respectively. The basic 

principle is shown in a formula as follows: 

ΔGbind＝ΔEMM＋ΔΔGsol－TΔS 

     ＝ΔEMM＋ΔGGB＋ΔGSA－TΔS 

     ＝ΔEvdw＋ΔEele＋ΔGGB＋ΔGSA－TΔS, 

where ΔGbind is the binding free energy; ΔEMM is the difference in intramolecular 

energy under vacuum; ΔΔGsol is the solvation free energy difference; T is the 

absolute temperature, and ΔS is the entropy change. The ΔEMM can be calculated by 

MM method; ΔΔGsol is composed of polar solvation free energy difference and 

non-polar solvation free energy difference. While the polar part was obtained by 

solving the finite difference PB equation, the non-polar part was fitted by estimating 

the solvent accessible SA; finally, the TΔS was calculated using the normal mode 

method. 

CAS 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 28 December 2018                   Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 28 December 2018                   doi:10.20944/preprints201812.0336.v1

http://dx.doi.org/10.20944/preprints201812.0336.v1


Alanine scanning is to mutate an amino acid into alanine, thereby replacing any 

functional groups on its side chain with a small neutral methyl group that exerts little 

effect on the protein structure[14]. In this study, the importance of key amino acids 

was determined by alanine scanning and calculation of the changes in binding free 

energy before and after the mutation, in order to find the mechanism of interaction 

between Ab42 and pCFH. The CAS was performed with the Calculate Mutation 

Energy (Binding) module under the DS platform; the amino acids on the pCFH were 

mutated into alanine one by one, and the energy differences between the wild type and 

the mutants in the antigen-antibody complex were determined subsequently.  

The GBIM (Generalized Born with implicit membrane) approximation[32] was 

used to detect the effect of the solvent, and the electrostatic terms were approximated 

by the sum of Coulombic interactions and polar contributions to solvation energy. The 

energy function also contains the van der Waals interaction energy, a side-chain 

entropy term, and a non-polar surface dependent term. 

EAS 

    Each amino acid in pCFH was mutated into alanine one by one, and, including 

the wild-type pCFH, a total of 16 polypeptides were synthesizeds for further 

examination. As shown in Table 1, the peptide purity achieved 99%, and the biotin 

was coupled for labeling. The ELISA was performed as follows: an ELISA plate was 

coated with 20 μg/ml streptavidin coating solution (100 μl/well). The plate was 

incubated overnight at 4 °C, washed with PBST (PBS containing 0.1% Tween 20), 

and then blocked with PBS containing 5% goat serum at 37 °C for 2 hours. After 
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washing with PBST, 20 μg/ml of each polypeptide was added and incubated at 37 °C 

for 1 hour. After washing with PBST, the antibody was added and incubated at 37 °C 

for 1 hour, and the secondary antibody, horseradish peroxidase-labeled goat 

anti-human IgG (H+L), was applied. After incubation for another 30 minutes, 100 μl 

of TMB color developer was added, and the OD values were read at the wavelength 

of 450 nm. 
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Figure Legends 

Figure 1. The crystal structure and the structure evaluation of Ab42. (A) the crystal 

structure of Ab42 with the six CDRs displayed by red, yellow, purple, black, blue, and 

green spheres respectively; (B) Profile_3D verification result of the Ab42 model with 

residues exhibiting reasonable folding; (C) the Ramachandran plot analysis shows 

phi-psi torsion angles of all residues in the structure. 

Figure 2. The interaction of Ab 42 with pCFH. (A) atomic surface contact of pCFH 

with Ab42 CDR; (B) two dimensional diagram of the interaction between pCFH and 

Ab42, with pCFH displayed by ball and stick and the key residues in CDR displayed 

by disc presentation.  

Figure 3. The RMSD as functions of the Ab42-pCFH MD simulation time. (A) the 

backbone-atom RMSD of whole Ab42-pCFH structure；(B) the CDR-pCFH RMSD of 

whole Ab42-pCFH structure 

Figure 4. Amino acid energy decomposition of pCFH. The red bar or the blue column 

indicates the binding energies positive or negative respectively after the mutation. 

Figure 5. Results of alanine scanning and experimental alanine mutation. (A) CAS; 

(B) experimental alanine mutation. 

Figure 6. The Key amino acid distance between pCFH and Ab42. (A) 

pCFH441-L315; (B) pCFH442-L315; (C) pCFH444-H100; (D) pCFH447-H33; (E) 

pCFH448-H53. 
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Tables 

Table 1. The amino acid sequences for peptide synthesis. 

Mutation Location Sequence 

WT / GPPPPIDNGDITSFP 

M1 P437 APPPPIDNGDITSFP 

M2 P438 GAPPPIDNGDITSFP 

M3 P439 GPAPPIDNGDITSFP 

M4 P440 GPPAPIDNGDITSFP 

M5 P441 GPPPAIDNGDITSFP 

M6 P442 GPPPPADNGDITSFP 

M7 P443 GPPPPIANGDITSFP 

M8 P444 GPPPPIDAGDITSFP 

M9 P445 GPPPPIDNADITSFP 

M10 P446 GPPPPIDNGAITSFP 

M11 P447 GPPPPIDNGDATSFP 

M12 P448 GPPPPIDNGDIASFP 

M13 P449 GPPPPIDNGDITAFP 

M14 P450 GPPPPIDNGDITSAP 

M15 P451 GPPPPIDNGDITSFA 
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Table 2. The hydrogen bonds formed in the docking complex. 

Donor Acceptor 

Ab42-A:Gly33:HN Pep-C:Ile447:O 

Ab42-A:Tyr53:HH Pep-C:Gly445:O 

Ab42-A:Tyr53:HH Pep-C:Gly448:O 

Ab42-B:Tyr315:HH Pep-C:Pro439:O 

Pep-C:Ile442:HN Ab42-B:Tyr315:O 

Pep-C:Asn444:HD21 Ab42-A:Ala103:O 

Pep-C:Asn444:HD22 Ab42-A:Ser100:O 

Pep-C:Ser449:HN Ab42-A:Leu31:O 

Ab42-A:Gly33:HA2 Pep-C:Ile447:O 

Ab42-A:Ser52:HB1 Pep-C:Asp446:O 

Ab42-A:Ser52:HB2 Pep-C:Asp446:O 

Ab42-A:Ala101:HA Pep-C:Asn444:OD1 

Pep-C:Pro441:HA Ab42-B:Tyr315:O 

Pep-C:Thr448:HA Ab42-A:Leu31:O 

Pep-C:Thr448:HB Ab42-A:Leu31:O 

Pep-C:Pro441:HD2 Ab42-B:Tyr315:OH 
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Table 3. The binding free energy of Ab42-pCFH complexes.  

  ΔEelec ΔEvdw ΔGPB ΔGSA ΔGbinding （kJ/mol） 

MD-1 -654.037 -307.427 385.53 -33.061 -608.996±55.221 

MD-2 -633.372 -304.203 342.451 -31.608 -626.732±65.203 

MD-3 -670.679 -316.711 362.541 -33.403 -658.252±66.766 
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Figures 

Figure 1  
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Figure 2 
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Figure 3 
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Figure 4 
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Figure 5 
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Figure 6 
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