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Highlights:

e Similar compounds to DHM were selected from PubChem library using VS method.
e oSN monomer binding affinity of the filtered molecules were analyzed in details.
e The best compound was selected as aSN aggregation Inhibitor for further analysis.

e MD simulation study showed that the inhibitor weakens the structure of aSN trimer.
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Abstract

Abnormal aggregation and accumulation of alpha-synuclein (aSN) in existing neurons is
associated with Parkinson’s disease (PD) as one of the age-related neurodegenerative disorders.
Inhibition of aSN fibrillogenesis could be considered as a solution for PD diseases treatment. Here,
virtual screening (VS) approach was used to investigate available ligands in PubChem library with
structural similarity with Dihydromyricetin (DHM) (as a recently introduced suitable candidate
for designing of novel antiPD drugs) against aggregation of aSN chains. Primary screening
identified 314 promising molecules for aSN monomer, which were further analyzed in details by
their binding energy and binding modes through molecular docking method. Evidently, the
compound with PubChem ID of 100968625 displayed the lowest free binding energy with AG® =
-7.1 kcal.mol™! and was selected for further analysis using molecular dynamics (MD) simulation
method. Analysis of MD trajectories showed that molecules of the selected ligand interact with
aSN trimer via H-bond interaction and destabilize the compact structure of aSN trimer. Further,

prompt in vivo testing to validate the antiPD inhibition efficiency by this molecule can save lives.

Keywords: Parkinson disease, a-Synuclein, Dihydromyricetin, Virtual screening, MD simulation.
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1. Introduction

One of the age-related neurodegenerative disorders is Parkinson’s disease (PD) of which the
frequency increases with the increase in age. About 2—-3% of people over 65 years old worldwide
suffer from the disease [1]. This disease characterized by occurrence of Lewy bodies (LBs) which
is formed by abnormal aggregation and accumulation of alpha-synuclein (aSN) in existing neurons
[2, 3]. aSN is a 140 amino acids protein (molecular weight of about 14 kDa) with significant
conformational flexibility that can adopt a wide range of structural conformations such as fibrils
and oligomers [4, 5]. The native structure of aSN is not still exactly defined and has been described
as intrinsically disordered protein (IDP) [6, 7], helical [8, 9], or a mixture of both [10]. While the
function of aSN is unclear, it is highly enriched in neurons, where it is present in the presynaptic
cleft as well as mitochondrial membranes. As for Alzheimer’s disease (AD), for which certain
oligomers of the amyloidogenic protein are toxic, the initiation of formation of aSN aggregate is
suspected to be a key step in PD disease formation [11]. The cytotoxic effect of these aggregates
could be because of their effect on lipid membrane permeabilisation, mitochondrial damage and
oxidative stress [12]. Also, recent experimental studies have shown that the injection of aSN
aggregates in animal’s brain can stimulate their prion-like spread in other brain regions [13]. Most
of the available drugs for PD are chemicals acting as a prodrug that will be converted in dopamine
in the brain [14, 15] or are dopamine agonists inhibiting the enzymes responsible of dopamine
metabolism [16, 17]. Both of these sorts of medicines cause unwanted side effects such as
headaches, nausea, somnolence and so on [17]. Hence, inhibition of aSN fibrillogenesis and
disaggregation of aSN fibrils by therapeutic medications could provide a more significant
neuroprotective effect against PD diseases [18, 19]. Nowadays, finding of compounds that can

work as robust inhibitors of aSN fibrillogenesis remains an important challenge. Given the
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enormous set of existing compounds, it is impossible to perform experimental screening of all
available databases in a reasonable timeframe. Advances in computational chemistry provide new
opportunities to steer experiments with realistic simulations on how the available compounds may

be manipulated to introduce new effective inhibitor for aSN aggregation at minimum cost.

Virtual screening (VS) is known as one of the effective methods to recognize novel bioactive
compounds and is being used in many drug discovery and development strategies at the moment.
In this method, the chemical entities of big libraries are rapidly screened to achieve structures with
better ligand-receptor interaction pattern. In most of the VS strategies docking methods are applied

on the large databases [20, 21].

Flavonoids are one of the large class of natural compounds that are mainly found in plant-derived
materials and display antioxidant [22, 23] and anti-carcinogenic activities [24-26]. The ability of
flavonoids to bind to carrier proteins [27-29] as well as their effects against cancer [30] and
nicotine-induced oxidative stress [31] have been validated by a large number of investigations.
Dihydromyricetin (DHM; Figure S1) is a flavonoid compound isolated from Ampelopsis
grossedentata (a traditional southern Chinese herb), that has several physiological and
pharmacological effects [32]. Especially, DHM showed neuroprotective against oxidative stress
and valuable effects in neurodegenerative diseases [33]. Recently, Jia et. al. found that DHM could
inhibit aSN fibrillogenesis and destabilize mature aSN fibrils in a dose-dependent manner [34].
Their findings suggested that DHM has a great potential to be developed into a new aggregation
inhibitor for aSN. Since DHM inhibits aSN fibrillogenesis and destabilizes mature aSN fibrils, its
derivatives would be suitable candidates for designing of novel antiPD drugs with inhibitory

effects on aggregation of aSN.
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Therefore, in the present work the following computational studies have been done to design new

aSN aggregation inhibitor using VS strategy:

1- More than 8600 compounds with similar chemical structure to DHM were chosen from
PubChem free database [35].

2- These compounds have been filtered on basis of Lipinski’s “Rule of five” and topological
polar surface area (TPSA)

3- The binding properties of the 314 remained compounds with SN monomer have been
investigated using molecular docking tools.

4- By considering the results of the VS part, the compound with lowest binding energy was
chosen to perform a 100 ns molecular dynamics (MD) simulation of its complex with a

aSN trimer to investigate its effect as potential inhibitor for aSN aggregation.

2. Computational procedures

2.1.Building a library of the drug-like compounds

Structure based VS is one of the common techniques being used in primary phases of drug design,
discovery and development at pharmaceutical companies and academic groups [36]. To build a
library of candidate molecules, the structure of DHM was selected as template and similar
structures were saved from PubChem free database. The physicochemical characteristics of small
molecular drugs have an important effect on their Blood-Brain barrier (BBB) permeability. Based
on Lipinski's rule of five, a small molecular drug must have less than 5 H-bond donors, less than
10 H-bond acceptors, be smaller than 500 Da of molecular weight, and its calculated octanol-water
partition coefficient (log P) should be less than 5 to have an appropriate BBB permeability [37].

The log P value of a compound is the logarithm of its partition coefficient between n-octanol and
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water (log (Coctanol/Cwater)) and is an extent of the compound's hydrophilicity. The ideal range for
BBB permeability has been found to be 1.5-2.5 [38]. We used the Lipinski’s rule of five from the
filters available in the PubChem database to select the candidate molecules for the VS. Then, the
topological polar surface area (TPSA; as a commonly used medicinal chemistry metric for the
optimization of a drug's ability to permeate cells) was calculated using Molinspiration webserver

(www.molinspiration.com). Therefore, only compounds with TPSA between 20 and 130 A2 were

kept in the VS database [39]. DHM and 314 other ligands met the criteria.

2.2.Molecular Docking

The experimental structure of aSN saved from PDB (PDB ID: 1XQ8) database [40]. This structure
has been obtained by average structure criteria using solution NMR method. The water molecules
of the .pdb file were removed and hydrogen atoms, charges, standard bond orders and the missing
residues were added using Build/Check/Repair model wizard in WHAT IF web interface [41].
Minimization was carried out up to 500 steps by steepest descent method using GROMACS 2018
package [42] with GROMOS96 53A6 force field [43]. The structures of the obtained drug-like
compounds were saved in .sdf format and converted to .pdbqt format using PyRx 0.8 software as
input files for VS [44]. The chemical structure of DHM and the 314 other ligands (obtained after
filtration by Lipinski's rule of five and TPSA calculations) were geometry optimized by AM1 semi
empirical level of theory using Gaussian 09 quantum chemistry package [45] and are represented
in Table S1. The blind molecular docking of DHM to aSN monomer was carried out using
AutoDock Vina [46] which is an academic-free molecular docking (and virtual screening) software
and works based on empirical scoring functions. The molecular docking was done based on a semi-
flexible docking mechanism with a rigid receptor and flexible ligand. The default parameters were

assigned for molecular docking calculations and the pose with the lowest binding energy was
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chosen as final result. For the other compounds obtained from PubChem database, the center of

the docking box was set in the center of the DHM binding site and the same procedure was done.

2.3.MD simulation

The initial structure of aSN trimer used in the MD simulation has been obtained from its available
amyloid fibril structure determined by cryo-electron microscopy (PDB ID: 6A6B [47]). All MD
simulations were performed using the GROMACS 2018 package [42] with GROMOS96 53A6
force field [43]. The force field parameters of the selected ligand (the small molecule with the most
negative binding energy to oSN monomer) were obtained from prodrg web server [48]
and Lemkul’s method [49] was used to correct the atomic partial charges. The aSN trimer was put
in a cubic box with periodic boundary conditions (PBC) in three directions. The protein trimer was
placed in the center of the box and the minimum distance between solute surface and the box was
set to 1.0 nm. Ten molecules of the selected ligand were randomly placed around the aSN trimer.
Then, the box was filled with SPC water molecules [50] and the system was neutralized by
replacing six water molecules with Chloride ions (CI°). In parallel, a system of aSN trimer without
the ligand molecules was also prepared. The systems were energy minimized using 50000 steps of
the steepest descent method and were equilibrated for 1 ns in NVT followed by 1 ns in NPT
ensembles. Finally, a 100 ns MD simulation was carried out at 1 bar and 300 K for each system.
Berendsen thermostat [51] Parrinello-Rahman barostat [52, 53] and 1 nm cutoff for van der Walls
(vdW) and Coulomb interactions were applied. Also, the long-range electrostatics were considered
by particle mesh Ewald (PME) method [54, 55] and the equations of motion were integrated by
leap-frog algorithm with a time step of 2 fs. Finally, the atomic coordinates were recorded to the

trajectory file every 0.5 ps for later analysis.
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3. Results and Discussion

3.1.Virtual screening and molecular docking

Considering the structural similarity with DHM as a representative inhibitor for aSN aggregation,
8609 compounds were obtained from PubChem database. The obtained compounds were filtered
using Lipinski's rule of five considering their Hydrogen bonding capacity, molecular weight, and
calculated log P as well as good TPSA. Finally, 314 out of 8609 compounds were selected as

potential satisfied drug with possibility of good absorption or permeability through the BBB.

The previously published experimental results suggest that IDPs remain disordered in their bound
state [56]. Hence, the aSN monomer was chosen to investigate its affinity for DHM binding. A
molecular docking study was carried out to find out the preferred location and conformation of
DHM on aSN monomer. The docking pose of the most stable DHM-aSN complex is represented
in Figure 1. The results reveal that DHM binds to the terminal part of SN monomer's IDP domain
which is the oSN binding site for rosmarinic acid [57]. The standard binding free energy (AG®) of
this interaction is about -5.8 kcal.mol™!. The molecular complex system shows six H-bond
interactions between DHM and Glu126, Met127, Pro128 and Glul30 residues of aSN. These H-
bond interactions accompanied by hydrophobic interactions may have key roles in the stability of

the system.

10
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Figure 1. Docking pose of aSN-DHM complex. H-bond and hydrophobic interactions are represented as green dashed
lines and red curves, respectively.

Then, 314 compounds that passed the Lipinski's rule of five and TPSA filtering were subjected to
molecular docking (Table S1). These molecules were docked to the DHM binding site of aSN
monomer. Achieved docked poses for each compound were ranked by their binding energies and
conformations with the most negative binding energy were selected as main binding pose. Results
revealed that 61 compounds among them showed lower binding energies than DHM. These
compounds were highlighted in Table S1. The compound with PubChem ID 100968625 (IUPAC
name: 5,7-dihydroxy-2-[(2R,3R)-3-(hydroxymethyl)-2-(4-hydroxyphenyl)-2,3-dihydro-1,4-
benzodioxin-6-yl]chromen-4-one, Figure S2) displayed the lowest binding free energy (AG® = -

7.1 kcal.mol!) and was selected for further analysis. The value of calculated binding free energy

11



1 is very close to the obtained values for polyphenols of Ocimum sanctum (OS) extract which its

2 inhibitory effect on aSN aggregation has been studied, before [57].

3 Moreover, the calculated log P value of this molecule is about 2.4 that makes it as a good BBB
4  permeable drug. Figure 2 represents the docking pose of the most stable complex of the selected
5 ligand and aSN monomer. Analysis of the docking results reveals that there are three H-bond
6 interactions between the ligand and Glul26, Pro128 and Ser129 residues of aSN. All binding
7  energies and key residues involved in the interactions of DHM, candidate molecule and the other
8 first 21 screened compounds with the highest binding energies, with aSN monomer are
9 summarized in Table 1. These results revealed that H-bond, hydrophobic and n- interactions have

10  dominant roles in binding of candidate molecules to aSN monomer.

Glul23(A)

11

12 Figure 2. Docking pose of the most stable complex of the selected ligand and oSN monomer. H-bond and hydrophobic
13 interactions are represented as green dashed lines and red curves, respectively.
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Table 1. Binding energies and key residues involved in the interactions of DHM (and the first 22 screened compounds

2 with the highest binding energies) and aSN monomer.
Residues involved in:
Name or Binding . . - . -1
Rank PubChem ID | Energy/kcal.mol"! H-bond interactions Hydrophobic interactions interactions
Glul26, Met127,
- DHM 5.8 Pro128, Ghi130 Gly 132, Tyr 136 -
1 100968625 7.1 Glul26, Prol28, Ser129 Glu 123, Ala 124, Tyr 125, Met 127 -
2 6280229 7.0 Glu 126 Tyr 125, Met 127, Ser 129, Glu 130, Gly 132, Ala 140 Tyr 136
3 129825792 6.9 Glu 126 Ser 129, Gly 132, Ala 140 Tyr 125, Tyr 136
1 129905005 6.8 Glu 126, Met 127 Ser 129, Glu 130, Gly 132, Tyr 136 Tyr 125
5 5315126 6.7 Glu 126, Pro 128 Tyr 125, Glu 130, Glu 131, Gly 132, Tyr 136 -
5 5467201 6.7 Glu 126 Met 127 Tyr 125, Tyr 136
5 71313853 6.7 - Glu 126, Pro 128, Glu 130 Tyr 125
5 90643991 6.7 Pro 128 Glu 126, Glu 130, Glu 131, Gly 132, Tyr 136 -
6 14427462 6.5 Glu 126, Tyr 136 Tyr 125, Glu 126, Met 127, Pro 128, Glu 130, Gly 132 Tyr 136
6 67984060 6.5 - Glu 123, Glu 126, Pro 128, Ser 129 -
6 90643985 6.5 Met 127 Glu 126, Ser 129, Glu 130, Gly 132, Tyr 136 Tyr 125
6 90643986 6.5 - Glu 126, Gly 132, Tyr 136 Tyr 125
6 90643987 6.5 Glu 126 Tyr 125, Ser 129, Gly 132, Tyr 136 -
6 129825797 6.5 Glu 126 Ser 129, Glu 130, Gly 132, Tyr 136 -
6 129904975 6.5 Met 127 Glu 126, Ser 129, Glu 130, Gly 132, Tyr 136 Tyr 125
7 5315125 6.4 Glu 126 Tyr 125, Glu 130, Gly 132, Tyr 136 -
7 14427460 6.4 Pro 128 Tyr 125, Met 127, Glu 130, Glu 131, Gly 132 Tyr 136
7 23630406 6.4 - Glu 126, Ser 129, Glu 130, Glu 131, Tyr 136 -
8 580166 63 - Glu 126, Ser 129, Glu 131 Tyr 125
8 13349170 63 - Tyr 125 -
8 13834128 63 Met 127 Tyr 125, Glu 126, Pro 128, Glu 131 -
8 18542127 63 - Tyr 125, Glu 126, Glu 130, Gly 132, Asp 135 -
3
4 3.2.MD simulation
5  The interactions between ten molecules of the selected ligand (PubChem ID: 100968625) and a
6 oSN trimer was investigated using MD simulations method. The selected ligand (Figure S2)
7  contains a carbonyl group, two ether oxygen atoms, and five hydroxyl groups that can interact with
8 oSN via H-bond interaction. This makes a total of 8 possible H-bond sites for each ligand
9  molecule. Therefore, the total number of H-bonds formed between the aSN trimer and the ten
10  ligand molecules was calculated and shown in Figure 3. Analysis of the results showed that H-
11  bonds were formed between the aSN trimer and ligands, rapidly after few ns of MD simulation
12 trajectory and their number increased to about 20 at around 30 ns and fluctuated around this mean
13 value until the end (about 2 H-bonds per ligand molecule). Figure 3b shows the representative

13
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structure of aSN and one of the ligands molecules interacting by H-bond interactions. It shows
that there was a H-bond interaction between hydrogen atom of the hydroxyl group of the ligand
and an oxygen atom of the carboxyl group of the side chain of the residue Glu57. Same interaction
has been reported for the interaction of DHM molecules with aSN trimer [34]. At the same time,

there was another hydrogen bond between the same ligand and the amide group of residue Glu120.

(a

10 20 30 40 50 60 70 80 20 100
Time/ns

Figure 3. Interaction of the selected ligand (PubChem ID: 100968625) with the aSN timer. (a) Total number of
hydrogen bonds between the aSN trimer and the ten ligand molecules during 100 ns of MD simulation. (b) Binding
conformation between residues in the aSN trimer and one of the ligand molecules at the end of trajectory. The blue
solid lines represent the H-bonds. Glu residues have been shown as pink ball & stick representation.

This observation is completely in agreement with the docking results and proves the key role of
H-bond interactions in the stability of inhibitor-aSN complex. Furthermore, the previously
published results have confirmed that H-bond interactions have important role in the interaction
of their suggested inhibitors and aSN protein [21, 34, 57, 58]. The compactness of aSN trimer
during the MD simulations (in the presence and absence of the selected compound) is an important
factor to study the inhibitory effect of the candidate drug and conformational changes of the protein

trimer during its interaction with it. Therefore, the radius of gyration (Rg) of the aSN trimer was

14
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evaluated as an index of protein structural compactness. Figure 4 shows that the Ry of aSN trimer
in the presence of the selected compound increased in comparison to the case without the
compound indicating the less compact structure of aSN trimer (Figure 4). The average values of
Rg are about 2.03 and 2.11 nm for free oSN and its complex with 10 molecules of the candidate
drug, respectively. This observation proves that the compound destabilizes the compact structure

of aSN trimer.

2.2 © alphaSN trimer

Rg/mm

0 10 20 30 40 50 60 70 80 92 100
Time/ns

Figure 4. Time dependence of the radius of gyration (Rg) for aSN trimer during the simulation, in the absence and
presence of inhibitor.

To evaluate the mobility of the residues of aSN trimer, the root mean square fluctuations (RMSF)

of the residues of protein aggregate in the absence and presence of inhibitor were analyzed and

presented in Figure 5.

15
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Figure 5. RMSF values of residues of aSN trimer during the 100 ns of simulation time, in the absence and presence
of the inhibitor. (Chain I: residues 1-63; Chain II: residues 64-126 and Chain III: residues 127-189).

The results of the RMSF analysis indicate that all the residues of aSN trimer show higher
fluctuations in the presence of inhibitor molecules in comparison to the state without inhibitors.
This observation is in consistency with the R, results and could be another evidence about good
inhibitory effect of the selected compound as new inhibitor of aSN aggregation. The middle chain
(chain IT in figure 5) of the aSN trimer has been surrounded between two other chains and is not
accessible for the inhibitor molecules as much as two other chains. This protection causes its less
fluctuations in comparison to the chains I and III of the protein trimer in both states (in the presence

and absence of the inhibitors).

Figure 6 represents that during 100 ns of MD simulation trajectory, most of the inhibitor molecules
associate in N-terminal of the protein trimer that causes higher fluctuation of this part in three
chains of aSN trimer as it is clear in Figure 5. In the presence of the inhibitor, the N-terminal
fluctuations of the three chains are about 14%, 15% and 18% higher than C-terminal for Chains I
to III, respectively. However, the maximum RMSF difference between the N- and C-terminal in
the absence of the inhibitor would be only about 7% (for chain I). In other words, the interaction
of inhibitor molecules with aSN chains weakens the intermolecular interactions between the N-

terminal residues of the protein trimer and increase the fluctuations of the residues in this part of

16
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the protein. Furthermore, one inhibitor molecule inserts into the interspace between two chains of
the aSN trimer, which would disturb the intermolecular interactions between the chains. To prove
this claim, the distance between the Co atoms of Glu57 of chain I and Glul20 of chain II was
calculated as shown in Figure 7. The average distance in the presence of inhibitor was about 12 A
after 20 ns, while the distance in the oSN trimer in water was nearly 5 A during the entire
simulation time. Therefore, insertion of the inhibitor molecule inside the inner space of the aSN

chains caused a loss of contact between two chains and disrupted their initial ordered structure.

N-terminal

-

- T

Initial structure After 50 ns

-

N -

Glu57 and Glul20 residues

Figure 6. Configuration of the ligand molecules around aSN trimer during 100 ns of MD simulation.
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Figure 7. Change of Glu57-Glul120 distance in chains I and II of aSN trimer during the simulation, in the absence
and presence of inhibitor.

4. Conclusion

In this study, we built a library of compounds with similar structure of Dihydromyricetin (DHM;
a natural flavonoid with inhibitory effect on aSN fibrillogenesis). Lipinski’s “Rule of five” and
TPSA screenings were used to select the drug like compounds. Moreover, binding free energy and
binding modes of the filtered compounds were investigated using in silico virtual screening
method. The analysis of the molecular docking calculations showed that the compound with
PubChem ID of 100968625 has the highest affinity for binding to «SN monomer (AGPinding = -7.1
kcal.mol!) among the other candidates. Its high binding affinity for aSN suggested that this
compound could be considered as an inhibitor for aSN aggregation with higher efficiency than
DHM and some of the other previously suggested antiPD drugs. The behavior of oSN trimer in
the presence of the selected candidate was further analyzed using molecular dynamics (MD)
simulation method. Analysis of MD trajectories showed that H-bond interactions between the
hydroxyl groups of the ligand molecules with side chains of the residues in aSN trimer could

destabilize the compact structure of aSN trimer. On the other hand, most of the inhibitor molecules

18



1  associate in N-terminal of the protein trimer and cause 100% increasing of fluctuations for the
2 residues in N-terminal of the trimer structure. Also, investigation of R; of the aSN trimer showed
3 that the inhibitor molecules decrease the compactness of protein structure for about 4% in
4 comparison to the protein free state in water. Furthermore, penetration of one inhibitor molecule
5 into the interspace of two protein chains, disturbed the ordered structure of the oSN filament,
6  weakened the intermolecular interactions between the protein chains and increased their distance.
7 In conclusion, our study revealed the inhibitory effect of selected ligand (PubChem
8 ID=100968625) on aSN fibrillogenesis. Eventually, we believe that this study will shed the lights
9 on finding of potentially active compounds against the aSN aggregation. We also confirm that it
10  is necessary to do further in vitro and in vivo investigations for developing potent drug inhibitors

11 of aSN fibrillogenesis for the treatment of PD and similar diseases.
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Figure S1. Chemical structure of Dihydromyricetin (DHM).
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Figure S2. Chemical structure of the selected ligand from PubChem free database using virtual
screening method (PubChem ID of 100968625; IUPAC name: 5,7-dihydroxy-2-[(2R,3R)-3-
(hydroxymethyl)-2-(4-hydroxyphenyl)-2,3-dihydro-1,4-benzodioxin-6-yl]chromen-4-one).
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Table S1. PubChem chemical IDs, optimized structures and binding energies of 314 drug-like chemical compounds obtained from
PubChem free database. 61 compounds with lower binding energies in comparison with DHM have been highlighted.

PubChem Optimized structure Binding PubChem Optimized structure Binding
ID Energy/kcal.mol! ID Energy/kcal.mol !
TPSA/A? TPSA/A?
1880 -4.8 26034 -5.3
70.67 109.36
88281 -5.0 159026 -5.6
74.23
245874 -4.6
74.24
378687 442410




3512634 5280343 -5.6
5280445
5280666 5281604
5281612 5.4
100.13
5281618 5281638 -5.4
131.35
5281642 -5.6 5281649 -4.9
131.35
5281654 -5.4 5281665 -5.5
111.12
5281676 -5.3 5281691 -5.7
120.36

32



5281697

5281701

5281953

5318214

5281702

5315857

5320287

5320428 5.4 5320496
5320825 55 5320945

127.83 109.36

5321864 ?4‘0 5.4 5322065 55

' g{ >-@ 111.12 90.89

33




) w18 = 2 o |2 e 2 e |8 |o |4
2 A = mm T ol @ mm e mm e mm
o~
<
! , » | b
idag AT .Y,
SRR »?, ML 00 | 8™
J‘,“axq /aw ) T 1 h)
s, & Ay o
Wiy (0909 2% 002 g0y
Lo ; i " . g ;
0293, | -4 i ") A\rﬂad '3 e
9 .‘ b} ’ 3 LR b ]
5 )
p
< S < — \O w on
Q Q - a Q 4 N
— 0 o <t — o~ %)
U] o~ (@) \O oo o0 [e2e]
n en e < < < <
v ) ) v v v v
o |8 e = = |5 |«
<t o v = v I o)
1 H 1 u 1 9 1
) ) 0

e,

3
2 B :‘

A ..v o
RRAS
¢W¢w4
o’y

5323559

5377945

5379265

5459196

b
s

»

34



44258278 -5.3 5491448 -5.1
118.60

5496473 -5.6 5496476 -5.2
98.37

5704578 -5.4 5748558 -4.4
98.37

6452329 -5.7

7019535 7330522
118.60

9885259 46 9951473 52
129.59

10020234 ce 55 10320814 2 56
e a®® 5 b e 109.36 - 107.60

35




10337415

10379917

10433042

10524310

10455672

10525257

96.61
10545226 > - 47 10598612
10620154 :?;bi :i ‘-Iizi ) 5.0
:;a T z‘:\.‘ 115.44
10636768 . [ 10646467 . B -, 1‘ 5.7
$§§ > QO 90.89 'y 4,9'%’{;3, ' 129.59
@ > >

36




o 0 | B e |8 | (] |n m I IR S N =
R T R I I P S A < S £ D <2 A - R
3 ) ‘s
) ) ) 4 ¢ 0 J. n -
” , ,, | WA I
WL v | ey e
J.J¢J) ) a,u.od, “ | ) ) oo " OJ%JOJ 2 MI‘J ; ‘LJ JDJ\)‘ ’JO‘& s
2 | TP [T g 5095 (800 o | aa
I IO I A A Yoo o™

]

-

»
‘ Ao L) v 9 _ » QQJ;, ) y 9
#ammfdbj fﬂiw, Qﬂ #&?JW JQ&Jv ) 1 ‘fJJ .FJ.PO
> e o290 " ) g ’ ’d vy 3
. ORI . B a M }o . " 9
4&; , AQAA 3 )J ’ ) ?
E g B E B OB OBE B
e LT T - P B e b S I 1 O PR -~ T I~ e
S - B b - = T R b K = I L I e
ﬂ n N 7 ) ,
} x_ R ) { 0 b ,, "
e e ) e
xu. T, *P5a | 0 b o’y

J’ ] ‘)‘

-
&>

10807220

10947972

11012936

11267045

11347622

12133313

12214333

12305312

37



12359025 -5.8
111.12

12532439 13259662 -5.0
127.44

13834089

13834127

13915678 13916267
13942544 -5.3 13942545
13942681 -5.0 13964545
13964546 -4.8 13964547

38



13964548

13964549

14162696 ] » 14234929
j»‘gg% ; ,:"L 109.36 98.37
14259793 2 Lo 5.1 14353344 5.7
- ;(;:5' }f: ;{ 87.38 76.00
14354990 S B 5.4
*‘f’:::.j'j; 2 87.38 - . r*?} };
14794882 e 5.4 15054680
;%?% ?)'}‘ 96.22 %%gfé - 66.76
15108682 ;'5;.: 5.1 15222911 ér:x‘ } ‘.g 5.1
‘%_ };?} j;:f“, 89.14 ‘.fb%;:e: ‘?.i': 98.37
, , -, .
15227607 - > 5.6 15293760 e 5.8
’ {fz’;ﬁ%% 109.36 }tzﬁ;g;:%" 1112
N

39



15379040 5.6 15560536 o B0 5.1
100.13 St L. 98.37
Lo
15560612 5.9 15614392 B} N 52
100.13 -y {"t* 126.43
e T e
15661823 54 15693661 s 53
J'-:"‘f 9.;’ =
11112 ‘ﬁ:"i % __:{ 89.14
15703606 5.0 15814159
86.99
16093656 5.0 16662883
96.22
9549306 5.6
124.29
19049226 52 19049238
118.60 Sedoe. T e 118.60
- -
18778787 48 19049246 -e - 53
109.36 o j‘.,,_,?»»{‘-g 129.59
> J,).,{ ;J

40




No) e
4 Z s
(@ ~ ]
~ M < M o,M M W a =
S O O I Al e
h) b ] L)
, oM | 8y
3, bl ._ i "
LN I SO R B i | ) 0e
Q,ﬁ‘a‘. J.ASJJ aq’. ” s v,
,p_,.»o . 34,»1.. o‘.ab,ér id ) k) . oqo

.; 2 0., 2y a J; fad\

, "\» ’ I,. N Q\O/% ! Lo
AT A NPT, | 2009 Ny
e [T Y 8%, 0\0/*0/0 . v T 0

M ‘\*J A ’ J\ b ? .J J !
99 ,u: % %
3
o
o 2 3
(@) — O —
< et % — @ N
S N 2 K 3 =
Ya) A A 00 x N
S S K =
2 = -
" N
[g\] on ) Q]
0 o — ot : >
FERERE BERERE]RE
TETETE TR
—
L IR
) y 2 Jlou
) » Pexfﬂo
LY ) e S 9 i
B Qn@ TS 1ﬂ_o J#uz ﬂ%f\ D™
a2 Y, y A s By ] '/9 o v ,,
,“_. _.,. .,__,,._f_.. V&M - ..d\oi\fﬂ 0# ° o(ad‘ o
o J .,.a} , 0/.5 ‘ poPJa s :
ﬂ)‘; " 8| / o y R R
Py B w.s Y - % Dy n»«f Tp
2 a,a e s 4 ¥4, N\i a‘ﬁ , a. ’4
; " ” W 8} ’
o, )
~
0
o * ® Q
- o 2 S 5 S RS
S 7 |8 s B2 g
& 8 o & = = S
< S = (@) I N
O 9 9 —
2 — 1

41



25030204

21636238 21721836 = 55
94.46

21767017 22324458 46
68.91

23242592 5.6
107.60

23242593 23247874 i = 49
.2,{ s ;23:5 e 134.68

23259520 23320229 . 5.7

25189611

24721675

25201972

42




25203524

44259518

44259511 44259639
44259523 -5.0 5280343
44259638

57402278

44608108 58076345
o3y 2" 100.13

44608109 3 55 44608113
N4 100.13

43




44608260

44608261

-5.7

100.13

44608262

44608263

-5.1

100.13

44610309

44610310

-5.5

100.13

44610311

44610314

44610474

44610313

44610475

-5.1

100.13

44610476

44610477

100.13

44610479

-5.0

100.13




46781386 5.1 46878515 5.4
100.13 123.19
46878516 4.9 46878517 4.9
112.19 101.20
46878558 5.8 46906036 5.2
134.18
49849634 5.4
100.13
53819694 5.7
129.59
54760989 .2 - 5.0 56929794
“}{f “oey 09
w453, o4 y 79.90
59918405 > i 4.7
3 -_?‘ ;&a’ g
i AR S 118.60
1 ‘,,0: >
66684101 3 5.1
.2 , I.:V:‘ 9837
Agbgd

45



69211947 -5.8 69325736 -5.1
70231225
71314865 -5.5 71414490

111.12
71600119 -4.7 71723454 -5.7

70020252 71723737
100.13

73897342 3.2 5.0 86289526 5.5

-4
2.2 T 2
~eat :fy 89.14 113.95
71723456 o 2 5.6 71723458 5.2
PR R
Lpeel pe 304 78.14 78.14

46




76311605 e 4 5.8
“, ‘2;:; %3: 89.14
76330740 . 3 5.5 85981660
N : f{*’-‘ 11112
8
88462991 .. L 5.8 90657702

88494854

91028282

91069955

91228926

47



100995351

101566521

100985950

101914779 129646445
128.19
102276010 -5.2 102292606 -5.7
137.43
118711942 -5.8 118711944 -4.7
120.36
118712001 -5.5 118711943 -5.6
120.36

48




118712002 y 9 .. -5.5 118712003
Satedys, T 99y 109.36
) N p_i‘
123649972 -5.5 124202864
129648032 -5.8 129711975
129713895

129852329 129868619

129882434

49



130335262 ,ﬁg 5.1 130335485 49
1’%& ’ bj);:%: 90.89 120.36
131831747 o 5.6 131834556 4.8
,.’fé, 13135 120.36
- -
s
131836638 B j 5.7 131837240 5.8
,} P o 140.59 100.13
> @ g
131837242 5.3 131837258 4.7
89.14
131839469 5.6

134820127

137010076

50

138112436




< No) en
v m v m v m
J, 2
‘!. D J) N |j ) . '”J
J, v oJ 2 » ) o J(o
B * 5 9,
(N Y e
| _a/ JJ J . b) J ’
JfH »? T | 8297
f 9 s 5.,
"9
QJ L) ’ o, )
" ~ 7o)
2] on —
X 0 ~
N ©° ©
S 5|2
(e} — —
) X X
o | S 2 o |E
T 08 volg w8
) o
3 2 >
' , ,
e %] 090
' X s
,.: e,,f (] JJJ OJJJ, ’
OJ \ Bl J )‘ JJ JO
Ay )
W, 0050, | 292
2 A\ ’ b W)
4& ’e 3 J/ J vy
» ) J /‘J ‘
9 >y
Y L s 3
>
No) < e~
S 5N K
X a a
Q) — on
N — —
at X X

51



