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Abstract

Structural and energetic properties of proteolytic fragments originated from naphthalene
1,2-dioxygenase (NDO) enzyme were investigated through a computational approach.
Library of fragments was generated by using an algorithm able to identify specified
regions of the primary sequence and simulating cleavages on target sites. Structure of
the fragments was optimised by Monte Carlo and molecular dynamics methods and the

conformational and energetic properties were compared with those of the native
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enzyme. Protonation states of ionizable groups were predicted on the basis of effective
pK, values. Proteolytic fragments structurally similar to NDO were docked to
naphthalene and interaction energies were evaluated by using molecular dynamics
computations. Many candidate fragments were able to maintain properties close to those
which occur in the native conditions, while structures obtained by cleavages on the -
subunit of the NDO asymmetric unit were found to be rather unstable. Among the
investigated structures, owing to comparable energetic and structural characteristics,
146-694 proteolytic fragment may be a promising alternative to NDO enzyme for

complexation and biodegradation of naphthalenes.

Key words: naphthalene 1,2-dioxygenase, proteolytic fragments, Monte Carlo,

molecular dynamics, enzyme-substrate docking.
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1. Introduction

Screening of molecular combinatorial libraries takes advantage of new methods for
the detection of biological active compounds that by an increasing number of large
databases are extensively employed for investigation of chemical-physics properties of
molecules [1,2]. Computational tools are helpful to assist experimental studies to
explore properties related to molecular interactions, especially for biologic polymers,
such as DNA, proteins and enzymes [3-5]. There is great attention in development of
techniques for the generation of libraries containing modified proteins with specific
functional properties useful for applications in the fields of catalysis and interaction
with substrates. Selection and ex novo design of proteins are guiding biochemical
research to understand rules governing both the folding of amino acidic chains and the
biological function explicated by stable native conformation enzymes [6,7]. Analysis of
free energy landscapes between several folding motifs of amino acidic chains is useful
to understand the laws that rule protein folding, which depending on autonomous
substructures with intrinsic stability [8], arrange polypeptides towards energetically
preferred conformations, before of the attainment of the native conditions. These
important substructures known as closed loops, each one constituted by an average of
25-30 residues, have been recently noticed in globular proteins [9]. In both mutated and
wild proteins, it is widely recognised the importance of hydrophobic residues, which
play a leading role during the folding pathway and stabilizing a globular structure
[10,11].

The aim of the present work is to perform a computational automated procedure for

comparing structural and energetic properties of virtual molecular fragments generated
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by the asymmetric unit of naphthalene 1,2-dioxygenase (NDO) with the corresponding
values of the native enzyme. NDO is a multi-component enzyme system expressed and
purified from Pseudomonas putida sp. strain [12]. It is known to catalyze the oxidation
of about 60 different natural and anthropic aromatic compounds of great environmental
interest [13]. The first crystal structure of NDO was reported by Kauppi et al. [14]. The
enzyme is an asf33 hexamer with each a-subunit consisting of two domain, i) a Rieske
domain which contains Rieske ferredoxin (2Fe-2S) and ii) a catalytic domain which
contains, at the active-site, one atom of mononuclear ferrous iron coordinated by
His208, His213, Asp362 residues and one water molecule. The role of the B-subunit is
not yet clear, but its main function appears to be structural [14]. The study of this
enzyme is of great interest for the development and application of bioremediation

technologies [15].

2. Methods

Libraries of enzymatic fragments were generated by using AWK programming
language, specifically designed to treatment of data organized in fields and records.
AWK scripts were applied to X-ray crystallographic atomic coordinates of NDO
extracted from the Brookhaven Protein Data Bank (PDB access codes 1EG9 and 107G)
[16,17]. Hydrogen atoms were added to the investigated structures at pH=7 using the
Builder module of Insight II package (Molecular Simulation Inc., San Diego CA). A
virtual pool of proteases for executing in silico cleavages upon NDO sructure,
represented by trypsin, elastase, endopeptidase, thermolysin and pepsin was chosen.
Proteases were employed separately following dichotomised cutting procedures applied

upon either one or both ends (C and N) of amino acid chain. Criterions adopted to
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predict fragments potentially able to maintain NDO native tertiary structure, made use
of hydrophobic profiles determined according to the Engelman-Steitz method [18], as
well as the detection of secondary structure topologies of NDO chain (a-helixes, -
sheets) [19]. In addition, analysis of the NDO primary sequence allowed discovery of
putative closed loops located within enzyme chain. Amino acid sequences located
within closed loops and/or regions with high hydrophobic profile were preserved from
the virtual cleavages. A more detailed description of the employed computational
approach is given elsewhere [20].

Library of fragments obtained by means of this strategy was subsequently
subordinated to further screenings based on Monte Carlo (MC) and molecular dynamics
(MD) simulations, followed by enzyme-ligand interaction analysis. Structure of the
enzymatic fragments produced by the proteolytic cleavages was optimised through
Metropolis MC procedure. All the MC runs were performed using the Discover-III
module of Insight-II suite of programs (Molecular Simulation Inc., San Diego CA).
Starting conditions imposed exclusion of cofactors, SOs molecules and ligands. The
CVFF force field [21] was used throughout the MC computations. An atom based
method was adopted for the treatment of the non bond interactions, using a cut-off
distance of 30 A, in order to take into account for long range interaction effects given by
ionized residues, and calculate separately electrostatic, van der Waals and solvation
surface area energy contributions. A steepest descendent minimization procedure was
used with 500 iterations until convergence down to a gradient of 10 kcal-mol -A™,
followed by a Polak Ribiere conjugate gradient minimization with 1000 iterations until
a tolerance of 1.0 kcal-mol™-A™!. Water environment was simulated through a distant-

dependent dielectric constant (D, = 4r;), while water molecules enclosed in the NDO
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PDB structure were removed, except for one molecule placed in proximity of the active-
site loop [14]. Conditions described above were chosen according to the Molecular
Mechanics/Poisson-Boltzmann Surface Area (MM/PBSA) method [22,23]. Any
structure obtained by MC optimizations was employed as starting point for subsequent
MD simulations.

Chain fluctuation of protein fragments and enzyme-substrate docking were evaluated
through MD procedures by using Discovery III and Gromos96 force field [24-26].
Naphthalene was chosen as substrate for docking. It was placed in proximity of the
active-site following the published crystallographic structure of the NDO-naphthalene
complex (107G PBD code number) [17]. MD was simulated for 500 ps, using the
steepest descendent approach, followed by a conjugate gradient minimization
procedure. Starting temperature of 298.0 K was controlled by a direct scalar approach,
with temperature window of 10 K. Snapshot conformations were collected every 2 fs at
constant volume and temperature conditions (NVT), applying a distant-dependent
dielectric constant method in order to consider short range interactions. All the non
bond energy contributions were calculated by using an atom based method, with a cut-
off distance of 10 A. Full flexibility was allowed throughout the investigated structures,
with exception of residues in proximity of NDO-naphthalene sub pocket which were
constrained to be rigid.

The main aim of this investigation was to identify proteolytic fragments characterized
by relatively high stability as well as favoureable conformational and -catalytic
properties similar or superior to those of the parent NDO system. Fragments candidate
for the simulation were selected by considering both geometric and energetic criteria.

Structural validation of a fragment was determined through all-atom root-mean-squared

http://mc.manuscriptcentral.com/tandf/jenmol
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coordinates deviations (RMSD) with respect to the corresponding observed
crystallographic values, as commonly adopted in the literature. As to the energetic
determinations, in the present work we evaluated van der Waals term which guarantees
correct packing, electrostatic contribution which increases the specificity for the correct
native fold and environmental solvation terms which ensure a correct pattern of buried
hydrophobic and exposed hydrophilic residues [27]. The non-bonded free energy
difference between each generated fragment and NDO native structure (AGpp = AGyaw
+ AGgjec) Was calculated following the linear interaction energy method [28]. Solvation
area terms of non polar (AGnasa) and polar (AGpasa) surface energies [29-31] were
computed using a water probe radius of 1.4 A.

In Figure 1 we report a schematic representation of the procedures used in the present
work. The present computational approach is potentially suitable for applications on
larger polycyclic aromatic hydrocarbons of significant environmental impact.

It is widely recognised that conformational stability and functionality of proteins are
strongly related to pK, values of amino acids in their specific environment [32]. Thus
we have estimated protonation states of residues in the proteolytic fragments,
calculating pK, values with the PROPKA program [33]. In a protein, the effective pK,
value of a ionizable group is determined by applying an environmental perturbation,
ApK,, to the intrinsic pKyoge Value:

pKa = pKmodel + ApK,

In the employed approximation, ApK, value is constituted by inter-molecular hydrogen
bonding, desolvation effect and charge-charge interaction contributions [33]. These

terms were computed through an iterative self-consistent procedure described in details
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in Ref. 33. Predicted pK, values of residues of all the investigated fragments are

available on request by the authors.

3. Results and Discussion

The investigated fragments generated by proteolytic cleavages on the NDO chain are
characterised by the presence of closed loops each one constituted by an average of
about 30 amino acidic residues as shown in Fig. 2. Recently, it has been established that
these structures contribute to conformational stability in the early stages of protein
folding [8]. In particular, many of the detected closed loops, reveal typical fold
elementary units such as o-turn-f and B-turn-f motifs, which are responsible of the
compactness of the globular domains. At first, the application of the virtual cleavage
generated 263 products, which after analysis of their hydropathy profile were
subsequently reduced to 41. The resulting series of fragments were afterwards
submitted to minimization procedures using MC and MD techniques.

In Table 1 are collected the RMSD and free energy differences of the investigated
fragments. The results reveal that, eight fragments (9-694, 178-694, 146-694, 148-694,
184-694, 147-694, 150-694, 189-694) show free AGror values smaller than for the
native enzyme. These fragments are characterised by relatively low RMSD values
located in the 0.80-2.41 A range, suggesting a substantial maintenance of the
conformation of the residues of the parent NDO enzyme. As can be seen in the Table,
these fragments are mainly stabilised by the solvation contributions. On the whole,
PASA solvation term is generally more stabilising than the NASA one. In particular one
notices that, 178-694 and 184-694 fragments have the lowest NASA and PASA energy

contributions, respectively, giving the lowest AGror energy values along the series. It is
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important to note that, in these fragments the B—subunit is preserved and with the
notable exception of 9-694, they reveal only two of the five detected closed-loops.
Despite the loss of the 10-39, 91-115 and 142-171 closed-loops, the above fragments
are, however, more stable than 102-694, 107-694, 109-694 and 117-694 ones, which
have three of the five detected closed-loops. This result suggests that, 293-322 and 380-
407 fragments give a fundamental contribution to the stabilisation of the modified
enzymes. As expected, 9-694 and 20-694, which among the investigated fragments are
structurally closer to the NDO enzyme, have the smallest RMSD values (0.80 and 0.77
A, respectively) and contemporary the smallest AGy, values. Specifically, fragment 9-
694 shows the smallest van der Walls and electrostatic contributions along the series.
Other fragments (34-694, 41-694, and 50-694) with little RMSD values (1.04-1.08 A)
have also somewhat low AGy;, values. It is worth noting that these fragments with low
AGyp, values are those with show all the detected closed-loops as well as the
maintenance of the B—subunit.

It is of interest to notice that for fragments with RMSD coordinate values in the 0.77-
241 A range, protonation states are on the whole similar to those of the parent NDO
enzyme. Indeed, their root-mean-squared pK, deviations with respect to the parent
structure are predicted to be in the 0.99-1.53 range. The results show that the lowest and
the largest root-mean-squared pK, deviations are obtained for the 20-694 and 178-694
fragments, respectively, the former showing structural properties similar to those of the
parent enzyme (RMSD = 0.77 A), while the latter having the largest solvent
stabilisation effect in the series. Note that for the 178-694 fragment, the largest
variations of pK, with respect to the parent enzyme are within 6-7 units and mainly

involve Tyr420, His423 and Glu660 residues. It is worth to notice that both Tyr420 and
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His423 are buried residues for the parent enzyme, whereas they become superficial for
the 178-694 fragment owing to a decrease in both the local (50%) and desolvation
massive (40%) terms, which contribute to reduce and increase the effective pK, values
of Tyrd20 and His423 residues, respectively. Thus, when passing from the NDO
enzyme to 178-694 fragment, pK, values for His423 and Glu660 residues increase by 6
and 7 units, respectively, owing to desolvation contributions, hydrogen bonding and
charge-charge interactions with Arg37 and with His688 and Arg645, respectively. On
the other hand a negative pK, shift occurs for the Tyr420 residue (by ca. 6 units),
principally owing to desolvation massive contributions and coulombic interactions with
the Glu30 residue.

As can be seen in Table 1, fragments with a cutting in the B-subunit, despite maintain
all the detected closed-loops, are unstable in comparison to the native enzyme. In
addition, they show large RMSD values located in the range 4.88-6.75 A, indicating a
substantial modification of the conformation with respect to the structure of the native
enzyme. The results show that, this group of fragments has large positive AGror values,
the solvation contributions in particular the NASA term being especially large, due to
the increased exposition to the solvent by non polar residues after the removal of surface
amino acids by simulated cleavages. Among the investigated fragments, 65-642 one has
the largest AGror value owing to the largest AGnasa term, while the fragments 9-625,
50-625 and 65-641 have the largest AGpasa, AGgee and AGygw values, respectively.
These results point out the fundamental function of the [-subunit in preserving a
favourable conformation, guaranteeing stability in the structure of the fragments, in
agreement with experimental findings, which indicate the crucial role of B-subunit in

the maintenance of the native tertiary structure [12].
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Fragments with RMSD values smaller than 2.5 A, were selected to perform docking
calculations with naphthalene. Binding energies of the amino acid residues of the
active-site of the NDO were calculated by using GROMOS 96 force field [24-26]. The
results are listed in Table 2. According to information of X-ray measurements
[14,16,17,21], the active-site is composed by the following residues: Asn201, Phe202,
Val260, Trp 316, Thr351, Phe353, Trp358, Asp362, Met366. Note that, ¢ and y torsion
angle values of active-site residues are located within the recommended ranges of the
Ramachandran plot (data not shown), suggesting the maintenance of native-like
conformation. In addition the root-main squared fluctuation (RMSF) range of the active
reaction loop appears to be consistent with the X-ray structure (see Table S1 of the
Supporting Information). As can be seen in Table 2, interaction energy between
naphthalene and Asn201 is stabilizing for all the fragments, nevertheless with large
fluctuation of values. The stabilizing effect of the Asn201 residue is mainly due to the
presence of a hydrogen bond between the NH; group of the fragment and a = ring of the
substrate. This effect is particularly noticeable for 20-694, 117-694, 178-694, 146,-694
and 108-694 fragments, which show the NH, group significantly close to a ring of
naphthalene. On the other hand, in all the cases, Phe352 and Trp316 residues give
destabilizing contributions to the binding energy of the fragment-substrate system.
Except for 150-694 and 102-694 fragments, Thr351 gives a stabilizing contribution to
binding energy with naphthalene. As concerns remaining residues, their interaction
energy can be either stabilizing or destabilizing. It is interesting to note that, the largest
binding energy fluctuation among the fragments is found for Asp362 residue. This
residue is strongly stabilizing for the NDO enzyme, with a binding energy comparable

to that of Asn201, while for the other fragments its contribution is less important, and in
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some cases even destabilizing. Note also that, among the investigated fragments it
shows a conspicuous RMSF variation (1.09 A). As can be seen in Table S1 of the
Supporting Information, the largest RMSF fluctuation is predicted for Met366 residue.
On the other hand, the minor binding energy fluctuation occurs for Val260, which is
consistent with the lowest RMSF variation among the investigated fragments (0.54 A).
It is worth noting that, for the 146-694 fragment, which holds about 80% of the residues
of NDO (RMSD = 1.11 A, Table 1), the binding energy contributions from the residues
of the active site is on the whole comparable to that of the native NDO enzyme.
Specifically, for this modified enzyme, seven residues (Asn201, Phe202, Val260,
Thr351, Trp358, Asp362, Met366) on nine give stabilizing binding energy
contributions. In particular, in six (Asn201, Phe202, Val260, Trp316, Phe352, Met366)
on nine residues of 146-496 fragment, the stabilizing effect is greater than that predicted
for the NDO enzyme. Thus the 146-496 proteolytic fragment may be considered a
promising alternative to NDO enzyme for the complexation and biodegradation of
naphthalenes. For this fragment, the RMS pK, deviation is predicted to be 1.45, the
largest variations being found for Cys309, Asp362, Tyr420 and Glu518 residues. With
specific reference to the Asp362 residue, which is part of the catalytic active site, in
going from the parent enzyme to the 146-694 fragment one notices an increase of the
pK. value from ca. 0 to 6.6, contributing to reduce the hydrophobic character and
capacity of the residue to bind the ligand. The above pK, increase mainly originates
from both side-chain and backbone hydrogen bonding interactions with Thr308 and
Ser294, respectively, as well as from the coulombic term with the Glu333 residue. In
addition, as previously found for the 178-694 fragment, we notice that in passing from

the parent enzyme to the 146-694 fragment, Tyr420 change from buried to surface
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residue, owing to a decrease of both the local (from O to 2) and desolvation massive

effects (by ca. 40%), in some consistency with their somewhat different solvent

©CoO~NOUTA,WNPE

stabilization contributions.
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Table 1. Free energy difference contributions (kcal/mol) and RMSD (A) values of the investigated
fragments with respect to the NDO structure

Fragment RMSD AGVdW AGEleC. Aan AGP ASA AGN ASA AGTQT a
20-694 0.77 5.8 60.6 66.5 9.0 64.7 122.2
9-694 0.80 -5.2 36.0 30.8 -176.9 -15.8 -161.9
33-694 1.04 12.2 116.3 128.5 -123.7 51.1 55.9
34-694 1.04 12.9 116.1 129.0 -118.8 107.6 117.8
41-694 1.04 17.4 164.1 181.5 441.0 952.8 1575.3
117-694 1.05 29.6 346.8 376.4 -582.9 333.5 127.0
50-694 1.08 27.3 175.2 202.4 178.8 717.8 1099.0
110-694 1.09 31.3 330.4 361.8 -270.1 382.8 474.5
178-694 1.09 1.9 427.9 429.8 -1838.2 -1296.9 -2705.3
146-694 1.11 14.2 396.8 411.0 -1406.2  -1030.7 -2025.9
148-694 1.11 11.1 392.1 403.3 -1135.8 -616.4 -1348.9
102-694 1.12 35.4 325.5 360.9 -201.8 544.6 703.7
107-694 1.12 34.3 3343 368.6 -238.5 410.7 540.8
116-694 1.12 30.3 350.9 381.1 -565.9 308.0 123.2
184-694 1.14 3.2 436.1 439.3 -1867.8  -1262.8 -2691.3
108-694 1.15 31.8 334.9 366.7 96.8 1212.8 1676.3
147-694 1.15 12.1 395.6 407.8 -1222.3 -468.4 -1282.9
109-694 1.17 31.9 332.8 364.6 2184 429.8 576.0
150-694 1.27 4.4 414.4 418.8 -1482.6 -1112.1 2175.9
189-694 2.41 12.3 446.2 458.5 -1766.5 -1049.9 -2357.9
9-627 4.88 20.3 442.1 462.4 -325.3 23.0 160.1
1-625 4.93 222 410.4 432.7 -151.5 112.5 393.7
1-627 4.96 20.8 412.9 433.8 125.1 1070.9 1629.8
9-625 4.97 21.7 439.6 461.3 1123.9 -884.0 701.2
1-621 5.12 21.8 419.6 441.3 125.7 978.3 1545.3
1-642 5.27 15.0 309.1 324.0 370.0 1018.2 1712.2
50-625 5.29 47.4 518.1 565.5 29.1 826.8 14214
9-641 5.31 18.8 376.4 395.2 78.1 328.9 802.2
9-642 5.31 18.7 377.4 396.2 482.2 1143.3 2021.6
20-642 5.36 28.3 411.6 439.9 577.7 1368.2 2385.8
33-641 5.63 30.4 422.9 453.3 50.5 1032.2 1536.0
34-641 5.70 317 421.9 453.6 163.0 1100.8 17174
41-641 5.71 39.6 481.1 520.7 4337 1284.8 2239.2
41-642 5.71 34.5 464.1 498.6 323.9 1560.5 2383.0
50-641 5.79 45.9 483.6 529.6 433.7 1062.5 2025.8
65-641 5.88 53.5 496.2 549.7 716.0 1310.5 2576.2
20-641 6.31 28.3 410.1 438.4 321.4 1349.5 2109.3
34-642 6.56 31.6 422.9 454.6 168.2 1141.2 1763.9
33-642 6.58 30.3 423.9 454.3 -14.4 682.9 1122.8
65-642 6.75 53.4 497.6 551.0 937.9 2309.9 3798.8

* AGror = AGpp + AGnasa +AGnasa
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Table 2. Binding energy for residue (kcal/mol) of the investigated fragments with naphthalene.

Fragment" Asn201 Phe202 Val260 Trp316 Thr351 Phe352 Trp358 Asp362 Met366

10G7 -26.0 1.0 -1.4 14.8 -1.2 18.0 -5.1 -23.4 7.1
20-694 -30.4 -1.8 -1.2 12.8 -8.4 19.0 12.6 -1.7 4.2
9-694 -22.9 3.0 1.9 7.6 -0.8 17.5 11.5 2.7 -0.4
33-694 -21.6 -1.0 1.4 3.5 -5.2 12.8 -3.1 11.1 4.5
34-694 -22.2 5.0 -4.1 22.6 -8.8 10.6 -0.4 4.0 39
41-694 -12.4 8.3 -1.1 11.8 -1.7 16.1 0.1 17.4 -3.9
117-694 -36.0 39 1.7 27.1 -8.8 10.0 -3.4 -1.9 39
50-694 -23.3 -2.7 0.0 12.4 -5.7 59 -3.0 17.5 -0.3
110-694 -25.9 2.3 3.7 15.5 -1.7 11.5 8.2 15.4 -0.5
178-694 -41.0 -4.9 2.5 17.1 -3.4 10.3 11.1 -1.0 54
146-694 -29.5 -0.2 -2.5 8.7 -3.9 15.4 -3.1 -4.3 -2.0
148-694 -24.4 0.2 7.2 12.4 -6.0 11.5 8.1 3.5 -0.8
102-694 -16.7 8.5 5.8 7.8 2.2 14.0 12.8 -0.2 0.5
107-694 -23.5 6.1 -1.2 10.5 -6.0 14.7 3.1 4.5 1.8
116-694 -15.7 -1.5 2.2 4.1 -8.1 15.1 3.2 1.8 7.4
184-694 -16.0 -2.4 -1.3 17.0 -6.7 11.7 -1.6 -0.2 3.3
108-694 -38.4 14.8 7.6 12.1 -3.9 19.5 0.5 2.0 10.3
147-694 -18.3 -5.7 -0.3 7.9 -1.2 15.2 -2.6 -7.9 54
109-694 -25.1 1.8 1.6 10.0 -5.7 12.7 -3.2 0.4 2.3
150-694 -21.4 2.3 -4.3 3.8 0.2 12.5 1.3 3.3 -2.8
189-694 -26.0 0.5 0.2 15.5 -12.0 12.6 6.9 19.4 -1.9

® Fragments in the 0.77-2.41 A RMSD range.
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Figure 1 - Schematic representation of the computational procedures applied for generation and
analyses of NDO proteolytic fragments.
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Figure 2 - Solid ribbon representation of closed loops detected in the crystal structure of NDO
34 enzyme.

36 254x190mm (96 x 96 DPI)

http://mc.manuscriptcentral.com/tandf/jenmol



©CoO~NOUTA,WNPE

Page 22 of 22

Table S1. Root mean squared fluctuation (10\) of the NDO-naphthalene active site residues.”

Fragment Asn 201 Phe 202 Val 260 Trp 316 Thr 351 Phe 352 Trp 358 Asp 362 Met 366

20-694
9-694
33-694
34-694
41-694
117-694
50-694
110-694
178-694
146-694
148-694
102-694
107-694
116-694
184-694
108-694
147-694
109-694
150-694
189-694
107G

1.59
0.64
0.67
1.28
0.61
0.79
1.46
1.65
0.92
0.93
1.22
1.54
1.09
0.84
0.93
1.33
1.03
0.69
0.75
0.63
1.24

1.11
0.47
0.34
0.49
0.49
0.62
0.94
0.87
0.67
0.75
0.68
0.71
0.91
0.61
0.48
0.92
0.46
0.55
1.15

0.4
0.51

0.83
1.05
0.92
0.68
0.79
0.68
0.76
0.65
0.76
0.97
0.81
0.92
0.95
0.61

0.7
0.89
0.82
1.02
0.97
0.85
0.51

0.59
0.71
0.36
0.79
0.92
1.06
0.66
0.57
0.75
0.48
0.43
0.73
0.93
0.41
0.52
0.72
1.16
0.78
0.55
0.61

0.5

0.57
0.36
0.48
0.54
0.81
0.48
0.34
0.63
0.31

0.4

0.4
0.35
0.65
0.58
0.72
0.46
0.58
0.35
0.43
0.95
0.44

0.51
0.83
0.54
1.4
1
1.02
0.69
0.74
0.41
0.94
0.38
0.65
0.64
0.93
0.86
1.01
1.03
0.74
0.5
0.76
0.46

0.33

0.4
0.55
0.25
0.63
0.45
0.71

0.7
0.42
0.44
0.78
0.66
1.09
1.13

0.5

0.4
0.76
0.79
0.41
1.24
0.42

0.52
1.35
1.41
0.89
0.78
0.65
1.47
0.97
0.69
0.79
1.31
1.18
0.88
0.49
0.67
0.69
0.85
1.08
0.59
1.56
0.47

1.71
2.26
1.29
0.88
1.19
2.05
1.31
1.74
1.04
1.23
1.76
1.61
0.93
2.47
1.11
2.52
1.81
1.21
1.32
0.85
0.76

* Amino acid displacements of each fragment are calculated with respect to the NDO-naphthalene

complex.
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