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Abstract: A molecular docking study was undertaken usinggiagrams SwissDock and PatchDock to assess
the interactions of the bacterial chitinases bedlopgo the GH18 and GH19 families with two herbesd
(chlorsulfuron and nicosulfuron) and two fungicideéfenoconazole and drazoxolon). Both moleculackittg
programs predict that all considered pesticidesd bio the active sites of chitinases produced by soi
microorganisms. There are correlations for predichinding energy values for receptor-ligand comesex
obtained using the two programs consolidating thediption of the chitinases-pesticides interactiofbe
interactions of chitinases with pesticides invottie same residues as their interactions with knmkibitors
suggesting the inhibitory potential of pesticideesticides interact stronger with chitinases betando the
GH18 family, their active sites reflecting higheolgrity than those of the GH19 chitinases. Alsorbides
reveal a higher inhibitory potential to bacteribitmases than fungicides.
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Introduction

Herbicides and fungicides are widely used agaihpests infecting agricultural crops.
From the entire quantity of used pesticides, ontyrall percent reaches the target and the
remaining amount contaminates the soil and ageatironments [1]. Pesticides may have
a harmful effect on soil microorganisms by affegtithe soil microbial diversity, soil
biochemical processes and enzymatic reactionsTf2dre are a few reports revealing the
degradation of pesticides by soil microorganisms4[3and even increased soil enzymatic
activity due to some pesticides [5]. The effectspekticides on soil enzymatic activity
depend on many factors due to the complexity atetdorrelation of biochemical processes
taking place in soil. Soil bacteria are able toduwe extracellular enzymes decomposing
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the organic matter at different degrees and fatiliy the nutrient mineralization and
cycling by increasing the reaction rate of the ptasidues decomposition [6]. During these
processes, the products of some enzymatic reactienve as substrates for other enzymes
and it illustrates the interrelations and complegit the enzyme activity in soil [7].

One of the most abundant carbohydrates in natuchiis. The enzymes hydrolysing
chitin are the chitinases, classified using the yEre Commission number [8] as the
EC 3.2.1 enzyme sub-sub-class. Chitinases hydrdlyseN-acetyl-beta-D-glucosaminide
(1—4) - beta-linkages in chitin and chitodextrins §id they belong to the families 18, 19
and 20 of the glycosyl hydrolases (GHs) [10]. Cdesng the depolymerization activity of
chitinases, they are classified in two classes: [@@flochitinases, randomly cleaving chitin
molecules and exochitinases, splitting the chitimleoules from non-reduced ends.
Complete degradation of the chitin polymierthe chitinoclastic process, usually involves
three stages: (1) cleavage of the chitin polymé& ligomers (the chitynolytic process),
(2) splitting of the oligomers into dimers, and (Bavage of the dimers into monomers, the
first two stages being regularly catalysed by ohies [12].

In soil, the chitin and its chitooligomers hydrafyss performed by soil bacteria [13].
Bacterial chitinases belong to the families 18 a@df GHs. Chitinases from the family 18
use the retaining catalytic mechanism and thosm fthe family 19 use the inverting
mechanism for hydrolysing the glycosydic bond [1@hitin degradation by soil bacteria
implicates firstly the cleavage of the(1—4) bond by exochitinases and this is called
a chitinolytic process [12]. Taking into accoungithamino acid sequences, exochitinases
are subdivided in groups A, B, and C, the grouprddpcing ecologically significant chitin
derivatives and being the most abundant in therenwient [15].

Bacterial communities are greatly diverse in d8dcillus, Serratia, and Streptomyces
spp. being among soil species revealing chitinolgttivity [13, 15]. Among these species,
Serratia marscenses is capable to secret four chitinases: chitinag&®mChiA), chitinase B
(SmChiB), chitinases C1 and C2 (SmChiC1 and SmOQhi8] and Bacillus cereus
produces two chitinases, chitinase A (BcChiA) ahdimase B (BcChiB) [17], all of them
belonging to the family 18 of GH&treptomyces griseus produces chitinase C (SgChiC)
and Streptomyces coelicolor produces chitinase G (ScChiG), both enzymes beignip
the family 19 of GHs [18].

The chitinases belonging to the family 18 of GHesent a (beta/alphgbarrel
catalytic domain with a signature peptide DGXDXDXEcurring in the fourth beta-strand
in the barrel [14]. Amino acids belonging to thigrature peptide have catalytic roles in
SmChiA, SmChiB and BcChiA: The amino acids D313 &&15 in SmChiA, D142 and
E144 in SmChiB, D143 and E145 in BcChiA serve dalgic residues [19-21]. It is also
known that chitin substrates are bound within glateft across the (beta/alpha)8-barrel,
and there are aromatic residues that hydrophopica#racts with the substrate [19].

The bacterial chitinases belonging to the familydf9GHs have a catalytic domain
presenting an alpha-helix-rich fold with a deeftchs catalytic site, the catalytic residues
containing two glutamates: E147 and E159 for th€$g [22] and E68 and E77 for the
ScChiG [23] respectively.

There are some known inhibitors of bacterial arahpthitinases. Some of them are
polysaccharides, such as allosamidin and its dires[24] and the others are peptides,
such as argadin and argifin [25], psammaplin A eyddic peptides [26].
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We consider chitinases fromacillus, Serratia and Streptomyces spp. in our study
as they are commonly found in soil and have thigedsional solved structures deposited
in the Protein Data Bank (PDB) [27]. We assessr theeractions with two herbicides
(chlorsulfuron - CLS and nicosulfuron - NCS) andtfungicides (difenoconazole - DFC
and drazoxolon - DRX) using a molecular dockingrapph.

Materials and methods

There are 38 entries in PDB [27] concerning crisgmhphic structures of th&erratia
marcescens (15) [21, 28] andBacillus cereus (7) [19] ChiA, Serratia marcescens chiB (12)
[20, 29-33],Streptomyces griseus ChiC (3) [22] and3treptomyces coelicolor ChiG (1) [23].
When more than one crystallographic structure imiobble for a class of chitinases and
one organism, we consider the structural file hgutime highest resolution and containing
the complex of the native protein with the substrat inhibitor (when available). When
more than one protein chain is present in the stratfile, we consider only chain A in the
molecular docking calculations. The structuraldfitmnsidered in this study are given in the
Table 1.

Table 1
Protein Data Bank codes entry and structures slesdription for the chitinases considered in thisly
Chitinase Organism GH family PZEtf;de Resolution [A] | Structural file short description
Serratia residues 2-560 of the protein in
Chitinase A 2WLZ 1.82 complex with the inhibitor
marcescens A .
GH-18 chitobio-thiazoline
. Serratia 1E6R the protein in complex with the
Chitinase B ) 25 NN -
mar cescens chain A inhibitor allosamidine
Chitinase A | Bacillus cereus 3N11 1.35 residues 28-360 of the protein
Chitinase C Strep.tomyces 1WVU 250 residues 30-294 of thg protein [n
griseus GH-19 chain A complex with Cl ions
" Sreptomyces 2CJL residues 41-444 of the protein |n
Chitinase G . ; 1.50 ; :
coelicolor chain A complex with Zn ions

The considered structural files are cleaned by wémgo water molecules and
heteroatoms (except ions when present). Also, tene prepared for molecular docking
studies by adding hydrogens and charges using tlc&Mep facility under UCSF Chimera
package [34].

Considered enzymes belong to distinct GHs famibesyy family sharing a distinctive
catalytic mechanism, meaning that they are notadldy sequence and do not share the
same structural fold. We compare the sequencde@tChiA, SmChiB, BcChiA, SgChiC
ScChiG using ClustalW tool [35]. The sequence atignt confirms the low sequence
similarity of these enzymes: chitinases belongmthe GH18 family share between 5% and
16% sequence identity, chitinases belonging to Gi&l9 family reflect 68% sequence
identity and the highest sequence identity of thl&and Gh19 families of chitinases is
10%. The crystal structures are superposed usin§FUChimera package [34] and the
structural alignment is quantitatively describedthy root mean square deviation (RMSD)
between the equivalent alpha carbon (CA) atoms. [BB¢ expected structural differences
between the catalytic domains of the chitinaseertgghg to the families 18 and 19 of GHs
are confirmed by the obtained high RMSD values iramérom 0.880 A between 85 carbon
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alpha (CA) atoms pairs in the case of SmChiB coegpao BcChiB to 1.461 A between
only 4 CA atoms pairs in the case of SmChiB compaoeScChiC.

As there are strong sequence and structural diffexe between the catalytic domains
of the chitinases belonging to families 18 andw®,also expect distinct properties of their
binding site cavities. The binding site cavities thie enzymes were identified and
characterized using the Fpocket tool [37].

The pesticides considered in this study are théitides chlorsulfuron (CLS) and
nicosulfuron (NCS) and the fungicides difenoconaZ@FC) and drazoxolon (DRX). They
were retrieved from ZINC database [38] and prepdoediocking usingdockPrep facility
under UCSF Chimera package [34].

Molecular docking calculations were undertaken giSwissDock [39] and PatchDock
[40] web based interfaces. SwissDock interfaceuit on the docking software EADock
DSS [41]. SwissDock tool optimizes the orientatiand conformation of a ligand
interacting with a protein and outcomes the mogbdisable binding modes of the ligand on
the protein surface that are ranked upon the ictiera energy expressed as FullFitness
score. It also outcomes the estimated free enengthé binding modes. Selected docking
type was accurate and rigid.

PatchDock webserver performs structure predictimrpfotein-small ligand complexes
using a geometry based molecular docking algorifdf]. This algorithm is based on
finding the transformations that produce a locaddygeometric shape complementarity by
considering wide interface areas and small amoahtsteric clashes. Considering wide
interface areas guarantees the inclusion of thal individualities of the docked molecules
with complementary features. The transformatiores @dassified using a scoring function
that takes into account both the geometric fit @tdmic desolvation energy and the
redundant solutions are rejected by applying a nmetain square deviation (RMSD)
clustering. In our calculations we have used btindking with default options, a clustering
RMSD value of 4 A an@nzyme-inhibitor as complex type. The output of PatchDock tool is
a list of candidate complexes between a receptdraaligand molecule, both specified by
user. The complexes are sorted according to thengeic shape complementarity score.
For every complex the output contains the approténiaterface area, the atomic contact
energy (ACE), and the 3D transformations (3 rotatloangles and 3 translational
parameters) applied on the ligand molecule. FiréDwebserver [42] has been used to
refine the PatchDock predictions and it delivess global energy of each enzyme-inhibitor
complex predicted by PatchDock software. Data okthithrough molecular docking are
visualized and analyzed using UCSF Chimera pacf@dte

The interacting residues of the SmChiA and SmChiih wheir known inhibitors
chitobio-thiazoline and allosamidine respectivetg @omputed using ContPro web tool
[43] with a distance cuttoff of 3.5 A. The same Iti® used to compute the interacting
residues of considered chitinases with the pesticifbr the complexes obtained using
PatchDock webserver [40].

Results and discussions

Identification and characterization of the actiite ¥inding cavities of the considered
chitinases, have been carried out using Fpockét[839 and resulting data are presented
in Table 2.
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Table 2
The physicochemical characteristics of the actiteecavities of considered chitinases
Enzyme V([JEET € Hydrophobicity score | Polarity score Csr:%rrgee
SmChiA 1633.84 10.77 21 —6
SmcChiB 1383.66 24.46 14 -1
BcChiA 1284.97 30.55 15 0
SgChiC 882.17 31.89 8 0
ScChiG 603.32 33.33 9 1

The active site cavities of the investigated enzy/meveal distinct properties
concerning the volume and the hydrophobicity, tih#l& chitinases (SmChiA, SmChiB and
BcChiA) exposing bigger and more polar active siteities than GH19 chitinases.

ZINC database [38] has been used to extract theigalyproperties of pesticides
considered in this study and known inhibitors ofcteaial chitinases: the partition
coefficient (logP) for the neutral pH, the topolcagi polar surface area (tPSA), the electric
charge and the molecular weight (MW). These prigedre presented in Table 3.

Table 3 reveals that, at neutral pH, the knownhitbis of bacterial chitinases are
usually polar, charged and bigger than the pesticid.iterature data [26] reveal that
argadin inhibits plant and bacterial chitinasesorgier than allosamidin, argifin and
psammaplin A, respectively that allosamidin inhsbihitinases stronger than argifin and

psammaplin A.

Table 3

The physical properties of considered pesticideskarown inhibitors of bacterial chitinases: logpattition
coefficient, tPSA - topological polar surface afe®y - molecular weight

tPSA MW
Molecule Role logP (A2 charge g - mol ]

difenoconazole pesticide 4.33 58 0 406.269
drazoxolon pesticide 2.11 67 0 237.646
chlorsulfuron pesticide 1.59 129 -1 356.771
nicosulfuron pesticide -0.44 160 -1 409.404
allosamidine inhibitor -5.14 263 1 623.633

argifin inhibitor -3.97 296 -1 674.692
argadin inhibitor -4.51 284 -1 673.708
psammaplin A inhibitor 3.43 167 0 663.398

Also, psammaplin A binds near the active site dfidses, its inhibitory potential
being lower than that of allosamidin, argifin andjadin [26]. Argadin, argafin and
allosamidin are polar in comparison to psammaplinhat is not. These data, correlated to
those presented in Table 2, illustrate that pglasitems to be an important property
responsible for tight interactions between inhitstand chitinases.

From the molecular docking studies, we were ablseiect the best solutions based
on lowest binding energies and higher complemdgtashape scores for each
receptor-ligand complex. Table 4 illustrates theuls obtained using SwissDock [39],
PatchDock [40] and FireDock [42] webservers for thelecular docking calculations.
SwissDock tool outcomes the interaction energy esged as FullFitness score and the
estimated free energy for the binding modes ofigidsts to the active sites of chitinases.
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PatchDock webserver delivers the geometric shapglementarity score, the approximate
interface area and the atomic contact energy (AG)een the considered pesticides and
the enzymes. Refinement of PatchDock results usingDock webserver estimates the
global energy of the protein-ligand complex. Asoateol, we performed molecular docking
studies for the interactions of bacterial chitireagéth their known inhibitors allosamidin
and psammaplin A. Allosamidin binds to the actiite and psammaplin A binds near the
catalytic site, having a lower inhibitory potentiab].

Table 4
Outcomes of SwissDock, PatchDock and FireDock weksg for the assessment of the interactions dfgiess
with chitinases

SwissDock results PatchDock results FireDock
Pesticide Enzyme FullFitness AG Interface ACE Global energy
score | necal-mol ]| SC°' | area [A7 |[kcal-molY | [kcal:mol Y
[kcal ‘mol™
SmChiA —-1936.12 -9.65 5184 639.40 —206.75 -35.37
SmChiB —1564.65 -9.53 5664 700.0p -353.44 -39.26
psammaplin Al BcChiA - - 5358 636.60 —188.67 -30.67
SgChiC —718.02 -8.93 4662 631.60 —257.66 -29.71
ScChiG —-820.61 -9.07 463 504.30 —-177.85 —26.94
SmChiA -1936.31 -9.27 6326 731.30 —231.06 -32.58
SmChiB -1582.51 -11.77 6956 795.1PD -160.88 -32.9b
allosamidin BcChiA -1212.80 -7.41 5372 635.7 -191.11 -21.1
SgChiC —728.67 -10.11 5996 705.50 -175.16 —28.17
ScChiG —826.34 -9.27 5612 680.90 -156.11 —28.5P
SmChiA [44]| -1960.93 —7.42 5110 592.0¢ -152.20 —45.84
SmcChiB -1599.07 -7.36 4764 509.10 —98.51 -36.70
difenoconazolg BcChiA [44] —-1263.84 —7.13 4208 463.4( —-45.84 —20.11
SgChiC —739.90 -7.46 393 442.1p -83.0D —25.99
ScChiG —843.63 —7.66 439¢ 491.3D —-104.62 -38.96
SmChiA -1523.42 -5.39 3612 388.70 -106.43 -30.9Y
SmChiB —-1545.74 —6.22 3344 370.8D —-103.60 —29.16
drazoxolon BcChiA -1220.27 —7.05 3184 336.3 —69.24 —25.24
SgChiC —690.03 —6.31 2842 312.3D —-93.78 —28.62
ScChiG —795.79 -7.00 2982 334.8D -114.25 -30.88
SmChiA —2132.65 —7.39 4404 558.90 —-115.55 —41.06
SmcChiB -1773.80 -8.16 4248 486.1D -180.53 -37.86
chlorsulfuron BcChiA —1431.28 —7.56 3776 427.8 —-83.67 —26.07
SgChiC -902.37 -5.77 383 397.3D -153.59 -37.41
ScChiG -1012.09 —6.67 3988 453.50 —-110.92 —28.2b
SmChiA —2179.52 -7,26 511( 606.80 —199.55 —44.84
SmChiB -1817.79 —7.21 4764 610.20 -180.43 —45.3p
nicosulfuron BcChiA -1482.47 -7.69 4208 507.1 -117.64 —39.14
SgChiC —960.53 —6.92 3934 487.6D -160.11 -37.16
ScChiG -1066.81 -8.31 4396 480.1p -217.14 —44.23

Table 4 illustrates the results obtained usingtti® molecular docking methods for
predicted binding energy values of all considerzkptor-ligand complexes. The consensus
ranking of enzyme-inhibitor complexes obtained floe two molecular docking methods
improves the binding energy predictions. Also, Eablillustrates that all the considered
pesticides show favorable binding to the activessdf chitinases. The binding energies for
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the pesticides are comparable to those obtainedhfarknown inhibitors. Allosamidin,
provides higher binding energies than psammapliandl it is in good agreement with
published data revealing the lower inhibitory poienof psammaplin A by comparison to
allosamidin [26].

The herbicides chlorsulfuron and nicosulfuron iat¢ions with chitinases are stronger
than those of the fungicides difenoconazole andak@ion, most likely due to the higher
polarity of herbicides in comparison with fungicéddeBoth herbicides are charged, but
nicosulfuron has a higher polarity than chlorsufuand consequently its interactions with
all binhibitors interact stronger with chitinasesldnging to the GH18 family, their active
sites reflecting a higher polarity than those af @H19 chitinases.

Figures 1 illustrate the best solutions obtainedising SwissDock (A) and PatchDock
refined with FireDock (b) for the DFC binding toettsmChiB (code entry 1E6R) active
site. Similarly, Figures 2 exemplify the best sn$ obtained by using the two molecular
modelling tools for the NCS binding to the SmChizbde entry 2WLZ) active site. These
figures illustrate that pesticides usually bindtlie active site of chitinases and it suggests
their inhibitory potential.

a)

the binding of DFC to the SmChiB (code entry 1E@R{jive site: the active site of the enzyme
is shown as light grey surface, allosamidin intbiis presented in dark black sticks,
N-acetyl-D-allosamine product is shown in whiteksi and DFC is revealed in dim grey sticks

Fig. 2. The best solutions obtained by using Swiss{a) and PatchDock refined with FireDock (b) for
the NCS binding to the SmChiA (code entry 2WLZ)iaetsite: the active site of the enzyme
is shown as light grey surface, chitotriobiose Itior is presented in black sticks,
N-acetyl-D-glucosamine product is shown in whiielst and NCS is revealed in dim grey sticks
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For those chitinases having solved three-dimenkistractures of complexes with
substrate and with known inhibitors (all of theningeGH18 chitinases), the interacting
residues with the ligands are identified using @oatsoftware and are presented in the
Table 5.

Data presented in Table 5 reflects that the catahgsidues (highlighted using bold
letters) of the investigated enzymes are involwedhie interactions with the inhibitors.
These interactions involve many hydrophobic ressdue

Table 5
The interacting residues of the GH18 chitinaseh ttieir substrate and/or inhibitors (the catalytisidues are
presented in bold)

PDB code . .
Enzyme complex entry Interacting residues
SmChiA in complex with the GLY274, TRP275ASP313 GLU315, PHE316, LYS369,
substrate tetra-N-acetyl-D- 1K9T MET388, TYR390, ALA391, PHE392, PHE396, ASP397,
glucosamine TYR408, TYR444, ARG446, TRP539

SmChiA in complex with the |\, > TYR163, TRP275ASP313, GLU315 ASP391, TRP539
inhibitor chitobio-thiazoline

SmChiB in complex with the 1E6R TYR10, PHES51, TRPOASP142, GLU144 MET212,
inhibitor allosamidine TYR 214, ASP215, TYR292, TRP403, ARG410

The ContPro [43] outputs obtained for the PatchDpHK predicted complexes of
chitinases with pesticides are presented in théeTab

Table 6
The interacting residues of the considered chiéaagth pesticides (the catalytic residues aregortes! in bold)

Enzyme Pesticide Residues involved in the interactn with pesticide

PHE191, GLY274, TRP27%LU315, PHE316, MET388, TYR390,
ASP391, TYR418, TYR444, ARG446, ILE476, TRP539
drazoxolone GLU315, SER364, ALA365, GLY366, MET388, ASP391, TYR418
SmChiA chlorsulfuron ARG172, PHE191, TRP27&%LU315, TYR390, ASP391, TYR444
ARG446, GLU473, ILE476, TRP 539, GLU540
PHE191, TRP275, PHE316, LYS320, SER364, LYS369, BHB[
TYR390, ASP319, PHE392, TYR 418, TYR444, TYR539
TRP97,GLU144, PHE191, MET212, TYR214, ASP215, TYR292
ARG294, ILE339, TRP403
TRP97,GLU144, TYR145, GLY187, GLY188, PHE191, MET212,
TYR214
SmChiB chlorsulfuron TRP97,GLU144, TYR145, PHE190, PHE191, MET212, TYR214,
ASP215, LEU216, TRP220, GLU221, LEU265
TYR10, PHE5S1, GLY96, TRP9ASP142 GLU144, TYR145,
nicosulfuron PHE191, MET212, TYR214, ASP215, LEU216, TRP220, P9R,
ARG294, TRP403
PHE43, PHEG6, GLN10RSP143, GLU145, TYR227, ASN228,
ALA287, TRP333
draxozolone PHE43, GLY108, GLN109GLU145, GLN225, TYR227, TRP333
BcChiA chlorsulfuron HIS41, PHE43, ASN45, PHE68SP143, GLU145 GLU190,
GLN225, TYR227, ASN228, ALA287, PRO289, TRP333, BRP
PHE43, PHEG6, GLY108, GLN109, ANS1185P143, GLU145
GLN225, TYR227, ASN228, TRP333

difenoconazole

nicosulfuron

difenoconazole

drazoxolone

difenoconazole

nicosulfuron
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Enzyme Pesticide Residues involved in the interacth with pesticide

ARG105, TYR111, TYR121, PRO122, ALA123, SER145, HI5,
GLU147, TYR165, GLN178, ILE187, GLN188, SER190, TRP19
ASP216, LYS222, TYR227, ILE256, ASN257, GLU261, AZ36,
ARG273, ASN275
ARG105, TYR111, TYR121, PRO122, ALA123, SER1&%,U147,
drazoxolone GLU156, TYR165, GLN178, ILE187, GLN188, SER190, TIRR,
SgChiC ASN194, ASP216, LYS222, TYR227, ASN266, ASN275
ARG105, TYR111, TYR121, PRO122, ALA123, SER1&3,U147,
chlorsulfuron GLU156, TYR165, GLN178, ILE187, GLN188, SER190, AEBM,
ASP216, LYS222, TYR227, ILE256, ASN266, ASN275
ARG105, TYR111, TYR121, PRO122, ALA123, SER1&3,U147,
nicosulfuron GLU156, TYR165, GLN178, ILE187, GLN188, SER190, AEBM,
ASP216, LYS222, TYR227, ILE256, ASN257, ASN266, AS19
HIS67,GLU6GS8, GLU77, TYR86, GLN109, SER111, TYR148,
PRO155, ASN178, GLU182, ASP184
HIS67,GLU68, VAL108, GLN109, SER111, TRP112, ASN115
TYR148, ASN178, GLU182, ASP184
HIS67,GLU6GS, GLU77, TYR86, GLY104, VAL108, GLN109,
SER111, TRP112, ASN115, TYR148, ASN178, GLU182, AP
HIS67, VAL108, GLN109, LEU110, SER111, TRP112, ASS]1
TYR148, PRO155, ILE177, ASN178, SER180, GLU182, ASP

=

difenoconazole

difenoconazole

draxozolone
ScChiG

chlorsulfuron

nicosulfuron

Table 6 reflects that the pesticides interactionhwbacterial chitinases usually
implicate beside the two polar catalytic residuesnynother hydrophobic residues. The
same residues are involved in the interactions lafinases with their substrate and
inhibitors (Table 5). It underlines the inhibitopotential of considered pesticides for
bacterial chitinases.

The experimental studies have proven that the tidds and fungicides once entered
in contact with soil microorganisms have inhibitaffects on enzymes: nitrogenase [45],
hydrolases, oxidoreductases, dehydrogenases [46cdtalase [47], urease [44, 47, 48],
beta-glucosidase [49] and so on. Our study revisas the herbicides chlorsulfuron and
nicosulfuron and the pesticides difenoconazole dnadoxolon have an inhibitory potential
on the soil chitinolytic activity.

Conclusions

Both molecular docking programs used in this stymtgdict that all considered
pesticides bind to the active sites of chitinageslpced by soil microorganisms, suggesting
their inhibitory potential. Furthermore, we obsetveorrelations for predicted binding
energy values for receptor-ligand complexes obthinsing the two programs, these
correlations strengthening the success of the eedigand interactions predictions. The
inhibitory potential of considered pesticides fbitinases produced by soil microorganisms
is also sustained by the fact that the interactegidues of chitinases with pesticides are
almost the same as the interacting residues wéth snibstrate and with known inhibitors.

Pesticides interact stronger with chitinases betangp the GH18 family, their active
sites reflecting a higher polarity than those of 8H19 chitinases. Herbicides always
reveal powerful interactions with bacterial chisea than fungicides. The herbicide
nicosulfuron reveals the strongest interaction$ it considered bacterial chitinases. The
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herbicides have a higher polarity than fungicided micosulfuron is the most polar between
the considered pesticides. It seems that polarigniimportant property of a molecule to be
used as inhibitor for chitinases produced by sairaorganisms.
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WPLYW HERBICYDOW | FUNGICYDOW NA AKTYWNO SC
CHITYNOLITYCZN A GLEB. PODEJSCIE DOKOWANIA MOLEKULARNEGO

Abstrakt: W celu oceny oddziatywachitynaz bakteryjnych natgcych do rodziny GH18 i GH19 z dwoma
herbicydami (chlorosulfuron i nikosulfuron) i dworfiangicydami (difenokonazol i drazoxolon) przepra&ano
badania dokowania molekularnego za pompmgraméw SwissDock i PatchDock. Oba programy dakoa
molekularnego przewidgj ze wszystkie badane pestycydy awi sic z miejscami aktywnymi chitynaz,
wytwarzanych przez drobnoustroje glebowe. Istnigprelacje dla przewidywanych wasth energii wazania
komplekséw receptor-ligand uzyskanych za pogndw6ch programoéw, potwierdzaj przewidywane interakcje
migdzy chitynazami a pestycydami. Oddziatywania chdyz pestycydami dotygzych samych reszt, jak ich
interakcje ze znanymi inhibitorami, co sugeruje baee zdolndci pestycydéw. Pestycydy oddziajugilniej

z chitynazami nalacymi do rodziny GH18 - ich miejsca aktywne wykazujyzsz polarnag¢ niz te z chitynaz
GH19. Ponadto, herbicydy wykazuivyzsze zdolnéci hamujce wobec chitynaz bakteryjnych w poréwnaniu do
fungicydoéw.

Stowa kluczowe:dokowanie molekularne, herbicydy, fungicydy, aktpéé chitynolityczna, zdolnéi hamugce



