Nova Biotechnol Chim (2020) 19(1): 30-36
DOI 10.36547/nbc.v19i1.575

Nova Biotechnologica et Chimica

In silico assessment of Rhanterium adpressum sesquiterpenes inhibitory
effect on 3 and 15-O-trichothecene acetyltransferases

Fatiha Elhouiti*?, Djilali Tahri, Mohamed Ouinten and Mohamed Y ousfi

Laboratory of Fundamental Sciences, University of Amar TELIDJI of Laghouat, BP37G Road of Ghardaia, Laghouat 03000,

Algeria

Article info Abstract

Article history:

Received: 11" March 2020
Accepted: 13" April 2020

Keywords:

15-O-trichothecene acetyltransferase
3-O-trichothecene acetyltransferase
Docking

Homology modeling

Rhanterium adpressum

Essential oils (EO) from leaves and flowers of Rhanterium adpressum have shown
to inhibit the mycelial growth and type B trichothecenes production. The four strains
of Fusarium culmorum and Fusarium graminearum were inhibited with
0.25 pL.mL* of each oil. The inhibitory activity of 11 sesquiterpenes identified
inthese oils was here examined in silico against two key enzymes
in the biosynthesis pathway of trichotecenes namely: 15-O-trichothecene
acetyltransferase and 3-O-trichothecene acetyltransferase. In sesquiterpene
composition, T-muurolol and a-eudesmol have the highest percentages ranging from
1.4 to 2.75 %. Three-dimensional structures of these two enzymes were modeled
using SWISS-MODEL with GMQE = 093 and QMEAN = -045
for 3-O-trichothecene acetyltransferase and GMQE = 0.93, QMEAN = -0.58
for 15-O-trichothecene acetyltransferase. By the results of docking, T-muurolol
and a-eudesmol showed high affinity compared to 15-decalonectrin
and deoxynivalenol. These molecules are all sesquiterpenes with no major
conformational difference with an RMSD of 3.7 A and 3.5 A between
15-decalonectrin and a-eudesmol, T-muurolol respectively. The results of docking
prove the inhibitory effect of R. adpressum EQO sesquiterpenes on the enzymes
of mycotoxins biosynthesis pathway of F. culmorum and F. graminearum.

© University of SS. Cyril and Methodius in Trnava

Introduction

Fusarium culmorum and Fusarium graminearum
are two closely related species, known by their
pathogenicity and mycotoxin production of type B
trichothecenes considered major determinants
of their aggressiveness. It has been reported that
these strains are more common on wheat grain
in Germany, Netherlands and other countries with
high levels of deoxynivalenol (DON) (Waalwijk et
al. 2003; Shah et al. 2005). Two chemotypes have
characterized these strains according to their
production of trichothecenes: the NIV chemotype,
which includes isolates producing Nivalenol
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and Fusarenone X, and the DON chemotype, which
includes isolates producing DON and acetyl-
deoxynivalenol (ADON) (Bakan et al. 2001).

Trichothecenes are a large group of chemical
sesquiterpene epoxides therefore they all have
in common a 12,13-epoxytrichothecene skeleton
and characterized by a keto group in the C8
position and with its presence or absence can be
distinguished type A trichothecenes and type B
trichothecenes. Both of F. culmorum and
F. graminearum produce type B trichothecenes,
including deoxynivalenol (DON), nivalenol (NIV)
and their several acetylated derivatives. 3-acetyl-
deoxynivalenol (3ADON) sub-chemotype was
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identified in F. culmorum while F. graminearum
displayed 15-acetyl-deoxynivalenol (15ADON)
sub-chemotype (Foroud and Eudes 2009; Yoriik
and Albayrak 2012).

The biosynthesis of Fusarium trichothecenes has
been studied in F. sporotrichioides, which produces
T-2 toxin. In the biosynthetic pathway, many genes
are involved such as Tri 5, Tri 6, Tri 13, Tri 7,
Tri 11, Tri 3, Tri 8 and Tri 16 (Garvey et al. 2009).
The core structure of trichothecenes is formed from
the cyclization of farnesyl pyrophosphate
by trichodiene synthase, then the modifications
of positions C4 and C15 are carried out by P450
monooxygenase/acetyltransferase followed
by oxygenation of C8. Finally, to protect itself,
the fungus removes the acetyl group at C3 who
added it at the beginning of the biosynthesis
pathway (Wagacha and Muthomi 2007; Yoriik and
Albayrak 2012).

In a previous study, the essential oils of the leaves
and flowers of Rhanterium adpressum showed
remarkable effects on the mycelial growth of four
strains of F. culmorum and F. graminearum (T5,
BD17, INRA 349 and INRA 812). This effect was
accompanied by a strong inhibition of type B
trichothecenes production with 0.25 pL.mL?
of each oil, adding that it has a variability in the
chemical composition between the two oils that has
influenced the biological activity. In this study, in
silico modeling was performed to verify the
inhibitory effect on the production of type B
trichothecenes (sesquiterpene secondary
metabolites) of sesquiterpenes present in the oil of
R. adpressum on two key enzymes in mycotoxins
biosynthesis in both strains: 15-O-trichothecene
acetyltransferase (F. graminearum) and 3-O-
trichothecene acetyltransferase (F. culmorum).

Experimental
Plant material, extraction and identification

Collection of aerial parts of Rhanterium adpressum
was done in three months from each year: 2011,
2012 and 2013 in Zelfana 660 km SSE of Algiers
(32°23°46” N; 5°13°34” E). Extraction of essential
oils from dried aerial parts was performed with
hydrodistillation using Clevenger apparatus for 7 h.
GC/MS analysis and identification of essential oils
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components were described in a previous study
(Elhouiti et al. 2017).

Homology modeling

Sequences of 15-O-trichothecene acetyltransferase
from Fusarium graminearum (PCD27416.1)
and 3-O-trichothecene acetyltransferase from
F. culmorum (ANO39638.1) were downloaded
from NCBI protein database; the number of amino
acids for each protein is 517 and 511 respectively.
Enzymes structures were modeled with SWISS-
MODEL Workspace (Biasini et al. 2014) based
on the target-template alignment using ProMod3
Version 1.1.0. In SWISS-MODEL, the modeling
process comprises four steps, beginning from
the identification of structural template(s),
alignment of target sequence and template
structure(s), model building and model quality
evaluation where the best homology models were
selected according to Global Model Quality
Estimation (GMQE) and Qualitative Model Energy
Analysis (QMEAN) statistical parameters (Benkert
et al. 2009; Biasini et al. 2014). For flexible
structure  comparison,  secondary  structures
of generated enzymes models were aligned with
FATCAT server (Ye and Godzik 2004).

Molecular docking

Structures of 11 sesquiterpenes from the essential
oil of R. adpressum and structures
of Deoxynivalenol and 15-decalonectrin were
downloaded from PubChem database and
converted into PDB files with Discovery Studio
3.5. Modeled structures of 15 and 3-O-
trichothecene acetyltransferase and ligands were
imported to Molegro Virtual Docker 6.0 (MVD).
Proper bonds, bond orders, hybridization
and charges were assigned to imported molecules
in preparation process. The score function used
is MolDock score with a resolution of 0.30 A
and the coordinates of the search space are: X:
8.56, Y: 32.65, Z: 2551 at 10 A. The selected
search algorithm is MolDock optimizer 10 runs
with optimization of the energy and optimization
of H-bonds at the end of the docking. The other
parameters for this evolution algorithm are:
population size = 50, maximum interactions =
2000, scaling factor = 0.5, cross over rate = 0.9



Table 1. Percentages of sesquiterpenes in the essential oil of R. adpressum.
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2011 2012
April May June April May June
Peak Area [%0] Peak Area [%0]

a-Humulene 0.48 0.37 0.41 0.46 0.41 0.12
Germacrene D 0.32 0.37 0.46 0.31 0.26 0.55
Bicyclogermacrene 0.51 0.66 1.24 2.08 1.25 0.05
S-Bisabolene 0.20 0.24 0.33 0.13 0.15 0.19
y-Cadinene 0.49 0.55 0.54 0.47 0.41 0.34
J-Cadinene 1.03 0.96 0.63 0.61 0.85 0.07
y-Selinene 0.82 0.87 0.19 0.85 0.93 0.21
Nerolidol 1.07 1.06 1.19 0.96 1.25 1.68
Ledol 0.79 0.49 0.54 0.50 0.51 0.11
T-Muurolol 241 231 2.75 2.27 1.40 2.12
a-Eudesmol 2.47 1.96 2.26 2.06 2.02 1.42

and RMSD-based for termination scheme.

Results and Discussion

Sesquiterpenes in R. adpressum essential oil

Sesquiterpenes are less volatile than other terpenes
and have great potency for stoichiometric diversity
and a strong odor (Buckle 2015). In the total
composition of the essential oil of R. adpressum, 36
components were identified represent 77 — 82 %
of the total composition of which 11 sesquiterpenes
belongs to hydrocarbons and oxygenated
sesquiterpenes families represent 12 — 16 % of this
composition (Table 1). T-muurolol
and o-eudesmol have the highest percentages
ranging from 1.4 to 2.75 %.

Important biological activities have been reported
for these sesquiterpenes. These include anti-
inflammatory effect of a-humulene in the essential
oil from Cordia verbenacea (Fernandes et al.
2007), fungitoxic activity of Bicyclogermacrene
(Bohlmann and Zdero 1978; Silva et al. 2007),
antibacterial activities, antileishmanial
and antiulcerogenic of Nerolidol (Hada et al. 2003;
Arruda et al. 2005; Kilopell et al. 2007),
antibacterial activity of p-bisabolene (Nascimento
et al. 2007) and antitermitic activity of T-muurolol
(Cheng et al. 2004).

In a previous study, variability between chemical
groups and in the same group was noted, which
may be related to the variation of different biotope
conditions (Elhouiti et al. 2017). Yayi-Ladekan et
al. (2012) observed a diurnal variation
in the chemical composition of the essential oil

of Ocimum canum which modified the synergistic
action of these constituents in the results
of the antimicrobial activity. These sesquiterpenes
identified in the essential oil of R. adpressum have
been suggested as molecules which may
be involved in mycotoxins production inhibition
of the strains of F. culmorum and F. graminearum
observed in the previous study (Elhouiti et al.
2017). The hypothesis was that their structural
analogy with trichothecenes may play an important
role in inhibiting the biosynthetic enzymes of these
mycotoxins such as 15-O-trichothecene
acetyltransferase and 3-O-trichothecene
acetyltransferase.

Homology modeling

Modeling of both structures of 15-O-trichothecene
and 3-O-trichothecene acetyltransferase  with
ProMod3 1.1.0 of SWISS-MODEL gave one model
for  3-O-trichothecene acetyltransferase  with
GMQE = 0.93 and QMEAN = -0.45 (86.06 %
of sequence identity to 3fot.1.A sequence template)
and two models for  15-O-trichothecene
acetyltransferase: the first one has 85.43 %
of sequence identity to 3fot.1. A sequence template
and GMQE = 0.93, QMEAN = -0.58. The sequence
identity to the sequence template (1noc.2.A) for
the second model was 12.64 % with GMQE = 0.14,
QMEAN = -6.64. In order to select the most
suitable templates, the most likely structural
similarity is the value at which the joint distribution
is maximized, called global quality estimation
score (GMQE) expressed as a number between
zero and one, where higher numbers indicate higher
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Table 2. Docking analysis of R. adpressum sesquiterpenes, deoxynivalenol and 15-decalonectrin on 3 and 15-O-trichothecene

acetyltransferases.

3-O-trichothecene acetyltransferase

15-O-trichothecene acetyltransferase

MolDock Rerank Internal HBond LE1 LE3 MolDock Rerank Internal HBond LE1 LE3

Score Score Score Score
a-Humulene -71.5 -57.6 6.2 0 04 06 -76.2 -30.1 6.2 0 04 0.6
Germacrene D -90 -69.4 54 0 -04 0.1 -78.1 -62.4 -5.2 0 -03 01
Bicyclogermacrene -70.8 -34.3 0.3 0 0 0.3 -76.9 19.1 0.3 0 0 0.3
B-Bisabolene -93.4 -771 83 0 06 06 -86.4 -72.9 5.7 0 04 05
y-Cadinene -79.2 -63.2 7 0 05 05 -67.8 -56.3 6.2 0 04 05
0-Cadinene -70.5 -47.9 12.7 0 08 09 -59.6 -50.2 11.6 0 08 038
y-Selinene -68.9 -60.1 134 0 09 06 -75.5 -63.3 134 0 09 06
Nerolidol -103.9 -88.8 9.5 -2 06 05 -915 -80.2 4.3 -2.4 03 02
Ledol -73.5 -60.5 -0.5 -1.9 0 0.2 -76.6 -62.4 -0.5 -1.3 0 0.2
T-Muurolol -67 -59.7 14.6 -2.5 09 07 -63.3 -55.9 12.7 -0.2 08 0.6
a-Eudesmol -76.3 -64.2 17.5 -2.5 1.1 038 -77.5 -69.4 14.4 -2.2 09 06
Deoxynivalenol -81 -68.1 3138 -123 15 07 -69.2 -0.4 37.9 -8.8 1.8 07
15-Decalonectrin ~ -79.4 -19.9 18.6 -5.9 08 05 -72.5 -66.4 22.2 -2.5 1 0.6
reliability (Biasini et al. 2014). Global model Molecular docking
quality is assessed with the local composite scoring
function QMEAN calculated as indicators for In docking analysis, the affinity of the

the overall model quality and takes values between
0 and 1 (Benkert et al. 2009; Biasini et al. 2014).
With the structural alignment of FATCAT, the two
structures of 15-O-trichothecene and 3-O-
trichothecene acetyltransferase are significantly
similar (P < 0.05) and the alignment has 496
equivalence positions with an RMSD of 0.21 A.
The alignment also showed no major difference
with the template structure (3fot) with an RMSD
of 0.22 A and 495 to 489 equivalent positions for
15-O-trichothecene and 3-O-trichothecene
acetyltransferase respectively.

The structures of these two enzymes belong
to a conserved protein domain family (pfam
07428), which represents a conserved region
of approximately 400 residues. Garvey et al. (2009)
mentioned that in the structure of Tri 3 from
F. sporotrichioides (3fot) there are two protein
domains: N-terminal and C-terminal forming
between them at doughnut hole where the active
site is located. 15-O-trichothecene and 3-O-
trichothecene  acetyltransferase ~ belong  to
the BAHD superfamily acyltransferases which
have a conserved sequence catalytic motif: HX3D

and an important structural motif: DFGWG
(D’Auria  2006). In  both enzymes (15
and 3-O-trichothecene acetyltransferase),

the catalytic motif is represented by: His 183, Leu
184, Phe 185, Trp 186 and Asp 187. The residues
that take place ofthe DFGWG  motif
in the C-terminal are: Glu 447 - Ser 459.
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R. adpressum sesquiterpenes was elucidated
in comparison with deoxynivalenol (Tri 3 produced
toxin) and 15-decalonectrin which is the native
Tri3 substrate. Binding ability of these
sesquiterpenes to enzyme active site is given
in terms of MolDock Score and Rerank Score
(Table 2). These two scores reflect the affinity
of a ligand to the active site, therefore high values
indicate a strong affinity, given that Rerank score
in MVD provides an estimation of interaction
strength (Heble et al. 2016). Table 2 shows the best
poses for each ligand among 65 resulting poses
with their internal energies. LE1 represents ligand
efficiency 1, which is the ratio between MolDock
score and the number of heavy atoms while LE3
is the ligand efficiency 3 results from the division
of Rerank score on the number of heavy atoms.

R. adpressum sesquiterpenes have a strong affinity
for the active site of the two enzymes 15-O-
trichothecene  acetyltransferase ~ and  3-O-
trichothecene acetyltransferase and the oxygenated
sesquiterpenes can establish hydrogen bonds with
the catalytic amino acids which makes their
affinities  greater than the  sesquiterpene
hydrocarbons (Table 2). T-muurolol
and a-eudesmol are the best inhibitors of these two
enzymes compared to the native substrate
15-decalonectrin  (Fig. 1) knowing that most
of the amino acid interactions of the active site with
the substrate are hydrophobic (Garvey et al. 2009).
There is a slight structural difference between these
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Fig. 1. T-muurolol and a-eudesmol docking poses in active site of 15-O-trichothecene acetyltransferase (on the right)

and 3-O-trichothecene acetyltransferase (on the left).

two compounds and 15-decalonectrin  with
an RMSD of 3.7 A and 3.5 A for a-eudesmol
and T-muurolol respectively. The analogy of these
sesquiterpenes  with the substrate explains
the values of docking score more or less similar
(Table 2) and the high affinities to catalytic active
sites of the two enzymes which can make these
molecules competitive inhibitors.

In catalytic process, His1l83 may not form
a hydrogen bond with the C15 hydroxyl moiety,
but does form a hydrogen bond with a trapped
water molecule and the residues of the conserved
loop of Lys 421 - Pro 432 are proposed to allow
access to the active site. Asp 187 residue
of the HXsD motif is directed away from
the substrate, forming a salt bridge with Arg 339
and participating in a-helix capping (Garvey et al.

2009).

In their study, Umesh et al. (2020), showed
molecular details on the high affinity of rutin,
carpaine, stigmasterol, p-caryophyllene,
and «a-eudesmol against trehalose-6-phosphate
phosphatase (an enzyme involved in trehalose
biosynthesis in the pathway of infection
and proliferation of several pathogenic microbes)
with distances to active site amino acids between
1.7 and 2.7 A. In the study of Bernal and Coy-
Barrera (2014), agarofuran was shown to be a very
good inhibitor for N-myristoyl transferase, a target
enzyme against protozoan parasitic diseases.
On the other hand, the study of Ogungbe and Setzer
(2008), showed that the monoterpene hydrocarbons
(camphene,  p-cymene, limonene, myrcene,
a-pinene, and f-pinene) have a weak inhibitory
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activity against cysteine protease  cruzain,
an enzyme that plays an important role
in the penetration and proliferation of the parasite
responsible for American trypanosomiasis, while
the sesquiterpene hydrocarbons (f-caryophyllene,

a-vopaene, germacrene D, a-humulene
and a-zingiberene) showed relatively strong
inhibition.

Conclusions

Essential oils of R. adpressum have shown

a significant inhibitory effect on the growth
and production of type B trichothecenes
of F. culmorum and F. graminearum strains. In this
study, it was shown that the sesquiterpenes
and especially the oxygenated sesquiterpenes
identified in R. adpressum oil may be responsible
for the inhibition of mycotoxins production of these
strains by their high affinities to biosynthesis
enzymes like 15-O-trichothecene acetyltransferase
and 3-O-trichothecene acetyltransferase.
The results open up new perspectives in the study
of the levels and mechanisms of action of these
molecules of plant origin as alternatives in the fight
against phytopathogenic agents.

Conflict of Interest

The authors declare that they have no conflict of interest.

References

Arruda DC, D'Alexandri FL, Katzin AM, Uliana SR (2005)
Antileishmanial activity of the terpene nerolidol.
Antimicrob. Agents Chemother. 49: 1679-1687.

Bakan B, Pinson L, Cahagnier B, Melcion D, Semon E,
Richard-Molard D  (2001) Toxigenic  potential
of Fusarium culmorum strains isolated from French
wheat. Food Addit. Contam. 18: 998-1003.

Benkert P, Kiinzli M, Schwede T (2009) QMEAN server
for protein model quality estimation. Nucleic Acids Res.
37: W510-W514.

Bernal FA, Coy-Barrera E (2014) In-silico analyses
of  sesquiterpene-related compounds on  selected
Leishmania enzyme-based targets. Molecules 19: 5550-
5569.

Biasini M, Bienert S, Waterhouse A, Arnold K, Studer G,
Schmidt, T, Kiefer F, Gallo Cassarino T, Bertoni M,
Bordoli L, Schwede T (2014) SWISS-MODEL: modeling
protein tertiary and quaternary structure using
evolutionary information. Nucleic Acids Res. 42: W252-
W258.

35

Bohlmann F, Zdero C (1978) New sesquiterpenes from
Senecio oxyodontus. Phytochemistry 17: 1591-1593.

Buckle J (2015) Basic plant taxonomy, basic essential oil
chemistry, extraction, biosynthesis, and analysis.
In Buckle J (ed.), Clinical Aromatherapy, Elsevier, St.
Louis, p. 37-72.

Cheng SS, Wu CL, Chang HT, Kao YT, Chang ST (2004)
Antitermitic and antifungal activities of essential oil
of Calocedrus formosana leaf and its composition.
J. Chem. Ecol. 30: 1957-1967.

D’Auria JC (2006). Acyltransferases in plants: a good time
to be BAHD. Curr. Opin. Plant Biol. 9: 331-340.

Elhouiti F, Tahri D, Takhi D, Ouinten M, Barreau C, Verdal-
Bonnin MN, Bombarda I, Yousfi M (2017) Variability
of composition and effects of essential oils from
Rhanterium adpressum Coss. & Durieu against
mycotoxinogenic Fusarium strains. Arch. Microbiol. 199:
1345-1356.

Fernandes ES, Passos GF, Medeiros R, da Cunha FM,
Ferreira J, Campos MM, Pianowski LF, Calixto JB (2007)
Anti-inflammatory effects of compounds alpha-humulene
and (-)-trans-caryophyllene isolated from the essential oil
of Cordia verbenacea. Eur. J. Pharmacol. 569: 228-236.

Foroud NA, Eudes F (2009) Trichothecenes in cereal grains.
Int. J. Mol. Sci. 10: 147-173.

Garvey GS, McCormick SP, Alexander NJ, Rayment | (2009)
Structural and functional characterization of TRI 3
trichothecene  15-O-acetyltransferase from Fusarium
sporotrichioides. Protein Sci. 18: 747-761.

Hada T, Shiraishi A, Furuse S, Inoue Y, Hamashima H,
Masuda K, Matsumoto Y, Shiojima K, Shimada J (2003)
Inhibitory  effects of terpene on the growth
of Staphylococcus aureus. Nat. Med. 57: 464-467.

Heble NK, Mavillapalli RC, Selvaraj R, Jeyabalan S (2016)
Molecular docking studies of phytoconstituents identified
in Crocus sativus, Curcuma longa, Cassia occidentalis
and Moringa oleifera on thymidylate synthase — An
enzyme target for anti-cancer activity. J. Appl. Pharm. Sci.
6: 131-135.

Klopell FC, Lemos M, Sousa JP B, Comunello E, Maistro
EL, Bastos JK, Andrade SF D (2007) Nerolidol,
an antiulcer constituent from the essential oil of Baccharis
dracunculifolia DC (Asteraceae). Z. Naturforsch. C. 62:
537-542.

Nascimento AM, Brandao MG, Oliveira GB, Fortes IC,
Chartone-Souza E (2007) Synergistic bactericidal activity
of Eremanthus erythropappus oil or p-bisabolene with

ampicillin  against  Staphylococcus aureus. Antonie
Leeuwenhoek 92: 95-100.
Ogungbe 1V, Setzer WN (2008) Cruzain inhibition

by terpenoids: A molecular docking analysis. Nat. Prod.
Commun. 3: 865-868.

Shah DA, Pucci N, Infantino A (2005) Regional and varietal
differences in the risk of wheat seed infection by fungal
species associated with Fusarium head blight in Italy. Eur.
J. Plant Pathol. 112: 13-21.

Silva LD, Oniki GH, Agripino DG, Moreno PR, Young MC
M, Mayworm MA S, Ladeira AM (2007)
Biciclogermacreno, resveratrol e atividade antifingica



extratos de folhas de Cissus verticillata (L.) Nicolson
& Jarvis (Vitaceae). Rev. Bras. Farmacogn. 17: 361-367.

Umesh HR, Ramesh KV, Devaraju KS (2020) Molecular
docking studies of phytochemicals against trehalose-6-
phosphate phosphatases of pathogenic microbes. Beni-
Suef Univ. J. Basic Appl. Sci. 9: 5.

Waalwijk C, Kastelein P, de Vries I, Kerenyi Z, Van der Lee
T, Hesselink T, Kohl J, Kema G (2003) Major changes
in Fusarium spp. In: wheat in the Netherlands. Eur. J.
Plant Pathol. 109: 743-754.

Wagacha JM, Muthomi JW (2007) Fusarium culmorum:
Infection process, mechanisms of mycotoxin production
and their role in pathogenesis in wheat. Crop Prot. 26:
877-885.

Nova Biotechnol Chim (2020) 19(1): 30-36

Yayi-Ladekan E, Kpoviessi SS D, Ghaguidi F, Kpadonou-
Kpoviessi BG H, Gbénou JD, Jolivalt C, Moudachirou M,
Accrombessi GC, Quetin-Leclercq J (2012) Variation
diurne de la composition chimique et influence sur les
propriétés  antimicrobiennes de [’huile essentielle
d’Ocimum canum Sims cultivée au Bénin. Phytothérapie
10: 229-237.

Ye Y, Godzik A (2004) FATCAT: a web server for flexible
structure comparison and structure similarity searching.
Nucleic Acids Res. 32: W582-W585.

Yorik E, Albayrak G (2012) Chemotyping of Fusarium
graminearum and F. culmorum isolates from Turkey
by PCR assay. Mycopathologia 173: 53-61.

36





