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Purpose: Chitin is a structural, long_chain polysaccharide of N-
acetylglucosamine subunits with beta 1,4 glycosylated bonds and
the second post-cellulose polysaccharide in nature. Chitinases
enzymes are capable of degrading chitin, plays essential roles in
the decomposition of chitinous wastes, can be used as a biological
fungicide against phytopathogenic fungi. Research method:
Fusarium isolates were recovered from soil, the spore of
phytopathogenic fungi, and cereal tissues in different areas of
Birjand plain during 2013-2017. A chitinase enzyme activity assay
was performed using the Lugol's solution staining method and
genomic replication by DECH degenerate primers. Findings: Eighty-
three isolates of Fusarium presenting the chitinolytic activity were
recovered from soil, cereal plant tissues from different areas of the
Birjand plain in Iran. Some isolates were also recovered from barley
loose smut and barberry rust spores. Chitinase enzyme activity was
detected in Fusarium solani, F. proliferatum, F. avenaceum, F.
fujikuroi, F. acuminatum, F. semitectum, F. culmorum, F. equiseti, F.
nygamai, F. diversisporum, F. oxysporum and F. longipes by
chitinase bioassay method and/or DECH primers for chitinase.
Limitations: There were no limitations to report. Originality/Value:
Based on the molecular data, the secreted chitinases belonged to
chitinsel or endochitinase-42 kDa, members of GH family 18. This
is the first report of chitinases from Fusarium species in Iran.
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INTRODUCTION

Chitin, a linear polymer of N-acetyl glucosamine, is synthesized by fungi, crustaceans,
molluscs, insects, algae and yeasts (De Marco et al., 2000; Patel & Goyal, 2017; Synowiecki
& Al-Khateeb, 2003). Chitinolytic enzymes, especially chitinases, biodegrade chitin and
break down its glycosidic bonds (Fan et al., 2007). Chitinases play a significant role in the
development and branching of the fungal hyphae, in spore production and germination, in cell
division and degradation of the fungal cell wall, morphogenetics, and maintenance of the cell
wall structure (Adams, 2004; Karlsson & Stenlid, 2008; Khoushab & Yamabhai, 2010; Patel
& Goyal, 2017). In nature, the secretion of chitinases by bio-control agents in soil inhibits
fungal chlamydospore germination, hyphal growth and the germination of sclerotia
(Mohapatra & Parhi, 2017). Introducing of fungal chitinase gene to plants increases their
resistance to phytopathogenic chitinous fungi (Mythili et al., 2018).

Chitinase production has been reported from various fungal species, including
Trichoderma harzianum (Harman et al., 1993), Aspergillus nidulans (Szilagyi et al., 2018), A.
niger (van Munster et al., 2012), A. terreus, A. fumigatus (Xia et al., 2001), Penicillium
janthinellum (Di Giambattista et al., 2001), Paecilomyces lilacinus (Dong et al., 2007),
Trichothecium roseum (Xian et al., 2012), Metarhizium anisopliae (Kang et al., 1999),
Verticillium chlamydosporium and V. suchlasporium (Tikhonov et al., 2002).

Chitinase genes have also been reported from saprophytic or phytopathogenic Fusarium
species, including Fusarium acuminatum, F. culmorum, F. equiseti, F. oxysporum and F.
semitectum (Nuero, 1995). Govinda Rajulu et al. (2010) showed the producing of chitinase
enzymes in some Fusarium species collected from India. Mathivanan et al. (1998) have
described the presence of chitinase enzyme in F. chlamydosporum species.

In Iran, chitinolytic enzymes have been purified and identified in T. harzianum (Seyed
Asli et al., 2004), T. atroviride (Harighi et al., 2006), T. virens and T. longibrachiatum (Seyed
Asli et al., 2004) species. As far as it is known, it has not yet been reported the presence of
chitinase genes in Fusarium species in Iran. The purpose of this study was to investigate the
presence of chitinolytic enzymes, and the genes associated with chitinolytic enzymes in
Fusarium isolates from Iran.

MATERIALS AND METHODS

Several Fusarium isolates were obtained from the Faculty of Agriculture's fungal culture
collection of the Birjand University. Most of these isolates of Fusarium were previously
isolated from the cereal's tissues in Birjand, east of Iran, during 2012-2014 (Besharati Fard et
al., 2017).

During 2015-2017, additional Fusarium species were isolated from soil, and plant tissues
in the Birjand plain. The Fusarium species from soil were isolated by spreading a soil
suspension on minimal microbial culture medium containing 1% colloidal chitin and 200 ppm
Rose Bengal (Kugiuk & Kivang, 2003). The minimal medium was similar to that of Snyder
and Nash (1968) medium and contained K:HPO4 (1.0 g.I'), NaCl (0.5 g.I'Y), MgSOa. 7H20
(0.5 g.I'Y), FeSO4. 7H,0 (0.01 g.I'Y), Agar (15 g.I'Y) (Merck Co., Germany), 1% colloidal
chitin (extracted from a crabs' body by NanoYakhteh Chemistry Co., Tehran, Iran) and 200
ppm Rose Bengal (Waksman & Fred, 1922). By removing sucrose and sodium nitrate
(NaNO3) from Nash & Snyder medium (Snyder & Nash, 1968), no carbon-nitrogen-
containing compounds were added to the medium until chitin was used as a carbon and
nitrogen source.
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Spores of barley loose smut (Ustilago nuda), barberry rust (Puccinia sp.) and Sonchus
powdery mildew (Erysiphe sp.) were collected from smutted grain heads and pustules of
infected plants and cultured on a minimal medium containing 1% colloidal chitin without
disinfecting or after surface disinfecting with 5% sodium hypochlorite for 1 minute. Many
other fungal spores such as Alternaria, Ustilago from Cynodon and some other powdery
mildew from several diseased plants were cultured, but since there is not any Fusarium
isolation, their data was not mentioned in this paper.

Two_millilitre Eppendorf tubes containing chitin powder were autoclaved at 121°C for
15 minutes (Poshina et al., 2018). One drop of spore suspension from each isolate in sterile
water was transferred to the tubes and stored up to 2 months at 27 °C for enhancement of
chitin biodegradation ability.

Colloidal chitin was prepared using Hsu and Lockwood (1975) method by adding 150 ml
of hydrochloric acid (HCI) to 20 g of chitin powder extracted from a crabs body for several
hours, continuous washing with cold water, centrifuging and removing excess water (Hsu &
Lockwood, 1975). The Fusarium isolates were cultured on a minimal medium containing 1%
colloidal chitin and incubated at 27°C for seven days. 7-day old colonies of the Fusarium
isolates were flooded with 1.5% iodine Lugol's solution. The presence of a bright halo around
the colonies and its diameter was considered as a criterion for the ability of the fungus to
biodegrade chitin (Loc et al., 2011). For all isolates, the tests were replicated three times, and
the diameter of the surrounding halo was measured.

Genomic DNA was extracted by the Cetyltrimethylammonium bromide method from 7-
day-old Fusarium colonies on potato dextrose agar (PDA) medium (Brandfass & Karlovsky,
2008; Griffiths et al., 2006). The presence of a chitinase gene was studied by replication of
extracted DNA from fungal isolates using degenerate DECH (forward: 5'-
TCCCARAYHCCRTTCTCCCA-3", and reverse: 5— AAYYTBATGGCYTAYGACT-3)
and Chit-2 (forward: 5-TCCATYGGNGGNTGGACNTG-3" and reverse: 5'-
GCRSWNGCYTCCCARAACAT-3") primers (Afsarzadeh Laein & Mohammadi, 2018;
Meng et al., 2015). The PCR reaction solution contained 10X PCR buffer (2.5 ul), MgClz (1.2
pl of 50 mM solution), dNTPs (0.5 pl of 10 mM solution), primers (2 pl of 10 uM solution),
Tag DNA polymerase enzyme (0.15 pl), and 1 pl of genomic DNA (Meng et al., 2015). All
reagents were obtained from CinnaGen Co., Tehran, Iran. The final volume of each reaction
reached 25 pul by de-ionized distilled water. PCR reactions were performed with Biometra
thermal cycler (Analytik Jena, Germany) for chitinase amplification with 35 cycles based on
the Meng et al. (2015) method. The PCR products were electrophoresed in a 1% agarose gel
with 80 mA voltage.

The South Korean Macrogen company sequenced the PCR products with DECH primers.
The sequences of some regions replicated by the above primers were aligned with the NCBI
GenBank database using Geneious R11.1.4 (Biometrics Ltd.) software (Naim et al., 2018).
The similarity of replicated regions amino acid sequences with NCBI GenBank databases
were determined using Geneious R11.1.4 (Biometrics Ltd.) software (Naim et al., 2018).

The fungal isolates were identified up to species level based on the macroscopic and
microscopic taxonomic morphological features using mycological keys (Leslie & Summerell,
2008). Macroscopic and microscopic features were studied including growth rate and color of
colonies on PDA, micro and macroconidia, hyphal swelling and chlamydospore production.
The sporulation of the fungal cultures and morphological study of fungal macroconidia was
performed using carnation leaf agar (CLA) culture medium, spezieller nahrstoffarmer agar
(SNA) culture medium and soil-agar culture medium (Leslie & Summerell, 2008). The
molecular identification of the isolates was performed using the elongation factor (EF) gene
replication (Geiser et al., 2004). South Korea's Macrogen company sequenced the product of
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PCR reaction with EF primers (forward: 5-ATGGGTAAGGA(A/G)GACAAGAC-3' and
reverse: 5'-GGA(G/A)GTACCAGT(G/C)ATCATGTT-3'"). For molecular identification, the
sequences were aligned with the NCBI GenBank databases using the Geneious 14.1.4
software (Naim et al., 2018).

RESULTS

Eighty-three isolates of chitinolytic Fusarium were recovered from soil and plant tissues from
different areas of Birjand plain (Table 1; Fig. 1). Both DECH primers and the Lugol's staining
method showed the presence of the chitinase gene and chitin biodegradation capability of 39
isolates Fusarium spp. (Table 1). Chitinase gene and chitinolytic activity was detected in the
remaining 44 isolates only by DECH primers (36 isolates) or Lugol's staining (8 isolates)
method (Table 1).

Table 1. Chitinolytic isolates of Fusarium studied in this research+

Logule
staining
. - Chitinase halo
Isolate Fusquum Source Location Chltlnase Acc. EF Acc. production
species primer number -
number and its
diameter
(cm)
M1 gﬁgﬁg;‘;@um Soil Bijand DECH  ns + 126
M10 F. solani Soil Birjand DECH ns + 6
M13 Fusarium sp. Barley loose Amirabad nr ns +
smut spore
M14 F.proliferatum  Daney100se 5 jiobad DECH  ns 163
smut spore
M15 F. solani Berberis rust Darmian  DECH& MG707137 + 6
spore ChiT-2-R
M17 F. solani Soil Birjand ChiT-2-R ns + 6
M19 F. proliferatum  Soil Birjand DECH MG707099 MG707131 +
M2 (F58) F. solani Soil Birjand DECH ns MG707123 + .83
M20 F. solani Soil Birjand ChiT-2-R  ns + .83
M21 Fusarium sp. Berberis rust Darmian ~ DECH ns +
spore
M27 F. solani Barley loose Amirabad DECH  ns MG707130 +
smut spore
M28 Fusarium sp. Soil Birjand nr ns +
M3 F. proliferatum Barley loose Amirabad nr ns +
smut spore
M38 F. solani Soil Birjand DECH ns + .96
M4 F. solani Soil Birjand DECH ns + .36
M46 F. solani Soil Birjand nr ns +
M47 Fusarium sp. Soil Birjand nr ns +
M51 F. proliferatum  Soil Birjand ChiT-2-R ns + 6
M52 F. solani Soil Birjand nr ns +
M53 F. proliferatum  Soil Birjand DECH ns + 2.63
M54 Fusarium sp. Soil Birjand nr ns +
M55 F. proliferatum  Soil Birjand ChiT-2-R  ns MG707128 +
M58 F. proliferatum  Dariey loose Amirabad DECH  MG707098 MG707134 +
smut spore
M59 F. solani Soil Birjand ChiT-2-R  ns MG707127 +
M6 Fusarium sp. Barley loose Amirabad nr ns +
smut spore
M60 F. proliferatum  Soil Birjand DECH ns +
M61 F. solani Soil Birjand ChiT-2-R  ns MG707136 +
M62 F. proliferatum  Soil Birjand ChiT-2-R  ns +
M63 F. proliferatum  Soil Birjand DECH MG707091 MG707135 +
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M66
M68
M69

M71

M72

M73
M9
P1
P10

P11 (FAC 2)
P12 (FSE 1)

P13 (FF 2)

P14
P15

P16 (FS 2)
P17 (FF 3)
P18 (FS 3)

P19 (FC 1)

P2
P20

P21 (FE 1)

P22 (FS 4)
P23
P24 (FF 4)

P25 (FS 5)
P26 (FNG 1)
P27 (FNG 2)
P28 (FS 6)

P29 (FAC 3)
P3 (FS 1)
P30 (FNG 3)

P31 (FD 1)
P32 (FAC 4)
P33 (FC 2)
P34 (FE 2)
P35 (FO 1)

P36 (FS 7)
P37
P38 (FAV 2)

P39 (FL 1)
P4 (FAV 1)

F. proliferatum
F. proliferatum
F. proliferatum

F. proliferatum

Fusarium sp.

F. proliferatum
F. proliferatum
Fusarium sp.
Fusarium sp.

F. acuminatum
F. semitectum

F. fujikuroi

Fusarium sp.
Fusarium sp.

F. solani
F. fujikuroi
F. solani

F. culmorum

Fusarium sp.
Fusarium sp.

F. equiseti

F. solani
Fusarium sp.
. fujikuroi

. solani
. nygamai
. Nygamai
. solani

. acuminatum
. solani

m T m m o m m m M

. Nygamai

F.
diversisporum

F. acuminatum
F. culmorum
F. equiseti

F. oxysporum

F. solani
Fusarium sp.
F. avenacenum

F. longipes
F. avenaceum

Soil

Soil

Soil

Berberis rust
spore

Spiny sowthistle
powdery mildew

nonsterile spore
Soil

Soil

Cereals tissue
Cereals tissue

Wheat root
Wheat root

Wheat stalk

Cereals tissue
Cereals tissue

Wheat stalk
Wheat root
Wheat stalk

Wheat root

Cereals tissue
Cereals tissue

Wheat root

Wheat root
Cereals tissue
Wheat root

Wheat stalk
Wheat root
Wheat root
Wheat root

Wheat root
Wheat stalk
Wheat root

Wheat root
Wheat root
Wheat root
Soil

Wheat stalk

Wheat root
Cereals tissue
Wheat root

Wheat root
Wheat stalk

Birjand
Birjand
Birjand

Darmian

Amirabad
Birjand
Birjand
Birjand
Birjand
Khusf
Khusf
Giuk
Birjand
Birjand
Giuk
Amirabad
Bojd
Khusf
Birjand
Birjand
Khusf
Birjand
Birjand
Birjand
Giuk
Khusf
Bojd
Amirabad
Bojd
Khusf
Birjand
Khusf
Bojd
Bojd
Khusf
Giuk
Amirabad
Birjand
Amirabad

Khusf
Bojd

DECH
DECH
DECH

DECH

DECH

DECH
DECH
CH1

DECH

DECH
DECH

DECH

DECH
DECH

DECH
DECH
DECH

DECH

CH1
DECH

DECH

DECH
DECH
DECH

DECH
DECH
DECH
DECH

DECH
DECH
DECH

DECH
DECH
DECH
DECH
DECH

DECH
DECH
DECH

DECH
DECH

ns
ns
ns

MG707096

MG707100

ns
MG707095
ns

MG707084

MG707110
MG707118

MG707090

S
MG707121

MG707092
MG707114
ns

MG707097

ns
MG707106

MG707093

MG707115
MG707094
MG707103

ns
ns
ns
MG707116

MG707107
MG707112
MG707101

ns
ns
ns
MG707111
ns

MG707117
ns
MG707105

ns
MG707109

MG707132

MG707133

MG707129

+ +

+

nd
nd

nd
nd
nd

nd

nd
nd

nd
nd
nd
nd
nd

nd
nd

nd
nd
nd
nd
nd

nd
nd

nd
nd

1.83
1.63

1.96

13

1.9
14

1.36

15

1.06

1.23
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0

iR e
P40 (FAC5) F.acuminatum  Wheat root Bojd DECH MG707087 nd
P41 (FAC 6) F.acuminatum  Wheat stalk Giuk DECH ns nd
P42 Fusarium sp. Cereals tissue Birjand DECH MG707108 nd
P43 (FL 2) F. longipes Cereals tissue Khusf DECH MG707085 nd
P44 (FSE2) F. semitectum Wheat root Giuk DECH MG707102 nd
P45 (FS 8) F. solani Wheat root Amirabad DECH ns nd
P46 (FAC 7) F.acuminatum  Wheat root Amirabad DECH MG707088 nd
P47 (FAC 8) F.acuminatum  Wheat root Birjand DECH ns nd
P5 Fusarium sp. Cereals tissue Birjand DECH ns nd
P6 (FF 1) F. fujikuroi Wheat root Khusf DECH MG707104 + 1.16
P7 Fusarium sp. Cereals tissue Birjand DECH MG707119 + 6
P8 (FAC1) F.acuminatum  Wheat stalk Khusf DECH MG707086 nd
P9 Fusarium sp. Cereals tissue Birjand DECH MG707113 + 15
+ nr: not replicated, ns: not sequenced, nd: not determined.
e x = //;,,s‘:bk

S B‘d 20122017 Yearsy “SG™ L ot h:;ﬁl: Batbetiy
loose smut rust
Direct

| . ﬁ mildew
isolation I Not disinfected or disinfected | S |

Sonchus
powdery

O10eN

Bright halo

Chitinase - Chitinase + (Chitin degraded)
= DECH primers &
| @ PCR master mix

 — )
{ i | e MACROJGEN o] E

geneious =

Fig. 1. Isolation and identification of chitinolytic Fusarium isolates from soil, plants and fungal tissues.
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Fig. 2. Chitinase activity of (A) Fusarium proliferatum, (B) F. solani, (C) F. equiseti, (D) F. acuminatum, (E) F.
semitectum, (F) F. fujikuroi, (G) Trichoderma harzianum and (H) control on minimal media containing 0.1%
(w.vt) colloidal chitin and chitin powder.

Twenty-four hours after adding 1.5% Lugol's solution to the 7-day culture of isolates on a
medium with at least 1% colloidal chitin, a bright halo was observed around the colony of 47
isolates. The diameter of the halo formed in the different isolate and species varied from 0.7-6
cm, a small halo around the fungal colony to the whole surface of the 6 cm Petri dishes (Fig.
2).

Two months after the preservation of Fusarium isolates in tubes containing chitin powder,
some of them were grown on sterile chitin powder. The amount of colonization of chitin
powder varied so that the growth of some isolates led to chitin powder degradation and lysing,
but the control and some isolates lacking the ability to chitin degradation did not change
chitin powder.

The DECH primers amplified 250 base pairs regions in chitinolytic isolates. Twenty of
the chitinolytic isolates were identified to be F. solani. The diameter of the observed halo
around fungal colonies varied from 0.7-6 cm after Lugol's staining test (Fig. 2B). DECH
primers were also able to amplify the genome and confirmed the presence of chitinase gene in
this species. The EF primers replicated a fragment in some of the isolates of this group whose
sequences had 99.9-100 similarity with the sequence of F. solani species in the NCBI
GenBank.

Seventeen of the chitinolytic isolates were identified as F. proliferatum. The diameter of
the halo formed around the colonies of this species in the culture medium was 1.3-6 cm (Fig.
2A). DECH and ChiT-2-R primers also replicated a 250 and 600 bp regions in these isolates.

Eight of the chitinolytic isolates were identified as F. acuminatum. The diameter of the
halo created after the Lugol's solution test these isolates varied between 1-1.4 cm (Fig. 2D),
and DECH primers replicated the genome. EF primers also replicated a fragment in these
isolates of which the sequence was similar to the sequence of F. acuminatum in the NCBI
GenBank. Two isolates were identified as F. equiseti which formed a halo with a diameter of
5-6 cm in the culture in the Petri dish after Lugol's test (Fig. 2C). DECH primer was able to
amplify a region of approximately 250 bp. Two isolates were found to be F. semitectum. The
mean diameter of the halo around the colony of these two isolates was 6 cm after Lugol's test
(Fig. 2E), and DECH primer could replicate 250 bp region of the fungal genome. A halo with
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a diameter of 1.1-1.8 cm was observed around the colonies of 4 isolates of F. fujikuroi
species, after staining with Lugol's solution (Fig. 2F). In this case, DECH primer replicated

the genome.

XM_023569325 = R e

XM_018897757 = o Chinase 10DS e
XM_018396210 ___ 42 kDa endochitinase precursor CDS 3
XM_011323812 — 82.kDa endochifinase DoCEOCCDS 7%

F. acuminatum P46

F. semitectum P44
F. longipes P43

Fusarium sp. P42 i

.acuminatum P40

.avenacenum P38

. solani P36

. equiseti P34

. nygamai P30

.acuminatum P29
. solani P28

mmmmmmmm

. fujikuroi P24
Fusarium sp. P23

F. solani P22
F. equiseti P21

Fusarium sp. P20

F. fujikuroi P17
F.solani P16

Fusarium sp. P15

chitinase CDS

F. fujikuroi P13 URCTIORIT DR XTI =
F. semitectum P12 —— — — =
F. acuminatum P11 ORCD o e == hes

Fusarium sp. P10

Fusarium sp. P9
F. acuminatum P8

Fusarium sp. P7
F. fujikuroi P6

F. avenaceum P4

F.solani P3
Fusarium sp. M72
F. proliferatum M71
F. proliferatum M63
F. proliferatum M58
F. proliferatum M19
F. proliferatum M9

Fig. 3. Graphical display chitinase regions replicated by DECH primers similarity compared with GenBank

NCBI records using Geneious software.
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DECH primers were able to amplify the genome the F. avenaceum, F. nygamai, F.
diversisporum, F. longipes, F. culmorum and F. oxysporum species. Chitin analysis test was
not performed in the culture medium of these species, and only by the molecular method, the
presence of the gene chitinase proved in these species.

DISCUSSION

The presence of chitinase genes and/or ability to produce chitinolytic enzymes have been
proven in 83 isolates representing 12 species of Fusarium. The sequences of DECH primers
replicated regions of 27 isolates had 98-99% similarity to 42 kDa endochitinase gene
sequence of F. oxysporum f. sp. lycopersici (XM-018396210). This region is a part of the
chitinasel enzyme production gene. Replicated regions of some Fusarium isolates, had high
similarity with sequences of chitinase genes in Trichoderma species (Fig. 3).

The sequence of the replicated region in some F. proliferatum isolates was consistent
with 42 kDa endochitinase gene. The sequences of predicted proteins encoded by the
replicated regions were 90% similar to a protected region in other Fusarium species (Fig. 3).

DECH primer-replicated regions of P44 (FSEZ2) isolate from F. semitectum species, was
more than 99.8% similar with chitinasel gene sequence in F. verticillioides isolate 7600
(XM-018897757) of the NCBI GenBank, which can confirm the presence of genes with
similar structure and activity in F. semitectum species. The sequence of the DECH primers
products in P38 isolate of F. avenaceum species was 90% similar with the sequence of 42-kD
DNA endochitinase gene of the isolate PH-1 of F. graminearum species in the NCBI
GenBank (XM-11323812). The sequence of the replicated regions indicates the presence of
chitinase 1 or chitinase enzyme like the 42 kDa endochitinase enzyme. Further study is
necessary for isolation and identification of these enzymes.

The production of this chitinase by Fusarium species and presence of chitinase gene in
the genome of this fungus reflects the fact that some species of Fusarium can produce
chitinase and can secrete it into the culture medium and degrade chitin in the medium. The
growth of the Fusarium colonies in the presence of the enzyme also indicated that the
enzymes did not affect Fusarium growth in the culture medium.

Most isolates of this study were isolated from the soil and plant tissues and a small
number from vegetative or reproductive tissues of plant pathogens. The isolates from cereals
are pathogenic to cereals, especially wheat (Besharati Fard et al., 2017). The results of this
study showed that this isolate, which are pathogens of cereals, can produce chitinolytic
enzymes in the culture medium.

The presence of chitinolytic enzymes in the pathogen isolates may be aimed to change
the fungal tissue, reconstruction and destruction of the old walls and the production of new
cells (Adams, 2004; Gooday et al., 1986). The presence of a bright halo around the fungal
colonies after staining with Lugol's staining indicates secretion of chitinolytic enzymes into
the culture medium (Fig. 4). Therefore, it may also be released inside the plant and natural
media and help distribution of the fungi in the plant or soil (Homthong et al., 2016;
Prasetyawan et al., 2018).
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Fig. 4. Degradation of chitin that was colored by the iodine in the Lugol's solution, into simple carbohydrates that
did not absorb the iodine.

Lysis of the host structure by secretion of extracellular lytic enzymes is one of the
important mechanisms involved in the antagonistic activity of biocontrol agents (Mathivanan
et al., 1998). The M3 and M14 isolates from F. proliferatum and M27 and M58 isolates of F.
solani were recovered from U. nuda spores of barley. The simultaneous presence of these two
fungi in infected ears could be due to concurrent infection of the ears with both fungal
species. On the one hand, F. proliferatum and F. solani species can use U. nuda spores as a
source of nutrients using chitinolytic enzymes and may be destroyed U. nuda spore and
hyphal tissues.

We isolated F. proliferatum (M71), and F. solani (M15) isolates from spores of barberry
rust, one of the most important diseases of this plant in South Khorasan. The presence of these
chitinolytic species in rust pustules of barberry can indicate the infection of the barberry tissue
with these species of Fusarium or growth of these species on barberry rust spores.

From the spores of Sonchus powdery mildew belonging to the genus Erysiphe, only one
isolate (M72) of Fusarium was isolated, which, like the two above fungi, probably shows
simultaneous infection or Erysiphe hyperparasitism by Fusarium species.

The presence of chitinase gene and the ability to produce chitinolytic enzymes have been
investigated in some species of Fusarium (Koyama et al., 2017; Mathivanan et al., 1998).
Nuero (1995) demonstrated the production of chitinase enzyme in 17 species of Fusarium and
ability to use colloidal chitin and carboxymethyl chitin as a food source. According to the
results, the activity of B-N-acetylglucosaminidase and endochitinase in F. acuminatum species
was 127 and 22 mU/mg, 17 and 4 mU/mg in F. culmorum, respectively, 50 and 40 mU/mg in
F. equiseti, respectively, 7 and 18 mU/mg in F. oxysporum, respectively, and 10 and 12
mU/mg in F. semitectum, respectively.

Govinda Rajulu et al. (2010) recovered 31 isolates of chitinolytic endophytic fungi from
Indian forests, of which 12 isolates belonged to Fusarium species. Mathivanan et al. (1998)
showed that F. solani species could produce chitinase enzyme in the liquid medium after six
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days, which can inhibit P. arachidis spore germination, isolated 40 kDa chitinase from F.
chlamydosporum species, which had a stable pH of 5 and up to 40°C. This enzyme inhibited
the germination of P. arachidis uredospore with lysing uredospore wall and mass of the tube,
reducing the development of rust pustules on groundnut leaves (Mathivanan et al., 1998).

So far, chitinases with molecular weights of 33, 42 and 44 isolated from species of
Trichoderma genus, 27-82 kDa from P. aculeatum species, 46 kDa from Ch. globosum
species and 50 kDa from R. oryzae species have been identified.

The sequence of Fusarium species in this study resembled the sequence of 42 kDa
chitinase and chitinase 1 of the remaining fungal species, which are 18 chitinase genes from
glycoside hydrolase family. Chitinolytic Fusarium isolates were evaluated for biocontrol
potential of Alternaria and Bipolaris using dual culture bioassay, but no growth inhibitory and
hyperparasitism was observed. The isolation and identification of chitinase enzyme from
these fungi and determination of their role in the life of these Fusarium species should be
made clear at the next steps.

CONCLUSION

Chitinase enzyme activity was detected in F. solani, F. proliferatum, F. avenaceum, F.
fujikuroi, F. acuminatum, F. semitectum, F. culmorum, F. equiseti, F. nygamai, F.
diversisporum, F. oxysporum and F. longipes species based on the molecular data, the
secreted chitinases belonged to chitinsel or 42 kDa, members of GH family 18. This is the
first reports of chitinases from Fusarium species in Iran.
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