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RESEARCH ARTICLE

Investigation of anthraquinone-producing Trichoderma reesei by high-
performance liquid chromatography (HPLC)

Abstract

Objective: To investigate the isolates of Trichoderma that produce anthraquinones by High-performance Liquid
Chromatography (HPLC).

Methods: Trichoderma specimen were collected from Wassit Soil and identified dependent on morphological features
and tested for production of anthraquinones by HPLC, Trichoderma isolate which produced a high concentration of
anthraquinones diagnosed for the species using PCR-ITS region.

Results: Ten isolates were identified as Trichoderma according to morphological and microscopic features. Results
three Trichoderma isolates show differences between the concentrations of anthraquinones among the ten isolates.
The total concentration of this compound in the extracts of specimens 1, 2 and 3 were (7.765ug/ml), (2.308ug/ml),
and (4.977ug/ml) respectively. At the final concentration of Trichoderma isolates, genomic DNA have been extracted
(400 to 600 ug) / (2 to 3g) fresh mycelium, and with a concentration of (1.6 t01.8), and the results of amplifying
Trichoderma DNA samples by using ITS-1 and ITS-4 showed a single unique band consistent with T. reesei F48-03, Which
with other isolates of the Trichoderma were missing, were identified successfully.

Conclusion: For identification and phylogenetic classification of Trichoderma, DNA-based methods that provide useful
classification information are presently used. For several years, most T. spp. is regarded as a single species due to their
morphological similarity. This research used ITS markers to distinguish genotypes within T. spp. because of amplifying
a distinct, naturally determined locus with a couple of T.reesei -specific oligonucleotide primers. This research was
carried out to provide supporting evidence for the long-standing antimicrobial use of anthraquinone.
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Introduction

Many crop pathogens have been successfully managed
through the use of Trichoderma species in field trials. These
fungi are free-living and highly interactive in root, soil, and
foliar environments.” The fungus Trichoderma has been
identified as a possible source of bioactive molecules. There
are different mechanisms that have been reported as being
responsible for their biocontrol activity. These mechanisms
include chitinolytic enzyme secretion, resource
competition, mycoparasitism, and inhibitory compound
production are all possible outcomes. Trichoderma species
produced chemicals that can either kill bacteria or prevent
their growth such as antibiotics and anthraquinone.®®
However, Trichoderma spp. are categorized according to the
morphology of their colony structures and is not enough to
divide and isolate, necessitating many molecular
techniques for verification of organisms, like sequencing
tests.”®"" These are (RAPD) random amplification of
polymorphic DNA and (ISSR) inter-simple sequence
repeat.>'? Trichoderma species have evolved pathways that
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create a special secondary metabolite which can generate
a wide range of bioactive molecules.? Canvassers can
produce naturally derived products for pharmaceutical,
agricultural, and industrial applications by leveraging the
diverse chemical profiles of Trichoderma Spp.2 The present
study was planned to evaluate the Trichoderma species to
productiveness of Anthraquinone compounds.

Material and methods

Identification of Trichoderma harzianum isolates:
Twenty-five samples of soil were collected from various
depths (4-5 cm) of Wassit soil using a metal spatula that was
repeatedly sterilized in 70% alcohol. New polythene bags
were used to transport the isolates to the research
laboratory for the mycological analysis as soon as they were
collected. A conical bottle (250 ml) containing (100 ml) of
distillated sterile water was filled with ten-gram soil
samples. In order to obtain a homogenous suspension, a
series of dilutions of the soil isolate (10, 102, and 1073) were
prepared by shaking the flask on an electric shaker. Each
sample was diluted by adding 1 ml to a petri dish of potato
dextrose agar medium at a ratio of 103, (OXOID, England).
Seven days were spent in an incubator set to 28.2°C.”* Fungi
were grown in multiple colonies on PDA plates before
being subcultured and transferred to ensure a genetically
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uniform strain. Tobacco molds (Trichoderma spp. colonies
were examined under a microscope and given a diagnosis
based on their morphology (morphological
characteristics).''> These included conidiophore, pallid and
conidium arrangements, while cultural structures included
linear development, growth patterns, colony colour, and
hyphae pigmenting. The fungus has successfully detected
numerous habitats through cultivation media because of
genetic, nutritional, and environmental factors.

Detection of anthraquinones producing by Trichoderma
using HPLC: To test the production of anthraquinones in
crude extracts, modified Czapek’s Dox Liquid medium
(Oxoid, UK); Sugarcane bagasse (150 mg per litter) was used.
Isolates of Trichoderma were first grown on PDA for seven
days. Next, two blocks of Trichoderma agar culture (10 mm)
were added to the modified czapek’s media (500 ml) in
flasks and incubated at 30% in the dark with shaking for ten
days. Antifungal compounds were extracted from modified
Czapek’s media by adding 500 ml of the organic solvent
ethyl acetate (EtOAc) and shaking the mixture at 121
revolutions per minute (overnight). After a 24-hour period
of inactivity, the extraction was successful. Considering the
evaporation temperature of the solvents (EtOAc, 77.1°C) and
the boiling point of the extracts (37°C), a rotary evaporator
(Gallen hamp., England) was used to extract the antifungal
compounds.'®

High-performance liquid chromatography (HPLC) test has
been used to detect the production of anthraquinones and
for the samples (Trichoderma isolates) that produce a higher
concentration of anthraquinones. The samples of the extract
were loaded with an anthraquinones reference standard
(Sigma-Aldrich, chemie Gmb H, USA). The operation of
(H.PL.C) was, stationary phase: pursuit xfs 3y C-18 250*4.6mm
diameter particles 5 um, varian, mobile phase: acetonitrile:
water (50:50), rates of flow (0.8ml/min), temperature:35°C,
wavelength: 280nm, sample volume : 20 pl.

DNA extraction: Trichoderma isolate selected to diagnose
for the species using PCR-ITS region based on
anthraquinones production. The mycelia of Trichoderma
isolate were inoculated and cultured into PDA broth at
(28+2°C) for five days. The DNA genomes extracted from
Trichodermaisolate with (Purification of genomic DNA was
performed using the Wizard Genomic DNA Purification Kit
(Promega, USA).

Amplifying the ITS Gene by PCR: Both the ITST (TCC GTA
GGT GAA CCT GCG G) and ITS4 (TCC TCC GCT TAT TGA TAT
GC) primers are known to be effective (Integrated DNA
Macrogen, Korea) applying to the amplification of the
internal transcribed spacer (ITS) gene. The PCR reaction
volume was (25l) and contained (3I) of DNA, (12.51) of
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Master Mix (Promega, Madison, WI, USA), (1 ul) of each
primer (20 p mol.), and deionized DW. up to (25 pl). A C1000
TouchTM Thermal Cycler was used to warm the contents of
the tubes (Bio-Rad, Munich, Germany) at 95°C for 5 min, for
DNA amplification. Consequently, Taq polymerase has been
added, followed by thirty cycles of the 30 second at 95°C,
30 second at 55°C, and 30 second at 72°C, with a final
extension at 72°C for 7 minutes. The use of Tris-borate-EDTA
buffer for electrophoresis1% agarose gel was analyzed for
amplified DNA products. Ethidium bromide (10 pg—ml-1)
was used for stained gels. DNA Ladder (1500 bp.) RTU
(Gene Dire X ®, Miinchen, Germany) have been used as a
standard. UV illumination conceived of DNA

7

Aligning and Sequencing Data: The PCR products
sequences were all sent to a Sanger sequencer (ABI3730XL,
Automated DNA Sequencer; Macrogen Corporation, Korea)
for analysis. The data was analyzed using genius software,
The nucleotide BLAST programme was used to find
sequence homology between the PCR fragments and the
Gene Bank database, and the sequencing data was
correlated with this resource (http://www.ncbi.nlm.
nih.gov/BLAST/). All sequences were submitted to the Gene
Bank at the National Center for Biotechnology Information
(NCBI) and are available there with the accession number
AB13730XL.

Results

Identification of Trichoderma isolates: Initially, from a
total of 25 soil samples cultures in this study, 10 samples
tested positive for Trichoderma isolates, according to
morphological and microscopic features.'”” The result of
High-performance Liquid Chromatography showed that
three Trichoderma isolates produced anthraquinones
differences between the concentrations of secondary
metabolic compound (anthraquinones). Among the three
isolates, specimen 1, specimen 2, and specimen 3 were
(7.765pg/ml), (2.308ug/ml), and (4.977ug/ml) respectively.

Measurement of the total content of anthraquinones
extracts, using the HPLC method revealed that the highest
total concentration was present in sample 1 (7.765ug/ml),
sample 3 (4.977ug/ml), while sample 1 (2.308ug/ml) was
the minor compound. HPLC peaks of this compound for
Trichoderma showed in the (Figure 1).

For this Trichoderma isolate, the nuclear DNA region
encompassing the ITS1, ITS4, and 18S rRNA gene was
amplified for a thorough molecular characterization. The
ITS regions amplified have been successfully in strain,
resulting in PCR a unique product size of approximately 650
base pairs, which have been specifically sequenced. The
size of the resulting amplicon from this region was
between (650bp), (Figure 2).
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The PCR and gene sequence data suggest that Trichoderma
reesei is present. The BLAST programme’s alignments of this
species showed 99.9 percent identification and 0.0 percent
gaps with the universal isolate (Figure 3). Differences
between strains, as well as the locations of the ITS
sequences, are exposed (Figure 4).

A phylogenetic tree has been developed using MEGA 5.1
software to create Trichoderma reesei ITS nucleotide
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sequences that have been cloned. The strains were divided
into one different sub-clades of phylogenetics (Figure 5).
Group 1 excluded isolates of Trichoderma 8 (Trichoderma
reesei), T. orientale MK 020687, T. reesei KY031342, T.
longibrachiatum KY568698, and T. longibrachiatum
MF164178.

Discussion
Initially, from a total of 25 soil samples cultures in this study,

1500 bp -
1000 bp -

$30 85
400 bp -
300 bp -

200 bp -
100 bp -

Figure2: Agarose gel electrophoresis of PCR product for Trichoderma isolates the band size (~650
bp.). The product was electrophoresis on 2% L: DNA ladder (1500), lane 1: Trichoderma sp
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Figure 1: HPLCprofile of Anthraquinones 1. Anthraquinones standard. 2. Anthraquinones extract.
Score Expect Identities Gaps Strand
1155 bits(625) 0.0 627/628(99%) 0/628(0%) Plus/Plus

Query @ GITAACCTICIGAMIIATCATTACCOATTTTACAAC TCOCARACC CAAT ITORACTITTAC &%
i T T T T T T T T

shict 4 SITEACCAGCIMAIGMTCATTACCOAITTTAC AAC TCOC

Query & CARTCTOTTOCT GOGATTSTCTICS

Bijet AATC TOTTOCCTCOOCGOBATT CTCTOCCOCOOMCOCITCOCAGCCCCOOATCOCATOS 11D
Query 1i4 COCCCOCCOGMGACCAACTCAMMCTCTTTTTITCTCTOOOTCOCGOCCTACOTCOCGOCT  I8S

Sbjet 14 COCCCOCOOOAGGACCAACTCAMACTCTTTTTTCTCTCCOTCOCGOCCTACGTCOCOACT  10)

Guery iid CTOTTTTATTTTTOCTCTGAGCCTTTCTCOGCARCCOTAGCOOOCOTCTCORMMMTIAAT 243

Spict  L#4  CTOTTTTATTTTTOCTCTOAGCCTITCTCOGCOACCCTAGCOOOCOTCTCORMMATIMT 241
Query 46 CAMACTTTCAA AACOGATCTCTTGOTTCTOGCATCGATIAMGAACGCAGCOMATGCS 109
T T T T TN Ty

sbict  Z4d CAMACTTTCAAC AMCOGATCTCTTOGTTCTOGCATCGATGARGAACGCAGCOARMATGCG 301

guery 106  ATAASTAATOTGAATTOCASAATTCASTOAATCATCSAATCTTTOAACGCACATIOORC.  14%
PERER RN R R iR
Spict 304 ATAAGTAATOTGAATTGCAGAATTCAGTOAAT CATC GAATC TTTGAACGCACATTGNGO M)

Sbjct 364 COCCAOTATTCTON

BCCTOTCCRNS COCTCO00 410

Query 416 GOGOTOOOCOTTGOMGATCHGCCCCTCACCHOGCCOCCOCCOAMTACAGTONCOOTCTE 485

Wwyct 484 GCCRCARCITCTCITEGCAGTATTITOCACAC TCLOCAICORIAGTOCROCICOcCACA 1)

Query S4€ GOCOTAMANCAC CTGAAATITTGACCTCOGATC AGGTAGGRATAC COGCTOR 605

T ST ST
Spict 544 GOCOTAAMACACC CCARACTCTOAMATGTTGACCTCGRATCAGOTAGGAATACCOGETGA €01
Guery 606 ACTTAAGCATATCAATAAGCOGAOGAMA 633

T T T T

Sbict 604 ACTTAASCATATCAATAAGCGGAOGARA 411

Figure 3: Trichoderma reesei strain F48-03 small subunit ribosomal RNA gene, partial sequence;

internal transcribed spacer 1, 5.85 ribosomal RNA gene,and internal transcribed
spacer2,complete sequence; and large subunit ribosomal RNA gene.
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Trichoderma_#
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Trichoderma #
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Trichoderma_#
T._orientale MED206%7
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Trichoderma ®
T._orientale MED20687
T._reesei KYO31342

GOTGTTTTACGOCTUTOGCCOCOCCOCOCTCOCCGUTOOGAGTGT  OCA
TTCYCSTAGOOTGAACCTOCOGADOGA TCATT ACCGAGT TTACAACTOCCAAACCOCAATOTGAACGTTACCA
TOCOGAGOGA TCATTACCOAGT TTACAACTOOCAAACCOCAA TOTGAACTT TACCA

COGCGAGACCGOCACTGTATT  TCGGOOGCGOCCCOGTGAGGOGCCGATOCCCAACGCC  GACCOCCCO
COCC000COCOTCOCAOCCOCO0A TCOCATOOCOCCCOCCOGAGGACCAACTOCAAACTCTTTTCTCTCTCCO
COCCOGOCOCGTCOCAOCCOCO0A TCCCA TOOCOCCCOCCOGABGACCAACTCCAAMCTCTTTTCTCTCTCCO

ACOCTCOGACAGGCA TOCCCOCCAGAAT ACTOOCOO0COC AATOTOCOTTCAAMOATTCOATGAT T
ATTTTTOCTCTGAOCCT T TCTCOOCGACCCT AGCOOOCTT CT COAAMA TGAA TCAAAACT TTCAACAACGGA T
ATTTTTOCTCTGAOCCTT TCTCOOCCACCC T AGCOOOCOTCTCOAAAATGAA TCAAAACTTTCAACAACOOAT

TTATCOCATTTOOCTOOOT TCT TCATCOA TOCCCOAACCTAGAGATCCOTTOTTOACADTTTTOATTCATTTT
OCAOCOAAATOCOATAADOTAAT COTGAATTOCAGATTCAOTOA  ATCATCOAATCTTTOAACOCACATT
OCAGCGAAMTOCOATAAGTAAT OTGAATTOCAGAATTCAGTGA  ATCATCGAATCTTTOAACOCACATT

AQGCT CAGAOCAGAAATAAAACA  GAOCCOCGACOGGAG CCOCGACGGAAAGAGAAGAGAGTTTOGA
TOCCTOTCOGAOCOTCATT TCAACCCTCGAACCCCTCCO00GOOTCOOCOT TOO00  ATCOOCCCCTCACCOa
TOCCTGTOOGAGCOTCATTTCAACCCTCGAACCCCTOCO00GGOTCOOCOTTO000  ATCOOCCCCTCACCGA

TOTT AOCCO OCOCTOCGACOCOC COCOOOCAAGAGAA TCCCOCCRGADOCAACAGATTUT TAACGT
COCCOCAGCCTCTCATOCOCAGT AGT TTOCACACT COCACCOOGAOCOCOOCOCGOCCACAGCCOT AMACAC
COCCOCAGCCTCTCATOCGCAGT AQT TTOCACACT COCACCOOGAGCGCOOCGCOOCCACAGCCOT AMACAC

AACTCOOCAATOAT CCCOCAGAODCCAAAAC COCC COOGAAAAAAGAACOOOOTTTACCTCTTC CA
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Figure 5: Neighbour-joining phylogeny based on ITS gene sequences of two selected
Trichoderma isolates and related Trichoderma reesei obtained from a BLAST search of
the NCBI.

10 samples tested positive for Trichoderma isolates,
according to morphological and microscopic features.”

T. reesei is one of the most researched Trichoderma species'®
predominantly due to its broad application in
biotechnology.?®?! In these results, the Trichoderma reesei ITS
sequences region, which were described morphologically as
identified in a study? have been confirmed. The amplicon
obtained of this region was in size range of (~650 bp.). This
result is in agreement with that of Shamkhi et. al.Z Using the
ITS nucleotide sequences, a phylogenetic tree was

Figure 4: The polymorphic nucleotide sites within Trichoderma reesei isolates identified by ITS gene.

constructed that distinguished T. reesei in contrast to other
strains. Similarly, Kuhls and colleagues in their study used
sequence analysis to differentiate between T. reesei and T.
longibrachiatum.* In order to classify the various species of
Trichoderma, ITS sequences have been utilized by several
other researchers.'”"

Conclusion

For identification and phylogenetic classification of
Trichoderma, DNA-based methods that provide useful
classification information are presently used. For several
years, most T. spp. were regarded as a single species due to
their morphological similarity. This research used ITS
markers to distinguish genotypes within T. spp. as a result
of amplifying a distinct, naturally determined locus with a
couple of T. reesei -specific oligonucleotide primers.
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