
863

Document heading         doi:10.1016/S2221-1691(12)60244-5  襃 2012 by the Asian Pacific Journal of Tropical Biomedicine. All rights reserved.

Molecular analysis and anticancer properties of two identified isolates, 
Fusarium solani and Emericella nidulans isolated from Wady El-Natron 
soil in Egypt against Caco-2 (ATCC) cell line
Hala F Mohamed
University of Al-Azhar, Faculty of Science (Girls Branch), Department of Botany and Microbiology,Youssef Abbas Street, Nasr City, Cairo, Egypt

Asian Pac J Trop Biomed 2012; 2(11): 863-869

Asian Pacific Journal of Tropical Biomedicine

journal homepage:www.elsevier.com/locate/apjtb

    *Corresponding author: University of Al-Azhar, Faculty of Science (Girls Branch), 
Department of Botany and Microbiology,Youssef Abbas Street, Nasr City, Cairo, Egypt.
    Tel: 00201271706222
    Fax: 0020226710741
    E-mail: Hala__mol_biol@yahoo.co.uk
   

1. Introduction

  Cancer still remains one of the most serious human health 
problems and colon cancer is the fourth most universal 
cause of cancer deaths[1]. Therapeutic methods for cancer 
treatment are surgery, radiotherapy, immunotherapy and 
chemotherapy[2] and these techniques are individually 
useful in particular situations and when combined, 
they offer a more efficient treatment for tumor. Many 
pharmaceutical agents have been discovered by screening 
natural products from plants, animals, marine organisms 
and microorganisms. In fact, more than 60% of approved 
drugs are derived from natural compounds[3]. Many of 
the developed antitumor drugs are derived from algal 

metabolites[4] and these metabolites play an important role 
in identification of new pharmaceutical compounds[5,6]. Also 
actinomycetes are one of the most important sources for new 
bioactive compounds such as antibiotics and enzymes[7,8]. 
The use of fungi for the production of commercial products 
is ancient, but it has increased rapidly over the last 50 
years. They are known to produce a wide biodiversity 
of secondary metabolites such as volatile metabolites, 
mycotoxins, nonribosomal peptides, polyketides, terpenes, 
diketopiperazines and alkaloids[9], some of which could 
be involved in their pathogenicity; among which many 
have been reported to have an anticancerous activity[10]. 
Soil has the largest population of microbes of any habitat. 
Cultured soil microbes have been an incredibly productive 
source of drugs, for example the cancer chemotherapeutics 
doxorubicin hydrochloride, bleomycin, daunorubicin and 
mitomycin. Aspergilli represent a group of filamentous fungi 
that plays a key role in industrial biotechnology. One of 
the Emericella species is Emericella nidulans which serves 
as a working horse in industrial production of enzymes 

ARTICLE INFO                           ABSTRACT

Article history:
Received 15 April 2012
Received in revised form 27 April 2012
Accepted  28 June 2012
Available online 28 November 2012

Keywords:
Fungi
Colon cancer
Caco-2
Phylogenetic tree
Anticancer property
Multiple sequence analysis
Anticancer agent
Cell line

Objective: To characterize, identify and investigate the anticancer properties of two new soil 
fungal isolates, Emericella nidulans and Fusarium solani isolated from Wady El-Natron in Egypt 
against colon cancer Caco-2 (ATCC) cell line. Methods: Soil sample was cultured and two strains 
were chosen for morphological and phenotypical characterization. Partial sequences of the 18s 
rRNA gene and the internal transcribed spacer region ITS of the two isolates were amplified by 
PCR. Phylogenetic tree construction and analysis of the resulted multiple sequences from the 
two fugal isolates were also carried out. In vitro anticancer activity of the two strains was done 
against colon Caco-2 cancer cell line. Reverse transcription – PCR was carried out to detect level 
of expression of p53 in Caco-2 cell line. Results: HF.1 displayed morphological and genotypic 
characteristics most similar to that of Fusarium solani while HF.2 was most similar to Emericella 
nidulans with high similarity of 99% and 97% respectively. The multiple sequence alignment of 
the two fungal isolates showed that, the maximum identical conserved domains in the 18s rRNA 
genes were identified with the nucleotide regions of 51st to 399th base pairs, 88th to 525th base 
pairs respectively. While those in the ITS genes were identified with the nucleotide regions of 
88th to 463rd and 51st to 274th. The two isolates showed IC50 value with (6.24±5.21) and (9.84±0.36) 毺
g/mL) concentrations respectively at 28h. Reverse transcription – PCR indicated that these cells 
showed high level of expression for p53 mRNA. Conclusions: The morphology and molecular 
analysis identified HF.1 and HF.2 to be Fusarium solani and Emericella nidulans; new isolates of 
anticancer producing fungi from Wady El-Natroon city in Egypt. Treatment with the two isolates 
caused P53 expression in Caco-2 cell line. These two isolates can be used as an anticancer 
agents.
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and chemicals. But, studies related with the biopotential 
activities of anticancer metabolites from soil fungi based 
drug discovery are too limited. In this connection, the 
present study was made an attempt to find out the anticancer 
property from some soil fungi. A soil sample taken from 
highly exposed locality to pollution in Egypt was used as 
the source of the microbial isolates to be experimented for 
anticancerous activities. Among the wide range of fungal 
pattern isolated, two common fungal species were chosen 
and purified. The purified two species were identified using 
molecular techniques, 18s ribosomal RNA gene and internal 
transcribed spacer (ITS) region gene sequencing analysis. 
Molecular characterization and sequence analysis for the 
isolated genes revealed that the two isolates are identical to 
Fusarium solani and Emericella nidulans (a sexual form, or 
teleomorph of Aspergillus nidulans). The two fungal isolates 
were tested against Caco-2(ATCC) cell line.  
  The Caco-2 cell line is a continuous line of heterogeneous 
human epithelial colorectal adenocarcinoma cells, 
developed by the Sloan-Kettering Institute for Cancer 
Research through research conducted by Dr. Jorgen 
Fogh[11]. Although derived from a colon (large intestine) 
carcinoma, when cultured under specific conditions the 
cells become differentiated and polarized such that their 
phenotype, morphologically and functionally, resembles 
the enterocytes lining the small intestine[12,13]. Caco-2 cells 
express tight junctions, microvilli, and a number of enzymes 
and transporters that are characteristic of such enterocytes: 
peptidases, esterases, P-glycoprotein, uptake transporters 
for amino acids, bile acids carboxylic acids, etc. The level of 
expression of mRNA after treatment with the cell free crude 
extract from the two isolates was then analyzed by using RT-
PCR for the P53 gene.
  Tumor protein P53 is a tumor suppressor protein that in 
humans is encoded by the TP53 gene[14-17]. p53 is crucial in 
multicellular organisms, where it regulates the cell cycle 
and, thus, functions as a tumor suppressor that is involved in 
preventing cancer. As such, p53 has been described as “the 
guardian of the genome” because of its role in conserving 
stability by preventing genome mutation[16]. p53 has many 
mechanisms of anticancer function, and plays a role in 
apoptosis, genomic stability, and inhibition of angiogenesis. 
In its anti-cancer role, p53 works through several 
mechanisms: 1) it can activate DNA repair proteins when 
DNA has sustained damage; 2) it can induce growth arrest by 
holding the cell cycle at the G1/S regulation point on DNA 
damage recognition (if it holds the cell here for long enough, 
the DNA repair proteins will have time to fix the damage 
and the cell will be allowed to continue the cell cycle); 3) it 
can initiate apoptosis, the programmed cell death, if DNA 
damage proves to be irreparable.
  In a normal cell p53 is inactivated by its negative regulator, 
mdm2. Upon DNA damage or other stresses, various pathways 
will lead to the dissociation of the p53 and mdm2 complex. 
Once activated, p53 will induce a cell cycle arrest to allow 
either repair and survival of the cell or apoptosis to discard 
the damaged cell. How p53 makes this choice is currently 
unknown. Activated p53 binds DNA and activates expression 
of several genes including WAF1/CIP1 encoding for p21. p21 
(WAF1) binds to the G1-S/CDK (CDK2) and S/CDK complexes 
(molecules important for the G1/S transition in the cell cycle) 
inhibiting their activity. When p21 (WAF1) is complexed 
with CDK2 the cell cannot continue to the next stage of 
cell division. A mutant p53 will no longer bind DNA in an 
effective way, and, as a consequence, the p21 protein will 

not be available to act as the “stop signal” for cell division. 
Thus, cells will divide uncontrollably, and form tumors[18]. 
Also mdm2 acts as ubiquitin ligase and covalently attaches 
ubiquitin to p53 and thus marks p53 for degradation by the 
proteasome. However, ubiquitylation of p53 is reversible. 
A ubiquitin specific protease, USP7 (or HAUSP), can cleave 
ubiquitin off p53, thereby protecting it from proteasome-
dependent degradation. This is one means by which p53 is 
stabilized in response to oncogenic insults.

2. Materials and methods

2.1. Samples origin and isolation procedure

  After removing the surface loose litter layer (approximately 
top 4 cm), the soil samples were taken from a depth of 5 to 10 
cm of the superficial layers from Wady El-Natron City, El-
Beheraa Governorate, Egypt. Soil samples were numbered 
and put in a sterilized paper sack, transferred immediately 
to the Microbiology Laboratory of the Faculty of Science, 
Al-Azhar University (Girls Branch). One gram of soil was 
aseptically transferred into 99 mL of presterilized water and 
kept for continuous shaking (100 rpm) for 1 h. About 100 毺
L of diluted sample was transferred to molten Czabec Dox 
agar medium consisting of 2 g/L sodium nitrate, 0.5 g/L 
potassium chloride, 0.5 g/L magnesium glycerophosphate, 
0.01 g/L ferrous sulphate, 0.35 g/L potassium sulphate, 30.0 g/
L sucrose, and 12.0 g/L agar (pH 6.8) and made up to 1 L with 
sterile water and incubated at 28 曟 for 7 days. 

2.2. Identification of fungal isolates

  After incubation, colonies appeared were restreaked on the 
same agar medium and further subjected to identification by 
using conventional[19] and molecular[20] techniques.

2.3. Extraction of bioactive compounds

  In order to detect any bioactive compounds that might 
be excreted extracellular or intracellular, the whole fungal 
broths were subjected to sonication, centrifugation to 
remove cell debris and the resulted supernatants were then 
lyophilized in order to concentrate the active components for 
later use.  

2.4. Cytotoxicity assay

2.4.1. MTT method
  The Caco-2 cell line was obtained through the American 
Type Culture Collection (ATCC; Manassas, VA, USA). The 
Caco-2 cells were seeded at 20 000 cells/well (80% cell 
confluence) in tissue culture plates and incubated at 37 曟 for 
28 h. Then the two isolates were added to the cells at serial 
concentrations of 20, 10, 5, 2.5 and 1.25 毺g/mL, the control 
was also included (non treated cells). The final volume was 
adjusted to 100 毺L/well. The plate was incubated overnight 
at 37 曟, 5% CO2. A volume of 30 毺L of (1 mg/mL) MTT stain 
was added to each well and the plate was incubated at 37 曟 
for 4 h. And then 100 毺L of dimethyl sulfoxide (DMSO) stop 
solution was added to each well. The plate was shaken at 
room temperature for 10 to 20 min. The plate was then read 
using ELIZA Micro plate reader at 570 nm. The percentage 
of viable cells was calculated from the formula: Survival 
fraction=OD of treatment cell/OD of control cells. Here, 
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OD means optical density. The IC50 was calculated by 
fitting the survival curve using graphpad, Prizm software in 
corporate[21].

2.4.2. RT-PCR analysis
  These assays were performed as described by Olano et 
al[8]. Total RNA was isolated from frozen cells using a 
Trizol reagent as recommended by the manufacturer (Life 
Technologies). cDNA was amplified from total RNA (1毺gne-
Step RT-PCR System with Platinum Taq (Life Technologies). 
PCR was conducted for 30-40 cycles in a thermal controller 
(Programmable Thermal Controller; M) Research Inc., 
Watertown, MA). The primers used for amplification of 
p53 gene were shown in Table 1. Each amplification cycle 
consisted of 0.5 min at 94 曟 for denaturation, 0.5 min at 55 曟 
for primer annealing, and 1 min at 72 曟 for extension. After 
PCR amplification, the fragments were analyzed by agarose 
gel electrophoresis and stained with ethidium bromide.

2.5. 18s rRNA and ITS gene amplification and sequencing

  Genomic DNA was isolated by using standard method[22] 

and amplified by PCR with forward and reverse primers 
HM1 and HM2 as shown in Table 1. The reaction mixture 
contained 25 to 50 ng of DNA, ExTaq PCR buffer, 1.5 mM 
MgCl2, 10 mM deoxynucleoside triphosphate mixture, 50 
pmol of each primer, and 0.5 U of ExTaq polymerase. PCR 
conditions consisted of an initial denaturation at 95 曟 for 
5 min; 30 cycles at 94 曟 for 30 sec, annealing at 55 曟 for 30 
sec and 72 曟 for 1 min; and final 7 min extension at 72 曟 
and 4 曟 pause. The amplification products were examined 
by using QIA quick PCR clean up kit with the protocol 
suggested by Qiagen Inc. The complete 18s rRNA gene was 
sequenced by using the PCR products directly as sequencing 
template with the primers shown in Table 1. All sequencing 
reactions were carried out with ABI 377 automated DNA 
sequencer. 
  All the same was done for amplification of the ITS gene 
using primers HM3 and HM4 shown in Table 1. Tthe PCR 
conditions used were as follows: 95 曟 for 5 min; 32 cycles: 94 
曟 for 30 sec, annealing at 56 曟 for 30 sec and 72 曟 for 1 min; 
and final 72 曟 for 7 min extension and 4 曟 pause.

2.6. Construction of phylogenetic tree

  The retrieved gene sequences were compared with other 
fungal sequences by using NCBI BLAST search for their 
pair wise identities. Multiple sequence alignment and the 
phylogenetic tree were constructed with MEGA 4.0 software 
(http://www.megasoftware.net) by using the neighborjoining 
(NJ) method with 100 replicates as bootstrap value and NJ 
belongs to the distance-matrix method[22].  

3. Results 

  Two different soil fungi were isolated from Wady El-
Natron City, El-Beheraa Governorate. The microscopic 
and macroscopic characteristics of the two fungi were 
determined. The mycelial characteristics of the isolated 
fungi were similar to Fusarium solani and Emericella 
nidulans.  
  Fusarium isolate HF.1 colonies grew rapidly, on Czabec 
Dox agar at 26 曟 giving 4.5 cm in 4 days, aerial mycelium 
white to cream, darken with maturity to purple-brown when 
sporodochia had formed. Macroconidia were formed after 4-7 
days from short multi-branched conidiophores which may 
form sporodochia. They are 3-septate, fusiform, cylindrical, 
often moderately curved, with an indistinctly pedicellate foot 
cell and a short blunt apical cell, (28-42 毺m 暳 4-6 毺m). 
Microconidia are usually abundant, cylindrical to oval, one- 
to two-celled and formed from long lateral phialides, (8-16 
毺m 暳 2-4.5 毺m). Chlamydospores are hyaline, globose, 
smooth to rough-walled, borne singly on short lateral hyphal 
branches.
  Emericella isolate HF.2, is one of many species of 
filamentous fungi in the phylum Ascomycota. Growth rate 
was rapid on complete Czabec Dox agar media at 27 曟 giving 
wooly texture colonies. Surface colony color is smoky grey 
- purple with suede - like surface consisting of a dense felt 
of conidiophores and the reverse was yellow. A microscopic 
view of Emericella nidulans showed typical short columnar 
strigmata with primary and secondary smooth walled 
conidiophores, more or less browned, commonly less than 
200 毺 long and terminating in dome like vesicles; small 
echinulate conidia (3-4 毺) in diameter; brittle perithica with 
walls of one cell thickness; quickly repining ascospores, 
purple-red in color.
  The 18s rRNA and ITS gene sequence analysis of 
Fusarium isolate showed 538 and 463 nucleotide base pairs, 
respectively. The NCBI BLAST analysis showed maximum 
identity of (99% and 94%, respectively) with Fusarium solani, 
while the 18s rRNA and ITS gene sequence analysis of the 
Emericella isolate showed 411 and 311 nucleotide base pairs, 
respectively. The NCBI BLAST analysis showed maximum 
identity of (97% and 92%, respectively) with Emericella 
nidulans species (Table 2). The phylogenetic analysis of the 
isolated fungi was categorized on the basis of evolutionary 
distance with NJ method (Figures 1-4). Moreover, the 
multiple sequence alignment was carried out with available 
sequences from NCBI data bank (first ten hits in BLAST 
results) for the two isolates. The results for Fusarium and 
Emericella isolates showed that, the maximum identical 
conserved regions in the 18srRNA genes were identified 
with the nucleotide regions of 51st to 399th base pairs, 88th to 
525th base pairs respectively. While those in the ITS genes 
were identified  with the nucleotide regions of 88th to 463rd 

and 51st to 274th base pairs respectively without the gap 
alignments (data not shown).
  The anticancer property of the crude extracts against 

Table 1.
Oligonucleotide primers used for PCR amplification of 18s rRNA, ITS and p53 gene from Fusarium solani  and Emericella nidulans.
Name of the gene Primer sequence Product size Reference
18s rRNA Forward HM1 (5’-TGCCAGCMGCCGCGGTA-3’) 538 bp [23]

Reverse HM2 (5’-GACGGGCGGTGTGTRCAA-3’) 411 bp ITS
Forward HM3 (5’- TCCGTAGGTGAACCTGCGG-3’) 463 bp [24]

Reverse HM4 (5’- CCTCCGCTTATTGATATGC-3’) 311 bp
P53 Forward P1 (5’-TCAGATCCTAGCGTCGAGCCC-3’) 438 bp [25]

Reverse P2   (5’- GGGTGTGGAATCAACCCACAG- 3’)
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Table 2. 
NCBI alignment result showing maximum identity of the amplified 18s rRNA and ITS sequences of the two fungal isolates with the shown strains.
NCBI accession  number    Strain gene Query coverage              Max ident
AB473810.1                             Fusarium solani ITS 97% 94%
HM214445.1   Fusarium solani 18s rRNA 98% 99%
AF138289.1 Emericella nidulans ITS                        80% 92%
JQ082904.1 Emericella nidulans 18s rRNA 89% 97%

Gibberella fujik uroi strain s184 18S ribosomal RNA gene-partial sequence.
Fusarium oxysporum gene for 18S ribosomal RNA gene-partial sequence.

Fusarium oxysporum paritial 18S rRNA gene-strain PUS.
Fusarium oxysporum isolate P.tri.lsoB 18S ribosomal RNA gene-partial sequence.

Uncultured eukaryote clone G512E5 18S small subunit ribosomal RNA gene-partial sequence.

Uncultured fungus gene for 18S rRNA-partial sequence-clone.

Uncultured fungus clone FAS_56 18S small subunit ribosomal RNA gene-partial sequence.
Uncultured eukaryote clone G512F9 18S small subunit ribosomal RNA gene-partial sequence.

Gibberella fujikurui strain s183 18S ribosomal RNA gene-partial sequence.

Uncelutured eukaryote clone G512E2 18S small subunit ribosomal RNA gene-partial sequence.

Uncelutured marine fungus clone G512F9 18S small subunit ribosomal RNA gene-partial sequence.
Uncelutured eukaryote clone G512B4 18S small subunit ribosomal RNA gene-partial sequence.

Uncelutured eukaryote clone G512C10 18S small subunit ribosomal RNA gene-partial sequence.
Uncelutured eukaryote clone G512H4 18S small subunit ribosomal RNA gene-partial sequence.

 Fusarium oxysporum clone SP-2 18S ribosomal RNA gene-partial sequence.
Uncelutured eukaryote clone G512H2 18S small subunit ribosomal RNA gene-partial sequence.

Uncelutured Dikarya clone PA2009E3 18S ribosomal RNA gene-internal transcribed spacer 1-5.8S ribosomal RNA gene.
Uncelutured stramenopile clone A93F14RM2A10 18S ribosomal RNA gene-partial sequence.

Uncelutured eukaryote gene for 18S rRNA -partial sequence-clone.

Fusarium oxysporum parital 18S rRNA gene-strain KAL1.

Fusarium sp. 19001 18S ribosomal RNA gene-partial sequence.
Fusarium sp. 16010 18S ribosomal RNA gene-partial sequence.

Fusarium sp. 16004 18S ribosomal RNA gene-partial sequence.
Fusarium sp. 19003 18S ribosomal RNA gene-partial sequence.
Fusarium sp. MAS2 18S ribosomal RNA gene-partial sequence.
Fusarium solani gene for 18S ribosomal RNA gene-partial sequence.

Fusarium oxysporum clone P10 18S ribosomal RNA gene-partial sequence.

Fusarium oxysporum parital 18S rRNA gene-strain T50.

Gibberella intermedia isolate CA3-1 18S ribosomal RNA gene-partial sequence.
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Figure 1. Neibour joining phylogenetic tree analysis based on 18s rRNA sequence data of HF.1. 
Numbers above branches are bootstrap values. Scale bar represents genetic distance calculated by the Kimura 2-parameter model[23]. 
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Fusarium sp. 08023 18S ribosomal RNA gene-partial sequence-internal transcribed spacer 1-5.8S ribosomal RNA gene-and internal transcribed spacer 2-complete sequence-and 28S ribosomal RNA gene-partial sequence.

Fusarium sp.F65 internal transcribed space 1 gene partial sequence-internal transcribed spacer 1-5.8S ribosomal RNA gene-and internal transcribed spacer 2-complete sequence-and 28S ribosomal RNA gene-partial sequence.

Fusarium sp.NRRL 43529 haplotype FSSC4-b internal transcribed space 1 gene partial sequence-internal transcribed spacer 1-5.8S ribosomal RNA gene-and internal transcribed spacer 2-complete sequence-and 28S ribosomal RNA gene-partial sequence.

Fusarium sp.NRRL 43452 haplotype FSSC3-a internal transcribed space 1 gene partial sequence-internal transcribed spacer 1-5.8S ribosomal RNA gene-and internal transcribed spacer 2-complete sequence-and 28S ribosomal RNA gene-partial sequence.

Fusarium sp.NRRL 43536 haplotype FSSC3-c internal transcribed space 1 gene partial sequence-internal transcribed spacer 1-5.8S ribosomal RNA gene-and internal transcribed spacer 2-complete sequence-and 28S ribosomal RNA gene-partial sequence.

Fusarium sp.F69 internal transcribed space 1 gene partial sequence-internal transcribed spacer 1-5.8S ribosomal RNA gene-and internal transcribed spacer 2-complete sequence-and 28S ribosomal RNA gene-partial sequence.

Fusarium sp.NRRL 52832 internal transcribed space 1 gene partial sequence-internal transcribed spacer 1-5.8S ribosomal RNA gene-and internal transcribed spacer 2-complete sequence-and 28S ribosomal RNA gene-partial sequence.

Nectria haematococca isolate 164AS/R 18S ribosomal RNA gene-interal transcribed spacer 1-5.8S ribosomal RNA gene-and internal transcribed spacer 2-complete sequence-and 28S ribosomal RNA gene-region.

Fungal sp. ARIZ B043 18S ribosomal RNA gene-interal transcribed spacer 1-5.8S ribosomal RNA gene-and internal transcribed spacer 2-complete sequence-and 28S ribosomal RNA gene-partial sequence.

Fusarium sp. NRRL 43453 haplotype FSSC 3-a interal transcribed spacer 1-partial sequence 5.8S ribosomal RNA gene  and internal transcribed spacer 2-complete sequence-and 28S ribosomal RNA gene-partial sequence.

Fusarium sp. NRRL 43516 haplotype FSSC 3-b interal transcribed spacer 1-partial sequence 5.8S ribosomal RNA gene  and internal transcribed spacer 2-complete sequence-and 28S ribosomal RNA gene-partial sequence.

Fusarium sp. NRRL 43450 haplotype FSSC 3-a interal transcribed spacer 1-partial sequence 5.8S ribosomal RNA gene  and internal transcribed spacer 2-complete sequence-and 28S ribosomal RNA gene-partial sequence.

Uncultured root-associated fungus clone YL0c 9P  interal transcribed spacer 1-partial sequence-5.8S ribosomal RNA gene - complete sequence-and internal transcribed spacer 2-partial sequence.

Uncultured root-associated fungus clone YL0c 19P  interal transcribed spacer 1-partial sequence-5.8S ribosomal RNA gene - complete sequence-and internal transcribed spacer 2-partial sequence.

Uncultured root-associated fungus clone YL0c 16P  interal transcribed spacer 1-partial sequence - 5.8S ribosomal RNA gene -and internal transcribed spacer 2-partial sequence.

Fusarium solani strain ATCC 56480 18S ribosomal RNA gene -partial sequence interal transcried spacer 1-5.8S ribosomal RNA gene -and internal transcribed spacer 2-complete sequence-and 28S ribosomal RNA gene-partial sequence.

Fusarium solani isolate UOA/HCPF 9982 18S ribosomal RNA gene -partial sequence interal transcried spacer 1-5.8S ribosomal RNA gene -and internal transcribed spacer 2-complete sequence-and 28S ribosomal RNA gene-partial sequence.

Fusarium solani isolate M 18S ribosomal RNA gene -partial sequence interal transcried spacer 1-5.8S ribosomal RNA gene -and internal transcribed spacer 2-complete sequence-and 28S ribosomal RNA gene-partial sequence.

Fusarium sp. 19001 18S ribosomal RNA gene-partial sequence-internal transcribed spacer 1-5.8S ribosomal RNA gene-and internal transcribed spacer 2-complete sequence-and 28S ribosomal RNA gene-partial sequence.

Fusarium sp. 16004 18S ribosomal RNA gene-partial sequence-internal transcribed spacer 1-5.8S ribosomal RNA gene-and internal transcribed spacer 2-complete sequence-and 28S ribosomal RNA gene-partial sequence.

Fusarium sp. 16010 18S ribosomal RNA gene-partial sequence-internal transcribed spacer 1-5.8S ribosomal RNA gene-and internal transcribed spacer 2-complete sequence-and 28S ribosomal RNA gene-partial sequence.

Fusarium solani isolate CY230 18S ribosomal RNA gene-partial sequence-internal transcribed spacer 1-5.8S ribosomal RNA gene-and internal transcribed spacer 2-complete sequence-and 28S ribosomal RNA gene-partial sequence.

Uncultured fungus genomic DNA sequence containing 18S rRNA gene-ITS1-5.8S rRNA gene-ITS2 and 28S rRNA gene-clone iG10_P_1_A3.

Uncultured fungus genomic DNA sequence containing 18S rRNA gene-ITS1-5.8S rRNA gene-ITS2 and 28S rRNA gene-clone iA03_P_1_A9.

Uncultured fungus genomic DNA sequence containing 18S rRNA gene-ITS1-5.8S rRNA gene-ITS2 and 28S rRNA gene-clone iA17_P_1_F5.

Uncultured fungus genomic DNA sequence containing 18S rRNA gene-ITS1-5.8S rRNA gene-ITS2 and 28S rRNA gene-clone iC13_P_1_E2.

Uncultured fungus genomic DNA sequence containing 18S rRNA gene-ITS1-5.8S rRNA gene-ITS2 and 28S rRNA gene-clone iD04_P_1_H1.

Uncultured fungus genomic DNA sequence containing 18S rRNA gene-ITS1-5.8S rRNA gene-ITS2 and 28S rRNA gene-clone iA03_P_1_F11.

Uncultured fungus genomic DNA sequence containing 18S rRNA gene-ITS1-5.8S rRNA gene-ITS2 and 28S rRNA gene-clone iK12_P_2_D10.

Microdochium nivale strain xsd08060 18S ribosomal RNA gene-partial sequence-internal transcribed spacer 1-5.8S ribosomal RNA gene-and internal transcribed spacer 2-complete sequence-and 28S ribosomal RNA gene-partial sequence.

Figure 2. Neibour joining phylogenetic tree analysis based on ITS sequence data of HF.1. 
Numbers above branches are bootstrap values. Scale bar represents genetic distance calculated by the Kimura 2-parameter model[23].



 Hala F Mohamed ./ Asian Pac J Trop Biomed 2012; 2(11): 863-869 867

Caco-2 cell line revealed that the cytotoxicity index of the 
two isolates against the cell line showed IC50 value of (6.24暲
5.21 and 9.84暲0.36 毺g/mL) at 28 h, respectively (Figure 5).
   The cell free crude extract for both fungal isolates caused 
a rapid increase in the level of expression of P53 mRNA in 
Caco-2 (ATCC) cell line. In the present study, it was found 
that the free cell crude extract for both fungal isolates inhibit 
the growth of Caco-2 cell line with an IC50 value of (6.24暲5.21 
and 9.84暲0.36 毺g/mL) concentration, respectively. The RNA 
were then isolated at 3 h after the addition of the extract and 
examined by RT-PCR in order to detect and assay the level 
of expression of P53 gene (Figure 6). An intense band was 
obtained at 438 base pair in both cases of the two isolates 
in contrast with the control lane with no treatment which 
showed no bands.
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Figure 5. Percentage of cytotoxic index of different concentrations 
of cell free crude extract from Emericella nidulans, Fusarium solani 
strains against Caco-2 colon cancer cell line.

Figure 4. Neibour joining phylogenetic tree analysis based on ITS sequence data of HF.2. 
Numbers above branches are bootstrap values. Scale bar represents genetic distance calculated by the Kimura 2-parameter model[23].

Emericella foveolata genes for IT S1-5.8SrRNA and ITS2-partial and corrplete sequence-strain
Emericella foveolata genes for IT S1-5.8SrRNA and ITS2-partial and corrplete sequence-strain

Emericella quadrilineata strain IMI 371927 -5.8 SrRNA gene-ITS1 and ITS2

Emericella quadrilineata strain 5.8 rRNA gene-ITS1 and ITS2

Emericella quadrilineata strain FMR 5966-5.8SrRNA gene-ITS1 and ITS2.

Emericella sp.pp4 internal transcribed space 1-partial sequence-5.8S ribosomal RNA gene and intemal transcribed spacer 2-complete sequence-and 28S ribosomal RNA gene- patial sequence
Emericella nidulans strain RGT-S3 18S ribosomal RNA gene-partial sequence-intemaltranscribed spacer1-5.8S irbosomal RNA gene-and intemal transcribed spacer2-complete sequence-and 28S ribosomal RNA gene-patial sequence

Emericella Rugulosa 18S rRNA gene[partial]-ITS1-5.8S rRNA gene-ITS2 and 28SrRNA gene[partial]-Culture collection CCF-CZE-

Emericella rugulosa isolate FppMV4 intemal transcribed spacer 1-partial sequence-5.8S ribosomal RNA gene and intemal transcribed spacer 2-complete sequencee-and 28S ribosomal RNA gene-partial sequence

Emericella nidulans strain P3BS1c intemal transcribed spacer1-partial sequence-5.8S ribosomall RNA gene and intemaltranscrbed spacer 2-complete sequence-and 28S ribosomal RNA gene-partial sequence.
Emericella nidulansisolate B9 inmemal transcribed space1-partial sequence-5.8 Sribosomal RNA gene and intemal transcibed spacer2 -complete sequence-and 28S nibosomal RNA gene-partial sequence

Emericella nidulans 18S ribosomal RNA gene-partial sequence-internal transcribedspacer 1-5.8S ribosomal RNA gene and intemal transcibed spacer 2-complete sequence-and 28S ribosmal RNA gene-partial-sequence.

Emericella nidulans strain EN-KSU-09 intemaltranscrbed spacer 1-partial sequence-5.8 Sribosomal RNA gene and intemal transcnbed spacer 2- complete sequence-and 28S ribosomal RNA gene-partial seauence.

Emericella rugulosa isolate W9M-8 internal transcribed spacer 1- partial sequence-5.8S rbosomal RNA gene and intemal transcribed spacer 2-complete sequence-and 28S ribosomal RNA gene-partial sequence.

Emericella sp.FppMV intemal transcrbed spacer 1-partial sequence-5.8S ribosomal RNA gene and intemal transcribed spacer 2- complete sequence-and 28S rbosomal RNA gene-partial sequence.

Emericella sp.EX-2011 islate SZ8M-10 intemal transcribed spacer 1-partial sequence-5.8S rbosomal RNA gene and internal transcribed spacer 2-complete sequence-and 28S ribosomal RNA gene-partial sequence.

Aspergillus variecolor strain RGT-S7 18 Sribosomal RNA gene-partal sequence-intemaitranscrbed spacer1-5.8S ribosomal RNA gene-and intemaltranscribed spacer2-complete sequence-and 28Sribosomal RNA gene-pattial sequence.

Uncultured organism clone ciidr1005_B07 18Sribosomal RNAgene-inemal tansrlbed spacer1-5.8Sribosomal RNA gene-intemaltranscibed spacer2-and 28Sribosomal RNAgene0region.

Emericella nidulans isolate W8M-29 intemal transcribed spacer 1-partial sequence-5.8Sribosomal RNAgene and internal transcribed spacer 2-complete sequence-and 28Sribossmal RNAgene-partial sequence.

Uncultured Aspergilus clone AYPP 18S ribosomal RNA gene-partial sequence-intemaltranscribed spacer1-5.8SrbosomalRNA gene-and intermal transcribed spacer2-complete sequence-and 28Srbosomal RNAgene-patial sequence.

Emericella nidulans 18S rRNA gene[partial]-ITS1-5.8S rRNA gene-ITS2 and 28S rRNA gene[patial]-culture collection CCF-CZE.

Emericella nidulans 18S rRNA gene[partial]-ITS1-5.8S rRNA gene-ITS2 and 28S rRNA gene[patial]-culture collection CCF-CZE.

Emericella sp.pp7 intemal transcribed space1-patial sequence-5.8S ribosomal RNA gene and intemal transcribed spacer2-complete sequence-and 28Sribosomal RNAgene-partial sequence.

Emericella sp.P6E2 intemal transcibed spacer1-partial sequence-5.8S ribosomal RNA gene and intemaltranscribed spacer2-complete sequence-and 28Sribosomal RNA gene-partial sequence.

Aspergillus variecolor isolate W9M-7 intemaltranscibed space1.patial sequence-5.8Sribosomal RNA gene and intemal transcrbed space2-complele sequence.and 28Sribosomal RNA gene-partal sequence.

Emericella rugulosa isolate w9M-9 intemal transcrbed spacer1-partial sequence-5.8Srbosormal RNA gene and intemaltranscibed space2-complete sequence-and 28Srbosormal RNA gene-patial sequence.

Emericella rugulosa isolate P2AR1b intemal transcrbed spacer1-partial sequence-5.8Srbosormal RNA gene and intemaltranscibed space2-complete sequence-and 28Srbosormal RNA gene-patial sequence.
Emericella falconensis strain RGT-S18 18Snbosomal RNA gene-partal sequence-intemaltranscibed space1-5.8S rbosomalRNAgene and intemaltranscrbed spacer2-complele sequeene-and 28Srbosomal RNAgene-partal sequence.

Uncultured organismclone ciidir1002_E02 18Sribosmal RNA gene-intemaltranscibed spacer1-5.8Sribosomal RNAgene-intemaltranscibed spacer2-and 28Sribosomal RNA gene-region.
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Figure 3. Neibour joining phylogenetic tree analysis based on 18s rRNA sequence data of HF.2. 
Numbers above branches are bootstrap values. Scale bar represents genetic distance calculated by the Kimura 2-parameter model[23].

Fungal sp.CFK 18 gene for 18SrRNA-partial sequence.

Fungal sp.CFK 5 gene for 18SrRNA-partial sequence.
Fungal sp.K 2 gene for 18SrRNA-partial sequence.

Fungal sp.K19 gene for 18SrRNA-partial sequence.
Fungal sp.K20 gene for 18SrRNA-partial sequence.

Fungal sp.K27 gene for 18SrRNA-partial sequence.
Fungal sp.CFK19 gene for 18SrRNA-partial sequence.

Penicillium sp.BCC17468Sribosomal RNAgene-partial sequence.

Penicillium sp.ASR-151 18S ribosomal RNAgene-partial sequence.
Aspergillus sp.08-01 18S ribosomal RNAgene-partial sequence.

Penicillium sacculumgenefor 18S ribosomal RNA-partial sequence.
Badia saccula genefor 18S ribosomal RNA-partial sequence.
Penicillium sp.F218S ribosomal RNAgene-partial sequence.
Penicillium decurrbens strain S1821 18Sribosomal RNAgene-partial sequence.

Penicillium sp.ASR-160 18Sribosomal RNAgene-partial sequence.
Uncultured Emericella clone YPPP intemal transcribed spacer1-partial sequence.

Eupenicillium sp.HB-236gene for 18S ribosomal RNA-partial sequence.
Penicillium sp.NO-14 genefor  18Sribosomal RNAgene-partial sequence.

Neosartorya fischeri strain SIIA 1578 18Sribosomal RNAgene-partial sequence.
Aspergillus nomius strain H5 18Sribosomal RNAgene-partial sequence.

Aspergillus nomius strain 094102 18Sribosomal RNAgene-partial sequence.
Uncultured eukaryote clone EBF_C_D5 18Sribosomal RNAgene-partial sequence.

Emericella nidulans 18Sribosomal RNAgene-complete sequence.
A.nidulans [isolate CBS100.20] 18SrRNAgene.

Emericella nidulans gene for 18SrRNAgene-partial sequence.

Emericella nidulans 18Sribosomal RNAgene-patrial sequence.
Fungal sp.K5KJO-2011 18Sribosomal RNAgene-partial sequence.

Fungal sp.M36 KJO-2011 18Sribosomal RNAgene-partial sequence.
Fungal sp.K52KJO-2011 18Sribosomal RNAgene-partial sequence.

Fungal sp.L27 KJO-2011 18Sribosomal RNAgene-partial sequence.
Fungal sp.K6 KJO-2011 18Sribosomal RNAgene-partial sequence.
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A B

Figure 6. Effect of cell free crude extract of Fusarium and 
Emericella isolates on the expression of P53 gene in Caco-2 cell line. 
A: RT-PCR analysis of P53 mRNA from Fusarium solani; B: RT-PCR 
analysis of P53 mRNA from Emericella nidulans. RNA samples were 
analyzed by RT-PCR using the pair of primers. RNA was prepared 
from Caco-2 cells treated with DMSO (control) for 1 h.  

4. Discussion

  Cancer is considered to be the public health problem in 
developed and developing countries, among which colon 
cancer is the fourth most commonly diagnosed cancer in 
the world. Despite the intense efforts to develop treatments, 
effective agents are still not available. In this regard, natural 
product extracts continue to be the most promising source 
of new drugs for cancer. As fungi are known for being one of 
the most productive groups for useful natural products, the 
present study was made an attempt to find out the anticancer 
compounds from two isolated soil fungi. In the present 
study, Fusarium solani (HF.1) and Emericella nidulans 
(HF.2) showed IC50 value of (6.24暲5.21 and 9.84暲0.36 毺g/mL) 
concentration, respectively in Caco-2 cell line. Suffness 
and Pezzuto reported that, the IC50 values less than 30 毺g/
mL in cancer cell lines can be considered as promising for 
anticancer drug development[26]. The anticancer activity 
of cell free crude extracts from the two fungal isolates may 
be due to the production of active secondary metabolites 
such as fumonisins compounds known to be produced by 
Fusarium solani[27] and polyketides, nonribosomal peptides, 
terpenes, indole alkaloids, and quinins known to be 
produced by Emericella nidulans[28]. 
  Alkaloids are one of the major physiologically active 
nitrogenous compounds derived from many biogenetic 
precursors. Alkaloids are microtubule interfering agents 
which can bind with beta tublin, thus preventing the cell 
from making the mitotic spindle fibers necessary to move 
the chromosome around as the cell divides, inhibiting 
topoisomerase I[29], mitochondrial damage and inducing the 
release of cytochrome C and apoptosis inducing factor[1]. 

Moreover, quinine derivatives viz., driamycin, daunorubicin, 
mitomycin C, streptonigrin and lapachol, can interfere the 
DNA and RNA replication and mitochondrial oxidative 
pathways or the formation of super oxide, peroxide and 
hydroxide radicals as toxic products in the cell line. Several 
compounds of anthroquinone families showed antitumor 
activities[30-32]. The cytotoxic effect of the two fungal isolates 
seems to be the induction of apoptosis, partial cellular 
differentiation, and degradation of fusion transcripts, 
antiproliferation and inhibition of angiogenesis[1].
  Molecular characterization and Identification of the two 
fungal isolates were done through uses of 18s ribosomal 
RNA and ITS RNA in phylogeny. The small subunit (SSU) 
18s rRNA gene is one of the most frequently used genes in 
phylogenetic studies and an important marker for random 
target PCR in environmental biodiversity screening[33]. In 
general, rRNA gene sequences are easy to access due to 
highly conserved flanking regions allowing for the use of 
universal primers. Their repetitive arrangement within 
the genome provides excessive amounts of template DNA 
for PCR, even in smallest organisms. The 18s gene is part 
of the ribosomal functional core and is exposed to similar 
selective forces in all living beings. ITS refers to a piece of 
non-functional RNA situated between structural ribosomal 
RNAs (rRNA) on a common precursor transcript. Genes 
encoding ribosomal RNA and spacers occur in tandem 
repeats that are thousands of copies long. The ITS region 
is now perhaps the most widely sequenced DNA region in 
fungi[34]. It has typically been most useful for molecular 
systematics at the species level, and even within species 
(e.g., to identify geographic races). Because of its higher 
degree of variation than other genic regions of rDNA (for 
small- and large-subunit rRNA), ITS has proven especially 
useful for elucidating relationships among congeneric 
species and closely related genera in clinically important 
yeast species[35].
  The ITS region is now perhaps the most widely sequenced 
DNA region in fungi[36]. It has typically been most useful for 
molecular systematics at the species level, and even within 
species (e.g., to identify geographic races). 
  The construction of phylogenetic tree was used to find 
out the relationship between the production of secondary 
metabolites, nature of product and pathogenic identities. It 
can be concluded from the phylogenetic tree analysis that, 
the Emericella nidulans was proved to have good anticancer 
activity. Similarly, the other species Fusarium solani was 
also proved to have potential antibacterial properties from 
the source of soil samples. The ribosome is an important 
component for the protein synthesis and their structural 
RNA subunits are highly conserved and these conserved 
regions can be used as a molecular marker to identify the 
evolutionary relationships between organisms[36]. In the 
present study, multiple sequence alignment of the of the 
18s rRNA genes for the isolated fungi showed to have the 
conserved regions between the nucleotide regions of 5st   
to 399th base pairs, 88th to 525th base pairs, respectively. 
While those in the ITS genes were identified with the 
nucleotide regions of 88th to 463rd and 5st to 274th base 
pairs, respectively. Hence, these regions can be used as a 
molecular marker for their identification from other fungal 
species. It is concluded from the present study that some 
soil fungi could be used for the development of anticancer 
drugs after completing the successive clinical trials. 
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