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The genomic structure of the Cu/Zn superoxide dismutase (SOD1) gene from the 
entomopathogenic fungus, Cordyceps pruinosa was characterized. The SOD1 gene of 
C. pruinosa spans 947 nucleotides and consisted of four exons encoding for 154 amino 
acids and three introns. Four exons of the SOD1 gene are composed of 13, 331, 97 and 20 
nucleotides respectively. Homology search of amino acid sequences of the SOD1 gene of 
C. pruinosa with another 13 fungi species showed higher sequence similarity of 69% ~ 95% 
and had the most highest sequence identity of 95% with Beauveria bassiana and Cordyceps 
militaris, which can easely infect domesticated Bombyx mori and another wild lepidopteran 
species in artificial or natual manner of infection. This SOD1 gene sequence showed copper, 
zinc and beta-barrel fold sites. Homology search showed that the Cu/Zn SOD1 gene from the 
entomopathogenic fungus, C. pruinosa is an orthologous gene homolog present in different 
species of organism whose ancestor predates the split between the relating species. In 
addition, C. pruinosa SOD1 gene is placed together within the ascomycetes group of fungal 
clade. From these results it is concluded that C. pruinosa SOD1 gene is orthologous gene 
having the same or very similar functions with a common evolutionary ancestor.
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Introduction

Cordyceps (as general name), vegetable wasps and plant 
worms are entomopathogenic fungi which attack larva, pupa or 
adult of native host insects. Generally, vegetable wasps and plant 
worms indicate the fruiting body formed on the larval, pupal or 
adult integuments of their host insects, which are pharmaceutical 
insect-born mushroom showing special appearance produced 
from the host insects infected by a number of entomopathgenic 
fungi species in natural habitat (Samson et al., 1988). Some 
entomopathogenic fungi, especially Cordyceps family, are well 

known and valued as traditional Chinese medicinal mushroom. 
It has widely been used as tonics in China for promoting vitality 
and longevity, as well as a herbal medicine for treating various 
illnesses, although with poor supporting clinic trials evidence. 
Most products of these Cordyceps family of insect-born 
mushroom are natural products produced from naturally high-
altitude mountains in China and Nepal, etc., on the other hand, 
in Korea mass-production methods for new type of Cordyceps 
represented as Silkworm (Bombyx mori) - Dongchunghacho 
by use of a germ line fungus Paecilomyces tenuipes different 
from the original Cordyceps sinensis of China was developed 
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a few of them have been investigated in NCBI about SOD gene 
from entomopathogenic fungi (Li et al., 2010; Park et al., 2005a; 
Park et al,. 2005b; Xie et al., 2012). For futher understanding 
of superoxide dismutase gene of entomopathogenic fungi, the 
putative Cu/Zn SOD (SOD1) gene from genome sequence of C. 
pruinosa is cloned and analyzed in this study. 

Materials and Methods

Entomopathogenic Fungus

The wild entomopathogenic fungus, C. pruinosa, was 
collected at the Whawang mountain, Changryung, Korea. The 
spores were isolated on the PDA (potato dextrose agar) medium 
from the fruiting body of wild C. pruinosa and subcultured on 
the medium at room temperature for 10 days, and the hyphal 
body on the medium was used for subsequent analysis.

Genomic DNA Isolation and PCR Amplification 
of the putative SOD1 gene

Total genomic DNA was isolated from the hyphal body 
cultured on PDA medium with the Wizard™ Genomic DNA 
Purification Kit according to the manufacturer’s instructions 
(Promega, Madison, Wisconsin). The primers used for 
amplification of a genomic DNA encoding the SOD1 were 
5’-GAC AAA ATC ATC CAA AAT GGT CAA AGC AG-3’ 
for the forward direction, and 5’-GCC TCT TAG TTG GCG 
ACG CCA ATG ACA C-3’ for the reverse direction, which 
are designed from the previous SOD1 gene of the relating 
entomopathogenic fugi, C. militaris (Park et al., 2005a). After a 
33-cycle amplification of PCR (The first step of predenaturation, 
94oC for 5min; Subsequent steps of 33-cycle: denaturation, 94oC 
for 1min, annealing; 60oC for 1 min, extension; 72oC for 2 min. 
The last step of extension; 72oC for 7 min.), PCR products were 
analyzed by 1% agarose gel electrophoresis. The PCR product 
was then purified with a AccuPrep

Ⓡ
 Gel Purification kit (Bioneer) 

following manufacturer’s instruction and cloned into pGEM-T 
Easy Vector (Promega) for subsequent DNA sequencing. 

DNA Sequencing and Data Analysis

The putative C. pruinosa SOD1 gene was requested to 

for industrial cultivation as agricultural products, because 
the natural host insects for C. sinensis fungus have not been 
found in natural habitat of Korea (Cho, 1999). Since that time 
pharmacological effects of the silkworm-dongchunghacho (P. 
tenuipes), which is newly developed as a Korean-type medicinal 
insect-borne mushroom, and another non-inesct-born (in vitro 
cultivated) medicinal mushroom (mainly Cordyceps militaris 
and C. pruinosa) were reviewed, and their biological actions 
showed anti-tumor, anti-oxidant, immunostimulating, anti-
fatigue, anti-stress, anti-aging, anti-diabetic, anti-inflammatory, 
anti-thrombosis, hypolipidaemic and insecticidal effects deduced 
from the results of animal experiment (Lee et al., 2017). 

Of their biological actions we have interests on the anti-oxidant 
activity relating to ROS (reactive oxygen species) scavenger 
(Xiao et al., 2012). Major Cordyceps in Korea are P. tenuipes, 
C. militaris and C. pruinosa. C. pruinosa is a fungal parasite on 
larvae of Lepidoptera. In Asian countries, the fungus has been 
investigated for its medicinal effects for treatment of circulatory, 
immune, respiratory, and stomach disorders (Kim et al., 2010). 
We are going to try to understand the basic pathway on anti-
oxidation by reverse genetics comprising the methods that start 
with the genes by characterizing SOD1 gene in C. pruinosa. We 
already cloned and characterized SOD1 genes for P. tenuipes, C. 
militarys (Park et al., 2005a; Park et al., 2005b).

Growth in aerobic environments has been shown to generate 
reactive oxygen species (ROS), and cause oxidative stress in 
most organisms. Antioxidant enzyme like superoxide dismutase 
(SOD) and DNA repair mechanisms provides protection against 
ROS (Jose et al., 2010). SOD is a master eukaryotic regulator 
of oxygen radicals, with relevance to aging and cell biology 
(Raimondi et al., 2008). It catalyzes the disproportionation of 
toxic superoxide radicals (O2-) to oxygen (O2) and hydrogen 
peroxide (H2O2) (Shin et al., 2009). Like most eukaryotes, fungi 
possess cytosolic Cu/Zn SOD (SOD1) and homo-tetrameric Mn 
SOD (SOD2), which are found in mitochondrial matrix (Xie et 
al., 2012). Especially, SOD1 has structural features called “Greek 
key”. Active sites on this gene are held between the “Greek key” 
beta-barrel and other surface loops (Banci et al., 2002). 

This study is focused on elucidation of genomic structure 
of SOD1 gene from C. pruinosa. Its homology search and 
phylogenic relationship from GenBank search included 13 species 
of Ascomycota and 1 species of Basidiomycota. Also, massive 
papers for various species of entomopathogenic fungi have been 
released about the importance of SOD gene from fungi. However, 
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used for comparison with Ascomycota of their SOD1 gene. Two 
sites from C. pruinosa are sharply distinguished from other 13 
species at 28

th
 and 64

th
 amino acids. Only on those sites, amino 

acids in C. pruinosa are totally different from others (Fig. 2). 
 Amino acids composition deduced from C. pruinosa SOD1 

gene presented in percentage of 20 kinds of amino acids residues 
(Table 1.). The deduced amino acid composition shows that the 

sequence and analyze at GnCBio Corporation in Dae-Jeon, using 
3730XL DNA Analyzer by Applied Biosystems Corporation. 
Analyzed nucleotides of C. pruinosa SOD1 gene were compared 
using BLAST programs provided by the NCBI. GenBank was 
searched for alignment of SOD1 gene of C. pruinosa with other 
12 species of Ascomycota and 1 species of Basidiomycota. 
For phylogenic analysis, MEGA 5.0 software was performed 
for sequence comparison, pair-wise similarity, and phylogeny 
relationship analysis. 

Results

Genomic structure of SOD1 gene of C. pruinosa 

To identify the genomic structure of the SOD1 gene of C. 
pruinosa , we designed a primer set based on the sequence of the 
C. militaris SOD1 gene cloned previously in our laboratory(Park 
et al., 2005a).The putative genomic DNA of SOD1 gene from the 
corresponding entomopathogenic fungus C. pruinosa was cloned 
and sequenced. From the results of nucleotide sequencing from 
the putative cloned PCR product of SOD1 gene reveals that the 
SOD1 gene contains 947 bp and consisted of three introns and four 
exons coding for 154 amino acid residues (Fig.1 a, b). The coding 
sequences are interrupted by three unambiguous introns with lengths 
of 331, 75 and 56 nucleotides. The three introns separate exons of 
13, 331, 97 and 20 nucleotides, respectively.

Amino acid sequence of SOD1 gene of C. pruinosa 

Comparison of amino acid sequences of C. pruinosa 
SOD1 gene with relating fungal strains was represented in 
Fig. 2. GenBank search included 12 species of Ascomycota 
and 1 species of Basidiomycota. The accession numbers 
of the sequences in the GenBank are as follows: Beauveria 
bassiana (ACT75665.1), Cordyceps militaris (AAN75577.1), 
Metarhizium acridum (EFY89074.1), Metarhizium anisopliae 
(EFZ03762.1), Hypocrea lixii (ABL75447.1), Trichoderma 
atroviride (EHK47440.1), Trichoderma reesei (EGR46663.1), 
Exophiala dermatitidis (EHY56945.1), Neurospora tetrasperma 
(EGO51605.1), Glomerella graminicola (EFQ35002.1), 
Colletotrichum higginsianum (CCF33232.1), Trichophyton 
tonsurans  (EGD92847.1),  and Cryptococcus gatt i i 
(AAK31920.1). Cryptococcus gattii is the only Basidiomycota 

Fig. 1. (a) Nucleotide sequence of SOD1 gene of C. pruinosa. 
Nucleotides and amino acids numbers are on the left. The start 
codon is boxed and the termination codon is shown by asterisk. 
Shaded letters are SOD1 forward and reverse primers respectively. 
Exons are written in capital letters and labeled with bold-lines. (b) 
Genomic structure of SOD1 gene of C. pruinosa. Exons are shaded 
on this figure. The numbers in parentheses refer to each position in 
SOD1 gene and we can figure out the length of each exons.
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with B. bassiana and C. militari having the highest sequence 
identity (Fig. 3.). They have copper binding sites, colored with 
yellow; zinc binding sites, colored with blue; for both, colored 

highest ratio among them is glycine, but tyrosine was not present 
in the deduced amino acid residues.

 Structural features of C. pruinosa SOD1 gene are compared 

Fig. 2. Comparison of deduced amino acid sequences of C. pruinosa SOD1 gene compared with other 12 species of Ascomycota and 1 
species of Basidiomycota provided in GenBank. 

Table 1. Amino acid composition of SOD1 gene of C. pruinosa. 

Ala Cys Asp Glu Phe Gly His Ile Lys Leu Met Asn Pro Gln Arg Ser Thr Val Trp Tyr

9.7 1.3 6.5 3.9 2.6 14.9 4.5 4.5 5.2 3.9 0.6 6.5 4.5 2.6 3.9 5.8 9.1 9.1 0.6 0.0 

Fig. 3. Structual features of C. pruinosa SOD1 gene compared with B. bassiana and C. militaris 
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Mega 5 program (Fig. 4.). Phylogeny reconstruction method, 
Maximum Parsimony statistical method, was used through this 
program. The tree was also made by bootstrap values for 1,000. 
C. pruinosa, B. bassiana and C. militaris are included in a sister 
group, but C. pruinosa are separated with other 2 species.

Discussion

The C. pruinosa SOD1 gene cloned in the present study 
is the first report of SOD1 gene in this corresponding 
entomopathogenic fungi species. Also we already reported 
molecular features of other homologous SOD1 genes of C. 
militaris, P. tenuipes, and some other Paecilomyces species (Park 
et al., 2005a; Park et al., 2005b). Total lengths of the SOD1 
gene in C. militaris, P. tenuipes, Paecilomyces species, and C. 
pruinosa are 922bp, 966bp, 946bp and 947bp long respectively, 

with green from the information in GenBank. Also, beta-barrel 
sites, called “Greek key” are marked with grey color. Bolded-
letters with red color indicate different sequences among these 
fungal SOD1 genes. 

Phylogenic analysis of C. pruinosa SOD1 gene

Phylogenic analysis using deduced amino acid sequences 
includes 13 species of Ascomycota and 1 species of 
Basidiomycota from GenBank. Cryptococcus gattii is the only 
Basidiomycota, which is divided into the different clade with 
Ascomycota. Pair-wise similarity analysis shows the percentage 
of similarity with each species (Table 2.). Pairwise distance 
estimation method, ρ-distance model, was used through Mega 
5 program. So the figures were obtained by the calculation, 
100 (%) - ‘the percentage from each’. The table was made by 
bootstrap values for 1,000. Phylogeny relationship analysis used 

Table 2. Pair-wise similarity analysis of SOD1 gene from C. pruinosa and from other species in GenBank

Fig. 4. Phylogenic relationship analysis included 13 species of Ascomycota and 1 species of Basidiomycota
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of SOD1 gene of C. militaris (Park et al., 2005a; Zheng et al., 
2011). The highest ratio among 20 kinds of deduced amino 
acid composition from C. prinosa is glycine, on the other hand, 
tyrosine did not found in deduced amino acid composition. 

To get a phylogenic relationship analysis, already known 
fungal SOD1 sequences of 13 species in GenBank are compared 
to C. prinosa. Through the pair-wise similarity analysis, B. 
bassiana and C. militaris have 95% similarity with C. pruinosa, 
which figure is the highest percentage among 13 species in this 
comparison study. Also Copper binding sites (at 47

th
, 49

th
, 64

th
, 

and 121
st
 amino acids), Zinc binding site (at 64

th
, 72

nd
, 81

st
, and 

84
th
 amino acids), Greek key site (from 37

th
 to 40

th
, and, from 

102
nd

 to 115
th
) are conserved among these three species based on 

the information in GenBank. Through phylogeny relationship 
analysis, C. prinosa is together in Ascomycota family group 
as we expected. Interestingly, C. militaris and B. bassiana are 
closer than C. militaris and C. pruinosa, even though they are in 
Cordyceps family.

From these results and analysis it can be concluded that C. 
prinosa SOD1 gene cloned and characterized in the study are 
genuine, homologous gene of ortholog, and showed to have 
conserved Cu/Zn binding sites. This SOD1 gene of C. pruinosa 
will be useful to carry the function of anti-oxidation metabolism 
in the corresponding cells of vegetable wasps and plant worms.

We hope the analysis in this study will contribute to 
futher understanding of SOD1 gene of corresponding 
entomopathogenic fungi groups.
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