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ABSTRACT 
Eremothecium ashbyi is a riboflavin overproducing pathogenic fungus whose metabolic pathways have not been 
genetically characterized. We report here the cloning and characterization of the entire pyruvate kinase ORF (PK) of 
1,506 bp in E. ashbyi by reverse transcriptase polymerase chain reaction (RT-PCR) and 5'- 3' rapid amplification of 
cDNA ends (RACE-PCR). The ORF showed 84% homology to the PK ORF of Kluyveromyces lactis and one amino 
acid showed a strict preference of a single codon Cys (TGT). The putative PK peptide of 502 aa had a high 
similarity of 91% with the PK sequence of Ashbya gossypii. Phylogenetic analysis of PK from E. ashbyi 
demonstrated clusters in each Kingdom, within the fungal subphyla and was evolutionarily closest to PK from A. 
gossypii. PK sequence is available at the GenBank Accession Number EU649695. Homology model developed with 
PK from Saccharomyces cerevisiae (PDB: 1A3W) as template and validated using PROCHECK, showed a high 
degree of structural similarity between the two enzymes.  
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Introduction 
Pyruvate kinase (PK) (EC 2.7.1.40), a key 
enzyme in the glycolytic pathway, catalyzes the 
essentially irreversible transphosphorylation from 
phosphoenolpyruvate (PEP) and ADP, to 
pyruvate and ATP (1). It is also the regulatory 
enzyme for gluconeogenesis and hence serves as 
a switch between the glycolytic and the 
gluconeogenic pathways (2). PK has several non-
metabolic functions such as its use as biosensors, 
phylogenetic markers, and is a potential target for 
chemotherapy in protozoan parasites (3).  
Phylogenetic marker is a fragment of coding or 
non-coding DNA which doesnot have variation 
or has predictable variation within a given 
species, and are sequences which are available in 
most or all species of a genus. DNA markers such 
as 5.8S rDNA, 18S rDNA, 28S rDNA, ITS 
regions, long-wavelength opsin, translation 
elongation factor 1-α, cytochrome b, and  

 
 
cytochrome oxidase I, have been used in 
constructing phylogenetic trees at various levels 
of divergence (4). However, the search for new 
phylogenetic markers is always strongly 
recommended to identify new pathogenic species 
which prefer to grow on particular hosts or plants. 
E. ashbyi is a phytopathogen causing 
stigmatomycosis in cotton and citrus plants and 
recently has been reported to cause yeast spot 
disease in soybean and azuki beans (5). 
Phylogenetic relationships between 
phytopathogenic fungi was first studied by 
comparing partial nucleotide sequences of 
ribosomal DNA (rDNA) (6), followed by 
comparing the monosaccharide pattern of cell 
walls, complete 18S rDNA, ITS1 and ITS2 
sequences etc (7) and by comparing 18S rRNA-
gene sequences (8).  
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In bacteria, 16S rRNA has limited ability to 
distinguish closely related taxa due to extremely 
slow rate of 16S rRNA evolution (9). Hence 
phylogenetic analysis based on 18S rRNA 
sequence might not be sufficient to distinguish 
closely related taxa in fungi. In the protein-
coding genes, the degree of sequence divergence 
has been shown to be sufficient for diagnosis and 
discovery of species (9). PK gene encodes one of 
the oldest ‘housekeeping’ enzymes which has 
widespread distribution in central metabolic 
activity. The PK gene sequence has been used as 
a phylogenetic marker for classifying ammonia-
oxidizing bacteria (10). However phylogenetic 
studies using PK gene have not been attempted in 
fungi although it is definitely worth a study.  
Ashbya gossypii and Eremothecium ashbyi are 
highly flavinogenic fungi and their respective 
ribosomal genes show a high homology to the 
ribosomal genes of Saccharomyces cerevisiae 
(11). Among these three, A. gossypii and S. 
cerevisiae have been completely sequenced and 
annotated but in E. ashbyi the genes encoding any 
of the glycolytic pathway enzymes have not been 
identified.  Recently we reported the sequencing 
of two metabolic genes encoding GTP-
cyclohydrolase II (12) and glyceraldehyde-3-
phosphate dehydrogenase (13) in E. ashbyi. 
Hence A. gossypii and S. cerevisiae sequences 
can be utilized for designing degenerate primers 
for isolating genes such as PK for phylogenetic 
studies in E. ashbyi.  
The aim of the present paper is to sequence and 
characterize the entire PK ORF encoding 
pyruvate kinase in E. ashbyi in order to re-
examine the phylogenetic position of E. ashbyi. A 
phylogenetic tree was developed by using 23 
pyruvate kinase (PK) homologues, ranging from 
bacteria to higher eukaryotes. The regulatory 
regions of this strongly expressed gene if 
identified could be utilized for improving the 
expression of riboflavin biosynthetic pathway 
genes in E. ashbyi. Homology modeling of the 

encoded protein was proposed to study the 
catalytic domains of PK.  
 

Materials and Methods 
Strains, media and oligonucleotides 
Eremothecium ashbyi NRRL -1363, obtained 
from NCAUR, Illinois, USA was grown and 
maintained on YMA media (YMA; 0.3% yeast 
extract, 0.3% malt extract, 0.5% peptone, 1% 
glucose and 2% agar). Escherichia coli DH5α 
served as the plasmid host and was maintained on 
Luria broth (LB; 1% tryptone, 0.5% yeast extract, 
1% NaC1) and transformants were selected on 
LB ampicillin plates (50 µg/ml). 
RACE PCR oligonucleotides were designed 
using Clone manager Basic 9 software and all the 
synthetic oligonucleotides were synthesized by 
MWG-Biotech (Ebersberg, Germany). Molecular 
biological kits were used according to the 
manufacturer’s instructions. 
 Nucleic acid isolation 
250 mg of wet mycelial mass of E. ashbyi 
obtained from 100 ml of YM broth, grown for 48 
h at 30°C in an orbital shaker (160 rpm) was 
filtered, crushed in liquid nitrogen and 
deproteinated by phenol, chloroform and isoamyl 
alcohol mix. After centrifugation, the total RNA 
was added to the oligo (dT)25 silica column for 
the mRNA purification (mRNA Purification Kit 
Bangalore Genei, Bangalore India). All DNA 
manipulations and microbiological experiments 
were carried out by standard methods (14). 
RT-PCR and cloning 
The first strand cDNA was synthesized by 
reverse transcription (RT) in a 20 µl reaction mix 
containing 0.5 -1.0 µg mRNA, Oligo (dT)18 
primers (0.2 µg/µl), 5 mM dNTPs, 1 × M-MuLV 
RT buffer and 25 U of M-MuLV Reverse 
transcriptase enzyme (M-MuLV RT-PCR kit, 
Bangalore Genei, Bangalore, India). 
Degenerate PK primers were designed with 
maximum sequence homology to PK genes of S. 
cerevisiae and A. gossypii. PK specific PCR 
reactions were carried out using the degenerate 
primers forward (5'-GGTCC (A/T) 
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AAGACCAACAACCCAGA-3') and reverse (5'-
ATTGGGTAGT(A/T)ACCCTTGGCGGT -3'). The 
degenerate bases are shown in brackets. From the 
resulted RT product, 5 µl was used in the 
subsequent PCR reaction. Partial coding region of 
the PK ORF was amplified in a 50 µl PCR mix 
containing 5 µl RT product, degenerate primers 
(0.2 µg/µl), 5 mM dNTPs, 1 × PCR buffer and 
1.5 U of Taq enzyme (M-MuLV RT-PCR kit, 
Bangalore Genei, Bangalore, India). An initial 
denaturation step at 94°C for 2 min was followed 
by 32 cycles comprising 30 s at 94°C, 25 s at 
56°C and 1 min 10 s at 72°C and a final 
extension step of 10 min at 72°C. The 945 bp RT-
PCR product was purified from 1% (w/v) agarose 
gel with Fermentas gene clean kit and ligated to 
pTZ57R/T vector (Fermentas) using T4 DNA 
ligase (Fermentas). The positive clones, selected 
on LB ampicillin plates, were sequenced in both 
directions using standard M13 primers at MWG 
Biotech (Ebersberg, Germany). 
Cloning of 3′ and 5′ ends of partial PK 
Rapid amplification of cDNA ends (RACE) PCR 
experiment was performed to amplify and clone 
both 5′ and 3′ ends of the partial coding region of 
PK (5′/3′ RACE, 2nd generation kit Roche, Basel, 
Switzerland). Partial PK sequence based forward 
and reverse primers were designed and Taq 
polymerase (Invitrogen, CA) was used for both 3' 
and 5' RACE PCRs. The 3' region of PK was 
amplified by using the gene specific forward 
primer (5'-ATCCCACCTCACCACGAAATG-3') 
and PCR-anchor reverse primer (5'-
GACCACGCGTATCGATGTCGAC-3'). In 5' 
RACE PCR, the total RNA was first reverse 
transcribed using the gene specific reverse primer 
(5'-TCACAGGCCTTGGCGTATTGG- 3') and 
finally a second internal gene specific reverse 
primer (5'-GGTGAGGTGGGATTGGGTAG-3') 
and Oligo dT anchor primer(5'-
GACCACGCGTATCGATGTCGACTTTTTTTT
TTTTTTTTV-3') were used to amplify the 5' 
region of PK.  

The 3' and 5' RACE-PCR products were purified 
(PCR purification kit, Roche Basel, Switzerland), 
quantitated spectroscopically and ligated into T-
tailed pGEM-T Easy plasmids (Promega, 
Southampton) and transformed into E. coli 
DH5α. The positive clones were sequenced in 
both directions using the standard M13 primers at 
MWG Biotech. The sequences of the three 
separate clones including overlapping regions (5'-
RACE product, mature part and 3'-RACE 
product) were analyzed to authenticate the 
obtained data and subsequently combined to 
obtain the complete cDNA sequence.  
Sequence analysis 
The percentage identities of the putative PK with 
other known PK sequences at the amino acid 
level from different phyla and fungal subphyla 
were analyzed using the BLAST algorithms at 
NCBI (http://www.ncbi.nlm.nih.gov/BLAST) 
(15). Organisms from different phyla were 
selected whose PK sequences showed highest 
sequence homology with the putative PK. These 
sequences were aligned with the putative PK 
sequence using the ESPript software 
(http://espript.ibcp.fr/ESPript/cgi-bin/ESPript.cgi) 
to analyze the conservation of active and 
allosteric site residues.  
A phylogenetic tree from full-length amino acid 
sequences available from 23 organisms- bacteria, 
fungi plants and animals, was constructed to 
evaluate their molecular evolutionary 
relationships using the PHYLIP 3.68 program 
(16). Multiple sequences of PK peptide were first 
aligned with PK from E. ashbyi using the 
MAFFT software. Next the tree was built by 
using the Neighbour Joining algorithm using 
1000 bootstraps. The tree was also built with 
PhyML software using 1000 replicates. Although 
the tree pattern was similar for both, the bootstrap 
confidence values were better using the 
Neighbour Joining algorithm. The distances were 
calculated using Protdist software and the 
consensus tree built was viewed in Spilts tree4. 
Other analysis and comparison of sequences was 
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done using EXPASY programmes 
(http://expasy.org/tools/).  
The codon usage frequency of the PK gene 
sequence was calculated with the CUSP program 
of the European Molecular Biology Open 
Software Suite (EMBOSS) 
(http://www.ebi.ac.uk/Tools/emboss/). The GC 
contents of the metabolic genes recently isolated 
from E. ashbyi were analyzed and compared with 
those reported in A. gossypii database 
(http://agd.vital-it.ch/index.html).  
Homology modeling of PK and Tertiary 
structure prediction  
For developing a homology model, the putative 
PK sequence was downloaded from GenBank 
and a protein-protein BLAST search to PDB was 
conducted for potential structural templates (17). 
The structural template selected was the lone 
fungal PK crystal structure available from S. 
cerevisiae (Sc) (PDB: 1A3W) having the highest 
homology of 83% among all the crystal structures 
available. The X-ray crystallographic coordinates 
for PK from S. cerevisiae were obtained from the 
Protein Data Bank. MAFFT was used to generate 
an alignment of the query and the template and a 
model was built using MODELLER 9v5 
software. The PK model was superposed on the 
template 1A3W and the Cα and back bone root 
mean square deviation (RMSD) values were 
calculated using FATCAT (18) for the reliability 
of the model. The model was also checked with 
Ramachandran plot at PROCHECK (19).  
Structural similarity of the homology model of 
PK of E. ashbyi with the PK from Homo sapiens 
(PDB 3BJF) having a 49% sequence identity was 
also analyzed. A molecular model of PK based on 
the fungal crystal structure will provide insight 
into its 3D structures (17).  
The tertiary structure of PK was also analyzed 
using SUPERFAMILY 1.69 (http://supfam.mrc-
lmb.cam.ac.uk). 
 
 
 

Results  
Primary structure analysis and codon usage of 
PK 
Degenerate PK primers designed according to the 
homologous regions of the S. cerevisiae and A. 
gossypii could successfully amplify the partial 
PK ORF of E. ashbyi. The RT-PCR product of E. 
ashbyi, obtained by using the degenerate primers 
was in the expected range of about 945 bp and 
was in accordance to PK ORF of A. gossypii. The 
full-length cDNA sequence of PK was obtained 
by RT-PCR and 3'-5' RACE-PCR. This ORF 
starts at the conserved start codon ATG, 
preceding the putative ribosome binding site (5'-
AGAGG-3'). The PK cDNA comprises of a 100 
bp 5′- untranslated region (UTR), 1,506 bp ORF 
encoding a 502 aa residue protein and a 118 bp 
3′-UTR (Fig. 1). The complete PK sequence has 
been submitted to the GenBank, ACCESSION 
NUMBER- EU649695. 3' UTR has a Zaret and 
Sherman like sequence-TAG…TATGT, which is 
postulated to have a role in transcription 
termination and polyadenylation in some genes of 
yeast (20).  
The putative nucleotide sequence of E. ashbyi has 
84%, 83% and 81% homology to the PK 
nucleotide sequences of Kluyveromyces lactis, S. 
cerevisiae and A. gossypii respectively. The high 
sequence identity at the nucleotide level indicates 
that this sequence is most probably that of PK 
encoding the enzyme pyruvate kinase in E. 
ashbyi. PK gene has been completely sequenced 
in 14 ascomycete fungi and is available at NCBI 
(http://www.ncbi.nlm.nih.gov/BLAST/). Gene 
structure analysis (www.nlm.ncbi.nih.gov) of PK 
gene in the two organisms S. cerevisiae (500 aa) 
and A. gossypii (501 aa) indicated that they do 
not have any introns. Since E. ashbyi (501 aa) has 
the highest sequence similarity of 91% with A. 
gossypii and is also of similar length, it may be 
inferred that the PK ORF identified in E. ashbyi 
is most probably its gene sequence.  
The GC content of the putative PK, RIB1 and 
GPD ORFs in E. ashbyi were compared and 
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compiled to the corresponding ORFs in S. 
cerevisiae and A. gossypii (Table I). The table 
indicates that although the lengths of the 
nucleotide sequences were very similar in all the 
organisms, the GC contents in E. ashbyi 
sequences were closer to the GC contents in S. 
cerevisiae but were much lower than the 
corresponding values in A. gossypii.  
Genes that are always expressed at a high rate 
usually have a codon bias (21).  Codon analysis 
of PK indicated the use of a highly restricted set 
of codons as only 47 out of 61 possible sense 
codons had been utilized. Furthermore only 31 of 
these 47 codons had been used more than twice. 
In PK, strict preference of a single codon was 
seen in Cys (TGT). The results were in 
accordance to the previous reports obtained from 
yeast where only 35 of the 61 possible sense 
codons have been utilized with no strict 
preference of a single codon (1). TAA, the most 
frequently found terminator in filamentous fungi 
is also found in PK. 
Secondary structure prediction and sequence 
analysis 
The putative peptide sequence of PK obtained 
from E. ashbyi has been submitted to GenPept, 
ACCESSION NUMBER- ACD93574. The 
predicted molecular weight (Mol. wt) of the PK 
was 54.70 kDa and the isoelectric point (pI) 5.32 
using the Expasy tools software 
(http://expasy.org/tools/pi_tool.html). Secondary 
structure prediction of PK using GOR4 software 
indicated that the peptide contained 50% Random 
coil, 27.74% Alpha helix and 22.16% extended 
strand.  
The percentage identities of the complete PK 
amino acid sequences were compared with 
members of different phyla (Table II). E. ashbyi 
belongs to the subphyla Saccharomycotina of 
Ascomycota Phylum of Fungi. It has 2 other 
subphyla- Pezizomycotina, and 
Taphrinomycotina (which is most primitive of the 
three). The putative PK sequence, when 
compared with members of Saccharomycotina, 

Pezizomycotina and Taphrinomycotina indicated 
a high average sequence identity of 87%, 62% 
and 68% respectively and a minimum of 41% 
with Plantal groups. This indicates that the 
peptide sequence for pyruvate kinase is well 
conserved and suggests a close evolutionary 
relationship in this central metabolic pathway.  
A phylogenetic tree in Phylip format constructed 
on multiple alignments of various PK sequences 
indicated major clusters in each Kingdom and 
within the fungal phyla with 100% bootstrap 
confidence value (Fig. 2). This bioinformatic 
analysis of the PK sequence from E. ashbyi can 
be used for in-depth classification and 
identification of fungal pathogens at a rank below 
the genus level. 
Analysis of active site residues in PK 
ESPript alignment of PK indicated several 
homologous regions when compared with PK 
sequences of different phyla (Fig. 3). In the active 
site of E. ashbyi, Lys 241 and Thr 299 are strictly 
conserved in all the organisms compared here,  
indicating that they are the catalytic amino acids 
as reported in S. cerevisiae (21). Even at the 
highly variable allosteric site of E. ashbyi, 6'-
phosphate of FBP most probably forms polar 
interactions with Ser 403, Ser 405 and Thr 408 
residues and 1'-phosphate of FBP forms 
electrostatic bond with Arg 460, in accordance to 
the previous reports in yeast (2). Finally, the 
residues Asp 115 and Glu 271 in E. ashbyi which 
are important ligands for binding monovalent and 
divalent cations respectively (3) are well 
conserved among all the organisms studied here.  
In the active site of E. ashbyi, Lys-241 most 
probably stabilizes the pentavalent transition state 
of the phosphoryl group and Thr-299 plays a role 
in proton transfer in the last step of catalysis, 
similar to the roles played by Lys- 240 and Thr-
298 as reported in yeast (22). The allosteric site 
residues in E. ashbyi are also in accordance to the 
yeast allosteric sites where Ser 402, Ser 404, and 
Thr 407 bind to 6'-phosphate and Arg 459 binds 
to 1'-phosphate of FBP (2). This indicates the 
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transcription of a functional PK who’s active and 
the allosteric site residues appear to be extremely 
well conserved, suggesting a close evolutionary 
relationship in this central biosynthetic pathway. 
Tertiary structure prediction  
The tertiary structure of PK analyzed using 
SUPERFAMILY 1.69, indicated 3 domains- N-
terminal (region 14 to 93) having a 
Phosphoenolpyruvate domain, the C-terminal 
(region 368 to 501) having the PK C-terminal 
domain and the intermediate (region 89 to 189) 
has a PK beta-barrel domain. The 
phosphoenolpyruvate binding site has an 
extremely conserved triosephosphate isomerase 
(TIM) barrel structural motif which consists of an 
eightfold repeat of (βα) units, where the eight 
parallel β -strands on the inside are covered by 
eight α - helices on the outside. Hence the tertiary 
structure, 3D model and structure-based functions 
of this enzyme inferred from the known models is 
significant and dependable.  
Homology modeling of PK  
PKs from bacteria, protozoa and animals 
including humans have been crystallized. The 
only crystal structure of fungal PK available in 
PDB is from Saccharomyces cerevisiae (PDB: 
1A3W) at 3°A resolution (23).  
The homology model of the putative PK 
developed with the closest PDB model 1A3W of 
S. cerevisiae (Fig. 4a), when analyzed with 
Ramachandran plot, of PROCHECK indicated 
that the structure possess a reasonable geometry 
with 88.1% of Ф and ψ angles in the most 
favored region, 9.4% in the additionally allowed 
region, 1.8% in the generously allowed region 
and 0.7% in disallowed region. Structural 
similarity of this model with 1A3W when 
analyzed using FATCAT software showed that 
the two structures overlapped reasonably well 
(Fig. 4b). The RMSD value of the Cα positions in 
the α-helices between PK of E. ashbyi and 1A3W 
was 0.77 which indicated the high degree of 
structural similarity between these two enzymes. 
A significant structural similarity of PK of E. 

ashbyi was also observed with the PK from 
Homo sapiens (PDB: 3BJF) as the RMSD value 
of the Cα positions in the α-helices between PK 
and 3BJF was 0.40.  
Discussion  
In this paper we report the isolation and sequence 
analysis of the complete putative PK gene along 
with the partial regulatory regions in E. ashbyi. 
The active and the allosteric site residues were 
well conserved when compared with PK 
sequences obtained from organisms of different 
phyla. The significant structural similarities 
between the homology model of PK and 1A3W 
indicated that the domain architecture of the PK 
model was consistent with the crystallographic 
analysis of S. cerevisiae model (PDB: 1A3W). 
This could provide dependable information about 
their catalytic domains. Based on the high 
sequence homology of sequence data and enzyme 
structure data this sequence is most probably that 
of PK encoding the enzyme pyruvate kinase in E. 
ashbyi. Moreover, a statistical model has been 
developed which indicate near exact similarity of 
functions for proteins with high sequence 
similarity having expectation values (e-value) of 
1e -62 or with higher similarities (24). As the 
putative E. ashbyi PK peptide has a very high 
sequence similarity with S. cerevisiae (Accession 
Number CAA24631) of e-value 0.0, and it 
encodes functional protein, it can be suggested 
that the E. ashbyi PK peptide is most probably 
pyruvate kinase. 
The 18S rRNA sequence of E. ashbyi (Accession 
Number AY046269) when analyzed using 
(http://blast.ncbi.nlm.nih.gov/Blast.cgi), showed 
1743 bp in length and 45% GC content. 
Interestingly the 18S rRNA sequence of A. 
gossypii (Accession Number AY046265) and S. 
cerevisiae (Accession Number Z75578) were 
1745 bp and 1800 bp respectively in length, both 
showed 99% sequence homology to the 18S 
rRNA sequence of E. ashbyi and had identical 
GC content (Table I). Hence there is hardly any 
difference between the three 18S rRNA 
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sequences. Hence the phylogenetic position of E. 
ashbyi was re-examined by using the PK 
sequence which has been reported in this paper. 
Interestingly, the PK gene (1506 bp) and another 
glycolytic gene encoding glyceraldehyde-3-
phosphate dehydrogenase (996 bp) (13) in E. 
ashbyi indicated that they were of similar lengths 
to their homologues in A. gossypii and S. 
cerevisiae but have distinctly different GC 
contents (Table I). At a low taxonomic level, 
especially within the fungal subphyla- 
Saccharomycotina, Pezizomycotina, and 
Taphrinomycotina, the resolved phylogenetic 
relationships inferred from PK and those already 
reported from 18S rRNA gene sequence data 
were congruent. The relationships and clustering 
were similar or identical to those reported earlier 
by microbiological, biochemical and 
phenotypical criteria. Recognition of the 
phylogenetic relationships among these 
organisms may facilitate a better understanding 
of the evolutionary relatedness between species, 
their biological niche and pathological properties. 
Hence we believe that PK may be used as an 
appropriate marker, at lower taxonomic levels, 
yielding high bootstrap support values, for 
phylogenetic analysis of pathogenic fungi. 
E. ashbyi is a strong flavinogenic fungus. 
Isolation of strong promoters of glycolytic genes 
can be utilized for enhancing the expression of 
target genes by metabolic engineering in E. 
ashbyi. New recombinant strains with even 
higher riboflavin production can be developed by 
substituting native promoters of riboflavin 
biosynthetic pathway genes with the strong native 
PK promoter.  
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Figure: 
 

 
Figure 1. Nucleotide sequence of a complete PK ORF 
encoding pyruvate kinase (Gen Bank ACCESSION 
NUMBER- EU649695) with the deduced protein. The 
translated amino acids predicted are shown with 
single-letter symbols below their capitalized codon 
using BioEdit 
(http://www.mbio.ncsu.edu/BioEdit/bioedit.html).The 
upstream and downstream regions are in lower case. 
The TATA box has been underlined. In 3' UTR, a 
Zaret and Sherman like sequence has been underlined 
and ‘*’ indicates the stop codon.  
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Figure 2. A phylogenetic tree showing the 
relationships between PK sequences of organisms 
from a wide range of Phyla. The PHYLIP 3.68 
program (Felsenstein 2002) was used to construct the 
phylogenetic tree from full-length amino acid 
sequences obtained from the database. Bootstrap 
values shown at internal nodes indicate the percentage 
of the occurrence of these nodes in 1000 replicates 
(Neighbour Joining method) of the data set. Sequences 
are from Schizosaccharomyces pombe (Sp) 
(CAA62490), Oryza sativa (Os) (NP_001042731.1), 
Arabidopsis thaliana (At) (NP_194369), 

Glycine max (Gm) (CAI53675.1), Ricinus communis 
(Rc) (EEF38975), Halothermothrix orenii H 168 (Ho) 
(YP_002508078), Anaerococcus lactolyticus ATCC 
51172  (Al) (ZP_03914983.1), Yersinia pestis KIM 10 
(Yp) (NP_669259.1), Vibrio cholerae V52  
 

(Vc) (ZP_01681936), Homo sapiens (Hs) (3BJF_A), 
Gallus gallus (Gg) (NP_990800), Aedes aegypti (Aa) 
(XP_001662712), Drosophila persimilis (Dp) 
(XP_002013553.1), Aspergillus clavatus NRRL 1 
(Ac) (XP_001267897.1), Neosartorya fischeri NRRL 
181 (Nf) (XP_001257862.1), Aspergillus fumigatus 
Af293  (Af) (XP_750636.1), Magnaporthe grisea 
(Mg) (EDK03528.1), Gibberella zeae PH-1 (Gz) 
(XP_387704), Candida albicans WO-1 (Ca) 
(EEQ45953), Saccharomyces cerevisiae (Sc) 
(YAL038W), Kluyveromyces lactis NRRL Y-1140 
(Kl) (XP_456122), Eremothecium ashbyi (Ea) 

(ACD93574), Ashbya gossypii ATCC 10895 (Ag) 
(ADR368W).                   
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Figure 3. Multiple sequence alignment of PK with 
other known PK sequences using the ESPript 
software. Fully conserved regions are highlighted. The 
active site amino acids in E. ashbyi, Lys (K) 241 and 
Thr (T) 299 are marked as ‘*’. The alpha helix (α) and 
beta strand () regions are marked.  

Figure 4. A 3D model (ribbon) of PK obtained by 
homology modeling, using the crystal structure of PK 
from S. cerevisiae (PDB: 1A3W) as the template and 
using the MODELLER9v5 software, (b) Superposition 

of the predicted model of PK onto the template which 
is the crystal structure of PK from S. cerevisiae (PDB: 
1A3W), using FATCAT software. 
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Table Legends 

Table I: Comparative GC content analysis between three 
metabolic genes and 18S rRNA from A. gossypii, S. 
cerevisiae and E. ashbyi  

 

 

Table II: Percentage sequence identities (at amino acid 
level) of the putative PK peptide with respect to PK 
sequences from members of several other phyla. 
 

 

Letters in brackets indicate the abbreviations used in this paper 

 

A. gossypii genes % GC 
content E. ashbyi genes % GC 

content 
S. cerevisiae 
genes 

% GC 
content 

RIB1(906 bp) 
(Acc. no. ADL296C) 66 

RIB1(942 bp) 
(Acc. no. EF565374) 

(Ref. 12) 
49 

RIB1(1747bp) 
(Acc. no. 

YBL033C) 
43 

GPD (996 bp) 
(Acc. no. AER031C) 57 

GPD (996 bp) 
(Acc. no. EU717696) 

(Ref. 13) 
48 

GPD (999 bp) 
(Acc. no. 

YGR192C) 
47 

PK (1503 bp) 
(Acc. no. ADR368W) 52 PK (1506 bp) 

(Acc. no. EU649695) 44 
PK (1503 bp) 

(Acc. no. 
YAL038W) 

 
46 

18S rRNA (Acc. no. 
AY046265) 45 18S rRNA (Acc. no. 

AY046269) 45 18S rRNA (Acc. no. 
Z75578) 

 
45 

Gene ID Organism % Identity Kingdom (Class) 

CAA24631 Saccharomyces cerevisiae (Sc) 83% Fungi(Saccharomycetes) 
XP_456122 Kluyveromyces lactis (Kl) 87% Fungi(Saccharomycetes) 
NP_984464 Ashbya gossypii (Ag) 91% Fungi (Saccharomycetes) 
XP_387704 Gibberella zeae PH-1 (Gz) 62 % Fungi (Pezizomycetes) 
CAA62490 Schizosaccharomyces pombe (Sp) 68 % Fungi (Taphrinomycetes) 

ZP_01681936 Vibrio cholerae V52 (Vc) 45% Bacteria (Gamma Proteo-bacteria) 
YP_002508078 Halothermothrix orenii H 168 (Ho) 44% Bacteria (Clostridia) 

NP_194369 Arabidopsis thaliana (At) 41% Plantae (Rosids) 
EEF38975 Ricinus communis (Rc) 41% Plantae (Magnoliopsida) 
3BJF_A Homo sapiens (Hs) 49% Animalia (Mammalia) 

NP_990800 Gallus gallus (Gg) 48% Animalia (Aves) 
XP_001662712 Aedes aegypti (Aa) 51% Animalia (Insecta) 


