Jundishapur ] Microbiol. 2015 November; 8(11): €25218. doi: 10.5812/jjm.25218

Research Article

Published online 2015 November 21.

Identification and Sequencing of Candida krusei Aconitate Hydratase Gene
Using Rapid Amplification of cDNA Ends Method and Phylogenetic Analysis

Roohollah Fateh,” Farideh Zaini,z’* Parivash Kordbacheh,” Mehraban Falahati,” Sasan
Rezaie,” Roshanak Daie Ghazvini,” Nahid Borhani," Mahin Safara,” Azam Fattahi,” Ali

.2 o . 3 .5 . .5,6
Kanani, Shirin Farahyar,” Manzar Bolhassani,” and Mansour Heidari

1Department of Microbiology and Immunology, Faculty of Medicine, Qom University of Medical Sciences, Qom, IR Iran
Department of Medical Mycology and Parasitology, School of Public Health, Tehran University of Medical Sciences, Tehran, IR Iran
Department of Medical Mycology and Parasitology, Faculty of Medicine, Iran University of Medical Sciences, Tehran, IR Iran

Department of Parasitology, Pasteur Institute of Iran, Tehran, IR Iran

Department of Medical Genetics, Tehran University of Medical Sciences, Tehran, IR Iran
Experimental Research Center, Tehran University of Medical Sciences, Tehran, IR Iran

*Corresponding authors: Farideh Zaini, Department of Medical Mycology and Parasitology, School of Public Health, Tehran University of Medical Sciences, Tehran, IR Iran. Tel:

+98-2142933141, Fax: +98-2188951392, E-mail: fzaini@sina.tums.ac.ir

Received 2014 November 9; Revised 2014 December 29; Accepted 2015 February 10.

Abstract

energy within the cell.

human and fungal aconitases to obtain selective inhibition.

block this enzyme.

Background: The production and development of an effective fungicidal drug requires the identification of an essential fungal protein
as a drug target. Aconitase (ACO) is a mitochondrial protein that plays a vital role in tricarboxylic acid (TCA) cycle and thus production of

Objectives: The current study aimed to sequence Candida krusei ACO gene and determine any amino acid residue differences between

Materials and Methods: Candida krusei (ATCC: 6258) aconitase gene was determined by 5'Rapid Amplification of cDNA Ends (RACE)
method and degenerate Polymerase Chain Reaction (PCR) and analyzed using bioinformatics softwares.

Results: One thousand-four hundred-nineteen nucleotide of C. krusei aconitase gene were clarified and submitted in Genbank as a partial
sequence and then taxonomic location of C. krusei was determined by nucleotide and amino acid sequences of this gene. The comparison
of nucleotide and amino acid sequences of Candida species ACO genes showed that C. krusei possessed characteristic sequences. No
significant differences were observed between C. krusei and human aconitases within the active site amino acid residues.

Conclusions: Results of the current study indicated thataconitase was nota suitable target to design new anti-fungal drugs that selectively

Keywords: Aconitate Hydratase, 5’ RACE Method, Degenerate PCR, Phylogenetic Analysis, Candida krusei

1. Background

Candida species are the most common cause of oppor-
tunistic fungal infections and Candida albicans is the
most predominant fungal opportunistic pathogen (1).
However the relative prevalence and incidence of the
Candida species depends on the geographical location,
patient population, and clinical settings (2-4). In recent
years, an increase is observed in invasive mycosis, par-
ticularly Candida infections (5-9). The increase is accom-
panied by a shift towards a higher proportion of species
other than C. albicans, which are frequently resistant to
fluconazole. C. krusei is one of the species that inherited
resistance to fluconazole and is mainly isolated from im-
munocompromised patients such as patients with hema-
tologic malignancies (10, 11).

Widespread use of fluconazole to prevent fungal infec-
tions in patients with human immunodeficiency virus
infection contributes to a significant increase in C. kru-
sei infection, especially due to the high incidence of re-
sistance to this drug (12). Many of classes of anti-fungal
drugs are currently available to treat fungal infections.
These classes include polyene, azoles, allymines and
echinocandins (13). The azole compounds, especially
fluconazole are the most frequently used anti-fungal
agents (14). Although the azole drugs have good phar-
macokinetic properties and low toxicity, they are fungi-
staticand inhibit only the growth of the fungal cells and
do not kill them. A critical problem is the resistance of
fungal pathogens to antifungal drugs especially azole
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drugs. Currently, C. krusei is considered as a resistant to
the azole drugs (15). The mortality rate due to fungal in-
fections remains very high because of the limitations of
effective available drugs (16).

The production and development of an effective fun-
gicidal drug requires the identification of an essential
fungal protein as drug target (17). Aconitate hydratase
(ACO) is a mitochondrial protein that plays a vital role
in tricarboxylic acid (TCA) cycle and thus production of
energy within the cell (18). There are two forms of the
protein aconitase (aconitate hydratase) in eukaryotes
such as fungi: a mitochondrial and a cytoplasmic form.
Mitochondrial aconitase convert citrate to isocitrate via a
cis-aconitate intermediate in the TCA cycle. The cytoplas-
mic aconitase protein, in addition to enzymatic activity,
is also an iron regulatory protein (IRP) (19). Targeting the
fungal aconitase selectively would lead to the rapid death
of fungal cells with little or no toxicity to the human host.
[t is necessary to obtain selective inhibition to determine
any amino acid residue differences between human and
fungal aconitases. These amino acids could then be used
as a target to selectively bind and inhibit the function of
fungal aconitase, thus produce the basis to innovate a
new antifungal drug class.

Several studies commonly indicated that C. krusei
virulence was less than that of C. albicans in terms of its
adherence to epithelial cells and prosthetic surfaces,
proteolytic activity and production of phospholipases.
Furthermore, it seems that structural and metabolic fea-
tures of C. krusei are significantly different from those
of other medically common Candida spp. and display
different behavioral patterns to host defenses, adding
credence to the belief that it should be reassigned taxo-
nomically (12, 20, 21). rapid amplification of cDNA ends
(RACE) is a method to amplify cDNA fragment from an
mRNA template with a known internal site and unknown
sequences at either the 3’ or 5-end of the mRNA (22). This
procedure is defined by other researchers as one-sided
PCR (23) or anchored PCR (24).

2. Objectives

The current study employed 5 RACE method and de-
generate PCR to partial lysequence the C. krusei aconitase
gene. The current study aimed to identify C. krusei taxo-
nomic location based on ACO gene sequence, determine
any structural differences between C. krusei, common
pathogenic Candida spp. and human aconitase sequenc-
es,and produce the basis to create a new antifungal drug
to block the C. krusei aconitase function.

3. Materials and Methods

3.1. Strains

The current study used the standard strain of C. kru-
sei (ATCC: 6258). The yeast was cultured on yeast ex-

tract (5g/L, Baltimore Biological Laboratory, USA)/ pep-
tone (10g[L, Merck, Germany)/dextrose (20g/L, Merck,
Germany) agar (20g[L, Merck, Germany) (YEPD) plate,
incubated at 37°C for 48 hours, and then transferred
into yeast extract peptone dextrose broth at 37°C for 24
hours.

3.2. 5" Rapid Amplification of cDNA Ends (5’ RACE)
Method

The used 5’ RACE method in this study was introduced
by Xiang Zong Shi and Jarvis to identify GC rich sequenc-
es (25).

3.2.1. RNA Extraction

Total RNA was extracted from the exponential phase
of yeast using the RNeasy Protect Mini Kit (Qiagen, Ger-
many). For mechanical disruption, the yeast cells were
sonicated (Hieschler, Germany; cycle 0.6; Amplitude
70%) with acid-washed glass beads (0.4 - 0.5 mm diam-
eter). The quantity and quality of the extracted RNA was
measured using the Nanodrop 1000 spectrophotometer
(Thermo Scientific, USA).

3.2.2. cDNA Synthesis

For complementary DNA (cDNA) synthesis in a total vol-
ume of 20 L, 2 ug of total RNA from organism was heated
at 65°C for 7minutes, followed by cooling on ice. A master
mixture contained 4 uL of 5x reverse transcriptase (RT)
buffer (Fermentas, Canada); 1 uL of gene-specific primer
(5ACOI1R1; Table 1) (10 pmol/uL); ANTP Mix, 1 uL (10 mM); Ri-
bolock, 1 uL(20 U) (Fermentas, Canada); and diethylpyro-
carbonate (DEPC) treated water. Four hundred units (2
uL) of Moloney murine leukemia virus (M-MuLV) reverse
transcriptase enzyme (Fermentas, Canada) were added.
The RT temperature was set to 42°C for 1 hour and 70°C for
7 minutes. Subsequently, the reaction was treated with an
equal volume of 0.6 N NaOH for 20 minutes at 65°C to de-
grade the mRNA and then the cDNA was precipitated by
adjusting the solution to 0.5 M NaCl and adding absolute
ethanol (2.5 times the total volume). After incubation at

—80°C for 2 hours, the cDNA was separated using cen-
trifugation for 30 minutes at 13,000 x g, washed with 70%
ethanol, and dissolved in 10 pL of a commercial ligation-
adaptor provided as follows:

3.2.3. Adaptor Ligation

The ligation adaptor was provided by mixing two com-
mercial oligonucleotides, named sense adaptor and
antisense adaptor (Table 1), in an annealing buffer com-
prised of 10 mM Tris-HCI (pH. 8.0) and 50 mM NacCl. The
mixture was placed in a boiling water bath, which was
then allowed to slowly cool to room temperature, and
the resulting adaptor was added to the first-strand cDNA,
as explained above. Subsequently, a ligation reaction was
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Table 1. Oligonucleotides Used in the Study

Name T, Sequence (5’ to 3’) Reference
UPM Long 77°C CTAATACGACTCACTATAGGGCAAGCAGTGGTATCAAC- (23)
GCAGAGT

UPM Short 53°C CTAATACGACTCACTATAGGGC (23)
Sense Adaptor (SA) 71°C AAGCAGTGGTATCAACGCAGAGTGNNNNN (23)
Antisense Adaptor (ASA) 62°C P-ACTCTGCGTTGATACCACTGCTT (5”-phosphorylated) (23)
5ACO1R1 57°C GTTCAAGTCAATGGCTCTGG In this study
5ACO1R2 52°C AGTGGACAGTAGATGGAGIGG In this study
5ACO1R3 58°C TGGGCGGTAGCATCTTGAC In this study
3ACO1F 54°C ACCCAAGATATTGAAAGAGG In this study
3ACO1R 58°C AATCTTGGTTCCAAAGCAGC In this study
M13 F 54°C GTAAAACGACGGCCAG Universal
M13R 56°C CAGGAAACAGCTATGAC Universal

done in a total volume of 10 pL, using 3 pL of the cDNA-
adaptor mixture, 10X T4 DNA ligase buffer, 1.0 pL; and T4
DNA ligase, 1.0 pL. This mixture was placed overnight at
room temperature and then the adaptor-ligated cDNA
was diluted fivefold with ddH,0 and used as the template
for subsequent PCRs.

3.2.4. PCR amplification

Primary PCR mixtures included 12.5 uL of Taq DNA Poly-
merase Master Mix RED (Ampliqon), 2.0 uL of the diluted
adaptor ligated first-strand cDNA described above, 2 uL of
a gene-specific primer (5ACO1R2; Table 1), 2 uL of a primer
complementary to the 3’ end of the adaptor sequence
(UPM long; Table 1) and 6.5 pL of ddH,0 in a total volume
of 25 uL. Touchdown cycling condition was used for the
primary amplification, with an initial denaturation step
for 5 minutes at 95°C, five PCR cycles each at two differ-
ent annealing temperatures (63°C and 56°C), and then
30 PCR cycles with an annealing temperature of 50°C.
Each PCR cycle included a 40 seconds denaturation step
at 95°C, a 40 seconds annealing step at the temperatures
indicated above, and a 90 seconds extension step at 72°C
and a final extension at 72°C for 10 minutes.

Mixture of nested secondary PCR included 12.5 uL of Taq
DNA Polymerase Master Mix RED (Ampliqon), 1.0 uL of the
1:5 diluted PCR product described above, 1 pL of a gene-
specific primer (5ACO1R3; Table 1), 1L of a primer comple-
mentary to the UPM long sequence (UPM short; Table 1)
and 9.5 pL of ddH,0 in a total volume of 25 uL. Touchdown
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cycling condition was used for the secondary amplifica-
tion, with an initial denaturation step for 5 minutes at
95°C, five PCR cycles each at two different annealing tem-
peratures (63°C and 56°C), and then 30 PCR cycles with an
annealing temperature of 53°C. Each PCR cycle included
a 40 seconds denaturation step at 95°C, a 40 seconds an-
nealing step at the temperatures indicated above, and a
90 seconds extension step at 72°C and a final extension at
72°C for 10 minutes.

3.3. Multiple Sequence Alignment and Degenerate
PCR

The 3ACOIF primer was designed from the fragment
obtained by 5’ RACE method and degenerate PCR prim-
er 3ACOIR was designed by the alignment and com-
parison of previously published ACO sequences from
five Candida species; C. tropicalis, C. albicans, C. dublini-
ensis, C. parapsilosis, and C. orthopsilosis. All sequences
were obtained from the GenBank (accession numbers
XM_002548708, XM_711132, XM_002422275, HE605206,
and XM_003869506 respectively). The PCR reaction
mixture included 12.5 pL of Taq DNA Polymerase Master
Mix RED (Ampliqon), 1 uL (10 pmole/uL) of each forward
(3ACOTF) and reverse (3ACOIR) primers, 1 pL C. krusei ge-
nomic DNA and 9.5 pL ddH,0 in a total volume of 25 pL.
The cycling parameters were 95°C for 5 minutes: 30 cycles
of denaturation for 40 seconds at 95°C, annealing for 40
seconds at 60°C, an extension for 90 seconds at 72°C, with
a final extension of 10 minutes.
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3.4. Cloning and Sequencing of PCR Products

All PCR products were cloned using a TOPO TA-cloning
kit (Invitrogen, USA) following the manufacturer’s in-
structions. Products were ligated into the TA vector and
then transformed into chemically competent cells us-
ing heat shock at 42°C. Cells were then mixed with 250
uL of SOC medium, incubated at 37°C for one hour, and
then 50 pL of the cell culture was plated onto X-gal/IPTG/
Amp/LB plates. Following overnight incubation at 37°C,
a single white colony (~2 mm diameter) was picked
from the plate and inoculated into 5 mL of Luria Bertani
(LB) broth. After overnight incubation at 37°C, 1 mL of
the culture was used to prepare glycerol stocks, and the
other 4 mL was used to extract plasmid. Recombinant
plasmid was purified using a plasmid extraction Kit
(Intron biotechnology) following the manufacturer’s
instruction. The recombinant plasmids were screened
by M13 forward and reverse primers with the following
PCR protocol: 94°C for 5 minutes; 30 cycles of 94°C for 1
minutes, 55°C for 1 minute; 72°C for 1 minute; and 72°C
for 7 minutes. PCR products were analyzed by agarose
(Merck, Germany) gel electrophoresis. The plasmids
containing unknown DNA were sequenced by M13 prim-
ers (Bioneer, Korea).

3.5. Nucleotide and Protein Sequence Accession
Number

The partial nucleotide sequence of the C. krusei aconi-
tase gene and its annotation was submitted to the Gen-
Bank under the assigned accession number K]009334.

3.6. Molecular Phylogenetic Analyzes

The following aconitase amino acid sequences from
different organisms were obtained from the GenBank
database. Candida tropicalis, XP_002548754.1; C. albicans,
XP_716225.1; C. parapsilosis, CCE42927.1; C. orthopsilo-
sis, XP_003869555.1; C. dubliniensis, XP_002422320.1; C.
glabrata, XP_445684.1; Pichia pastoris, XP_002489444.1;
Scheffersomyces stipitis, XP_001386080.1; Lodderomy-
ces elongisporus, XP_001525166.1; Clavispora lusitaniae,
XP_002619843.1; Piromyces sp. CAA76360.1; Schizosac-
charomyces pombe, NP_594031.2; Penicillium marneffei,
XP_002147388.1; Aspergillus oryzae, XP_001819597.2; A.
flavus, XP_002374915.1; A. terreus, AAC61778.1; A. fumiga-
tus, XP_750430.1; A. clavatus, XP_001269477.1; A. niger,
XP_001393703.1; Trichophyton rubrum, XP_003231764.1;
Arthrodermaotae, XP_002847793.1; A.  gypseum,
XP_003177439.1; Coccidioides posadasii, ABH10644.1; Para-
coccidioides brasiliensis, XP_002790154.1; Ajellomyces der-
matitidis, XP_002627881.1; A. capsulatus, XP_001539799.1;
Cryptococcus gattii, XP_003193698.1; C. neoformans,
XP_570245.1; Homo sapiens, CU012932.1.

Nucleotide and amino acid sequences were aligned us-
ing ClustalW online software. Sequences were analyzed
by the Unweighted-Pair-Group method with arithmetic

mean (UPGMA) and neighbor joining (NJ) using Geneious
R7 software. Bootstrap probability with 2000 replications
was introduced to assess the statistical significance of the
groups in the phylogenetic tree.

3.7. Active Site and Binding Site Characterization

3D structure, active site and binding site residues of C.
krusei ACO was identified with COFACTOR online service
(http://zhanglab.ccmb.med.umich.edu/COFACTOR]) to de-
termine active site and binding site amino acid residues dif-
ferences between C. krusei ACO and other Candida species
and human aconitases to design new antifungal drugs.

4.Results

In the current study, 1419 nucleotides of C. krusei ACO
gene clarified the first 300 nucleotides of 3’ region of C.
krusei ACO gene obtained by 5-RACE method. 1197 nucleo-
tides of this gene were identified by PCR with 3ACO1F
primer as both forward and reverse primers, whereas the
degenerate PCR primer designed by alignment and com-
parison of previously published ACO sequences from five
Candida species was unable to amplify this gene (Figure
1). Seventy-eight primary nucleotides overlapped with the
sequence obtained from the 5-RACE method. Finally, se-
quenced nucleotides were submitted to the GenBank as a
partial sequence of C. krusei ACO gene.

Table 2 exhibits the pairwise nucleotide identities of
Candida species calculated from the nucleotide sequenc-
es of the ACO genes. Candida albicans and C. dubliniensis
(96%), C. albicans and C. tropicalis (90%), C. dubliniensis and
C. tropicalis (90%) and C. orthopsilosis and C. parapsilosis
(94%) had more than 90% identity. Candida krusei had
maximum identity with C. tropicalis (84%).It also shows
the pairwise amino acid identities among different Can-
dida species. Based on the amino acid sequences, C. krusei
had maximum identity with C. tropicalis (85%); however C.
albicans and C. dubliniensis (99%), C. albicans and C. tropi-
calis (94%), C. dubliniensis and C. tropicalis (94%) and C.
orthopsilosis and C. parapsilosis (98%) had more than 90%
identity.

The comparison of Candida species ACO genes showed
that intra species variations between C. krusei and other
Candida species were relatively higher than the variation
between common Candida species. Multiple alignments
of the nucleotide (Figure 2) and amino acid (Figure 3)
sequences of ACO of C. krusei with other Candida species
and Homo sapiens as an out-group showed that C. krusei
possessed characteristic sequences.

The major pathogenic Candida species were distinctly
positioned by phylogenetic trees constructed using UP-
GMA and NJ with H. sapiens as an out-group (Figures 4 - 6).
Although there were some difference in the degree of res-
olution when nucleotide and amino acid sequences were
applied, the topologies acquired by both sequence types
and tree estimation algorithms were consistent.
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Figure 1. Partial Nucleotide Sequence of the Aconitase Gene of Candida krusei

1 3TQLTatcag Caagatctol Cycaagague TCCRagaacte guggritage aaccqutget
61 QQULTAACCA Qagattccaa QQUCCAcaty aacRaccat( aagaccacac ctttatcaac
121 Tacaagcaaa acqtcaagaa tttggacatt gtcaaatcca gattgaacag acctetgact
181 TatgCtoaaa agatctigta CLCCCATTLY atCaaccaq aaacccaaga tattgasaga

241 QQUQTCTCtt acttgaagtt gagaccagac agagttgctt gtcaagatge tactgeccaa
301 atggetattt tacaatttat gtctgcaggt atgecatctq ttgetactee agetactgte
361 CattQtgace atttgattca agetcaaaaa teCcgutecay aagatitgoa aagageaate
421 22CLTQRAca 2ggaagtita TQacttiita gQuectett grgctaaata caacattyqt
481 TUCLQQAAQC CagQutecgy TATTAtCCAt caaattotee ttgaaaacta tgettatcea
541 QgLgCTCLLt tQattggtac CYattctcac acccctaatg caggtogutt aggtcaattq
601 QCTattggtq ttgrogtoe TEATgecgtt gatgtettgy ctggtitcce atgggaatta
661 aaggctcecaa agattattgy tgtcaagttq accggtaaga totetgottg gactteteca
721 8aggatatta tcttaaagtt ggctggtatt actaccqtca agggtggtac cggtgcaatt
781 gttgaatatt tcggrgaagy tgtcaacace ttetettgta ctogtatgge aaccatttge
841 8aTatQggty Ctgaaattgq tgcaacaact tetgttitce catacaatga atccatgyet
901 22aLACTLQQ 22QCAACTQR 2AQATCCQaa ATTQCAQaat trgcaaaatt ataccaaaaq
961 QATLTATTAT CLQCTQAtgR AgUToetgaa tatQaccaag ttattgasat toacttgaac

1021 &CCTTYQAAc ctcatgttaa tgguccattc accccagate ttgetactee agterecaag

1081 2TQaagyaag ttorcagaaaa gaatgoetgy CCattagaag ttaagguiog trtaattogt

1141 TCULGTACCA ACTCCTCCta tgaagatatq tccagagetg cttctattgt tgaagatgea

1201 3&ggetcaty guttasagge aaagaccttq ttcactgita ceccaggute tgaacaagt

1261 2gagcaacca ttgaaagaga toguttctty aagactttce aagattttgq tootgetqtt

1321 ttagetaacy cttgtggtce atgrattggt Caatgggata gacaagacat caagaagggt

1381 (acaagaaca ccattgtcte ctetttcaat atettgogt

The nucleotide sequences were determined from the cloned PCR amplified Candida krusei aconitase gene.

Table 2. Levels of Aconitase Nucleotide and Amino Acid Sequence Similarities for Candida krusei and Five Other Candida Species?

Species Aconitase Sequence Similarity

C. albicans C.dubliniensis C.tropicalis C.parapsilosis C.orthopsilosis C. krusei

Amino acid sequence similarity
C. albicans
C. dubliniensis 96
C. tropicalis 90 90
C. parapsilosis 86 89 86
C. orthopsilosis 85 89 86 94
C. krusei 83 82 84 82 82

Nucleotide sequence similarity
C. albicans 99 94 89 89 84
C. dubliniensis 94 85 85 83
C. tropicalis 88 88 85
C. parapsilosis 98 81
C. orthopsilosis 82
C. krusei

3values are reported based on percentage.
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CU012932.1.Homosapiens

ATTGACTTARACAAGGAAGTTTATGATTICTIGGCTICTGCTIGIGCTAR 476
ATTGACTTGAACAAGGARGTTTACGATTICTTAGCTICTGCTIGIGCCAR 479
ATTGACTTGAACAAGGAAGTTTACGATTICTTGICCACTGCTIGTGCCAR 470
ATTGATTTGAACAAGGAAGTTTACGATTTCTTGICCACTGCCTGTGCCAR 470
ATTGATTTGAACAARGARGTCTACGACTTCTTGGCTICTGCCIGIGCTAR 470
RTCARCTTGAACAAGGARGTTTATGACTTTTTAGGTTCTGCTIGIGCTAR 467
AAGGACATCAACCAGGAAGTTTATARTTICCTGGCARCTGCAGGTGCCAR 498

e N s RN N KAVAY WY y " . AL A] LA LA N A
.o e . . . . .

ATATAACTIGGGTTTCTGGARACCAGGTTCAGGTATTATCCATCARRTIC S26
GTACRACTIGGGTTTICTGGARACCAGGTTCAGGTATTATCCATCARRTIG 529
ATATARCTTGGGTTTCTGCARACCAGGTICCGGTATTATCCATCARRTTG 520
RTATAACTIGGGTTTCTGGARACCAGGTTCTGGTATTATCCATCARATIC S20
ATACAACTTAGGTTTICTGGARACCAGGTTCTGGTATTATCCATCARRTIC S20
ATACAACATIGGTTTICTGGARGCCAGGTTCCGGTATTATCCATCARATIG 517
ATATGGCGIGGGCTTCTGGARGCCTGGATCTGGAATCATICACCAGATTA 548

ey ¥ X R FAAAAIAY NAXCANINIT FXIET FT RN NN NNN
. L . . . . . .

TTTIGGARAACTATGCATTICCAGGTGCTTIGITGATIGGTACCGATICG 576
TTTIGGARARCTATGCTTTCCCAGGTGCTTIGITGATIGGTACCGATICA 579
TTTIGGARAACTATGCCTTCCCAGGTGCTTTATIGATIGGTACCGATICC 570
TTTIGGAAAACTACGCCTTCCCAGGTGCTTTATIGATIGGTACCGATICC 570
TTTTGGAAAACTATGCTTTCCCAGGTGCTTIGITGATIGGTACCGATICC 570
TCCTTGARARCTATGCTTATCCAGGTIGCTCTTTIGATIGGTACCGATICT 567
TTICTGGARARCTATGCGTACCCTGGIGTTCTTCTGATIGGCACTGACTCC 598

v  EEREIRNEY ': ":"" MR PEEREEE A ey

CACACTCCARATGCTGGTGGTTTAGGTCARTTGGCTATIGGIGTTGGIGG 626
CACACTCCARACGCTGGTGGTTTGGGTCARTTGGCTATIGGTGICGGIGG 629
CACACTCCARATGCTGGIGGITTIGGGTCARTTGGCTATIGGIGTTGGIGE 620
CACACTCCARACGCTGGTGGTTTGGGTCARTTGGCTATIGGTGTTGGIGG 620
CACACTCCARACGCTGGTGGTTTGGGTCARTTAGCTATIGGIGTIGGIGE 620
CACACCCCTARTGCAGGTGGTTTAGGTCARTTGGCTATIGGIGTIGGIGG 617
CACACCCCCAATGGTGGCGGCCTTGGGGECATCTGCATIGGAGTTGGGGG 648

AERER AN’ AW N :" - LR A ..:' CQ'QQ:" "y ¥y

TGCTGATGCCGICGATGTTATGICTGGICTIGCTIGGGARTIGARGGCAC 676
TGCTGATGCCGICGATGTTATGICTGGICTTIGCTTGGGARTTGARGGCAC 679
TGCTGATGCCGTICGATGTCATGICTGGITIGCCATGEGARTTIGARRGCIC 670
TGCTGATGCCGICGATGTCATGTCCGGTTTIGGCATGGGAGTIGARGGCCC €70
TGCTGATGCCGICGATGTCATGICTGGTTIGCCATGGGAATIGARAGCCC €70
TGCTGATGCCGTTGATGICTTGGCTGATTTCCCATGGGAATTARAGGCIC 667
TGCCGATGCTGIGGATGTCATGGCTGGGATCCCCTGGGAGTTGARGTGCC 698
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Figure 2. Partial Multiple Alignment of ACO Nucleotide Sequences of Candida Species and Homo sapiens as an Out-Group
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MLSASRTAIRTSNPRSVSIRGLASA=-INRDSKVAQNLLEDASEINYKE 48
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MLSASRTALR--APRS--VRGLATAS-LTXDSQVNQNLLESHSTINYKKE 45
MLSASRTALR--APRS--VRGLATAS-LTXDSQVNQNLLESHSTINYKKN 45
MLSASRTAMR--APRS--IRGLATSG-LTRDSQUNQNLLESHSFINYKEN 45
MLSA-RSVAR--VSRT---RGLATVAGLTRDSKVAMNNEEDRTFINYKON 44
MAPYSLLVIR--LQKALGVRQYHVASVLCQRAXVAMSHEEPNEYIRYDLL 48

LENVEIVEKARLNRPLTYAEKVLYGHLDDPHEGQDIERGKSYLKLRPDRVAC 98
LENVEIVKARLNRPLTYAEKVLYGHLDDPHGQDIZRGKSYLKLREDRVAC 97
LENVEIVKSRLNRPLTYAEKLLYGHLDDPHNQEIERGVSYLKLREDRVAC 95
LENVEIVKSRLNRPLTYAZKLLYGHLDDPANQEIZRGVSYLKLREDRVAC 95
VENLDIVKSRINRPLTYAEKILYSHLODPQNQDIZRGVSYLKLRPDRVAC 95
VENLDIVKSRINRPLTYAEKILYSHLOQPETQDIERGVSYLKLRPDRVAC 94
EHNINIVRARINRPLTLSZKIVYGHLDDPASQEIZRGKSYLRLRPDRVAY, 98
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QDATAQVAILQFMSANLEQVAT PSTVHCDELIQAQVGGAKDLARAIDLNK 148
QDATAQMAILORMSANLEQVAT PSTVHCDHLIQAQIGGAKDLARAIDLNK 147
QDATAQUAILQFMSAGIPQVATESTVECDHLIQAQVGGPKDLARRIDLNK 145
QDATAQUAILOFMSAGI PQVATESTVHCDHLIQRQVGGPXDLARRIDLYK 148
QDRTAQMRILOTMSAGIFQVATPSTVECDELIQAQVGGPKOLARRIDLNK 145
QDATAQMAILQEMSAGUPSVATPATVACDELIQAQKSGPEDLERAINLIK 144
QDATAQYAMLQFTSSGLSKVAVESTIHCDELIEAQVGGEKDLRRAKDING 148
AR AR AR AR AR AN 2] LR L B A U XY
EVYDFLASACAKYNLGTKPGSGI IHQIVLENYATSGALLIGTDSHTENA 198
EVYDFLASACAKYNLGKPGSGL IHQIVLENYAF PGALLIGTOSHTENA 187
EVYDFLSTACRKYNLGFWKPGSGI IHQIVLENYATPGALLIGTOSHTENA 195
EVYDFLSTACRKYNLGFWKPGSGI IHQIVLENYATPGALLIGTOSHTENA 195
EVYDFLASACAKYNLGFKPGSGI IHQIVLENYAF PGALLIGTDSHTENA 195
EVYDFLGSACAKYNIGTAKPGSGI IHQIVLENYAYPGALLIGTDSHTENA 194
EVYNFLATAGAKYGVGTRKPGSGI IHQIILENYAYPGVLLIGTOSHTENG 188
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. . . . . . .

GGLGQLAIGVGGADAVDVMSGLARELKAPKI IGVKLIGKMSGHTSPHDII 248
GGLGQLAIGVGGADAVOVM.SGLAWELKAPKI IGVKLIGKMSGATSPKDII 247
GGLGQLAIGVGGADAVDVMSGLPWELKAPKT IGVKLIGKMSGATSPKDII 248
GGLGQLAIGVGGADAVDVMSGLANELKAPKT IGVKLIGKMSGATSPKDII 248
GGLGQLAIGVGGADAVDVMSGLEWELKAPKI IGVKLIGRMSGATSPKDII 248
GGLGQLAIGVGGADAVDVLAGE PWELKAPKI IGVKLIGKMSGATSPXDII 244
GGLGGICIGVEGADAVDVMAGI FWELKCPLVIGVKLIGSLSGHSSPXOVI 248
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Figure 3. Partial Multiple Alignment of ACO Amino Acid Sequences of Candida Species and Homo sapiens as an Out-Group
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Figure 4. Unweighted-Pair-Group Method With Arithmetic Mean Trees of the Fungal Species for the ACO Genes
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Figure 6. Neighbor Joining Trees of the Common Candida Species for the ACO Genes
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Table 3. Residue Information for the Active and Binding Sites of Aconitase

Species Active Site Residues Binding Site Residues
C. krusei Asp123, His124, His170, Asp188, His190, Glu285 His124, Ile168, Ile169, His170, His190, Ser381, Cys382,
Cys445, Cys448, Ile449

C. albicans Asp113, His114, His160, Asp178, His180, Glu275 His114, Ile158, Ile159, His160, His180, Ser371, Cys372,
Cys435, Cys438, 1le439, Asn460

C. dubliniensis Asp111, His112, His158, Asp176, His178, Glu273, Ser654 His112, Ile156, Ile157, His158, His178, Ser369, Cys370,
Cys433, Cys436, 1le437, Asn458

C. tropicalis Asp113, His114, His160, Asp178, His180, Glu275 Hisl114, Ile158, Ile159, His160, His180, Ser371, Cys372,
Cys435, Cys438, [le439, Asn460

C. parapsilosis Asp112, His113, His159, Asp177, His179, Glu274, Ser655 His113, Ile157, Ile158, His159, His179, Ser370, Cys371,
Cys434, Cys437, Ile438, Asn459

C. orthopsilosis Aspl113, His114, His160, Asp178, His180, Glu275 His114, Ile158, Ile159, His160, His180, Ser371, Cys372,
Cys435, Cys438, [le439, Asn460

Homo sapiens Asp114, His115, His161, Asp179, His181, Glu276, Ser656 His115, 1le159, His161, Asp179, His181, Ser371, Cys372,

Cys435, Cys438, 1le439, Asn460

The active site and binding site of C. krusei aconitase
contain six and ten residues, respectively (Table 3). The
active site amino acid residues of ACO in six Candida spe-
cies and human were similar; just the amino acids were
located in different positions in protein structure. The
binding site residues of ACO in six Candida species are
identical but one isoleucine residue of C. krusei ACO was
not present in aconitase binding site of human and there

Jundishapur ] Microbiol. 2015;8(11):e25218

was one aspartate residue in human aconitase that was
not present in C. krusei and other Candida species.

5. Discussion

The current study aimed to identify C. krusei aconitase
gene sequence and evaluate the phylogenetic relation-
ships of C. krusei with other organisms and Candida
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species based on nucleotide and amino acid sequences
of this gene. Also, the differences of active and binding
sites and amino acid residues between C. krusei and hu-
man aconitase protein were determined to design new
antifungal drugs targeting C. krusei aconitase. Since the
length of this gene in Candida species is approximately
2340 base pair, it is believed that the length of this gene
in C. krusei is also 2340 bp. In the current study, 1419 bp of
aconitase gene of C. krusei were identified and sequenced
by different methods including 5° RACE method and de-
generate PCR. Partial sequence was submitted to the Gen-
Bank and the accession number KJ009334 was assigned.

The 5" RACE method in the current study was a new
method introduced by Xian Zong Shi and Jarvis to identi-
fy GCrich sequences in 2006 (25). This method was slight-
ly modified and used to identify a part of C. krusei ACO
gene. Although the ACO gene of C. krusei is not GC rich
but the results of this method to identify 5’ end of mRNA
of this gene was satisfactory. Since 3° RACE method was
unable to identify the other part of this gene, degenerate
PCR was used to identify unknown parts of ACO gene. Se-
quence analysis indicated that 1197 bp of this gene were
amplified using PCR with 3ACOTF as both forward and re-
verse primers and degenerate PCR was unable to amplify
this gene.

The ACO gene encodes protein aconitase involved in
energy production in the Krebs cycle (19). Since this gene
encodes a critical enzyme in different organisms includ-
ing Candida species, little difference is expected between
the nucleotide and amino acid sequences among differ-
ent species of a genus. The results showed that not only
nucleotide and amino acid sequences of this gene in C.
krusei were very different from other species of Candida
but also there were considerable differences between the
other species of Candida. However, differences of nucleo-
tide and amino acid sequences of this gene in C. krusei
were higher than those of the other Candida species,
which supports the hypothesis that C. krusei may be taxo-
nomically separated from Candida genus. Phylogenetic
analysis of amino acid and nucleotide sequences of acon-
itase gene showed that although C. krusei takes place in
the Hemiascomycetes clade (26), this species takes place
beside P. pastoris in phylogenetic trees and separated
from other Candida species in this clade because of more
nucleotide differences with other species (Figure 4).

The sequences were analyzed using UPGMA and NJ. There
was very little difference between UPGMA (Figure 5), NJ
(Figure 6), and phylogenetic trees based on the nucleotide
or amino acid sequences of the common Candida species
ACO genes. It seems to be due to bootstrap values and dif-
ferences in the analysis methods. Moreover, different
nucleotide codons of an amino acid may cause differences
in nucleotide- and amino acid-based phylogenetic trees.
Despite some differences in the degree of resolution when
nucleotide and amino acid sequences were applied, the to-
pologies obtained with both sequence types and the tree
estimation algorithms were mutually consistent.

Aconitase enzyme activates in the presence of a [4Fe-4S]
cluster (27). There is a [3Fe-4S] cluster in inactive aconi-
tase ligated to the active site via three cysteine residues,
Cys382, Cys445, and Cys448 in C. krusei (Cys372, Cys435,
and Cys438 in human) and this enzyme is activated upon
addition of a fourth iron atom (termed Fe,) (28). This
fourth iron atom has a slightly different electronic char-
acter than the others, and is the active site of the enzy-
matic reaction (28). There is no adjacent cysteine residue
to ligate the fourth Fe (Fe,), which instead binds a hy-
droxyl ion as its fourth ligand. The hydroxyl ion is bound
to histidine (His) and aspartate (Asp) and becomes water
(H,0) upon addition of substrate where it is further hy-
drogen bonded to the carboxyl group of citrate or isoci-
trate. Isocitrate or citrate is bound to Fe, via an oxygen on
its carboxyl group as well as its hydroxyl group, changing
the coordination state of Fe, from 4- to 6-coordinate (29).
Coordination of the hydroxyl group makes it a better
leaving group and facilitates the dehydration reaction
that forms cis-aconitate from either citrate or isocitrate
(27,30). Serine (Ser) 656 alkoxide (in human) attacks the
hydrogen on hydroxyl group of citrate or isocitrate cre-
ating a carbanion intermediate. Depending on which
carboxyl oxygen coordinates the iron atom, cis-aconitate
can be converted to citrate or isocitrate upon addition of
water (30). In the TCA cycle, cis-aconitate is converted to
isocitrate.

This is report the first report on the identification, se-
quencing and phylogenetic analysis of C. krusei using
ACO gene sequences. Differences of C. krusei ACO gene se-
quences from other Candida species are prominent and
may facilitate the design of probes for rapid and specific
identification of C. krusei from other common Candida
species. Moreover, according to aconitase activity mecha-
nism, there are not significant amino acid residue differ-
ences between C. krusei and human aconitases within the
active site cleft, which may block the use of aconitase as a
molecular target applied to design new anti-fungal drugs
that selectively block this enzyme.
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