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Abstract

Candida species have an impact on human skin health and occasionally can lead to catastrophic conditions, such as skin cancer. The ni-
trogen supply in growth media regulates MEP2 gene expression. MEP2 protein may regulate the amount of ammonium accessible to cells
by directly affecting ammonium assimilation. Reducing MEP2 expression removed its potential to drive filamentous growth.

This study aimed to examine serial imaging of the MEP2 gene with chaos game representation (CGR) and frequency chaos game
representation (FCGR). In addition, the effect of mutations in Candida albicans strains on MEP2 docking with lauramine oxide
(LDAO) was investigated. The MEP2 gene was selected for 10 Candida species from the National Center for Biotechnology In-
formation to compare DNA sequences using conventional and portray methods (CGR and FCGR). The molecular docking between
MEP2 and LDAO was determined using the HDOCK server.

CGR findings revealed that Candida margitis, Candida orthopsilosis, Candida dubliniensis, Candida theae, and C albicans had ap-
proximately 65% of the same characteristics. According to FCGR, there was a 75% similarity between C albicans, C theae, C dublini-
ensis, C orthopsilosis, and C margitis. In certain strains, but not all a mutation in the conserved region of the protein caused a change
in the docking residue of LDAO with MEP2.

The CGR and FCGR protocols are considered practical and reliable tools for identifying protein and DNA sequence similarities. Ap-
proximately 80% of the existing algorithms for determining multiple sequence alignments are similar to traditional methods. Targeted
treatment will be possible as determining MEP2 mutations is crucial for using Candida as a nitrogen source.

Keywords: Candida, docking, FCGR, lauramine oxide, MEP2

Cite this article as: Dawood AA. Illustration of the distribution of DNA sequences and their frequencies within the MEP2 gene across
ten Candida species. Innovative Medicine of Kuban. 2024;9(4):44-53. https://doi.org/10.35401/2541-9897-2024-9-4-44-53

UnniocTpaunsa pacnpepeneHna nocnegosartenbHocten JHK
M nx yactot B reHe MEP2 y pecatun BugoB Candida

©A.A. lasyo

YHusepcutet Mocyna, Mocyn, Upak
A.A. [laByg, h-nHpekc B Scopus 8, YHuBepcuteT Mocyna, 41002, Mocyn, yn. Anb-Magxmya, Mpak, aad@uomosul.edu.iq

lMocmynuna 8 pedakyuto 29 utona 2024 2. icnpasneHa 15 agzycma 2024 2. [lpuHama k nedyamu 2 okmabpa 2024 2.

Pezrome

Buzst rpu6oB pozna Candida BIustoT Ha 310pOBbE KOXKH YEJIOBEKA U IEPUOANYECKH MOTYT IPUBOIUTH K TAKMM CMEpPTEIbHBIM 3a-
OosieBaHUSM, KaK pak KOKH. FICTOYHMK a30Ta B MUTATENIBHON cpese peryaupyer skcnpeccuto rena MEP2. benok MEP2 mosxer pe-
I'YJIHPOBATh KOJMYECTBO aMMOHMS, JOCTYITHOTO KJIETKAM, HANpsSIMYIO BJIMsS Ha aCCUMWIISIMIO aMMOHHUS. CHH)KEHHE DKCHPECCHU
MEP2 ycTpaHsieT ero noTeHIUaNI HHIyIUPOBATh (HIIaMEHTAIHIO.

Lenbto nanHO#M paboThl OBLIO M3ydeHUe cepuitHoil Busyann3anuu rena MEP2 ¢ nmomomsio nmoaxonoB CGR n FCGR. Kpowme toro,
OBUTO MCcienoBaHo BIUstHUE MyTanuid B mramMax C. albicans na noxkunr MEP2 u oxcnna maypamuna (LDAO). 'en MEP?2 6b11 BBI-
Opan st gecstu BunoB Candida u3 6anka nanabix NCBI, uto0Obl cpaBHuTh nocnenosarensHoct JJHK ¢ ncrnonb3oBanueM Tpaam-
LIUOHHBIX MeTo0B 1 MeTonoB npencrasieHus (CGR u FCGR). Monexynspubiii jokuar mexay MEP2 u LDAO ObL1 ocyliecTBieH
¢ nomo1bto cepepa HDOCK.

Mo pesynsraram CGR, C. margitis, C. orthopsilosis, C. dubliniensis, C. theae n C. albicans nMeroT npuMepHo 65% OAMHAKOBBIX Xa-
paxrepuctuk. ITo pesynsraram FCGR, mexny C. albicans, C. theae, C. dubliniensis, C. orthopsilosis n C. Margitis naGmonaercst 75%
CXOZICTBa. B HEKOTOPBIX HITaMMaXx, HO HE BO BCEX, MyTallHsi B KOHCEPBATUBHOI 00JacTH Oelika BbI3bIBala M3MEHECHHE B CTHIKOBOYHOM
octrarke LDAO ¢ MEP2.
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IMpotoxonel CGR 1 FCGR cunTaroTest NpakTHYHBIMU U HAIEKHBIMU HHCTPYMEHTAMH JULS OLIPEIIEIICHUS CXOACTBA OSIIKOB U MOCIIENO-
patenbHOCcTel JIHK. IIpumepno 80% cyliecTByIOImUX aJrOpUTMOB ONPENEICHNs MHOXKECTBCHHBIX BEIpaBHUBAHUIM 11OCIIEA0BATENb-
HOCTEH aHaJOrWYHbl TPAAUIMOHHBIM MeToiaM. CTOMT OTMETHUTh, YTO TAPTeTUPOBAHHOE JICYEHHE BO3MOXHO, ITOCKOJIBKY OIpesese-
nue mytauuit MEP2 umeer pemaroiiee 3HaueHue npu ucrnons3zoanni Candida B kauecTBe HCTOUHMKA a30Ta.

Kntouegwie cnosa: Candida, noxunr, FCGR, okcun naypamuna, MEP2
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Introduction

Candida species are present all around the world; how-
ever, they primarily affect immunocompromised people
who have been diagnosed with severe illnesses, such as HIV
infection and cancer. Candida species are among the most
prevalent organisms that cause hospital-acquired infections.!

Ammonium is a preferred nitrogen source for the ma-
jority of microorganisms inhabiting the environment, and
it is assimilated into organic compounds via the gluta-
mine synthetase-glutamate synthase pathway. In Candida
species, ammonium permeases encoded by MEPI and
MEP?2 genes are responsible for ammonium uptake into
the cell in which it can then be utilized in a variety of
biosynthetic processes.> The expression of the MEPI and
MEP2 genes is regulated by the nitrogen source in
a growth medium, and the 2 permeases are thought to
have a redundant function. Disruption of either gene re-
sults in an inability to grow on media with ammonium
as the sole nitrogen source. The MEP2 gene of Candida
albicans has been cloned and functionally characterized.
This isofunctional enzyme represents a potential target for
development of novel antifungal therapies because its ac-
tivity is required for organism growth in the host.**

Transcriptional control of MEP2 homologs is con-
served, and C albicans MEP2 has been shown to be under
control of the GATA family transcription factor Gatl and
the nitrogen catabolite repression regulator Nrgl.’ Effects
of MEP2 regulation on nitrogen catabolism and virulence
are currently being investigated through construction of
C albicans MEP2 underexpression and overexpression
strains and analysis of their in vitro and in vivo behaviors.
Given MEP2 involvement in ammonium and lack of cur-
rent understanding of in vivo nitrogen sources for C albi-
cans, it is of interest to identify specific nitrogen sources
that trigger MEP2 transcription, as this may be a means to
elucidate the MEP2 natural function.®’

However, primary sequence similarities suggest that
MEP2 may regulate the level of ammonium available to
cells through direct effects on ammonium assimilation. This
theory is supported by the MEP2 conservation in nitrogen
catabolic repressed organisms, and data showing that Sac-
charomyces cerevisiae MEP2 is under control of both car-
bon and nitrogen sources at the level of transcription.

Throughout evolution, 2 primary means of nitrogen
uptake have arisen. Nitrate assimilation, a nitrate to glu-
tamine to glutamate to amino acid process, is used by
plants, fungi, and microbial eukaryotes.® Ammonium
compounds are assimilated by the biosynthetic glutamine

to glutamate to amino acid pathway but, prior to reactions
associated with this pathway, occur through direct incor-
poration into amino acids via the glutamine: 2-oxogluta-
rate aminotransferase and glutamate N-acetyl transferase
reactions. In most organisms, the enzymes involved in
nitrogen assimilation, be it nitrate or ammonium, are sub-
ject to coordinate gene expression by a nitrogen source
and regulation of enzyme activity.’

Reducing MEP2 expression eliminated its potential
to induce filamentous development. Enhanced promoter
activity and messenger RNA stability both contribute to
enhanced MEP2 expression levels. MEP2 fusions result-
ed in higher messenger RNA levels and greater cell fluo-
rescence. MEP2 may gain structural characteristics that
allow it to function as a signaling protein rather than an
ammonium transporter.'®!!

Multiple sequence alignment (MSA) is based on the
assumption that genetically related sequences perform
comparable tasks and conserved areas are critical to
a molecule’s activity. In contrast, chaos game representa-
tion (CGR) is utilized to convert a biological sequence
into a visual geometric representation.'> This approach
involves repeating a basic operation to create complicated
geometric patterns. Each nucleotide in the sequence indi-
cates a certain orientation in the painting. Frequency cha-
os game representation (FCGR) is an extension of CGR
that examines the distribution of nucleotides along a se-
quence. This approach calculates and depicts frequencies
of nucleotides in shifting windows of the sequence.!'*!*

MSA compares multiple sequences and identifies sim-
ilar and divergent regions between them, which makes it
useful for studying evolution and predicting a structure,
whereas CGR and FCGR analyze individual sequences
and uncover underlying patterns, which is helpful in
studying a structure, evolution, and nucleotide composi-
tion. In many investigations, these strategies are utilized
in conjunction. For example, MSA may be used to iden-
tify conserved sections, which can be further analyzed us-
ing CGR or FCGR.!516

Because the MEP2 protein is so important for Candida
development, this study focused on diagnosing and identi-
fying its gene using novel approaches and comparing them
to old ones. The current work sought to identify changes in
the DNA sequences of the MEP2 gene between 9 Candida
species utilizing established approaches, such as MSA vs
CGR and FCGR. Furthermore, this study investigated how
mutations in the MEP2 gene affect its interaction with lau-
ramine oxide (LDAO) through molecular docking analysis.
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Methods

DNA sequences of the MEP2 gene from 10 Candida
species were obtained from the National Center for Bio-
technology Information (NCBI) for comparative analy-
sis. These species included C albicans (NC_032092),
Candida theae (NW_026261424), Candida dubliniensis
(NC 012863), Candida tropicalis (NW_003020038),
Candida parapsilosis (NW_023503283), Candida pseu-
dojiufengensis (NW_026261543), Candida orthopsilo-
sis (NC _018298), Candida margitis (NW_026261739),
Candida oxycetoniae (NW_026055484), and Candida
Jiufengensis (NW_026261561). C albicans was chosen as
a wild type to compare with other species.

For DNA sequence alignment, 3 programs were em-
ployed: T-Coffee, CLUSTALW, and MAFFT version 7.
A phylogenetic tree was constructed using T-Coffee.

The CGR tool provides a fractal-like visualization
of DNA sequences.!” This visualization method facili-
tates understanding the distribution of nucleotides within
a sequence. To numerically represent nucleotides within
a DNA sequence, a counting system is established. Each
nucleotide is assigned a numerical value based on its posi-
tion within the sequence. This system simplifies the iden-
tification of specific nucleotides within the context of the
entire genome. A 2-dimensional grid or plot is utilized for
visualization. Typically, the origin is placed at the center,
dividing the grid into 4 quadrants representing the 4 DNA
nucleotides (A, T, G, and C). Each nucleotide is plotted
on the grid according to its position within the DNA se-
quence, using the x- and y-axes (x, y).'*"

To prepare it for the next iteration, the counter is in-
creased by one after each nucleotide assignment. In the
end, nucleotides are mapped to numbers based on the cu-
mulative effect of this iterative process. This cumulative
process is shown by the following accumulation equa-
tions:

new_x=current x+ (D (target x—current x)/2"n)

new_y=current y+(} (target y—current y)/2”n).

A chaotic game plot is used to show the frequency
of recurrence of a sequence, and the foundation of FCGR
is counting the occurrences of a certain pattern inside the
sequence.'® This is accomplished by associating different
color intensities or shades of grayscale with each com-
puted point on the (X, y) axis. Points are defined by repeat-
ing the shape element at the given place in the sequence.
The resultant FCGR approach gives visual insight into the
distribution of spots within the series, with darker regions
indicating higher theme frequency. The FCGR technique
was implemented according to the given approach:

Frequency (M)=(Number of times the motif
M appears in the sequence S)/(n—k+1),
where S is a sequence under study; n, length of the se-
quence (if S is a DNA sequence, then n is the number
of nucleotides in the sequence); M, the theme to be iden-
tified inside the sequence, and &, length of the motif.'"1?
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Prediction of the Three-Dimensional Structure of Ten
MEP?2 Proteins

The SCRATCH Protein Predictor (3Dpro) program
was used to predict a 3-dimensional structure of the
MEP2 protein in all 9 Candida species. Protein sequences
were graphically displayed; mutations were identified,
and the PyMOL software was used to analyze the results.

Identification of Mutations in the MEP2 of C albicans
Strains

The following section of the study compared 5 strains
of C albicans for the wild type of the MEP2 gene with
mutations that impact the LDAO binding in the protein.
MEP?2 strains selected from the Protein Data Bank includ-
ed SAEZ wild type, SAH3, SFUF, 6EJH, and 6EJ6. Py-
MOL was used to map proteins in surface and mesh for-
mats and discover significant strain-specific alterations.
The Pipeline Builder for Identification of Targets (PBIT-
V3) tool was used to identify a chemical or medication
that targets MEP2. PBIT-v3 can be used to detect a target
chemical by integrating and implementing distinct mod-
ules for each protein with the ability to bind to a drug-
like compound. This is accomplished through the use of
BLAST algorithms from sites in the DrugBank (version
5.0), Therapeutic Targets Database, and ChEMBL data-
bases.

Molecular Docking Between MEP2 and LDAO

Finally, after detecting the target drug LDAO, the
HDOCK tool was used to dock it with MEP2 strains. The
top 10 models were chosen for binding MEPT2 strains
with LDAO.

Results

C albicans was used as a reference point for the rest
of the Candida species in various tests since they are the
most common species that cause disease in humans. MSA
showed roughly 200 major mutations within MEP2 gene
classes. Mutations in the initial 18 nucleotides and the end
section of the gene, which contained roughly 1240 nucle-
otides, have been identified as the cause of the variances
between the species. As these mutations did not involve
the conserved area, they had no direct effect on the pro-
tein’s final composition. C tropicalis and C oxycetoniae
had the greatest difference within the last 185 nucleotides
compared with other species (Figure 1). Phylogenetic tree
analysis was based on assessing the alignment of several
sequences. It became evident that C dubliniensis was most
closely related to C albicans. Figure 2 depicts the remain-
ing species arranged according to their genetic closeness.
When DNA sequence segments of the MEP2 gene were
compared between the 10 Candida species, no substan-
tial differences were found. Figure 3 depicts the DNA se-
quence with an essentially identical curve and a similarity
level of more than 84%.
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Figure 1. Multiple sequence alignment of the MEP2 gene of 10 Candida species
Pucynox 1. Muooicecmeennoe svipasnusanue nociedosamenvrocmeti cena MEP2 decamu eéudoe Candida
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Figure 2. Construction of a phylogenetic tree depicting the relationships among the MEP2 gene of 10 Candida species
Pucynox 2. Illocmpoenue punozenemuuecrkoco depesa, uzobpaxcaroujeco omuoutenus cpeou 2enoe MEP2 oecsmu éudos Candida
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Figure 3. Graphical representations of the MEP2 gene in 9 Candida species compared with C albicans
Pucynox 3. I'paghuueckue npedcmaenenus cena MEP2 y 0essamu eudos Candida 6 cpasnenuu c C. albicans
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Following a complete portrayal of the DNA sequences
of the MEP2 gene across several Candida species, with
C albicans as a template for the principal model (Figure 4),
C albicans, C theae, C dubliniensis, C orthopsilosis, and
C margitis were revealed to share around 65% commonality.
The similarities reached 55% with C parapsilosis and C oxy-
cetoniae. In contrast, C tropicalis, C pseudojiufengensis, and
C jiufengensis differed from the rest of the species by 30%.

To gain a better understanding of the similarity degrees
among Candida strains, frequency imaging required the

incorporation of 4 nucleotides into the nitrogenous base
sequence representation. By evaluating the frequency
imaging data of the 10 Candida species, it became obvi-
ous that C albicans, C theae, C dubliniensis, C orthop-
silosis, and C margitis had approximately 75% in com-
mon. In comparison to the other species, C parapsilosis
and C oxycetoniae had 65% of similarities. In contrast,
C tropicalis, C pseudojiufengensis, and C jiufengensis
were more than 40% different from the rest of the species
(Figure 5). The genetic diversity within the MEP2 gene

JR—

Candida albicans (1443 bp)

Candida dubliniensis (1443 bp)

Ccandids these {1512 bp) Candida margitis (1509 bp) ‘| |candida orthopsilosis (1912 bp)

Candida owycetoniae (1521 bp) Candida parapsilosis (1589 bp} Candida p--h_uu'r-._.-n (-l:m'b Condida _M;ll‘-‘:u-is (1599 bp) Candida tropicalis (1455 bp)

Figure 4. Chaos game representation analysis of the MEP2 gene across Candida species revealed different variants. The blue rec-
tangles emphasize the closest similarities between the first 5 species in at least 5 bps. The red rectangles represent variances of 4 bps
across the species. The yellow rectangles demonstrate changes of at least 6 bps in the final 3 species relative to the other species
Pucynox 4. CGR-ananusz eena MEP2 y 6uooe Candida evissun pasnvie sapuanmol. Cunue npsamoyeoibHuKu YKa3uléarom Ha Hau-
bonee bnusKue cxo0cmea Medxicoy nepebiMu Nmvio UOAMU 8 He MeHee 5 n.H. KpacHole npsivoyeonvruku — paznudust (4 n.u.) mesicody
sudamu. JKenmoie npsmoy20nbHUKY — USMEHEeHUs. (He MeHee 6 N.H.) 6 NOCIeOHUX mpex GUOAX NO CPAGHEHUIO ¢ OPYeUMU GUOAMU

I. .l
| | |
| | |
| | |
| l .l - H

C. albicans C. dubliniensis €. orthopsilosis

B = e —
C. pseudojiufengensis C.

c. b& 11?1-351' .l o-fu' K] ¢, tropicalis

C. oxycetoniae

jiufengensis

Figure 5. Frequency chaos game representation of the MEP2 gene across Candida species, characterized by the progressive
accumulation of 4 bps over the entire sequence. The blue rectangles represent similarities in one set of base pairs between
the species, emphasizing small differences. The red rectangles demonstrate variations in 2 sets of base pairs among the first
5 species. The yellow rectangles indicate similarities in at least 2 sets between the final 3 species and the rest

Pucynox 5. FCGR 2ena MEP?2 y suoos Candida, xapakxmepu3syloujeecs npoepeccusHbimM HakonieHuem 4 n.n. no eceil nociedo-
samenvrocmu. Cunue npsamoyeoibHUKY OMPAXCArOm cX00CmE0 8 0OHOM HAbOpe Nap OCHOBAHUL MexHcOy euoamu (Hebonvuiue
pasnuuus). Kpacuvle npsmoyeonvhuku — éapuayuu 6 08yx Habopax nap OCHOBAHULL cpedu nepevix nsamu 6u0os. Kenmoie npsi-
MOY20NIbHUKU YKA3bIBAION HA CXOOCMB0 NO KpaliHell Mepe 8 08YX HabOpax medxcoy nocieOHUMU mpems U 0CMAalbHbIMU 8UOAMU
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between the species is successfully illustrated using
a 4-bps stepwise accumulation method, offering insight
into the degree of genetic variation across various species.

Our investigation revealed that there was a variation
in the evaluation of sequence similarity between Candida
species when comparing the alignment of MEP2 strains
using MSA compared with both CGR and FCGR. One
nucleotide resolution, for instance, prevented MSA from
clearly differentiating between Candida species. Con-
versely, it was simple to identify Candida species from
CGR and FCGR images at first sight. Furthermore, FCGR
was visually more accurate than CGR.

Five strains of C albicans MEP2 were selected based
on SAEZ being the wild strain and were compared with
the mutant strains. Two clear mutations could be observed
for SAH3 strain: the conversion of arginine to aspartic
acid (R452D) and serine to aspartic acid (S453D). SFUF
strain had the same mutation at residue 453 (S453D).
6EJH had a change of glysine to cysteine (G343C).
As for 6EJ6 strain, asparagine was converted to alanine

N240A

Candida albicans

6EJH-LDAO

Lauramine oxide (LDAO)

6EJ6-LDAO '*‘

SAEZ-LDAO

Candlida albicans
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(N240A). Mutations caused a conformational shift in the
protein chain as seen in Figure 6.

PBIT-v3 selected methylamine and LDAO, which were
the best potential target medicines to bind to the MEP2 pro-
tein, from DrugBank. Molecular docking between LDAO
and MEP2 was accomplished using HDOCK. Five different
MEP?2 strains were tested with the top 10 docking models.
Table below displays the docking analysis findings for the
10 models for each strain, along with the docking and con-
fidence scores and root mean square deviations. PyMOL
was used to determine where LDAO docked in MEP2 for
the models under consideration. Each MEP2 strain is lo-
cated in one of the top 10 LDAO docking areas. Our find-
ings indicated that the arginine in residue (452) was docked
with the LDAO in wild-type strain SAEZ. An aspartic acid
mutation at position (452) altered the docking site in strain
5AH3; hence the docking site changed as a result of the
mutation. For the other strains, our data revealed no influ-
ence of strain-specific mutations on the docking position
change as shown in Figure 7.

Figure 6. Key mutations that caused
conformational changes in 5 C albi-
cans MEP?2 strains. SAEZ: the wild type.
5SAH3 with mutations (R452D and S453D).
SFUF with the mutation (S453D). 6EJH
with the mutation (G343C). 6EJ6 with the
mutation (N240A4)

Pucynox 6. Knouegvie mymayuu, 6vi36a6-
uie KOHPOPMAYUOHHbIE USMEHEHUs Y NAMU
wmammos MEP?2 euoa C. albicans. SAEZ:
Oouxuti mun. SAH3 ¢ mymayusmu (R452D
u S453D). SFUF ¢ mymayueii (S453D).
6EJH c mymayueii (G343C). 6EJ6 ¢ myma-
yueti (N2404)

MEP2: 5FUF

Figure 7. Molecular docking between
LDAO and 5 MEP?2 strains of C albicans
(5AEZ, 5AH3, 5FUF, 6EJH, and 6EJG).
For each strain, there were 10 optimal
docking models. The arginine at position
(452) was docked with LDAO in 5AEZ.
The docking location in 5AH3 strain was
changed by an aspartic acid mutation at
residue (452); thus LDAO did not bind to
this residue

Pucynox 7. MonexynapHuiii OoKume mexncoy
LDAO u namsto wmammamu MEP2 euda
C. albicans (5AEZ, 5AH3, 5SFUF, 6EJH
u 6EJG6). /lnsa xajcooco wmamma OblLio
o0ecsimy ONMUMAIbHLIX MoOerell OOKUH2d.
Apeunun 6 nosuyuu (452) o6vin cocmwiko-
eéan ¢ LDAO 6 5SAEZ. Mecmo cmuikogxu
6 wmamme SAH3 OvL10 usmeneno myma-
yuell acnapasunogoll KUCIOMbl 6 OCHAN-
ke (452), nosmomy LDAO He ceasvisancs
€ 9MUM 0CIMamKom

SAH3-LDAO

SFUF-LDAO
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Analysis of molecular docking between C albicans MEP2 strains and lauramine (Z:ib(;z
Tabnuua
AHaJIu3 MOJIeKYJISIpHOro JoKUHTa Mexxay mramvmamu MEP2 C. albicans u okcnoM 1aypaMuHa
dolc’ii'ng Description| M1 M2 M3 M4 M5 M6 M7 M8 M9 | MI10
D;’ccclfri:g ~109.42 | —99.53 | —98.93 | 959 | —95.85 | 9547 | —9338 | —92.94 | —91.82 | —91.73
E%EAZ(S C"Is‘f(iznce 0.3075 | 0.2671 | 0.2648 | 0.2531 | 0.2529 | 0.2515 | 0.2437 | 0.2421 | 0238 | 0.2377
RMSD (A°)| 5828 | 6124 | 56.63 | 6143 | 7246 | 60.09 | 5937 62.2 52.58 | 73.98
D;’C‘:(ljrigg ~105.47 | -101.26 | —98.36 | —97.04 | —96.16 | —9523 | —93.25 | —92.59 | —91.04 | —88.96
ﬁﬁ% COIS‘?&Z“CE 0.291 | 0.2739 | 0.2625 | 0.2575 | 0.2541 | 0.2506 | 0.2432 | 0.2408 | 0.2352 | 0.2278
RMSD (A°)| 522 5428 | 69.98 | 5441 | 7158 | 5277 | 7133 | 3843 | 7387 | 72.77
D;’(f(lfri:g ~109.02 | —106.33 | —104.59 | —102.05 | —100.11 | —97.9 | —96.82 | —96.34 | —95.73 | —95.59
f;‘f(; C"Is‘f(iznce 0.3058 | 0.2945 | 0.2874 | 02771 | 02694 | 0.2608 | 0.2566 | 0.2548 | 0.2525 | 0.252
RMSD (A°)| 51.09 | 3975 | 39.15 | 5274 | 4269 | 5205 | 5331 | 56.17 | 3751 | 59.51
D;’C‘:(l)‘ri:g ~107.11 | —104.63 | —99.12 | —98.43 | —97.49 | —95.04 | —92.6 | —91.91 | —91.68 | —91.14
ﬁ’gﬁb Cogg(ieence 0.2978 | 0.2875 | 0.2655 | 0.2628 | 0.2592 | 0.2499 | 0.2409 | 0.2383 | 0.2375 | 0.2356
RMSD (A°)| 385 | 4435 | 4394 | 4221 | 3736 | 39.81 | 3947 | 38.09 | 40.08 | 32.07
D;’g(l)‘rigg ~109.22 | —105.34 | —102.13 | —100.14 | =100.02 | —99.02 | —96.86 | —95.44 | —94.04 | —93.15
ﬁ]gi[[) Cors‘fgrznce 0.3067 | 0.2904 | 0.2774 | 02695 | 0269 | 02651 | 0.2568 | 02514 | 0.2462 | 0.2429
RMSD (A°)| 57.82 | 5851 | 6129 | 60.57 56.4 5583 | 61.54 63 60.71 | 58.88

Note: LDAO, lauramine oxide; M, model; PP, protein-protein; RMSD, root mean square deviation

Ipum.: LDAO — okcun naypamuna; M — mozens; PP — 6enok-6enxoBbiii; RMSD — cpenHekBaipaTnieckoe OTKIOHEHHE

Discussion

Ammonium is the preferred nitrogen source for many
microbes, and it enters the cell via MEP1-MEP3 proteins.
Each of these transporters may enable fungal growth on
media containing low concentrations of ammonium as the
only nitrogen source; however, mutations in MEP genes
prevent fungus from growing on ammonium at concen-
trations below 5 mM. MEP gene expression is enhanced
in nitrogen-limited circumstances and inhibited in high
ammonium concentrations. Under the latter circumstanc-
es, enough ammonium can easily move throughout the
cell as ammonia or be absorbed by nonspecific transport-
ers to promote growth.”!?

Furthermore, MEP2 is considered to function as an am-
monium sensor, stimulating pseudohyphal development
in response to extracellular ammonium. Current data show
that MEP2’s signaling function is linked to ammonium
transport, since amino acid changes that limit MEP2’s
transport action also reduce pseudohyphal development.?2!

Although several mutations have been detected
in MEP2, which are located in the protein’s early se-
quence and final section, they differ significantly between
Candida species and do not comprise the conserved area.
When the DNA sequence segments of the MEP2 gene
were examined between the 10 Candida species, no sig-
nificant differences were discovered; hence alternative
approaches were utilized to compare the sequences be-
tween the species. By evaluating the root analysis of the
strains, it became evident that they were interrelated, con-
firming that there was no basic difference between the
strains. The DNA plot between the 9 strains and C albi-
cans showed a rate of roughly 80%.

The use of coordinate imaging technology is critical
in detecting the differences between the DNA sequences
of the strains under investigation. The CGR study of the
MEP?2 gene across the Candida species revealed distinct
variations, as similarity was seen between the 5 species
closest to C albicans, and there were 3 species that differ
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considerably from the other 5 species in the yellow area
highlighted in Figure 5.

In terms of FCGR, by inserting 4 nucleotides into the
representation of the nitrogenous base sequence and an-
alyzing the data for the 10 Candida species, it became
obvious that C albicans, C theae, C dubliniensis, C or-
thopsilosis, and C margitis shared around 75% similar-
ity. They were 65% similar to the other species, including
C parapsilosis and C oxycetoniae. In contrast, C tropica-
lis, C pseudojiufengensis, and C jiufengensis varied from
the other species by more than 40%. Clearly, the applica-
tion of genetic imaging tools for strains can give results
that may have a different impact than that of standard pro-
cedures.

Candida species are responsible for the vast majority
of fungal pathogen-induced human illnesses. C albicans
is the most prevalent cause of opportunistic infections.
Candida auris, together with other developing species,
such as C tropicalis, C parapsilosis, and C krusei, pose
anew public health hazard worldwide. Some observations
indicate that the reported antagonistic relationship be-
tween the 2 Candida species might be bidirectional, with
C albicans releasing metabolites that might influence the
metabolic activity of C tropicalis on some level.”>* This
discovery prompted us to compare MEP2 protein levels in
different C albicans species.

Previous research revealed that amphotericin B and
ketoconazole have varied inhibitory effects on the ex-
pression of MEPI-5 genes in Candida epidermidis. Am-
photericin B suppressed MEP1-4 genes more effectively;
however, ketoconazole dramatically reduced MEP2 gene
expression. This work sheds light on the possible mech-
anisms of action of antifungal medications on Candida
epidermidis gene expression. It may also have ramifica-
tions for future research into more targeted antifungal
treatments.>*

Five strains of C albicans were chosen for comparison,
with SAEZ strain serving as the wild type. The 4 strains
were found to have 4 main MEP2 mutations. The chemi-
cal substance, LDAO, was chosen because of its capacity
to interact with proteins and accept the primary source of
ammonium. Mutations were found in each strain. LDAO
fusion sites were identified for each strain. Our findings
show that the mutation in SAH3 strain at residue 452 al-
tered the fusion position of LDAO in MEP2, implying
that this mutation eventually impacts Candida. Despite
the advent of drug-resistant C albicans strains, this sug-
gests that mutations play a basic and crucial role in modi-
fying the position of the drug’s docking with the protein.

The used software selects any chemical substance, re-
gardless of its toxicity to the human body, that has the
ability to dock to MEP2 by mathematical and chemical
operations. Currently, there are no studies supporting the
binding of MEP2 to LDAO in a laboratory setting or ani-
mal tests.
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Conclusions

The CGR and FCGR procedures are widely regard-
ed as useful and accurate methods for detecting DNA
sequence and protein similarity. Approximately 80% of
current MSA determination algorithms are comparable to
conventional approaches. The docking residue of LADO
with MEP2 varies as a result of a mutation within the pro-
tein’s conserved region in certain strains but not all. Since
identifying mutations in MEP2 is important for using
Candida as a nitrogen source, this will allow for targeted
therapy. Protein sequences from different species should
ideally be compared using both CGR and FCGR, as well
as by applying the MSA method.
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