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Abstract: Transition from an opportunistic pathogen to a deadly disease forming one, depends on a
number of aspects, which activate causative protein production and their functions. In recent world, most of
the proteins are still functionally unknown i.e. hypothetical proteins (HPs) and are not negligible. In the
present study, functional categorization and structure prediction of 20 HPs of Candida glabrata was performed.
Their physicochemical properties, functional domains, as well as interacted proteins were predicted and
analyzed. Signal peptide, subcellular localizers, transmembrane regions were determined to explore physical
characteristics of selected HPs. They were involved in various important functions such as nuclear-vacuolar
junction, metabolic pathways, ATPase execution, DNA binding, mitochondrial transportation, amino acid
biosynthesis and catabolism, vesicular transportation, extracellular, DNA repair and cell cycle control, nuclear
functions, mitochondrial RNA synthesis and translation, RNA synthesis, glucose transportation and Ca2+ ion
exchanger. 3D structure of each HP was determined and energy minimization was done by using GROMOS96
force field implicated in Swiss-Pdb Viewer. Ligand binding sites of the HPs showed the active regions,
involved in functional modulation. Thus in silico analysis of HPs is more easy to reveal the structures and
functions, which was experimentally very expensive and tedious. It would also be helpful in recognizing the
mechanism of pathogenesis and in developing therapeutic drug molecules and their docking studies.

Key words: Candida glabrata, hypothetical proteins, domains, subcellular localizer, functional
categorization, structure prediction, active site.

Introduction
Candida glabrata, earlier known as Crypto-

coccus glabrata, identified by Anderson in 1917
and renamed as Torulopsis glabrata in 1938 1 is
becoming second highest frequent cause of
‘candidiasis’ as Candida albicans 2 and showed
equal mortality rate 3. The genus Candida consist
of more than 150 species 4 among which C. glab-
rata is a normal commensal of human gastro-
intestinal tract, oral cavity, alimentary tract,

respiratory tract 5. Phylogenetically it is closely
related with Saccharomyces cerevisiae 6 and
comparatively less pathogenic agent with respect
to C. albicans. Naturally, Cryptococcus glabrata
does not infect its host but takes advantages of
impaired host immune system and causes fungal
infections (candidiasis) of skin, oropharyngeal,
esophageal, bloodstream infections, etc.7.
Transition from normal commensal to pathogenic
one is an outcome of various aspects such as
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environmental conditions, host immune system,
host-pathogen interactions, pathogen’s adaptation
efficiency, etc.8. These situations actually modulate
the pathogenesis causing proteins. From this point
of view we cannot neglect hypothetical proteins
(HPs), as their functions are still unknown 9.
Revelation of these proteins by analyzing their
structure and functions may improve the
knowledge about the pathogen.

An interesting fact is, in living world, almost
half of the proteins belong to HP 10. According to
IMG-JGI database (https://img.jgi.doe.gov/),
complete genome of C. glabrata has already been
sequenced but very little amount of proteins have
been characterized. During study of pathogenesis,
characterization of HPs can explore their roles in
a number of functional pathways. Structure
determination will help to reveal the active sites
where ligands bind and accelerate proteins
function. It will also help to predict drug molecules
against pathogen as well as in docking studies.

Materials and methods
Sequence retrieval

Total 20 hypothetical protein sequences of C.
glabrata CBS 138 were randomly selected and
retrieved from IMG-JGI database (https://
img.jgi.doe.gov). Structural as well as functional
properties of the selected HPs were analyzed by
using several bioinformatics tools and databases.

Physicochemical properties analysis
Physicochemical properties such as amino acid

length, molecular weight, iso-electric point (pI),
instability index, aliphatic index and hydro-
phobicity were calculated by ProtParam tool of
ExPASy server (web.expasy.org/protparam/) and
showed in Table 1.

Motifs and domains prediction
The conserved domains and motifs of HPs were

predicted by using several databases like
Conserved Domain Database( CDD-BLAST),

Table 1. Physiochemical properties of selected HPs

Accession Amino Molecular pI Positively Negatively  Instability Aliphatic Grand
No. acid weight charged charged ndex ndex average of

number residues residues hydropathy
(GRAVY)

XP_444880 1049 119916.6 9.30 163 138 53.57 73.85 -0.878
XP_444843 568 62918.1 8.09 48 45 36.85 92.31 0.357
XP_444844 563 62315.2 7.81 43 41 33.35 89.15 0.318
XP_444845 533 59869.7 8.47 45 39 35.96 93.21 0.322
XP_444846 934 104760.8 6.15 91 101 37.96 86.81 -0.321
XP_444847 794 85613.7 4.28 40 80 29.30 80.52 -0.096
XP_445514 868 96648.3 6.27 92 100 41.25 91.54 -0.452
XP_444860 552 61546.4 8.09 46 43 38.58 90.04 0.321
XP_444851 675 75493.7 8.17 92 89 34.73 101.01 -0.334
XP_444829 707 76529.7 5.59 70 91 30.53 85.64 -0.190
XP_444861 549 61215.1 8.27 46 42 37.65 89.65 0.337
XP_444859 605 69296.2 5.88 78 87 33.22 83.17 -0.396
XP_444820 801 88290.7 8.90 92 83 40.51 96.99 -0.100
XP_444856 548 61736.6 5.57 71 82 46.59 83.30 -0.385
XP_444788 784 86523.0 5.74 91 108 32.67 81.21 -0.368
XP_444794 902 98376.1 4.86 77 116 34.67 103.22 0.179
XP_444780 756 83646.4 8.67 91 85 57.28 59.30 -0.894
XP_444808 851 98674.3 9.19 108 82 33.72 103.49 -0.185
XP_444842 605 69153.8 9.05 82 71 34.98 94.38 -0.307
XP_444795 1122 122964.7 6.42 128 133 33.55 98.94 -0.033
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Pfam, ScanProsite and TIGRFAMs.
CDD-BLAST (http://www.ncbi.nlm.nih.gov/

BLAST/) identifies domain in query protein
sequence by searching CDD, which is linked with
other databases such as PubMed, Entrez Protein
and NCBI BioSystems, etc. The search algorithm
is based on Reverse Position-Speciûc BLAST
(RPS-BLAST), a variation of Position Specific
Iterated Blast (PSI-BLAST) method to scan query
sequence for conserved domains 11.

Pfam (http://pfam.sanger.ac.uk/) is an assembly
of protein families, superfamilies, domains, Hidden
Markov Models ( HMMs), repeats, etc.12.

Scan Prosite (http://www.expasy.org/tools/
scanprosite/) identifies motif of query sequence
by scanning remote homologues from PROSITE
database. It provides signature sequences built by
manually derived alignments and also delivers
intra-domain topologies 13.

TIGRFAMs (http://www.jcvi.org/cgi-bin/
tigrfams/index.cgi) is a collection of manually
curated protein families as well as superfamilies
defined by HMMs and provides structurally as
well as functionally conserved domains of full-
length query protein sequence 14.

Domains with 100 % confidence level i.e.
delivered by all above four tools were tabulated in
Table 2.

Signal peptide identification
SignalP 4.1 Server 15 was used to detect signal

peptides among the selected HPs.

Subcellular localization site determination
PSORT II (http://psort.hgc.jp/form2.html) was

used to predict the subcellular localization of
selected HPs. It is a new version of PSORT,
considers the eukaryotic amino acid sequence as
input 16. Reinhardt’s method was used for
cytoplasmic/nuclear discrimination.

Transmembrane region prediction
Transmembrane Hidden Markov Models

[TMHMM (at http://www.cbs.dtu.dk/services/
TMHMM)] was used to predict transmembrane
protein topologies in selected HPs. It is constructed
by HMM and can predict 97-98 % correct
transmembrane helices 17.

Protein-protein interaction prediction
Search Tool for the Retrieval of Interacting

Genes/Proteins; [STRING (http://string-db.org/)]
was used to evaluate protein-protein interaction
of nominated HPs. In this database the co-
occurrences and association between proteins are
derived from statistical analyses 18.

Protein structure determination
Iterative Threading ASSEmbly Refinement [I-

tasser (http://zhanglab.ccmb.med.umich.edu/I-
tasser)] server was considered to predict 3D
structures of selected HPs. It is an automated
protein structure prediction tool which depends on
threading analysis 19. Total energy of each
predicted structure was calculated using
GROMOS96 (GROningen molecular dynamics
simulation) force field associated in Swiss-Pdb
Viewer 20 and energy minimization was performed
to get optimum structure.

Active site determination
DogSiteScorer (http://dogsite.zbh.uni-hamburg.

de/) was accessed to determine pockets in predicted
structures. Pockets with highest scores were
considered as active sites of selected HPs.

Results
Physicochemical properties of selected 20 HPs

of C. glabrata CBS 138 revealed the length of
proteins varied from 530bp to 1122bp (Table 1).
pI of protein XP_444880, XP_444808,
XP_444842, XP_444820, XP_444780,
XP_444845, XP_444861, XP_444843,
XP_444860 and XP_444844 was higher. The
surface of protein XP_444880, XP_444808,
XP_444851, XP_444820, XP_444780,
XP_444842, XP_444843, XP_444861,
XP_444860, XP_444845 and XP_444844 were
more positively charged than other HPs (Table 1).
In vitro stability of proteins were determined by
calculating instability index, which was less than
40 (<40) for stable proteins. In present study,
protein XP_444880, XP_444849, XP_444856
and XP_444780 showed instability index above
40. The volume occupied by aliphatic side chains
(Ala, Val, Ile and Leu) were measured by
calculating aliphatic index. Majority of the HPs
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displayed aliphatic index from 70 to 103 without
protein XP_444780 (Table 1). GRAVY revealed
the hydrophobicity of a protein. Grand Average
hydropathy (GRAVY) of the studied HPs were
varied between -0.878 to 0.357. A significant
positive correlation was observed between ali-
phatic index and GRAVY (r = 0.583, p<0.01). For
functional analysis of selected HPs, a number of
parameters such as, protein domains, cleavage
sites, transmembrane regions, subcellular
localizations and protein-protein interactions were
predicted and analyzed. Functional domains,
determined by all four databases were ZF_FYVE,
Aconitase, E1-E2_ATPase, RVT_1, ABC_mem-
brane, Trp_syntA, AA_TRNA_LIGASE,
Sugar_tr, GATA_ZN_FINGER, Collagen,
LRR_1, IF2 and SANT (Table 2). Protein
XP_444847 revealed signal peptide and the
cleavage site was between 17th (Ala) and 18th (Phe)
amino acids (Fig. 1). According to PSORTII,
protein XP_444880, XP_444846, XP_445514,
XP_444780 and XP_444808 were nuclear;
XP_444829, XP_444859, XP_444856 and

XP_444788 were cytoplasmic; XP_444843,
XP_444844, XP_444845, XP_444860,
XP_444861, XP_444794 and XP_444795 were
membrane proteins; XP_444851 and XP_444842
were mitochondrial and protein XP_444820 was
localizing in endoplasmic reticulum (Table 3).
Protein XP_444843, XP_444844, XP_444845,
XP_444860 and XP_444861 showed similar
number of transmembrane regions (Table 4)
localized in plasma membrane (Table 3) and
possessed Sugar_tr domain (Table 2); protein
XP_444794 and XP_444795 also localized in
plasma membrane (Table 3) showed same number
of transmembrane regions (Table 4) and comprised
of E1-E2_ATPase domain (Table 2). Another
transmembrane protein XP_444820 (Table 4)
contained ABC_membrane domain (Table 2).

Protein-protein interactions of selected 20 HPs
were shown in Fig. 2. Associating the above
results, functional categorization was done (Table
5). HPs were involved in nuclear–vacuolar
junction, metabolic pathways, ATPase execution,
DNA binding, mitochondrial transport, amino acid

Figure 1. Protein XP_444847 showed max. C at position 18, max. Y at position 18 and mean
S value between position 1-17. Cleavage site between positions 17 (Ala) and 18 (Phe)
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Table 3. Subcellular localization of the HPs

Protein id Localization

XP_444880 Nuclear
XP_444843 Plasma membrane
XP_444844 Plasma membrane
XP_444845 Plasma membrane
XP_444846 Nuclear
XP_444847 Extracellular
XP_445514 Nuclear
XP_444860 Plasma membrane
XP_444851 Mitochondrial
XP_444829 Cytoplasmic
XP_444861 Plasma membrane
XP_444859 Cytoplasmic
XP_444820 Endoplasmic reticulum
XP_444856 Cytoplasmic
XP_444788 Cytoplasmic
XP_444794 Plasma membrane
XP_444780 Nuclear
XP_444808 Nuclear
XP_444842 Mitochondrial
XP_444795 Plasma membrane

Table 4. Transmembrane regions of selected HPs

Sequence Id N-terminal C-terminal Transmembrane region Length

XP_444843 60 82 ASAYVTVSIFCLFIAFGGFVFGW 23
116 135 NGTHYLSKVRTGLVVSIFNIGCAIGGVILS 20
145 164 PGLIIVVVIYVVGIIIQIAT 20
171 193 YFIGRIISGLGVGGIAVLSPMLI 23
203 225 ATLVACYQLMITLGIFLGYCTNF 23
238 257 VPLGLCFAWAIFMISGMTFV 20
361 383 FETSIVIGVVNFFSTFVGIFLVG 23
390 410 CLLWGAATMTACMVVFASVGV 21
430 452 MIVFTCFYIFCFATTWAPLAFVI 23
465 487 CMALAQASNWIWGFLISFFTPFI 23
491 513 INFNYGYVFMGCLCFSYFYVFFF 23

XP_444844 54 73 AFVGVIISCFMVAFGGFVFG 20
110 127 LIVSIFNIGCAIGGIILS 18
137 156 MGLVVVVVIYIVGIIIQIAS 20
163 185 YFIGRIISGLGVGGISVLSPMLI 23
195 217 GSLVSCYQLMITLGIFLGYCTNF 23
230 249 VPLGLCFAWALFMIGGMTFV 20
352 374 SFETSIVFGVVNFFSTCCSLLTV 23
381 403 NCLLYGAIGMVCCYVVYASVGVT 23
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         table 4. (continued).

Sequence Id N-terminal C-terminal Transmembrane region Length

423 445 IVFSCFYIFCFATTWAPIAYVII 23
457 479 AMSIATAANWMWGFLIAFFTPFI 23
483 505 INFYYGYVFMGCMVFAYFYVFFF 23

XP_444845 25 44 LIFVSLCCIMVAFGGFVFGW 20
78 100 TGLIVAIFNIGCAIGGITLSKLG 23

107 124 LGLVTVVVVYTIGIVIQI 17
134 156 FIGRIISGLGVGGIAVLSPMLIS 23
163 185 LRGTLVSCYQLMITCGIFLGYCT 23
200 219 VPLGLCFAWALFMIFGVMCV 20
300 319 LTGANYFFYYGTTIFRAVGL 20
323 342 FQTAIVLGVVNFVSTFYALY 20
355 377 WGCVGMVCCYVVYASVGVTRLWP 23
392 414 MIVFACFFIFCFATTWAPIAYVI 23
427 449 AMSIAIAANWIWGFLIAFFTPFI 23
453 475 INFYYGYVFMGCMVFAYFYVFFF 23

XP_444860 44 66 ASAYVSISIFCLFIAFGGFVFGW 23
100 119 TGLVVSIFNIGCAIGGIVLS 20
129 148 IGLISVVVIYIVGIVIQIAT 20
155 177 YFIGRIISGLGVGGIAVLSPMLI 23
187 209 GSLVSCYQLMITCGIFLGYCTNY 23
222 241 VPLGLCFAWALFMIGGMTFV 20
344 366 SFETSIVIGIVNFASTFVALYVV 23
375 394 LLWGAAAMTACMVVFASVGV 20
414 436 MIVFTCFYIFCFATTWAPIPFVV 23
449 471 CMAIAQASNWIWGFLIAFFTPFI 23
475 497 INFYYGYVFMGCLCFSYFYVFFF 23

XP_444861 41 63 ASAYVAISIFCLFIAFGGFVFGW 23
97 116 TGLIVSIFNIGCAIGGVVLS 20

126 145 IGLISVVVIYIVGIVIQIAT 20
152 174 YFIGRIISGLGVGGIAVLSPMLI 23
184 206 GSLVSCYQLMITCGIFLGYCTNY 23
219 238 VPLGLCFAWALFMIGGMTFV 20
341 363 SFETSIVIGIVNFASTFVALYVV 23
372 391 LLWGAAAMTACMVVFASVGV 20
411 433 MIVFTCFYIFCFATTWAPIPFVV 23
446 468 CMAIAQASNWIWGFLIAFFTPFI 23
472 494 INFYYGYVFMGCLCFSYFYVFFF 23

XP_444820 133 155 LLLTAVGLLTISCSIGMTIPKVI 23
193 215 FLGGFALALLVGIAANYGRIILL 23
272 294 GFKALICGSVGIGMMLALSPQLS 23

XP_444794 98 120 VKFVMFFVGPIQFVMEAAAILAA 23
125 144 WVDFGVICGLLMLNACVGFI 20
273 295 VLNGIGILLLVLVIVTLLGVWAA 23
315 337 IIGVPVGLPAVVTTTMAVGAAYL 23
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biosynthesis and catabolism, vesicular transport,
extracellular, DNA repair and cell cycle control,
nuclear functions, mitochondrial RNA synthesis
and translation, cellular RNA synthesis, glucose
transport and Ca2+ ion exchange. Template
structures of predicted protein models were
arranged in Table 6. Optimized 3D structures were
predicted and shown in Fig. 3. Among them
transmembrane protein XP_444843, XP_444844,
XP_444845, XP_444860, XP_444861,

XP_444820, XP_444794 and XP_444795 showed
large amount of helical structure (Fig. 3). Signal
peptide containing protein XP_444847 revealed
large quantity of â-barrel (Fig. 3). Active sites of
each HP were shown in Table 7.

Discussion
Physicochemical properties analysis uncovers

the basic knowledge about the nature of proteins.
A very important property i.e. pI revealed the pH

         table 4. (continued).

Sequence Id N-terminal C-terminal Transmembrane region Length

675 697 YVVYRIALSLHLELFLGLWIIIL 23
703 722 IELIVFIAIFADVATLAIAY 20
742 764 MSIILGIVLAIGTWICLTTMFLP 23
807 829 WQLAGAVFAVDIIATMFTLFGWF 23
842 861 IYIWSIGVFCVLGGFYYIMS 20

XP_444795 83 102 LLLTGAAVVSFTLGIYEVLT 20
117 139 VDWIEGLAIMMAVLVVVLVSAAN 23
307 329 ISVYGCVAAITLFVVLFARYLSY 23
352 374 IFITAITVIVVAVPEGLPLAVTL 23
854 876 FIQFQLIVNVTAVLLTFVTSVISS 23
886 905 VQLLWVNLIMDTLAALALAT 20

1022 1044 YFIFIMSLIAVLQVLIMFFGGAP 23
1054 1076 MWLVSVSSGILAIPVGALIRICP 23

Table 5. Putative function of selected HPs

Functional categories Hypothetical proteins

Nuclear–vacuolar junction XP_444780
Metabolic pathways XP_444788
ATPase execution XP_444794
DNA binding XP_444808
Mitochondrial transporter XP_444820
Amino acid biosynthesis and catabolism XP_444829
Vesicular transport XP_444846
Extracellular XP_444847
DNA repair and cell cycle control XP_444880
Nuclear functions XP_445514
Mitochondrial RNA synthesis and translation XP_444851; XP_444842
Cellular RNA synthesis XP_444856; XP_444859
Glucose transporter XP_444845; XP_444844; XP_444843;

XP_444860; XP_444861
Ca2+ ion exchanger XP_444795
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Table 6. Template structures of the HPs

Accession No Template

XP_445514 4mn8
XP_444780 3gav
XP_444794 1mhs
XP_444795 3ba6
XP_444808 4c0o
XP_444842 1f7u
XP_444843 4gc0
XP_444844 4pyp
XP_444845 4gby
XP_444846 3efo
XP_444847 2pff
XP_444860 4pyp
XP_444880 3gaw
XP_444859 1f7u
XP_444861 4gby
XP_444820 4f4c
XP_444856 2xti
XP_444829 1k8z
XP_444788 1c96
XP_444851 3j4j

Figure 2. (continued).
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Figure 2. (continued).
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Figure 2. Protein-protein interaction of selected hypothetical proteins

Figure 3. (continued).
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at which they are stable, least soluble and immobile
in an electro focusing system i.e. contain no net
charge 21. In present study, protein XP_444880,
XP_444808, XP_444842, XP_444820,
XP_444780, XP_444845, XP_444861,
XP_444851, XP_444843 and XP_444860 showed
higher pI, so, during protein purification by
isoelectric focusing method, require basic buffer.
In vitro protein stability is measured by calculating
instability index (II) ranges from 1 to 40 and
depends on the primary sequence of protein22. In
the current study, protein XP_444780,

XP_444880, XP_444856, XP_444849 and
XP_444820 displayed instability index (II) greater
than 40, thus unstable and rests were seemed to
be stable. Ligand binding residues on protein
surface require flexible side chains to undergo
conformational changes. Thus positive charged
residues (Arg, Lys and His) as well as negatively
charged (Glu and Asp) amino acids reside in active
sites of proteins 23. Surface of selected protein
XP_444880, XP_444808, XP_444851,
XP_444820, XP_444780, XP_444842,
XP_444843, XP_444861, XP_444860,

Figure 3. Predicted structures of selected hypothetical proteins
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XP_444845 and XP_444844 contained more
number of positively charged amino acids which
might be involved in ligand binding. On the other
hand, protein XP_444795, XP_444794,
XP_444788, XP_444846, XP_445514,
XP_444829, XP_444859, XP_444856 and
XP_444847 comprised more amounts of negati-
vely charged amino acids at their surface area
which might display binding sites of ligand.
Hydrophobicity of a protein depends on hydro-
phobic amino acids 24. Protein XP_444843,
XP_444861, XP_444845, XP_444860,
XP_444844 and XP_444794 was more
hydrophobic than others (Table 1). Moreover, a
significant positive correlation was found between
aliphatic index of selected HPs and their GRAVY
(r = 0.583, p<0.01), i.e. hydrophobic proteins
contained long chain aliphatic side chains 24.

Functional categorization of proteins was per-
formed by determining protein domains, signal
peptide, subcellular localizations, transmembrane
regions, protein network analysis, etc. 21.
According to evolutionary conservation theory,
domains are the most conserved parts as well as
the functional regions of proteins 25. They can
modulate the function of a protein by changing its
arrangement (http://www.ncbi.nlm.nih.gov/
Structure/cdd/wrpsb.cgi/). So, only sequence
homology based methods may not predict the
actual function of proteins 26. Furthermore,
hypothetical proteins do not have any known
homologous protein sequences. So, a number of
domain/superfamily prediction tools were used to
predict accurate domains of selected 20 hypo-
thetical proteins of C. glabrata CBS 138.

In the present study, protein XP_444780 showed
Zn+ ion binding domain ZF_FYVE, involved in
TGFâ signalling27. XP_444780 showed interaction
(Fig.2) with GTP-binding protein (gtr1), PRA1-
like (Prenylated Rab acceptor 1) protein
(SPCC306.02c-1) involved in cell trafficking 28;
vacuolar protein 8 (vac8), important for vacuolar
sorting 29. These functions were generally occurred
by NVJ (nuclear–vacuolar junction) proteins,
which resided in nuclear–vacuolar junctions of
yeast cell and helped in engulfment of nucleus into
vacuole during carbon and nitrogen depletion 30.
Very naturally, protein XP_444780 was localized
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in nucleus (Table 3), thus it might be concluded
that protein XP_444780 was functioning as
nuclear–vacuolar junction protein. Protein
XP_444788 showed Aconitase domain, involved
in catalysis of interconversion between isocitrate
and citrate via cis-aconitate intermediate 31 and
interacted with (Fig.2) 3-isopropylmalate
dehydrogenase (LEU2); branched-chain-amino-
acid aminotransferase (BAT1); 2-isopropylmalate
synthase (LEU4); mitochondrial oxaloacetate
transport protein (OAC1); dihydroxy-acid
dehydratase (ILV3), which were involved in
cellular metabolic pathways 32. These functions
used to occur in cytoplasm33, which was the
subcellular localizer of protein XP_444788.
Protein XP_444808 showed RVT_1 domain, a
reverse transcriptase gene usually present in mobile
element like retrotransposon 34. The protein
interacted with (Fig. 2) telomere elongation protein
(EST1; EST3); high affinity DNA-binding factor
subunit 2 (YKU70, YKU80); DNA repair and
recombination protein (RAD52). Thus protein
XP_444808 might function as a DNA binding
protein in nucleus. ABC_membrane domain acts
as ABC transporter 35 existed in protein
XP_444820. It was connected with (Fig.2) para-
hydroxybenzoate-polyprenyl transferase (COQ2),
an integral membrane protein involved
in ubiquinone biosynthesis 36, fatty acid elongation
protein 3 (SUR4); mitochondrial inner membrane
translocase subunit TIM16 (PAM16);
mitochondrial carrier (MTM1). Above functions
generally happened in mitochondria and
endoplasmic reticulum, which was the subcellular
localization of protein XP_444820 (Table 3).
Moreover the protein revealed transmembrane
regions (Table 4), thus might be involved in
mitochondrial transportation. Protein XP_444829
comprised Trp_syntA domain, responsible for
tryptophan biosynthesis 37. XP_444829 interacted
with N-(5'-phosphoribosyl) anthranilate isomerase
(TRP1); anthranilate synthase components (TRP2;
TRP3); anthranilate phosphoribosyltransferase
(TRP4); threonine dehydratase (ILV1), all
involved in amino acid biosynthesis and catabolism
38-41, used to occur in cytoplasm 33, which was
subcellular localizer of protein XP_444829 (Table
3). Thus it might be concluded that protein

XP_444829 was associated with amino acid
biosynthesis and catabolism. Protein XP_444846
showed GATA_ZN_FINGER domain, a DNA
binding domain also performed in vesicular
trafficking 42. It was associated with (Fig.2)
transport proteins (SEC23, SEC24, SEC31,
SEC13); GRASP65 homolog protein 1 (GRH1),
a coat protein complex II (COPII) that promote
formation of transport vesicles from the
endoplasmic reticulum 43 and localized above
nucleus which was also a localizer of XP_444846
(Table 3). Thus protein XP_444846 might be
involved in vesicular transportation.

Protein XP_444847 revealed collagen domain,
involved in formation of connective tissue 44.
XP_444847 showed interaction with nuclear
receptor subfamily 6- group A- member 1
(NR6A1), involved in integrin-mediated cell-
matrix interaction45; integrin (ITGA10); laminin
(LAMB3); fibronectin, component of extracellular
matrix 46, which was the subcellular localizer of
the studied protein. Cleavage site was present in
this protein between 17th (Ala) and 18th (Phe)
amino acids (Fig. 1). So it could be concluded that
XP_444847 was an extracellular protein and might
be involved in host-pathogen associations 47.

Protein XP_445514 contained LRR_1 domain,
a structural basis of various purposes such as
formation of protein-protein interactions 48,
tyrosine kinase receptors, cell-adhesion molecules,
virulence factors and extracellular matrix-binding
glycoproteins 49. It interacted with (Fig. 2) protein
HYM1, helped in cell cycle regulation 50; serine/
threonine-protein kinase (KIC1), required for cell
integrity, cellular polarity and morphogenesis 51;
nicotinamide riboside kinase 1( NRK1), coenzyme
of oxidoreductase and performed as a source of
ADP-ribosyl groups used in various reactions 52;
Serine/threonine-protein kinase (CBK1), seemed
to play role in regulation of cell morphogenesis
and proliferation 53; autophagy-related protein 17
(ATG17), responsible for pexophagy and nucleo-
phagy 54. All the above functions typically occurred
in nucleus, which was the subcellular localizer of
protein XP_445514 (Table 3). Thus it might be
involved in nuclear functions. Translation initiation
factor 2 (IF2) and 30S initiation complex (IC)
forming domain IF2 55 was found in protein
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XP_444851. Moreover, phenylalanyl-tRNA
synthetase (MSF1); RNA exonuclease (NGL2);
37S ribosomal protein (RSM28), involved in
mitochondrial protein translation 56; ATP-
dependent RNA helicase (PRP22) a pre-mRNA-
splicing factor; mitochondrial precursor required
for initiation of translation of the COX1 coding
region (PET309) were interacted with the protein
(Fig. 2). The above functions were involved in gene
translation of mitochondria, which was the
subcellular localizer of protein XP_444851 (Table
3). So, the protein might be involved in mitochon-
drial gene translation. Protein XP_444880 showed
SANT domain, involved in chromatin-remodelling
and transcription regulation 57. It was interacted
with (Fig. 2) chromatin modification-related
protein (EAF5, YNG2, EAF7); SWR1 complex
mediated ATP- dependent exchange of histone H2A
(YAF9, SWC4), which were involved in centro-
mere functions, DNA damage control, cell cycle
control 58 in nucleus the subcellular localizer of
protein XP_444880 (Table 3). Protein XP_444880
might be involved in DNA repair and cell cycle
control of C. glabrata CBS 138.

Protein XP_444794 and XP_444795 both con-
tained E1-E2_ATPase domain, a transmembrane
ATPase that transport membrane-bound enzyme
complexes or ions 34. Protein XP_444794 was
associated with (Fig.2) ubiquitin (UBI4); serine/
threonine-protein kinase PTK2/STK2 (PTK2);
general amino-acid permease (GAP1); yeast
elongation factor 3 (YEF3), requiredATPase for
functioning 59-61. XP_444794 and XP_444795
showed transmembrane regions (Table 4) and
plasma membrane as subcellular localizer (Table
3). They might be involved in ATPase execution.
On the other hand proteinXP_444795 shown
interaction with vacuolar Ca2+/H+ exchanger
(VCX1); golgi Ca2+-ATPase (PMR1); calcium-
channel protein (CCH1); vacuolar v-SNARE
(NYV1), which were involved in voltage-gated
Ca2+ channels62. Subcellular localizer of the HP
was plasma membrane (Table 3) and trans-
membrane regions were present (Table 4). Thus
protein XP_444795 might be involved in Ca2+ ion
exchange. AA_TRNA_LIGASE domain,
catalysed aminoacyl-tRNA ligase 63, was observed
in three proteins XP_444842, XP_444856 and

XP_444859. Protein XP_444842 shown
interaction with (Fig.2) methionine-tRNA ligase
(MES1); GMP synthase (GUA1); glutamyl-tRNA
synthetase (SES1); isoleucyl-tRNA synthetase
(ILS1). Above proteins were involved in RNA
synthesis andsubcellular localizer of protein
XP_444842 was mitochondria (Table 3). So, it
might be concluded that protein XP_444842 was
involved in mitochondrial RNA synthesis. On
another hand protein XP_444856 and XP_444859
interacted with cytoplasmic tRNA synthetase (Fig.
2) and PSORT II shown cytoplasm as subcellular
localizer (Table 3) of above HPs. Thus protein
XP_444856 and XP_444859 might be involved
in RNA synthesis. Protein XP_444845,
XP_444844, XP_444843, XP_444860 and
XP_444861 showed Sugar_tr domain, played role
in uptake of sugar 64. They interacted with glucose
transporters (HXT 1-7) (Fig. 2) and subcellular
localizer was plasma membrane (Table 3). They
also revealed transmembrane regions (Table 4).
Thus the above HPs might be involved in glucose
transportation.

Among two types of transmembrane proteins,
helical proteins are more abundant than β-barrel
65. In the present study, protein XP_444843,
XP_444844, XP_444845, XP_444860,
XP_444861, XP_444820, XP_444794 and
XP_444795 were membrane proteins; contained
large quantity of helical structure (Fig. 3) and their
hydrophobicity as well as aliphatic index was
higher (Table 1). On the other side, outer
membrane proteins generally contain more amount
of β-barrel 65 and formerly established outer
membrane protein XP_444847 was containing
large amount of â-barrel (Fig. 3). Active sites were
also identified and shown in Table 7. Determination
of tertiary structure of the hypothetical proteins
(Fig. 3), their templates (Table 6) and active sites
might be helpful to study the conformations and
to identify molecular docking sites that would help
in in silico drug designing.

Conclusion
In silico approach in revelation of protein

structure as well as function is less time consuming
and cost effective than experimental investigation.
Functional annotation may distinguish required
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proteins from others. Screening of significant
protein from a number of hypothetical proteins by
experimental analysis is tedious and very expensive
job. Since C. glabrata CBS 138 is a new emerging
pathogen, it is very important to become acquain-
ted about each protein. In the present study,
randomly selected HPs have been categorized in
different important intracellular as well as
extracellular functions. Protein structures and their
active site prediction would help in drug designing
and docking studies.
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