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Neisseria meningitidis is a facultative pathogen bacterium which is well founded with a number of adhesion
molecules to facilitate its colonization in human nasopharynx track. Neisseria meningitidis is a major cause of
mortality from severe meningococcal disease and septicemia. Neisseria meningitidis adhesion, NadA, is a trimeric
autotransporter adhesion molecule which is involved in cell adhesion, invasion, and antibody induction. It is
identified in approximately 50% of N. meningitidis isolates, and is established as a vaccine candidate due to its
antigenic effects. In the present study, we exploited bioinformatics tools to better understand and determine the 3D
structure of NadA and its functional residues to select B cell epitopes, and provide information for elucidating the
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biological function and vaccine efficacy of NadA. Therefore, this study provided essential data to close gaps
existing in biological areas. The most appropriate model of NadA was designed by SWISS MODEL software and
important residues were determined using the subsequent epitope mapping procedures. Locations of important linear
and conformational epitopes were determined and conserved residues were identified to broaden our knowledge of
efficient vaccine design to reduce meningococcal infectioun in population. These data now provide a theme to
design more broadly cross-protective antigens.
Key words: Neisseria meningitidis, NadA, epitope prediction, 3D structure

N

eisseria meningitidis is a capsulate gram

meningococcal disease varies from 0.5 to 10 per

negative diplococcus which can colonize

100,000 persons each year. Relatively, the patient's

the upper respiratory tract of humans. It is the major

number can surge to 15 and 400 per 100,000 during

responsible of pyogenic meningitis in children and

epidemics. 5 to 15% of the patients die from the

young adults which can cause their death during a

disease, and 25% of survivors suffer from

short time despite the advances in drug discovery

neurological

(1-3). It is reported that the number of patients with

meningitidis should be accounted as a disastrous
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problems

(4-6).

Therefore,

N.
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pathogen. It was reported that in special occasions

50% of disease-associated isolates (8). More than

the bacterium is able to move throughout the

80% of isolates in hyper virulent lineages have

nasopharynx mucosal layer which can inevitably

nadA gene, and about half of the meningococcal

result in an invasive meningococcal disease

isolates generate NadA (16, 17). NadA antigen is

including septicemia, and fulminate meningitidis

also reported to be present in 52 out of 53 strains of

(6, 7). To induce disease, the bacterium needs a

hypervirulent lineage electerophoretic types (18).

broad number of properties leading to colonization

Statistical association studies confirm this fact. In

as well as invasion to the mucosal barriers, and

disparate geographical locations and time periods,

eventually blood, resulting in septicemia followed

isolates from the same clonal features have similar

by interaction with brain cell microvessels, and

profiles for this antigen (19). Immunogenic nature

blood- brain barrier penetration (8-10). Adhesion-

of NadA is considerable, while it stimulates the

associated properties are due to type IV pili (Tfp),

immune system to produce high levels of bacterial

and the non-pilus adhesins which comprise opacity

antibodies and can be recognized by children's

proteins Opa and Opc, and the auto transporter

serum antibodies after invasive menangococcal

proteins App (adhesion penetration protein), NhhA

disease (IMD) (20, 21). The gene encoding NadA is

(Neisseria hia homolog), and NadA (Neisseria

associated with strains that belong to three of the

adhesin A) (9, 11).

four hypervirulent serogroup B (22, 23). Lineages

There were numerous attempts to vaccine

amino acids in C-terminal part have high similarity

investigation. The first phases of efficient vaccines

with that of the Yersinia adhesion YadA with

in adults but not in children were based on purified

special structure (17, 24). The rate of nadA

polysaccharides of four highly virulent serogroups

expression differs among isolates, and can be up to

of N. meningitidis (A, C, Y, and W-135). The next

100-fold. Moreover, it will be over expressed under

efforts were glycoconjugate- based vaccines against

in vivo condition due to the existence of special

C serogroup which were highly successful in

signals which are associated with the appropriate

disease eradication caused by the mentioned

niche (25, 26). NadA sequences are geneticaly

serogroup in infants, children, and adults with 90%

divided into two categories with 45-50% amino

confidence. It is of paramount to approach surface

acid identity. The first group consists of NadA1,

exposed proteins in vaccine generation. These

NadA2, and NadA3 which are the most prevalent

vaccines not only induce bactericidal antibodies,

variants. It is exhibited that their sequence identity

but may also eliminate further meningococcal

rate is 95%, and are cross-reactive from an

diseases. Mentioned vaccines have been utilized in

immunogenic perspective. NadA4, NadA5, and

some countries but there are obstacles which should

NadA6 are members of the second group which are

be tackled. The most important one is their

not common variants (24). In this report, we

weakness

against

employed bioinformatics tools for 3D structure

heterologous strains due to the high sequence

investigation regarding the fact that experimental

variability of protein antigens (12-15).

determination is a considerable challenge since it is

in

supporting

provision

In this study we focused on NadA, a potential

time-consuming, and its failure rate is relatively

virulence factor, an adhesion molecule, and vaccine

high (27). The first step in drug designing is in

candidate. NhhA and NadA are members of the

silico study to evaluate capability of candidate

oligomeric coiled-coil adhesion (Oca) family, also

molecules. In silico studies can be used to

named trimeric auto transporters. NadA contributes

determine the target structures for possible binding

to bacterial virulence due to its expression in near

sites, identify candidate molecules, evaluate their
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capability to be considered as a drug, dock these

positively charged residues, instability index, and

molecules with the target, rank them according to

aliphatic index were obtained from an online

their binding affinities, and refine structures to

software at http://expasy. org/tools/protparam. html,

improve binding characteristics (28).

Protparam (30).

For outer membrane proteins such as NadA,
purification and crystallization are cumbersome

Topology prediction
PREDTMBB server (http://biophysics.biol.

problems in addition to mentioned obstacles. Taken

uoa.gr/PRED-TMBB/)

was

recruited

for

together, bioinformatics utilization can be more

transmembrane 𝛽-strands prediction in protein

advantageous, and structure investigation is one of

sequences. The web server could find the topology

the wide applications of these tools in antigen

of the loops in addition to localizing the

determination and epitope mapping for designing

transmembrane strands. Prediction of hydrophobic

new generation and highly effective vaccines.

transmembrane regions in a protein sequence
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generates probable 𝛽-barrels that could help
Materials and methods

determine the 3D protein structure. Topology

Sequence availability, homology search and

prediction servers predict the probability of a

alignment

particular residue to be located either inside or

NadA protein sequence with ACM47292.1

outside of the membrane. Transmembrane helix and

accession number containing 362 amino acids was

signal peptides are not suitable regions as B cell

obtained from NCBI at http://www.ncbi.nlm.nih.

epitope. SPOCTOPUS (31) at http://octopus.cbr.

gov/ protein, and saved in FASTA format for the

su.se/ was also employed to determine membrane

further analysis. http://blast.ncbi.nlm.nih.gov/Blast.

protein topology and signal peptides.

cgi was utilized for mentioned protein BLAST

Secondary structure prediction

against non-redundant protein database as well as

Self-optimized prediction method (SOPM) has

obtaining probable putative conserved domains of

been described to improve the efficiency of protein

the protein. PRALINE (29) at http://www.ibi.vu.nl/

secondary structure prediction. The secondary

programs/pralinewww/ was used for generation of

structure of protein including helix, sheet, turn,

alignments. Alignments are used to investigate the

and coil parameters was predicted at http://npsa-

conservancy of the protein amino acids among

pbil.ibcp.fr/ cgibin/ npsa automat. pl? page = npsa

various strains. In this regard, suitable vaccine

sopma. html.

candidates are those effective against all strains of a

Modeling methods

given pathogen. Conservancy of the protein amino

Phyre2 (32) at http://www.sbg.bio.ic. ac.uk/

acids among bacteria other than Neisseria implies

phyre2/ html/ page.cgi? id=index uses hidden

probable cross-reactivity levels.

markov model alignments through HH search to

Homologous structure search

notably enhance accuracy of alignment and

To provide template structures the query

detection rate. To model regions with no detectable

protein sequence was used as an input data for the

homology, phyre2 integrates a new ab initio folding

PSI-BLAST against protein data bank (PDB) at

simulation called Poing.

http://blast.ncbi.nlm.nih.gov/Blast.cgi.

The SWISS- MODEL workspace at http://

General sequence characteristics
Protein

sequence

properties

swiss-model.expasy.org/ is a web- based incorpoincluding

rated service specialized in protein structure

molecular weight, theoretical pI, amino acid

homology modelling.

composition, total number of negatively and

Model evaluation
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All 3D models of the protein built, were
qualitatively estimated by GMQE and QMEAN4

Segments within NadA sequence that are

scores. Qualitative evaluation of 3D models was

likely to be antigenic were predicted using Bcepred

done by ProSA at https://prosa.services.came.

at http://www.imtech.res.in/raghava/bcepred

sbg.ac.at (33). ProSA specifically faces the needs

accuracy of 58.7%. This server predicts B-cell

confronted

protein

epitopes using single of the physico-chemical

structures acquired from X-ray analysis, NMR

properties (hydrophilicity, flexibility, mobility,

spectroscopy, and hypothetical estimations.

accessibility, polarity, exposed surface and turns) or

in

the

authentication

of

Rampage (34) at http://mordred.bioc.cam.ac.

of

them.

Parameters

such

as

hydrophilicity, flexibility, accessibility, turns and

estimation of model quality using Ramachandran

antigenic propensity of polypeptide have been

plot which is an algorithm for atomic level, high-

correlated with the location of B cell epitopes.

resolution protein structure improvement. It can

Cleft and cavity analysis

or

[ Downloaded from ijmcmed.org on 2023-01-07 ]

combination

with

uk/rapper/rampage.php was also employed for

begin from either C-alpha trace, main-chain model
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Single-scale amino acid properties assay

full-atomic

model.

ModRefiner

(35)

Profunc at http://www.ebi.ac.uk/thornton-srv/

at

databases /profunc/ was used to predict clefts and

http://zhanglab.ccmb.med. umich.edu/ModRefiner/

grooves in the protein surface. Depth of clefts and

is another algorithm with functions similar to

amino acids located within the clefts are predictable

Rampage.

by this software.

Ligand binding site prediction

Sequence-based B cell epitope prediction

Cofactor at http://zhanglab.ccmb.med.umich.

Two servers were used to ascertain B cell

edu/COFACTOR/ is a structure-based method for

epitopes in NadA. ABCpred at http://www.imtech.

biological purpose notation of protein molecules.

res.in/raghava/abcpred/ was used to predict B cell

Important amino acids involved in ligand binding

epitope in an antigen sequence.. Window length

site are predicted by this server.

used for prediction with 0.80 threshold set as 16-

Functional and structural critical residues

mer and overlapping filter was on. BepiPred at

identification

http://www.cbs.dtu.dk/services/BepiPred/ was used

Functional conserved residue allows more
realism and robustness in the description of protein

to predict the location of linear B-cell epitopes.
Structure-based B cell epitope prediction

binding surfaces and epitope prediction. There are

NadA 3D structure served as an input file for

several ways to functionally and structurally

servers predicting B cell epitopes based on 3D

annotate/predict important residues.

structure

In this study, InterProSurf at http://curie.utmb.
edu/pattest9.html

was

employed

to

of

a

given

protein.

EPCES

at

http://sysbio.unl.edu/EPCES/ was used to predictp

predict

antigenic epitopes on protein surfaces. Ellipro at

functional sites on protein surface using patch

http://tools.immuneepitope.org/tools/ElliPro/tutorial

analysis. NadA structure determined by previous

.jsp was used to predict linear and discontinuous

strategies, served as an input file for this server.

antibody epitopes.

Conseq (36) at http://conseq.tau.ac.il/ utilized NadA

Pocket and binding site detection

sequence as an input. The software parameters were

GHECOM (Grid-based HECOMi finder) at

set as follows: PSI-BLAST for five iterations

http://strcomp.protein.osaka-u.ac.jp/ghecom/

was

against Uniprot database with E-value of 0.01, and

used to find multi-scale pockets on protein surfaces.

maximum likelihood (ML) as a method of
calculating amino acid conservation score.

Results
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Sequence availability and alignments
NadA

protein

sequence

with

query coverage, 77.4 max score and 77.4 total
accession

score, chain A, crystal structure of Neisseria

number ACM47292.1 and GI:222159579 was

Meningitidis trimeric autotransporter and vaccine

obtained, and saved in FASTA format. BLAST

antigen NadA with "4CJD" PDB ID code was opted

search revealed numerous hits to the NadA subunit

as template for homology and other modeling

sequence. Putative conserved domains have been

strategies. With regard to E-value, max score

detected. Most of the sequences belonged to YadA

identification was also influenced by query

super family Protein. Putative conserved domains

coverage and max identity. An appropriate hit for

within this sequence are shown in Figure 1.

template usage is the one with lower E-value,

Template search

higher

query

coverage,

and

max

identity.

The first illustrated result of PSI-BLAST

Alignment strategy has been utilized to manifest

against PDB data bank with 46% identity, 26%

sequence similarities between the s elected target

NadA conserved domain. YadA- anchor superfamily is shown.
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Fig. 1.

Fig. 2. 2D topology model of NadA predicted by TMBBPred server. Residues from 34-42, 89-97, 104-110 and 217-223 are
transmembrane regions.
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and other probable templates. Alignment provides a

(hydrophobic), negative GRAVY (hydro- philic))

golden opportunity to apply the predicted model to

are summarized in Table1.

other NadA proteins from other close species.

Secondary structure and topology assessment

Sequence characteristics

A 2D topology model of NadA was built

Physical and chemical properties of the

based on predicted inside, transmembrane, and

selected sequence were predicted. NadA consists of

outside regions of the protein (Fig 2). Coil, helix,

57 negatively charged residues (Asp+Glu), and 41

and strands are components constituting secondary

positively charged residues (Arg+Lys). Parameters

structure of the protein. The secondary structure can

such as molecular weight, theoretical pI (isoelectric

be used to confirm the tertiary structures.

point), instability index, aliphatic index, and grand

Attributions of the secondary structure components

average of hydropathicity which indicate the

in the protein are alpha helix (67.13%), extended

solubility of the proteins (positive GRAVY

strand (11.6%), beta turn (6.35%), and random coil

Table1. physical and chemical parameters of NadA.
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Number of amino acids
Molecular weight
Theoretical pI
Amino acid composition

Total number of negatively charged residues (Asp +Glu)
Total number of positively charged residues (Arg +Lys)
Atomic composition

Formula/Total number of atoms
Extinction coefficients
Extinction coefficients are in units of M-1 cm-1, at 280 nm
measured in water.
Ext. coefficient
Abs 0.1% (=1 g/l) 0.382, assuming all pairs of Cys residues form
cystines
Ext. coefficient
Abs 0.1% (=1 g/l) 0.382, assuming all Cys residues are reduced
Estimated half-life
The N-terminal of the sequence considered is M (Met).

Instability index
The instability index (II) is computed to be 12.45
Aliphatic index/Grand average of hydropathicity (GRAVY)

362
37753.74
4.79
Ala (A) 71 19.6%/ Arg (R)
Asn (N) 24
6.6%/ Asp (D)
Cys (C) 1
0.3%/ Gln (Q)
Glu (E) 28
7.7%/ Gly (G)
His (H) 3
0.8%/ Ile (I)
Leu (L) 19
5.2%/ Lys (K)
Met (M) 1
0.3%/ Phe (F)
Pro (P) 2
0.6%/ Ser (S)
Thr (T) 38 10.5%/ Trp (W)
Tyr (Y) 6
1.7%/ Val (V)
Pyl (O) 0
0.0%/ Sec (U)
57
41
Carbon
C
1634
Hydrogen H
2640
Nitrogen N
452
Oxygen
O
567
Sulfur
S
2
: C1634H2640N452O567S2 / 5295

5
29
8
22
16
36
11
14
1
27
0

1.4%
8.0%
2.2%
6.1%
4.4%
9.9%
3.0%
3.9%
0.3%
7.5%
0.0%

14440

14440
The estimated half-life is: 30 hours
(mammalian reticulocytes, in vitro).
>20 hours (yeast, in vivo).
>10 hours (Escherichia coli, in vivo).
This classifies the protein as stable
78.95/ -0.337
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Fig. 3. Graphical representation of the most likely topology predicted by SPOCTOPUS. Network output: The two diagrams show the
estimated preference for each residue to be located in different structural regions. The top diagram shows the preference of being either in
(1) the hydrophobic part of the membrane, 0–13 A ° from the membrane center (M), (2) the membrane water-interface, 11–18 A ° from the
membrane center (I), (3) a close loop region, 13–23 A ° from the membrane center (L), (4) a globular region, further than 23 A ° from the
membrane (G). The bottom diagram shows the estimated preference of a particular residue to be located either on the inside (i) or on the
outside (o) of the membrane. The raw data underlying these two plots can be found in the OCTOPUS network file.

Fig. 4. NadA 3D structure model predicted by SWISS MODEL.

a

b

Fig. 5. Model validations. Both global and local estimation of the quality of the obtained model are reasonable.
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a

b
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Fig. 6. Model evaluation. (a) Ramachandran plot of final NadA model. Number of residues in favored region: 177 (93.7%). Number of
residues in allowed region: 9 (4.6%). Number of residues in outlier region: 3 (1.8%). (b)- Prosa protein structure anlysis results. Z score = 4.75. Overall quality of the ultimate model is acceptable.

Fig. 7. NadA ligand binding sites predicted by COFACTOR. NadA structure in contact with peptide ligand from lateral view. Ligand in
the space filling model

(14.92%). Transmembrane helix does not have

a number of problems including model structural

antigenic capability and Spoctopus server results

distortions, plus steric clashes, unphysical phi/psi

did not detect any such helix (Fig.3).

angles, and irregular hydrogen bonding (H-

Homology modeling

bonding) networks, all models were evaluated by

Swiss model and phyre2 software were

Rampage and Propsa servers. Regarding the

recruited for homology modeling. The former

Ramachandran plot, 93.7% of the residues are in

prepared 3 different models, and the latter

favored regions, and 4.8% are in allowed parts

introduced one model. All of them were selected

while the mere amount of 1.6% are existing in

for further analyses. The identity score was 46%.

outlier regions (Fig. 6a). Prosa revealed that the

Model evaluation

predicted model was among other acceptable

The best 3D model is shown in Figure 4, and
model validations are shown in Figure 5. To tackle

proteins with z score = -4.75. (Fig. 6b).
Ligand binding site regions
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a

b
Fig. 8. Functional and structural critical residues. (a) Colored illustration of conserved functional and structural residues predicted by
conSeq server. The evolutionary rate of the sequence is obvious by color scale (see legend). Burial status of the location is labeled by b
(buried) and e (exposed). Functionally or structurally importance of the residues were shown by f and s respectively. (b) Different direction
of functional residues at the protein structure surface predicted by interproSurf.
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Cofactor

results

illustrated

cooperation

of

Functional and structural critical residues

conserved residues in ligand binding site (189, 192,

ConSurf and interproSurf annotated functional

194, 196, 197, 198, 200, 201, 202, 203, 209, 210,

residues on the 3D structure of NadA. Results are

216) with the highest C score LB which indicates

shown in Figures 8a and b, respectively. ConSurf

the confidence of predicted binding site. Local

showed that majority of conserved residues are

similarity

assessment

located in C-terminal region and 17 residues are

between template binding site and predicted

predicted to be functionally important while

binding site in the query structure showed score

residues number 245, 259 and 295 are critical from

1.02 (BS-score>1) that represents a significant local

structure perspective. InterproSurf revealed residues

match between the predicted and template binding

number 150,151, 153,154,213,271,272 272,273,

site (Fig. 7).

274,275,276,152,155 by auto patch analysis.

(sequence

& structure)
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Table 2. Bcepred hydrophilicity, accessibility, antigenicity, flexibility and beta turn secondary structure prediction in the
protein sequence.
Seque
nce

MKHFPSKVLTTAILATFCSGALAATSDDDVKKAATVAIVAAYNNGQEINGFKAGETIYDIGEDGTITQKDATAADVEA
DDFKGLGLKKVVTNLTKTVNENKQNVDAKVKAAESEIEKLTTKLADTDAALADTDAALDETTNALNKLGENITTFAE
ETKTNIVKIDEKLEAVADTVDKHAEAFNDIADSLDETNTKADEAVKTANEAKQTAEETKQNVDAKVKAAETAAGKA
EAAAGTANTAADKAEAVAAKVTDIKADIATNKADIAKNSARIDSLDKNVANLRKETRQGLAEQAALSGLFQPYNVG
RFNVTAAVGGYKSESAVAIGTGFRFTENFAAKAGVAVGTSSGSSAAYHVGVNYEW362

Hydro
philicit
y

MKHFPSKVLTTAILATFCSGALAATSDDDVKKAATVAIVAAYNNGQEINGFKAGETIYDIGEDGTITQKDATAADV
EADDFKGLGLKKVVTNLTKTVNENKQNVDAKVKAAESEIEKLTTKLADTDAALADTDAALDETTNALNKLGENITT
FAEETKTNIVKIDEKLEAVADTVDKHAEAFNDIADSLDETNTKADEAVKTANEAKQTAEETKQNVDAKVKAAET
AAGKAEAAAGTANTAADKAEAVAAKVTDIKADIATNKADIAKNSARIDSLDKNVANLRKETRQGLAEQAALSGLF
QPYNVGRFNVTAAVGGYKSESAVAIGTGFRFTENFAAKAGVAVGTSSGSSAAYHVGVNYEW362

Flexibi
lity

MKHFPSKVLTTAILATFCSGALAATSDDDVKKAATVAIVAAYNNGQEINGFKAGETIYDIGEDGTITQKDATAADVEA
DDFKGLGLKKVVTNLTKTVNENKQNVDAKVKAAESEIEKLTTKLADTDAALADTDAALDETTNALNKLGENITTFA
EETKTNIVKIDEKLEAVADTVDKHAEAFNDIADSLDETNTKADEAVKTANEAKQTAEETKQNVDAKVKAAETAAG
KAEAAAGTANTAADKAEAVAAKVTDIKADIATNKADIAKNSARIDSLDKNVANLRKETRQGLAEQAALSGLFQPYN
VGRFNVTAAVGGYKSESAVAIGTGFRFTENFAAKAGVAVGTSSGSSAAYHVGVNYEW362

Access
ibility

MKHFPSKVLTTAILATFCSGALAATSDDDVKKAATVAIVAAYNNGQEINGFKAGETIYDIGEDGTITQKDATAADV
EADDFKGLGLKKVVTNLTKTVNENKQNVDAKVKAAESEIEKLTTKLADTDAALADTDAALDETTNALNKLGENI
TTFAEETKTNIVKIDEKLEAVADTVDKHAEAFNDIADSLDETNTKADEAVKTANEAKQTAEETKQNVDAKVKAA
ETAAGKAEAAAGTANTAADKAEAVAAKVTDIKADIATNKADIAKNSARIDSLDKNVANLRKETRQGLAEQAALSG
LFQPYNVGRFNVTAAVGGYKSESAVAIGTGFRFTENFAAKAGVAVGTSSGSSAAYHVGVNYEW362

Turns

MKHFPSKVLTTAILATFCSGALAATSDDDVKKAATVAIVAAYNNGQEINGFKAGETIYDIGEDGTITQKDATAADVEA
DDFKGLGLKKVVTNLTKTVNENKQNVDAKVKAAESEIEKLTTKLADTDAALADTDAALDETTNALNKLGENITTFAE
ETKTNIVKIDEKLEAVADTVDKHAEAFNDIADSLDETNTKADEAVKTANEAKQTAEETKQNVDAKVKAAETAAGKA
EAAAGTANTAADKAEAVAAKVTDIKADIATNKADIAKNSARIDSLDKNVANLRKETRQGLAEQAALSGLFQPYNVG
RFNVTAAVGGYKSESAVAIGTGFRFTENFAAKAGVAVGTSSGSSAAYHVGVNYEW362

Expos
ed
Surfac
e

MKHFPSKVLTTAILATFCSGALAATSDDDVKKAATVAIVAAYNNGQEINGFKAGETIYDIGEDGTITQKDATAADVEA
DDFKGLGLKKVVTNLTKTVNENKQNVDAKVKAAESEIEKLTTKLADTDAALADTDAALDETTNALNKLGENITTFA
EETKTNIVKIDEKLEAVADTVDKHAEAFNDIADSLDETNTKADEAVKTANEAKQTAEETKQNVDAKVKAAETAAG
KAEAAAGTANTAADKAEAVAAKVTDIKADIATNKADIAKNSARIDSLDKNVANLRKETRQGLAEQAALSGLFQPYN
VGRFNVTAAVGGYKSESAVAIGTGFRFTENFAAKAGVAVGTSSGSSAAYHVGVNYEW362

Polarit
y

MKHFPSKVLTTAILATFCSGALAATSDDDVKKAATVAIVAAYNNGQEINGFKAGETIYDIGEDGTITQKDATAADVE
ADDFKGLGLKKVVTNLTKTVNENKQNVDAKVKAAESEIEKLTTKLADTDAALADTDAALDETTNALNKLGENITT
FAEETKTNIVKIDEKLEAVADTVDKHAEAFNDIADSLDETNTKADEAVKTANEAKQTAEETKQNVDAKVKAAETA
AGKAEAAAGTANTAADKAEAVAAKVTDIKADIATNKADIAKNSARIDSLDKNVANLRKETRQGLAEQAALSGLFQ
PYNVGRFNVTAAVGGYKSESAVAIGTGFRFTENFAAKAGVAVGTSSGSSAAYHVGVNYEW362

Antige
nic
Propen
sity

MKHFPSKVLTTAILATFCSGALAATSDDDVKKAATVAIVAAYNNGQEINGFKAGETIYDIGEDGTITQKDATAADVE
ADDFKGLGLKKVVTNLTKTVNENKQNVDAKVKAAESEIEKLTTKLADTDAALADTDAALDETTNALNKLGENITTF
AEETKTNIVKIDEKLEAVADTVDKHAEAFNDIADSLDETNTKADEAVKTANEAKQTAEETKQNVDAKVKAAETAAG
KAEAAAGTANTAADKAEAVAAKVTDIKADIATNKADIAKNSARIDSLDKNVANLRKETRQGLAEQAALSGLFQPYN
VGRFNVTAAVGGYKSESAVAIGTGFRFTENFAAKAGVAVGTSSGSSAAYHVGVNYEW362

Bold sequences indicate mentioned characteristics in protein sequence.
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Properties such as hydrophilicity, accessi-

B-cell epitopes are regions on the surface of
antigens that are recognized by B-cell receptors or

bility, antigenicity, flexibility, and beta turn

specific

secondary structure in the protein sequence were

categorized into two types: linear (continuous) and

predicted by Bcepred server (Table 2). Single-scale

conformational (discontinuous) epitopes. Linear B

amino acid properties were detectable in all

cell epitopes were predicted by Bepipred server

sequence length. Query sequence is shown from

(Fig. 9). ABCpred result showed 9 hits of 16 mer

number 1, and each property has been shown with a

peptide sequences as B-cell epitopes with ranking

distinct

based on scores (Table 3).

color.

According

to

the

mentioned

antibodies.

These

epitopes

can

be

characteristics, middle regions of the protein are

The predicted B cell epitopes were ranked

more likely to have B cell epitope properties.

according to their score obtained by trained

"TSDDDVKKAA", "AEETKTN", "KADEAVKT-

recurrent neural network, with higher score of the

ANEAKQTAEETKQNV" residues are capable to

peptide corresponding to the higher probability to

be B cell epitopes.

be an epitope. All shown peptides were above the

Cleft analysis

threshold

value

chosen

(0.80).

Linear

and

ProFunc results showed a location with

discontinuous B cell epitopes were predicted by

12.17A depth, 57.64% accessible vertices, and

ElliPro software (Tables 4 and 5). Two discontin-

13.66% buried vertices that are the major cleft in

uous and 2 linear epitopes with the highest

NadA.

PI (protrusion index) are shown in Figures 10a

Prediction of B cell epitopes by integrated strategy

and 10b.

Fig. 9. Linear B cell epitopes predicted by Bepipred server.

Table3. Predicted linear epitopes (Linear B cell epitope predicted by ABCpred server).
Rank
1
2
3
4
5
6
7
8
9
10

Sequence
TITQKDATAADVEADD
GETIYDIGEDGTITQK
DETNTKADEAVKTANE
IVKIDEKLEAVADTVD
TVAIVAAYNNGQEING
SGLFQPYNVGRFNVTA
AVAIGTGFRFTENFAA
YNNGQEINGFKAGETI
TTAILATFCSGALAAT
DAKVKAAESEIEKLTT

63 Int J Mol Cell Med Winter 2018; Vol 7 No 1

Start position
65
54
190
161
35
298
323
42
10
105

Score
0.95
0.94
0.92
0.90
0.87
0.87
0.86
0.85
0.84
0.80

Shahsavani N et al.

Table 4. Linear Epitopes Predicted by Ellipro.
No.

Start

End

Peptide

Number of residues

Score

1

108

134

27

0.748

2

267

271

5

0.718

3

172

184

13

0.651

4

221

254

VKAAESEIEKLTTKLADTDAALADTDA
AKNSA
ADTVDKHAEAFND
VKAAETAAGKAEAAAGTANTAADKAEAVAAKVTD

34

0.630

5

155

158

EETK

4

0.51

Table 5. Discontinuous Epitopes Predicted by Ellipro
No.

1

2

3

[ DOI: 10.22088/IJMCM.BUMS.7.1.53 ]
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4

Residues

A:V108, A:K109, A:A110, A:A111, A:E112, A:S113, A:E114, A:I115, A:E116,
A:K117, A:L118, A:T119, A:T120, A:K121, A:L122, A:A123, A:D124, A:T125,
A:D126, A:A127, A:L129, A:A130, A:D131, A:T132, A:D133, A:A134, A:D137,
A:T140, A:N141, A:N144, A:A172, A:D173, A:T174, A:V175, A:D176, A:K177,
A:H178, A:A179, A:E180, A:A181, A:F182, A:N183, A:D184
A:A264, A:A267, A:K268, A:N269, A:S270, A:A271
A:A219, A:V221, A:K222, A:A223, A:A224, A:E225, A:T226, A:A227, A:A228,
A:G229, A:K230, A:A231, A:E232, A:A233, A:A234, A:A235, A:G236, A:T237,
A:A238, A:N239, A:T240, A:A241, A:A242, A:D243, A:K244, A:A245, A:E246,
A:A247, A:V248, A:A249, A:A250, A:K251, A:T253, A:D254, A:Q289, A:G290,
A:L291, A:A292, A:E293, A:Q294, A:A295, A:A296, A:L297, A:S298
A:G147, A:E148, A:I150

Number of residues

Score

43

0.722

6

0.702

44

0.676

3

0.564

a

b
Fig10. B cell epitopes with the highest PI score. 2 linear (a) and 2 discontinuous (b) predicted epitopes are represented. Epitopes were
mapped on 3D models using Discovery Studio Visualizer 2.5.5 software.
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a

b
Fig 11. GHECOM results for NadA Pocket detection. (a) Graph residue-based pocketness. The height of the bar shows the value of
pocketness [%] for each residue. The color of pocketness bar indicates cluster number of pocket (red: cluster 1, blue: cluster 2, green:
cluster 3, yellow: cluster 4, cyan: cluster 5). (b) Jmol view of pocket structure based on pocketness color

"VKAAESEIEKLTTKLADTDAALADTDA"

sites were much higher. This suggests that pockets

at position 108- 134 and "AKNSA" at position 267-

contribute to the formation of binding sites and

271 were the best linear epitopes determined by

active sites of protein. GHECOM results are shown

Ellipro.

in Figures 11a and b.

NadA pocket detection
[ DOI: 10.22088/IJMCM.BUMS.7.1.53 ]

GHECOM server found 5 pockets on protein

Discussion

surfaces using mathematical morphology. A residue

There are many advantages for NadA to be an

in a deeper and larger pocket has a greater chance

acceptable vaccine candidate. Relatively, NadA is

to be a true pocket. The pockets of small-molecule

involved in bacterial adhesion due to the surface

binding sites and active sites were higher than the

exposure, and is expressed in 50% of virulent

average value; specifically, the values for the active

strains and all three hypervirulent lineages. It also

65 Int J Mol Cell Med Winter 2018; Vol 7 No 1
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induces proinflammatory cytokines (9, 11). NadA

interactions to be used for further investigations

based vaccines may plummet the meningococcal

such as site directed mutations to improve the

disease prevalence. Functional blockade of protein

knowledge of vaccine and antibody production. In

may result in bacterial death. It is believed that

this study, we combined all the data obtained from

antibody utilization to target the functional residues

various servers and software to predict B-cell

results in disruption of bacterial adhesion to the

epitopes. This study provides information on

host epithelial cells (12-15). NadA mediated

biophysical

bacterium invasion and adhesion provided us the

performed by crystallography in previous studies.

rational to determine appropriate regions as a

These data shed light on 3D structure of this critical

vaccine candidates. Bioinformatics tools were

antigen. The structure presented here reveals

exploited to achieve such goal. Additionally,

functional

similarity results revealed that NadA sequences

interpretation of previous studies and facilitate

were evolutionary conserved in most of the

further researches to elucidate thoroughgoing NadA

hypervirulent species suggesting that vaccines

as both an adhesin and a vaccine antigen. These

based on this protein can be effective against other

findings now provide a theme to design more

pathogenic serotypes as well as some other Gram-

broadly cross-protective antigens.

negative bacteria due to the cross- reactivity of their

Conflict of interest

antibodies (19). According to the NadA location

structure

models

of

that

NadA

can

which

improve

was

the
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and its chemical characteristics (Table 1), it is an
outer membrane and acidic protein (PI= 4.79)
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