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Abstract:

Neisseria meningitidis, a gram negative diplococcus and the causative agent of meningitis and
severe sepsis, is known to occur in five different pathogenic strains including A, B, C, W-135 and
Y. Vaccines against all strains are available except strain B due to its poor immunogenicity.
Functional genomics studies of N. meningitidis serogroup-B revealed some of its proteins to be
crucial for its pathogenesis. Here, we report 3D homolog models of NMB1728, NMB1527 and
NMB1729 proteins. The homology models were constructed by the MODELLER program. Model
structures were shown to have overall good stereochemistry as well as lower internal energy. The
lower rmsd values for the models of these proteins showed overall structural resemblance

including active site residues with their selected templates.
INTRODUCTION:

Neisseria meningitidis, a Gram-negative diplococcus and a member of Neisseriaceae, has a
genome size of 2,272,351 bp. Out of 12, only five serogroups A, B, C, W135 and Y are considered
to be the most pathogenic in human [1-2]. In Europe and United States, the major cause of invasive
disease is N. meningitidis Serogroup B [3]. N. meningitidis Serogroup B (MC58) genome sequence
provided efficient data related to its detailed molecular characterization [4]. To date there is no
effective vaccine available against serogroup B meningococcal disease which is because of
homology between the capsule of N. meningitidis serogroup B and N-acetylneuraminic acid

residue containing polysialosyl glycopeptides in human neural tissue [5, 6].

According to the genome sequence of N. meningitidis MC58 strain [7], the bacterium showed to
have 2,158 open reading frames. Out of those, only 1158 gene products are known for specific

biological function while 1000 gene products remained hypothetical i.e. unidentified [8].
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Functional genomics of N. meningitidis pathogenic factors have been performed and 73 gene

products were found to be involved in septicemic disease [9].

Our aim was to study the structural bioinformatics of known virulence determinants of N.
meningitidis. A number of virulence factors facilitate N. meningitidis survival and proliferation
within the host organism. This group contains eight genes [8]. We have performed structural
analysis of three known virulence determinants i.e. NMB1728, NMB1527 and NMB1729 genes
of this group. We performed the homology modeling of the above-mentioned proteins by searching
their best templates through Psi-BLAST [10] against PDB [11]. The best template was chosen on
the basis of sequence identity; template with >30% sequence identity was considered as the most

acceptable.
MATERIAL AND METHODS:

In present study, homology modeling of a group of different pathogenic proteins of N. meningitidis
has been performed. The group includes proteins of known virulence factors i.e. NMB1729
(exbB), NMB1728 (exbD) and NMB1527 (rfaF).

Secondary structure prediction and template searches for homology modeling:

Secondary structure prediction of the target sequences i.e. NMB1527, NMB1728 and NMB1729
were carried out using PSIPRED [12] method. For the purpose of homology modeling, protein
structures in PDB with the best similarities were used as templates for each of the target proteins.

PDB structures complexed with some substrate or inhibitor were preferably chosen.
Multiple sequence alignment:

Multiple sequence alignment was performed using CLUSTALX [13] in order to optimize the gaps
present in the target protein alignments, as the presence of gaps in the alignment causes
deterioration in regular secondary structure. The homologous sequences were searched against
UniProt database using FASTA searching tool. Pair-wise alignment was manually edited so that
insertions or deletions should not be there in the regular secondary structures of template and target

proteins.
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Three-dimensional model building and refinement:

MODELLER 9.10 program [14] was used to build homology models of target proteins using the
selected PDB structures on the basis of pair-wise sequence alignments between targets and

templates.
The evaluation of the homology models:

Evaluation of model is essential in order to check the possibility of errors in the model.
PROCHECK [15] was used for assessing the overall stereochemistry of protein structures.
PROSA program [16] was used to calculate energy profiles of the models to evaluate
overall fold and side-chain packing of homology models. The variability between 3D model
and the template structure was monitored by superposition of backbone atoms onto the
template structures to calculate the root mean square value. The SUPERPOSE python file
of the MODELLER [14] was used for this function.

Structural analysis:

After building a protein model, analysis of protein three -dimensional structure is one of
the most important step. Many software are used for visualizing the structure of proteins

and for computing their properties.

DS Visualizer [17] and VMD [18] programs were utilized for protein structure visualization and

active site analysis of proteins structures.
RESULTS AND DISCUSSION:

We have carried out structural characterization of the N. meningitidis virulence factors. These
proteins which have been categorized into a class of known virulence determinants. These proteins
include Biopolymer transport protein ExbD (NMB1728), Biopolymer transport protein ExbB
(NMB1729) and ADP-heptose-LPS heptosyltransferase Il (NMB1527). Analysis of three-

dimensional models with detailed active site analyses is given below.
Biopolymer transport protein ExoD (NMB1728):

The gene of NMB1728 encoded Biopolymer transport protein ExbD which consist of 144 amino
acids. It is present in cell inner membrane and is a single-pass type Il membrane protein. This

group of proteins are membrane bound transport proteins essential for ferric ion uptake in bacteria.
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Secondary structure prediction of the protein suggested that ExbD protein consisted of 3 helices
and 6 beta strands (Fig 1-A)
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Figure 1: Secondary structure prediction of N. meningitidis biopolymer
transport protein ExbD (A) and ADP-heptose LPS heptosyltransferasell
(B) and biopolymer transport protein ExbB using PsiPred where alpha
helices are shown in cylinders and beta strands are presented by an
arrow

For the purpose of homology modeling, sequence of NMB1728 (target protein) was searched
against PDB (protein data bank) using PSI-BLAST (position specific iterated-BLAST) [10]. The
result of BLAST showed a total of 4 hits for our query protein (Fig.2A). ExpD Protein structure
with PDB ID 5BY4 having 47% sequence similarity with target protein. Was selected as templet.
Template selection was based on sequence similarity and the similarity of protein families and
minimum number of gaps in sequence alignment. Secondary structure of the template protein
(PDB ID; 5BY4) was obtained from PDBsum to construct structure-based pairwise sequence

alignment (Fig. 2B).

Multiple sequence alignment of EXbD protein was carried out in order to optimize the target and

template sequences alignment. Homology model of N. meningitidis ExbD protein NMB1728 was
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shown to have the overall fold similar to that of the E. coli ExbD protein structure rmsd = 1.0 A°
(Fig.3A).

A I !Il l|1 EII !il llll '.!II l-:'l
fuery seq, PRFGEHHSGI0ER T DNYTRL DL YLILTWRHI ol THE TPLEL P TreSE MK PR TIPLRL TIDW G5 oG RGEYE IGEWESRL A EDHENYT W AADRAVEN TR vhRALERARRG TR IGPVTETHAD
seific hita

Superfanilies ExbD superfamily

Distribution of the top 4 Blast Hits on 4 subjact sequences &

Mouse over to ses the title, click to show alignments

Color key for alignment scores
[ B W40-50 W s0-80 Meo-200 W>=200

I | | | | l | |
1 20 40 60 80 100 120 140

B

Sec.5tr.Pred. BB BREEERR BRB BB falsis]
MMELT28 1 FVLITESIPLELFTASE-QTNHQDKOPKDPLELT IDANGGEYYVE--GDSASKVEIGE 53
5B8Y4 37 FIITQSVEVDLFDATESQAVS SNDNP--EVIVEVSGIGQYTVVVEKDRLERLPPEQ 62
Sec.5tr. BRRERER BRERER e leis
Sec.5tr.Pred. ooooomouooiome GBERR T4 Lo a Tatrdn e i e (o4 o BRRBERR

NMEL728 54 VESRLEARKEQNENVIVAIARDKAVERDTVNEALEARRQAGITKIGEVIE 103
5BY4 63 VVAEVSSREKANPKTVEFLIGGAKDVEEDEIIKALNLLESAGVESVGLMTO 108

Sec.5tr. s feivdeioiotalalelsis] GEERR DU CEO0 O CO0OD0 D0y Ce K

Figure 2: (A) Summary of Psi-BLAST result for NMB1728 protein. (B)
Structure-based pairwise sequence alignment of ExbD from Escherichia
Coli (5BY4) and N. meningitidis (NMB1728) used for homology model
building.

In order to recognize errors in the model we used PROCHECK [15] and PROSA [16] programs.
There were no amino acid residues in the disallowed region while 93.3% residues were present in
most favored region. PROSA [16] plot also showed the model to have an overall lower internal
energy while the z-score was -4.68. These findings indicated that the constructed homology model
of N. meningitidis ExbD protein was good (Fig.3B & 3C).

E. coli TolR (ExbD) is a stable dimer which is present at the surface of the phospholipid bilayer

because it contains the entire periplasmic domain [19]. We constructed N. meningitidis ExbD
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monomeric model using E. coli TolR (ExbD) crystal structure (PDB ID; 5BY4). It is predicted
that N. meningitidis ExbD protein would also occur in dimeric form performing the same function.
Additionally, Tyr 117 is a crucial residue in E. coli TolR (ExbD) protein which is thought to be
involved in dimer formation. This residue was found to be conserved in N. meningitidis ExbD

model which further confirms its dimeric association (Fig. 3D).
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Figure 3: (A) Homology model of N. meningitidis biopolymer transport
protein exbD along with evaluation of its (B) stereochemistry and (C)
energy profile. (D)superposition of N. meningitidis(NMB1728) and E. coli
(5BY4) ExbD protein showing N and C terminal of protein model, with the

conserved TYROSINE residue

ADP- heptose LPS heptosyl transferase-11 (NMB1527):
The complete name of NMB1527 gene product is ADP- heptose LPS heptosyl transferase Il rfaF
which contains 336 amino acids. It is involved in the transfer of heptose from ADP-heptose to
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lipid-(KDO) during lipopolysaccharide biosynthetic process [20]. The predicted secondary
structure of NMB1527 protein by Psi-Pred server showed to have 13 helices and 9 beta strands
(Fig 1B).
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Figure 4: (A) Summary of BLAST result for N. meningitidis NMB1527 protein
(B) Structure-based pairwise sequence alignment of Adp-Heptose Lps
Heptosyltransferase II from Escherichia Coli (1PSW) and N. meningitidis
(NMB1527) used for homology model building.

For homology modeling, template of NMB1527 protein (target protein) was searched in PDB
using PSI-BLAST [10]. The BLAST showed 10 hits for our query protein (NMB1527) (Fig.4A).
Among all the hits the best hit selected as a template has a PDB ID 1PSW. Secondary structure of
the template (PDB ID; 1PSW) was obtained from PDBsum to construct structure-based pairwise
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sequence alignment (Fig. 4B). The pair-wise sequence alignment showed conservation of some
amino residues which are responsible for transfer of heptose during biosynthetic process of

lipopolysaccharide [20].

Figure 5: (A) Homology model of N. meningitidis Adp-Heptose Lps
Heptosyltransferase II along with evaluation of its (B) stereochemistry
and (C) energy profile.

Pairwise alignment of targeted template sequence contained 2% gaps in which may cause some
deterioration in secondary structure; therefore multiple sequence alignment was made to optimize
alignment using CLUSTALX [13]. NMB1527 protein homology model NMB1527 of N.
meningitidis heptosyltransferase 11 was built on the basis of alignment between target and template
sequences. All steps of homology modeling and refinement were carried out using the program
MODELLER [14]. Homology model of N. meningitidis heptosyltransferase 11 comprised of two
domains and the fold protein fold was similar to that of the template structure (LPSW) (Fig.5A).
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In order to recognize errors in the model we used PROCHECK [15] and PROSA [16] programs
were used. PROCHECK [16] tells about the stereochemistry of the model and PROSA [16]
provides energy profile. Ramachandran plot showed no amino acid residue in the disallowed
region whereas 91.4% residues were present in most favored region indicating that the overall
stereochemistry of the model was good. PROSA [17] was used to calculate the overall energy
profile of NMB1527 protein model which calculated the value of z-score = -3.98 which

represented a good quality model (5B & 5C).

Lipopolysaccharide of gram-negative bacteria consists of three structural units including lipid A
the core and an O antigen [21]. In Escherichia coli Lipid A is a beta-1,6-linked glucosamine
disaccharide which is linked to the inner core (ketodeoxyoctonate [KDO] units) followed by two
heptoses. The outer core region and the O antigen are linked to one of these heptoses. The synthesis
of inner core region involved several genes including rfaC and rfaF, which have been recognized
as heptosyl transferases for the transfer of heptose from ADP-heptose to the inner core. The rfaC
and rfaF genes encode heptosyltransferase | and heptosyltransferase 11 enzymes, respectively. rfaF
mutants lacking heptosyltransferase Il activity make lipopolysacharides with only one heptose unit
attached to KDO. Mutants lacking the O antigen and the outer core components are viable but
nonvirulent [22]. However, they are hypersensitive to detergents and hydrophobic antibiotics [23].
Therefore it has been suggested that the NMB1527 protein is a drug target as inhibiting this protein

might affect bacterial growth.

We constructed the three-dimensional model of N. meningitidis rfaF protein NMB1527 using E.
coli rfaF crystal structure as a template (PDB I1D; 1PSW). Ligand binding-site information from
crystal structure of E. coli Heptosyltransferase-1 was used to deduce the active site conformation.
The binding pocket of heptosyltransferase-1 is comprised of amino acid residues Ser10, Met11,
Glyl2, Alal86, Thrl87, Thrl88, Lys192, Pro216, Trp217, Gly218, Ala219, Glu222, Met242,
Ser243, Leu244, Val247, Asp261, Thr262, Glu263, Leu264, His266, Thr282, 11e287. These
residues are involved in binding of Adenosine-5'-diphosphate-2-deoxy-2-fluoro heptose. We
found equivalent amino acid residues to be conserved in heptosyltransferase-Il sequences
(QJYLS5, P37692, D8PHJO, AOA1IW1HZ44, AOAOSALBX9, AOALWI1HZL4, AOAOSAKXP4,
AOAOH7CYR®6) from other bacteria as shown in multiple sequence alignment (Fig. 6). Hence N.

meningitidis heptosyltransferase-11 (NMB1527 protein) would also bind with heptose-containing
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ligand in a similar mode and will also take part in the transfer of heptose during the biosynthetic

process of lipopolysaccharide.

Candidatus MGLYREAVTQRSVMLETQPRKILLRAPNWIGDAVHCEPALRGLRSLFPEAEVIMLARSAY Gandidatus
inopinata LVARAPNWIGDAVMCEPALRGLRSLFPQAE inopinata RAVVIIGA
japonica ~VLVRGENWLGDAVMCEPALQGLERVWEGSQLE. japonica AAVLILGAKGEEAVGRSIAAGLTGR-
Nitrospira VIRGPNWLGIAVHCEPALSQVRTLFPQAETT Nitrogpira VGVAILGAKGEEPLGKAIADQIXTR-~--TVVCSGQITVRELMALVERCOLFLTNDTGEN
defluvii IVVRGPNWLGDAVMCEPALSRVRTLFPQREITLLVKEGI defluyii VGVATLGAKGEEPLGRATAIQTRTR-~--TVVCSGQITVRELMALVRRCOLFLTNDTGEM
E.coli ILVIGPSHVGIMIS0SLYRTLOARYPQAT IDVMABANC YQVVLFGSAKDEE LARLNTEQQAWCRNLAGETQLDQAVILIAACKATVINDSGLY
1PsW Kmmmmmmmmmmmmmmmmm TLVIGPSHVGIMMMSOSLYRTLOARYPOAT IDVMARANC LAALNTEQQAWCRNLAGETQLDOAVILIAACKATVTNDSGLM
Salmonella LVIGPSHVGDMMMSOSLYRTLKARYPOAT IDVMARANC Salmonella GNEILARLNSEQQAWCRNLAGETQLEQAVILIARCKAIVINDSGLY
NMB1527 ISPSWIGDCVMIQPLFRRLXKELHPGCTIDVEAPKWS MME1527 WQVNLFGSQKD- EINRLSDGMCVNLCGKTDLSQAMDLLSLADTVVCHDSGLM
CROREREE ok o, HH LI . * :EREN : ® HA B S 0
Candidatus AELFRAAPELNRVLVYEDRGAHAGLSGRWALAGLLRREGFDLAVLFONAFEAAFLANLAG
inopinata AELFSGDAGVDRIVLYDDRRLHEAGLSGKWALAETLRRERFDLAVLFQNAFEAAFLTHLAG
japonica LQLFQRHPVVDRLVVYEDRGREAGLTGEWALAGDLRRERFDVAVLEQNAFEAAFTAFLAG
Nitrospira ADLLAQHPEVNRTLVYDDRGRHAGLVGRWT LAAVLRRERFDLATLFQNAFEAALTSFLAG
defluvii ADLLAQHPAVNRTLVYDDRGREAGLVGKNSLARVLRRERFDLATLFQNAFEAALTSFLAG
E.coli RPLLSRMPEVNEATPMPLGHGALEIGERRKLGHSLREXKRYDRAYVLENSFKSALVEFFAG
1PsW PMPLGHGA] RR1GHSLREKRYDRAYVLPNSFRSALVELFAG
Salmonella R RMPEVNEAIPMPLGHGA] RRLGHSLREKRYDRAWVLENSFRSALIPFFAN
NMB1527 ILENSFCHCALELRRRNRVGRILGRRGYDOVIVLEGSLESATTALATG
H HE L A
Candidatus THORYGYATDGRVEFLTNEVAVVE PROSVEOVEYYWNLLKPL G-~~~ L5GGAPKPTLEVT
inopinata IFRRYGYATDGRAMFLTDEVAVEDLGREVEQVAY YWNLLKPLG- - -~ LNGEPMVPALTYS
japonica IPRRYGYATDGRSMLLTEPVAPPDPGTLVEQVEYYWNLLKXPLG- - -~ LSGEPSNPGLRVT
IPRRFGYATDGRTLLLTDPVTVPPRTAQREQVEYYWDLLXPLG--~~GHGEAPAPRLEVT Gandidatus HVARRCGVEVLAVEGPTDSRTTSPYGQEQSVVRERVDCAPCLLRECPIDHR-CMIRISVD
IPRREGYATDGRTLLLIDPVIVPPRARQREQVEYYWDLLEPLG-—~~GHGEAPARRLYVT 3noRinata HIARRFGVEVIALFGPTDWRTTSPYGORDCIVRAEVDCAPCLLRECE IDHR-CHT
IPHRTGWRGEMRYGLLND- VEVLDREANPLMVERYVALAYDKGIMRTAQDLPQPLLWPQL japonica HIGSAFGVETVAVFGPTIWRT[T SPYGAERAL TRHEVECAPCLLRECETDHR-CHT
TPHRTGWRGEMRYGLLND-VRVLDREANPLMVERY TALAYDKG IMRTAQDLPQPLLWPQL Hitrospira HVARAFRVPLVAVFGETDWOTTSPFGVDAQLVRQEVSCAPCLLRECEIDHR-CHTGVT
Salmonella IPHRTGWRGEMRYGLLND-ARVLDKDAWPLMVERYVALAYDKGVMRARKDLPQPLLWPQL defluvii HVARAFRVPLVAVFGPTDWQTT SPFGVDAKLVROPVSCAPCLLRECPT DHR-CMTGVIVE
HMB1527 IGXRTGYVEESRYFLIND-TRRLDKERLPLMVIRYTALAHES -~ ——— QEDFDGHSGFREF Z.£012 HVAARLNRPLVALYGPSSPDFTEPLSHKARVIRLITGYHKVREGDAREGYHQSLIDITEQ
KoakoRr ok rhL: * ox W . 1PSW HVAAALNRPLVALYGPSSPDFTPPLSHKARVIRLITGYHKVREGDAAEGYHOSLIDITEQ
Salmonella HVARALDRPLVALYGPSSPIFTPPLSHKARVIRLITGYHRVRKGDTAQGYHOSLIDITED
Candidatus AFESHALDARLETLGTGVSDIVIGINEGSTYGSAKRWLPERFAEVASRLAAQVGRDEGRD mis1527 HLRRALGRRVVRVYGSSSPTHIPELSDRARIVSLHIECSPCFRRECELGHTDCLNRLYEE
inopinata PDEERTMGERLASAGIGPSDLVIGINPGSTYGARKRWLEDREAZVAQRLVGRLRGDEIRT ok LA R R P P i Paoaro
japonica PEEEQSMARRLMQAGIGAQDPVIGVNEGSTYGGAKRWLEDRETQVAERLSREMEESHGKP
Nitrospira PDESALIAGRLAGAGIGPSDPVIGVNPGSTYGHAKRWLPIRYAEVVNRAVT DVOGRSGAR
i PDESALIAGRLADAGIGPSDLVIGVNPGSTYGHAKRWLPDRYAEVVNRVVKEAQGQSDAR
Salmonella QVSEGEXSLMCSDFSLSSERPLIGFCPGAEFGPAKRWPHYHYAELAKQLINEG--——-——
NMB1527 SIDERRREISVETFGLDIGRPVLAFCPGAEFGPAKRWPTRHFAELGKHYLAAG------
kD sk RREE  11rr: \

Figure 6: Multiple alignment sequences of ADP-heptose LPS
heptosyltransferase from different species using CLUSTAL X. Conserved
residues are highlighted in yellow color

Biopolymer transport protein ExoB (NMB1729):

The NMB1729 gene encodes is Biopolymer transport protein ExbB which consists of 220 amino
acids. It is present in the inner membrane and is a multi-pass membrane protein. These proteins
are membrane bound transport proteins essential for the uptake of metals, carbohydrates,
cobalamin and many bacteriocins. ExbB uses the proton motive force at the inner membrane to
transduce energy for the outer membrane via TonB. The protein family consists of ExbD and TolR
which are involved in TonB-dependent transport of various receptor-bound substrates. It helps in
protecting ExbD from proteolytic degradation and functionally stabilizes TonB [24]. PsiPred
server was used for predicting secondary structure of NMB1729 protein. The protein was shown

to have 9 helices and one beta strand (Fig 1C).
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Template of NMB1729 (target protein) was searched in PDB using PSI-BLAST [10]. The BLAST

result showed 4 hits for query protein sequence (Fig.7A). We have selected Protein structure (PDB

ID; 5SV0) as template selection was based on sequence similarity and minimum number of gaps

in template-target sequence alignment. The selected template 50% sequence identity with the

target sequence. Secondary structure of the template (PDB ID; 5BY4) was obtained from PDBsum

which was used to construct structure-based pair-wise alignment of protein sequences (Fig. 7B).

The alignment of NMB1729 protein with the selected template contains 7% gaps which may cause

some deterioration in regular secondary structure due to which we performed multiple sequence

alignment in order to optimize the alignment.
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Summary of BLAST result for N. meningitidis NMB1729
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used for homology model
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The NMB1729 protein sequence was searched against UniProt database using FASTA search tool.
As a result, a number of homologous sequences from different species were obtained. Among
these, 15 homologous sequences were used for multiple sequence alignment by CLUSTALX.
Manual editing of alignment was carried out by considering the secondary structure of the template

as insertions and deletions should not be present in the corresponding regions of target proteins.

Homology model of N. Meningitidis NMB1729 was built based on alignment between target and
template sequences. The E. coli ExbB protein is known to occur in active homopentameric form;
Hence, homology model of NMB1729 protein was built in homopentameric state. All steps of
homology modeling and refinement were carried out using the program MODELLER [14]. The
homopentameric NMB1729 protein model was comprised of five transmembrane regions forming
a transmembrane pore whereas their cytoplasmic domains were arranged in the form of a large
enclosed cavity (Fig. 8). After homology model building, model was evaluated by PROCHECK
[15] and PROSA [16]. Ramachandran plot showed 90.1% residues in core region and PROSA [16]
also confirms that NMB1729 protein model has lower internal energy which indicated that the
model is of good quality. The overall fold of N. meningitidis ExoB homopentameric protein was
observed to be of similar three-dimensional fold as that of E. coli ExbB protein (PDB ID; 5SVO0).

Homology Model of N. meningitidis biopolymer transport protein ExoB (NMB1729) which is a
part of Ton complex was constructed. ExXoB monomer is known to have three transmembrane
spanning helices (TMHSs) with a large cytoplasmic domain [25-26]. The quaternary structure of
ExbB is a homopentamer where the five transmembrane domains form a transmembrane pore. The
cytoplasmic domain forms a large enclosed cavity. The cytoplasmic domain of ExbB retains 5-
fold symmetry which can be clearly observed with each monomer consisting of very elongated
alpha-helices.

To analyze the amino acid residue conservation in alpha-6 and alpha-7 helices in N. meningitidis
ExbB protein (P64100), its multiple sequence alignment was performed with nine ExbB proteins
from other specie including E. coli K12 (POABU7), Neisseria gonorrhoeae (Q5F711),
Haemophilus ducreyi (051808), Vibrio harveyi (DOXENS), Yersinia pestis (D1TTA4),
Methanothermobacter thermautotrophicus (027101), Pseudomonas aeruginosa (G3XCWO0),
ExbB1 of Vibrio cholerae (052043) and ExbB2 of Vibrio cholerae (AAC69454) using
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CLUSTAX. Result showed that those all amino acid residues were quite conserved among all
specie (Fig. 8B & 9). In different species this protein is involved in the process of energy
transduction. On the basis of sequence and structural conservation in N. meningitidis ExbB protein,
we predict that this NMB1729 protein model would also have the same function.
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Figure 8: (A) Homology model of N. meningitidis biopolymer transport protein exbB (B) Conservation of
aminoacid residues in alpha-6 and alpha-7 helices of N. meningitidis ExoB model
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Figure 9: Multiple Sequence alignment of ExbB sequences from different
species using CLUSTAL-X. Highlighted area shows conserved amino acid
residues among different species.
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