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Background
In developed countries meningococcal
disease is relatively rare. However, nasopharyngeal carriage of meningococci without
disease is relatively common, ranging from
5% to >80% depending on the population
studied. A study of carriage versus diseasecausing strains during an epidemic in the
Czech Republic showed that prophage DNA
was associated with disease-causing strains
(1, 2). However, the reasons for the
association of prophage DNA with
pathogenicity were not determined. Recently,
we showed that prophage gene ORF6, whose
product, T and B cell stimulating protein B
(TspB), is an IgG-binding protein specific for
the Fc domain of human IgG2 (3). In addition,
we found that bacteria grown in the presence
of human serum form aggregates enveloped
in a matrix of TspB, IgG and DNA that has
characteristics of biofilm.

Objective
The aim of this study was to determine
whether TspB expression had an effect on
meningococcal survival in human serum. In
addition, we investigated whether functional
activities of TspB that give rise to the
aggregate/biofilm phenotype can be attributed
to specific subdomains of the protein.

Methods
Mutants of N. meningitidis serogroup B strain
(MenB) H44/76, in which combinations of the
three TspB genes were knocked out, were
tested for their ability to survive in different
concentrations of normal human serum (NHS)
or IgG-depleted NHS (dNHS). The assays
were performed in triplicate. The effect on
serum survival was compared to mutants in
which other survival factors, such as capsular
polysaccharide and factor H binding protein
(fHbp), had been knocked out. To control for
the potential effect of antibiotic resistance
genes introduced with the TspB gene knockout constructs, we prepared a triple antibiotic
resistant tspB knockout strain in which functional TspB genes were reintroduced by transduction with phage produced by wild-type
H44/76. The resulting strain is triple antibiotic
resistant but contains reintroduced TspB
genes nmbh4476_0681 and nmbh4476_1698
of unknown copy number per cell and genome
location.
To investigate the functional activities of TspB,
we produced and purified recombinant
proteins corresponding to highly conserved
subdomains, then characterized their Ig- and
DNA-binding activities by ELISA and agarose
gel shift assay, respectively. The subdomains
are shown schematically in the figure at right.
The sequences encoding each of the
recombinant proteins were from MenB strain
MC58 TspB gene nmb1628.
The ability of recombinant TspB deriv-atives,
human IgG2, and linear plasmid DNA (pSK(+))
to form biofilm was compared to MenA strain
Z2491 cultured in the presence of 5% NHS.
TspB derivatives, IgG2, and DNA were
incubated in DPBS-BSA, spotted onto cover
slips, dried, and fixed. DNA was stained with
Sytox Orange and human IgG with Dylight
488-goat anti-human IgG. Z2491 cells were
prepared and stained with DAPI and antihuman IgG as described previously (3).
POSTER TEMPLATE BY:

www.PosterPresentations
.com

Functional TspB genes are required for survival in human serum
Historically, the effect on survival in normal human
serum (NHS) has been used to identify important
meningococcal virulence factors. Mutant MenB
strain H44/76 in which TspB genes nmbh4476
_0598, nmbh4476_0681, and nmbh4476_1698
were knocked out did not survive in ≥5% NHS
(upper panel) or dNHS (lower panel). The effect was
similar to knocking out capsular polysaccharide biosynthesis (galE to ctrA) in NHS or dNHS and factor
H binding protein (fHbp) in dNHS. The triple
antibiotic resistant TspB knockout mutant with reintroduced TspB genes survives as well as the wildtype strain in NHS and dNHS showing that the
presence of antibiotic resistance cassettes did not
affect survival.

Serum survival depends on the number of TspB genes
The effect of knocking out one or two TspB genes on survival is
shown in the upper and lower panels, respectively. Knocking
out nmbh4476_1698 had no effect on decreasing survival
compared to the wild-type strain but nmbh4476_0598 or
nmbh4476_0681 knockout mutants did not survive in >20%
dNHS (upper panel). Strains with combinations of two genes
knocked out survived in only 5% dNHS (lower panel). Thus,
two or more TspB genes were required for survival in ≥5%
dNHS and nmbh4476_0598 and nmbh4476_0681 appeared to
be more important than nmbh4476_1698 for H44/76 serum
survival. The protein sequences of nmbh4476_0598 and
nmbh4476_0681 are 90% identical with most differences
located in the variable N-terminal end of the proteins.
nmbh4476_1698 is 70% identical to the other two genes with
differences at variable N- and C-terminal ends but the CR is
identical to nmbh4476_0598.

Functional domains of TspB
The TspB-dependent phenotype of meningococcal strains are bacterial
aggregation and TspB/IgG/DNA biofilm formation (3). To understand the
structure/function relationship of TspB with respect to biofilm formation,
we produced recombinant proteins corresponding to relatively small
subdomains identified by sequence analysis. The recombinant proteins
corresponding to the N-terminal 111aa of the conserved region (CR),
referred to as the NT subdomain, and the remaining 142aa at the Cterminal end of the CR, referred to as the CT subdomain, are shown
schematically in the figure at left. The proteins were purified by a
combination of Ni2+NTA affinity and ion exchange chromatography. The
proteins were single bands by SDS-PAGE (data not shown).

The TspB NT subdomain binds human IgG2 Fc
Previously, we had shown that the highly conserved region
of TspB (shown schematically in the figure above) had IgG2
Fc binding activity (3). The results of testing binding of
human IgG subclass paraprotein standards (upper panel)
and whole IgG2 or IgG2 Fab or Fc fragments by ELISA are
shown at left. In the ELISA, the TspB derivative was
absorbed to the plate and increasing concentrations of IgGs
or fragments were added. The assays were performed in
triplicate. The NT subdomain shows the same specificity for
IgG2 Fc as the CR domain (3). In contrast, the CT
subdomain did not bind to whole IgGs or IgG2 Fab/Fc
fragments. Therefore, all the IgG-binding activity of TspB is
located in the NT subdomain and is specific for IgG2 Fc.

The TspB CT subdomain binds strongly to DNA
DNA is a key component of the biofilm-like matrix enveloping aggregates
of meningococci grown in human serum. To determine whether full
length TspB (FL) and NT and CT subdomains bind to DNA, each of the
purified proteins were incubated with double stranded, linear plasmid
DNA in DPBS and the protein/DNA complexes resolved on an agarose
gel. As shown in the figure at left, FL, NT and CT derivatives bind to DNA
but the CT shows the greatest and the NT subdomain the least binding.
Therefore, TspB contains at least two DNA binding domains with most
activity located within the CT subdomain.
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Purified components form biofilm
similar to that of live meningococci
cultured in human serum
Biofilm formation by:
MenA strain Z2491
+5% human serum

TspB NT+IgG2+DNA

TspB CT+IgG2+DNA

The upper panel shows a fluorescence micrograph of MenA strain Z2491 (blue), grown in
chemically defined medium containing 5%
human serum, enveloped in biofilm containing
human IgG (green). To determine whether TspB
NT or CT in combination with human IgG2 and
DNA is sufficient to form biofilm, the purified
proteins were combined and the complexes
formed were observed by fluorescence microscopy. As shown in the middle and lower panels,
respectively, both proteins formed complexes
with IgG2 (green) and DNA (orange) having
characteristics similar to strain Z2491 biofilm.
Note the fiber-like strands present in the three
micrographs. However, TspB CT appears to be
particularly effective in forming biofilm. The result
suggests that DNA binding is most important in
forming the matrix and that specific IgG2 binding
is not necessary to entrap IgG in the matrix.
Controls, that included all combinations of just
two components only, did not form complexes
and were negative for IgG2 or DNA staining (data
not shown).

Conclusions
The IgG- and DNA-binding activities of TspB
facilitate formation of a biofilm that appears to
protect the bacteria from activities leading to
bacteriolysis in human serum. The results
suggest one possible reason why strains carrying
prophage DNA are more likely to be associated
with disease.
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