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Molecular analysis of two novel Neisseria
gonorrhoeae virulent components: the macrophage
infectivity potentiator and the outer membrane
protein A
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SUMMARY
Molecular analyses of mip and ompA genes were performed on 20 Neisseria gonorrhoeae isolates. The genes were present with a high degree of conservation in all strains. Sera from patients with urethritis or disseminated gonococcal
infections were able to recognize the purified Neisseria gonorrhoeae macrophage infectivity potentiator (Ng-MIP) and
Neisseria gonorrhoeae outer membrane protein A (Ng-OmpA).
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Neisseria gonorrhoeae is the causative agent of gonorrhoea, a sexually transmitted disease. This microorganism is characterized by a high degree of
genotypic variability particularly referred to its
surface structures (Hamilton et al., 2006). Even if
gonococcal antibodies develop during uncomplicated gonococcal infections, they are not reactive
against gonococcal antigens from a different strain
without immunological memory (Hedges et al.,
1999). Moreover, gonorrhoea exhibits antimicrobial resistance to different drugs, limiting the ability to provide effective treatment and thus to control the disease (Lo et al., 2008; Tapsall, 2006).
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Recently, two proteins named macrophage infectivity potentiator (Ng-MIP) and outer membrane protein A (Ng-OmpA) have been identified
as novel virulence factors in gonococci (Leuzzi et
al., 2005; Serino et al., 2007). MIP shows high homology to MIP proteins already described in
Legionella pneumophila (Cianciotto et al., 1992),
Chlamydia trachomatis (Lundemose et al., 1993)
and Trypanosoma cruzii (Moro et al., 1995). It is
a surface-exposed lipoprotein able to promote intracellular survival of N. gonorrhoeae in
macrophages (Leuzzi et al., 2005). An isogenic
mip knock-out strain is more sensitive to
macrophage-mediated killing, suggesting that
MIP has a role in the persistence of N. gonorrhoeae inside macrophages and, therefore, in
gonococcal infection.
OmpA is an outer membrane protein able to promote adhesion and invasion of N. gonorrhoeae into epithelial cells, as well as entry and intracellular survival in macrophages (Serino et al., 2007).
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The OmpA protein from different species
(Jeannin et al., 2002) induces specific humoral
(Zhang et al., 1987) and cytotoxic immune responses (Kim et al., 2000), also in the absence of
an adjuvant. A recombinant OmpA from
Klebsiella pneumoniae has been demonstrated to
interact with human immune cells and particularly with antigen presenting cells via endocytic
receptors on host cell surfaces (Jeannin et al.,
2002). Expression of Ng-MIP and Ng-OmpA has
been reported in a number of N. gonorrhoeae iso-

lates collected in the USA, Korea and the UK
(Leuzzi et al., 2005, Serino et al., 2007), but the
gene sequence conservation of these genes has
never been investigated.
The aim of this study was to analyze the presence
and conservation of mip and ompA genes among
20 N. gonorrhoeae strains, collected in Italy during the period 2003-2007. The clinical picture of
infected patients and microbiological features of
strains were used to choose the gonococci examined in this study. The immune recognition of re-

FIGURE 1 - Alignment of N. gonorrhoeae Macrophage infectivity potentiator amino acid sequences. G617, G627 and
G616 Neisseria gonorrhoeae isolates. N. gonorrhoeae FA1090 reference strain (accession number AE004969). Amino
acid substitutions and their positions are indicated in bold and highlighted in grey. N. gonorrhoeae Macrophage infectivity potentiator dimerization domain, located at N-terminal region, is underlined; PPI-ase domain, located at Cterminal region, is in the box.
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combinant Ng-MIP and Ng-OmpA proteins by
sera collected from 11 gonorrhoea infected patients, was also evaluated.
Primers for amplification and mip gene sequence
analysis were previously described (Leuzzi et al.,
2005). The primers for ompA gene were: 1atg act
ttc ttc aaa ccc tc20 and 678tta cat gtg ccg tgc ggc661
(numbering is based on gene sequence of N. gonorrhoeae FA1090, accession number AE004969).
Amplification parameters were: 15 min at 95°C,
and 1 min at 95°C, 1 min at 55°C or 60°C (for mip
and ompA genes, respectively), 1 min at 72°C, for
35 cycles. For DNA sequencing, PCR products
were purified with the QIAquick PCR purification kit (QIAGEN, Germany) and subjected to sequence analysis. Generated DNA sequences of
both strands were analyzed using Chromas software version 6, and aligned using DNAMan software version 5.2.10 (Lynnon Biosoft, Canada).
Two amino acid substitutions Glu-160-Lys and
Ser-49-Gly were detected in the mip gene. In particular, 14 strains showed both; 4 strains (G617,
G606, G651, and G520) showed only the Ser-49Gly substitution, and 2 strains (G449 and G616),
showed only the Glu-160-Lys substitution
(Figure 1).
The Ser-49-Gly substitution is located in the Nterminal region of the protein, which contains
the dimerization domain of the MIP protein,
while the Glu-160-Lys is in the C-terminal region,
which contains the catalytic site for the peptidilprolyl cis/trans isomerase, PPI-ase, activity of the
protein (Leuzzi et al., 2005). However, the hypothetical MIP protein structure, obtained using the
SwissPdb Viewer software (http://www.expacy.
org/spdbe/), suggests that the two mutations do
not change the protein structure and do not influence the ability of MIP to dimerize and perform its enzymatic activity.
The ompA genes and deduced amino acid sequences showed 100% identity in all strains examined (data not shown).
Western blot analysis was performed according
to standard procedures (Laemli, 1970) using 11
sera samples from gonorrhoea infected patients
and 5 sera from control patients (patients with
non-gonococcus infection). Two out of the 11
were collected from patients with HIV co-infection, and 1 from a patient with disseminated
gonorrhoea. Blood samples were collected in a
range of 7 to 42 days from the onset of the symp-
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toms. Recombinant Ng-OmpA and Ng-Mip proteins (kindly provided by Novartis, Siena Italy),
were purified as previously described by Leuzzi
2005 and Serino 2007, respectively. Briefly, NgOmpA and Ng-Mip proteins with the predicted
molecular weight of ~28 kDa and ~23 kDa respectively, were run on 12% acrylamide gel at
100V for 1h. After blotting the nitrocellulose
membranes were incubated for 2 h at room temperature, (r. t.), washed twice with saline buffer
and 0.05% of Tween 20 was added. They were
then incubated for 1h at r. t. with antihuman IgG
antiserum (Fc-specific)-Alkaline Phosphatase
(Sigma Aldrich, USA). Peroxidase substrate
(SIGMA FAST BCIP/NBT Sigma Aldrich, USA)
was used for detection reaction. Molecular
weight marker (PageRulerTM Prestained Protein
Ladder, Fermentas) was included in each gel.
Polyclonal mouse antisera, raised against recombinant Ng-MIP and Ng-OmpA proteins,
were used as positive controls, and sera from
healthy people as negative controls. Polyclonal
mouse sera were kindly provided by Novartis,
Siena, Italy (Leuzzi et al., 2005; Serino et al.,
2007). Both recombinant proteins were recognized by sera from infected patients, but not by
negative sera, suggesting the two proteins are
expressed during infection in vivo and are immunogenic (data not shown). Polyclonal mouse
sera were able to recognize both proteins not only in a purified protein extract but also in gonococcus whole cell extract.
In conclusion, this study provides new information on the macrophage infectivity potentiator
and the outer membrane protein A in N. gonorrhoeae clinical isolates. In particular, Ng-MIP and
Ng-OmpA were always expressed and genetically conserved among the strains analyzed. The results confirmed the high rate of gene conservation of the two virulence factors that could be
considered a promising starting point for a future successful application of these molecules,
or some of them, for the detection and/or molecular characterization of gonorrhoea circulating strains.
The potential use of these proteins to prevent adhesion and resistance to macrophage killing
could represent a new way to fight the infection
since the disease is characterized by the absence
of the immunological memory and by a major incidence among patients with immunological de-
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ficiencies or among patients with a major risk of
contracting sexually transmitted diseases (Elford,
2006 and Aral et al., 2008). It is noteworthy that
both the purified recombinant proteins are recognized by sera from patients affected by gonorrhoea.
Accession numbers
Submitted as representatives of mip and ompA
genes the following sequences: FN552013, mip
gene from strain G617; FN552014, mip gene from
strain G627; FN552015, mip gene from strain
G616; and FN552016, ompA gene from strain
G44.
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