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Welcome and Meeting venue

Dear friends,

The 11th European Meeting on the Molecular Biology of the Pneumococcus, 
Europneumo 2013, will be held between May 28 (Tuesday) through May 31 (Friday) 
2013 in Madrid, Spain at “Instituto de Salud Carlos III”, in the Ernest Lluch building 
located at street Sinesio Delgado nº 4 (entry by street Monforte de Lemos nº 5). 

Europneumo is organized every two years. Given the restricted number of participants 
(maximum 190), the meeting provides an informal forum for scientists interested in the 
biology of one of the most important human pathogens, Streptococcus pneumoniae. 
Although this meeting principally attracts European researchers, it is fully opened to 
non-European colleges.

We would like to invite you to participate in this meeting. 

Hope to meet you in Madrid,
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Instructions for presenters and chairs

Oral presentations
Please bring your presentation on memory stick to the session room in the break 
before the start of your session at the latest. The program schedule is very tight; please 
respect the assigned time for presentation to ensure that your session stays on track.

Poster presentations
There are two Poster Sessions that will take place after the lunch: 

• Wednesday, May 29th from 13:00 — 15:30

Posters of Molecular epidemiology (PME 01-06), Antibacterials action (PAA 
01-06), Genetics and genomics (PGG 01-05), Structural biology, surface 
structures (PSS 01-09) and Vaccines (PVA 01- 05).

• Thursday, May 30th from 13:00 — 15:30

Posters of Gene expression and regulation (PGE 01-06), Host-microbe 
interactions (PHM 01-17) and Virulence (PVI 01-05).

Authors are requested to install their posters in the assigned board. If the poster is 
in the first Poster Session, authors must install their posters on Wednesday morning 
between 8:00 and 9:00 hours and withdraw them after 17:30 hours. If the poster is in 
the second Poster Session, authors must install their posters on Wednesday afternoon 
between 17:30 and 19:00 hours and withdraw them on Friday after the coffee break.

Authors should be at their posters during poster presentation time. Poster Sessions 
allows viewers to study the poster information and discuss it with the authors. 
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Program at a glance

Time
Tuesday 
May, 28

Wednesday
May, 29

Thursday
May, 30

Friday
May, 31

09:00 /09:30 Spotlight lecture Spotlight lecture Spotlight lecture

09:30 /11:00 Oral session ME (1) Oral session HM (1) Oral session VA (1)

11:00 /11:30 Coffee Break Coffee Break Coffee Break

11:30 /13:00 Oral session AA (1) Oral session SS (1) Oral session VI (2)

13:00 /15:30 Lunch and Poster 
Viewing

Lunch and Poster 
Viewing Closure and Lunch

15:30 /7:30 Registration Oral session GG (3) Oral session GE (3)

Excursion Alcalá 
de Henares and 
Farewell Dinner

17:30 /19:00 Inauguration and 
Opening Lecture Madrid City Tour Free

19:00 Welcome 
Reception 

(1) Oral sessions ME, AA, HM, SS, VA, 6 talks of 15 minutes
(2) Oral session VI, 7 talks of 15 minutes
(3) Oral sessions GG and GE, 8 talks of 15 minutes

Sessions:

ME: Molecular Epidemiology
AA: Antibacterials Action
GG: Genetics and Genomics
HM: Host-Microbe interactions
SS:  Structural biology, Surface structures
GE:  Gene Expression and regulation
VA:  Vaccines
VI:  Virulence
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Scientific Program

Tuesday, May 28, 2013

  15:30 – 17:30 Arrival and registration 

 17:30 – 18:00 Inauguration 

 18:00 – 19:00 Opening Lecture

   Major Spanish contributions to our current understanding of pneumococcal 
  biology ................................................................................................................OPL01 
  Ernesto García

 19:00 Welcome Reception 

 Wednesday, May 29, 2013

 Chairs  Herminia de Lencastre and Josefina Liñares  

 09:00 – 09:30 Spotlight lecture

   Molecular insights that link chromosome biology with competence 
  development in Streptococcus pneumoniae ........................................................OSL01
    Jan-Willem Veening

  
 09:30 – 11:00 Oral Session: Molecular epidemiology (ME) 

 09:30 Amperometric lytA magnetogenosensor applied to the rapid and specific 
  identification of Streptococcus pneumoniae in clinical samples ...................... OME01 
  Susana Campuzano

 09:45  Selection of distinctive colony morphologies for detection of multiple 
carriage of Streptococcus pneumoniae leads to overrepresentation of 
serotype 3 and non-encapsulated isolates ......................................................... OME02 
Carina Valente

 10:00  Detection of Streptococcus pneumoniae in saliva samples from Dutch 
primary school children .................................................................................... OME03 
Anne Wyllie and Krzysztof Trzcinski

 10:15  Streptococcus pneumoniae serotype 6C in non invasive diseases during a 
22 years period (1991-2012) in Gipuzkoa northern Spain ............................... OME04 
María Ercibengoa and Marta Alonso

 10:30 Molecular epidemiology of serotypes 1, 5 and 7F carried by children in 
  Portugal from 1996-2010 .................................................................................. OME05 
  Sónia T. Almeida

 10:45  Impact of heptavalent conjugate vaccine (PCV7) on pneumococci  
population causing acute exacerbations in patients with Chronic 
Obstructive Pulmonary Disease (COPD) ......................................................... OME06 
Arnau Domenech

   11:00 – 11:30 Coffee break
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  Chairs Alexander Tomasz and Antonio J. Martín-Galiano 

 11:30 – 13:00 Oral Session: Antibacterials action (AA)

 11:30  Mosaic pbp2x plays a key role in heteroresistance to penicillin in 
Streptococcus pneumoniae ................................................................................OAA01 
Hansjürg Engel

 11:45 Mono penicillins for all pneumococcal bacteremia patients? ...........................OAA02 
  Amelieke J.H. Cremers

 12:00  Improved lethal effect of a phage pneumococcal lysozyme by changing 
the net charge .....................................................................................................OAA03 
Roberto Díez-Martínez

 12:15  Implication of diversity in the blp locus: distribution and phenotype 
of bacteriocin producers and non-producers .....................................................OAA04 
Suzanne Dawid

 12:30  Immunoactivating peptide P4 augments alveolar macrophage 
phagocytosis of Streptococcus pneumoniae in two diverse human 
populations .........................................................................................................OAA05 
Mathieu Bangert

 12:45  Levofloxacin triggers the transcriptional activation of iron transport 
genes that contributes to cell death in Streptococcus pneumoniae ....................OAA06 
Adela G. de la Campa

 13:00 – 15:30 Lunch and poster viewing I

 Chairs Adela G. de la Campa and Mónica Amblar

 15:30 – 17:30 Oral Session: Genetics and genomics

 15:30  Genomic evolution of pneumococci in response to clinical interventions 
and host biology in sickle cell disease ...............................................................OGG01 
Jason W Rosch

 15:45  High-resolution view of genetic variation, selection and population 
dynamics in the pneumococcus .........................................................................OGG02 
Claire Chewapreecha

 16:00  Role of global and local topology in the regulation of gene expression  
in Streptococcus pneumoniae ............................................................................OGG03 
María-José Ferrándiz

 16:15  Whole-genome analysis of highly invasive sub-Saharan African 
Streptococcus pneumoniae serotype 1 strains reveals high-resolution 
evidence for ancestral and recent recombination signatures .............................OGG04 
Chrispin Chaguza

 16:30  Comparative GO: A web application for comparative gene ontology 
and gene ontology–based gene selection in bacteria .........................................OGG05 
Abiodun D. Ogunniyi

 16:45 Pneumococcal toxin-antitoxins: what´s in them? ..............................................OGG06
   Wai Ting Chan

 

 17:00  Whole genome sequencing of non-typeable Streptococcus pneumoniae 
shows the dominance of two clones and a reservoir of antibiotic 
resistance and virulence genes ...........................................................................OGG07 
Markus Hilty

 17:15  Inspecting the potential physiological and biomedical value of 44 
conserved uncharacterized proteins in Streptococcus pneumoniae ...................OGG08 
Antonio J. Martín-Galiano

 17:30 Madrid City Tour

Thursday, May 30, 2013

 Chairs Jeremy Brown and José Yuste 

 09:00 – 09:30  Spotlight lecture: 

   Pneumococcal mechanisms to resist extracellular oxidative stress 
Sven Hammerschmidt  ........................................................................................OSL02

 09:30 – 11:00 Oral Session: Host-microbe interactions 

 09:30  Deciphering the function of selected novel Streptococcus pneumoniae 
adhesins in pathogenesis and development of target derived antagonist .........OHM01 
Yaffa Mizrachi Nebenzahl

 09:45  Mechanism of BgaA-mediated pneumococcal adherence ................................OHM02 
Samantha King

 10:00  C1q: first component of classical complement pathway facilitates 
Streptococcus pneumoniae adherence and invasion of host cells.....................OHM03 
Vaibhav Agarwal

 10:15  Pneumolysin and LytA avoid phagocytosis by alveolar macrophages 
and neutrophils and enhance invasive disease ..................................................OHM04 
Elisa Ramos-Sevillano

 10:30  Within host selection and evolution of Streptococcus pneumoniae 
during acute invasive infection .........................................................................OHM05 
Marco R. Oggioni

 10:45  TLR-dependent inflammatory responses to Streptococcus pneumoniae 
are highly dependent on surface expression of bacterial lipoproteins ..............OHM06 
Jeremy S. Brown

 11:00 – 11:30 Coffee, break

 Chairs Leiv Sigve Hävarstein and Juan A. Hermoso 

 11:30 – 13:00 Oral Session: Structural biology, surface structures (SS)

 11:30  Molecular architecture of Streptococcus pneumoniae surface 
thioredoxin-fold lipoproteins crucial for extracellular oxidative 
stress resistance and maintenance of virulence ..................................................OSS01 
Sergio G. Bartual
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 11:45  Structural characterization of phosphoglycerate kinase of Streptococcus 
pneumoniae, a moonlighting surface exposed protein that binds 
angiostatin and plasminogen activator tPA .........................................................OSS02 
Noelia Bernardo-García

 12:00   CW_7 cell wall-binding motifs of the Cpl-7 endolysin target the 
peptidoglycan muropeptide ................................................................................OSS03 
Noemí Bustamante

 12:15  Fine tuning of pneumococcal cell division and elongation by the StkP kinase .........OSS04 
Christophe Grangeasse

 12:30  Interaction of penicillin-binding protein 2x and Ser/Thr protein 
kinase StkP, two key players in Streptococcus pneumoniae cell division ..........OSS05 
Anne Marie Di Guilmi 

 12:45  The effect of low Pbp2b levels on cell morphology and peptidoglycan 
composition in Streptococcus pneumoniae ........................................................OSS06 
Leiv Sigve Håvarstein

 13:00 – 15:30 Lunch and poster viewing II

 Chairs Birgitta Henriques-Normark and Aras Kadioglu

 15:30 – 17:30 Oral Session: Gene expression and regulation

 15:30  Ser/Thr phosphatase PhpP and cognate kinase StkP co-regulate 
cell division in Streptocococcus pneumoniae .................................................... OGE01 
Pavel Branny

 15:45  Transcriptional response of Streptococcus pneumoniae to varying 
sources of iron and the regulatory mechanism of the iron uptake 
system PiuBCDA ............................................................................................... OGE02 
Irfan Manzoor

 16:00  The phosphoproteome of Streptococcus pneumoniae ....................................... OGE03 
Christian Hentschker

 16:15  Strain specific regulation of the arginine deiminase system (ADS) in 
Streptococcus pneumoniae and impact of the ADS on virulence ...................... OGE04 
Christian Schulz

 16:30  Construction of improved tools for protein localization studies in 
Streptococcus pneumoniae ................................................................................ OGE05 
Maria João Catalão

 16:45  Cross regulation and co-transcription of RNase R and SmpB in 
S. pneumoniae. Implications in trans-translation ............................................... OGE06 
Mónica Amblar

 17:00   Is S. pneumoniae TpxD a global regulator in the bacterial response 
to oxidative stress?  ............................................................................................ OGE07 
Barak Hajaj

 17:15  Rapid intramembrane proteolysis prevents accumulation of toxic 
levels of the fratricide-immunity protein ComM .............................................. OGE08 
Gro Stamsås

 17:30 Adjourned

 Friday, May 31, 2013

 Chairs Carmen Ardanuy and Mario Ramirez 

 09:00 – 09:30  Spotlight lecture:

   Streptococcus pneumoniae: new insights into promiscuity and 
genome-wide evolution ..................................................................................... OSL03  
Angela B. Brueggemann

 09:30 – 11:00 Oral Session: Vaccines 

 09:30  Virulence potential and genomewide analysis of three major drug 
resistant Streptococcus pneumoniae clones selected in vivo by the 
7-valent pneumococcal conjugate vaccine ........................................................ OVA01 
Nelson Frazão

 09:45   The 13-valent pneumococcal conjugate vaccine could prevent a 
significant proportion of adult invasive pneumococcal disease and 
covers the majority of resistant isolates ............................................................ OVA02 
Andreia Horácio

 10:00  Controlled human infection and re-challenge with Streptococcus 
pneumoniae reveals the protective efficacy of carriage in healthy adults ......... OVA03 
Daniela M. Ferreira

 10:15  The role of complement in the adjuvant activity of pneumolysin ..................... OVA04 
Catherine E. Dalziel

 10:30  Association between pneumococcal capsular serotypes and severity of 
bacteremic pneumonia in adults ........................................................................ OVA05 
Amelieke J.H. Cremers

 10:45  PneuCarriage project: identifying the optimum pneumococcal serotyping 
method(s), including detection of multiple serotype carriage ........................... OVA06 
Catherine Satzke

 11.00 - 11.30 Coffee break

 Chairs Marco Oggioni and Pedro García

 11:30 – 13:00 Oral Session: Virulence

 11:30  Comparing virulence of serotype 1 isolates of Streptococcus pneumoniae ....... OVI01 
Andrea M. Mitchell

 11:45  The role of hydrogen peroxide resistance in pneumococcal lifestyle ................ OVI02 
Vahid Farshchi Andisi

 12:00  Divergent molecular mechanisms of zinc acquisition by AdcA and AdcAII: 
the contribution of the polyhistidine triad proteins ............................................ OVI03 
Charles D. Plumptre

 12:15  Tyrosine phosphorylation of Streptococcus pneumoniae autolysin LytA .......... OVI04 
Alistair Standish

 12:30  Lactate dehydrogenase is important for pneumococcal metabolism 
and virulence ....................................................................................................... OVI05 
Hasan Yesilkaya
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 12:45  LytA is involved in the evasion of complement-mediated immunity and 
invasive disease by a pneumolysin-independent mechanism 
Jose Yuste

 13:00  Pneumococcal immune evasion: Zinc metalloprotease C inhibits 
neutrophil influx ................................................................................................. OVI06 
Krzysztof Trzcinski

 13:15 – 15:30 Closure and lunch

 15:30  Excursion / Farewell Dinner

INDEX OF 
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1. Introduction

Since its discovery at the end of the 19th century 
[1, 2], the pneumococcus has been recognized as 
a leading human pathogen, especially in children 
and the elderly. This fastidious microorganism has 
been the subject of thousands of research papers 
over the years. A search of the PubMed database 
(NCBI) for “Streptococcus pneumoniae” returned 
over 24,000 papers published between 1971 and 
2012. Half of them were published in the last 12 
years (Fig. 1), coinciding with the global spread 
of antibiotic-resistant pneumococci, a problem 
that led to increased funding for research into this 
bacterium. A plateau now appears to have been 
reached with ca. 1000 papers published every year. 

Around 1990, the prevalence of antibiotic-resistant 
S. pneumoniae strains was reported to be ≤5% in the 
USA and most European countries. In contrast, 
up to 65% of pneumococci were reported resistant 
to one or more antibiotics in Spain [3]. For years, 
the situation in Spain has been thought of as a sign 
of things to come in pneumococcal epidemiology, 
largely due to the skillful work of J. Casal and A. 
Fenoll and their group at the Spanish Pneumococcal 
Reference Centre. 

2. Early times

Most of the early studies on the biology of pneu-
mococcus were performed in USA and Germany 
[4]. Some research was, however, undertaken in 
Spain. In 1934, studies were performed in naso-
pharyngeal carriers of  pneumococcus [5], and 
somewhat surprisingly were continued (at least 
to some extent) after the Spanish Civil War [6]. 
Although the first capsular typings made use of 
sera kindly provided by German scientists, specific 

anticapsular sera would later be developed at 
the Instituto de Biología y Sueroterapia (IBYS) 
founded in 1919 in Madrid [7, 8].

3.  Modern times of pneumococcal research in 
Spain

The PubMed and Scopus databases were also 
searched for studies (published in English and 
appearing in peer-reviewed journals) undertaken 
by Spanish research groups or international 
groups with large Spanish participation. Only 
those publications in which S. pneumoniae was 
the main subject were taken into account. Since 
the time of the first paper that met the search re-
quirements [9], nearly a thousand more have been 
published. Figure 1 shows an apparent growing 
trend with respect to Spanish publications in this 
area. Many research fields were covered by the 
detected papers, which, grosso modo, can be de-
fined as: 1) molecular biology and virulence, 2) 
mobile elements –including plasmid and phage 
biology, 3) diagnosis, 4) antibiotic resistance, 5) 
epidemiology, and 6) pneumococcal vaccination.

Fig. 1: World and Spanish publications on pneumococcus 
between 1971 and 2012.

Although the first of these publications were pro-
duced by researchers in Madrid and Barcelona, 
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a growing number of  groups (many in Spain’s 
National Health System hospitals) in other cities 
would begin to publish. Researchers from all over 
the country are now represented. 
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Competence is a tightly regulated physiological state 
in which bacteria become able to take up exogenous 
DNA and use it for genetic transformation. In 
the human pathogen Streptococcus pneumoniae, 
treatment by certain antibiotics has been shown to 
trigger competence and might thus accelerate the 
occurrence of multidrug resistance and promote 
the evolution of virulence (Prudhomme et al., 2006, 
Science). How competence is induced by antibiotics 
however, remains poorly understood. We recently 
showed that S. pneumoniae contains a functional 
chromosome segregation machine by binding 
of the conserved DNA-binding protein ParB to 
centromere-like DNA sequences (parS) located near 
the origin of replication (oriC) (Minnen et al., 2011, 

Mol.Microbiol.). ParB/parS complexes promote 
chromosome segregation, probably by recruiting 
the Structural Maintenance of Chromosomes 
complex (SMC) to oriC. Intriguingly, all the 
operons implicated in the development of natural 
competence (i.e. comCDE, comAB and comX) are 
also located near oriC. In this presentation I will 
discuss how ParB regulates competence by binding 
to, and spreading from, a parS site at 10 kb from 
oriC into the nearby comCDE operon. In addition, 
I will present data that explains why certain 
antibiotics that target chromosome biology induce 
competence, and in fact activate stress responses in 
many bacteria by a general mechanism.

Molecular insights that link chromosome biology 
with competence development in Streptococcus 

pneumoniae
Laetitia ATTIECH, Anita MINNEN, Stephan GRUBER, Jan-Willem VEENING

Contact name: Jan-Willem Veening (j.w.veening@rug.nl)
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The capability of pathogens to infect their hosts is 
mediated by the ability of the bacteria to interact 
and survive in the host environment. Similar 
to other bacteria Streptococcus pneumoniae 
(pneumococci) require rapid and efficient 
response mechanisms to sense changes in the 
oxygen levels and to eliminate reactive oxygen 
species (ROS) or repair proteins damaged by 
oxygen radicals. Strikingly, pneumococci are 
not only faced with exogenously produced ROS 
but also with endogenously produced hydrogen 
peroxide, which enables this pathogen to displace 
other bacteria in their host niche. Besides other 
protection mechanisms, thioredoxin (Trx) family 
proteins play an important role in oxidative stress 
tolerance. This group of small ubiquitous proteins 
has a number of  different important cellular 
functions in all living organisms. Thioredoxins 
possess a highly conserved secondary structure 
with a CXXC active site motif  and a common 
3-D architecture Trx motif. The Trx systems 
are of  utmost importance to resist the extra- 
and intracellular oxidative stress. Pneumococci 
produce a cytoplasmic Trx reductase (Hiller et 
al., 2007) and methionine sulfoxide reductase 
SpMsrAB1 (Wizemann et al., 1996). Trx-like 
proteins transfer electrons from their thiol group 
to MsrAB domains and reduce Msr during 
repairing. In addition to intracellular Trx proteins, 
pneumococci produce on their surface two 
extracellular lipoproteins, which were identified 
as Trx proteins. One of  these proteins, named 
TlpA (Andissi et al., 2012), is located in a three-

gene operon encoding a transmembrane protein 
CcdA1, Etrx1 (TlpA), and SpMsrAB2, while Etrx2 
is located in a bicistronic operon and has only 
CcdA2 as partner. MsrA and MsrB occur typically 
as separate enzymes, however, in pneumococci the 
intracellular SpMsrAB1 as well as the recently 
identified SpMsrAB2 are translationally fused to 
a single protein. The MsrAB proteins are thought 
to be reduced by Trx and convert the oxidized 
MetO (methionine sulfoxide) residues back to 
Met. In this study crystal structural analysis of 
Etrx1 and Etrx2 reveals a common thioredoxin 
fold in both proteins and determination of the 
protein redox potentials demonstrates that Etrx1/2 
shuttles electrons to SpMsrAB2, which in turn is 
able to repair damaged proteins. In functional 
assays and virulence studies we show that Etrx1 
compensates the lack of  Etrx2 and vice versa, 
suggesting that both Etrx proteins interact with 
SpMsrAB2. The deficiency of Etrx1 and Etrx2 
has dramatic consequences for pneumococcal 
killing by H2O2, uptake by macrophages, and 
invasive infections. Similar, the loss-of-function 
of  SpMsrAB2 attenuates pneumococci and 
enhances significantly the susceptibility against 
oxidative stress. In conclusion, the results indicate 
that Etrx1 and Etrx2 are critical components of 
the extracellular oxidative-stress-resistance system 
critical for reduction of surface-exposed proteins. 
Hence, the identification and structural analysis of 
this system and their target proteins make them 
attractive targets to selectively block initial stages 
of pneumococcal diseases.

Pneumococcal mechanisms to resist extracellular 
oxidative stress

Sven HAMMERSCHMIDT
Department Genetics of Microorganisms, Interfaculty Institute for Genetics and Functional Genomics, Ernst-Moritz-
Arndt University of Greifswald, Greifswald, Germany.

Contact: sven.hammerschmidt@uni-greifswald.de
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It is well understood that many bacterial species, 
particularly the pneumococcus, frequently 
undergo horizontal gene transfer. We have been 
using whole genome sequence data to explore 
different aspects of  pneumococcal evolution, 
with some surprising findings. I will discuss some 

recently published work where we demonstrated 
directional genetic promiscuity from a single 
epidemiologically successful clone (PMEN1) to 
numerous unrelated clones, and further evidence 
for multi-fragment recombination around the 
genome.

Streptococcus pneumoniae: new insights into 
promiscuity and genome-wide evolution

Angela B. BRUEGGEMANN
Department of Zoology, University of Oxford. The Tinbergen Building South Parks Road, Oxford OX1 3PS. United 
Kingdom

Contact: angela.brueggemann@zoo.ox.ac.uk
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Amperometric lytA Magnetogenosensor Applied 
to the Rapid and Specific Identification of 

Streptococcus pneumoniae in Clinical Samples
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ABSTRACT: 

In this communication, the application of a previously developed combined asymmetric PCR-
magnetic disposable amperometric genosensor to the determination of Streptococ-cus pneumoniae 
in clinical samples is reported. Results obtained with the amperometric magnetogenosensor assay 
and the gold standard protocol used (standard blood agar culture) for these tests have been 
compared through the analysis of 69 clinical samples and 126 agar plate cultures with suspicion 
of having S. pneumoniae. The quality of the devel-oped diagnostic test has been evaluated by 
constructing the corresponding Receiver Operating Characteristic (ROC) curves. Data provide a 
sensitivity of 90.30% and a specificity of 76.47 %, allowing unequivocal discrimination of the target 
bacteria from S. mitis and other closely related species. The aPCR disposable magnetogenosensor 
provides the results in only 5 h in comparison with the classical optochin identification test which 
requires up to 48 h.

Keywords: Streptococcus pneumoniae, clinical samples, disposable magnetogenosensor.

1. Introduction

The worldwide rise of  antibiotic-resistant 
Streptococcus pneumoniae has fostered the 
development of  methods for the accurate and 
rapid identification of  pneumococci. Gram 
staining and optochin susceptibility are most 
frequently employed in the clinical setting 
al-though bacterial culture requires several 
days to complete [1]. In addition, the prior 
ad-ministration of  antimicrobials reduces the 
possibility to accurately identify the pathogen. 
Immunochromatographic methods such as Binax 
NOW [2] have been developed in the last years for 
pathogen identification. Unfortunately, most of 
these methods, albeit providing rapid results, lack 

of satisfactory specificity and sensitivity. Besides, 
PCR amplification of  pneumococcus-specific 
genes usually demands complicated processes 
and are not yet widely available in clinical labo-
ratories.

The S. pneumoniae lytA gene encodes the major 
autolysin that has been considered unique gene 
to this species [3]. Although pneumococcal (and 
some streptococcal) temperate phages together 
with Streptococcus pseudopneumoniae harbor lytA 
homologs, the existence of characteristic signatures 
in this gene has allowed us to design specific 
oligonucleotide primers to accurately distinguish 
“true” pneumococci from either prophages or no 
pneumococcal, streptococci of  the mitis group 
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(SMG). An amperometric magnetogenosensor 
has been recently developed [4]. As a proof of 
concept, this method has shown that it is possible 
to discriminate between noninoculated blood and 
urine samples and samples inoculated with only 
103 CFU mL−1 S. pneumoniae.

The present communication discusses the re-
sults obtained with the lytA genosensor using a 
variety of clinical samples, and the advantages 
of this procedure in the rapid identification of S. 
pneumoniae.

2. Experimental Section

2.1.. Apparatus and electrodes

Amperometric measurements were carried out 
with a single-channel amperometric detector 
purchased from InBea Biosensores S. L. (Madrid, 
Spain). A P-Selecta (Scharlab) ultrasonic bath, 
a PCR cabinet Biosan DNA/RNA UV-cleaner 
UVC/T−M−AR, a Thermomixer MT100 
constant temperature incubator shaker (Universal 
Labortechnik), and a P-Selecta Agimatic magnetic 
stirrer, were also used. Gold screen-printed elec-
trodes (220AT, 4-mm∅, Au/SPEs) purchased 
from Dropsens were employed. The format 
of  these electrodes includes a silver pseudo-
reference electrode and a gold counter electrode. 
A neodymium magnet (AIMAN GZ) was used 
to control the attraction of the modified magnetic 
beads (MBs) to the Au/SPEs surfaces. Magnetic 
separation steps for incubation/washing processes 
were performed using a Dynal MPC-S (product 
No. 120.20, Dynal Biotech ASA, Norway) mag-
netic particle concentrator. All PCR experiments 
were conducted in a Mygene series Peltier thermal 
cycler model NGN96G. 

2.2. Reagents and solutions

Streptavidin-modified MBs (10 mg mL−1) 
(Dynabeads M-280 Streptavidin) were pur-
chased from Dynal Biotech ASA. Strep-
tavidin-horseradish peroxidase (HRP) polymer, 
ultrasensitive was purchased from Sigma and used 
as recommended. Stock so-lutions of streptavidin-
HRP (10 μg mL−1) were prepared in phosphate 

buffered saline (PBS; 10-mM sodium phosphate 
buffer, pH 7.4 containing 138 mM NaCl, and 2.7 
mM KCl) supplemented with 0.05% (v/v) Tween-20 
(PBST). TMB-H2O2-K-Blue reagent solution from 
Neogen in a ready-to-use reagent format (K-Blue 
enhanced-activity substrate, also containing 
H2O2) was also used as enzymatic substrate. The 
oligonucleotides used in this work were synthesized 
by Sigma Genosys, and are listed in Table 1.

B&W buffer solution (10 mM Tris–HCl, pH 7.5; 
1 mM EDTA, 2 M NaCl) was used to prepare the 
biotinylated probe to be immobilized at the MBs. 
All chemicals used were of  analytical-reagent 
grade, and deionized water was obtained from a 
Millipore Milli-Q purification system (18.2 MΩ 
cm).

Table 1: Oligonucleotides used in this study 

2.3. Samples and DNA isolation

A preclinical comparison between the results 
achieved with the amperometric magneto-
genosensor assay and the gold standard protocol 
(standard blood agar culture) was conducted by 
analyzing 69 clinical samples and 126 agar plate 
cultures with suspicion of having S. pneumoniae.

Analyzed clinical isolates (sputum, pus, blood, 
throat swab, bronchial, nasal and tracheal 
aspirates, eye, conjunctive swab, alveolar washes, 
skin, pleural fluid, and abscess) were collected 
from La Paz Hospital (Ma-drid, Spain) patients.

Magnetoimmunosensor determinations were 
performed using DNA extracted from both kinds 
of samples with the UltraClean® Microbial DNA 
isolation kit (MO BIO, Carlsbad, CA USA) 
according to the manufacturer´s instructions. 
The extracted DNA was stored at −20 °C until 
use. It is worth to mention that for the analysis 
of the clinical samples, no other pretreatment was 
required previously to this DNA extraction.
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The quality of the developed diagnostic test was 
evaluated by constructing the corre-sponding 
ROC curves, performing the statistical analysis 
with SPSS v. 17.0 software. 

2.4. Asymmetric PCR amplification

The asymmetric PCR (aPCR) reaction mix-
ture (50 μL) contained 4 μL or 2 μL (for clinical 
samples and agar plate cultures, respectively) of 
the extracted DNA, 1 μL of a 5 μM forward primer 
solution, 8 μL of  a 5 μM reverse biotinylated 
primer solution, and other components following 
the protocol for PCR with Taq DNA polymerase. 
The PCR conditions were: denaturation at 94 °C 
for 4 min, followed by 35 cycles of 94 °C for 1 min 
(denaturation), 60 °C for 1 min (annealing), 72 °C 
for 1 min (extension), and 3 min final extension. 
During the process, the lower concentrated 
forward primer acted as a limiting primer and 
target dsDNA fragments were produced when 
both primers were present in the PCR mixture. 
However, after the limiting primer was consumed 
the remaining primer (biotinylated reverse primer) 
continued to amplify the target DNA, which 
resulted in the PCR products predominantly being 
biotinylated ss lytA gene fragments. 

2.5. Magnetic beads modification

For the MBs modification, 10 μL of  strep-
tavidin-coated MBs were transferred to a 1.5 
mL centrifuge tube, washed twice with 100 
μL of  B&W buffer and resuspended in 100 
μL of the same buffer containing 100 pmol of 
the biotinylated probe (Fig. 1). The probe was 
captured onto the beads for 50 min at 37 °C with 
gentle mixing (600 rpm). Subsequently, the probe 
modified MBs were washed twice with 100 μL 
of Tris–HCl buffer (pH 7.2) and resuspended in 
100 μL of the same buffer containing the desired 
amount of biotinylated target (or 2 times di-luted 
aPCR mixture). The reaction was left to proceed 
for 50 min at 37 °C under stirring (600 rpm). The 
hybrid-attached beads were washed twice with 500 
μL of Tris–HCl (pH 7.2). At this time, labeling of 
the target with the streptavidin-HRP polymer 
enzyme was achieved. Enzyme tag took place by 
adding 100 μL of 10 μg mL−1 streptavidin-HRP 

polymer solution prepared in PBST. The labeling 
procedure was left to proceed for 60 min at 37 °C 
with gentle mixing (600 rpm). The enzyme-tagged 
DNA beads assembly was then washed five times 
(2 min each) with 500 μL of  PBST, and once 
more with 500 μL of PBS. MBs were finally resus-
pended in 45 μL of PBS.

Fig. 1: Schematic representation of the MBs-modification 
(a) and detection (b) steps carried out.

2.6. Amperometric measurements

Amperometric measurements were carried out 
by placing the 45-μL drop of the modified MBs 
suspension onto the Au/SPEs surface, covering 
the three electrodes area. When a steady-state 
current was obtained, at an applied potential of 
–0.10 V vs the Ag pseudo-reference electrode, 5 
µL of the TMB-H2O2 solution were deposited 
on the working electrode surface and the current 
signal used for analytical purposes was read 200 s 
afterward.

3. Results and Discussion

Amperometric measurements were performed for 
both, the samples and the corresponding PCR 
blanks, and thus, sample signals were normalized 
by using the blank signal. For the streptococcal 
cultures, samples were classified in two categories: 
S. pneumoniae vs. non-pneumoniae Streptococcus 
sp. based on the standard microbiological 
identification. The ratios obtained from the 
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amperometric measurements were compared with 
the identification analyses using a ROC curve 
analysis. 

Using a cutoff value of 1.9 for the sample to blank 
ratio (ratio>1.9 meaning that the sample is S. 
pneumoniae) a sensitivity of 83.5 % and specificity 
of 72.4 % were obtained (Table 2).

Table 2: Assay results for agar plate cultures

Microbial 
identification

+ −

Magneto-
genosensor

+ 81 8 89
− 16 21 37

97 29 126

(+: positive sample; −: negative sample)

Concerning the clinical samples, the classifi-
cation in the same two categories was based on 
the microbiological identification and the clinical 
relevance assigned by a clinical microbiologist: S. 
pneumoniae vs. S. pneumoniae negative samples. 
This last category includes sterile samples, 
samples containing a major non-pneumoniae 
Streptococcus sp. or other pathogens, and samples 
that may contain small amounts of S. pneumoniae 
but not considered clinically relevant (i.e. part of 
the saprophytic flora). The ROC analysis indi-
cated that the best cutoff for the sample to blank 
ratio is 1.3 (ratio>1.3 meaning that the sample is 
clinically relevant S. pneumoniae). For this cutoff  
the sensitivity was 90.3 % and the specificity was 
76.4 % (Table 3).

Table 3: Assay results for clinical samples

Microbial 
identification

+ −

Magneto-
genosensor

+ 47 4 51
− 5 13 18

52 17 69

(+: positive sample; −: negative sample)

It should be noted that some samples gave a 
positive result with the magnetogenosensor 
and a negative one through microbial identi-
fication. Current studies are aimed at discerning 
if  this can be attributed to an inhibition of the 
bacterial growing caused by antibiotics, the lower 
bacterial content being only detected by the 
magnetogenosensor. 

4. Conclusion

The results achieved in the clinical validation 
of this new strategy based on the use of a novel 
amperometric magnetogenosensor are highly 
promising taking into account the complexity 
and variability between the analyzed samples and 
the simplicity and the short response time of the 
implemented methodology. The combined a-PCR-
magnetic disposable genosensor approach exhibits 
relevant analytical advantages with respect to 
other S. pneumoniae detection methods previously 
reported, allowing an unequivocal discrimination 
of  the target bacteria from S. mitis and other 
closely related pneumococcal species (such as 
other streptococci of the mitis group, SMG) and 
providing results in only 5 h, in comparison with 
the classical optochin identification test which 
requires 48 h.
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ABSTRACT: 

This work shows that detection of pneumococcal multiple carriage on the basis of  colony 
morphology introduces a bias in the serotype distribution as this strategy is prone to detect types 
that display highly distinctive colony morphologies resulting in their significant overrepresentation 
and not reflecting their real epidemiology.

Keywords: Streptococcus pneumoniae, co-colonization, colony morphology.

1. Introduction

The introduction of multivalent pneumococcal 
conjugate vaccines has led to changes in serotype 
distribution both in carriage and disease [1]. 
To understand the mechanisms leading to such 
changes, the study of pneumococcal multiple 
carriage is essential to distinguish between true 
serotype replacement and unmasking of nonvaccine 
types [1]. Serotyping of multiple colonies is the 
most straightforward approach to detect multiple 
carriage but is of little value due to the high cost 
and effort needed to achieve a satisfactory sensitivity 
[2] Several initiatives aimed to develop, refine and 
validate alternative methodologies to detect multiple 
carriage are ongoing [3].

We have previously shown by detection of co-
colonization with a highly sensitive capsular 
microarray that the distribution of the most 
abundant serotypes found in multiple carriage was 
vastly the same as the one observed in single carriage 
or when only a single colony was studied [4].

Our purpose was to assess the bias in serotype 
distribution of  co-colonized samples detected 
by colony morphology by comparison with the 
serotype distribution of the total collection from 
which the co-colonized samples were selected.

2. Methods

We have retrospectively identified 190 
nasopharyngeal samples from which two 
pneumococcal serotypes had been detected 
based on colony morphology. These samples 
were extracted from a collection of 3406 samples 
obtained through cross-sectional studies carried 
out between 2001 and 2010 among young children. 
In those studies, one colony of each morphology 
was routinely picked from the agar plate.

3. Results

Analysis of the serotype distribution of the isolates 
present in the 190 co-colonized samples showed 
that close to one-third of the isolates were either 
of serotype 3 (13.4%) or non-typeable (18.2%). 
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The third most abundant type, 19F, accounted for 
6.1% of the isolates. 

By contrast, the serotype distribution of the entire 
collection of 3406 samples revealed that, overall, 
serotype 3 and non-typeable strains accounted 
for significantly less isolates: 4.9% and 5.3%, 
respectively (both p-values <0.001, χ2 test). The 
three most abundant serotypes were 19A (9.0%), 
19F (8.2%), and 6A (6.6%). 

Clearly, non-typeable and serotype 3 strains were 
overrepresented in the collection of  co-carried 
strains selected on the basis of colony morphology.

Experienced laboratory researchers know that 
serotype 3 and non-typeable isolates are easily 
distinguished on an agar plate from other 
pneumococci: the former for yielding colonies 
highly mucous, the latter for displaying minute 
(rough) colonies. Although not surprising, our 
observations show how biased the analysis of 
serotype distributions can be if multiple carriage 
is detected based on colony morphology.

4. Conclusion

Taken together, our observations stress that 
detection of multiple carriage based on colony 
morphology does not reflect its real epidemiology, 
not only because it underestimates the true 
prevalence of these events [4], but also because it is 
prone to detect types that display highly distinctive 
colony morphologies resulting in their significant 
overrepresentation. 
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samples from Dutch primary school children
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1. Introduction

With the introduction of pneumococcal conjugate 
vaccines, more in-depth carriage studies are 
required to monitor the effects of vaccination. 
Here, we investigated saliva as a means of detecting 
Streptococcus pneumoniae colonization for 
potential use in surveillance studies. We applied 
conventional culture and molecular methods to 
detect pneumococci in uncultured (raw) and culture-
enriched saliva collected from schoolchildren, with 
the aim to identify carriers and determine frequency 
of multi-serotype colonization.

2. Methods

Saliva was collected from 50 students (age 5 to 
10 years, median 8) of a rural school, on a single 
morning in June 2012. Samples were transported 
on ice to the lab where 100 ul was cultured and the 
remainder was frozen at -80oC. After overnight 
incubation, cultures were inspected for the presence 
of pneumococcal colonies and all bacterial growth 
was harvested and stored at -80oC. DNA was 
extracted from 100 ul of raw and culture-enriched 
samples using a modified Agowa protocol and 
tested by quantitative-PCR (qPCR) targeting lytA 
and piaA genes specific for S.pneumoniae. Samples 
were considered positive when CT values for both 
genes <40. Serotype composition was determined 
for all samples using sequential multiplex PCR 
(Carvalho, 2010) and qPCR (Azzari, 2010).

3. Results

Saliva cultures show abundant polymicrobial 
growth, which allowed isolation of S pneumoniae in 
2 (4%) children only. Altogether 31 (63%) raw saliva 
samples and 42 (86%) culture-enriched samples 

were identified as qPCR-positive for S.pneumoniae. 
All schoolchildren positive in raw saliva were also 
positive when culture-enriched (lytA-specific signal 
increased on average by 6.4 CT). In carriers, at least 
one serotype was detected in 39 of 42 (93%) culture-
enriched samples, with 24 (55%) samples positive for 
2 to 6 serotypes (mean=1.93 serotypes per carrier). 
There was a positive correlation between the number 
of serotypes detected and strength of S.pneumoniae-
specific signal in both raw (Spearman’s r=0.58, 
p<0.0001), and culture-enriched samples (r=0.63; 
p=0.0001). There was a negative correlation between 
age and the quantity of lytA detected in raw samples 
(r=-0.3; p=0.03).

4. Conclusion

Conventional culture detection and serotyping of 
S pneumoniae in saliva is extremely difficult due to 
saliva’s polymicrobial nature. These limitations were 
addressed by applying a combination of culture-
enrichment and sensitive molecular methods. 
This resulted in more than ten-fold higher rates of 
pneumococcal carriage detected in schoolchildren 
compared to results of  conventional culture. 
Our results are in line with findings of Gundel 
and Okura (1933). They reported rates of up to 
80% pneumococcal carriage detected in saliva of 
asymptomatic schoolchildren when tested using a 
sensitive mouse inoculation method. In their study, 
multiserotype carriage was present in up to 63% of 
carriers, with the average number of serotypes per 
carrier reaching 1.76. Results of our study suggest 
that saliva could be considered as an alternative to 
nasopharyngeal swab sampling in surveillance on 
pneumococcal carriage in children.

Keywords: saliva, carriage, multi-serotype carriage.
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Streptococcus pneumoniae serotype 6C in non 
invasive diseases during a 22 years period 
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1. Backgroung

S. pneumoniae serotype 6C was firstly identified 
in 2007 and now is considered an emerging 
serotype which occasionally shows resistance to 
penicillin and other antimicrobials. Because the 
epidemiology of this serotype is still very scarce 
and mostly referred to invasive diseases, the aim 
of this study was to describe the distribution and 
characteristics of S.pneumoniae 6C among isolates 
causing non invasive diseases in a region of the 
northern Spain in two 11 years periods: pre and 
post 7-valent conjugate pneumococcal vaccine 
(PCV7). 

2. Methods

An unselected sample of available S. pneumoniae 
isolates identified as serogroup 6 by the Quellung 
reaction (Staten Serum Institute) isolated from 
non-sterile sites between 1991 and 2012 were 
screened by polymerase chain reaction (PCR) 
for the wciN region of  the capsular locus. 
Antimicrobial susceptibility testing (CLSI 
guidelines) was performed on all serotype 6C 
isolates and selected isolates were typed by multi-
locus sequence typing (MLST).

3. Results

Overall 503 serogroup 6 isolates from 437 
different patients (only one isolate per infectious 
episode) were included. The main sources of the 
isolates included bronchial secretions, middle 
ear secretions and conjunctival exudates. Of 
them, 150, 247 and 106 were serotype 6A, 6B, 6C 
respectively. No serotype 6D was found.

Among the 106 serotype 6C isolates only 12 
were recovered prior to the introduction of 
the PCV7 in late 2001; the earliest serotype 
6C isolate in our region was recovered in 
1988 from a conjunctival secretion. The most 
frequent serotype 6C sequence types (ST) were 
ST4534, ST395, ST1150, ST2440 and ST1624. 
Antimicrobial susceptibility showed that only 63 
(59.4%) serotype 6C isolates were fully susceptible 
to all antimicrobials. Non-susceptible isolates 
were: 17 (16%) to penicillin (MIC range 0.012-1 
mg/L); 22 (20.8%) to erythromycin; 15 (14.2%) 
to tetracycline; 16 (15.7%) to cotrimoxazole; and 
4 (3.8%) to levofloxacin. Resistance to 3 or more 
antimicrobials (multiresistance) was detected in 17 
(16%) isolates.
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4. Conclusions

Serotype 6C remarkably increased in the post-
PCV7 period although it has been circulating 
in our region since at least 1988. It is genetically 
diverse and frequently non-susceptible to one or 
more antimicrobials. 

Source Total 
serogroup 6

6C pre-PCV7, 
1991-2001

6C post-PCV7, 
2002-2012

Sputa 302 12/120 10% 47/182 25.8% p <0.001

otics 98 0/38 0% 21/60 35% p < 0.001

conjunctives 87 0/22 0% 21/65 33.3% p =0.001

Others 16 0/8 0% 5/8 62.5%

Total 503 12/188 6.4% 94/315 29.8% p < 0.001
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Molecular epidemiology of serotypes 1, 5 and 7F 
carried by children in Portugal from 1996-2010
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ABSTRACT: 

This work was performed in order to gain a better understanding of the epidemiology and 
population structure of pneumococcal serotypes 1, 5 and 7F in carriage, in Portugal, before the 
introduction of pneumococcal conjugate vaccines (PCV10 and PCV13) targeting these serotypes. 

We analyzed retrospectively, nasopharyngeal samples obtained from healthy children attending 
day care centers in Portugal, during cross-sectional studies conducted between 1996 and 2010. 

Serotypes 1, 5 and 7F are rarely carried and have an epidemic nature. These serotypes are highly 
clonal and all isolates analyzed in this study were fully susceptible to the antibiotics tested. A 
significant association between older age and carriage of serotype 7F was observed (χ2=7.372, 
p=0.006).

The present study contributes to the establishment of a baseline to monitor the impact of PCV10 
and PCV13 on carriage of serotypes 1, 5 and 7F.

Keywords: Streptococcus pneumoniae, children, colonization, serotype 1, serotype 5, serotype 7F, 
clone, MLST, pneumococcal conjugate vaccine.

1. Introduction

The propensity to cause invasive disease among 
pneumococcus varies widely and is associated to 
its capsular type. Serotypes 1, 5 and 7F are rarely 
carried but have a high invasive disease potential 
[1]. This work aimed to describe the epidemiology 
and the population structure of isolates expressing 
serotypes 1, 5 and 7F carried in Portugal before 
PCV10 and PCV13 became commercially available.

2. Methods

In this retrospective study, pneumococcal strains of 
serotypes 1, 5 and 7F isolated from nasopharyngeal 
samples obtained from healthy children attending 
day care centers in three areas of  Portugal 
-Lisbon, Oeiras and Montemor-o-Novo- were 

characterized. The isolates were recovered between 
the winter months of January to March, in eleven 
sampling periods between 1996 and 2010. These 
point prevalence studies occurred yearly with the 
exception of 2000, 2004, 2005 and 2008. 

The strains were identified by routine procedures 
and serotyped by multiplex PCR and/or by 
the Quellung reaction [2]. Pneumococcal 
strains of  serotypes 1, 5 and 7F isolated were 
tested by agar disk diffusion for a panel of six 
antimicrobial agents which included: oxacillin, 
chloramphenicol, erythromycin, clindamycin, 
tetracycline and cotrimoxazole [3]. MICs to 
penicillin were determined by E-test according to 
the manufacturer’s instructions. 

Molecular typing was performed by MLST [4].
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3. Results

3.1. Carriage of serotypes 1, 5 and 7F

Between 1996 and 2010, 8,330 nasopharyngeal 
samples were obtained. Overall, 61.5% (5,123) 
had pneumococci. Serotypes 1, 5 and 7F were 
rarely isolated. The numbers were 21 (0.41%) for 
serotype 1, 7 (0.14%) for 5 and 42 (0.82%) for 7F. 
The highest prevalence detected for each of them 
was 3.3% for serotype 1 in 2006, 1% for serotype 5 
in 2009, and 3.3% for serotype 7F in 2006.

3.2. Characteristics of serotypes 1, 5 and 7F

All isolates (n=70) were susceptible to the six 
antimicrobial agents tested. Molecular typing 
by MLST identified three STs associated with 
serotype 1: ST306 (PMEN international clones 
Sweden1-28 (ST306), n=16), ST228 (DLV 
of  ST306, n=3) and ST304 (TLV of  ST306, 
Sweden1-40 (ST304), n=2). The seven serotype 
5 isolates were associated with ST1223, a SLV 
of  the PMEN Colombia5-19 (ST289) clone. 
Among the serotype 7F isolates, all but one isolate 
were associated with ST191, the PMEN clone 
Netherlands7F-39 (ST191). The other 7F isolate 
was associated with ST4771, a SLV of ST191.

3.3. Epidemiology of carriage

Non-significant associations between carriage 
and older age were found for serotypes 1 
(χ2=2.047, p=0.15) and 5 (χ2=0.68, p=0.41). In 
contrast, a significant association between older 
age and carriage of  serotype 7F was observed 
(χ2=7.372, p=0.006). There was evidence of cross-
transmission for serotypes 1 and 7F in some day 
care center units.

4. Conclusion

This work showed that serotypes 1, 5 and 7F 
are rarely carried, but seem to have an epidemic 
distribution. These serotypes are highly clonal. 
The data reported in this study, will constitute 
an important baseline for upcoming surveillance 
initiatives conducted in Portugal.
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exacerbations in patients with Chronic Obstructive 
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1. Objectives

To analyze the serotypes, genotypes and 
antimicrobial susceptibility of  recent S. 
pneumoniae clinical isolates (2009-2012 period), 
causing acute exacerbations in COPD patients. 

2. Methods

Antimicrobial susceptibility was tested by 
microdilution, and the serotype by PCR. This 
study represents a continuation of  a previous 
work, and three periods (2001-2004 with 157 
episodes, 2005-2008 with 233 episodes, and 2009-
2012 with 224 episodes) were analyzed. 

3. Results

A total of 224 pneumococci were collected from 
176 COPD patients with acute exacerbations 
during 2009-2012 period. The antimicrobial 
resistance rates were: 28.2% with intermediate 
resistance to penicillin (MIC range: 0.12-1 
mg/L), 6.3% high-level resistant to penicillin 
(MIC>2 mg/L), 39.3% to macrolides, 30.6% 
to clindamycin, 32.6% to tetracycline, 6.3% to 
chloramphenicol, 24.8% to co-trimoxazole and 
7.8% to levofloxacin. Comparing with previous 
periods, a significant decrease of susceptibility to 
penicillin, chloramphenicol, and co-trimoxazole 
were observed throughout the study period 
(P<0.05). No significant changes among 
antimicrobial susceptibility rates were observed 
for the remaining antimicrobials tested. 

The most frequent serotypes in 2009-2012 period 
were: 15A (n=18), 3 (n=16), 19F (n=13), 11A 
(n=11), 19A (n=10), 6C (n=10), 23B (n=9), 23A 
(n=8) and 10A (n=8), accounting for 40%. A 
drastic decrease of  PCV7serotypes (especially 
23F, 14, 9V, 18C and 6B, from 39.4% in 2001-
2004 to 10.7% in 2009-2012 period was observed 
(P<0.001). Whereas rates of serotypes 15A (1.9% 
to 8.3%; P=0.006), 6C (0% to 4.6%; P=0.006) and 
17F (0% to 2.8%; P=0.04) have increased markedly 
during the last period. 

The most frequent genotypes in 2009-2012 period 
were: Sweden15A-ST64 (9.4%), CC6211A (4.5%), 
Netherlands3-ST180 (4.0%) and CC9710A (4.0%). 
A high diversity of PFGE patterns was observed 
among isolates of serotypes 19F, 19A and 6C. 

4. Conclusions

Serotypes included in PCV7 have dramatically 
decreased from 2001 to 2012. However, an 
emergence of serotypes (15A and 6C) and clone 
Sweden15A-ST63 was observed in the last four 
years. Despite surveillance and prevention efforts, 
the rates of pneumococcal antimicrobial resistance 
to main antibiotic groups remained stable among 
adults COPD patients.
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ABSTRACT: 

Heteroresistance to penicillin described for Streptococcus pneumoniae can render conventional 
resistance testing unreliable and might therefore lead to therapeutic failure. Heteroresistance is 
understood as the presence of one or several bacterial subpopulations at a frequency of 10-7 to 
10-3 which can grow at higher antibiotic concentrations than predicted by the minimal inhibitory 
concentration for the majority of cells. The mechanism of the heteroresistance phenomenon 
remains unknown to date.

Resistance to β-lactam in S. pneumoniae is primarily encoded by mosaic penicillin-binding protein 
(PBP) genes 2x, 2b and 1a which arise from recombination between different alleles within the 
species or between orthologous genes of related species. Furthermore, mutations in the two-
component regulatory system CiaRH confer pbp independent β-lactam resistance.

Therefore, we investigated the role of pbp2x, 2b and 1a and the CiaRH system in heteroresistance to 
penicillin. Single, double and triple mutants of mosaic pbp genes originating from heteroresistant 
strain Spain23F

2349 and pbp2x from Spain6B-2 in R6 background were tested for heteroresistance. 
To assess the influence of the background on heteroresistance, additional mutants were created 
using the Swiss clinical strain 202.58 (serotype 1, MLST type 305) as recipient of pbp2x2349. The 
influence of the CiaRH system was tested with a ciaR disruption mutant. Heteroresistance to 
penicillin G was determined using concentration gradients ranging from 0 to 5.0 μg/ml penicillin 
G in population analysis profiles for mutant and wild type strains.

We show that a mosaic pbp2x transpeptidase domain, as found in Spain23F
2349 and Spain6B-2, is 

required for the heteroresistant phenotype of R6 whereas pbp2b2349 or pbp1a2349 alone or combined 
do not result in a heteroresistant phenotype. As 202.58 does not become heteroresistant upon 
introduction of pbp2x2349 we conclude that an additional factor is implicated in the phenomenon, 
ruling out participation of the CiaRH system.

We found that presence of mosaic pbp2x is conditio sine qua non for heteroresistance to penicillin 
whereas pbp2b and 1a are less important. We therefore hypothesize that the mechanism for 
heteroresistance is associated to regulatory processes related to an altered pbp2x.

Keywords: heteroresistance, penicillin, resistance, penicillin-binding protein, CiaRH.
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Mono penicillins for all pneumococcal bacteremia 
patients?
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1. Introduction

According to the Dutch antibiotics guidelines, 
preferred treatment for pneumococcal infections 
is monotherapy with penicillins (MP). Clear 
disadvantages of other treatment regiments are 
disturbances in the patient’s natural flora and the 
development of antibiotic resistance. Still, these 
guidelines are followed hesitantly. In this study, 
we investigated whether a switch from empiric 
therapy to MP after blood culture positivity 
(BCP) is associated with mortality, while taking 
age, comorbidities and severity of  disease into 
account. 

2. Methods

Between January 2000 and June 2011, adults 
who were admitted to two Dutch hospitals with a 
bacteremic pneumococcal infection (pneumonia, 
meningitis or unknown focus of infection) without 
treatment limitations were retrospectively included 
in the study. Detailed clinical data reflecting 
severity and outcome of disease were obtained in 
addition to data on antibiotic treatment.

3. Results

Three hundred and thirty-two patients were 
included in the study. Two hundred and seventy-
nine patients suffered from pneumonia, 27 had 
meningitis and 26 had an unknown focus of 
infection. Two hundred and sixty-six patients were 
initially treated with antibiotics other than MP, 
of which 127 (47.7%) had a switch to MP after 
BCP (50.9%, 50.0% and 10.0% in pneumonia, 

meningitis and unknown focus of  infection 
respectively). Mortality was lower in patients 
who had a switch to MP after BCP (3/127, 2.4%) 
compared with patients who did not (22/135, 
16.3%) (p < 0.0001), while age, comorbidities 
and presence of sepsis at admission did not differ 
between the two groups. The mortality rate for 
pneumonia cases was 1.8% (2/113) in patients 
who had a switch to MP after BCP compared 
with 9.4% (10/106) in patients who did not (p = 
0.016), while the distribution of the cases over 
the pneumonia severity index (PSI) classes and 
presence of  empyema did not differ between 
the two groups. Within this study, the absence 
of  switching to MP after BCP was associated 
with patients suffering from chronic obstructive 
pulmonary disease (COPD) (p = 0.041), although 
no association was observed with age, other 
comorbidities, presence of  sepsis or empyema, 
distribution over PSI classes, admission to an 
intensive care unit or mechanical ventilation. 
Among COPD patients, mortality was lower in 
patients for who antibiotic treatment was switched 
to MP (0/27, 0%) compared with no switch to MP 
(8/44, 18.2%) (p = 0.021).

4. Conclusion

Given equal age, comorbidities and severity of 
disease at admission, a switch to MP after BCP in 
pneumococcal bacteremia patients was associated 
with reduced mortality, particularly in pneumonia 
patients.
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1. Introduction

Currently, pneumococcal bacteriophage 
endolysins represent a promising weapon to be 
used as antimicrobial agents (enzybiotics) due 
to their high target cell specificity. Endolysins, or 
murein hydrolases, are classi-fied according to the 
different bonds cleaved in the peptidoglycan (PG): 
β-D-N-acetylmuramidases or lysozymes, β-D-N-
acetylglucosaminidases, lytic transglycosy-lases, 
N-acetylmuramoyl–L-alanine ami-dases, and 
endopeptidases [1, 2].

Endolysins from phages infecting Gram-positive 
bacteria show a modular architecture, consisting 
of, at least, one catalytic domain that hydrolyzes a 
specific bond in the PG, and one cell wall-binding 
domain, which target the enzyme to its substrate 
[1]. It is noteworthy that all the murein hydrolases 
encoded by S. pneumoniae and its bacterio-
phages are choline binding proteins (CBPs) with 
the noticeable exception of  Cpl-7, a lysozyme 
encoded by the phage Cp-7 [2]. Cpl-7 lysozyme 
(muramidase class GH25) contains a C-terminal 
module completely different to the common 

Improved Lethal Effect of a Phage Pneumococcal 
Lysozyme by Changing the Net Charge
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ABSTRACT: 

Bacteriophage lytic murein-hydrolases have been proposed as an efficient way to fight bacterial 
infections. However, the use of these enzymes is normally restricted to Gram-positive bacteria 
since the outer membrane of the Gram-negative bacteria hampers the access of the protein to its 
peptidoglycan substrate. All the murein hydrolases reported in the pneumococcal system, both 
from host or phage origin, depend on the aminoalcohol choline to be fully active. There is only a 
unique exception to this rule, the Cpl-7 lysozyme, encoded by the lytic pneumococcal phage Cp-7, 
which instead of the common cell wall binding module recognizing choline, harbors a completely 
different cell wall module. Studies developed in our laboratories have allowed the improvement of 
Cpl-7 antibacterial activity by reducing the net charge from -28.8 to -10.85 introducing 15 amino 
acid substitutions in the cell wall binding module. This modified enzyme, Cpl-7S, was capable 
to lyse not only the pneumococcal strains tested, including the antibiotic-multiresistant D48 
strain, but also a variety of Gram-positive bacteria. We have also designed a standard protocol 
to destabilize the outer membrane of Gram-negative bacteria and turning them susceptible to the 
action of Cpl-7S.

In this communication, we will present the results of Cpl-7S, which constitutes a promising 
alternative to kill not only pneumococcal cells but also other important pathogens like Streptococcus 
pyogenes, and even Gram-negative bacteria after sensitization of the outer membrane. This 
improved lysozyme, Cpl-7S, has also been tested in zebra fish embryos and conclusions drawn 
from this new animal model will be discussed.

Keywords: lysozyme, enzybiotic, phage, lysis.
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choline binding module of CBPs and, thus, could 
act with a wider host range than the lytic CBPs [3].

We have found that Cpl-7 has lower enzymatic 
activity than Cpl-1, a choline-dependent phage 
lysozyme, in in vitro assays against pneumococcal 
cells. Since it has been documented that the net 
charge of the catalytic unit in this kind of enzymes 
is very important for the PG cleavage selectivity 
when acting from outside [4], we constructed a 
variant, designated as Cpl-7S, with five amino 
acid changes in each repeat of the cell wall binding 
module instead of modifying the catalytic module. 
In this communication, we will present the in vitro 
and in vivo experiments carried out with Cpl-7S.

2. Results and Discussion

2.1. Design of Cpl-7S

Based on the previous structural and func-tional 
studies of  Cpl-7 [3, 5], we changed 15 non-
conserved amino acids in the cell wall binding 
module, substituting acid or neutral amino acids 
by basic ones turning the net charge from –28.8 
(Cpl-7) to –10.85 (Cpl-7S).

2.2. Production and purification of Cpl-7S

Gene fragment encoding Cpl-7S was synthetized 
in a pUC derivative plasmid, and sub cloned in a 
pT7-7 plasmid for overexpres-sion of the protein. 
Cpl-7S was purified in two chromatographic steps.

2.3. In vitro killing assay

Different Gram-positive bacteria were resus-
pended in PBS buffer, pH 6.0, adjusted to an 
OD550 ≅ 0.6 and incubated at 37ºC for 60 min, 
with or without the lytic enzyme, added at 5 μg/
ml. For Gram-negative bacteria, an additional 
destabilization of  the outer membrane was 
necessary to facilitate the access of the enzyme 
to the substrate (PG). This can be achieved with 
0.01% carvacrol, an essential oil, added in the PBS 
buffer (6). Evolu-tion of OD550 was followed and 
viable cells were measured after 15 and 60 min of 
incubation. 

Table 1 summarizes the results obtained with 
Cpl-7S, and Cpl-1 and Cpl-7 as comparison, 
against a variety of bacteria tested after 60 min of 
incubation following the standard assay described 
above. 

Taken together all the data, we can conclude that 
Cpl-7S is capable to recognize and hydrolyze the 
cell walls of several bacteria, broadening the host 
range of  any pneumococcal murein hydrolase 
tested up to now. The bactericidal effect is seen 
in all the pneumococcal strains checked, including 
the antibiotic-multiresistant D48. Besides, Cpl-7S 
has a higher enzymatic activity than its parental 
variant Cpl-7, as the result of changing the net 
charge on the cell wall binding module. 

We have validated the in vitro results of Cpl-7S 
with a new animal model, i.e., zebra fish embryos, 
whose conclusions will be presented. 

Table 1: Analysis of viable cells of the different strains 
studied. 

3. Conclusion

Pneumococcal phage lysins have been de-
monstrated as powerful antimicrobials to fight 
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pneumococcal infections. With the use of Cpl-7S, 
we have extended the bacterici-dal effect to other 
Gram-positive and Gram-negative bacteria.

A detailed knowledge of structure and fun-ction 
of the Cpl-7 lysozyme has allowed the design of 
specific amino acid substitutions leading to an 
enzymatically improved va-riant of the enzyme 
(Cpl-7S) when added from outside.
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Implication of diversity in the blp locus: 
distribution and phenotype of bacteriocin 
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1. Background

The blp locus contains the genes required for 
bacteriocin production in S. pneumoniae. The locus 
is controlled by the extracellular accumulation of 
one of four peptide pheromones (BlpC) through 
interaction with a dedicated two component 
regulatory system (BlpRH). Both BlpC and the 
functional bacteriocins are processed and secreted 
by the ABC transporter, BlpAB. Genes encoding 
a variety of bacteriocin and immunity proteins 
are found in the BIR (Bacteriocin/Immunity 
Region). Previous data demonstrated that nearly 
half of strains have a conserved 4bp insertion in 
the blpA gene which results in a non-functional 
transporter. These strains are unable to secrete 
BlpC or bacteriocins but retain the ability to 
respond to exogenous pheromone with production 
of bacteriocin specific immunity.

2. Methods

In this work, we examine the composition of the 
blp locus in 230 whole genome sequences (WGS) 
and correlate the findings with the phenotypes 
observed in a large strain collection. Sequences 
were used to evaluate linkage between pherotype 
and the integrity of  the blpA ORF and to 
determine the spectrum of bacteriocin/immunity 
content. To demonstrate in vitro phenotypes in the 
population, overlay assays were performed on a 
total of 441 invasive and colonizing isolates derived 
from three separate collections. Pneumococci 
and related gram positive organisms were used 
to assess inhibitory activity. BlpC secretion was 
detected using pheromone specific reporter strains. 
BIR content in pheromone secreting strains was 

determined by RFLP analysis of  the region 
and comparison with known loci. Deletions in 
bacteriocin encoding genes were created in a 
subset of inhibitory strains to determine the role 
of specific bacteriocins in inhibition. 

3. Results

All 230 WGS contained a blp locus. The frame 
shifting 4bp repeat in blpA was identified in 51% 
of strains; 18% of strains had other frame shifts or 
deletions in blpA. blpH alleles corresponding to the 
four pherotypes were relatively evenly distributed, 
however, certain blpH alleles were more likely to 
be associated with a disrupted blpA gene than 
others. Only 8% of the blpHT4 allele containing 
strains would have the capacity to secrete BlpCT4 
compared with 33-77% of the strains with the 
other blpH alleles. From the strain collections 
tested, in vitro evidence of BlpC secretion could 
be identified in 7-37% of isolates, similar to the 
numbers predicted from WGS analysis. We found 
that strains secreting BlpC6A could stimulate 
a blpHT4 specific reporter, perhaps explaining 
the persistence of  the blpHT4 allele despite the 
near absence of BlpCT4 secreting strains in the 
population. No other evidence of  pheromone 
cross talk was noted. The BIR region of the WGS 
strains could be separated into 26 groups based on 
gene content. Members of a group often varied 
with respect to blpH allele and the integrity of 
blpA. WGS strains with identical sequence types 
by MLST were also variable in blpA/H content. In 
vitro inhibition was noted in 32% of pheromone 
secretors. Targeted mutagenesis demonstrated that 
the bacteriocins BlpIJ, BlpK, and BlpMN6A were 
associated with an inhibitory phenotype. 
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4. Conclusions

The pneumococcal population is characterized by 
significant diversity in bacteriocin and immunity 
content. The degree of  variation in this locus 
suggests that the capacity to resist bacteriocin 
mediated inhibition and to secrete inhibitory 
bacteriocins is under significant selective pressure. 

Keywords: Bacteriocin, competition, colonization, 
quorum sensing.
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Immunoactivating peptide P4 augments alveolar 
macrophage phagocytosis of Streptococcus 

pneumoniae in two diverse human populations
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1. Rationale

Early mortality from severe pneumonia and sepsis 
is high in developed and developing countries. 
Antibiotic treatment alone is inadequate for 
severe infections, as treatment has not been shown 
to reduce deaths that occur in the initial 48-hour 
period following admission. New treatments 
which act rapidly are needed. Augmented 
passive immunotherapy (API) is a combined 
treatment of  pooled immunoglobulin and the 
immunomodulating pneumococcal peptide 
P4. In murine models of invasive pneumoccoal 
disease, API significantly reduced mortality 
by upregulating the phagocytic function of 
neutrophils and macrophages. We tested whether 
ex vivo API affects the phagocytic ability of 
human alveolar macrophages (AM) in two 
diverse populations of differing susceptibility to 
pneumococcal disease.

2. Methods

Healthy adult volunteers were recruited to a study 
in Liverpool (UK, 11/NW/0011) and Blantyre 
(Malawi, P.03/11/1063) involving bronchoscopy 
and broncho-alveolar lavage (BAL). AMs 
were purified by adherence to 96-well culture 
plates. For opsonophagocytosis killing assays 
(OPKA), suspensions of  opsonised ST2-D39 
pneumococci, complement and 10μg P4 or PBS 
were incubated for two hours. A bacterial killing 

index was established by comparing numbers 
of  pneumococci recovered after OPKA to the 
number of  pneumococci added. Additionally, 
intracellular oxidation levels during OPA were 
determined using a DCFH fluorescent reporter 
probe incubated prior the assay. Following OPA, 
adhered AMs were assessed for activation markers 
(HLA-DR, CD206, CD11b, CCR7, CD163, 
CD86) using Flow Cytometry. Intracellular 
oxidation levels of AMs were also determined in 
the presence of PBS, LPS or P4 alone. Finally, 
AMs were assessed for phenotypic changes 
following treatment with PBS or P4 using electron 
microscopy.

3. Results

Peptide stimulation of  human alveolar 
macrophages led to significantly enhanced 
bacterial killing in both the UK (control 40.1% 
killing vs. P4 treated 68.2% killing, p<0.001, 
ANOVA, n=14) and Malawian (control 35.8% 
killing vs. P4 treated 47.6%, p<0.01, ANOVA, 
n=13) populations. The MFI expression of 
activation markers on AMs following OPKA 
were similar between treated and non-treated cells. 
P4 alone did not increase intracellular oxidation 
levels. In the presence of opsonised pneumococci 
and complement, P4 treated AMs significantly 
increased their intracellular oxidation compared 
to PBS treated AMs. No changes in phenotype 
were seen in AMs treated with P4 alone.
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 4. Conclusions

API treatment of human AM resulted in increased 
phagocytic function of two distinct populations. 
P4 alone does not unnecessarily increase 
intracellular oxidation in the absence of infection. 
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Levofloxacin triggers the transcriptional activation 
of iron transport genes that contributes to cell 

death in Streptococcus pneumoniae
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ABSTRACT: 

We studied the global transcriptional response of S. pneumoniae to levofloxacin (LVX) treatment 
by using microarrays and quantitative real-time PCR (qRT−PCR). Three kinds of responses were 
detected: growth-related, early-LVX, and late-LVX. The only genes of the early-LVX response, 
which varied at the earliest time (5 min) with subinhibitory LVX concentration, were those of 
the fatDCEB operon, which were up-regulated. Although general supercoiling was not affected 
by LVX, we assumed that local topological changes were involved in fatDCEB transcription. In 
fact, while an increase both in general supercoiling and fatDCE transcription was observed with 
an inhibitor of topoisomerase I, the opposite was observed with a gyrase B inhibitor. We tested 
the hypothesis that fatDCEB up-regulation would lead to the accumulation of intracellular iron, 
which would activate the Fenton reaction, increasing the reactive oxygen species. We observed an 
attenuation of the bactericidal effect of LVX in media deficient in iron. Furthermore, a strain with 
a deletion in spxB was more resistant to killing by LVX than the wild-type strain. In addition, the 
increase of reactive oxygen species correlated with LVX lethality. 

Keywords: transcriptional control, supercoiling, reactive oxygen species, intracellular iron.

1. Introduction

Resistance of S. pneumoniae to several antibiotics 
has spread worldwide in the last years, being 
fluoroquinolones (FQs, such as levofloxacin and 
moxifloxacin) new alternatives for treatment of 
respiratory diseases. FQs act by inhibiting the 
essential enzymes gyrase and topoisomerase IV, 
which control DNA topology, and are essential for 
replication and transcription. The killing effect of 
FQs has been related to the resolution of reaction 
intermediates of DNA-FQ-topoisomerase, which 
yield to the formation of  irreparable double-
stranded DNA breaks. However, it has been 
also described that hydroxyl radical formation 
utilizing internal iron and the Fenton reaction are 
generated following gyrase poisoning and plays an 
important role in cell killing by FQs as well as by 
other bactericidal antibiotics.

2. Results

2.1. Global supercoiling did not varied under 
treatment with LVX 

The effect of  LVX was tested in the wild-type 
strain R6 carrying plasmid pLS1 at subinhibitory 
(0.5× MIC) and fully inhibitory (10× MIC) 
concentrations. Cell division was inhibited only 
when the culture was treated with 10× MIC of 
LVX, with decreases in cell viability to about 
70% and 97% at 30 and 60 min, respectively. To 
measure supercoiling densities (σ), topoisomer 
distributions of the internal pLS1 plasmid were 
analyzed. No differences in σ were detected in any 
condition.
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2.2. Transcriptional responses in the LVX-treated 
cultures.

The transcriptional response after inhibition of 
topoisomerase IV by LVX was measured in R6 
cultures at 5, 15, 30 and 60 min, at 0.5× MIC and 
10× MIC of LVX. Samples taken at 15, 30 and 
60 min of a non-treated culture (No-LVX) were 
also analyzed and used to distinguish those genes 
varying along the growth curve. Responsive genes 
(transcription variations with respect to time 0 
min ≥2, P values <0.01) were classified in three 
categories: growth-related, early-LVX, and late-
LVX. Growth-related genes included 336 genes 
(16.4% of the genome) showing variations in the 
No-LVX culture. Besides genes of hypothetical 
proteins, those controlled by 3 out of the 13 TCS 
present in this bacterium (ComCDE, CiaRH, 
and SpiRH) represented the greatest proportion 
(22.5%) of growth-responsive genes. The LVX-
related response showed two kinds of responses: 
late-LVX genes (117, 5.7% of the genome) that 
varied only at 60 min; early-LVX genes (99, 4.8% 
of the genome) that varied at 5-to-60 min. The 
only genes up-regulated at 5 min in 0.5× MIC 
were the four genes of the iron transport operon 
fatDCEB. 

2.3. Supercoiling level regulates the transcription of 
fatDCEB

The level of  fatDCEB transcription was tested 
by qRT-PCR in cultures treated either with 
N-methly-seconeolitsine (a topoisomerase I 
inhibitor) or novobiocin (a GyrB inhibitor). 
Inhibition of topoisomerase I caused a general 
increase in supercoiling, which was accompanied 
by an increase in fatDC transcription. On the 
contrary, DNA relaxation with novobiocin caused 
a decrease in fatDCE transcription (Figure).

2.4. Transcriptional activation of iron transport is 
involved in cell death

An increase in fatDCEB transcription would lead 
to the accumulation of toxic concentrations of 
iron within the cell, which, in turn would activate 
the Fenton reaction. We observed attenuation 
of the LVX bactericidal effect on strain R6 in 

media deficient in iron. Since the main source of 
endogenous hydrogen peroxide in S. pneumoniae 
is SpxB, a ΔspxB strain was constructed. This 
strain showed to be more resistant to the killing 
by LVX. In addition, accumulation of reactive 
oxygen species observed in cultures treated with 
LVX and ampicillin. 

2.2. Figure 

Transcription of  fatD depended on the general 
supercoiling level. R6 cultures were treated with the 
indicated antibiotics and concentrations. A) 2D-agarose 
electrophoresis of plasmid DNA run in the presence of 
chloroquine. B) qRT−PCR, data were normalized to time 
0 min. Transcription represented the mean values of three 
independent replicates ± SD. 
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3. Conclusion

Transcription of  fatDCEB is regulated by 
supercoiling level. The primary effect of  the 
interaction of LVX-topoisomerase IV is the early 
up-regulation of the operon by local increase in 
DNA supercoiling. The increase in fatDCEB 
transcription would increase the intracellular 
level of iron, which activates the Fenton reaction, 
increasing the concentration of reactive oxygen 
species. These effects, together with the DNA 
damage caused by the inhibition of topoisomerase 
IV, would account for LVX lethality. 
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Genomic evolution of pneumococci in response to 
clinical interventions and host biology in sickle cell 
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ABSTRACT: 

Sickle cell disease (SCD) is the most common genetic disorder worldwide, with an estimated 
300,000 affected individuals born each year. Although colonized by pneumococci equally in 
the nasopharynx, children with SCD have a 400-fold greater risk of progressing to fulminant, 
lethal pneumococcal sepsis than do their healthy peers or patients with other hemolytic anemias. 
To counteract this innate vulnerability, standard of care for SCD patients includes prolonged 
prophylactic antibiotics and multiple vaccination strategies. Despite these countermeasures, 
resurgence in invasive pneumococcal disease has been observed in SCD patients in recent years. 
The host environment, penicillin prophylaxis, and vaccination all impart selective pressures on 
the pneumococcus. To characterize the risk of emergence of new pathogenic strains, over 300 full 
genomes of circulating colonizing and invasive pneumococcal strains from SCD patients from time 
periods before and after introduction of the Prevnar PCV7 vaccine were sequenced. Pneumococci 
currently circulating in SCD children showed a high incidence of capsular switching, indicating a 
shift to increased risk of disease outside the scope of current interventions. Comparative analysis 
of features of SCD pneumococci also revealed significant modifications in non-capsular genome 
content, indicating unique genetic selection was occurring. To interrogate the functional roles 
of differences in genetic content, a murine model of SCD coupled to Tn-Seq whole genome 
mutagenesis was applied to identify pneumococcal gene networks playing distinct roles in the SCD 
host that are not operative in the general population. This identified over 60 bacterial genes with 
significant differential fitness in the two hosts, including genes involved in diverse pathways ranging 
from purine metabolism to immune evasion. This indicates in vivo environmental differences exist 
between wild type and highly susceptible SCD hosts and the pathogen adapts accordingly. We 
further demonstrate that some of these antigens can be irrelevant and non-protective in the SCD 
host if used as vaccines, thereby leaving the SCD host vaccinated but susceptible to disease. These 
findings provide evidence that both clinical interventions and the SCD host itself exert distinct 
selective pressures on the pneumococcus with important implications for vaccine development 
in high-risk patient populations. These data provide the most comprehensive functional genomic 
analysis of how both clinical interventions and the high-risk SCD host environment influence the 
evolution of the pneumococcus and reveal critical requirements for effective intervention.
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High-resolution view of genetic variation, selection 
and population dynamics in the pneumococcus
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ABSTRACT: 

Homologous recombination is one of  the main evolutionary forces affecting Streptococcus 
pneumoniae. We applied whole genome sequencing to over 3,000 pneumococcal carriage isolates, 
allowing a detailed analysis of natural recombination and its impact on population-level evolution. 
The analysis has highlighted the non-typeable (NT) pneumococci as a potential major contributor 
to diversity in this un-vaccinated community due to their high prevalence in carriage and their high 
rate of recombination, which underlie their enhanced adaptability in response to local clinical 
practice.

Keywords: Recombination, adaptability, NT, population gene pool

1. Introduction

Streptococcus pneumoniae is an important cause 
of disease, particularly in infants in resource poor 
settings. The highly recombinogenic nature of this 
species allows introduction of genetic material 
with selective advantages including antimicrobial 
resistance alleles and capsule regions as illustrated 
in [1]. Here we provide a dense sample of 
pneumococcal carriage with over 3,000 isolates 
from Maela, a rural refugee community located 
close to Thai-Burmese border [2]. 

Nasopharyngeal swabs were taken over the first 24 
months of life from infants between 2007-2010 as 
well as a quarter of their mothers, allowing a precise 
investigation of recombination and its impact.

2. Results

2.1. Local population structure

183 out of  8694 known MLST sequence types 
(STs) and 64 of  the 92 known serotypes were 
detected. The higher prevalence serotypes agree 
with those seen in pre-vaccine populations 
observed elsewhere. Based on Bayesian clustering, 
the population could be divided into smaller 
groups of  closely related genomes with NTs 
making up the largest group within Maela. 

2.2. Recombination rates are lineage-specific

Though the different groups appear to evolve at 
comparable substitution rates (Kruskal – Wallis 
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test, p-value 0.98), the level of  recombination 
varies significantly (ANCOVA test, p-value < 
2.2e-16). The highest recombination rate was 
observed in a group of NT (ST4133), suggesting 
enhanced adaptability of particular NT among 
the pneumococcal population.

2.3. Positional signature in recombination patterns

Despite variation in recombination rates, 
the position of  recombination hotspots are 
remarkably similar in all dominant clusters, 
implying that major selective pressures have equal 
impact across lineages. The six leading hotspots 
are focused on genes encoding cell surface antigens 
(pspA, pspC) and genes associated with resistance 
to antibiotics (pbp1a, pbp1b, pbp2x and folA).

2.4. Temporal signal in antibiotic selection pressure

Associations between ß-lactam and co-
trimoxazole susceptibility and recombination 
were measured. Strains that have undergone 
recombination at either pbp1a, pbp1b and pbp2x 
appear to be phenotypically more resistant than 
strains that have not undergone recombination 
at these loci (Fisher’s exact, p-value <2.2e-16), 
suggesting that recombination helped mediate the 
spread of ß-lactam resistance and the selection 
pressure for resistance loci has been continuous.

Unlike ß-lactam resistance, the association 
between recombination at folA and folP genes 
and resistance is only seen in older recombination 
events but not recent ones (Fisher’s exact, p-value 
= 4.21x10-5), which is potentially due to a decline in 
co-trimoxazole consumption, demonstrating that 
this analysis can detect directional and temporal 
changes in evolution and selective pressure.

2.5. Sources of recombining DNA

The likely origins of  recombinant fragments 
were identified. There is a positive correlation 
between the size of a cluster and the probability 
of becoming a donor for recombination events. 
Specific NT clusters, being the largest, had the 
greatest chance of being recombination donors.

3. Conclusion

The impact and dynamics of recombination at 
the population level captured in this study will 
hopefully highlight the unobserved but important 
characteristics of NTs in the population. 
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Role of global and local topology in the regulation 
of gene expression in Streptococcus pneumoniae
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ABSTRACT: 

Transcription is regulated at several levels. The most basic level is determined by the organization 
of the genome in topological domains. The S. pneumoniae chromosome is organized in four 
kinds of domains characterized by their DNA-relaxation transcriptional response: up-regulated, 
down-regulated, non-regulated, and flanking domains. We show here that relaxation-mediated 
transcription of eight insertions of a heterologous Pccat cassette, two in each type of domain, 
depended of its chromosomal location. Likewise, expression of the pneumococcal Patp promoter 
was either down-regulated or up-regulated depending on its chromosomal situation. Transcription 
from the promoters of three genes involved in supercoiling homeostasis, located either in up-
regulated (gyrB), down-regulated (topA), or non-regulated (gyrA) domains was analyzed both 
in their chromosomal locations and in a replicating plasmid. Although expression from PgyrB and 
PtopA in their natural chromosomal sites showed the expected domain regulation, their expression 
was down-regulated in the plasmids, which behaved as down-regulated domains. However, PgyrA 

carried its own regulatory signals, a DNA bend acting as a DNA supercoiling sensor both in the 
plasmid and the chromosome.

Keywords: Supercoiling, transcriptional regulation, topological domains.

1. Introduction

In all organisms, DNA is compacted in a way 
optimal for DNA replication, chromosome 
segregation and gene expression. In bacteria, 
the shape and size of the nucleoid is determined 
both by DNA supercoiling and by the nucleoid-
associated proteins. Transcription in bacteria 
would be controlled by a combination of 
topology, promoter DNA sequences, and trans-
acting regulators, either gene-specific, or that 
target several genes (nucleoid-associated proteins). 
In S. pneumoniae DNA supercoiling is maintained 
by the activities of  DNA topoisomerases that 
relax DNA (topo I and IV), and by gyrase, which 
introduces negative supercoils. Chromosome 
relaxation with the GyrB inhibitor novobiocin 
affects global genome transcription, involving 

∼14% of  the genome, including all DNA 
topoisomerase genes. 

Most (>68%) responsive genes are organized 
in 15 gene clusters (localized either in up- and 
down-regulated topological domains), which 
have a coordinated response. The genome has 
4 kinds of  domains: up-regulated (U), down-
regulated (D), non-regulated (NR), and flanking 
(F) domains [1]. 

2. Results

2.1. Distinct domains show different conservation 
and expression tendencies 

Microarray fluorescence units (FU) raw values 
at time 0 min were considered as a measure of 
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transcription levels under basal conditions. A 
significant and inverse relationship (P<10−178; 
R2=0.327) was found between %AT and FU. A 
comparison of 12 pneumococcal genomes showed 
conservation of  the U and D domains, and 
extensive gene interchange in F domains.

2.2. Location-dependent transcription of a Ptccat 
cassette in response to DNA relaxation 

Eight strains, carrying Ptccat gene cassette 
insertions, two in each type of  domain, were 
obtained. These strains were treated with 
novobiocin at 10× MIC and gene expression 
variations were measured by qRT-PCR. 
Transcription of  Ptccat was dependent of  its 
chromosomal location, being up-regulated when 
located in U domains, down-regulated when 
located D domains, while no change was observed 
when located in NR domains.

2.3. Simultaneous transcription from the Patp 
promoter in a down-regulated and in an up-
regulated domain

A strain carrying two Patp identical promoters was 
constructed. One is present in the chromosomal 
Patp-atpCABδαγβε operon, the other was a 
Patp-cat fusion introduced in the U15 domain. 
Novobiocin-treated cultures showed that, while 
transcription of atpC was 15- to 20-fold down-
regulated in its natural chromosomal location 
(D11 domain), cat transcription from Patp showed 
>3-fold up-regulation. 

2.4 Expression from PtopA and PgyrB differed 
when located in their natural chromosomal 
location or in a replicating plasmid

Plasmids containing the promoter regions of topA 
or gyrB fused to the gfp gene were constructed. 
DNA relaxation induced by two novobiocin 
concentrations caused, as expected, down-
regulation of  topA and up-regulation of  gyrB 
when located in their natural chromosomal sites 
(D9 for topA and U6 for gyrB). PtopA also showed 
down-regulation in the plasmid, although at a 
lower level (1.8− versus 14.3-fold decrease) than 
in the chromosome. PgyrB showed up-regulation 

(∼3−fold) in the chromosome but down-regulation 
(∼1.5−fold) in the plasmid. 

2.5. Sequences involved in the relaxation-dependent 
transcription of PgyrA 

Although gyrA is located in a NR domain, its 
transcription is up-regulated by DNA relaxation. 
The gyrA upstream region (PgyrA, nt -126 to +1) 
has an intrinsic DNA curvature, which was fused 
to cat into pLS1 plasmid yielding pLGYAC126. 
To eliminate the curvature, a 5−nt sequence 
that created a PaeI target (GCATGC) was 
inserted in the centre of the curvature, yielding 
pLGYAC126Pae (Fig. 1). Transcription from the 
chromosomal PgyrA and from the PgyrAcat fusions 
in the plasmids was measured. While PgyrAcat up-
regulation was similar to that of the chromosomal 
gyrA, down-regulation of PgyrAPaecat was observed. 

2.2. Figure 1

Fig. 1: The relaxation up-regulation of PgyrA depended 
of a bending. A. Sequences of wild-type PgyrA and PgyrAPae 
derivative, indicating the center of the intrinsic DNA 
curvature (diamond). B. Curvature prediction in PgyrA 
and PgyrAPae. C. Mobility of 232-bp (PgyrA) and 237-bp 
fragments (PgyrAPae) in acrylamide gels at 60ºC and 6ºC to 
detect curvature. D. Transcription from both promoters at 
the two novobiocin concentrations indicated. 
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3. Conclusion

DNA topology is a general transcriptional 
regulator, superimposed to other kind of more 
specific regulatory mechanisms
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1. Background

S. pneumoniae serotype 1 is one of  the most 
prevalent serotypes isolated from invasive disease 
worldwide, particularly in developing countries [1]. 
It is rarely detected in nasopharyngeal carriage 
[2] and yet carriage is seen as a prerequisite for 
invasive disease [3]. The nasopharynx is a rich 
environment that exposes the pneumococcus to 
a diverse community of microbes, which provides 
vast opportunities for genetic recombination. 
The rarity of serotype 1 in carriage has led to the 
suggestion that this serotype rarely undergoes 
recombination [4].

2. Methods

To study the nature of  recent and ancestral 
recombination signatures in S. pneumoniae 
serotype 1, we used Illumina sequencing of 
multiplexed genomic DNA libraries of  223 
isolates collected from invasive disease and 
carriage from four sub-Saharan African countries, 
Malawi (32%), Niger (15%), South Africa 
(25%), and The Gambia (28%) as part of  the 
pan-African Pneumococcal African Genomics 
(PAGe) Consortium’s study of  serotype 1. We 

examined the occurrence of  recombination 
signatures in the sequenced isolates by mapping 
reads against a high quality reference, followed 
by iterative identification of the most significant 
recombination hotspots (p<0.05), using a novel 
method that statistically evaluates SNP density by 
a sliding window approach [5].

3. Results and Conclusions

Our analysis revealed the occurrence of both recent 
and ancestral recombination events suggesting 
that recombination has had a profound effect on 
the evolution of serotype 1 isolates. A total of 
444468 SNPs were identified in the study isolates 
93% of  which were introduced through >300 
recombination events (r/m ratio of ~12). Genes 
encoding antimicrobial targets were frequently 
affected by recombination. These findings suggest 
that serotype 1 is carried, since co-colonisation is 
a pre-requisite for recombination. We speculate 
that rare detection in the nasopharynx could be 
an artifact resulting from either the insensitivity 
of  the current methods to detect this serotype 
or a consequence of  very short duration of 
carriage. Recombination hotspots also vary in 
their location and frequency between different 
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geographical regions, such variation may result 
from the different selective pressures, for example 
antimicrobial usage, in each region.

 

Keywords: S. pneumoniae, Serotype 1, 
Recombination, Phylogeny.
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1. Introduction

Thousands of  papers describing new functions 
for genes and proteins are published every 
year [1]. The primary means of  classifying 
these results relies on Gene Ontology (GO), 
which defines genes/proteins using a controlled 
vocabulary in terms of  their Molecular 
Function, Biological Process and Cellular 
Component [2]. The challenge is to present 
this information to researchers to compare and 
discover patterns in multiple datasets using 
user-friendly statistical reports. Importantly, 
while there are many GO resources available 

for eukaryotes, there are none suitable for 
comparison of  multiple datasets for bacteria.

2. Methods

By using in vivo gene expression data from various 
tissues of Streptococcus pneumoniae as a model 
[3, 4], we identified and collected GO resources 
including genes, proteins, taxonomy and GO 
relationships from NCBI, UniProt and gene 
ontology organisations. Then, we designed database 
tables in PostgreSQL database server and developed 
a Java application to extract data from source files 
and loaded into database automatically.

Comparative GO: A web application for 
comparative gene ontology and gene 

ontology–based gene selection in bacteria
Mario FRUZANGOHAR (1), Esmaeil EBRAHIMIE (1,2), Abiodun D. OGUNNIYI (2), Layla K. MAHDI (2), 
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ABSTRACT: 

Several articles describing new functions for genes and proteins are published every year. The 
primary means of putting these large amount of information together is by Gene Ontology 
(GO), which defines genes/proteins using language terms familiar to researchers. While there are 
many GO resources available for higher organisms, there are none suitable for multiple datasets 
comparison for bacteria. Here, we used a number of novel computational and bioinformatics 
strategies to design a user-friendly, reliable and multi-purpose website for GO comparisons of 
data from different sources. We designed different methods to maneuver and visualize diagrams 
and incorporated these into easily comprehensible reports. As an example of the robustness of 
the website, we analyzed multiple gene lists of Streptococcus pneumoniae harvested from various 
tissues of mice. We show that comparing GO distribution among genes from different samples in 
this manner can greatly improve understanding of the disease process and biological phenomena. 
The application is flexible enough to integrate both quantity- and quality-based gene selection 
strategies, resulting in more accurate identification of genes associated with specific functions from 
diverse biological sources. Such genes can then be investigated as novel targets for prevention and/
or treatment of various diseases.

Keywords: gene ontology, gene selection, gene function, Streptococcus pneumoniae, pathogenesis, 
biological pathways, vaccines, therapeutic targets.
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We developed a PHP web application based on 
Model-View-Control architecture, used a specific 
data structure as well as current [5] and novel 
algorithms to estimate GO graphs parameters. 
We designed different navigation and visualization 
methods on the graphs and integrated these into 
graphical reports.

3. Results

•  We obtained a dynamic Pie Chart that allows 
comparison multiple samples GO distribution 
and visualization of change of a specific GO 
in multiple gene lists as a percentage of protein 
distribution among gene lists (Fig. 1).

Fig 4. Pie Chart illustrating multiple samples protein 
distribution. Change of ‘metabolic process’ protein 
distribution (percentage) can explain level of bacterial 
activity in each tissue.

•  We acquired Graph comparing gene lists 
(samples) with their expected genome-wide 
protein distribution.

•  We implemented Tabular gene ontology 
visualization that allows for identification of 
genes common to multiple comparisons, and 
also allows for identification of unique genes in 
multiple comparisons.

4. Conclusion

In this work, we have designed a novel, user-
friendly web application that compares GO 
protein distributions from gene expression data, 
using S. pneumoniae as a model. The application 
allows the user to have a clear, visual comparative 
understanding of  GO distribution in all levels 
of  GO graphs and provides information for 
finding over- or under-represented GO groups, 
relative to the entire genome. Furthermore, the 
application allows for identification of genes that 
are common to samples from different sources 
Such genes would serve as targets for controlling 
the movement of  pathogens from one tissue 
to another. This tool is particularly useful in 
understanding biological pathways, mechanism(s) 
of  infection and discovery of  genes associated 
with specific function(s) for investigation as a 
novel vaccine or therapeutic targets.

The web application is available at http://turing.
ersa.edu.au/BacteriaGO.
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1. Introduction

Toxin-antitoxin (TA) genes are present abundantly 
in bacteria and archaea. In general, TAs consist 
of two genes: the toxin gene encodes the toxin 
protein, and the antitoxin gene encodes either 
antisense RNA or protein that could counteract 
the toxic effect of its cognate toxin. The function 
of TAs varies dependent on where they reside, of 
which toxin family they belong to, or other yet to 
be discovered factors. The plasmid-encoded TAs 
maintain the plasmid by exerting post-segregational 
killing to the daughter cells which do not inherit the 
plasmid. Similarly, it was also suggested that the TAs 
stabilize the mobile gene elements in chromosome. 
However, the functions of the chromosomal TAs are 
far more complex than envisaged. They have been 
suggested to be involved in persistence, virulence, 
niche colonization, global stress response, program 
cell death, and others.

2. Pneumococal Toxin-Antitoxins

Bioinformatics search showed that Streptococcus 
pneumonia harbors 7-8 TAs and so far, 3 of them 
have been characterized, namely relBE2, yefM-
yoeB and pezAT. These 3 TAs have the general 
characteristic of TAs: the antitoxin genes precede 
the toxin genes; and both genes are co-transcribed 
from a promoter located upstream of the antitoxin 
gene. These 3 pneumococcal TA operons were 
negatively autoregulated by their own TA proteins 
with the antitoxin proteins bind to the operator, 
whereas the toxin proteins serve as a co-repressor 
by forming a complex with the antitoxin, and bind 
more avidly to the operator to further repress the 
promoter. 

2.1. yefM-yoeB and its enigmatic BOX element

The regulation of  yefM-yoeB was somewhat 
different from the norm after an insertion of a 
unique pneumococcal BOX element upstream 
of its native promoter. BOX elements are mobile 
repeat sequences that present only in S. pneumonia 
or its closely related species like S. mitis. The BOX 
elements have been related to affect regulation 
of  genes involve in competence, virulence and 
gene variation. Strikingly, the insertion of  the 
BOX element upstream of yefM had created an 
additional constitutive promoter to this TA operon 
and evolved to an entirely different regulation 
mechanism of yefM-yoeB. Instead of repression, 
the expression level was enhanced when yefM 
was present along with the two promoters in cis. 
This BOX element is highly conserved across the 
pneumococcal strains, which indicates that it 
might provide benefit to the cells. By provide basal 
expression of the yefM-yoeB, the cells might react 
more promptly to encounter stress.

2.2. Possible functions of pneumococcal TAs

Deletion of yefM-yoeB or relBE2 had significantly 
reduced the competence of S. pneumoniae to 80% 
respectively and the double mutants had further 
reduced the competence to ~55%. In addition, 
deletion of yefM-yoeB or the double mutant, but 
not relBE2, had decreased 20% of the biofilm 
formation indicating yefM-yoeB might play a 
role in virulence. However, deletion of  these 
two TAs did not show significant differences in 
pneumococcal persistence (Moreno-Córdoba et 
al, in preparation).

Pneumococcal Toxin-Antitoxins: What´s in Them? 
Wai Ting CHAN (1), Inma MORENO-CÓRDOBA (1), Chew Chieng YEO (2) and Manuel ESPINOSA (1) 
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3. Conclusion

The role of TAs in pneumococcal lifestyle is still 
obscure. The functionality of the BOX element in 
yefM-yoeB also poses another level of complexity, 
which is presently under investigation.

Keywords: toxin-antitoxins, yefM-yoeB, BOX 
element, competence, biofilm.
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1. Background

There is a surprising lack of knowledge about 
non-typeable Streptococcus pneumoniae (NTPn) 
which are of interest because they appear to be 
especially well adapted for colonization and 
important sources of antibiotic resistance genes. 
To investigate the population structure of  this 
group we sequenced the genomes of a collection 
of  297 carriage and diseases-causing NTPn 
isolates (1995-2010) from Europe (Portugal, 
Poland, Scotland, Netherlands, Turkey and 
Switzerland), Africa (Kenya and Ghana), Asia 
(Thailand), Australia, and the Americas (Peru, 
Massachusetts, Alaska and Canada). Our aim 
was to understand the global epidemiology of 
the group and their role in colonization and in the 
transfer of resistance and virulence genes.

2. Results 

We discovered that 40% of  the NTPn strains 
are either MLST 344 or 448 and that there is a 
geographical structure. While antibiotic resistant 
strains of  MLST 448 have only been detected 
in distinct parts of  Thailand and northern 
Australia, the sample collections of  these two 
geographical sites lacked MLST 344 strains, 
which are usually very prevalent in other parts 
of  the world. However, both clones originated 
before the introduction of the first pneumococcal 
vaccinations. Furthermore, all MLST 344 strains 
showed beta-lactam and macrolide resistances 
which could be linked to the respective genes like 
the penicillin binding proteins. Including all NTPn 
strains, the size of the pan-genome is considerably 
larger than for a comparable set of encapsulated 
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strains. Among the novel genes discovered in this 
study were previously undescribed Integrating 
Conjugative Elements (ICEs) and a distinct 
prophage. Admixtures among NTPn and from 
commensal streptococcal species (Streptococcus 
mitis) were also revealed illustrating an important 
role as a link between commensals and pathogenic 
Streptococcus pneumoniae.

3. Conclusions

This is the first study involving whole genome 
sequences of  NTPn strains from a worldwide 
collection. The findings suggest that, NTPn strains 
act as a reservoir for genes conferring antibiotic 
resistance. Excluding capsule genes, the pan-
genome of these set of strains may represent an 
approximate number of the total amount of genes 
present in the pneumococcal species.

Keywords: Genome, Serotyping, aliB-like ORFs, 
Carriage, Non-typeable, non-pathogenic.
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1. Introduction

The major Gram-positive coccoid pathogens 
share common invasive syndromes and high rates 
of  antimicrobial resistance. They are reported 
among the most costly organisms in personal 
and economical terms due to therapeutic failure 
[1]. Uncharacterized proteins shared by these 
organisms may be involved in virulence. Essential 
conserved unknown proteins may be also useful 
targets for medium-spectrum antimicrobial 
therapy.

2. Results

2.1. Protein selection and classification

Forty-four uncharacterized proteins from 
Streptococcus pneumoniae with homologs in 
Enterococcus faecalis and/or Staphylococcus 
aureus were selected. According to their domain 
architecture, 28 were classified as monodomain 
whereas the remaining 16 were modular proteins 
(constituted by domain combinations plus 
unstructured regions). The taxonomic spread of 
protein homologs ranged from Gram-positive 
exclusivity to universality.

2.2. Gene essentiality

Gene removal rendered viable knockouts in all 
but four cases. One of the essential genes encoded 
a promising antibacterial target given its wide 
taxonomic distribution, relevant interacting 
partners and the presence of a druggable cleft in 
its structure. 

2.3. Phenotype severity 

Gene deletion resulted in a deleterious phenotype 
in 13 cases (Fig. 1). The most severe effects were 
associated to monodomain proteins with high 
sequence conservation and/or many interaction 
partners. In contrast, null mutants with innocuous 
phenotypes tent to involve genes showing 
recurrent appearance in high-throughput infective 
assays pointing to they may be virulence factors 
whose function is only required under particular 
conditions. Ten knockouts underwent a chaining 
phenotype (Fig. 1), half of them encoding putative 
DNA-binding proteins. This correlation suggests 
that a loose of  global transcription regulation 
drives, in many cases, to a delayed separation 
between daughter cells. 

Fig. 1: Knockout growth rate and chaining tendency 
relative to the wild-type.

Inspecting the potential physiological and 
biomedical value of 44 conserved uncharacterized 

proteins in Streptococcus pneumoniae 
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2.4. Autolysis and virulence capacity of knockouts

Five chaining knockouts suffered also defective 
autolysis in response to penicillin and vancomycin, 
which indicates alterations of cell wall metabolism. 
This phenotype was reverted by pre-incubation 
with exogenous autolysin A. In addition, three of 
these knockouts displayed attenuated virulence 
in an animal model of  sepsis. Two knockouts 
fixed more C3b complement factor, a feature that 
eventually would favor its phagocytosis [2].

3. Conclusions

The so-called “conserved hypothetical proteins” 
are a very disperse reservoir of  proteins that 
can play housekeeping roles or have distinct 
biomedical potentials. We have found one strong 
candidate to become into a novel antibacterial 
target and three seemingly virulence factors that 
connect cell wall status to pathogenesis.

Keywords: Antibiotic resistance, Genomics, 
Hypothetical protein, Protein function, Systems 
biology, Virulence factor
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Deciphering the Function of Selected Novel 
Streptococcus pneumoniae adhesins in 

Pathogenesis and Development of Target Derived 
Antagonist
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ABSTRACT: 

Discovering new aspects of pneumococcal pathogenesis may identify new therapeutic approaches. 
We have previously identified S. pneumoniae cell-wall proteins with known enzymatic activity in 
the cytoplasm (PPP, GtS, NOX, FBA, ABC transporter and PTSman2AB). We now show that 
these proteins function in the cell wall as adhesins as the proteins and the antisera to these proteins 
inhibited S. penumonaie adhesion to cultured epithelial and brain derived cells. Their putative 
target molecules have been identified using a random combinatorial peptide library expressed in 
filamentous phage. Peptides synthesized from homolgous sequences on human proteins, suspected 
to function as target molecules to these adhesins, demonstrated ability to interfere with bacterial 
adhesion in vitro and prevent disease development in vivo. Some of the proteins found to reside 
in the pneumococcal cell wall have an adhesin function. Identification of their target molecules 
enabled the synthesis of peptides capable of interfering with bacterial adhesion in vitro and 
reducing disease development in infected mice.

Keywords: Streptococcus pneumoniae, adhesins, target molecule in the host, target derived small 
peptide, drugs/inhibitors.

1. Introduction

S. pneumoniae not only colonizes humans 
asymptomatically but also causes otitis media, 
pneumonia, bacteremia, sepsis and meningitis. 
In view of the serious consequences of infection 
and the increasing antibiotic resistance there is a 
need for safe and effective therapeutic approaches 
or preventive vaccines. The currently existing 
capsular polysaccharide-based vaccines are 
either ineffective in infants or limited in coverage 
and carriage and disease are caused by strains 
not included in the vaccine. Unfortunately, 

little is known about the molecular details of 
the pneumococcal life cycle or the nature and 
role of  various proteins involved in bacterial 
virulence. Understanding the mechanism of 
action of bacterial virulence factors may identify 
molecules that can be used for therapy or vaccine 
development.

2. Methods

The ability of  the recombinant proteins to 
interfere with bacterial adhesion to A549 cells and 
the adhesion of null mutant bacteria were tested. 



XI European Meeting on the Molecular Biology of the Pneumococcus (EuroPneumo 2013)

Madrid, 28–31 May, 2013Madrid, 28–31 May, 2013

XI European Meeting on the Molecular Biology of the Pneumococcus (EuroPneumo 2013)

8786

To identify putative target molecules, a phage 
display library was screened with the recombinant 
proteins. The insert peptides in the phages that 
bound the protein were sequenced and aligned 
against the human genome. Peptides derived from 
putative target molecules were tested for ability 
to inhibit bacterial adhesion in vitro and prevent 
disease development in infected mice. 

3. Results

The recombinant proteins inhibited bacterial 
adhesion, and the viable null mutant bacteria 
exhibited reduced adhesion in vitro. as well as 
reduced virulence in vivo in mouse models. 
Peptides derived from target molecules were 
capable of inhibiting bacterial adhesion in vitro 
and reducing colonization and mortality in mice 
inoculated with peptide treated bacteria [1] or 
treated with the peptides following intranasal 
inoculation (Figure 1). 

Figure 1. Target derived peptides ameliorate disease 
development. BALB/c mice were inoculated intranasally 
with a sublethal dose of S. pneumoniae. 48 hr after 
inoculation mice we eutinized and the nasopharynx 
and lung excised, homogenated and plated for bacterial 
enumeration. A. Infection with untreated bacteria; B. 1h 
pretreatment of bacteria with FCRP; C.Co-adminisration 
of bacteria and FCRP; D. Infection and treatment 1h 
later; E. Infection and treatment 24 h later. 

4. Conclusion

Some of  the proteins found to reside in the 
pneumococcal cell wall have an adhesin function. 
Identification of their target molecules enabled the 
synthesis of peptides capable of interfering with 
bacterial adhesion in vitro and reducing disease 
development in infected mice.
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Mechanism of BgaA-mediated pneumococcal 
adherence
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ABSTRACT: 

Pneumococcal adherence to the upper airway epithelium is likely critical for successful 
establishment of colonization which is an essential precursor to pneumococcal disease. Despite 
the importance of adherence there is still a limited understanding of the mechanisms that mediate 
initial attachment. We have previously reported that the surface associated β-galactosidase 
BgaA, contributes to pneumococcal adherence. Mutagenesis studies revealed the role of BgaA 
in adherence is independent of the proteins enzymatic activity. BgaA is more than twice the size 
of typical β-galactosidases and is reported to have strict specificity for galactose β1-4 linked to 
N-acetylglucosamine. The N-terminal region of BgaA shares sequence similarity with other 
bacterial β-galactosidases and contains the active site, while the function of the C-terminal region 
is yet to be established. Although enzymatic activity is not required for BgaA-mediated adherence, 
the role of the enzymatic binding pocket was unknown. To determine if  the binding pocket 
contributes to BgaA-mediated adherence we tested the effect of a BgaA inhibitor on adherence 
and generated a strain expressing BgaA with a bulky amino acid that blocked entry of the substrate 
to the binding pocket. No role for the substrate binding pocket in BgaA-mediated adherence was 
identified. This led to the hypothesis that the C-terminal region of BgaA mediates adherence. To 
test this hypothesis we constructed pneumococcal strains expressing surface associated N-terminal 
or C-terminal regions of BgaA. In support of our hypothesis the strain expressing the C-terminal 
region mediated adherence to levels similar to that of the parental strain and significantly greater 
than the bgaA mutant. In contrast, adherence of the strain expressing the N-terminal region was 
not significantly different from that of the bgaA mutant. Structural predictions of the C-terminal 
region of BgaA revealed the presence of two predicted class 32 carbohydrate binding modules. 
We propose that these modules mediate adherence by binding carbohydrates present on the cell 
surface. This is consistent with previous reports suggesting that initial pneumococcal adherence 
is mediated by interactions with carbohydrates. We have recombinantly expressed these two 
carbohydrate binding modules and have identified galactose β1-4 linked to N-acetylglucosamine 
as a putative ligand for both. These data suggest that these carbohydrate binding modules may 
help bring substrate in close contact with the active site and enable adherence to the epithelial cell 
surface. We are currently determining the structure and substrate binding affinities of these CBMs 
to further define the mechanism of BgaA-mediated adherence.
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C1q: first component of classical complement 
pathway facilitates Streptococcus pneumoniae 

adherence and invasion of host cells
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ABSTRACT: 

Streptococcus pneumoniae (the pneumococcus) is a major human pathogen affecting both adults 
and children. Pneumococci have evolved numerous successful strategies to colonize the host. 
Here we report a novel mechanism of pneumococcal pathogenesis, whereby pneumococci utilize 
a host protein, primarily involved in host defence mechanism, for colonization and subsequent 
dissemination. Our data demonstrate a hitherto unknown function of C1q, the subunit of the first 
component of classical complement pathway, in the interaction between pneumococci and host 
cells. Using cell-culture infection assays and confocal microscopy we observed that pneumococcal 
surface bound C1q significantly enhanced pneumococcal adherence to and invasion of host 
epithelial and endothelial cells. Using flow cytometry, we demonstrated a direct, antibody-
independent binding of purified C1q to various clinical isolates of pneumococci. This interaction 
was seemingly capsule serotype independent and mediated by the bacterial surface exposed proteins 
as pre-treatment of pneumococci with pronase E but not sodium periodate significantly reduced 
C1q binding. Moreover, similar binding was observed using C1 complex as the source of C1q. 
Furthermore, our data show that C1q bound to the surface of pneumococci through the globular 
head region and with the host cell surface receptor(s)/glycosaminoglycans via its N-terminal 
collagen-like stalk, as the presence of C1q N-terminal fragment and low molecular weight heparin 
but not the C-terminal globular heads blocked C1q mediated pneumococcal adherence to host 
cells. Taken together, we demonstrate for the first time a unique function of complement protein 
C1q, apparently unrelated to its host defense function, as a molecular bridge between pneumococci 
and the host, which promotes bacterial cellular adherence and invasion.
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Pneumolysin and LytA avoid phagocytosis by 
alveolar macrophages and neutrophils and 

enhance invasive disease 
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ABSTRACT: 

Leukocytes play an important role in inflammatory and immune responses. Clear-ance of the 
bacterium depends on the efficacy of different receptors on the surface of phagocytic cells to 
recognize, internalize and kill the pathogen [1]. Phagocyto-sis of Streptococcus pneumoniae was 
greatly enhanced in the absence of pneumo-lysin and LytA demonstrating a synergistic effect by 
both proteins in host immune response evasion. A novel interaction with the P-selectin glycoprotein 
ligand-1 receptor (PSGL-1) of neutrophils was observed, with a significant involvement of Ply 
and LytA in this process. Moreover, bacterial levels were significantly in-creased in PSGL-1–/– 
knockout mice confirming the importance of this receptor in the recognition and clearance of S. 
pneumoniae.

Keywords: Phagocytosis, neutrophils, PSGL-1, mice.

1. Introduction

Although the capsular polysaccharide plays 
a major role in virulence by avoiding the host 
immune system, there are several pneumococcal 
proteins that are involved in different steps of the 
pathogenesis process [2]. One of these proteins 
is the cell wall hydrolase (au-tolysin) LytA. This 
protein is suggested to be involved in virulence by 
releasing pneumolysin (Ply) and cell wall fragments 
that are markedly pro-inflammatory. Ply is a 
toxin partially responsible for immune response 
evasion by interacting with the C1q complement 
component [3]. Inflammatory processes are 
dependent on the recruitment and activation of 
immune cells which in turn require the formation 
of intracellular contacts involving cell adhesion 
molecules [4,5]. Expression of  P-selectin and 

E-selectin by the endothelium is involved in the 
rolling process and also supports protection 
against invading pathogens such as S. pneumoniae 
[6]. The PSGL-1 receptor has been described as 
a functional leukocyte receptor for the invasion 
of different intracellular microorganisms such as 
enterovirus or Anaplasma phagocy tophilum [7].

2. LytA and pneumolysin divert phagocytosis 
by alveolar macrophages

The adhesion to alveolar macrophages was slightly 
increased in the absence of Ply or LytA and higher 
for the double mutant suggesting that these two 
proteins avoid the recognition of S. pneumoniae 
by alveolar macrophages. Phagocytosis of  the 
single mutants was enhanced compared to the 
phagocytosis of the wild-type strain whereas the 
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double mutant strain was strongly phagocytosed 
in comparison to the single mutants confirming 
that these two proteins avoid very efficiently 
the phagocytosis of S. pneumoniae. Confocal 
microscopy assays confirmed co-localization 
of  the bacteria with early and late endosomal 
markers demonstrating that loss of  Ply and 
LytA increased the efficiency of macrophages to 
process the bacteria through their phagolysosomal 
pathway.

3. PSGL-1 receptor plays an im-portant role in 
the phagocytosis of S. pneumoniae

The biological role of the PSGL-1 receptor in the 
uptake of S. pneumoniae by neutrophils and the 
involvement of Ply and LytA in the evasion of 
this process was investigated. Phagocytosis of S. 
pneumoniae was significantly increased when the 
PSGL-1 receptor was present with higher levels 
for the different mutants in comparison to the 
wild-type strain. When the PSGL-1 receptor was 
blocked, a significant reduction in the phagocytosis 
of S. pneumoniae was found, with a dramatic effect 
in the ply and lytA mutants. Moreover, confocal 
microscopy experiments demonstrated that the 
different strains colocalized with PSGL-1 receptor 
and this interaction requires phosphorylation of 
the Syk kinase.

4. PSGL-1 reduces the severity of pneumococcal 
infection

In a pneumonia model of  infection, bacterial 
levels of the wild-type strain were slightly higher 
in BALF, but not in the lung of  PSGL-1–/– 
mice. This effect was more dramatic in the blood 
suggesting that PSGL-1 contributes to control 
bacteria replication in the systemic circulation 
reducing the severity of bacterial dissemination 
from the lung to the bloodstream. In a sepsis 
model of  infection, mice lacking PSGL-1 had 
greater levels of bacteria in blood and the lethal 
infection developed faster in PSGL-1–/– mice 
confirming that this receptor plays a critical role 
in host defense against IPD.

5. Conclusion

These results together demonstrate that Ply and 
LytA impair the recognition and phagocytosis 
of  S. pneumoniae by professional phagocytes 
and demonstrate a novel role for PSGL-1 in host 
defense against pneumococcus. 

Acknowledgements

This work has been sponsored by Ministerio de 
Economía y Competitividad and by CIBERES.

References

[1]  YS KANG, et al., A dominant complement fixation 
pathway for pneumococcal polysaccharides 
initiated by SIGN-R1 interacting with C1q, Cell, 
125, 47–58, 2006.

[2]  C HYAMS, et al., The Streptococcus pneumoniae 
capsule inhibits complement activity and neutrophil 
phagocytosis by multiple mechanisms, Infect. 
Immun., 78, 704–715, 2010.

[3]  A KADIOGLU, et al., The role of Streptococcus 
pneumoniae virulence factors in host respiratory 
colonization and disease, Nat. Rev. Microbiol., 4, 
288–301, 2008.

[4]  M VICENTE-MANZANARES, F SÁNCHEZ-
MADRID, Role of the cytoeskeleton during 
leukocyte responses, Nat. Rev. Immunol., 4, 110–
122, 2004. 

[5]  A URZAINQUI, et al., ITAM-based interaction 
of ERM proteins with Syk mediates signaling 
by the leukocyte adhesion receptor PSGL-1, 
Immunity, 17, 401–412, 2002.

[6]  FM MUNOZ, et al., Host defense against 
systemic infection with Streptococcus pneumoniae 
is impaired in E-, P-, and E-/P-selectin-deficient 
mice, J. Clin. Invest., 100, 2099–2106, 1997.

[7]  Y RIKIHISA, Mechanisms of obligatory 
intracellular infection with Anaplasma 
phagocytophilum, Clin. Microbiol. Rev., 24, 
469–489, 2011.

 O
H

M
04 H

O
ST-M

IC
R

O
B

E IN
TER

ACTIO
N

S

 O
H

M
05 H

O
ST-M

IC
R

O
B

E IN
TER

ACTIO
N

S

Within host selection and evolution of 
Streptococcus pneumoniae during acute 

invasive infection
Alice GERLINI (1), Leonardo FURI (1), Leonarda COLOMBA (1), Gianni POZZI (1), Peter W. ANDREW (2), 

Susanna RICCI (1), Richard MOXON (3) and Marco R. OGGIONI (1)

1. University of Siena, Italy. 
2. University of Leicester, United Kingdom. 
3. University of Munich, Germany.

Contact name: Marco R. Oggioni (oggioni@unisi.it)

ABSTRACT: 

Pathogenesis of pneumococcal invasive infection is complex and the balance of host and microbial 
factors play a pivotal role. We use a model of intravenous infection with strain TIGR4, where the 
challenge dose of one million bacteria is reduced by initial macrophage clearance to a minimum and 
invasive infection initiates from one or very few cells. We used whole genome sequencing to investigate 
the dynamics of the pneumococcal population during invasive infection. Sequencing of pneumococci 
recovered from blood cultures confirmed the monoclonal origin of bacteraemia by identification of 
one single SNP in 100% of bacteria isolated from the host. The identified SNPs are not linked to 
virulence and the escape of bacteria from immune mechanisms is a stochastic event. In addition 
pneumococcal populations in the majority of mice showed sub-populations characterized by SNPs 
in different subunits of F0/F1 ATPase operon. Pneumococci with mutation in the F0/F1 ATPase 
operon show improved growth at acidic pH, impaired growth at basic conditions, changes in surface 
characteristics and increased counts in spleen of infected mice (see abstract Gerlini et al., this meeting). 
This work provides genetic evidence for a monoclonal origin of infection and underlines the strong 
selection on the pneumococcal population during invasive infection. 
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1. Introduction

Streptococcus pneumoniae infections cause a strong 
inflammatory response that contributes towards 
disease pathogenesis but is also required for 
effective innate and adaptive immune responses. 
Experimental data indicate pro-inflammatory 
responses to S. pneumoniae are partially dependent 
on Toll-like receptor 2 (TLR2), and subjects with 
genetic deficiency of the TLR signaling molecule, 
IRAK4, are highly susceptible to S. pneumoniae 
infection. Furthermore TLR2 ligands accentuate 
inflammation caused by pneumolysin. However 
which S. pneumoniae ligand(s) are involved in TLR2 
and IRAK4 mediated inflammatory response are 
poorly defined. We have used a lipoprotein-deficient 
mutant S. pneumoniae strain, Δlgt, to investigate the 
role of lipoproteins during inflammatory responses 
to live S. pneumoniae document.

2. Results

Reporter cell experiments demonstrated that TLR2 
signalling in response to S. pneumomniae was 
entirely dependent on lipoproteins. Furthermore, 
translocation of the active form of NFkB into 
the nucleus S. pneumoniae was found to be TLR-
dependent and significantly reduced in macrophages 
infected with the Δlgt strain compared to the 
wild-type TIGR4 strain. Bioinformatic analyses 
of  genome wide macrophage transcriptional 
responses to S. pneumoniae demonstrated a broadly 
similar responses to wild-type TIGR4 or Δlgt S. 

pneumoniae. However, a subset of genes encoding 
inflammatory response proteins had attenuated 
responses after infection with the Δlgt strain 
compared to infection with TIGR4 S. pneumoniae 
or stimulation with the TLR2 agonist Pam2CSK4. 
Experiments using human and mouse macrophages 
confirmed that expression of the key protective 
pro-inflammatory cytokines IL1β, IL6 and TNFα 
were dependent on S. pneumoniae lipoproteins and 
TLR2. There was a strongly attenuated TNFα 
response to infection with the Δlgt strain in a mouse 
model of early pneumonia. Finally, IL1β, IL6 and 
TNFα responses to the Δlgt strain were reduced for 
control leucocytes and resulted in a similar pattern 
of response to that seen for leukocytes obtained 
from subjects with IRAK4 deficiency infected with 
either the wild-type TIGR4 or the Δlgt strain.

3. Conclusion

These data demonstrate that S. pneumoniae 
lipoproteins are required for TLR2-dependent 
inflammatory responses, and suggest lipoproteins 
are important ligands that induce IRAK4 
dependent protective responses.

Keywords: Streptococcus pneumoniae, lipoprotein, 
TLR2, macrophage, transcriptome, IRAK4, 
cytokines.
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Molecular architecture of Streptococcus 
pneumoniae surface thioredoxin-fold lipoproteins 
crucial for extracellular oxidative stress resistance 

and maintenance of virulence
Sergio G. BARTUAL (1,*), Malek SALEH (2,*), Mohammed R. ABDULLAH (2,*), Inga JENSCH (2), 
Tauseef M. ASMAT (2), Lothar PETRUSCHKA (2), Thomas PRIBYL (2), Juan A. HERMOSO (1) 

and Sven HAMMERSCHMIDT (2)

1.  Departamento de Cristalografía y Biología Estructural, Instituto de Química-Física “Rocasolano”, CSIC, Serrano 
119, 28006-Madrid, Spain.

2.  Department Genetics of Microorganisms, Interfaculty Institute for Genetics and Functional Genomics, Ernst 
Moritz Arndt University of Greifswald, D-17487 Greifswald, Germany.

* These authors contributed equally to this work.

Contact name: Sergio G. Bartual (Xsergio@iqfr.csic.es)

ABSTRACT: 

Pneumococcal surface oxidative resistance system: Structural clues.

Respiratory pathogens such as Streptococcus pneumoniae have developed pathways to resist protein 
damage under oxidative stress and use it against its competitors. In this study we characterize, at 
atomic level, two unique exposed lipoproteins, Etrx1 and Etrx2, that present a thioredoxin fold 
and are components of the extracellular pneumococcal ROS resistance mechanism. The crystal 
structures of both Etrx have been solved and homology models for the other partners in the system 
have been done. Structural results provide insights into the complete extracellular oxidative-stress 
resistance mechanism system opening the way for the novel antimicrobial design.

Keywords: Thioredoxin, Oxidative stress, Pneumococci, Pneumonia, Crystallography.

1. Introduction

Pneumococci location in the human respiratory 
tract forces the bacterial cell to develop 
mechanisms to resist the host defenses like the 
oxidative burst produced by the innate immune 
system components such as reactive oxygen 
species (ROS). The oxidation of  methionine 
(Met) residues in proteins generates methionine 
sulfoxides (MetO) that can induce conformational 
changes leading to a loss of protein function. This 
reaction is reversible and MetO modifications 
can be reduced to Met by methionine sulfoxide 
reductases (Msr). Thioredoxin proteins (Trx) 
transfer electrons from their CxxC active site 
motif to MsrAB domains to regenerate oxidized 
Msr after MetO reduction. Furthermore, ROS 

resistance is expected to be especially important 
in pneumococci as this pathogen is only affected 
by high concentrations of H2O2, while tolerating 
concentrations that harm other bacteria.

2. Results

Crystal structures of  apo Etrx1 and Etrx2, in 
complex with 2-Hydroxyethyl Disulfide (HED) 
and with Cyclofos-3TM detergent (C3), have 
been solved. Both Etrx present a globular 
shape containing a Trx-like fold. Etrx2 is highly 
reminiscent of Etrx1 embellished by a central αβ 
insertion and an N-terminal β-hairpin. In both 
structures the loop connecting β3 with α2 contains 
the CxxC motif. 
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The C3 and the HED ligands are located close 
to the Etrx2 active site in a pocket formed by 
the β4-α3 loop, the α4 helix, the α4-β3 loop and 
the CxxC region. This pocket presents a strong 
hydrophobic character versus the more polar 
character of the Etrx1 pocket. Structural analysis 
and biochemical data suggest that Etrx1 and Etrx2 
are able to functionally replace each other and that 
only the inactivation of both Etrx proteins renders 
pneumococci sensitive to extracellular oxidative 
stress.

3. Conclusions

•  Etrx2 presents an unprecedented hydrophobic 
cavity close to the active site.

•  In the structure of the oxidized forms of Etrx2 a 
C3 molecule or a HED molecule is bound to this 
pocket mimicking the partner interaction.

•  Etrx1 cavity presents differences in the nature of 
the amino acids and the conformation of β4-α3 
loop.

Differences point to specific features very likely 
related to the preferential interaction of Etrx with 
SpMsrAB2 redox partner.
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Structural characterization of phosphoglycerate 
kinase of Streptococcus pneumoniae, a 

moonlighting surface exposed protein that binds 
angiostatin and plasminogen activator tPA
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ABSTRACT: 

Pneumococci bind human plasminogen (PLG) on the bacterial cell surface to allow pneumococcal 
cells to disseminate through the epithelial and endothelial layers. PLG binding analyses revealed 
that phosphoglycerate kinase (PGK) from Streptococcus pneumoniae, a cytoplasmic enzyme of the 
glycolysis, binds plasminogen through specific sites. Crystal structure of PGK has been solved at 
high resolution. Structural analysis shows how PGK can recognize PLG and suggested a potential 
interaction of PGK with tissue-type plasminogen activator (tPA). These results provide new insights 
into the moonlighting functions of host-pathogen interactions displayed by cytoplasmic proteins on 
the bacterial surface and point to a multifaceted interaction with various fibrinolysis components.

Keywords: phosphoglycerate kinase, PGK; Plasminogen, PLG; Angiostatin, ANG; tissue type 
Plasminogen, tPA.

1. Introduction

PLG is a 92 kDa pro-enzyme of the broad-
spectrum protease plasmin composed of 5 kringle 
domains (Fig. 1), which counteracts the blood 
coagulation cascade. PLG is converted into plasmin 
by eukaryotic plasminogen activators (urokinase-
type plasminogen activator, uPA and tissue-type 
plasminogen activator, tPA). These activators 
initiate the conversion of PLG to plasmin, which 
hydrolyzes polymerized fibrin strands into soluble 
fibrin degradation products. 

2. Results

We have solved the three-dimensional structure 
of  PGK by X-ray crystallography at 1.78 Å 
resolution. PGK folds into two globular domains, 
the C-domain, where the AMP-PNP binding site 
is located and the N-domain. Two plasminogen 
binding sites were identified by spot membrane-
based peptide assay (see communication 
by Simone Bergman), crystal structure of 
pneumococcal PGK revealed that both sites are 
located in the same placed in the N-terminal 
domain. A computational model of  PGK:K2 
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(PLG) complex has been generated based on our 
PGK structure and the reported three-dimensional 
structures of kringles (Fig.2). 

The analysis of  the PGK structure in complex 
with Kringle 2 from PLG suggested that other 
proteins containing kringle structures, such as 
tPA and uPA, could also formed bind PGK. PGK 
binding to tPA was confirmed experimentally 
(see communication by Simone Bergman) but 
not to uPA. Structural analysis based on PGK 
and kringle structures explains this preferential 
binding.

3. Conclusions

•  Crystal structure of  pneumococcal PGK 
has been solved at high resolution by X-ray 
crystallography.

•  Structural analysis allowed us to locate the PLG-
binding site at the N-terminal part of PGK. We 
determined how is the interaction between PGK 
and PLG.

•  Computational model of  PGK:K2 (PLG) 
complex suggested a potential interaction with 
plasminogen activator containing kringles.

•  PGK can bind tPA but not uPA, structural 
analysis revealed that suitable changes in the 
lysine-binding sites of  kringle domains may 
result into loss of binding.

Fig. 1. Schematic model of PLG domain structure and 
used PLG derivatives. K, Kringle; PAN, PAN-apple 
(Pap)-domain; ANG, Angiostatin, miniPLG, mini-
plasminogen.

 

Fig. 2: Binding of PGK to K2-PLG, Angiostatin and k2-
tPA.
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CW_7 cell wall-binding motifs of the Cpl-7 
endolysin target the peptidoglycan muropeptide
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ABSTRACT: 

Phage endolysins are a novel class of efficient antimicrobials (enzybiotics) by their capacity to 
cleave the peptidoglycan of Gram-positive bacteria in a generally species-specific manner. The Cpl-
7 endolysin, a lysozyme encoded by the Cp-7 bacteriophage, is a remarkable exception among all 
the murein hydrolases produced by Streptococcus pneumoniae and its bacteriophages, as it degrades 
pneumococcal cell walls containing either choline or ethanolamine. This behavior results from 
the acquisition of a C-terminal module made of three identical repeats of 42 amino acid each – 
the CW_7 motifs – specifically involved in cell wall attachment. Preliminary investigations were 
indicative that CW_7 repeats recognize the peptidoglycan network as target, with the potential 
impact of this fact on Cpl-7 antimicrobial host range. We have proved now, using STD-NMR 
spectroscopy, that N-acetyl-D-glycosaminyl-(β1,4)-N-acetylmuramyl-L-alanyl-D-isoglutamine, 
a structural analogue of the peptidoglycan monomer, is recognized by the CW_7 repeats and 
the contacts provided by this ligand have been identified. This finding could also explain the 
identification of CW_7 motifs in proteins involved in the cell wall metabolism that are encoded by 
Gram-positive and Gram-negative bacteria, including several pathogens, and by bacteriophages 
infecting Gram-positive bacteria.

Keywords: Streptococcus pneumoniae, enzybiotics, Cpl-7 endolysin, cell-wall targeting, STD-NMR. 

1. Introduction

Cell wall lytic enzymes encoded by bacteriophages 
and bacteria constitute a novel and promising 
class of  antimicrobials (enzybiotics). They 
usually consist of at least one catalytic module 
linked to other modules commonly involved in 
cell wall attachment and also responsible for 
their stringent substrate specificity [1, 2]. In the 
pneumococcal lytic enzymes this function relies on 
choline-binding modules (CBMs) that specifically 
recognize the choline moieties attached to teichoic 
and lipoteichoic acids, with the single exception 
of Cpl-7, a lysozyme encoded by the phage Cp-
7. Cpl-7 comprises a catalytic module belonging 

to the family GH25 of glycosyl hydrolases and a 
C-terminal module made of three identical CW_7 
repeats involved in cell wall attachment [3, 4]. This 
module is essential for Cpl-7 activity and accounts 
for its capacity of degrading pneumococcal cell 
walls containing either choline or ethanolamine. 
Thermal stabilization assays performed in the 
presence of small cell wall structural-analogues 
pointed to the cell wall muropeptide as the target 
recognized the CW_7 repeats, but direct evidences 
of complex formation were required [5]. 

This communication presents the characterization 
of  the complexes formed by Cpl-7 full-length 
and its two isolated domains with N-Acetyl-D-
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glycosaminyl-(β1,4)-N-acetyl muramyl-L-alanyl-
D-isoglutamine, an analogue of the peptidoglycan 
monomer, using STD-NMR spectroscopy. 
Current results confirm the implication of  the 
cell wall muropeptide in Cpl-7 attachment to the 
bacterial envelope and provide information on 
the ligand epitopes. Interestingly, the β anomer 
of  the MurNAc moiety, the form present in 
the peptidoglycan, seems to be preferentially 
recognized with respect to the α anomer.

2. Experimental Section

2.1. Proteins and muropeptides

The Cpl-7 endolysin was produced and 
purified as previously described [4]. The His-
tagged gene encoding the Cpl-7 N-terminal 
catalytic domain (N-Cpl-7) was built by overlap 
extension [6]. Appropriate nucleotides were 
used to clone the selected region and the PCR-
amplifications into plasmid pQE3, with BamHI 
and KpnI as restrictions enzymes (5’ and 3’ ends, 
respectively). N-Cpl-7, expressed in Escherichia 
coli DH10B strain, was purified by Ni2+-affinity 
chromatography. The gene fragment encoding 
the C-terminal module of Cpl-7 (C-Cpl-7) was 
synthesized in a pUC derivative plasmid, and 
subcloned in plasmid pT7-7 for expression in 
E. coli BL21(DE3). C-Cpl-7 was purified in two 
chromatographic steps (ion exchange and size 
exclusion chromatographies). Protein purity was 
checked by SDS-PAGE and mass spectrometry 
(MALDI_TOF) and concentrations measured 
using molar the extinction coefficients at 280-
nm. N-Acetylmuramyl-L-alanyl-D-isoglutamine 
(Mur NAc-L-Ala-D-iso Gln) and N-Acetyl-D-
glycosaminyl-(β1,4)-N-acetylmuramyl-L-alanyl 
-D-isoglutamine (GlcNAc-MurNAc-L-Ala-D-
iso Gln) were from Sigma and CALBIOCHEM 
respectively. NMR samples (500 μL) were 
prepared in 20 mM phosphate buffer in D2O, pH 
= 6.0, at protein concentrations of ca. 40 μM and 
ligand/protein ratios of 50:1.

2.2. Methods

NMR spectroscopy experiments were performed 
at 25 ºC in a Bruker Avance 800 MHz spectrometer 

equipped with inverse triple-resonance TCI cryo-
probe and pulse gradients. The assignment of the 
1H NMR spectra of the muropeptides was done 
on the bases of 2D spectra COSY, TOCSY (50 
ms mixing time) and ROESY (125 ms mixing 
time) following standard procedures. Saturation-
transfer difference NMR experiments (STD-
NMR) were optimized using pulse sequences 
reported in literature [7, 8]. Spectra were recorded 
using a train of 50 ms Gaussian shaped pulses 
with flipping angles of 650º (height 87.7 Hz), 2.0 s 
of total irradiation time and 120 ms filtering trim 
pulse. The on-resonance frequency was set to -1.0 
ppm, whereas off-resonance frequency was -150 
ppm. Blank experiments were performed to assure 
the absence of  direct saturation to the ligand 
protons. STD-TOCSY experiments were acquired 
at 800 MHz using 256 increments and an isotropic 
mixing time of 60 ms. 

3. Results and Discussion

In STD-NMR spectroscopy, protein-ligand 
binding events lead to magnetization transfer 
from protons of  the large receptor (full-length 
Cpl-7 and its isolated modules in this case) to the 
protons of the corresponding ligand. Thus, the 
protons of small molecules in close contact with 
the receptor in the bound state yield intense signal 
in the final difference spectrum, while remote 
protons show lower or null STD intensities. In this 
way the analysis of proton signals and intensities 
in STD-NMR allows the identification of  the 
ligand-binding epitope in a quite accurate manner, 
if the NMR spectrum of the free ligand is already 
assigned. STD-NMR was therefore employed to 
detect muropeptide binding to the Cpl-7 endolysin 
and its two isolated modules, and the NMR 
spectra of the free ligands were recorded and fully 
assigned. 

3.1. Assignment of NMR spectra of free muropeptides

In solution, MurNAc-L-Ala-D-isoGln and 
GlcNAc-MurNAc-L-Ala-D-isoGln exist as 
equilibrium mixtures of the α and β anomeric 
forms (ca. 2:1) at the reducing end of MurNAc 
[9]. Complete 1H assignment of both anomers in 
D2O was now achieved relying on standard 2D 1H-
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1H NMR experiments. The doublet signals of the 
anomeric protons were used as starting points in 
the assignment of sugar moieties of both anomers 
and, when possible, the 2:1 signal ratio was used to 
identify the corresponding peptide protons. Cross 
peak patterns of the TOCSY maps and sequential 
NOE correlations were also used to this aim. Two 
sets of signals were observed for all protons except 
for the GlcNAc moiety, showing that the anomeric 
equilibrium affects also to the environment of the 
peptide chain (see Table 1).

3.2. STD-NMR detection of muropeptide targeting 
by full-length Cpl-7 endolysin and its isolated modules

The interaction of GlcNAc-MurNAc-L-Ala-D-
isoGln with Cpl-7 and C-Cpl-7 was tested and 
proved by STD-NMR (Fig. 1) and the binding 
epitopes identified. Interestingly, the β anomer of 

MurNAc, the form present in the peptidoglycan, 
seems to be preferentially recognized with respect 
to the α anomer of the disaccharide-di-peptide. 
Ligand-provided contacts occur through several 
positions of  the two saccharides units and 
the dipeptide. However, the strongest signals 
corresponded to the lactil group of  MurNAc, 
and the methyl groups of  MurNAc, GlcNAc 
and L-Ala. Recognition of GlcNAc was found 
to be determinant for the complex stability, as 
STD signals almost disappears in the presence 
of  MurNAc-L-Ala-D-isoGln, in agreement 
with previous results [5]. Whether the CW_7/ 
muropeptide interactions expand to other 
residues of the stem peptide or to the interpeptide 
bridges have yet to be elucidated. The differences 
in the relative intensities of  the STD signals 
recorded with Cpl-7 and C-Cpl-7 suggested 
certain variations in their respective recognition 
of  GlcNAc-MurNAc-L-Ala-D-isoGln. Such 
disparities might be due to the dual interaction of 
the disaccharide-di-peptide with the CW_7 repeats 
and with the catalytic module in the full-length 
protein. Indeed a similar but distinctive STD 
spectrum of GlcNAc-MurNAc-L-Ala-D-isoGln 
was observed in the presence of N-Cpl-7. 
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Fig. 1. (A) Scheme of GlcNAc-MurNAc-L-Ala-D-isoGln 
composition. (B) STD-NMR spectra of this compound 
in the presence of Cpl-7 full-length and the isolated cell 
wall-binding module(C-Cpl-7).

4. Conclusions

STD-NMR spectroscopy together with production 
of the isolated modules of Cpl-7 endolysin have 
allowed to identify the cell wall muropeptide as the 
structural motif targeted by the CW_7 repeats that 
form the cell wall-binding module of this endolysin. 

The binding specificity of CW_7 repeats broadens 
the potential antimicrobial host range of Cpl-7 to 
other Gram-positive pathogens and even, under 
appropriate conditions, to Gram-negative bacteria. 
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ABSTRACT: 

To satisfy the different modes of cell division and the diversity of cell shapes, bacteria have developed 
species-specific mechanisms. Here, we report that the eukaryotic-like kinase StkP, a newly identified 
modulator of StkP kinase activity and one of the StkP endogenous phosphorylation targets 
(DivIVA) work together with FtsZ to achieve proper cell shape and division of Streptococcus 
pneumoniae. We conclude that the StkP/DivIVA/modulator triad orchestrates pneumococcal 
cell division and cell elongation and could constitute a widespread tool governing bacterial 
morphogenesis.

Keywords: protein phosphorylation, kinase, cell division, morphogenesis.

1. Introduction

Bacteria possess a versatile repertoire of protein-
kinases [1]. We have demonstrated that the 
membrane Hanks-type serine/threonine kinase 
StkP plays a central role in regulating cell wall 
synthesis and controls septum positioning, 
assembly and closure in Streptococcus 
pneumoniae [2]. However, the underlying 
regulatory mechanisms remain unknown and 
investigating StkP-mediated phosphorylation 
represents a promising avenue to decipher the 
regulatory mechanisms governing S. pneumoniae 
morphogenesis and division.

2. Results

Here I will present our most recent results 
related to the role of StkP in pneumococcal cell 
morphogenesis. DivIVA could be phosphorylated 

by StkP and expression of non-phosphorylatable 
DivIVA affect cell shape integrity. We have also 
identified a modulator of StkP kinase activity 
that is required for StkP septal localization and 
subsequent phosphorylation of DivIVA. We show 
that the StkP/DivIVA/modulator triad connect the 
Z-ring to the peptidoglycan biosynthesis machinery 
and modulates the localization of some PBPs. 
In the light of these observations, we propose 
that StkP regulates the dynamics of septal and 
peripheral peptidoglycan synthesis responsible for 
the ovoid-shape of pneumococcus cells.

3. Conclusion

Many proteins involved in cytokinesis and 
morphogenesis are found to be phosphorylated 
in bacterial phospho-proteomes. We are thus 
only beginning to uncover the components of the 
phosphorylation toolkit regulating cell division.
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Streptococcus pneumoniae cell division
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ABSTRACT: 

Bacterial cell growth and division require the coordinated action of peptidoglycan biosynthetic 
enzymes and cell morphogenesis proteins. These regulation mechanisms, which are required 
to generate proper bacterial shape, remain largely uncharacterized, especially in ovococci. The 
conserved eukaryotic-like Ser/Thr protein kinase of Streptococcus pneumoniae (StkP) plays a 
major role in cell shape and division. We have investigated the molecular mechanisms underlining 
the regulatory function(s) of  StkP through its interaction with the essential actor of  septal 
peptidoglycan synthesis, Penicillin-Binding Protein 2x (PBP2x). We have shown that StkP and 
PBP2x interact directly in vitro and are present in the same membrane-associated complex in S. 
pneumoniae. We have further shown that they both display a late-division localization pattern at the 
division site and that the positioning of PBP2x is dependent from the presence of the extracellular 
PASTA domains of StkP. We have demonstrated that StkP and PBP2x interaction is mediated 
by their extracellular regions and that the complex is dissociated in presence of muropeptides. 
These data suggest that in addition to its phosphorylation function, StkP regulates pneumococcal 
cell division through direct interactions with components of the septal peptidoglycan synthesis 
machinery.
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The effect of low Pbp2b levels on cell morphology 
and peptidoglycan composition in Streptococcus 
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ABSTRACT: 

Streptococcus pneumoniae produces two class B penicillin-binding proteins, Pbp2x and Pbp2b, 
both of which are essential. It is generally assumed that Pbp2x is specifically involved in septum 
formation, while Pbp2b is dedicated to peripheral cell wall synthesis. However, little experimental 
evidence exists to substantiate this belief. In the present study we have obtained evidence that 
strongly supports the view that Pbp2b is essential for peripheral peptidoglycan synthesis. Depletion 
of Pbp2b expression gave rise to extremely long chains of cells in which individual cells were 
compressed in the direction of the long axis and looked lentil shaped. This morphological change 
is consistent with a role for pneumococcal Pbp2b in the synthesis of the lateral cell wall. Depletion 
of Pbp2x, on the other hand, resulted in lemon-shaped and some elongated cells with a thickened 
mid-cell region. Low Pbp2b levels gave rise to changes in the peptidoglycan layer that made 
pneumococci sensitive to exogenously added LytA during logarithmic growth, and refractory 
to chain dispersion upon addition of LytB. Interestingly, analysis of the cell wall composition 
of Pbp2b-depleted pneumococci revealed that they have a higher proportion of branched stem 
peptides in their peptidoglycan than the corresponding undepleted cells. Furthermore, MurM 
deficient mutants, i.e. mutants lacking the ability to synthesize branched muropeptides, were found 
to require much higher levels of Pbp2b to sustain growth than MurM proficient strains. Branched 
stem-peptides play a key role in high-level beta-lactam resistance in S. pneumoniae. It has been long 
established that the peptidoglycan of beta-lactam resistant clinical isolates contains a significantly 
higher proportion of cross-bridges with branched stem-peptides than the peptidoglycan of beta-
lactam sensitive clinical isolates. Our results suggest that the increased incorporation of branched 
stem-peptides in the cell wall of resistant pneumococci could be due to low levels of Pbp2b activity 
in these strains. Although experimental data are lacking, it is likely that low-affinity PBPs are much 
less efficient as transpeptidases in vivo than their normal counterparts. It is therefore possible 
that the increased proportion of branched stem-peptides found in the peptidoglycan of beta-
lactam resistant isolates represents an adaptation to living with highly inefficient mutant versions 
of Pbp2b, a situation that is analogous to living with low levels of the wild-type enzyme. Further 
studies are required to clarify these matters.
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Ser/Thr phosphatase PhpP and cognate kinase 
StkP co-regulate cell division in 

Streptocococcus pneumonia
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ABSTRACT: 

Prokaryotes often use reversible protein phosphorylation, catalyzed by protein kinases and 
phosphatases, to transmit cell cycle signals and to respond to environmental changes. Two 
component systems, consisting of a histidine kinase with a cognate response regulator, are the most 
abundant type of bacterial signaling systems. However, eukaryotic-type serine/threonine protein 
kinases (ESTKs) as well as Ser/Thr phosphatases (ESTPs) operate in numerous bacterial species 
and have been shown to regulate various cellular functions, including cell cycle and cell division, 
in many Gram-positive bacteria. The protein kinases belong to conserved subfamily of ESTKs 
found in Gram-positive bacteria and consist of a cytoplasmic kinase domain, a transmembrane 
region and a C-terminal part outside the cell. The extracellular part is made up of three or four 
PASTA (for “penicillin-binding protein and serine/threonine kinase associated”) domains which 
were first identified in the high-molecular-weight class B PBP2x of S. pneumoniae. It was suggested 
that PASTA domains can bind PG fragments that might act as a signaling molecule.

The human pathogen S. pneumoniae is an excellent model to study bacterial ESTKs and ESTPs since 
its genome encodes a single ESTK/ESTP signalling pair termed StkP and PhpP. In S. pneumoniae 
StkP plays role in regulation of virulence, genetic competence and autolysis and contributes to the 
resistance of this bacterium to environmental stresses. Strains harbouring stkP mutations showed 
cell division defects suggesting that StkP is also involved in the regulation of cell division. Unlike 
StkP, the role of phosphatase PhpP is not well defined. Our results indicate that StkP/PhpP play an 
important role in coordinating cell wall synthesis during growth and division, which in S. pneumoniae 
is required to achieve its characteristic oval shape. In this sense, StkP may act as a molecular switch 
that, through phosphorylation of key division substrates, signals the shift from peripheral to septal 
cell wall synthesis.
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Transcriptional response of Streptococcus 
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uptake system PiuBCDA
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1. Introduction

Many years of  research have focused on the 
importance of  iron in the interplay between 
pathogens and their hosts. Bacterial pathogens 
have sophisticated systems to take up iron from 
the host tissues, such as iron transport systems as 
well as siderophores that capture free iron with 
very high affinity[1]. In addition, bacterial cells 
may produce specific binding proteins for iron 
sources like heme, transferrin, lactoferrin and 
hemoglobin. The human body lowers free iron 
levels as much as possible to prevent bacterial 

growth by a process called nutritional immunity[2]. 
Previous studies have shown the importance of 
iron acquisition mechanisms for the life-style of 
pathogenic streptococci including Streptococcus 
pneumoniae as well, regarding the presence of 
systems for iron[3], heme and hemoglobin binding 
and uptake and their role in important processes 
such as biofilm formation, competence, oxidative 
stress resistance and virulence. In this study, we 
have investigated the role of different iron sources 
on gene expression of S. pneumoniae.

ABSTRACT: 

For several decades the battle for iron between bacterial human pathogens and their hosts has been 
studied, showing that the pathogen exploits an extensive arsenal of factors to obtain sufficient iron. 
The host, on the other side, attempts to restrict availability of free iron in its tissues. Streptococci, 
comprising an important group of human pathogens, harness diverse iron acquisition systems to be 
fully virulent. However, the role of iron on the global gene regulation of the Gram-positive human 
pathogen Streptococcus pneumoniae has not been explored yet. The genome of S. pneumoniae D39 
encodes three operons for iron transport systems. Regulation of these operons has not been studied 
till to date. In this study, we explore the transcriptional responses of S. pneumoniae D39 to different 
sources of iron (Fe2+, Fe3+ and Heme). The transcriptomic data on these strains grown with different 
iron source additions revealed that out of the three known iron transport operons, only piuBCDA 
was involved in iron (Fe2+ and Fe3+) uptake. Moreover, the role of two transcriptional regulators, i.e. 
RitR (Repressor of iron transport) and CodY (global nutritional regulator) in the regulation of the 
piuBCDA operon was studied. Here we show that RitR represses the expression of the piuBCDA 
operon in the presence of iron. This is further confirmed by transcriptome studies with a ritR mutant 
in the presence of iron. Notably, CodY seems to act as an activator for this operon. A mutation in 
the CodY binding site present in the PpiuB led to full repression of the piuBCDA operon by RitR. 
In conclusion, we have explored the complex regulation of the important piuBCDA operon by RitR 
and CodY, and assessed the global effect of iron on gene expression of S. pneumonia, including genes 
known to be important for virulence. 
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2. Figures

Figure 1: Iron uptake systems in S. pneumoniae

Figure 2: An overview of Putative metal ion transporters

Figure 3: Biding sites of CodY, and RitR present in PpuiB

2.1. Role of RitR in regulation piuBCDA operon in 
the presence of iron

Figure 4: Expression of PpiuB-lacZ in D39 wild-type 
and ritR mutant strains grown in CDM with varying 
concentrations of Fe+2 and Fe+3.

2.2. Important regulatory site of piuBCDA operon 
with reference to RitR

Figure 5: Expression of PpiuB-lacZ and PpiuB-RitrT-
lacZ in D39 wild-type strain grown in CDM with varying 
concentrations of Fe+2 and Fe+3
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2.3. Role of CodY in regulation piuBCDA operon 
in presence of iron

Figure 6: Expression of PpiuB-lacZ and PpiuB-CodY-
lacZ in D39 wild-type strain grown in CDM with varying 
concentrations of Fe+2 and Fe+3. 

2.4. DNA Microarray analysis with Fe+2

Table:1 Summary of differentially expressed genes in S. 
pneumoniae in the presence of 0.1 mM Fe+2

3. Conclusions

1) piuBCDA is the only operon involved in iron 
uptake in tested conditions.

2) RitR represses expression of piuBCDA operon 
in the presence of iron.
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1. Introduction

The gram-positive bacterium Streptococcus 
pneumoniae is responsible for a number of human 
diseases like lobar pneumonia, septicemia, and 
meningitis. For the effective treatment against this 
pathogen it is crucial to elucidate the molecular 
basis for virulence and infection. 

Here, we employ proteomics to provide insights 
into pneumococcal virulence with an emphasis 
on post translational modifications like protein 
phosphorylation events taking part in infection- 
related processes.

2. Methods

Two different methods have been applied 
to get a comprehensive overview on protein 
phosphorylation events of pneumococci: a 2D gel 
based approach relying on the phosphosensitve 
stain Pro-Q Diamond and a gel free approach 
using specific phosphopeptide enrichment by TiO2 
coupled with high accurate mass spectrometry1.

3. Results

As a result, we present an overview of 
phosphorylated protein species detected in 
pneumococci cultivated in different media and 
under different growth conditions. 

4. Conclusion

Because the serine/threonine kinase StkP 
positively controls pneumococcal virulence and 
competence2, we also analyzed the effects of  a 
StkP knockout on the phosphoproteome based 
on the 2D gel approach. 

In comparison to other phosphoproteomic 
studies conducted e.g. in Bacillus subtilis and 
Staphylococcus aureus we identified in S. 
pneumoniae a similar number of phosphorylated 
proteins. These proteins, their activities and the 
determined phosphorylation sites of  several 
phosphorylated proteins will be presented and 
compared to earlier studies. Furthermore, the 
phosphoproteome comparison of  the wild-
type with the StkP-mutant showed interesting 
differences in the phosphoproteomes.
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1. Introduction

Streptococcus pneumoniae naturally resides in the 
human oral cavity but causes also serious local 
and invasive infections including otitis media, 
pneumonia, septicemia and meningitis. The 
arginine deiminase system (ADS) consists of the 
three enzymes, arginine deiminase (AD) encoded 
by arcA, catabolic ornithine carbamoyltransferase 
(cOCT) encoded by arcB, and carbamat kinase 
(CK) encoded by arcC. The AD converts arginine 
irreversibly into citrulline and ammonia, the 
cOCT catalyses the phosphorolysis of citrulline 
to ornithine and carbamoylphosphate. The 
CK then transfers a phosphate group from 
carbamoylphosphate to ADP in a reversible 
reaction, generating hereby ATP, CO2 and 
ammonia. The genome of S. pneumoniae contains 
three ArgR-type regulators (ArgR1, ArgR2 and 
AhrC) which are thought to influence the arginine 
metabolism [1].

2. Method

sMutants deficient in all enzymes of the ADS, 
individual enzymes or in regulators ArgR1, ArgR2 
and AhrC, were constructed by the insertion 
deletion mutagenesis strategy in D39 and TIGR4 
genetic backgrounds. Recombinant ArcA, ArcB, 
ArcC, ArgR1, ArgR2 and AhrC were produced 
as His6-tagged fusion proteins and employed 
in EMSA, immunoblots and immunizations. 
Polyclonal antisera were generated in mice using 
the recombinant proteins. Phagocytosis studies 
were conducted with macrophages and the acute 
pneumonia mouse infection model was used for 
virulence studies. 

3. Results

The molecular analysis revealed that the 
genes arcABCDT are co-transcribed and 
form a polycistronic operon in pneumococci. 
Immunoblot analysis indicated the expression of 
AD, cOCT, and CK in TIGR4, while D39 lacks a 
functional AD. In TIGR4 expression of the ADS 
was dramatically reduced in the argR2-mutant, 
indicating that ArgR2 activates arc gene expression 
in TIGR4. Remarkably, D39 lacks a functional 
AD and positive regulatory protein ArgR2, 
but produces the cOCT and CK at high levels. 
The EMSA indicated the function of ArgR2 as 
activator as it binds to the arcABC promoter. The 
TIRG4 and D39 mutants deficient in the ADS or 
regulator ArgR2 had no growth defect in complex 
media and CDM. Mice infection experiments and 
real-time bioimaging using bioluminescent wild-
type TIGR4 and isogenic mutants revealed that 
the genetic inactivation of the ADS and ArgR2 
affects colonization and dissemination in mice. 
In in vivo competition experiments using co-
infections, the fitness of the TIGR4 ADS-deficient 
mutants was reduced, while the ArgR2-deficient 
mutant out-competed the TIGR4 wild-type. 

4. Conclusion

In this study we demonstrate that ArgR2 positively 
regulates expression of the pneumococcal ADS 
in strain TIGR4. The functional and genomic 
analyses suggest that regulation of the ADS is a 
strain specific trait. The deficiency of the ADS 
impairs fitness while lack of the regulator ArgR2 
increased the fitness suggesting additional, yet 
unknown, regulatory functions of ArgR2.
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ABSTRACT: 

Infections caused by Streptococcus pneumoniae bacteria, which are a major cause of morbidity 
and mortality worldwide, can vary from simple otitis media to more complicated ones, such as 
pneumonia or meningitis. In order to design new and more efficient strategies to fight pneumococcal 
infections it is essential to understand how these bacteria divide or perform specific tasks important 
for their survival inside the host. 

We are particularly interested in understanding (i) the synthesis of  peptidoglycan, a load-
bearing protective mesh that surrounds bacteria and whose synthesis is the target of beta-lactam 
antibiotics, and (ii) the synthesis of the pneumococcal capsular polysaccharide, which is important 
for colonization and persistence of S. pneumoniae in the infected host. An important step to 
accomplish this aim is to know where proteins involved in these processes are localized during 
the bacterial cell cycle, for which it is essential to develop new tools for cell biology studies in 
S. pneumoniae. When trying to express different fluorescent proteins in S. pneumoniae we failed 
to observe any fluorescence when fluorescent reporters were expressed alone or linked to the 
N-terminus of various pneumococcal proteins. 

Here we report that the observed blockage in the expression of fluorescent proteins could be 
eliminated through the introduction of a 30-nucleotide tag, named “i-tag”, upstream the fluorescent 
reporter, which increased protein translation. The observed increment in the fluorescent signal and 
protein expression was not due to an altered mRNA stability, as the levels of the different mRNAs 
were very similar, nor due to a bias in codon usage towards rare codons in the coding sequence of 
the different fluorescent proteins. We propose that this “i-tag” linker facilitates ribosome binding 
to the mRNA by destabilizing the structure of the 5’ end of the mRNA.

The developed tools, which have improved the expression of different fluorescent reporters, namely 
mCherry, Citrine, CFP and GFP, in S. pneumoniae, were then used to localize various proteins in 
this organism, namely FtsZ, a central protein for bacterial division; PBP1A, a penicillin-binding 
protein which is required for high-level resistance to penicillin; Wzd, a membrane protein that 
regulates the synthesis of capsule, and its interacting partner, Wze, a cytoplasmic tyrosine kinase. 
All these proteins were found to localize at the division septum of dividing bacteria.

The set of plasmids encoding improved versions of these fluorescent proteins allows the expression 
of both N- and C-terminal fluorescent fusions of pneumococcal proteins and should greatly 
facilitate cell biology studies in this important pathogen.

Keywords: Fluorescent microscopy, protein localization, GFP, protein expression.
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1. Introduction

Ribonuclease R (RNase R) is a processive 3’-5’ 
exoribonuclease that belongs to the widespread 
RNase II family of enzymes. RNase R is the only 
exoribonuclease able to degrade highly structured 
RNA molecules and have been implicated in the 
processing and degradation of different types of 
RNA [1]. RNase R was also shown to participate 
in the maturation of the small transfer-messenger 
RNA (tmRNA) in several Gram negative bacteria 
[12]. The tmRNA together with SmpB are the main 

components of the trans-translation system, a 
surveillance pathway that directs deficient proteins 
and mRNAs for degradation while rescuing stalled 
ribosomes [2]. During trans-translation RNase R is 
involved in the degradation of the faulty mRNAs 
after the release of the halted ribosomes.

Expression of  tmRNA in S. pneumoniae has 
been demonstrated [3], and analysis of  the 
pneumococcal genome revealed that the coding 
sequence of  SmpB is located immediately 
downstream of the gene encoding RNase R (rnr). 

ABSTRACT: 

Ribonuclease R (RNase R) is an exoribonuclease that recognizes and degrades a wide range of 
RNA molecules. It is a stress-induced protein shown to be important for the establishment of 
virulence in several pathogenic bacteria. RNase R has also been implicated in the trans-translation 
process. Transfer-messenger RNA (tmRNA/SsrA RNA) and SmpB are the main effectors of trans-
translation, an RNA and protein quality control system that resolves challenges associated with 
stalled ribosomes on non-stop mRNAs. In this work we study the expression of RNase R in 
Streptococcus pneumoniae TIGR4 strain and analyze the interplay of this enzyme with the main 
components of the trans-translation machinery (SmpB and tmRNA/SsrA). We show that RNase 
R is induced after a 37°C to 15°C temperature downshift and that its levels are dependent on 
SmpB. On the other hand, our results revealed a strong accumulation of the smpB transcript 
in the absence of RNase R at 15°C. Transcriptional analysis of the S. pneumoniae rnr gene 
demonstrated that it is co-transcribed with the flanking genes, secG and smpB. Transcription of 
these genes is driven from a promoter upstream of secG and the transcript is processed to yield 
mature independent mRNAs. This genetic organization seems to be a common feature of Gram 
positive bacteria. In this study we discover an additional contribution of RNase R to the trans-
translation system by demonstrating that SmpB is regulated by this exoribonuclease. RNase R in 
turn, is shown to be under the control of SmpB. These proteins are therefore mutually dependent 
and cross-regulated. The data presented here shed light on the interactions between RNase R, 
trans-translation and cold-shock response in S. pneumoniae.

Keywords: RNA turnover, Post-transcriptional control, Quality control, Non-stop RNA decay. 
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2. Results

We wanted to study the RNase R expression, the 
only hydrolytic exoribonuclease described in S. 
pneumoniae [4], and its interplay with the trans-
translation.

2.1. RNase R levels are regulated by temperature 
and modulated by SmpB

We analyzed the effect of a temperature down-shift 
on the levels of RNase R by western-blotting and 
RT-PCR experiments. We found a 3-fold increase 
in the protein levels and a 6.5-fold increase of its 
rnr transcript 2h after a downshift from 37ºC to 
15ºC (Fig.º1). Therefore, RNase R expression is 
induced at 15ºC. The absence of SmpB protein 
also lead to a 2-fold increase of RNase R protein 
levels at 37ºC (Fig. º1), demonstrating that, as in 
E. coli, SmpB modulates the levels of RNase R.

Fig. 1: RNase R is induced under cold-shock and its levels 
are modulated by SmpB. 

2.2. rnr and smpB are co-transcribed

The rnr gene is located upstream and partially 
overlaps with smpB. RT-PCR experiments using 
different primer pairs and 5’-RACE technology 
revealed that both genes are co-transcribed together 
with the upstream gene secG. Transcription of these 
three genes is driven by the PsecG promoter and is 
induced by a down shift to 15ºC.

2.3. SmpB levels are modulated by RNase R

Analysis of the expression of tmRNA and SmpB 
in a rnr- strain revealed that RNase R modulates 
the levels of SmpB but not the levels of tmRNA. A 

marked accumulation of both smpB mRNA and 
SmpB protein was observed in the rnr- mutant (Fig. 
2). The increase of smpB mRNA is particularly 
elevated at 15ºC, where RNase R expression is 
higher, suggesting that RNase R is implicated in 
the control of smpB mRNA degradation.

Fig.2: RNase R regulates SmpB but not tmRNA levels

3. Conclusion

We show that the pneumococcal rnr gene is co-
transcribed with the flanking genes secG and 
smpB from a common promoter. We demonstrate 
that RNase R expression is induced under cold 
stress and that the enzyme levels are modulated 
by SmpB. We also found that SmpB is under the 
control of  RNase R. This finding uncovers an 
unsuspected additional connection of RNase R 
with the trans-translation machinery.
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1. Introduction

The psaBCA operon of S. pneumoniae encodes an 
ABC Mn2+-permease complex. Downstream of the 
operon is tpxD gene, which may be co-transcribed 
and encodes a thiol peroxidase. It was previously 
shown by us that the pneumococcal tpxD encodes 
a functional thiol peroxidase, and that TpxD plays 
a role in the precise control of H2O2 levels. This 
study reveals that TpxD is one of the components 
of the organism’s fundamental strategy to fine-tune 
cellular processes in response to H2O2. 

2. Methods

Wild type D39, its isogenic D39ΔtpxD-mutant 
and a D39ΔtpxD-complemented strain were used. 
TpxD levels were determined by real time RT-PCR 

and immunoblotting. Transcriptome analysis of 
H2O2-challenged D39 and D39ΔtpxD were done 
as described [1]. Detection of reversibly oxidized 
bacterial cysteine residues was done by using 
biotinylated iodoacetamide followed by Western 
blotting using a streptavidin-HRP-conjugate. 

3. Results

TpxD expression and synthesis in-vitro were 
significantly increased in cells grown under aerobic 
conditions compared to anaerobic conditions [2]. 
Challenging bacteria with H2O2 resulted in tpxD 
up-regulation [2], while psaBCA expression was 
oppositely affected (Fig. 1). However, challenging 
the ΔtpxD-mutant with H2O2 did not affect psaBCA, 
implying that TpxD is involved in the regulation of 
the psa operon. 

ABSTRACT: 

The psaBCA operon of S. pneumoniae encodes an ABC Mn2+-permease complex. Downstream 
of this operon is tpxD gene, which encodes a thiol peroxidase. In this study we show that TpxD 
transfers oxidative signals from peroxides to its target proteins, in addition to its role in removal 
of low levels of H2O2. Herein, we found that TpxD expression and synthesis were significantly 
increased following a challenge with H2O2, while psaBCA expression was oppositely affected. 
However, challenging a ΔtpxD-mutant with H2O2 did not affect the expression of psaBCA, 
implying that TpxD is putatively involved in the regulation of the psa operon. Transcriptome 
analysis of H2O2-challenged wild-type strain resulted in up-regulation of 43 genes and down-
regulation of 105 genes. Conversely, H2O2-challenge of the ΔtpxD-mutant had almost no effect. 
Our data suggest that S. pneumoniae TpxD serves as a sensor of H2O2, mediating bacterial 
responses at the transcriptional level.

Keywords: Streptococcus pneumoniae, TpxD, psa operon, hydrogen peroxide homeostasis, 
transcriptome analysis.
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Transcriptome analysis of H2O2-challenged D39 
resulted in up-regulation of 43 genes and down-
regulation of 105 genes. Conversely, challenge of 
D39ΔtpxD-mutant had no broad effect on the 
transcriptome (Table 1). The level of reversibly 

oxidized cysteine residues in protein extracts of 
H2O2-challenged D39 was higher compared to 
untreated bacteria, while in D39-ΔtpxD there was 
almost no effect. 

Fig. 1: Co-regulation of psaBCA and tpxD in-vitro.

Table 1: Number of genes significantly affected in D39 and D39ΔtpxD-mutant by H2O2 

Functional Categories Strains

D39 
1mM H2O2 vs 0

D39 –ΔtpxD-mutant
1 mM H2O2 vs 0

Up Down Total Up Down Total

Energy production and conversion 3 4 7 0 0 0
Amino acid transport and metabolism 1 12 13 1 0 1
Nucleotide transport and metabolism 2 8 10 0 0 0
Carbohydrate transport and metabolism 4 11 15 1 0 1
Coenzyme transport and metabolism 2 1 3 1 2 3
Lipid transport and metabolism 1 6 7 0 0 0
Translation, ribosomal structure and biogenesis 1 11 12 0 0 0
Transcription 5 12 17 0 0 0
Posttranslational modification, protein turnover, 
chaperones 6 1 7 1 0 1

Inorganic ion transport and metabolism 5 6 11 1 0 1
General function prediction only 8 6 14 0 1 1
Function unknown 5 18 23 1 0 1
Defense mechanisms 0 4 4 0 0 0

Others 0 5 5 0 0 0
Total number of genes 43 105 148 6 3 9
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4. Conclusion

Our data suggest that S. pneumoniae TpxD 
exhibits two functions associated with H2O2 
reduction: (i) It transmits oxidative signals to 
upstream effectors, such as transcription factors 
and signaling and regulatory molecules, and (ii) It 
provides antioxidant defense by direct reduction 
of H2O2 . 
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Rapid intramembrane proteolysis prevents 
accumulation of toxic levels of the 
fratricide-immunity protein ComM
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ABSTRACT: 

During the competent state Streptococcus pneumoniae produces a peptidoglycan hydrolase, 
CbpD, which kills and lyses non-competent pneumococci. Studies have shown that CbpD is 
essential for efficient transfer of genomic DNA from non-competent to competent pneumococci 
in liquid cultures and biofilms. Consequently, it has been proposed that CbpD together with 
the cognate immunity protein ComM constitute a DNA-acquisition mechanism that enables 
competent pneumococci to capture homologous DNA from susceptible streptococci sharing the 
same habitat. The mechanism was termed fratricide as the target range of CbpD is limited to 
members of the species S. pneumoniae and closely related species within the mitis phylogenetic 
group. The exact mechanism by which ComM protects competent pneumococci against the lethal 
effect of CbpD is not known. However, as it is an integral membrane protein, it is unlikely to be in 
direct contact with CbpD. It is therefore reasonable to assume that ComM blocks the activity of 
CbpD indirectly. Since ComM is expressed transiently during competence we wondered whether 
constitutive expression of ComM would be toxic to the pneumococcal cell. To investigate this, we 
constructed a mutant in which ComM was expressed constitutively from a promoter termed P1. 
The resulting strain had a tendency to form short chains, but did not have other visible phenotypes 
or growth defects. However, when the more powerful ComX promoter controlled by the ComRS 
system from Streptococcus thermophilus was used to overproduce ComM, the morphology of the 
pneumococcal cells became grossly abnormal. These observations made us suspect that ComM 
is subjected to rapid turnover in the membrane. This was confirmed by subsequent studies which 
showed that the level of ComM is regulated by intramembrane proteolysis. These results show 
that: (1) accumulation of ComM is harmful to the cell, and (2) ComM protects against autolysis 
by transiently counteracting the lethal effect of CbpD. Studies are in progress to further elucidate 
these matters.
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pneumoniae clones selected in vivo by the 
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1. Introduction

The 7-valent pneumococcal conjugate vaccine 
(PCV7) selects for non-PCV7 serotypes associated 
with specific genetic backgrounds. Such strains 
have spread worldwide in the post-PCV7 era. Here 
we studied three major drug resistant non-PCV7 
clones selected in vivo in PCV7-immunized children 
in Portugal to uncover traits responsible for their 
success in nature. 

2. Methods

The three most common drug-resistant clones 
exhibiting non-PCV7 serotypes were selected 
from a previous epidemiological study [1] and 
were characterized for antibiotype, multilocus 
sequence typing, and PFGE profile. CD1 mice were 
intra-nasally challenged in the colonization and 
pneumonia models, while intraperitoneal challenge 

was used in the septicemia model. Genomes of the 
non-PCV7 strains were sequenced and compared 
by phylogenetic analysis to the genomes of 56 
fully sequenced S. pneumoniae strains as described 
previously [2].

3. Results

Using a murine colonization model, we showed 
that clones 6A-ST2191, 15A-ST63 and 19A-ST276 
colonize efficiently the nasopharyngeal mucosal 
surface for at least 21 days. During this period, 
the three clones asymptomatically invaded and 
established populations in the olfactory bulbs, 
brain, lungs and the middle ear mucosa, potentially 
allowing re-colonization of the nasopharyngeal 
surface and thus long-term carriage. The inability 
to cause disease in either the septicemia or the 
pneumonia models suggests that these non-PCV7 
clones are specialized in colonizing the host.

ABSTRACT: 

We used mouse models to determine the virulence potential of three drug-resistant non-PCV7 
clones (serotypes 6A, 15A and 19A) isolated from the nasopharynx of healthy vaccinated children 
in Portugal. Each clone was highly competent in host colonization but caused no mortality in 
either the septicemia or pneumonia models. Genome sequencing and phylogenetic analysis suggest 
that the 15A clone differs from the fully sequenced strain G54 (serotype 19F) only in a small 
number of loci, including the capsular region.

Keywords: S. pneumoniae, colonization, PCV7, non-PCV7 clones, capsular switch, drug resistance. 
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Whole genome sequencing followed by 
phylogenetic analysis indicates a close similarity 
between the NVT clone 15A and the penicillin 
resistant 19F strain G54. The NVT clone 19A 
branches off  the phylogenetic tree close to the 
PMEN1 clone (see strains SV35, SV36). The 
closest neighbor of  NVT clone 6A was the 
penicillin resistant Hungarian clone 19A (Fig 1). 

Fig. 1: Phylogenetic analysis based on whole genome 
sequencing of the three non-PCV7 clones (6A, 15A 
and 19A).

In contrast to the non-invasive nature of the NVT 
clones, capsular type 3 transformants of the NVT 
clones 6A and 19A – produced in the laboratory – 
caused lethal infection in mice. Additionally, these 
transformants presented different colonization 
potential in mice. Each of the three NVT clones 
were resistant to multiple antibiotics suggesting 
that they have experienced the selective pressure 
of antibiotic use – in the pre PCV7 era – while 
they were still minority representatives of  the 
nasopharyngeal flora of children attending day 
care in Portugal. 

4. Conclusion

Taken together, results from epidemiological 
and animal model studies suggest that the 
nature of  capsular type is the major factor 
determining pneumococcal disease and the genetic 
backgrounds of  the NVT strains appear to be 
optimized for colonizing ability. 
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1. Introduction

PCV7 was used in Portugal between 2001 and 
2009. Although children were the only target for 
this vaccine, a decline in vaccine serotypes was 
also noted in non-vaccinated groups [1]. With 
the emergence of  non-PCV7 serotypes a need 
to increase its valency became evident. PCV13 
replaced PCV7 in 2010 and in 2012 it became 
available also for adults aged ≥50 yrs. In a previous 
study we showed that the potential coverage of 
this vaccine in 2008 in adult IPD was 70% [2]. 
In the present study we aimed at evaluating the 
proportion of  vaccine preventable adult IPD 
between 2009 and 2011.

2. Methods

We analyzed 1265 isolates recovered from adult 
(≥18 yrs) IPD between 2009 and 2011 and 
compared the results with the available data from 

the period 1999-2008 [1, 2]. Fisher exact test was 
used to compare proportions and p < 0.05 was 
considered significant.

3. Results

Among the 50 serotypes detected, serotypes 3 
(12%), 7F (10%), 19A (9%), 14 (8%), 1 (7%) and 8 
(6%) accounted for the majority of the infections. 
While PCV7 coverage remained stable comparing 
with 2006-2008 (18% vs 19%), PCV13 coverage 
declined significantly (68% vs 59%). This change 
in the proportion of PCV13 serotypes was mainly 
driven by a decrease in prevalence of serotypes 1 
and 5, from 13.5% and 2.9% in 2008 to 4.1% and 
0% in 2011, respectively. Although the coverage 
of PPV23 decreased between these two periods 
(84% vs 80%), the proportion of adult IPD caused 
by the additional serotypes found in this vaccine 
relative to PCV13 significantly increased from 
18% to 22%. This change was mainly caused by an 

ABSTRACT: 

We determined the serotype and antimicrobial susceptibility of 1265 isolates recovered from 
adult invasive pneumococcal disease (IPD) between 2009 and 2011 in Portugal. Comparing with 
previous data from 2006-2008, we showed that the 13-valent conjugate vaccine (PCV13) coverage 
significantly declined from 68% to 59%, mainly due to a reduction in the proportion of serotypes 
1 and 5, while the 7-valent conjugate vaccine (PCV7) coverage remained constant (19%). Penicillin 
non-susceptible pneumococci (PNSP) and erythromycin resistant pneumococci (ERP) continued 
to rise in prevalence reaching 21% and 19%, respectively. Although PCV13 coverage has declined, 
the majority of resistant isolates still expressed serotypes included in this vaccine.

Keywords: Streptococcus pneumoniae, IPD, adults, PCV13, PPV23, serotype distribution, 
antimicrobial resistance.
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increase in the prevalence of serotype 8 from 3.7% 
in 2008 to 8% in 2011. Serotypes 1 and 8 were 
associated with IPD in younger adults (18-49 yrs), 
while serotypes 3 and 19A were associated with 
IPD in older adults (≥65yrs). PNSP (21%) and 
ERP (19%) continued to increase in prevalence. 
While for PNSP this increase can be noted since 
the early post-PCV7 period (2004-2005), for 
ERP it can be noted since the pre-PCV7 period 
(1999-2003). Together, serotypes 14 and 19A 
dominated penicillin non-susceptibility (59%) 
and erythromycin resistance (53%). PCV7 and 
PCV13 serotypes accounted for 47% and 77% of 
PNSP, respectively; and 37% and 71% of ERP, 
respectively.

4. Conclusion

Although PCV13 coverage decreased in the study 
period possibly due to herd protection, more than 
50% of the IPD remained vaccine preventable. 
The use of  PCV13 in adults may help reduce 
the burden of disease caused by these serotypes 
including most IPD caused by resistant isolates.

References

[1]  Sandra I. AGUIAR, Isa SERRANO, Francisco 
R. PINTO, José MELO-CRISTINO and 
Mário RAMIREZ on behalf of the Portuguese 
Surveillance Group for the Study of Respiratory 
Pathogens, Changes in Streptococcus pneumoniae 
serotypes causing invasive disease with non-
universal vaccination coverage of the seven-valent 
conjugate vaccine, Clin Microbiol Infect, 14, 835-
843, 2008.

[2]  Andreia HORÁCIO, Jorge DIAMANTINO-
MIRANDA, Sandra I. AGUIAR, Mário 
RAMIREZ, José MELO-CRISTINO, the 
Portuguese Group for the Study of Pneumococcal 
Infections, Serotype changes in adult invasive 
pneumococcal infections in Portugal did not reduce 
the high fraction of potentially vaccine preventable 
infections, Vaccine, 30, 218-224, 2011. 



XI European Meeting on the Molecular Biology of the Pneumococcus (EuroPneumo 2013)

Madrid, 28–31 May, 2013Madrid, 28–31 May, 2013

XI European Meeting on the Molecular Biology of the Pneumococcus (EuroPneumo 2013)

125124

Controlled human infection and re-challenge with 
Streptococcus pneumoniae reveals the protective 

efficacy of carriage in healthy adults
Daniela M. FERREIRA (1), Daniel R. NEILL (2), Mathieu BANGERT (1,2), Jenna F. GRITZFELD (1), 

Nicola GREEN (3), Adam K.A. WRIGHT (1,4), Shaun H. PENNINGTON (1), Laura BRICIO MORENO (2), 
Adriana T. MORENO (5), Eliane N. MIYAJI (5), Angela D WRIGHT (1,4), Andrea M. COLLINS (1),  

David GOLDBLATT (3), Aras KADIOGLU (2) and Stephen B. GORDON (1)

1. Respiratory Infection Group, Liverpool School of Tropical Medicine, Liverpool, UK.
2. Institute of Infection and Global Health, University of Liverpool, Liverpool, UK.
3. Institute of Child Health, University College London, London, UK.
4. NIHR Royal Liverpool and Broadgreen University Hospitals NHS Trust, Liverpool, UK .
5. Instituto Butantan, Sao Paulo, Brazil.

Contact name: Daniela M. Ferreira (d.ferreira@liverpool.ac.uk)

1. Introduction

The immunological and protective role of 
pneumococcal carriage in healthy adults is 
not known but high rates of disease and death 
in elderly are associated with low carriage 
prevalence. We employed an experimental human 
pneumococcal carriage model to investigate the 
immunizing effect of a single carriage episode. 

2. Methods

Seventy healthy adults were challenged and 
of  those with carriage 10 were re-challenged 
intranasally with live 6B Streptococcus 
pneumoniae up to 11 months after clearance 
of first carriage episode. Serum and nasal wash 
antibody response were measured before and after 
each challenge.

3. Results

29 subjects were experimentally colonized. No 
subjects were colonized by experimental re-
challenge with homologous strain demonstrating 
the protective effect of  initial carriage against 
subsequent infection. Carriage increased 
serum IgG levels to pneumococcal proteins 
and polysaccharide (Fig 1), resulting in a 
fourfold increase in opsonophagocytic activity. 
Importantly, passive transfer of post-carriage sera 
from colonized subjects conferred 70% protection 
against lethal challenge by a heterologous strain 
in a murine model of  invasive pneumococcal 
pneumonia. These levels were significantly higher 
than the protection conferred by either pre-
carriage sera (30%) or saline (10%) (Fig 2).

 

ABSTRACT: 

As pneumococcal disease is the most common cause of infectious death world wide and carriage 
critical in this process, we studied the immunizing effect of a single experimental carriage episode 
and its role in sustaining protective immunity in healthy adults. Our central hypothesis was that 
carriage would boost the pre-existing anti-pneumococcal antibody responses and these altered 
responses would be protective against re-acquisition of carriage and disease. 

Keywords: carriage, re-challenge, immune response, protection 
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Fig. 1: Increased humoral responses induced by carriage. 
A) IgG levels to 6B capsular polysaccharide (PS) for 
each of the 10 subjects at pre-challenge (white bars), 
post-challenge (grey bars) and pre- re-challenge (black 
bars) time-points. (C) Total anti-pneumococcal protein 
IgG levels for each subject were summed and expressed as 
total anti-protein IgG at each time-point. Geometric mean 
and 95% CI of all 10 subjects are given for IgG levels (B) 
to PS and (D) to proteins.

 

Fig. 2: Passive transfer of  post-carriage sera to mice 
confers significant protection against invasive disease. 
Mice were given intra-peritoneal administration of 1:100 
diluted pooled sera obtained from 6 subjects pre- or post-
carriage with 6B strain. (A) Survival of mice (indicated 
as percentage on Y-axis) following intranasal challenge. 
(B) CFU per ml blood at 24 hours post-infection. * 
represents statistical significance using one-way ANOVA 
and Bonferroni post test, * p<0.05 and *** p<0.001.

4. Conclusion

Experimental human carriage resulted in mucosal 
and systemic immunological responses that 
conferred protection against re-colonization and 
invasive pneumococcal disease. We postulate 
that carriage is the mechanism by which 
immunocompetent adults maintain elevated 
antibody function and therefore protection against 
pneumococcal disease. The failure of carriage in 
the elderly may be an important contributor to 
their relative immunodeficiency.

5. Future Work

The re-challenge of  previously colonized 
volunteers with a hetelogous strain will investigate 
whether protection conferred by carriage is 
serotype-independent. 
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1. Introduction

PLY is a cholesterol-dependent cytolysin largely 
conserved within Streptococcus pneumoniae, 
making it ideal for inclusion in a broad spectrum 
vaccine. PLY is not only a protective immunogen 
but also has potent adjuvant properties [2]. The 
cytolytic activity of  PLY prevents its inclusion 
in a human vaccine; a non-lytic deletion mutant 
Δ6PLY was created for this purpose which retains 
adjuvanticity, albeit slightly reduced. The aim of 
this study was to understand the mechanism(s) of 
adjuvant activity of PLY to facilitate its progress 
towards use as a human pneumococcal vaccine; 
particularly, to investigate the role(s) of  pore 
formation and complement activation by PLY. 

2. Methods

In this study full length lytic PLY, non-lytic and 
non-complement activating derivatives and were 
studied. BMDM were generated from MF1 mice 
and from transgenic C3-/- and NLRP3-/- mice. 
BMDM were treated with 1μg/ml of  PLY or 
equimolar concentrations of PLY derivatives for 
6hrs. These assays were performed in the presence 

or absence of complement sufficient mouse sera. 
Culture supernatants were tested for expression of 
IL-1β, IL-6 and KC by ELISA. C3-/-, NLRP3-
/- and genetic background control mice were 
immunized with pneumolysin or derivates fused 
to our model antigen eGFP using a previously 
published protocol [2]. Antibody responses were 
measured by ELISA.

3. Results and Conclusions

Our in vitro model has shown that complement 
activation by PLY has significant effects on 
cytokine production in BMDM compared to 
cells treated with PLY alone. We have also found 
that complement C3 has a central role in adaptive 
immune responses to PLY fusion vaccines. We have 
further elucidated the role of NLRP3 activation 
in the response to immunization; our results may 
explain why the magnitude of response to Δ6PLY 
based vaccines is reduced compared to those with 
lytic PLY.

ABSTRACT: 

The ability of pneumolysin (PLY) to activate complement has been known for some 30 years [1]. 
Although the proinflammatory effects of pneumolysin have been studied extensively, the effects 
of simultaneous complement activation have not been researched. Using both an in vitro model 
of bone marrow derived macrophages (BMDM) treated with PLY and an in vivo immunization 
model using targeted gene knock out animals we have found that complement activation plays a 
central role in the adjuvanticity of PLY. 

Keywords: Pneumolysin, complement, adjuvant, immunization, vaccine, Streptococcus pneumoniae.
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1. Introduction

The clinical severity of  adult bacteremic 
pneumococcal pneumonia varies extensively. 
In the bloodstream, pneumococci are mantled 
by a polysaccharide capsule that facilitates their 
immune evasion. In this study, we investigated 
whether the clinical severity of adult bacteremic 
pneumococcal pneumonia is associated with the 
capsular serotype of the pathogen. 

2. Methods

Adults hospitalized with a bacteremic 
pneumococcal pneumonia between 2001 and 
June 2011 at two Dutch secondary care facilities 
were retrospectively included in the study. Detailed 
clinical data on Pneumonia Severity Index 
(PSI) score, admission duration and in hospital 
mortality were obtained to estimate severity and 
outcome of disease. Pneumococcal serotypes were 
determined by multiplex PCR analysis of the cps 
locus and Quellung reaction.

3. Results

Three hundred and forty-three adult bacteremic 
pneumococcal pneumonia patients were included 
in the study. All PSI severity classes were 
represented in this cohort. Thirty-one different 
pneumococcal serotypes were detected. The most 
prevalent serotypes were serotype 8 (12.8%), 
14 (11.1%), 1 (10.2%) and 7F (9.9%). Patients 

infected by either serotype 1 or serotype 7F had 
a relatively low PSI score (mean score 77.4 and 
80.7 respectively), compared with the remainder 
of the cohort (FDR corrected p-values < 0.001 
and 0.006, respectively) and low mortality rates. 
Patients infected by relatively common serotypes 
(8, 14, 1, 7F, 3, 4 and 9V) had a lower PSI score 
(p < 0.001), admission duration (p = 0.029) and 
mortality rate compared with less prevalent 
serotypes. The proportion of adults infected by 
PCV-7 serotypes decreased after the introduction 
of  pediatric PCV-7 vaccination (from 42.9% 
to 30.1%, p = 0.0157). Prior to the PCV-7 
introduction, the PSI score and mortality rate in 
patients infected by PCV-7 serotypes was higher 
compared with patients infected by non PCV-
7 types (p = 0.039 and p = 0.008, respectively), 
whereas these differences disappeared after its 
introduction.

4. Conclusion

The clinical severity of  adult bacteremic 
pneumococcal pneumonias varies among 
infecting serotypes. The relatively common 
serotypes 8, 14, 1, 7F, 3, 4 and 9V are associated 
with lower morbidity and mortality compared 
to the less prevalent serotypes. Shifts in disease 
severity occurred subsequent to pneumococcal 
vaccination. Besides the capsular contribution 
to disease severity, the importance of additional 
pneumococcal genes will be investigated by 
comparative whole genome sequencing.
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1. Introduction

S. pneumoniae (the pneumococcus) is a leading 
cause of  paediatric mortality worldwide. 
Nasopharyngeal carriage is a prerequisite for 
pneumococcal disease. Understanding serotype 
replacement in disease is dependent on a more 
complete understanding of  replacement in 
carriage and its mechanisms including multiple 
serotype carriage (MSC). Currently, there is no 
standard laboratory method to detect MSC. The 
PneuCarriage Project is a large, international 
collaboration that aims to determine the optimum 
method(s) for pneumococcal serotyping, including 
the ability to detect MSC.

2. Methods

In the first phase of  the project, 15 methods 

groups used 20 different methods to serotype a 
set of 81 laboratory prepared (‘spiked’) samples. 
Based upon spiked sample results, five methods 
were selected for testing 260 nasopharyngeal 
swabs collected from children in six countries 
(‘field’ samples). Samples were also thoroughly 
characterised by traditional serotyping (Quellung/
latex agglutination) of  >100 colonies by the 
project laboratory. 

3. Results

3.1. Spiked samples

Sensitivity and positive predictive value (PPV) 
ranged from 0.5-99% and 8-100% respectively. 
We found 1) significant variation of sensitivity 
and PPV within technology types, 2) that culture 
amplification generally enhanced sensitivity of 

ABSTRACT: 

The PneuCarriage project aimed to find the optimum pneumococcal serotyping method, including 
the ability to detect multiple serotype carriage. We compared 20 methods with 81 laboratory-
prepared samples, and five methods with 260 nasopharyngeal samples. Preliminary analysis of 
the nasopharyngeal sample data found that all five methods had sentisitivty of >79% and positive 
predictive value of ≥84%. The microarray displayed the best performance, with 96% sensitivity 
and 92% PPV.

Keywords: Streptococcus pneumoniae, serotyping, nasopharyngeal carriage
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detection without introducing false positives, 3) 
that many methods had ‘problem serotypes’ and 
4) both the numbers of serotypes and the bacterial 
load were important determinants of sensitivity 
and PPV. 

Seven methods had ≥70% sensitivity to detect 
minor serotypes and a PPV ≥90%. Of these, five 
methods were selected for the field sample testing: 
microarray [1], real-time PCR [2] with detection 
from the sample (direct) or following broth 
culture-amplification (culture), latex sweep [1] and 
mPCR/RFLP [3].

3.2. Field samples

Preliminary analysis of field sample testing found 
that results were similar to spiked sample testing: 
all methods had sensitivity ≥79% and PPV ≥90%, 
except the real-time PCR (culture) method which 
had a PPV of 84%. The microarray displayed the 
best scientific performance, with 96% sensitivity 
and 92% PPV.

105 discrepant results are being resolved by 
conducting blinded Quellung reactions (Janet 
Strachan, Microbiological Diagnostic Unit, 
Australia) or single-plex quantitative real-time 
PCR (Jorge Vidal and Keith Klugman, Emory 
University, US).

4. Conclusion

Overall, these data demonstrate the importance 
of rigorous evaluations of serotyping methods, 
and can now be used to support carriage studies 
evaluating vaccines or investigating vaccine 
impact.
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1. Introduction

Analysis of serotype 1 strains using microarrays 
showed genetic variation with defined regions 
of difference between isolates [1]. We therefore 
decided to look more closely at the detail of 
these genetic differences using whole genome 
sequencing. Serotype 1 strains spanning the 
geographically distinct lineages described by 
Brueggemann and Spratt [2] were chosen for 
further investigation.

2. Virulence and Genomics

Four serotype 1 strains were chosen to reflect 
the three different lineages of serotype 1 strains, 
A, B and C, and the different geographical areas 
of  isolation. Two strains representing lineage 
A, one expressing the fully haemolytic form of 
pneumolysin toxin and the second producing 

the non-haemolytic variant of  MLST type 
ST306 already described [3]. A further two 
strains representing lineages B and C were also 
included. These four strains of S. pneumoniae were 
compared in silico, in vitro and in vivo. 

2.1. In vivo Virulence

When these four strains were tested in vivo using 
a mouse model of  infection they exhibited 
different pathogenicity profiles. The behaviour 
of  these strains in the model of  pneumonia 
and septicaemia was shown to differ markedly. 
Statistically significant differences in virulence 
were observed when measured by survival time of 
the animal and bacterial load in blood or other 
organs. The pathogenesis of  the disease in the 
mouse also differed between pneumococcal strains 
according to route of  inoculation (respiratory 
versus systemic infection). 

ABSTRACT: 

Streptococcus pneumoniae is known to be highly genetically variable even within serotypes. We 
have focussed on serotype 1 pneumococci which can be classified into three major lineages (A, B 
and C) based on multi-locus sequence typing. Testing of representative strains from each lineage 
in infection models showed that strains from lineage A are avirulent whereas those from lineages 
B and C are highly virulent. Genome sequencing of these clinical isolates has been performed to 
assess the genetic basis for this difference. Analysis of the genome sequences in combination with 
gene expression studies and in vitro assays has revealed possible causes for the large difference in 
virulence of these strains. 

Keywords: Virulence, Pneumolysin, Genomics, Pathogenesis.
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The clinical symptoms and survival times also 
differed between strains even when the levels of 
bacteraemia were comparable.

2.2. Contribution of Pneumolysin to Virulence

The strains were tested by haemolytic assays and 
Western blotting to determine the quantity and 
haemolytic activity of the pneumolysin produced. 
The expression and activity of  the toxin was 
compared with the predictions from the genome 
sequences. The strains could accordingly be 
classified into three groups i) producing fully active 
pneumolysin, ii) producing a full length but non-
haemolytic version of the toxin, and iii) producing 
no toxin despite the presence of  a genetically 
intact pneumolysin gene. The expression of 
haemolytically active toxin did not correlate with 
virulence as demonstrated by a highly virulent 
strain expressing no pneumolysin. 

2.3. Genomics and Genetics of  Serotype 1 
Pneumococci

Analysis of the four genome sequences identified 
several variable regions of the genome that could 
be associated with the observed differences 
in virulence in the murine model. In order 
to investigate these differences further gene 
replacement experiments were designed. However, 
serotype 1 strains are notoriously difficult to 
transform. We therefore used the genome sequence 
data and an adapted transformation protocol to 
enable construction of isogenic mutants. 

3. Conclusion

Different clinical isolates of  Serotype 1 
S.pneumoniae exhibit different virulence and 
pathogenesis profiles in a murine model of 
pneumococcal disease. The capacity of serotype 
1 pneumococci to survive within the murine host 
is not the definitive factor in causing mortality, 
as survival in some animals, with minimal or no 
symptoms, occurred despite very high bacterial 
counts in the blood. Presence or absence of  a 
haemolytic version of  the toxin pneumolysin 
is also insufficient to explain these observable 
differences in virulence. Further investigation of 

the genomic differences between these strains, 
and construction of isogenic mutants, is enabling 
further dissection of the pathogenesis of serotype 
1 pneumococcal disease. 
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1. Introduction

Streptococcus pneumoniae colonizes the human 
nasopharynx, but can also cause serious disease. 
Transmission of  S. pneumoniae is generally 
believed to occur directly via respiratory droplets. 
However, it was recently shown that S. pneumoniae 
is able to survive up to 4 weeks under desiccation 
conditions while remaining infectious [1]. Little is 
known about the pneumococcal proteins needed 
to survive desiccation. Previously, we identified an 
operon consisting of ccdA, tlpA and msrAB (ctm), 
that plays a significant role in the survival of H2O2 
stress in vitro. Furthermore, our analysis indicated 
that in a pneumonia mouse model it plays a role 
during the later stages of disease development [2]. 
As desiccation is known to increase the amounts 
of  reactive oxygen specious (ROS),to further 
dissect the role of hydrogen peroxide survival in 
the pneumococcal lifecycle we investigated the 
role of this operon in other important stages of 
the pneumococcal lifestyle such as desiccation 
stress, which may be important for transmission 
and biofilm formation, an important aspect of 
colonization.

2. Results

Subsequent analyses indicate that the operon also 
play a role in the survival of  reactive nitrogen 
species. Deletion of  the operon reduced the 
desiccation tolerance of the bacterial cells at least 
7 fold. Moreover, deletion of the operon had a 
significant impact on biofilm formation. In case 
of desiccation survival, we also identified another 
oxidative stress component that plays a significant 
role.

3. Conclusion

In summary, our results show that in S. 
pneumoniae desiccation tolerance and oxidative 
stress resistance are intimately connected. 
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1. Introduction

The homologous SBPs AdcA and AdcAII have 
been reported to mediate the import of  zinc 
into the pneumococcus in a redundant fashion 
[1]. However, a biochemical characterization of 
AdcA has not been reported. Furthermore, some 
observations have pointed to AdcAII working in 
concert with the Pht proteins, a family of surface-
localized molecules that are required for virulence 
[2,3]. These proteins have attracted a significant 
amount of attention as potential vaccine candidates 
but their function(s) are poorly characterized. 

2. Results

Sequence analysis of  AdcA revealed that it 
contains a histidine rich loop near its metal 
binding site and a domain at its C-terminus 
that is homologous to ZinT, a protein found in 
many Gram-negative bacteria that is thought 
to contribute to the acquisition of zinc. Neither 
of these features are present in AdcA. We also 
present a homology model of AdcA based on the 
structures of ZnuA and ZinT.

Purified AdcA was found to be thermally 

ABSTRACT: 

Acquisition of transition row metal ions is critical for the virulence of the pneumococcus. It has 
previously been reported that the import of zinc relies upon the ABC transporter substrate-binding 
proteins (SBPs) AdcA and AdcAII, and that these proteins act in a redundant fashion. Here we 
present sequence and structural analyses indicating that there are two major differences between 
the SBPs: AdcA contains a histidine rich loop and a domain at its C terminus that are not present 
in AdcAII. We hypothesized that these features could give rise to differences in zinc-binding 
properties and mechanisms of zinc acquisition of the two proteins. Crucially, we demonstrate that 
the polyhistidine triad (Pht) proteins are vital for the acquisition of zinc by AdcAII, but not for 
that of AdcA. This was supported by in vitro analyses of the metal binding properties of AdcA and 
Pht proteins, growth curve measurements, and the use of animal models of disease comparing the 
virulence of mutant strains lacking adcA, adcAII, phtABDE and combinations thereof. This work 
therefore increases our understanding of the molecular mechanisms by which the pneumococcus 
obtains zinc, and also provides the first clear evidence that the Pht proteins are involved in metal 
ion homeostasis in vivo.

Keywords: metal ion homeostasis, zinc, ABC transporter, polyhistidine triad protein, virulence, 
cell surface. 
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stabilized by zinc and to have a high affinity for the 
metal ion, with an EC50 of 35 nM. Consistent with 
the analysis above indicating that it contains more 
than one zinc-binding site, the protein was found 
to be able to bind 1.7 mol Zn(II)/mol protein.

Further experiments revealed that, whilst there 
were only minor differences between the in 
vitro growth phenotype and in vivo virulence of 
ΔadcA and ΔadcAII mutant strains, there were 
sizeable and significant differences between 
ΔphtABDEΔadcA and ΔphtABDEΔadcAII mutant 
strains.

3. Conclusions

The work presented here indicates that there are 
structural differences between AdcA and AdcAII 
that result in them having different zinc binding 
properties, and that they do not act in an entirely 
redundant fashion. The data are consistent with 
a model in which the Pht proteins are critical for 
the acquisition of zinc via AdcAII but not of that 
via AdcA. This work has therefore significantly 
improved our understanding of the mechanism of 
zinc acquisition by the pneumococcus, as well as 
of the function of an important family of vaccine 
candidate proteins.
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1. Introduction

In recent times, tyrosine phosphorylation has 
garnered much attention due to the role it plays in 
virulence and basic cell physiology. A recent study 
investigating the pneumococcal phosphoproteome 
identified a number of tyrosine phosphorylated 
proteins [1]. One was the autolysin LytA, a 
virulence factor of this major human pathogen. 
Our work has long concentrated on the regulation 
of  capsular polysaccharide biosynthesis in the 
pathogen. This is controlled by the only identified 
tyrosine kinase and phosphatase in the bacteria 
to date, CpsD and CpsB respectively [2]. Thus, 
we were interested as to the effect of  tyrosine 
phosphorylation on LytA function, and as 
to whether CpsB and CpsD played a role in 
regulating its phosphorylation. 

2. Methods and Results

Using in vitro methods, we showed that purified 
CpsB can de-phosphorylate LytA, while we 
were able to purify a more phsophorylated form 
by overexpressing CpsD with LytA in E. coli, 
with this only occurring on Y264. Incubation 

of  purified LytA with DEAE sepharose or S. 
pneumoniae, showed that the phosphorylated form 
bound more strongly. These results suggested that 
the phosphorylation affects the ability of LytA to 
bind phosphorylcholine. Furthermore, purified 
LytA Y264F appeared to not form higher order 
oligomers to the same degree as the wildtype as 
seen on non-denaturing PAGE. Finally, mutation 
Y264F resulted in a strain which had delayed 
autolysis, suggesting phosphorylation affected 
LytA activity in vivo.

3. Conclusion

We have shown the first example of a functional 
effect of  tyrosine phosphorylation outside the 
capsule locus in S. pneumoniae on the virulence 
factor LytA.
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ABSTRACT: 

While long recognized as an essential form of post-translational modification in eukaroytes, only 
in recent times has tyrosine phosphorylation been recognized as a regulator of bacterial physiology 
and virulence. This study shows an unusual connection between the capsule regulatory proteins 
of S. pneumoniae (CpsB, CpsC & CpsD) with the cells major autolysin, LytA. We show that 
pneumococcal tyrosine kinase, CpsD, and the protein tyrosine phosphatase, CpsB, act on this 
amidase in vitro, phosphorylating and dephosphorylating LytA on Y264. We illustrate that this 
phosphorylation within the choline binding domain affects the ability of LytA to bind to choline 
analogues as well as S. pneumoniae. Furthermore, we show that mutation of Y264 affects the 
ability of LytA to form higher order oligomers. Furthermore, phospho-ablative mutation on the 
chromosome (Y264F) prolongs time before autolysis of the culture. 
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1. Introduction

The efficient uptake and metabolism of sugars 
have a major influence on microbial virulence 
[1]. Streptococcus pneumoniae generates its 
energy exclusively through the fermentative 
breakdown of sugars. Breakdown of sugars by 
the classical Embden-Meyerhof pathway results 
in generation of  pyruvate, NADH, and a net 
gain of two ATP per mole of substrate. In the 
Streptococcaceae, pyruvate is further processed by 
a number of competing enzymes, namely lactate 
dehydrogenase(s) (LDH), pyruvate-formate 
lyase (PFL), pyruvate dehydrogenase complex 
(PDH), and pyruvate oxidase (POX). LDH is a 
key enzyme in homolactic fermentation, which 
catalyses the reduction of pyruvate to lactate with 
the concomitant oxidation of NADH [1]. Unlike 
other streptococci, the sequenced pneumococcal 
strains have a single ldh copy. We created a ldh-
deficient (SPD_1078) S. pneumoniae on the strain 
D39 background to study LDH’s importance in 
pneumococcal metabolism and virulence.

2. Methods

In vitro mariner transposition was used for mutant 
construction [1, 2]. Sugar and end-product analysis 
were done by HPLC and 1H-NMR [1]. Infection 
studies were done as previously described [1, 2]. 

3. Results

The results showed that the mutant strain could 
grow as well as the wild type on glucose regardless 
of  oxygen. However, on galactose the LDH 
mutant exhibited a lower growth rate than D39 
under anaerobic condition, while in air the growth 
rates of both strains were similar. Sugar and end-
product analysis by HPLC and 1H-NMR showed 
a homolactic fermentation profile with the wild 
type strain grown on glucose, while the mutant 
exhibited a mixed-acid fermentation profile under 
both anaerobic and aerobic conditions, with the 
total absence of lactate. Moreover, the mutant 
produced considerable amounts of pyruvate (10-
15 mM). On galactose, in aerobic and anaerobic 
conditions both strains generated a mixed acid 
profile, with the absence of lactate in the mutant 

ABSTRACT: 

Streptococcus pneumoniae maintains a fermentative metabolism. One of the key enzymes of 
the fermentative metabolism is lactate dehydrogenase. Using an isogenic ldh mutant, we studied 
LDH’s role in pneumococcal virulence and metabolism. The results showed that in the absence of 
LDH, the pneumococcus is attenuated in growth on galactose in anaerobic condition. The mutant 
displayed mixed acid fermentation on glucose regardless of oxygen. On galactose, the mutant had 
mixed acid fermentation anaerobically but aerobically it produced large quantities of pyruvate. 
The intracellular metabolite composition of the mutant was markedly different than the wild type. 
Moreover, the mutant was found to be attenuated in mouse model of pneumococcal infection both 
after intranasal and intravenous infection.
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culture supernates. The analysis of  glucose 
metabolism in the wild type and the mutant 
by in vivo NMR showed a marked difference in 
intracellular metabolite concentration. Moreover, 
the glucose consumption and fructose-1-6 
biphosphate formation occurred much more 
rapidly in the wild type compared to the mutant. 

LDH’s contribution to pneumococcal virulence was 
determined in a mouse model of pneumococcal 
infection that develops after intranasal 
administration. The results showed that the median 
survival time of mice infected with the mutant 
strain (99 h ±52, n=10) was significantly longer 
than wild type infected group (37 h ±41, n=10) 
(p<0.01). After intravenous infection, the mutant 
was almost avirulent (15 out of 17 mice survived the 
infection) whereas the wildtype-infected group died 
within 48 h (44 h ±6.7, n=17) (p<0.0001).

4. Conclusion

Our results show that LDH is important for 
pneumococcal metabolism and virulence.
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1. Introduction

The pneumococcal capsule is one of  the most 
important virulence factors of  Streptococcus 
pneumoniae, although there are several proteins 
that play an important role in pathogenesis. 
Among them, pneumolysin (Ply) is a member of 
the cholesterol-dependent cytolysin family that 
plays a significant role in virulence by binding to 
cholesterol containing membranes, forming ring-
shaped pores that mediate cell death of the human 
host [1]. In addition, Ply interacts with different 
components of the host immune response such 
as TLR4 and complement-mediated immunity 
modifying the inflammatory response and 
the recognition of  S. pneumoniae by the first 
complement component of the classical pathway 
C1q [2–4]. The contribution of LytA to virulence 
is thought to be mediated by its function in the 

release of Ply and inflammatory mediators such 
as teichoic acids and peptidoglycan from lysed 
bacterial cells. The complement system is one 
of  the main host defence mechanisms against 
invading pathogens such as S. pneumoniae. 
Activation of the three complement cascades leads 
to the formation of the key component C3b that 
is essential for opsonisation of microorganisms, 
phagocytosis, and inflammation. The main goal 
of this study was to investigate the role of Ply 
and LytA in essential aspects of the pathogenesis 
process including host immune response evasion 
and pneumococcal dissemination.

2. Methods 

We analyzed the interaction of LytA and Ply with 
the complement system by using a flow cytometry 
assay. 

ABSTRACT: 

Streptococcus pneumoniae is one of the major causes of invasive disease accounting for more 
deaths than any other vaccine-preventable bacterial infection. Recognition by the complement 
system is a vital event in the clearance of this important human pathogen. We show here that the 
main autolytic enzyme of the bacterium, the amidase LytA, avoid complement-mediated immunity 
by a complex mechanism of impaired activation and increased down-regulation. Moreover, we 
demonstrated that both ply and lytA mutants were attenuated in pneumonia and sepsis and the 
virulence of the double mutant was greatly impaired demonstrating that both proteins play an 
important role in the establishment of the pneumococcal invasive disease.

Keywords: Complement system, LytA, Pneumolysin down-regulators. 
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3. Results

3.1. Pneumolysin and LytA cooperate in the evasion 
of complement-mediated recognition

C3b deposition was increased on the ply and lytA 
single mutants, whereas the double mutant had 
remarkably high levels of C3b bound compared 
to the wild-type or the single mutants. These 
results suggest that the combination of  both 
LytA and Ply is highly effective in the inhibition 
of the complement activity. Interaction with the 
classical and alternative pathways was explored by 
using human sera depleted in C1q and factor B 
(Bf) respectively. Loss of C1q only increased the 
deposition of C3b on the surface of the lytA and 
ply lytA mutant strains. Mutants lacking Ply and 
LytA had higher levels of C3b than the wild-type 
strain when bacteria were incubated in Bf-depleted 
sera confirming that Ply avoids the activation of 
the classical pathway and LytA interferes with 
both cascades. Ply and LytA avoided classical 
pathway activation by reducing the deposition of 
the first component C1q. However, the interaction 
with CRP was increased in the lytA mutant 
background, but not in the ply mutant.

3.2. LytA recruits fluid phase down- regulators to 
avoid complement-mediated immunity

Binding to fluid-phase down-regulators of  the 
complement system is a clever strategy used 
by different pathogens to escape complement 
mediated immunity. The interaction of Ply, LytA, 
and PspC with C4BP and Factor H was explored 
by flow cytometry. Our results showed that C4BP 
(but not factor H) binding was slightly decreased 
in the absence of Ply. Recruitment of both C4BP 
and factor H down-regulators was significantly 
reduced in the absence of  PspC and LytA 
compared to the wild-type strain.

3.3. LytA and Ply enhance the establishment of 
pneumococcal pneumonia and sepsis

Lack of  Ply or LytA was associated with a 
significant attenuation in virulence in a mouse 
sepsis model in comparison to the wild-type 
strain. The role of Ply and LytA in pneumococcal 

pneumonia was also investigated. The levels of 
ply or lytA single mutants recovered from BALF, 
lung and blood samples were significantly lower 
than those obtained with the parental strain, 
indicating that Ply and LytA are involved in the 
pathogenesis of  pneumococcal pneumonia. In 
both models of infection, loss of both Ply and 
LytA had a pronounced attenuation in virulence 
at all the investigated locations demonstrating that 
the activity of both proteins is required for the full 
virulence of the bacteria.

4. Conclusion

Our study shows that LytA and Ply are very 
important virulence factors of S. pneumoniae that 
divert complement-mediated immunity allowing 
the bacterium an efficient dissemination to the 
systemic circulation.
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1. Introduction

Streptococcus pneumoniae is the most common 
bacterial respiratory pathogen. Although carriage 
of  S. pneumoniae in the naso-oropharynx is 
usually asymptomatic, the bacterium can spread 
from this location and cause a range of diseases 
varying from mild otitis media to potentially 
fatal pneumonia or meningitis. Control of  S. 
pneumoniae infection involves recognition of the 
pathogen, recruitment of  phagocytic cells and 
clearance of the bacterium. To counteract host 
response S. pneumoniae relies on virulence factors. 
The aim of our study was to find novel inhibitors 
of innate immunity in S. pneumoniae. 

2. Results

Screening of freshly isolated human neutrophils 
with monoclonal antibodies (mAbs) against 
the active sites of  surface receptors revealed 
marked inhibition of  antibodies against 
P-selectin glycoprotein ligand-1 (PSGL-1) on 
cells treated with mid-log culture supernatant of 
invasive S. pneumoniae strain TIGR4. PSGL-
1 plays essential role in leukocytes recruitment. 
It mediates neutrophil tethering and rolling via 
transient interaction with P-selectin activated 
on endothelium of blood vessels at the site of 
infection. 

Fractionation of the supernatant by size-exclusion 
chromatography followed by examination of 
the active fractions by SDS-PAGE revealed 
multiple protein bands with corresponding 
activity. Mass spectrometry identified those 

as Zinc metalloproteases C and B and Serine 
protease. Genetic knock-outs of these proteases 
generated in TIGR4 pin-pointed ZmpC as 
PSGL-1 inhibitor. Screening of various clinical 
isolates confirmed a clear association between 
presence of zmpC and the ability to shed PSGL-
1. To further address interaction between ZmpC 
and PSGL-1 we treated human neutrophils with 
purified protein and antibodies recognizing three 
distant epitopes on PSGL-1. It revealed that 
ZmpC cleaves off  N-terminal region of PSGL-
1 known to be essential for its interaction with 
P-selectin. We simulated the in vivo situation by 
perfusing neutrophils over histamine-activated 
human umbilical vein endothelial cells pretreated 
with either ZmpC or an PSGL-1 blocking mAbs 
and measured the number of rolling neutrophils. 
Both treatments inhibited neutrophils rolling 
identifying ZmpC as potent rolling inhibitor 
in flow condition. Finally, mice infected with 
wild type TIGR4 strain in a model of  acute 
pneumococcal pneumonia showed lower lungs 
neutrophils infiltration compared to animals 
infected with TIGR4ΔzmpC mutant. 

Since zmpC has been reported to be present 
in strains of  few serotypes only, we screened 
a collection of  198 isolates from invasive 
pneumococcal disease (IPD) in the Netherlands 
between 2004 and 2009. We confirmed known 
association of zmpC with serotypes 8 and 11A and 
found it to be associated with serotype 33F as well. 
In the Netherlands, all three serotypes are among 
seven most frequently isolated from IPD caused 
by serotypes not targeted by 13-valent conjugated 
polysaccharide vaccine.
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3. Summary

Two functions have been previously 
described for ZmpC: capacity to clave matrix 
metalloproteinase-9 and ability to stimulate 
shedding syndecan-1. Here, we report on ZmpC 
as potent inhibitor of interaction between PSGL-1 
and P-selectin and demonstrate in vitro and in vivo 
mechanism whereby ZmpC prevents neutrophil 
extravasation towards the site of infection.

Keywords: Zinc metalloprotease C, PSGL-1, 
neutrophils.
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ABSTRACT: 

Six carriage 19F isolates with a 19A-like cps locus were identified using a PCR screen. Multilocus 
sequence typing and sequence analysis of the partial wzy gene revealed that they were not closely 
related to the first reported 19A-like 19F isolate from the United States. To evaluate whether these 
isolates would be resistant to killing by anti-19F antibodies, with potential for vaccine serotype 
replacement, opsonophagocytic assays were performed using human immune sera. The 19A-like 
19F isolates displayed similar susceptibility to anti-19F IgG antibodies as standard 19F isolates, 
suggesting that any differences in capsule are genotypic and not phenotypic. 

Keywords: Serotyping, 19F, 19A, carriage, MLST, OPA.

1. Introduction

In 2009, the CDC identified a 19F isolate 
with genetic similarity to serotype 19A [1]. 
More recently, similar 19A/F hybrid strains 
(dubbed ‘19E’) have been identified, prompting 
speculation that these strains are more common 
than previously believed and may contribute to 
the lower observed vaccination efficacy against 
19F [2]. The objectives of  this study were to 
identify and characterise ‘19E’ isolates present in 
nasopharyngeal swabs collected from children in 
Fiji and other low-income countries as part of the 
PneuCarriage Project and the Fiji Pneumococcal 
Project (FiPP), and to examine the susceptibility 
of ‘19E’ isolates to antibody-mediating killing.

2. Characterisation of ‘19E’ isolates

75 pneumococcal isolates previously typed as 19F, 
19A, or non-typeable, were screened using a ‘19E’ 
specific PCR targeting the wzy gene. Of these, 
six were positive for ‘19E’, five from Papua New 
Guinea (PNG) and one from Fiji. These isolates 
were characterised by multilocus sequence typing 
(MLST; Table 1) and sequencing of  the PCR 
product (partial wzy gene). Three PNG isolates 
had the same sequence type (ST), whereas the 
other two PNG isolates and the Fiji one were all 
distinct STs. Partial wzy sequencing found that 
the five PNG and one Fiji isolates had identical 
sequences, with four single nucleotide variations 
compared to the ST3040 isolate originally 
identified by the CDC.
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Table 1. MLST results for ‘19E’ isolates.

isolate origin aroE gdh gki recA spi xpt ddl ST
PMP1107 Fiji 10 8 312 131 6 7 29 NF (6904)*
PMP1108 PNG 7 8 312 131 5 7 11 6904
PMP1109 PNG 7 8 312 131 5 7 11 6904
PMP1110 PNG 7 8 312 131 5 7 11 6904
PMP1111 PNG 7 13 12 6 6 6 8 NF (361)*
PMP1112 PNG 12 10 9 15 17 3 8 NF (43)*

2584-08 [1] USA 5 5 1 3 8 14 180 3040

*NF (ST not found, closest match in parentheses)

3. Opsonophagocytic assays

To investigate whether ‘19E’ isolates would have 
altered susceptibility to killing by anti-19F IgG, 
opsonophagocytic assays (OPAs) were performed 
using antisera from 17 mth old Fijian infants who 
participated in a pneumococcal vaccine trial [3]. 
A standard 19F laboratory strain (SPEC19F), a 
19F carriage isolate from Fiji (PMP1113), and 
two ‘19E’ isolates (PMP1107 and PMP1108) 
were examined in OPAs using antisera from 
six children. OPA titres were similar for all four 
isolates, indicating that ‘19E’s do not have a 
different susceptibility to anti-19F IgG mediated 
killing than standard 19F isolates.

4. Conclusion

‘19E’ isolates may be more common than 
previously believed, especially in certain 
geographical regions. It is important that 
appropriate serotyping methods are used to avoid 
falsely identifying them as 19A. Our data suggest 
that ‘19E’ isolates are a genetic variant of 19F that 
do not have altered susceptibility to killing by anti-
19F antibodies. 
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ABSTRACT: 

Fourteen fluoroquinolone-resistant streptococcal isolates with recombinant DNA topoisomerase 
genes were characterized. Phylogenetic relationships were analyzed by using the sequences of 
seven housekeeping alleles from these isolates and those of S. pneumoniae, S. mitis, S. oralis, 
and S. pseudopneumoniae isolates. Four isolates grouped with S. pneumoniae, seven with S. 
pseudoneumoniae, and three with S. mitis. These results generally agreed with those obtained 
with the optochin susceptibility test and with the analysis of the upstream region of the atp 
operon, encoding the F0F1 H+-ATPase (the target of  optochin). In addition, evidences for 
recombination within the seven housekeeping alleles of the S. pseudoneumoniae population were 
provided by several methods: the index of association, the pairwise homoplasy index, and the split 
decomposition method. 

Keywords: S. pneumoniae, S. pseudopneumoniae, recombination, atypical pneumococcus, population 
structure.

1. Introduction

S. pneumoniae belongs the Mitis Group of 
Streptococci (MGS), which includes commensals 
of the oral cavity, such as S. mitis, S. oralis and 
the recently reported species S. pseudopneumoniae. 
Given that S. pneumoniae is often isolated 
with other upper respiratory tract streptococci 
with different clinical significance, accurate 
discrimination from their closely related species 
is essential for proper diagnosis and treatment of 
pneumococcal infections.

Recombination, together with the spread of 
a few international clones, is a main factor 
involved in antibiotic resistance in S. pneumoniae. 
Fluoroquinolone (Fq) resistance occurs mainly 
by alteration of their intracellular drug targets 
(topoisomerase IV and gyrase). Resistance 
is acquired by point mutation as well as by 
intraspecific or interspecific recombination with 
MGS. Although specific FqR mutations confer a 

fitness cost, compensation of this cost in isolates 
carrying recombinant topoisomerase genes has 
been observed. In this scenario, a future spread of 
FqR recombinant clones is not unexpected. 

2. Results

2.1. Phenotypic characterization

The 14 clinical isolates analyzed were FqR and 
showed high levels (>4%) of nucleotide sequence 
variation in the quinolone resistance-determining 
regions (QRDRs) of their parC, parE and gyrA 
genes. They were selected in 3 epidemiological 
studies: 1991 to 2001 (6 strains); 2002 (5 strains); 
2006 (3 strains). Eleven isolates carried changes in 
the QRDRs of ParC or ParE responsible for Fq 
resistance. Three isolates had an efflux mechanism 
as the single cause of  resistance. Although 
isolates were sent to the Reference Laboratory 
presumptively identified as S. pneumoniae, 
further analysis of  their Opt susceptibility and 
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DOC solubility revealed discrepancies in these 
tests. Results with respect to Opt susceptibility in 
ambient air and in a CO2-enriched atmosphere 
were as follows: 3180 and CipR74 were susceptible 
in both conditions; CipR-6.74 was resistant in 
both environments; 11 isolates showed identical 
results to those described for S. pseudopneumoniae.

2.2. Genotyping by MLST and MLSA 

While STs were assigned to 4 isolates (3180, 
CipR72, CipR73 and CipR-6.76), no STs could 
be assigned to the remaining 10 isolates, since 
their alleles were 1-5% divergent from those of 
pneumococci. We aligned concatenated sequences 
of 6 MLST alleles with those of 91 S. pneumoniae, 
S. pseudopneumoniae, S. mitis and S. oralis strains, 
including their species type strains. Phylogeny based 
on MLSA (Fig. 1A) placed 10 out of 14 isolates 
apart from S. pneumoniae: 3 isolates clustered with 
S. mitisT, and 7 with S. pseudopneumoniae. The 
increase in the number of genes included in the 
analysis provided a result entirely consistent with 
that provided by MLSA (Fig. 1B). 

Fig. 1: Phylogenetic relationships of isolates. MEGA 
version 4.0.2 was used. Only bootstrap values exceeding 
80% are shown. (A) Tree made with 2,751-bp 
concatenated sequences of 6 genes included in MLSA 
scheme. Isolates characterized in this work (in bold face) 
and type strains were compared with 87 sequences of 
pneumococcal (black circles) and non-pneumococcal 
(white squares) streptococci. (B) Tree made with 4,893-
bp concatenated sequences of the 6 genes of the MLSA 
scheme plus 16S rDNA, sodA, rpoB, and hlpA. 

Fig. 2: Evidence of extensive recombination within the 
isolates and type strains. Split decomposition analysis was 
conducted with Splits Tree v4.0 of MLSA concatenated 
sequences.

2.3. Evidence of recombination

Recombination within S. pseudoneumoniae 
population was investigated by several methods. 
The index of  association (IA), which estimates 
the level of  linkage disequilibrium between 
alleles at different loci, was 0.4598 (p< 0.001), 
which suggests a high rate of recombination. The 
PHI test also produced statistically significant 
evidence of  recombination (p<0.01). The split 
decomposition method provided additional 
support. The split graph of  concatenated 
sequences showed a “rectangular” networks 
shape (Fig. 2) indicating that the 7 genes were 
significantly affected by intragenic recombination.

 3. Conclusion

This study confirm the existence of  true 
pneumococci among the α-hemolytic streptococci 
with DNA topoisomerase genes showing 
a mosaic structure, and revealed the close 
relationship between atypical pneumococci and 
S. pseudopneumoniae. The last species could act 
as an intermediary for horizontal gene transfer 
between streptococcal species, being a hybrid 
species between S. pneumoniae and S. mitis. 
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Baseline Epidemiology and Genetic Structure of 
Streptococcus pneumoniae Serotypes 6C and 

6D in Southern Israel Prior to the Introduction of 
Pneumococcal Conjugate Vaccines
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ABSTRACT: 

This study provides broad baseline information regarding the molecular epidemiology of 
Streptococcus pneumoniae serotype 6C (Sp6C) and Sp6D in southern Israel, during a decade 
preceding pneumococcal conjugate vaccines implementation. We characterized Sp6C and Sp6D 
from previously identified Sp6A and Sp6B, among Jewish and Bedouin children. Sp6C and 
Sp6D constituted 8.2% and 6.7% of the presumed Sp6A and Sp6B, respectively. A striking clonal 
segregation was found among these two study populations for both Sp6C and Sp6D. Further 
surveillance is needed to assess the effect of vaccination on these vaccine-related serotypes.

Keywords: Streptococcus pneumoniae; serotype 6C, serotype 6D, PCR, clones, MLST.

1. Introduction

Genetic studies have found that the capsule gene 
locus of  S. pneumoniae (Sp) serotypes 6C and 
6D is very similar to that of  Sp6A and Sp6B, 
respectively, except for the wciN6C,6D which encodes 
a galactosyl-transferase, while wciN6A,6B encodes a 
glucosyl-transferase. 

The 7- and 13-valent pneumococcal conjugate 
vaccines (PCVs), were introduced into the Israeli 
national immunization program in 2009 and 2010, 
respectively. Evaluation of the prevalence of Sp6C 
and Sp6D before and after PCVs implementation 
would indirectly determine whether these vaccines 
provide protection against these newly identified 
serotypes. The aim of this study was to identify 
Sp6C and Sp6D from previously characterized 
Sp6A and Sp6B, explore their molecular 
epidemiology and determine their circulation 
among two distinct ethnic subpopulations, Jewish 
and Bedouin children, with different lifestyle and 
microenvironment.

2. Patients and Methods

This retrospective study was conducted in 
southern Israel during a decade (1999-2008) 
preceding PCVs implementation. The study 
included children <5 years of age. Sp were cultured 
from four isolation sites: Blood/CSF, middle ear 
fluid, conjunctiva and nasopharyngeal cultures. 
Serotyping and antimicrobial susceptibility to 
penicillin (Pen), erythromycin (Ery), clindamycin 
(Cli), tetracycline (Tet), chloramphenicol (Chl), 
and trimethoprim/sulfamethoxazole (TMP/
SMX), were performed as previously described 
[1]. A PCR system targeting both wciN6C,6D, wciN6A 

and wciP6B was used to segregate Sp6C and Sp6D 
from Sp6A and Sp6B, respectively. Clonality was 
determined by pulsed field gel electrophoresis and 
multilocus sequence typing. Clusters with ≥10 
isolates were defined as major clones.
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3. Results

Overall, Sp6C and Sp6D constituted 8.2% 
(106/1299) and 6.7% (107/1593) of the presumed 
Sp6A and Sp6B, respectively. Penicillin non-
susceptibility was found in 5.7% (6/106) of Sp6C 
compared to 72.0% (77/107) of Sp6D. Molecular 
analysis revealed the presence of 3 Sp6D major 

clones which constituted 56.1% (60/107) of Sp6D 
(Table 1). All the strains belonging to these clones 
were resistant to ≥3 antibiotics. Sp6C isolates 
belonged to 2 major clones, which constituted 
76.4% (81/106) of  Sp6C. Most isolates (74/81, 
91.4%) were susceptible to all antibiotics. A 
striking clonal segregation was found among the 
two study populations (Table 1).

4. Conclusion

This study provides broad baseline information 
regarding the molecular epidemiology of Sp6C 
and Sp6D in southern Israel, prior to PCVs 
implementation. Further surveillance is needed to 
assess the effect of vaccination on these vaccine-
related serotypes.
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Table 1: Clonal distribution and resistance pattern of Sp6D

ST Serotype Resistance pattern Nº of positive isolates by clone 
Total

(n = 213)
jewish

children
(n = 102) 

Bedouin
children
(n = 111) 

P*

ST3531  6C None 52 8 44 <0.001
ST1692  6C +/− Pen 29 28 1 <0.001
ST6984  6D Pen, Ery, Tet, Cli 33 0 33 <0.001
ST8599  6D Pen, Ery, Tet, Cli 17 16 1 <0.001
ST8597  6D Ery, Tet, Cli 10 7 3 not significant

* p value calculated for each clone relative to the total No. of isolates in that clone
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1. Background

Streptococcus pneumoniae serotypes 6C, 6D 
and 11E were described in 2007, 2009 and 2010, 
respectively. The aim of this study was to describe 
the prevalence of  these serotypes in invasive 
pneumococcal disease (IPD) in our region and 
the molecular characteristics, epidemiology and 
antimicrobial resistance patterns of the isolates 
found across a 32-year period.

2. Methods

All S. pneumoniae invasive isolates identified as 
serogroup 6 by the Quellung reaction (Staten 
Serum Institute) between 1982 and 2012 were 
screened by polymerase chain reaction (PCR) of 
the wciN region of the capsular locus. All isolates 
belonging to serotype 6C were genotyped by 
pulsed field gel electrophoresis and MLST.

All 11A serotypes causing IPD were sent to the 
Departments of  Pathology and Microbiology 
(University of Alabama at Birmingham, USA) 
for reactivity to serotype 11A- and 11E- specific 
antibodies and further studied by wcjE gene 
sequencing. 

Antimicrobial susceptibility testing was performed 
by the broth microdilution method according to 
CLSI guidelines. 

3. Results

Serotype 6A, 6B, 6C represnted 27.7%, 54.6% 
and 17.7% of all invasive pneumococcal isolates 
belonging to serogroup 6; we could not find 
the presumed 6D serotype. Only three of  the 
19 serotype 6C isolates were recovered prior 
to the introduction of  the 7-valent conjugate 
pneumococcal vaccine (PCV7) in late 2001; the 
first serotype 6C was isolated in 1996. Of the 
serotype 6C isolates, 7 were fully susceptible to 
all antibiotics tested having the other 12 different 
resistance patterns. Of 10 isolates characterized by 
MLST, 9 were related to sequence types belonging 
to serotype 6A and one to serotype 6B.

Of the 22 serogroup 11 invasive isolates recovered, 
14 (63.6%) were serotype 11A. No serotype 11E 
was found. 

4. Conclusions

No serotype 6D or 11E was found.

Serotype 6C caused invasive disease in Gipuzkoa 
since at least 1996, although they were mostly 
isolated during the post-PCV7 period. It is 
genetically diverse and often showed antibiotic 
resistance. 
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ABSTRACT: 

Trends of serotypes prevalence among invasive pneumococcal isolates from pediatric and adult 
populations over a 16 years period (1997−2012) were analyzed regarding the use of the conjugate 
vaccines. PCV7 and PCV13 were introduced in Spain in June 2001 and June 2010 respectively, 
although they were not included in the pediatric vaccination schedule. A reduction in the 
proportion of PCV7 serotypes was observed in the post-PCV7 period ranging from 62% in the 
pre-PCV7 period to 15% in 2012 for children and from 41% to 16% for adults. In addition, non-
PCV7 serotypes became more prevalent, mainly serotypes 1, 7F and 19A, which represented 56% 
and 32% of the S. pneumoniae analyzed in 2008-2009 from children and adults respectively. Since 
2010, when PCV7 was replaced by PCV13, these serotypes have been slightly reduced, accounting 
for 40% and 22% of the pediatric and adults strains analyzed in 2012. Among the non-PCV13, 
serotypes 11A, 12F, 16F, 23A, 23B, 24F and 33F have shown a small increase in the last two 
years in the pediatric population after the introduction of the PCV13 vaccine. In adults, the non-
PCV13 serotypes are 11A, 12F and 22F. A deeply surveillance of S. pneumoniae serotypes after 
the introduction of new conjugate vaccines is of great importance to identify serotype replacement 
and the emergence of particular clones that may disseminate worldwide.

Keywords: Serotypes, PCV7, PCV13.

1. Introduction

The Spanish Pneumococcal Reference Laboratory 
(SPRL) receives invasive S. pneumoniae isolates 
from all over the country on a voluntary basis 
and performs the typing and susceptibility testing 
for all the clinical isolates received [1]. The data 
collected is submitted to the European Center for 
Disease Control (ECDC) as part of the laboratory 
duties. In Spain, the 7-valent pneumococcal 
conjugate vaccine (PCV7) was introduced in 
June 2001, but it was not administered with 
public funding to the paediatric vaccination 
schedule, except for children who were at a high 
risk of invasive pneumococcal disease (IPD). The 
13-valent vaccine (PCV13) was available in Spain 
since June 2010 although only it was administered 

in the private market for the pediatric population 
with some regional exceptions that included 
the vaccine in the public vaccination schedule. 
In the present study, we analyzed the serotype 
evolution of 29.230 strains isolated from invasive 
pneumococcal disease (IPD), both in children and 
adults during a period of 16 years (1997-2012) to 
identify the emergence of  non-vaccine covered 
serotypes after the introduction of the conjugate 
vaccines. 

2. Pneumococcal epidemiology in the pediatric 
population

During the period 1997-2001, serotypes included 
in PCV7 accounted for the 62% of the invasive 
isolates received at the SPRL whereas the six 

additional PCV13 serotypes were 26% among 
the invasive strains. After the introduction of the 
PCV7, there was a consistent and dramatic decline 
in the prevalence of  PCV7 serotypes. We only 
found that 16% of the serotypes included in the 
PCV7 were causing IPD in 2010. However, we also 
detected an increased in IPD caused by non-PCV7 
serotypes ranging from 26% in 2001 to 66% in 
2010. Among these emerging isolates, serotypes 1, 
7F and 19A had the largest proportion of episodes. 
In the last two years, after the introduction 
of  PCV13, the rates of  IPD caused by PCV7 
serotypes in children are similar in comparison 
to the rates found in 2010 whereas the proportion 
of the 6 additional serotypes included in PCV13, 
has decreased from 66% in 2010 to 47% in 2012. 
These data confirm the efficacy of this vaccine in 
the pediatric population. We have found a marked 
decrease in IPD caused by serotypes 7F and 19A 
with rates of 11% and 24% in 2010 respectively 
to 6% and 13% respectively in only a period of 2 
years post-vaccination. In contrast, we have not 
found a significant decrease in serotypes 1 and 3 
during the same period after the introduction of 
PCV13. 

3. S. pneumoniae epidemiology in adult 
population

The proportion of IPD in adult population caused 
by PCV7 serotypes was 41% in the pre-vaccine 
period (1997-2001). After 9 years of  pediatric 
vaccination in Spain, the rates of  IPD caused 
by PCV7 serotypes were dramatically decreased 
to 16% in 2010. This reduction confirmed the 
important benefit that the pediatric vaccination 
offered to the adult population in order to reduce 
the IPD episodes caused by the PCV7 serotypes. 
A similar trend of emerging non-PCV7 serotypes 
was found for the adult population. We have 
observed an increased proportion of IPD caused 
by the additional PCV13 serotypes (1, 3, 5, 6A, 
7F and 19A) from 30% in 2001 to 48% in 2010. 
After the introduction of PCV13 in the pediatric 
population, we have found small differences in 
IPD episodes in adults caused by the serotypes 
included in the PCV13 although this data refers 
to a short period of two years post-vaccination.

4. Evaluation of serotypes non included in the 
PCV-13 vaccine both in children and adults

One possible risk after the introduction of  a 
pneumococcal conjugate vaccine is the emergence 
of serotypes that are not covered by the vaccine 
which may disseminate causing IPD. In children, 
the non-PCV-13 serotypes that have slightly 
increased from 1997 to 2012 are 11A (0.4% to 
1.3%), 12F (1.7% to 3.5%), 16F (0.1% to 1.8%), 
23A (0.7% to 1.8%), 23B (0.6% to 3.2%), 24F 
(0.3% to 6.3%) and 33F (0.7% to 2.9%). In adults, 
the non-PCV-13 serotypes causing IPD during the 
period of the study are 11A (1.9% to 3.3%), 12F, 
(2.5% to 3.9%) and 22 (1.7% to 5%).

5. Conclusion

Our study shows the benefit of immunizing with 
conjugate vaccines against S. pneumoniae by 
reducing the IPD rates caused by the serotypes 
included in the vaccine. A replacement of 
serotypes causing IPD by non-PCV7 serotypes 
was confirmed after the introduction of the PCV7 
vaccine whereas this effect has not been observed 
in the first two years after the new PCV13 vaccine 
although the period of follow-up is too short.
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1. Background

Multidrug resistant (MDR) serotype 8 
pneumococci showing resistance to erythromycin, 
clindamycin, tetracyclines, and ciprofloxacin, 
have been detected since 2004 in Spain as cause of 
invasive disease in adult patients. 

2. Methods

Among 932 invasive serotype 8 pneumococci 
received at the Spanish Reference Laboratory in 
the 1997-2010 period, 113 (12.1%) were multidrug 
resistant. These MDR-serotype 8 isolates were 
typed by PFGE/MLST and PCR-RFLP analysis 
of PBPs 1A, 2B and 2X. Resistance genes (ermB, 
mefA/E and tetM) were detected by PCR. Changes 
in ParC, ParE and GyrA were studied by PCR-
RFLP analysis. Nucleotide sequencing of pbps and 
parC, parE and gyrA were performed. 

3. Results

The first MDR-serotype 8 was detected in 2004 
in Madrid, and then spread to other geographical 
areas. All MDR-serotype 8 were isolated from 
adults and most of  them were men (78.8%). 
MDR-serotype 8 isolates accounted for 20.2% 
of  invasive serotype 8 in 2004-2010 period. 

All MDR-serotype 8 isolates were genetically 
related to the Sweden15A-ST63 PMEN clone by 
PFGE and MLST (ST63), had identical PCR-
RFLP profiles of PBP, harbored ermB and tetM 
genes, and had a ParC-S79F change. Forty-six 
isolates having ciprofloxacin MIC —16 mg/L had 
additional GyrA changes (S81F or E85K). The 
sequence of pbp2x gene of the MDR-serotype 
8 clone was identical to those of the antibiotic 
susceptible ST53-serotype 8 isolates. Whereas 
pbp2b gene sequence of MDR-serotype 8 isolates 
was identical to those of Sweden15A-ST63 PMEN-
clone. One of  the recombinational points was 
found into the pbp1a gene. 

4. Conclusions

A fluorquinolone- and multidrug-resistant 
serotype8 clone (ST63) emerged in 2004 in Spain 
and spread over the country causing invasive 
disease in adults. A genetic interchange of both, 
pbp2x and capsular genes from a donor ST53-
isolate to a ST63 pneumococci could originate the 
recombinant serotype 8-ST63 clone.

Keywords: Epidemiology, MLST, multidrug-
resistance. 
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ABSTRACT: 

Fosfomycin targets the first step of peptidoglycan biosynthesis in Streptococcus pneumoniae 
catalyzed by UDP-N-acetylglucosamine enolpyruvyltransferase (MurA1). We investigated whether 
heteroresistance to fosfomycin occurs in S. pneumoniae. We found that of 11 strains tested all but 
one (Hungary19A) displayed heteroresistance.

Hungary19A differs from the other strains by a single amino acid substitution in MurA1 (Ala364Thr). 
To test whether this substitution confers structural changes leading to catalytic pocket modification 
high-resolution crystal structures of MurA1 in one representative heteroresistant strain (D39) and 
in the non-heteroresistant strain Hungary19A have been solved. We found no relevant structural 
differences between MurA1 of the two strains. Furthermore, the heteroresistant phenotype of 
strain D39 was not changed upon introduction of the amino acid substitution Ala364Thr by site-
directed mutagenesis indicating that, besides MurA1, another factor within the genome is involved 
in the heteroresistance phenotype.

Our results reveal that heteroresistance to fosfomycin is the predominant phenotype in S. 
pneumoniae due to the presence of MurA1 thus providing a caveat for any future use of fosfomycin 
in the treatment of pneumococcal infections.

Keywords: fosfomycin, heteroresistance, MurA.
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ABSTRACT: 

The UDP-glucose pyrophosphorylase (GalU) of  Streptococcus pneumoniae is absolutely 
required for the biosynthesis of capsular polysaccharide, the sine qua non virulence factor of 
pneumococcus. Although GalU is widely distributed, the eukaryotic enzymes are completely 
unrelated to their prokaryotic counterparts; therefore, we proposed that pneumococcal GalU is 
an important target to expand our knowledge of the mechanisms underlying capsule formation. 
This could contribute to the development of new therapeutic strategies to fight the pneumococcus. 
A recombinant form of the pneumococcal GalU was purified from Escherichia coli and found to 
be stable and catalytically active. An average of 0.6 g of active rGalU was obtained from 100 ml 
of culture. We describe a GalU assay that is rapid, sensitive, and easy to perform in 96-well plates. 
The purified enzyme was tested in the presence of several drugs with structural similarity to natural 
substrates of the GalU enzyme. Our results document that this colorimetric test is appropriate 
for screening of chemical libraries for UDP-glucose pyrophosphorylase inhibitors. This work 
represents a fundamental step in the search of novel antipneumococcal drugs.
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1. Introduction

The worldwide increasing resistance of  bac-
terial pathogens to most of  the currently 
available antibiotics fosters the research for 
novel therapeutic drugs. The galU gene of 
Streptococcus pneumoniae encodes a UDP-glucose 
pyrophosphorylase (UDPG:PP) absolutely 
required for capsule biosynthesis. Although this 
gene is highly polymorphic, there is striking 
sequence conservation among the UDPG:PP of 
both Gram-positive and Gram-negative bacteria 

[1]. Also, a relevant role for GalU in virulence 
has been recognized in other bacteria since it is 
required for the synthesis of  UDPG, the main 
glucosyl donor in lipopolysaccharide and capsule 
biosynthesis [2–4]. Eukaryotic UDPG:PPs 
are completely unrelated to their bacterial 
counterparts, suggesting the possibility that 
inhibitors of the bacterial enzymes would not be 
harmful for the host. 

Previously, the galU gene was cloned, and 
overexpressed, and GalU was biochemically 

characterized [5, 6] and the galU expression was 
study [7].

We describe here the expression and purification 
in large scale of the pneumococcal GalU enzyme. 
Also, we propose a method to assay GalU activity 
with high sensitivity and in small volumes. This 
method would be useful for screening of potential 
GalU inhibitors of the enzyme that could behave 
as antipneumococcal drugs.

2. Materials and methods

The galU gene was cloned into pET28a to express 
a His6GalU fusion protein. His6GalU was purified 
using a NTA-Ni column.

A modification of colorimetric assay of ADPG:PP 
pyrophosphorylase was used [8].

3. Results and discussion

The recombinant GalU was overproduced in E. 
coli and purified (spec. act. 0.3 U/mg of protein). 
The pure enzyme was maintained stable at –20°C 
in 20% glycerol for at least 6 months. Several drugs 
with structural similarity to natural substrates of 
GalU were screening. We showed that after 30 min 
of pre-incubation with the putative inhibitor (7.5 
mM), there was an activity decrease of ca. 50%.

4. Conclusions

We document the successful preparation of 
rGalU from S. pneumoniae and the optimiza-
tion of  a colorimetric test appropriate for the 
screening of  UDPG:PP inhibitors. This work 
represents a fundamental step in the search of 
novel antipneumococcal drugs.
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ABSTRACT: 

Streptococcus pneumoniae resides in the nasopharynx of 10-40% of healthy individuals, but 
possesses the pathogenic duality to cause diseases such as pneumonia, otitis media, meningitis, 
and septicemia. There have been many large-scale studies identifying potential virulence factors 
involved, however, since initial colonization is a prerequisite for S. pneumoniae infections, many 
of these factors may be more involved in colonization rather than infection. It is thought that 
a host inflammatory response contributes to colonization during the beginning stages of  a 
pneumococcal infection. Otherwise, little is known about how S. pneumoniae switches from a 
commensal to a pathogenic bacterium. Recently, detailed transcriptomics screens have identified 
a number of pneumococcal genes that were differentially expressed from bacteria isolated from 
the nasopharynx, lungs, or blood of mice [1]. One such gene, a putative bacteriocin modifying 
enzyme, was found to be upregulated when bacteria were isolated from lungs when compared to 
the nasopharynx and blood; suggesting a possible role in lung infection and not nasopharyngeal 
colonization or septicemia. This gene is part of a possible lantibiotic-like operon consisting of a 
putative transcriptional regulator, two lantibiotic pre-peptides, two modifying enzymes, a protease, 
an ABC transport system and immunity proteins. Interestingly, an immunity protein and the 
protease have also been identified as a virulence factor in a signature-tagged mutagenesis study 
[2] and a surface immunogen [3], respectively. This research is dedicated to the characterization 
of this putative lantibiotic-like operon with respect to its biological function and potential role in 
pneumococcal infection. 

Keywords: bacteriocins, pneumococcal infection. 
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fluoroquinolones in Streptococcus pneumoniae 
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ABSTRACT: 

Streptococcus pneumoniae is a leading cause of respiratory tract infections, including community-
acquired pneumonia (CAP). Fluoroquinolones are used for treatment of  CAP. The use of 
fluoroquinolones for CAP is getting limited because of increased resistance to these drugs. High-
levels of fluoroquinolone are mainly due to mutations in the structural genes gyrA (subunit of 
DNA gyrase) and parC (subunit of topoisomerase IV) in S. pneumoniae. However, recent studies 
indicate that active drug efflux pumps belonging to the ATP binding cassette (ABC) superfamily 
and composed of two transporters encoded by patA (SP2075) and patB (SP2073) play an 
important role in decreasing the susceptibility of clinical isolates to ciprofloxacin and norfloxacin. 
In this study, we have observed that resistance to ciprofloxacin in S. pneumoniae serotype 1 and 
4 isolates is accomplished either by creating mutations in parC and gyrA genes, or by increasing 
the copy number of the patA gene in the chromosome. Moreover, deletions of patA-patB led 
to increased susceptibility to fluoroquinolone. Currently, we are characterizing the regulatory 
mechanism of patA-patB. 
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ABSTRACT: 

Phage endolysins and bacterial autolysins represent a novel class of antibacterials (enzybiotics) 
against Gram-positive bacteria due to their unique ability to cleave the peptidoglycan in a generally 
species-specific manner. They provide a novel mode of action, kill fast and selectively pathogenic 
bacteria and show low toxicity or propensity to develop resistances. The Skl endolysin is encoded 
by the ΦSK137 bacteriophage of Streptococcus mitis, a human pathogen closely related to 
Streptococcus pneumoniae. It comprises an N-terminal catalytic module (CHAP amidase) and a 
C-terminal choline-binding module (CBM) closely related to that of the LytA amidase, the major 
pneumococcal autolysin. Systematic in-depth characterization of Skl and LytA have allowed the 
construction of two functional chimeric lysins by module swapping. By doing so, we have produced 
a new enzybiotic, QSLA2, that largely overcomes the antibacterial activity of LytA. By contrary, 
neither the chimera QLAS1 nor Skl efficiently lyse the pneumococcus from the outside, in spite of 
their capability to degrade purified cell walls. This variability in antimicrobial activity seems to be 
linked to i) the distinct affinity for choline and choline-induced dimerization showed by the CBMs 
of the parental enzymes, ii) the intrinsic efficiencies of the catalytic modules, iii) restraints imposed 
by the complex structural organization of intact cell walls and iv) the precise orientation of the two 
modules in the overall structure. Taken together, our results provide new clues on the role played by 
the CBM and module combination in the antibactericidal potential of pneumococcal lysins that 
can be used to improve or finely tune their activities.
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1. Introduction

Cell wall lytic enzymes encoded by bacteriophages 
and bacteria constitute a novel and promising 
class of antimicrobials (enzybiotics). They usually 
consist of at least one catalytic module linked to 
other modules commonly involved in cell wall 
attachment and responsible for their stringent 
substrate specificity [1,2]. With the single exception 
of  Cpl-7 endolysin, in the pneumococcal lytic 
enzymes this function relies on the choline-binding 
modules (CBMs) that specifically recognize 

the choline moieties attached to teichoic and 
lipoteichoic acids [3]. 

The effectiveness as antimicrobials of LytA, the 
major pneumococcal autolysin, and of endolysins 
Cpl-1 and Pal has been already demonstrated 
using different animal models of pneumococcal 
infection [2]. Nevertheless, identification of new 
lysins with high antipneumococcal activity is of 
primary interest. In this context, the Skl endolysin 
encoded by the ΦSK137 bacteriophage of 
Streptococcus mitis constituted a good candidate 

to be tested, as it degrades pneumococcal cell walls 
and comprises a CBM 67% identical in sequence 
to the homologous region of LytA [4]. By contrary 
they have unrelated catalytic modules (CM) with 
N-acetylmuramoyl-L-alanine amidase activities 
(CHAP and Amidase_2 respectively). 

We have characterized the Skl endolysin in 
comparison with LytA, examining the affinity for 
choline and the changes promoted in structure 
and stability by choline recognition. Aiming 
to improve Skl activity and also to test how the 
modules of  these two amidases conditioned 
their antimicrobial activity, we have created two 
chimeric lysins (QLAS1 and QSLA2), by module 
swapping, whose structural and functional 
features have been also investigated, including the 
in vitro antipneumococcal activity. 

2. Experimental Section

2.1. Proteins

Skl and LytA were produced and purified as 
previously described [4-5]. Chimeric lysins were 
built from the genes of  the parental enzymes, 
cloned in a pT7-7 plasmid, using the procedure 
of Wurch et al. [6]. The final constructions were 
overexpressed in Escherichia coli BL21 (DE3) 
and purified using the procedure used for Skl and 
LytA. All protein concentrations were determined 
spectrophotometrically using the theoretical 
extinction coefficients.

2.2. Methods

Choline titration curves of lysins were obtained 
by circular dichroism (DC), following the change 
in ellipticity promoted by choline binding in 
the far- and near-UV regions of the spectrum. 
The association state and its dependence on 
choline binding was analyzed by size-exclusion 
chromatography and ultracentrifugation, whereas 
the structural stability and modular organization 
were evaluated by thermal denaturation 
experiments using DC [5]. In vitro killing assays 
were carried out with different pneumococcal 
strains. Cells were resuspended in PBS, pH 6.8, 
to an OD550nm ≅ 0.6 and incubated at 37ºC for 60 

min with or without the lytic enzymes, added at 
varying concentrations. Evolution of the OD550nm 
was followed at different times and viable cells 
were measured after 15 and 60 min incubation. 
The CLSI protocol [7] was used to determine 
minimal inhibitory concentrations (MIC). 

3. Results 

Titration experiments showed that saturation 
of  choline-binding sites and choline-induced 
dimerization of Skl occurs at ligand concentrations 
20-times higher than those required by LytA. This 
finding could explain their different activities 
on purified cell walls [4], as full activity of 
pneumococcal lysins depends on the interaction 
with this aminoalcohol, and dimerization increased 
around 10-fold LytA activity [5]. To test this 
hypothesis, and taking advantage of the modular 
architecture of both lysins and of the similarity 
of sequences shown by their CBMs, two chimeric 
lysins were constructed by module interchange: 
QLAS1 (CM of LytA fused to the CBM of Skl) 
and QSLA2 (CM of Skl fused to the CBM of 
LytA). The structural and functional features 
of both chimeras were similar but not equals to 
those displayed by their respective modules in the 
parental enzymes, and both degraded isolated cell 
walls. Very different results were obtained however 
in the in vitro killing assays. 

As shown in Fig. 1, only LytA and QSLA2, 
which carried the same CBM, behaved as efficient 
antimicrobials against pneumococcus. By contrary 
neither Skl nor QLAS1 reduced appreciably 
the number of  viable cells under identical 
conditions. Of note, QSLA2 largely overcomes 
the antimicrobial activity of  LytA considering 
both MIC values and cell viability after 15 or 60 
min incubation with the lysins. 

Taken together all these results provide a valuable 
information on the influence that each module 
has on the overall stability of  these lysins and 
their activities than can be applied to modify pre-
existing lysins or to create new ones. 
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Fig. 1. (A) Antimicrobial activity of Skl, LytA, and the 
chimeras against strain R6 of S. pneumoniae measured 
by following the decrease in OD550nm. (B) Viable cells 
after 60 min incubation. Measurements performed at 
37ºC, in PBS, pH 6.8, and 0.25 μg/ml of enzyme.

4. Conclusions

Systematic characterization of the Skl endolysin in 
comparison with the LytA autolysin has allowed 
to create a chimeric lysin, QSLA2, whose killing 
efficiency on S. pneumoniae exceeded to that of 
LytA.

Choline binding affinity and choline-promoted 
dimerization seems to be essential for the 
antipneumococcal activity of lysins with the same 
kind of CBM than LytA. Their alteration can be 
used as a tool to improve or modulate lysin activities. 

The differences found in the antimicrobial 
efficiencies of  LytA and QSLA2 denote the 
influence of  the CM and the overall modular 
architecture of lysins, another factor that could 
be used in the construction of enzybiotics with 
enhanced activities.
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ABSTRACT: 

The relentless increase in bacterial resistance to our current armamentarium of antibiotics could 
shortly take Europe and other global communities into a post-antibiotic era in which many common 
infections would be unable to be effectively treated. To avert this danger requires a fundamental change 
in antibacterial drug discovery that will involve the identification of new targets, the development of 
new chemical compounds. We present the MHit initiative, a Drug Discovery Platform that provides 
the framework for blending the academia innovative approaches together with their translation in 
real practical solutions, where the industry plays a fundamental role. 

Keywords: Drug Discovery, target validation, Streptococcus pneumoniae.

1. Introduction

The so-called “antibiotic era of drug discovery” 
(1920s-1960s) witnessed the appearance of  a 
number of molecular classes that constitute the 
basis of most of the antimicrobials in use today. 
However, discovery of fundamentally new classes 
of antibiotics came to an almost complete halt 
after the mid 1960s [1] despite the fact that the 
proportion of antibiotic resistant bacteria had 
been increasing over this period. Antimicrobial 
resistance causes profound problems with regard 
to infections due to Gram-positive microorganisms 
such as Staphylococcus aureus and Streptococcus 
pneumoniae (pneumococcus), which are among 
the most problematical bacterial pathogens 
worldwide. It is known that bacterial pneumonia is 
the major cause of childhood mortality worldwide 
along with malnutrition [2]. 

2. MHit Platform

The pharmaceutical industry has enjoyed a period 
of  immense success reaching a peak market 
capitalisation value and contributing real benefits 
to global healthcare. This notwithstanding, the 
industry today is facing some very real issues 
around its overall productivity [2,3]. 

Unquestionably, academia has a real atmosphere 
for creative and innovative science, assuming 
day-by-day research opportunities that are 
often ignored by the industry. Together with 
the innovative value of  the academia, the 
universities and public research institutes are 
today the reference for biomedical research with 
totally modernized infrastructures. Accordingly, 
potentiating research efforts in public research 
centres will notably contribute to increase the 
number of druggable target candidates [3,4]. 
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MHit Platform is an academical initiative aimed 
in the identification of unexploited new bacterial 
targets that could provide the basis for the design 
and evaluation of  novel drugs. MHit owns a 
ChemioBank with target key metabolic steps 
in the biosynthesis of essential cellular building 
blocks of surface proteins or inhibit the function 
of virulence determinants necessary for bacterial 
pathogenesis. Small antimicrobial molecules have 
been identified from natural and synthetic sources 
and in vivo models for human diseases are fully 
operational within the consortium. From 2012, 
hit-to-lead process is guided under the most 
stringent regulatory basis to guarantee an efficient 
traslation to the productive sector. 
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ABSTRACT: 

The F1/F0 ATPase is the main proton pump of the aerotolerant anaerobic bacterium Streptococcus 
pneumoniae and is involved in building the proton gradient of the membrane, in the homeostasis 
of cations, the maintenance of the intracellular pH and influences the surface charge of the cell. 
We have isolated from murine blood a series of pneumococcal mutants with single nucleotide 
polymorphisms (SNP) in different subunits of the ATPase genes including strains with SNPs in 
atpA, atpB, atpC, atpD and atpG. Since these SNPs provided a selective advantage in the host over 
the challenge strain TIGR4, we performed a phenotypic analysis of these mutants. Upon the assays 
performed, in vivo NMR confirmed an unaltered intracellular pH, exposure to acid evidenced 
decreased acid survival, and zeta-potential and hydrophobicity tests revealed changes in surface 
charge. Phenotype microarray data for osmolites revealed that the challenge strain TIGR4 differed 
from reference strain D39 by decreased resistance to a series of compounds including sodium 
phosphate, sodium nitrate, sodium sulphate, sodium lactate, and ethylene glycol. Interestingly 
in four out five mutants assayed the resistance to osmolites had increased from the level of their 
parental strain TIGR4 to that of D39. While having important evidence for the fitness selection 
of a single virulent strain during experimental infection, these mutants are an exceptional tool 
to investigate into the physiological role of the essential F1/F0 ATPase enzyme complex of S. 
pneumoniae during infection of the host.
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ABSTRACT: 

Antimicrobial resistance among pneumococci has greatly increased over the past two to three 
decades. Resistance to tetracycline, chloramphenicol and macrolides is generally conferred by 
acquisition of specific genes associated with genetic elements known as integrative conjugative 
elements (ICEs). We explored our unique historical pneumococcal genome collection for evidence 
of genetic elements associated with these resistance determinants that pre-dated the earliest known 
examples. Indeed, we found three such genetic elements in isolates recovered between 1967 and 
1972, one of which was a novel mobile element and another that was unusually associated with a 
streptococcal phage.

Keywords: antimicrobial resistance, mobile genetic elements, whole genome sequencing, 
bacteriophage.

1. Introduction

Resistance to tetracycline (tet(M)), 
chloramphenicol (cat) and macrolides (erm(B) 
and/or mef(A/E)) is generally conferred by 
acquisition of specific genes that are associated 
with mobile genetic elements, including those 
of  the Tn916 and Tn5252 families. The first 
tetracycline-, chloramphenicol- and macrolide-
resistant pneumococci were detected between 
1962 and 1970; however, until now the oldest 
pneumococcus shown to harbour Tn916 and/
or Tn5252 was isolated in 1974. In this study the 
genomes of  38 pneumococci isolated prior to 
1974 were probed for the presence of tet(M), cat, 
erm(B), mef(A/E) and int (integrase) to indicate the 
presence of Tn916/Tn5252-like elements. 

2. Methods

Whole-genome sequence data for 38 genetically 
diverse pneumococci isolated from 1937-
1974 were generated (Illumina), assembled 
and deposited in a BIGs database. Reference 
sequences for tet(M), cat, erm(B) and mef(A/E), 
plus four unique int sequences were retrieved from 
Genbank; BLASTn in BIGs was used to search 
study genomes for these genes. Isolates with hits 
were studied further by extraction of the relevant 
contig(s). ICE elements and genomic integration 
sites were determined; and putative ICE genes 
were predicted using Prodigal.
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3. Results

Three isolates were positive for one or more of 
the query genes (Fig. 1). Two Tn916-like, tet(M)-
containing, elements were identified among 
pneumococci dated 1967 (isolate 14/5) and 
1968 (isolate 18C/3). The former element was 
highly similar to that of the PMEN1 multidrug-
resistant, globally-distributed pneumococcal 
reference strain, which was isolated in 1984. The 
latter element was associated with a streptococcal 
phage. A third, novel genetic element, designated 
ICESpPN1, was identified in the genome of an 
isolate (PN1) dated 1972. ICESpPN1 contained 
a region of  similarity to Tn5252, a region of 
similarity to pneumococcal pathogenicity island 
PPI-1, and novel lantibiotic synthesis/export-
associated genes. 

4. Conclusion

We discovered two of  the earliest known 
representatives of  Tn916-like ICEs and a 

novel composite ICE, confirming the existence 
of  Tn916 elements in the first decade within 
which tetracycline resistance was described in 
pneumococci. Two pneumococci isolated in 
the late 1960s harboured Tn916-like ICEs, and 
these ICEs were highly similar to that of  the 
epidemiologically-successful PMEN1 reference 
strain and contemporary Tn916-like elements. 
Thus, ICEs are able to persist, almost unchanged, 
(≥99% nucleotide sequence identity), within 
bacterial populations for decades. Equally, the 
discovery of the novel ICESpPN1 demonstrates 
the dynamic variability of pneumococci genetic 
elements.
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Fig. 1: Comparison of genetic elements identified in this study to others previously described. Predicted genes depicted 
by horizontal arrows. Cyan arrows represent tet(M); orange arrow indicates cat; purple arrows represent lantibiotic-
associated genes. Red bars represent BLASTn matches between sequences and blue bars reverse-oriented BLASTn 
matches. Vertical black arrow indicates region of missing sequence within the Tn916-(bacterio) phage composite 
element. The asterisk marks an ~11.3 kb insertion in ICESpPN1 that contained 10 putative genes, including four that 
were similar to those of a two-component signalling system.
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ABSTRACT: 

Responsible for a large number of different diseases and with high mortality rates Streptococcus 
pneumoniae is a global health burden [1]. The recognised pandemic clone PMEN1, is multidrug 
resistant and can be found worldwide. In order to gain deeper insights into the genetic features 
making PMEN1 successful we compared it with three multidrug resistant but geographically 
restricted clones that are no longer in circulation.

Keywords: Streptococcus pneumoniae, PMEN1, multidrug resistance, whole genome sequencing, 
recombination.

1. Introduction

The first penicillin-resistant S. pneumoniae isolate 
was described in 1967 [2]. Since then resistance to 
multiple antibiotics has increased primarily as a 
result of the emergence and spread of a limited 
number of multidrug resistant (MDR) clones.

Some of these were restricted geographically [3-
5] and – after brief prevalence – they disappeared 
from circulation. In contrast one MDR clone 
named PMEN1 [6], first identified in Spain in 1984 
has spread globally and since then has retained 
significant prevalence worldwide. PMEN1 
has been described as “a paradigm for genetic 
success” [7]. In an attempt to gain a deeper insight 
into the genetic background associated with this 
evolutionary success we compared PMEN1 with 
“unsuccessful” MDR clones, which emerged and 
then disappeared from clinical specimens.

2. Material and Methods

Selected based on PFGE, the genomes of these 

unsuccessful clones (two strains of  the “South 
African” clone [3], three of the “Hungarian” clone 
[4] and three strains of the “Czech” clone [5]) were 
sequenced using Illumina sequencing. A subset 
of 215 global strains of the PMEN1 clone [8] was 
used to complete the dataset.

Sequence reads were mapped against the PMEN1 
reference genome ATCC700669 [9] following 
Harris et al. [10]. Before reconstruction of the 
phylogenetic relationship among the strains, 
genomic regions affected by recombination were 
removed as described previously [8]. Thus only 
vertically acquired SNPs were used to build an 
evolutionary tree.

3. Results 

The phylogenetic tree of  PMEN1 and the 
unsuccessful clones is based on 28,147 SNPs. We 
have previously shown that the PMEN1 strains 
all fall into one lineage. The three strains isolated 
in Hungary are closely related and differ by 106 
SNPs. The two strains isolated from South Africa 
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are also closely related and differ by 145 SNPs. 
Surprisingly the three Czech strains were unrelated 
to each other, suggesting very different origins. 
The Hungarian, South African and three Czech 
lineages differ by thousands of SNPs suggesting 
they do not share a recent common origin.

Within each linage the number of  vertical 
acquired SNPs is low, suggesting they share a 
recent common ancestor. Similarly to the case 
of  PMEN1, each group shows a high number 
of  recombination events with its own unique 
“pattern”. Additional approaches will have to be 
used to see if  the nature of these genetic events 
or vertically passed differences in the genome 
were disadvantageous for these ethnic clones and 
therefore, were responsible for their extinction. 

4. Conclusion

Using comparative whole genome sequencing we 
characterized the phylogeny and recombination 
events in MDR S. pneumoniae lineages that were 
prominent decades ago in three geographic areas, 
but are no longer seen in clinical specimens.

These are being compared to the successful 
PMEN1 clone which is now commonly recovered 
in the same geographic locations.
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ABSTRACT: 

A set of three thousand Streptococcus pneumoniae strains was collected from an infant cohort, and 
a subset of their mothers, between 2007 and 2010 in the Maela refugee camp on the Thailand-
Burma border. The serotype of each strain was identified by Quellung reaction and they were then 
submitted for whole genome sequencing.

The strain collection includes 64 known serotypes as well as non-typeable pneumococci. We 
identified a novel 15kb capsule biosynthesis gene cluster (cps) in five isolates from two infants and 
one adult. They were inconsistently typed as either non-reactive or serotype 21, and the five isolates 
were of three different MLSTs. The cps clusters from the infants are identical, whereas those from 
the adult differ by one intergenic and one non-synonymous SNP. 

Conserved domains were identified in order to predict gene function. They were compared to a 
database of well-characterised capsule biosynthesis genes in order to identify the nearest match 
and, where possible, infer the linkages that they may catalyse in the polysaccharide subunit. 

Keywords: non-typeable pneumococci, serotype, capsule.

Genetic diversity of ComD, the competence-
stimulating peptide receptor 
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ABSTRACT: 

Recombination has an important role in Streptococcus pneumoniae evolution and competence 
is assumed to be its major route. Competence is controlled through a quorum-sensing system 
composed by the receptor ComD and the response regulator ComE. This system monitors 
the concentration of the competence-stimulating peptide (CSP). The ComD variant produced 
determines the specific response to the different CSP alleles. This work analyzed the genetic 
variability of ComD and this protein was grouped into three distinct groups which are related to 
the respective type of CSP produced. Bioinformatics structural predictions suggest that there are 
differences between the variants of ComD.

Keywords: Genetic transformation, Competence, Kinase receptor, Two-component signaling 
system, Allelic variation, Structural prediction.
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1. Introduction

The most important horizontal gene transfer 
mechanism in Streptococcus pneumoniae is the 
genetic transformation achieved in the competence 
state. This information exchange enables 
pneumococci to develop antibiotic resistance or 
acquire new virulence factors, for example.

Competence is regulated by the extracellular 
concentration of  the competence-stimulating 
peptide (CSP). This peptide is monitored by a 
two-component signaling system composed by a 
membrane kinase receptor, ComD, and a response 
regulator, ComE. The genes that encode these 
three proteins are in tandem forming the operon 
comCDE.

It is known that the genes comC and comD present 
genetic variability and there is a genetic relation 
between them: each comD allele is associated with 
the same comC [1-3].

The aim of this study was to evaluate the genetic 
variability of the comD gene including all known 
sequences from the nucleotide database. A relation 
of each subtype of comC allele and the respective 
comD gene was also established. 

2. Methods

A total of 53 sequences were included in this study 
and were retrieved by doing a BLAST search 
with the DNA sequence of comD gene from the 
strain R6, restricting the search to S. pneumoniae 
organism. There were 32 sequences representing 
the complete gene while the others covered only 
the N-terminal sensor domain.

3. Results

Considering only the sensor domain (amino 
acids 1-128), it was identified 15 different ComD 
proteins. These proteins formed three groups 
corresponding to three different comC alleles. 
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Inside each group, it was also seen a relation 
between the subtype of comC gene and the ComD 
protein produced. A bioinformatics analysis of the 
topology of the ComD types predicts a different 
organization of the transmembrane helices in the 
sensor domain between them.

4. Conclusion

The C-terminal kinase domain of ComD is very 
conserved while the sensor domain presents the 
majority of  the differences between the three 
groups identified. The varying amino acids may 
cause a different structural organization in the 
sensor domain which may explain the biological 
response of the ComD receptors to the diverse 
CSPs.
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1. Introduction 

Pneumococcal serotypes have been shown 
to differ in their ability to cause carriage and 
disease. We compared serotypes 6B and 23F in 
an Experimental Human Pneumococcal Carriage 
(EHPC) model. We investigated differences 
in complement deposition and adherence to 
epithelial cells between the 6B and 23F strains 
used in the EHPC model and associated these data 
with the carriage rate. 

2. Methods

Healthy adult volunteers were enrolled with 
informed consent to an EHPC trial using 

pneumococcal serotypes 6B and 23F. Groups 
of  10 volunteers were intranasally inoculated 
with 6B or 23F over a range of doses, starting 
at 10,000 CFU per nostril and doubling up to 
320,000. Nasal wash (NW) samples were collected 
before inoculation and at days 2, 7 and 14 post 
inoculation. If  serotype 6B or 23F was detected 
in any NW, the volunteer was defined as carriage 
positive. 

Complement (C3) deposition on whole bacteria 
was measured using flow cytometry as previously 
described [1]. Pneumococcal adherence assays 
were performed using nasopharyngeal human 
carcinoma epithelial cells. Adherent bacterial 
colony forming units (CFU) were quantitated by 
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ABSTRACT: 

Streptococcus pneumoniae serotypes 6B and 23F were tested for their ability to establish carriage 
in an Experimental Human Pneumococcal Carriage model. The carriage rates were 45% for the 
6B strain and 5% for the 23F strain. 

The 23F strain was twice as susceptible to complement deposition as the 6B strain as shown by 
the Mean Fluorescence Intensity (20.44 vs. 9.03). The 23F strain was also significantly less likely 
to adhere to nasopharyngeal cells than was 6B (P<0.05).

The difference in carriage rates between the 6B and 23F strains may relate to differences in 
complement mediated clearance and ability to adhere to epithelial cells. 

Keywords: Streptococcus pneumoniae, carriage, complement, adherence.
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plating serial dilutions of the lysate on blood agar 
plates and incubating overnight at 37°C, 5% CO2.

3. Results

120 volunteers were inoculated with different doses 
of  two pneumococcal serotypes. In volunteers 
that were challenged with 6B, 45% were positive 
for pneumococcal carriage as compared to 5% in 
those challenged with 23F (Fig 1.). 

Fig. 1: Dose-ranging curve.Volunteers were inoculated 
with 6B (red diamond) or 23F (black square.) Percent 
colonization is the number of volunteers positive for 
carriage at any time point.

To examine the variation in carriage rates 
between 6B and 23F we investigated differences 
in C3 deposition on the pneumococcal surface. 
Preliminary analysis shows the 23F strain is twice 
as susceptible to C3 deposition as the 6B strain 
(Mean Fluorescence Intensity: 20.44 vs. 9.03). 

We also examined differences in adherence to 
nasopharyngeal cells. The recovered adherent 
CFUs were 1.02x106 for 6B and 3.89x104 for 23F. 
The 6B strain was significantly more likely to 
adhere to epithelial cells than 23F (P<0.05). 

4. Conclusion

In the EHPC model, 6B and 23F had very 
different carriage rates. The relative failure of 23F 
to establish colonization as compared to 6B may 

relate to complement mediated clearance and poor 
adhesion. 

The difference in susceptibility to complement 
deposition between serotypes has been shown 
before [2], as has an association between carriage 
prevalence and resistance to non-opsonic 
neutrophil-mediated killing, but neither has been 
explored in human carriage [3]. 
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ABSTRACT: 

Pneumococci have evolved several strategies to adhere to host cells and to evade the host 
complement and immune attack, both representing prerequisites for pneumococci to disseminate 
into the lungs and bloodstream or to survive in various host niches. The Pneumococcal surface 
protein C (PspC) is a key player in pneumococcal adherence to mucosal epithelial cells of the 
respiratory tract. PspC binds via each R domain to the ectodomain of the human polymeric 
Ig receptor (hpIgR), which is also known as secretory component (SC), and triggers uptake of 
pneumococci through activation of various signal transduction molecules. In addition, PspC 
recruits complement factor H via its N terminal part of the mature protein thereby avoiding 
activation of the complement cascade and complement-mediated lysis of pneumococci. Moreover, 
factor H acts, similar to vitronectin, as a molecular bridge and by linking the pathogen with host 
cell receptors both human proteins enhance the adherence of pneumococci. Although the cellular 
receptors for Factor H and vitronectin and the initiated signal transduction cascades have been 
extensively explored, the pneumococcal adhesin for vitronectin remains unknown. Here, we 
demonstrate that the multifunctional PspC protein interacts specifically with human vitronectin. 
PspC-deficient pneumococci and pneumococci pretreated with anti-PspC antiserum showed a 
lower capability to recruit vitronectin as analyzed by flow cytometry. In contrast to Factor H, 
secretory IgA competitively inhibited binding of vitronectin to purified and PspC-expressing 
pneumococci, indicating that vitronectin binding is mediated by the R domain(s) within PspC. 
Using PspC peptides or recombinant Lactococcus lactis expressing PspC with either one or two 
R domains, we revealed that two interconnected R domains are required for efficient vitronectin-
binding. Heparin inhibited PspC-binding to vitronectin and, by using a series of C-terminally 
truncated vitronectin peptides, we identified the C-terminal heparin-binding domain (HBD) 
within vitronectin as PspC-binding motif. In addition, a region N-terminally to the identified HBD 
seems to be important for the interaction of PspC with immobilized vitronectin, thus suggesting 
that soluble and immobilized or cellular bound vitronectin possess different conformations. In 
conclusion, we identified PspC as a vitronectin-binding protein and characterized the protein-
protein-interaction. 
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1. Objective

Although oxidative stress plays an important role 
in the pathogenesis of many diseases of the lung, it 
is yet unknown whether oxidative stress is induced 
during pneumococcal pneumonia.

2. Methods

primary bronchial epithelial cells, BEAS-2B, in 
vivo mouse model, ex vivo human lung tissue, 
Streptococcus (S.) pneumoniae (D39, R6x, D39 
Spxb-, R6x Δply), IL-8 ELISA, glutathione 
(GSH) and oxidized GSH (GSSG) assay, Nrf2 
and Catalase Western Blot, ChIP on Catalase 
promotor (Nrf2 IP), Nrf2-inducer: resveratrol, 
dimethylfumarate (DMF), DL-sulforaphane (DL-
SFN)

3. Results

We demonstrated that S. pneumoniae induced 
oxidative stress ex vivo in a human lung tissue 
model, in vivo in infected mouse lungs and in 
vitro in bronchial epithelial cells. Interestingly, 
this oxidative stress induction was independent 
of  H2O2 or pneumolysin, both commonly 
liberated by S. pneumonia. Upon stimulation with 
pneumococci, Nrf2 was shown to shuttle from 
the cytoplasm into the nucleus to bind to the 
catalase promoter resulting to a higher expression 
of  catalase protein. The pneumococci-induced 

oxidative stress was reversed by resveratrol but not 
by other Nrf2 inducers like DMF or DL-SFN. In 
contrast, DMF and DL-SFN were able to reduce 
dose-dependently the IL-8 release induced by S. 
pneumoniae whereas resveratrol had no effect on 
the secretion of IL-8.

4.  Conclusion

We were able to prove that S. pneumoniae induce 
oxidative stress in bronchial epithelial cells which 
activates an antioxidant defensive mechanism via 
the Nrf2-pathway. The reversibility of oxidative 
stress upon treatment with resveratrol suggests 
that the treatment of pneumococcal pneumonia 
patients with antioxidants may have a positive 
effect on the outcome of the disease. However, 
a reduction of  the pro-inflammatory cytokine 
release was only observed in DMF or DL-SFN 
treated cells which had no effect on the oxidative 
stress induction.

Keywords: Oxidative Stress, pneumococci, Nrf2, 
Nrf2-inducer, inflammation.
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1. Introduction

Streptococcus pneumoniae commonly colonizes 
the nasopharynx of healthy children and less 
frequently of adults. The spread of pneumococcus 
from nasopharynx to normal sterile sites causing 
invasive pneumococcal disease (IPD) is a rare 
event. The imbalance between host factors and 
virulence of the pathogen is partly responsible for 
the production of IPD. Younger children have more 
risk to develop IPD. The main virulence factor of 
pneumococcus is the polysaccharide capsule, with 
more than 94 serotypes. We know that there are 
some serotypes that are rarely detected in carriers 
and frequently detected in IPD. These serotypes 
with high invasive capacity or high attack rate 
act as true primary pathogens, whereas other 
serotypes which are frequently found in carriers 
have low invasive capacity or low attack rate, being 
considered as opportunistic pathogens. 

Mannose Binding Lectin (MBL) is a serum 
protein of the innate immune system. Previous 
data suggest that MBL deficiency is observed in 
15-25% of all human populations. 

The objective of this study was to evaluate the 
association of  MBL genotypic deficiency in 
patients with IPD according to age group and 
serotype attack rate characteristics.

2. Patients and Methods

Prospective study including all patients with IPD 
(children and adults) in two Catalan Hospitals 
(period of study February/2011-October/2012). 
Demographic and clinical variables were registered. 
Immunocompromised patients or those with 
anatomic anomalies predisposing to meningitis 
were excluded. IPD was defined as isolation of 
S. pneumoniae or DNA detection by RT-PCR in 
any sterile fluid. Genotypic study of the MBL2 
gene variants associated with variation in serum 
MBL levels and their functionality was performed. 
Patients were categorized as sufficient or deficient 
MBL levels according to the MBL2 genotype. 

Serotypes were classified according to the studies 
of  Brueggemann and Sleeman that include 
as high attack rate serotypes the following: 
1,4,5,7F,9V,14,18C and 19A. Other serotypes were 
considered as opportunistic serotypes.

3. Results

127 patients had IPD, 6 refused to participate. 
Sixty-nine of them (57%) were male and 26(21.5%) 
were <2 years of age, 35(28.9%) between 2-5yr. and 
60(49.5%) >5yr. Serotyping and MBL2 genotypic 
study were available in 120 episodes. Most frequent 
serotypes were 1(21.5%), 3(14%) and 19A(9.1%). 
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Of the total number of  serotypes, 58.3% were 
opportunistic serotypes and 41.7% serotypes 
with high attack rate. Overall MBL deficiency 
was observed in 15.7% and the proportion of 
MBL deficiency was similar in patients with 
IPD caused by opportunistic serotypes (17%) 
vs. high attack rate serotypes (14%). Significant 
differences among proportions of MBL deficiency 
were observed comparing children <2yr. vs. other 
patients (30.8% vs. 11.6%,P=0.02). Moreover a 
significantly high proportion of MBL2-deficient 
genotypes was observed comparing children <2 
years with IPD caused by opportunistic serotypes 

vs other patients 42.9% vs. 12.2%; P=0.01. No 
significant differences were observed comparing 
the proportion of MBL2-deficient genotypes in 
children <2years infected by high attack rates 
serotypes vs. other patients: 16.6% vs 15.7% P=0.9 

4. Conclusion

A significantly high proportion of MBL2-deficient 
genotypes was observed in children <2 years with 
IPD caused by opportunistic serotypes. These data 
suggest that MBL deficiency could be related with 
the high burden of IPD in younger children.
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ABSTRACT: 

Adherence of bacteria to host cells is a multifactorial process and proceeds bacterial infections. The 
interplay between pathogenic bacteria and its host depends on numerous interactions of bacterial 
surface structures and host matrix proteins. The matricellular glycoprotein Thrombospondin-1 
(TSP-1) is mainly secreted by activated thrombocytes but also by several other human cell 
types. TSP-1 is a 420 kDa multidomain homotrimer with a wide range of predicted functions in 
adherence and migration, cell morphology, proliferation and apoptosis as well as in interaction 
with extracellular proteases. TSP-1 is part of the extracellular matrix and shows binding to different 
matrix components, including fibronectin, fibrinogen, heparin and furthermore to the surface 
receptors CD36, CD47 and integrin α5β1 (CD49e/CD29). A recent study revealed a new role of 
TSP 1 for the interplay of different Gram-positive pathogens with host cells (Rennemeier et al., 
2007; Niemann et al., 2009). TSP-1 was shown to act as a molecular bridge between host cells and 
pneumococci and other Gram-positive bacteria as, thereby facilitating adherence to and invasion 
into eukaryotic cells. However, the TSP-1 adhesin on the pneumococcal surface is unknown. In 
this study we identified the SSURE domains of pneumococcal adherence and virulence factor B 
(PavB) as human TSP-1 binding peptides. Heterologously expressed PavB/SSURE peptides were 
shown to bind dose-dependently to immobilized TSP-1 using surface plasmon resonance and 
enzyme-linked immunosorbent assays. Furthermore, S. pneumoniae D39 mutant strains deficient 
in PavB were reduced in their capability to bind soluble human TSP-1 on the surface as shown by 
flow cytometry. The role of PavB in thrombospondin-1-mediated adherence and invasion and the 
TSP-1 domain recognized by the SSURE domains of PavB will be further analyzed. 
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1. Introduction

Different capsular serotypes of  Streptococcus 
pneumoniae vary markedly in their ability to cause 
invasive infection, but the reasons why are not 
known. As immunity to S. pneumoniae infection 
is highly complement-dependent, variations in 
sensitivity to complement between S. pneumoniae 
capsular serotypes could affect invasiveness. 
We have used 20 capsular-switched variants of 
strain TIGR4 and a range of  representative 
clinical isolates to investigate whether differences 
in binding of the alternative pathway inhibitor 
factor H (FH) could be one mechanism causing 
variations in complement resistance and invasive 
potential between capsular serotypes.

2. Results

Flow cytometry assays were used to assess 
complement factor binding and complement-
dependent neutrophil association for the 20 TIGR4 
capsule-switched strains. FH binding varied 7.5 
fold between the different serotypes. Binding of 
the alternative pathway complement factor, factor 
B, and the central complement component and 
opsonin C3b/iC3b also varied markedly between 
capsular switched strains. Importantly, FH 
binding had a strong inversely correlation with the 
results of factor B binding (rs = -0.5, P = 0.023) 

and C3b/iC3b deposition (rs = -0.63, P = 0.0029). 
Furthermore neutrophil association (a marker for 
phagocytosis) showed a strong inverse correlation 
with FH binding (rs = - 0.8, P < 0.0001) and direct 
correlation with C3b/iC3b deposition (rs = 0.61, 
P = 0.0044). In contrast neither total IgG binding 
to the capsular switched strains nor serum anti-
capsular antibody titres correlated with C3b/iC3b 
deposition or neutrophil association. FH binding 
was dependent on PspC, and there were reduced 
differences in C3b/iC3b deposition between pspC- 
mutant capsular switched strains. Median FH 
binding was higher to capsule-switched mutant 
strains expressing more invasive serotypes, and 
principal component analysis demonstrated a 
strong correlation between serotype invasiveness, 
high FH binding, and resistance to complement 
and neutrophil association (rs = 0.76, P < 0.001). 
Further data obtained with 33 clinical strains also 
demonstrated that FH binding negatively correlated 
with C3b/iC3b deposition (rs = -0.76, P < 0.001), 
and that median FH binding was higher to strains 
expressing more invasive serotypes (P = 0.011).

3. Conclusions 

These data suggest that variations in complement 
resistance between S. pneumoniae strains 
affects invasiveness. Furthermore, differences in 
complement sensitivity and serotype-dependent 

invasiveness seem to be related to the degree of 
FH binding to PspC. The results indicate that 
the effects of the capsule on virulence are more 
complex than simply shielding the bacteria from 
host proteins, with some capsular serotypes 
assisting bacterial evasion of host immunity by 
allowing greater access of factor H to subcapsular 
proteins.

Keywords: Streptococcus pneumoniae, complement, 
factor H, PspC, serotype, invasiveness.
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ABSTRACT: 

Streptococcus pneumoniae, a gram-positive bacterium, is a major human pathogen, which causes 
pneumonia, meningitis and septicemia. To insure its survival and dissemination, the pneumococcus 
deploys an array of virulence factors promoting invasion of tissues and evasion from the immune 
system. A particular class of virulence proteins not associated with any known export system, 
the moonlighting proteins, are located on the pneumococcal surface. Moonlighting proteins are 
conserved cytoplasmic metabolic enzymes or molecular chaperones localized in various cellular 
compartments and exhibiting additional functions. The glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH) has been found at the surface of numerous cells, ranging from bacteria to human cells, 
and display diverse roles in the virulence processes of pathogenic organisms and in the regulation of 
physiologic eukaryotic functions. 

The pneumococcal surface GAPDH acts as a virulence factor by binding to host plasminogen/
plasmin, which facilitates the bacterial invasion through the extracellular matrix and the endothelial 
and epithelial cell barriers. However, the mechanisms leading to the GAPDH export and binding 
to the bacterial surface had not been deciphered yet. We present evidences indicating that the 
GAPDH is released upon cell lysis and associates with the peptidoglycan.

C1q, a key component of the classical complement pathway, is a major player in the response to 
microbial infection and has been shown to detect noxious altered-self substances such as apoptotic 
cells. In this work [1], using complementary experimental approaches, we identified the GAPDH 
as a C1q partner when exposed at the surface of S. pneumonia and human apoptotic cells. The 
membrane-associated GAPDH on HeLa cells bound the globular regions of C1q as demonstrated 
by pulldown and cell surface co-localization experiments. Pneumococcal strains deficient in 
surface-exposed GAPDH harbored a decreased level of C1q recognition when compared with the 
wild-type strains. Both recombinant human and pneumococcal GAPDHs interacted avidly with 
C1q as measured by surface plasmon resonance experiments (KD = 0.34-2.17 nM). In addition, 
GAPDH-C1q complexes were observed by transmission electron microscopy after cross-linking.

The purified pneumococcal GAPDH protein activated C1 in an in vitro assay unlike the human 
form. Deposition of C1q, C3b, and C4b from human serum at the surface of pneumococcal cells 
was dependent on the presence of surface-exposed GAPDH.
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1. Introduction

Pneumococci are thought to form biofilms in 
the nutrient-poor human nasopharynx where 
they reside asymptomatically until being 
triggered by unknown factors, to switch to a 
planktonic-like growth and become invasive. 
From epidemiological data and in vivo animal 
experiments it is well known that pneumococcal 
serotypes differ in their invasiveness with the more 
invasive serotypes (e.g. 7F) having a short duration 
of colonization and the colonizing serotypes (e.g. 
6B) having a more stable and longterm presence 
in the nasopharynx. We expect that colonizing 
and invading serotypes will also show differences 
in their biofilm-forming capacity as well as in 
their ability to switch from a biofilm-like to a 
planktonic growth behavior.

2. Material and methods

For biofilm growth in a static model, a 6B and a 
7F serotype strain as well as their isogenic capsule-
switch mutants (6B strain expressing a 7F capsule 
and vice versa) were used. As growth medium, a 
chemically defined medium (CDM) supplemented 
with 50 ng of salmon sperm DNA and either 5 
mM of galactose or 5 mM of glucose was used. 
Galactose, an important carbon source for 
pneumococci in the human nasopharynx was used 
as a model system for a nutrient poor environment 
whereas glucose represents a more blood-like 
environment. Biofilms were incubated for 16, 40 
or 64 hours at 37°C and 5% CO2. Colony forming 
units (CFUs) of  supernatants and biofilms 
then were counted. Additionally, CFUs were 
differentiated by their growth and small colony 
variants (SCVs) counted separately.

3. Results

Serotype 6B strains tended to grow better in 
glucose than in galactose whereas we did not 
measure any difference in total growth between 
both carbon sources used for the 7F strains. 
There was no significant difference in total 
biofilm growth on days 1 or 3, between 6B and 
7F. However, the serotypes did not show the same 
behavior of SCV formation: the relative biofilm 
CFU counts from total growth showed a clear 
dependency on SCVs for biofilm formation. The 
more SCVs were present, the more biofilm was 
formed. This was true for the serotype 7F strain 
and its isogenic mutant. No dependency on SCVs 
for biofilm formation was observed for the 6B 
strains. A trend towards an increase of  SCVs 
from day 1 to day 3 was observed for the wild-
type strains which was greater for 7F than for 
6B. We hypothesize that serotype 7F strains form 
irreversible SCVs by random point mutations 
in the capsule region or other, so far, unknown 
mechanisms. This leads to an increase in their 
biofilm capacity whereas 6B SCVs are reversible 
probably due to different expression profiles.

4. Conclusion

In summary, we observed that biofilm formation 
is mainly dependent on the pneumococcal 
capsule type and, to a lesser extent, also on the 
growth medium. Serotype 7F strain biofilms 
are dependent on the amount of SCVs whereas 
serotype 6B strains use different mechanisms for 
biofilm formation. 

Pneumococcal biofilm formation: Influence of 
growth medium and serotype
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1. Introduction

Streptococcus pneumoniae, is a major cause of 
meningitis. Mortality rates ranges from 15-40%. 
About 50% of survivors present sequelae including 
learning impairment, deafness, mental retardation 
and hydrocephalus. The mechanism underlying 
the shift of  pneumococci from commensals to 
disease-causing pathogens has not been fully 
elucidated. In our previous studies we identified S. 
pneumoniae cell wall proteins, which are critically 
involved in S. pneumoniae pathogenicity. Several 

of those proteins, i.e: Glutamyl tRNA synthetase 
(GtS) and NADH oxidase (NOX) were found 
to be putative adhesin. The recombinant protein 
or antibodies against the recombinant proteins 
inhibited bacterial adhesion to lung derived 
cultured epithelial cells in vitro. These proteins 
were used to screen a random combinatorial 
peptide library expressed in the envelope protein 
of  filamentous phage. Homologous sequences 
to the peptides identified, capable in interfering 
in bacterial adhesion to cultured epithelial 
cells, were found in cell adhesion molecules and 

ABSTRACT: 

S. pneumoniae is a major bacterial pathogen that causes meningitis leading up to 40% mortality. 
About 50% of survivors present sequelae including learning impairment, deafness, mental 
retardation and hydrocephalus. We hypothesize that during meningitis caused by S. pneumoniae, 
bacterial adhesins interaction with their target molecules in the brain contribute to the brain 
damage: i) directly by altering the brain cells’ function and ii) indirectly, by eliciting a strong 
proinflammatory response, which in turn affect brain cell function. We have previously identified 
several putative receptors to bacterial adhesin, which are membrane and extracellular matrix 
proteins known to function in the brain development or affect neural cell function. Currently 
we demonstrate that a significant inhibition of pneumococcal adhesion to glioblastoma cells 
(U251) by these recombinant (rNOX, rGtS) adhesins. To study alterations in the functional state 
of the U251 cells following infection with the pneumococci we tested DNA topoisomerase I 
activity. The DNA Topoisomerase I is an essential nuclear enzyme that participates in all DNA 
transaction processes and is important for gene expression. Topoisomerase I activity was found 
to be significantly reduced in U251 cell upon pneumococcal infection in vitro. In conclusion, the 
previously identified adhesions and the alteration of topoisomerase I activity in pneumococcal 
infected cells are suspected to be involved in pneumococcal meningitis development.

Keyword: Streptococcus pneumoniae, adhesion, Topoisomerase, meningitis, U251 cells.P
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extracellular matrix components. Importantly, 
several of the newly identified target molecules 
are known to participate in neuronal development 
or affect brain functions. Interaction of bacterial 
virulence factors with host cellular receptors 
may lead to alteration in gene expression. DNA 
topoisomerases are a family of essential nuclear 
enzymes that are responsible for controlling the 
topological state of  the DNA molecules. They 
participate in DNA replication, transcription, 
recombination, and chromatin remodeling. We 
hypothesize that during meningitis caused by S. 
pneumoniae, bacterial adhesins interaction with 
their target molecules in the brain contribute 
to the brain damage: i) Directly by altering the 
brain cells’ function as a result of  interaction 
with the blood-brain carrier cells. ii) Indirectly, by 
interaction with BBB cells and microglia inducing 
secretion of proinflammatory cytokines, which in 
turn affect brain cell function 

2. Methods

The extent of bacteria adhering to U251 cells was 
studied in the presence and absence of rNox and 
rGtS. The existence of the putative S. pneumoniae 
receptors was analyzed by confocal microscopy. 
Topo I activity was measured by a specific reaction 
mixture and its protein level by Western blot 
analysis. Cell cytotoxicity was detected by Neutral 
Red assay 

3. Results

S. pneumoniae adhesion to the U251 cell was 
inhibited by rNox and rGtS significantly and in a 
dose dependent manner. Indeed the putative target 
molecules previously identified could be found on 
the U251 cells using confocal microscopy. To study 
alterations in the functional state of  the U251 
cells following infection with the pneumococci we 
tested DNA topoisomerase (Topo) I activity. Topo 
I activity was significantly reduced at 20, 30, and 
60 minutes following infection of the U251 cells 
and 2 hrs. after infection its activity returned to 
that found in uninfected cells.

4. Conclusion

The previously identified adhesins are involved 
also in S. pneumoniae interaction with human 
brain derived cell line. The putative target 
molecules previously identified are expressed in the 
U251 cells. The interaction of the pneumococcus 
leads to a significant reduction of Topo I activity 
suggesting possible alteration in gene expression 
in infected cells. 
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1. Introduction

Streptococcus pneumoniae (the pneumococcus) 
is a Gram-positive human pathogen that can 
cause life-threatening invasive diseases such as 
pneumonia, bacteremia and meningitis. How S. 
pneumoniae traverses the endothelial cell layer of 
the blood brain barrier is currently unclear. In this 
study, we address the question how S. pneumoniae 
crosses the blood brain barrier. 

2. Methods

Mice were intravenously infected with S. 
pneumoniae, and were sacrificed at various time 
points after infection to mimic the stages preceding 
meningitis. Bacterial localization and endothelial 
cells were detected on brain tissue cryostat-cut 
slides using immunofluorescence. Subsequently 
the location of various host receptors known to 
play a role in the interaction with S. pneumoniae 
was determined using immunofluorescence.

3. Results

Co-localization of  S. pneumoniae within the 
vessels of  the blood-brain barrier occurred 

at specific anatomical sites within the brain 
over time. Confocal analysis confirmed that 
S. pneumoniae is tightly associated with the 
endothelial cells. Analysis of  the systemic 
and local immune response indicated marked 
differences in the local response of  the brain. 
Analysis of the location of various known host 
cell receptors indicated a heterogenous expression 
of these receptors on endothelial cells in the brain. 
Currently, the consequences of this heterogeneity 
for the interaction with the bacteria are further 
investigated using IF and in vitro assays.

4. Conclusions

S. pneumoniae is attached to both the macro- 
and microvascular endothelium in the mouse 
brain depending on the anatomical site. The 
presence of bacteria in the blood elicits markedly 
different responses in the brain compared to 
the systemic response. Furthermore, there was 
a marked heterogeneity in the expression of 
known host cell receptors for S. pneumoniae in the 
brain. Ultimately, this work will lead to a better 
understanding of how pneumococci interact with 
the blood brain barrier and cause meningitis.
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ABSTRACT: 

Colonization of the nasopharyngeal tract is a first and necessary step in the infectious process 
and often involves the formation of sessile microbial communities by the human pathogen S. 
pneumoniae. The ability to grow and persist as biofilms is an advantage for many microorganisms 
because biofilm-grown bacteria show a reduced susceptibility to antimicrobial agents and hinder 
the recognition by the immune system. Using pneumococcal strains growing as planktonic cultures 
or as biofilms, we have investigated the recognition of S. pneumoniae by the complement system and 
its interactions with human neutrophils. Deposition of C3b, the key complement component, was 
impaired on S. pneumoniae biofilms. In addition, binding of CRP and the complement component 
C1q to the pneumococcal surface was reduced in biofilm-growing bacteria demonstrating that 
pneumococcal biofilms avoid the activation of  the classical complement pathway. Besides, 
recruitment of factor H, the down-regulator of the alternative pathway by a PspC-mediated 
mechanism was enhanced by S. pneumoniae growing as biofilms. Furthermore, phagocytosis of 
pneumococcal biofilms was also impaired. The present study confirms that biofilm formation in 
S. pneumoniae is an efficient way for host immune evasion both from the classical and the PspC-
dependent alternative complement pathways.

Keywords: biofilm, phagocytosis, complement system.

1. Introduction

The growth and dispersal of microbes, whether 
pathogenic or environmental, commonly involve the 
production of biofilms, which represent the primary 
mode of pneumococcal growth during colonization, 
recurrent otitis media and the early stages of invasive 
disease [1]. These evidences support the importance 
of studying pneumococcal sessile communities 
to understand key events in the pathogenesis 
development of this important human pathogen.

Biofilm formation is a complex process initiated 
by the attachment of microorganisms to a surface 
or interface that is embedded in an extracellular 
matrix constituted by various polymeric 
substances [2]. The biological and physicochemical 

characteristics of  biofilm structure protect the 
bacterium from environmental adversities and 
confer the microorganism an inherent resistance 
to antimicrobial therapies and the host immune 
response [3]. The complement system represents 
one of the first lines of defense against invading 
pathogens such as S. pneumoniae and plays a 
vital role in both innate and acquired immu-
nity [4]. This unique host defense mechanism is 
activated by three different pathways —known 
as the classical, alternative and lectin pathways—
that converge at the central com-ponent C3. This 
component is involved in es-sential phases of 
the immune response such as recognition and 
clearance of  microorgan-isms, inflammatory 
response and induction of phagocytosis.
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2. Results

2.1. C3b deposition on S. pneumoniae growing as 
biofilms or planktonic cultures

The deposition of  the complement compo-
nent C3b on the surface of S. pneumoniae was 
investigated by a flow cytometry assay using 
bacteria grown either as biofilms or as planktonic 
cultures. C3b deposition on pneumococcal 
biofilms was markedly impaired in comparison to 
planktonic cultures. 

2.2. Reduced activation of the clas-sical complement 
pathway by pneumococcal biofilms

The classical complement pathway is activated by 
the recognition of antigen-antibody complexes 
on the bacterial surface by the component C1q 
and it is generally considered to be an effector 
of the acquired immune response. In addition, 
recognition of  S. pneumoniae by acute phase 
proteins such as CRP, increases the deposition 
of C1q on the pneumococcal surface activating 
therefore the classical pathway. Binding to 
pneumococcus by CRP and C1q was reduced 
when the bacteria were grown as a biofilm 
demonstrating that biofilms enhance the resistance 
of S. pneumoniae to complement immunity by 
diminishing the classical pathway activation. 

2.3. Recruitment of human complement regulators

Interaction with the major fluid-phase regulators 
of either the classical or alternative complement 
cascades was investigated by flow cytometry. 
Deposition of C4BP, the main down-regulator 
of the classical pathway is not affected by biofilm 
formation. In contrast, recruitment of  the 
downregulator of the alternative pathway, factor 
H, by a PspC mediated mechanism was enhanced 
by S. pneumoniae growing as biofilms. 

2.4. Phagocytosis by neutrophils is impaired in S. 
pneumoniae biofilms

The susceptibility of pneumococcal biofilms to the 
opsonophagocytosis process mediated by human 
neutrophils was markedly impaired in comparison 

to the planktonic culture, demonstrating that 
the sessile growth of S. pneumoniae represents 
an advantage to avoid the recognition and 
phagocytosis proc-ess mediated by human 
neutrophils.

3. Conclusion

Overall, our study indicates that biofilm for-
mation may constitute an advantage in certain 
phases of the pneumococcal pathogenic process 
such as nasopharyngeal colonization or during the 
early steps of microbial attachment for invasion 
by avoiding the host immune system to efficiently 
recognize and destroy S. pneumoniae.
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ABSTRACT: 

Streptococcus pneumoniae binds the fibrinolysis proenzyme plasminogen (PLG). Here, we 
identified the phosphoglycerate kinase (PGK) as PLG binding protein specifically interacting 
with angiostatin, representing the N-terminal kringle domains 1-3. Electron microscopic analysis 
confirmed surface expression of PGK irrespective of capsule expression. PGK binds human and 
murine PLG with high affinity as shown by Surface Plasmon Resonance (SPR) technique. Results 
of peptide array analyses detected two PLG binding sites (BS1 and BS2). In addition to PLG, 
PGK also directly binds the tissue-type plasminogen activator (tPA). These results point to the 
high relevance of plasminogen binding for S. pneumoniae – host interaction. 

Keywords: angiostatin, phosphoglycerate kinase, plasminogen, tissue type plasminogen activator.

1. Introduction

Pneumococci bind PLG via a subset of surface 
exposed proteins including the glycolytic enzyme 
enolase [1]. PLG is the proenzyme of the major 
fibrinolysis enzyme plasmin. The host-derived 
PLG activators tPA and urokinase-type PLG 
activator (uPA) convert PLG on the surface of 
pneumococci into the protease plasmin. This 
surface-exposed proteolytic activity facilitates 
pneumococcal transmigration through fibrin 
thrombi and extracellular matrices [2]. The 92 
kDa PLG is composed of five homologous kringle 
domains followed by an enzymatic domain. K1-3 
and K1-4, respectively, comprise angiostatin. 

2. Methods and Results

2.1. Surface-detection of PGK

Recombinant PGK was generated in E. coli to 
subsequently produce antigen-specifc antibodies. 
Following immune detection using electron 
microscopic visualization detected PGK on the 
surface of  encapsulated and non-encapsulated 
isolates (Fig.1).
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Fig. 1 Electron microscopic visualization of PGK on the 
pneumococcal surface.

2.2. Species specificity and binding affinity

Dot blot analyses revealed a non-species-specific 
interaction of PGK with human and murine PLG, 
respectively. Determination of kinetic parameters 
using SPR analyses revealed high affinity binding 
for human PLG. 

2.3. Angiostatin-binding

Dot blot analysis using truncated PLG fragments 
detected angiostatin as binding site for PGK.

2.4. Identification of PLG binding sites

Peptide spot array analyses followed by sequence 
mapping identified the peptides “GKKV” and 
“RAIL” as crucial for PLG binding. A subsequent 
alanine exchange pointed to the lysines of BS1 
and the arginine of  BS2 as essential for PLG 
binding. X-ray analysis of PGK structure followed 
by computational modeling of PLG-binding sites 
revealed localization of both binding sites on the 
PGK molecule surface, forming a single binding 
pocket (see communication by Noelia Bernardo-
García).

2.5. tPA-Binding

The plasminogen activator tPA contains a kringle 
domain and structural superimposition revealed 
a possible binding to the identified PLG binding 
sites in PGK (see communication by Noelia 
Bernardo-García). Dot spot overlay analyses 
confirmed binding of tPA to PGK. 

3. Conclusion

The PGK is not only a member of the increasing 
family of  PLG-binding proteins expressed on 
pneumococcal surface, but also represents a 
direct mediator of PLG-activation via binding of 
tPA. This reflects the efficient utilization of host-
derived components and activation mechanisms. 
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1. Introduction

Hypogammaglobulinaemia is an important risk 
factor for recurrent respiratory tract infections 
including those caused by Streptococcus pneumoniae. 
The risk of infection can be partially reversed by 
passive vaccination with pooled human intravenous 
immunoglobulin (IVIG) preparations. The target 
antigen for the naturally acquired IgG to S. 
pneumoniae in IVIG preparations is widely assumed 
to be the capsular polysaccharide. However there 
are few data on the mechanisms by which IVIG can 
prevent recurrent respiratory infections or the target S. 
pneumoniae antigens. We have investigated the efficacy 
of IVIG in preventing S. pneumoniae infections in a 
mouse model, and the immunodominant antigens 
targeted by IVIG preparations.

2. Results

IVIG strongly protected mice from experimental 
challenge by intranasal inoculation with the 
TIGR4 S. pneumoniae strain. Target organ CFU 
demonstrated IVIG treated mice were highly 
protected against bacteraemia (17% IVIG with 
significant septicaemia v. 100% in controls, P 
= 0.015) and partially protected against lung 
infection (bacterial CFU within the lung at 
24 hours log10 3.7 for IVIG treated versus 6.3 
for controls, P =0.041) following experimental 
challenge with S. pneumoniae. No protection was 
seen within bronchoalveolar lavage fluid or at 
early time points after infection.

Several in vitro assays were used to assess the 
functional effects of IVIG on S. pneumoniae. 
Incubation of S. pneumoniae with IVIG resulted 
in IgG deposition on the bacteria, increased 

macrophage and neutrophil phagocytosis, as well 
as inhibiting bacterial growth in complete media 
and causing bacterial agglutination. Repeating 
in vitro assays utilising capsule deficient mutants 
of different S. pneumoniae strains demonstrated 
increased IgG binding, phagocytosis, growth 
impairment and bacterial agglutination in the 
absence of the capsule, indicating these phenotypes 
are not dependent on expression of capsular antigen 
and therefore not due to anti-capsular antibody. The 
potential S. pneumoniae antigen targets in IVIG 
were assessed using ELISAs, immunoblotting and 
a semi-quantitative multiplex (Luminex) assay to 18 
recombinant pneumococcal proteins. These assays 
demonstrated significant IgG responses to selected 
pneumococcal protein antigens that were conserved 
between bacterial strains and between different 
geographical sources of IVIG. Immunodominant 
antigens included the well-recognised surface 
proteins PhtD, PspC, PspA, Ply and PsaA.

3. Conclusion

Overall the data suggest that IVIG contains IgG 
that recognises a limited range of S. pneumoniae 
protein antigens, and that these anti-protein IgG 
species seem to be functionally more dominant 
than anti-capsular antibody. Therefore, by 
extension, these data suggest that naturally 
acquired adaptive immunity to S. pneumoniae is 
largely dependent on anti-protein antibodies.
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ABSTRACT: 

A longitudinal study was undertaken for 21 infants living in the Maela refugee camp on the 
Thailand-Burma border between 2007 and 2010. Nasopharyngeal swabs were collected monthly, 
from birth to 24 months of age, with additional swabs taken if  the infant was diagnosed with 
pneumonia according to WHO clinical criteria. At the time of collection, swabs were routinely 
cultured for a range of clinically important bacteria including Streptococcus pneumoniae, and 
multiple serotype carriage was assessed. 

DNA was extracted from the 544 swabs using a modification of the FastDNA Spin Kit For Soil 
protocol and barcoded for 16S rRNA gene sequencing on the 454 platform. Data from the three 
454 plates were cleaned and analysed using the mothur software package and additional statistical 
analyses performed with R. 

The nasopharyngeal microbiota is a somewhat simple community compared to that of other body 
sites. In this cohort it is dominated by four taxa: Moraxella catarrhalis/nonliquefaciens (45% across 
all samples), Streptococcus clade 1 (16%), Haemophilus influenzae (10%), and an uncharacterized 
Flavobacteria species (9%). 

Infant age and antibiotic use correlate with certain changes in the nasopharyngeal microbiota, 
however monthly sampling demonstrates that it is a community in flux throughout the first two 
years of life. 

Keywords: nasopharyngeal microbiota, 16S rRNA, colonization.

P
H

M
14 H

O
ST-M

IC
R

O
B

E IN
TER

ACTIO
N

S

P
H

M
15 H

O
ST-M

IC
R

O
B

E IN
TER

ACTIO
N

S

Immunomodulatory effects of vitamin D on innate 
and adaptive immune responses to Streptococcus 
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ABSTRACT: 

Streptococcus pneumoniae is a leading cause of pneumonia worldwide and the causative agent of 
a broad spectrum of further inflammatory diseases. Vitamin D has emerged as a key regulator of 
immunity in humans. Therefore, we sought to decipher the potential role played by vitamin D in 
modulating immune responses in DCs after pneumococcal challenge. We studied the effects of 
vitamin D on dendritic cell maturation, expression of key elements of the innate immune system 
and production of T helper cell related cytokines in pneumococcal challenge.

Keywords: Streptococcus pneumoniae, vitamin D, infection, dendritic cells, T helper cells, 
inflammation, antimicrobial peptides, immunomodulation.

1. Background

Streptococcus pneumoniae forms part of  the 
normal nasopharyngeal flora but can also cause 
a broad spectrum of  inflammatory diseases. 
Mechanistic and clinical data supports a beneficial 
role for vitamin D in human immunity [1, 2]. It 
has potent effects on human immunity, including 
induction of antimicrobial peptides (AMPs) and 
suppressing T cell proliferation, but its ability to 
modulate the immune response to pneumococci 
is unknown.

2. Methods

Monocyte-derived dendritic cells (DCs) were 
stimulated with pneumococcal peptidoglycan 
(PGN) in the presence and absence of vitamin 
D. Expression of maturation markers, cytokines, 
pattern recognition receptors and AMPs were 

measured with flow cytometry, ELISA and 
q-PCR. Stimulated DCs were co-cultured with 
autologous T helper (Th) cells and concentrations 
of Th1-, Th17- and Treg-related cytokines were 
measured with ELISA.

3. Results

Vitamin D enhanced the expression of  the 
maturation marker CD86 and the migration 
marker CCR7 in PGN-stimulated DCs. It also 
induced a synergistic upregulation of key PRRs 
(TLR2, Nod2), as well as the inflammatory 
mediator IL-1β and the β-defensin hBD-3. 
Furthermore, vitamin D skewed the DC-mediated 
Th response to PGN from an inflammatory Th1/
Th17 phenotype towards a Treg phenotype.
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4. Conclusion

Vitamin D modulates key elements of  innate 
immunity while dampening adaptive immune 
responses in DCs after pneumococcal challenge, 
which may have implications for prevention 
and treatment of  pneumococcus-induced 
inflammation.
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ABSTRACT: 

The likelihood of a S. pneumoniae strain to cause invasive disease is associated with capsular 
serotype. Each serotype is represented by a varying number of clonal lineages with different 
gene contents potentially affecting invasiveness. Here we examined a large set of nasopharyngeal 
carriage and invasive pneumococcal isolates recovered from children, prior to the introduction 
of pneumococcal conjugate vaccines (PCV) into the childhood vaccination program. Our data 
show that isolates belonging to the same serotype and clonal complex (CC) with MLST but of 
different PFGE type may differ in their potential for causing invasive disease (IDP). Whole genome 
sequencing of four isolates representing PFGE clones with different IDP rev©ealed intra-clonal 
variations in the sequences of virulence associated proteins, and in phage content. Also differences 
were found in a mouse infection model. The data suggest an ongoing immune-selection that may 
affect invasiveness in children, such as complement resistance through a varied human factor H 
binding.

Keywords: Intra-clonal variation pneumococci virulence epidemiology invasive disease potential.

1. Introduction

Epidemiological studies have revealed that certain 
pneumococcal serotypes dominate in invasive 
pneumococcal disease among children [1,2]. 
It is against such pediatric serotypes that the 
conjugated polysaccharide vaccines (PCVs) have 
been directed. 

Due to the highly recombinogenic nature of 
pneumococci, different isolates belonging to 
the same genetic lineage, may differ in gene 
content [3,4]. Deletions, insertions and DNA 
rearrangements are expected to create differences 
in pulsed-field-gel-electrophoresis (PFGE) 
patterns in such sub-clones.

2. Methods

715 invasive and carriage isolates from children 
from the Stockholm area were compared 
using PFGE and multi-locus-sequence-typing 
(MLST). Bacterial whole genome sequencing 
was performed as were functional assays of the 
interaction with factor H and in vivo virulence 
studies in C57BL/6 mice.

3. Results 

Clonal types of  the same serotype showed 
differences in the invasive disease potential (IDP). 
Moreover, intra-clonal variations within clonal 
complexes (CC) were found to affect disease 
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outcome. Whole genome sequencing of  four 
isolates representing PFGE clones with different 
IDP revealed intra-clonal variations in the 
sequence of virulence associated proteins, and in 
phage content. Also, differences were found in a 
mouse model and in factor H binding.

4. Discussion

Due to efficient horizontal gene transfer events 
intra-clonal variants in dominating lineages were 
identified that differ in IDP in children, and in 
virulence in a mouse model. We observed major 
differences in phage DNA content and in the 
presence or sequence of  surface antigens. This 
included known important virulence factors 
affecting the binding of human factor H, which 
has been shown to increase complement resistance 
and to promote invasion [5].

5. Conclusion

Intra-clonal variants, reflecting different prophage 
DNA content, showed major differences in 
pneumococcal surface antigens suggesting 
ongoing immune-selection that may affect 
invasiveness in children, such as complement 
resistance through a varied human factor H 
binding.
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ABSTRACT: 

S. pneumoniae was originally named Diplococcus but the bacteria can also be observed in chains 
composed of varying numbers of cells.

Recent research interprets this heterogeneous phenotype as a means of resisting the immune 
response on the one hand and adapting to and colonizing the human nasopharynx on the other 
[1, 2]. The diverse host microenvironments differ in their availability of carbon source nutrients.

Here, we determined the number of mono-/diplococci of 7 clinical wild-type strains which differ 
in serotype (6B, 6C, 7F, 9V, 15, 19F and 23F).

The bacteria were grown under nutrient restricted conditions in a chemically defined medium 
(CDM). CDM was supplemented with one of four monosaccharide carbon sources: fructose, 
galactose, glucose or mannose at final concentration of 5.5 mM. Furthermore we also tested 7 
capsule switch mutants in the same genetic background. The bacteria were grown to an optical 
density of 0.25, brightfield pictures were taken at a magnification of 1000 x and the number of 
mono-/diplococci determined. 

We show that the type of carbon source significantly affects chain length. The largest fraction of 
mono-/diplococci throughout all wild-type strains tested was found in galactose (50 %), followed 
by glucose (35 %), mannose (20 %) and fructose (15 %) supplemented CDM.

We found significant strain-specific differences when grown in the same medium: populations of 
strains 106.66 (serotype 6B) and 207.31 (15) show 2 to 5-fold fewer mono-/diplococci compared 
to all the other strains when grown in galactose. Furthermore, strain 106.66 (6B) shows low 
percentages of mono-/diplococci under all conditions tested whereas strains such as 201.38 (9V) 
show highly variable percentages up to a factor of 10.

Capsule switch mutants in the same genetic background result in a 40 % reduction of the number 
of mono-/diplococci in galactose and a 10 % reduction in fructose compared to the wild-type of 
the donors.

In conclusion, we found that the effect of the carbon source on the number of mono-/diplococci 
is not determined by the capsule genes but largely by the genetic background and therefore is 
strain-specific.

These findings add to the understanding of the importance of chain length during the process 
of colonization and invasion described previously [1, 2]. Further investigations will focus on 
the understanding of strain-specific cell division control behaviour in response to different 
microenvironments.
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Relationship between two pneumococcal 
Zn2+-binding proteins: From t-PhtD NMR structure 

to Zn2+ transfer to AdcAII.
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ABSTRACT: 

Zinc (Zn2+) homeostasis plays a major role in pathogen host colonization and invasion. 
Polyhistidine triad (Pht) proteins, located at the surface of various streptococci may be involved 
in Zn2+ homeostasis. We have previously shown that the phtD gene, coding for a Zn2+-binding 
protein, belongs to an operon including adcAII. This latter gene encodes for the extracellular part 
of a Zn2+ transporter (Bayle et al., Mol. Mic (2011), 82,904). The expression of PhtD and AdcAII 
is regulated by the Zn2+ concentration present in the extracellular medium. In the present work, 
we address the question of the relationship between these two proteins though a comination of 
biochemical and structural biology approaches. 

PhtD and AdcAII interact in vivo as shown by immuno-precipitation experiments using 
purified membranes of S. pneumonia confirming our previous in vitro observations (Loisel et al., 
Biochemistry (2011), 3551). The high resolution NMR structure in solution of a 137 amino acid 
N-terminal domain of PhtD (t-PhtD) locates the Zn2+ ion into a tetrahedral site defined by three 
His and a Glu residues. A comparison of the NMR15N-relaxation parameters for Zn2+-t-PhtD with 
the protein deprived of the metal shows that the loss of Zn2+ induces structural changes not only 
at the Zn2+-binding site but also in the C-terminal helix. These modifications lead to a diminished 
helical propensity in the N-terminal part of the protein domain while increasing the local dynamics 
and the overall hydrodynamic volume of t-PhtD. A systematic analysis of the structural data on a 
55-long N-terminal fragment of pneumococcal PhtA and t-PhtD allows to identify short repetitive 
units formed by three β-strands bearing the conserved HXXHXH motif in Pht proteins.

The relationship between both proteins with respect to binding and exchange of Zn2+ was studied 
by NMR spectroscopy. In combination with thermal shift analysis these data provide the first 
evidence that the formation of a short-lived complex between the two proteins is required for Zn2+ 
transfer. 

Taken together, these results support a role for S. pneumonia PhtD as scavenger of zinc present in 
the extracellular medium allowing metal release to the surface transporter AdcAII.

Keywords: Pneumococcus, PhtD protein, NMR, Zn2+-binding proteins, Zn2+ transfer.
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ABSTRACT: 

The structure of  short peptides corresponding to choline-binding repeats (CBRs) of  the 
pneumococcal amidase LytA has been studied by biophysical methods. Peptides containing 
the CBR1, CBR3, CBR4 and CBR3-4 sequences were analised by circular dichroism (CD) and 
nuclear magnetic resonance (NMR). All peptides acquire a native-like β-hairpin conformation 
and bind choline or choline analogues. These findings pave the way for the development of novel 
antipneumococcal drugs based on these structures.

Keywords: Choline-binding proteins, nuclear magnetic resonance, circular dichroism, β-hairpin.
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1. Introduction

Choline-binding proteins (CBPs) bind to the cell 
wall through specialized choline-binding modules 
(CBMs) built up from tandem choline-binding 
repeats (CBRs), sequences of approximately 20 
aa rich in aromatic residues. The 3-D structure 
of several CBPs and CBMs [1] reveal a common 
β-hairpin conformation for CBRs configuring a 
choline-binding site with two aromatic side-chains 
from one repeat and another one from the next. 
We have studied by CD and NMR the ability of 
isolated CBRs belonging to the LytA amidase to 
acquire a folded conformation in the absence of 
the rest of the protein.

2. Results

We have previously shown [2] that the CBR1 
peptide, corresponding to residues 197-210, folds 
into a β-hairpin conformation similar to that 
observed within the full-length protein (Fig. 1). 
Here we have also studied the CBR3 and CBR4 
repeats, corresponding to residues 239-252 and 
258-272 respectively, as well as both repeats 

joined by the native loop (CBR3-4). CD revealed 
that all peptides could fold and bind to choline. 
On the other hand, NMR spectroscopy allowed 
the elucidation of the three-dimensional of these 
isolated CBRs, confirming again the acquisition 
of native-like β-hairpin conformations.

Fig. 1: Three-dimensional structure of the LytA CBR1 
elucidated by NMR

3. Conclusion

CBRs constitute structurally autonomous units 
that keep an estimable ability for recognising 
choline. Since isolated CBMs may inhibit the 
enzymatic activity of their respective CBPs [3], 
probably by sequestering the docking choline 

residues in the cell wall, new peptidomimetic and 
bioconjugated structures based on these peptides 
may be useful for the development of  novel 
antipneumococcal compounds.
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The pneumococcal  
endo-α-N-acetylgalactosaminidase is involved 
in aggregation, adhesion and biofilm formation
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ABSTRACT: 

The major human pathogen Streptococcus pneumoniae typically colonize asymptomatically 
the upper airways, where both N- and O-linked glycans are abundant. Pneumococcus possess 
a complete set of surface-associated glycosidase to cleave these glycans, including the SP0368 
endo-α-N-acetylgalactosaminidase (eng) that was demonstrated to release specifically the core-1 
of O-linked glycans that consists of the disaccharide Gal-beta-1-3GalNAc. Here we demonstrate 
that this disaccharide is also associated to the pneumococcal cells and released by the SP0368 
O-glycosidase. Knock out of the SP0368 gene resulted in a increased biofilm formation, increased 
lectin staining for Gal-beta-1-3GalNAc of the bacterial cell surface and decreased Gal-beta-
1-3GalNAc in the medium. To evaluate the specific contribution of  Gal-beta-1-3GalNAc 
to attachment to plastic, eight hour biofilm was treated with serial dilution of commercially 
available pneumococcal O-glycosidase. Data show a clear reduction of  biofilm even at the 
lowest concentration (3ng/ml). The disaccharide Gal-beta-1-3GalNAc is also described in oral 
streptococci as a coaggregation epitope. Wild type stationary cells resuspended in coaggregation 
buffer remained in suspension more than the knock out mutants. Due to the observed increase 
in adhesion to plastic and in coaggregation assay conferred in both cases by deletion of the 
O-glycosidase, we assayed the effect on adhesion to eukaryotic cells. As pneumococci are upon 
the first cause of conjunctivitis we choose the human conjunctival Chang cell line as model system 
for adhesion. Repeated experiments all showed an about tenfold increase in adhesion of the 
SP0368 mutant over the wild type strain. Data presented indicate that the pneumococcal endo-
α-N-acetylgalactosaminidase does not have only an effect on host glycans, but is also involved in 
aggregation, adhesion to host cells and biofilm formation. 

Characterization of Streptococcus pneumoniae 
FtsA conditional lethal mutants reveals unexpected 

features of cell division in 
Gram-positive pathogens of ovococcal shape

Andrea MURA, Daniela MUSU, Orietta MASSIDDA
Dipartimento di Scienze Chirurgiche, Università degli Studi di Cagliari, Cagliari, Italy.

Contact name: Andrea Mura (andreamura@unica.it)

ABSTRACT: 

FtsA is an essential cell division protein fairly conserved among eubacteria. It is an actin-like 
protein that structurally differs from actin because it lacks one of the four subdomains that is 
replaced by an additional one located elsewhere in the structure. FtsA localizes early at the cell 
division site, where it is needed both to tether FtsZ to the membrane and also to recruit to midcell 
the other cell division proteins. In agreement with this, FtsA has been shown to interact with itself, 
FtsZ, ZapA and PBP2x. We have previously described the ability of Streptococcus pneumoniae 
FtsA to polymerize in vitro, however the lack of ftsA conditional lethal mutants have so far 
impeded validation of FtsA-polymerization in vivo. In this work we present the characterization 
ftsA thermosensitive (TS) mutants, obtained by error-prone random PCR, allelic replacement 
and subsequent screening for their ability to grow at 28°C (permissive temperature) but not at 
40°C (non permissive temperature). Out of 8000 transformants screened, three, named FtsA19, 
FtsA20 and FtsA21 TS, were identified and shown to carry a mutated ftsA allele and express the 
corresponding mutated FtsA protein. The mutations mapped in different domains of the FtsA 
structure, that are thought to be involved in FtsA polymerization, interactions with FtsZ and/or 
with the other cell division proteins. Temperature shifting experiments showed that, in contrast to 
the Rx1 wt, that grew well at both 28° and 40°C, the FtsA TS mutants stopped growing and started 
lysing about 60 to 90 minutes upon shifting to the non permissive temperature, in a mutation 
specific manner. These results are consistent with what was observed in a zinc dependent ftsA 
conditional lethal S. pneumoniae mutant, where the only source of FtsA was the expressed ftsA-
gfp under the control of the Pzinc inducible promoter inserted at the ectopic bga locus of the 
S. pneumoniae chromosome. Overall, these data suggest that an early block in cell division in 
S. pneumoniae would result in cell lysis rather than cell elongation, which could be somewhat 
unexpected for a Gram-positive coccus of oval shape that has been shown to possess both an 
elongation as well as a cell division machinery. Besides providing new insights to pneumococcal 
cell division, this works also validate S. pneumoniae FtsA as an attractive target to develop novel 
inhibitors active on septation.

Keywords: Cell division, FtsA, Conditional lethal mutants, Cell lysis.
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ABSTRACT: 

Choline binding proteins are surface proteins located in the gram positive cell walls, attached to the 
peptidoglycan layer. Here we show the three-dimensional structure of the choline binding domain 
of CbpL, from S. pneumoniae. Structural analysis and comparison with other CBPs will lead us 
to a better understanding of their distribution into the surface and the attachment mechanism to 
the lipoteichoic acids.

Keywords: Structure, Crystallography, Choline Binding Proteins, Teichoic Acids.
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1. Introduction

Choline binding proteins are a family of 
modulated proteins located in the gram positive 
bacteria cell wall, showing a broad variety of 
activities. One of  their modules, the so called 
choline binding domain, is directly involved in 
the attachment of the cell wall. The anchoring 
is formed directly with the peptidoglycan layer 
through cation-π interactions between repetitions 
of  aromatic patches along the choline binding 
domain and the choline moiety of teichoic and 
lipoteichoic acids present in the gram positive cell 
wall.

In this work we have solved the three-dimensional 
structure of the choline binding domain in CbpL, 
a choline binding protein from S. pneumoniae 
apparently involved in adhesion to host cells 
during an infection.

2. Results

After cloning, expressing and purifying the CbpL, 

we have obtained crystals 
in which only the CBD was 
present, probably due to a 
proteolysis of the protein in its 
coiled regions. A monomeric 
form of the resulting fragment, 
covering a total of 181 amino 
acids, crystallized into a 
P21 space group with cell 
parameters a = 30.93 Å, b = 
43.00 Å, c = 70.69 Å, α = γ = 
90º, β = 100.90º, up to 1.5 Å 
resolution.

 Fig. 1: Overall three-dimensional structure of the choline 
binding domain in CbpL.

The overall structure shows the general fold 
observed in other choline binding domains of 
the family. The CbpL choline binding domain is 
formed by 9 repeats of two β-strands each, giving 
a total of 9 choline binding sites. These choline 

binding sites can be divided into two groups, 
namely, those that are formed by three aromatic 
residues (WWY) and those that are formed by 
four aromatic residues (WYYY). They adopt 
a consecutive configuration along the CBD, 
allowing the attachment to several lipoteichoic 
acids at the same time.

3. Conclusion

The new information obtained from the choline 
binding domain of CbpL can be used to extend 
the knowledge about this kind of proteins. Due 
to the spatial organization of the choline binding 
sites, the lipoteichoic acids could be arranged into 
a screw around the choline binding domain or 
into a linear conformation along it. In addition, 
the composition and configuration of the different 
types of choline binding sites could be involved in 
the protein location in the cell wall with respect to 
other surface proteins.
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ABSTRACT: 

Streptococcus pneumoniae is a normal component of the microflora of the human upper respiratory 
tract and an opportunistic pathogen, however, under appropriate conditions, cause serious and 
life-threatening infections such as pneumonia, meningitis and septicemia. DNA topoisomerases 
participate in almost all cellular functions involving DNA transactions, solving the topological 
problems associated with its replication, transcription, and recombination. Here we report the 
crystallization and tridimensional structure by X-rays of soluble construct (domain II and III) of 
S. pneumoniae TopA. The structure showed relevant changes in the domain II in comparison with 
other topoisomerases solved. This domain can be crucial as target to design new inhibitors for the 
treatment of S. pneumoniae infections. 

Keywords: Streptococcus pneumoniae, DNA topoisomerase, X-ray crystallography.
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1. Introduction

Antibiotic resistance in bacterial pathogens is 
a serious clinical problem. This problem affects 
Streptococcus pneumoniae (the pneumococcus), 
which, in addition to being one of the principal 
human pathogens, is the main etiological agent of 
community-acquired pneumonia. In bacteria, the 
homeostasis of DNA supercoiling is maintained 
by the opposing activities of topoisomerases that 
relax DNA and gyrase that introduces negative 
supercoils.

Topoisomerases are classified into two types based 
on their DNA cleavage pattern: type I enzymes 
that only cleave one DNA strand and type II 
enzymes that cleave both strands.

These enzymes have a common core element 
comprising four protein domains, which is 
responsible for DNA cleavage and strand 

passage. S. pneumoniae has two type II DNA-
topoisomerases (DNA-gyrase and DNA 
topoisomerase IV) and a single type I enzyme 
(DNA-topoisomerase I, TopA). Here, the 
crystallization and tridimensional structure of 
soluble construct comprising domains II and III 
of TopA are reported.

2. Results

The crystals belonged to the triclinic space group 
P1, with unit-cell parameters a=63.92, b=67.72, 
c=79.39 Å, α=111.99, β=98.08, δ=107.17 degrees. 
Matthews analysis showed four molecules per 
asymmetric unit. 

The structure (Fig. 1) revealed that while the 
domain III remains largely unchanged in 
comparison to other topoisomerases, the domain 
II arrangement changes dramatically. Notoriously, 
this fragment (domain II and III) has been 

proposed in E. coli topoisomerase as an important 
fragment, which moves away from the rest of the 
protein to create an entrance into the central 
hole in the protein. Therefore, on the basis of the 
structure reported here, we suggest that the open 
conformation of topoisomerases may be achieved 
by different mechanisms. This can be crucial to 
understand their performance. 

Fig. 1: Ribbon representation of S. pneumoniae TopoA. 
Domain II (red) and III (green) are shown.

3. Conclusion

Crystal structure of Domain II and III of TopoA 
has been solved at high resolution. Structure 
reveals a great plasticity and conformational 
differences versus other homologous proteins. 
These differences are relevant in the design on 
novel bactericidals against S. pneumoniae.
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Functional characterization of the origin binding 
domain of the replication initiator RepB: 

identification of the residues involved in the 
specific recognition of the cognate origin and in 

the catalytic activity
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ABSTRACT: 

Several mutants in the origin-binding domain of RepB, the initiator of replication of plasmid 
pMV158, were constructed and purified. Analysis of these mutants provided information on the 
structural motifs of RepB involved in the specific recognition of the plasmid origin and on the role 
of different residues of the catalytic site. 

Keywords: Rolling circle replication, replication initiator, protein-DNA binding, endonuclease.
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1. Introduction

Initiation of rolling circle replication (RCR) of 
the streptococcal promiscuous plasmid pMV158 
requires cleavage of one DNA strand at a specific 
site within the double-strand origin (dso) by the 
plasmid-encoded RepB protein. The dso consists 
of the nic locus, which includes the inverted repeat 
IR-I containing the nick sequence in the spacer 
DNA, and the bind locus, which comprises 3 
tandem distal direct repeats (DDR). RepB binds 
with high affinity to the bind locus and promotes 
extrusion of  hairpin IR-I, wherein the nick 
sequence becomes unpaired and hence accessible 
for nicking [1]. RepB-catalyzed nicking at the dso 
provides a 3’-OH end that is used as a primer for 
leading-strand synthesis by the bacterial replisome. 
RepB forms a homohexameric ring [2] where each 
protomer consists of a C-terminal oligomerization 
domain (OD), and an N-terminal origin-binding 
domain (OBD) containing the DNA-binding 
and endonuclease activities [2]. We have initiated 
the functional characterization of  OBD by 
identifying the structural elements involved in 
origin recognition as well as the residues of the 

active site involved in the RCR initiation and 
termination steps.

2. Results and Discussion

Characterization of  the two separate RepB 
domains demonstrated that the catalytic and DNA 
binding activities of the OBD can be uncoupled 
from the hexamerization potential located in the 
OD. Superposition of the structure of the OBD 
with that of the dsDNA-AAV5 Rep complex [3] 
showed that helix α2 and the N-terminal tail of 
OBD were properly positioned to contact the 
dsDNA. To test this hypothesis, we generated 
various OBD mutants wherein some residues of 
these structural motifs were replaced by Ala, and 
studied its ability to bind to the bind locus (Fig. 1). 
The results confirmed our initial hypothesis and 
showed that the dsDNA binding capacity can be 
altered without affecting the endonuclease and 
strand-transfer activities of OBD.

Binding of Mn2+ to the active site is essential for the 
catalytic activity of RepB and involves 4 protein 
ligands and a single-solvent molecule. Substitution 

of the catalytic Tyr99 by Ala produced a severe 
decrease in the endonuclease and strand-transfer 
activities of the protein on ssDNA. To study in 
more detailed the catalytic mechanism of  the 
protein, we replaced some residues of the active 
site by Ala and evaluated their contribution to 
the endonuclease and strand-transfer activities 
of OBD. The results showed that Tyr115 could 
participate in catalysis probably by modulating 
the charge of the metal ligand Asp42. In addition, 
His102 could promote the nucleophilic attack of 
Tyr99 on the phosphorus. 

The data presented in this work partially overcome 
the lack of  structural information about the 
RepB-bind locus interface involved in the specific 
recognition of the cognate plasmid origin, and 
contribute to the elucidation of  the catalytic 
mechanism of  the initiation of  replication 
mediated by RepB. 
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ABSTRACT: 

LytA amidase, the major pneumococcal autolysin, is a virulence factor implicated in autolysis, 
fratricide during genetic transformation, and β-lactam induced lysis. However, in its purified form 
LytA behaves as a potent antimicrobial agent and also cooperates to disintegrate pneumococcal 
biofilms. Despite being one of  the more studied autolysins, important questions about 
peptidoglycan recognition, enzymatic activity regulation or binding specificity are still unclear. 
Using molecular modeling, site directed mutagenesis and activity assays we have shown that LytA 
functions as a zinc-dependent metalloenzyme that recognizes (2S5P)2 (NAG-NAM(-L-Ala-γ-D-
Gln-L-Lys-D-Ala-D-Ala)-NAG-NAM(-L-Ala-γ-D-Gln-L-Lys-D-Ala-D-Ala)) as the miminal 
hydrolisable substrate. A plausible structural model of the catalytic domain is also proposed 
and residues involved in catalysis (E87A and H147A) and zinc coordination (H26A, H133A and 
D149A) have been identified. Complexes formed with (2S5P)2 were explored by molecular docking 
in the search of determinants of substrate binding. 

Keywords: Streptococcus pneumoniae, autolysin, LytA amidase, substrate specificity, modeling.
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1. Introduction

Streptococcus pneumoniae is the leading bacterial 
cause of  community acquired pneumonia, 
acute otitis media in children and nonepidemic 
meningitis, and a frequent cause of bacteremia. 
The major pneumococcal autolysin LytA has been 
implicated in the pathogenesis of pneumococci. 
It triggers the release of  cytoplasmatic 
toxins, and cell wall fragments that behave as 
proinflammatory mediators and interfere with 
host immunity [1, 2]. In cooperation with LytC 

and CbpD, LytA enables the lysis of neighboring 
non-competent pneumococcal cells during genetic 
transformation [3]. However, in his purified form 
LytA behaves as a potent therapeutic agent in 
pneumococcal bacteremia, and cooperates to 
disintegrate pneumococcal biofilms, which have 
been associated with up to 80% of all chronic 
infections [4, 5].

LytA is structurally organized in two well-
defined modules connected by a short linker. 
The C-terminal domain, comprising six choline 

binding repeats, is responsible of LytA attachment 
to the cell wall via choline-binding. The N-terminal 
catalytic module, belonging to the amidase_2 
family, cleaves the amide bond between the lactyl 
group of N-acetylmuramic acid and the α-amino 
group of L-alanine, the first amino acid of the 
peptide stem of the cell wall [1]. The C-terminal 
module has been extensively characterized, both 
structurally and functionally, and it is responsible 
of LytA attachment to the cell wall via choline 
binding [1, 6]. However, the knowledge about 
peptidoglycan recognition by the catalytic module 
(N-LytA), binding specificity, or the lytic process 
is scanty. In the present study we have investigated 
the structure of  the catalytic domain, the type 
of  catalysis and the substrate specificity using 
different experimental approaches and molecular 
modeling. We have confirmed that LytA functions 
as a Zn2+ dependent amidase, and residues 
involved in activity were identified. Besides, the 
minimal peptidoglycan fragment recognized as 
hydrolysable substrate was established and the 
complex with N-LytA was investigated.

2. Experimental Section

2.1. Proteins and PGN derivatives

Genes of LytA mutants (H26A, E87A, H133A, 
H147A and D149A) were built by overlap 
extension [7]. Appropriate oligonucleotides were 
used to introduce the single mutations and to 
clone the PCR-amplifications into the plasmid 
pGEM-T. Inserts were then subcloned in plasmid 
pT7-7 for expression in Escherichia coli BL21 
(DE3). LytA wild-type and all mutants were 
purified by affinity chromatography [8]. Protein 
concentrations were measured using the molar 
extinction coefficients at 280-nm. The equivalents 
of Zn2+ cation bound per monomer of LytA were 
determined colorimetrically [9]. PGN analogs 
NAG-NAM-L-Ala-γ-D-Gln-L-Lys-D-Ala-D-Ala 
(2S5P) and NAG-NAM(-L-Ala-γ-D-Gln-L-Lys-
D-Ala-D-Ala)-NAG-NAM(-L-Ala-γ-D-Gln-L-
Lys-D-Ala-D-Ala) (2S5P)2 were synthesized as 
described [10, 11] and NAG-NAM-L-Ala- γ-D-
Gln (2S2P) was obtained from Sigma.

2.2. Activity assays

General activity assays were performed at 37ºC in 
50 mM Hepes/50 mM NaCl buffer, pH 7.0, using 
[methyl-3H]choline-labeled pneumococcal cell walls 
as substrate. Cleavage assays of PGN derivatives 
were performed in 50 mM Tris/HCl , pH 7.0, at 
37ºC or 4ºC. Products formed were analyzed by 
HPLC and mass spectrometry (MALDI-TOF). 

2.3. Homology modeling of the catalytic module 

The homology model of the catalytic module 
(N-LytA) was generated with MODELLERv9 
[12] using as template the amidase domain of the 
Staphylococcus epidermidis autolysin AmiE (PDB 
code 3LAT), identified by HHBlist as the best 
matching structure in terms of sequence identity 
(29%) and alignability (>80%) [13]. The Zn2+ cation 
was transferred by direct superposition with the 
AmiE structure. The most energetically favorable 
models were optimized by energy minimization 
in vacuo using the AMBER package [14]. The 
final model was then selected through structural 
validation [15, 16], considering the average 
stereochemical properties and the energy profile.

2.4. Modeling of (2S5P)2–N-LytA complex 

Docking of (2S5P)2 into the N-LytA model was 
performed using the NMR structure of this PGN 
dimer [17]. In a first step, the structure of N-LytA 
was superimposed onto the crystal structure of 
the PGN-binding domain of human PGRP-Iβ in 
complex with 2S5P (PDB 2EAX) using Pymol. 
(2S5P)2 structure was then overlaid matching 
either the initial or the terminal monomer of this 
dimer onto 2S5P, in order to define two different 
starting positions. Two distinct complexes were thus 
generated using FlexiDock [18] from the SYBYL 
6.9 package and then the entire structures were 
subjected to energy minimization with AMBER. 

3. Results 

Homology modeling of N-LytA showed that the 
catalytic module of the pneumococcal autolysin 
adopts a globular, mixed α/β fold with a five 
stranded, central β-sheet surrounded by seven 
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α-helices (Fig. 1). Located at the center of the active 
site, a zinc ion would be held in place by tetrahedral 
coordination with His26, His133, Asp149 and 
a water molecule. Besides, residues Glu87 and 
His147, which appear aligned with catalytic 
residues in enzymes of the amidase_2 family, would 
be likely involved in the catalysis. The implication of 
all these residues in the catalytic process was tested 
by measuring the drastic drop in activity resulting 
from mutation of these positions separately to 
alanine (Table 1). In addition, the presence of one 
equivalent of Zn2+ bound per monomer of LytA 
in protein samples purified with buffers containing 
1 μM Zn2+ further supported the hypothesis that 
LytA functioned as a Zn2+ dependent amidase.

Fig. 1. Homology model for N-LytA. Residues involved 
in catalysis and the coordination of Zn2+ cation (orange 
sphere) are shown in stick representation (green and grey 
colored, respectively).

The use of different PGNs allowed us to identify 
that the minimal muropeptide recognized by LytA 
as an hydrolysable substrate is the tetrasaccharide 
-di-pentapeptide (2S5P)2, and that only one of its 
two peptide stems is cleaved by the pneumococcal 
amidase, as reveled product analysis by HPLC 
and MALDI-TOF According to this, LytA 
requires more than two saccharide units and one 
pentapeptide to properly anchor the hydrolysable 
chain in the catalytic cavity, in strong contrast with 
data reported for other amidases. 

To investigate the feasible complexes of (2S5P)2 

with LytA, molecular docking studies were carried 
out assuming that both peptide stems could be 
separately accommodated in the active site, and the 
best docking solutions are shown in Fig. 2. In both 
models, residues involved in catalysis and zinc ion 
coordination are positioned near the cleaved bond, 
and ligand contacts extent to the disaccharide-
pentapeptide located out of the active site. 

Fig. 2. Structural comparison of the two models 
generated by flexible docking of (2S5P)2 (stick 
representation) into N-LytA (solid surface). 
Residues involved in catalysis and Zn2+ coordination 
are colored in blue and those involved in (2S5P)2 
binding in orange.

4. Conclusions

A plausible three-dimensional homology model 
has been proposed for the amidase_2 domain of 
the pneumococcal autolysin, LytA. According 
to it, N-LytA adopts a globular, mixed α/β fold 
with a five stranded, central β-sheet surrounded 
by seven α-helices.

LytA functions as a Zn2+ dependent amidase that 
contains one Zn2+ cation per monomer, likely 
coordinated by residues H26, H133 and D149.

Residue Glu87 likely acts as the general base 
that activates the water molecule involved in the 
nucleophylic attack, whereas the His147 probably 
operates stabilizing the transition state.

The minimal PGN fragment recognized as 
hydrolysable substrate, (2S5P)2, is significantly 
larger than those recognized by other members 
of  the amidase_2 family, which might have 
implications in the lytic activity of LytA.
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ABSTRACT: 

The clinical serotype-4 strain Streptococcus pneumoniae TIGR4 (TIGR4) forms long pili and its 
virulence depends on them [1]. TIGR4 type 1 pili are encoded by the rlrA pathogenicity islet that 
includes a Rof-A-like transcriptional regulator (RlrA), three sortases (SrtC-1, SrtC-2 and SrtC-3) 
and three structural proteins RrgB, RrgA and RrgC (backbone, adhesion and putative anchor 
subunits respectively) [1-5]. Structural and functional characterization of pilus components are 
mostly performed with proteins expressed and purified from heterologous systems (e.g. E. coli) 
that do not guarantee correct protein structure and function. We developed a method to over-
express homologous proteins from S. pneumoniae combining the shuttle plasmid pMU1328 and a 
natural constitutive pneumococcal promoter (P96) [6]. Pneumococcal pilus-1 RrgB was efficiently 
overexpressed as secreted, membrane or surface anchored construct. His-tagged, secreted RrgB 
(RrgB-His_SP) was successfully purified, showing proper leader sequence cleavage site. When 
compared with heterologous E. coli derived RrgB, RrgB-His_SP showed a similar stability towards 
trypsin digestion indicating intramolecular isopeptide bond formation. In depth studies including 
additional natural host expressed pilus components, in addition to E. coli based protein products, 
promote further biochemical, functional and structural analysis of pneumococcal pilus biology. 
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ABSTRACT: 

A low G+C Gram positive bacterium, Streptococcus pneumoniae, devotes 30% of its transporters 
to the carbohydrate intake showing their vitality. S. pneumoniae encounters various challenges 
inside the human host including varying nutrient content which it has to cater. Different sugars 
are present inside the human nasopharynx including galactose which it has to make use of to meet 
the energy requirements. Transcriptomic analyses in the presence of lactose compared to glucose 
and galactose compared to glucose revealed elevated expression of many genes and operons in the 
S. pneumoniae strain D39 including two gene clusters, which encode tagatose pathway (lacABCD) 
and lactose specific- phosphotransferase system (PTS) enzyme II permeases (lacEF) genes. 
Genes encoding a predicted phospho-β-galactosidase (LacG), a DeoR family transcriptional 
regulator (LacR), and a transcriptional antiterminator (LacT) are also highly upregulated in the 
presence of lactose and galactose. Deletion of lacR revealed the elevated expression of tagatose 
pathway (lacABCD) genes, even in the presence of glucose. This suggests the function of LacR 
as a transcriptional repressor of the tagatose pathway in the absence of lactose/galactose. This is 
further confirmed by β-galactosidase assays with PlacA-lacZ in the presence of lactose, galactose 
or glucose as a sole carbon source in the medium. Moreover, deletion of lacR has no effect on 
the expression of lactose specific PTS genes (lacEF). This suggests a putative role of another 
transcriptional regulator in the regulation of lactose-specific PTS, which might be LacT. We are 
currently engaged in elucidating the role of LacT and CcpA in galactose and lactose metabolism 
in S. pneumoniae.

Keywords: Galactose, Pneumococcus, lac operon, LacR, Lactose, LacEF and LacABCD
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1. Introduction

S. pneumoniae is a Gram positive human 
pathogen that has ability to colonize the human 
nasopharynx [1]. It is an opportunistic pathogen 
that has the ability to spread from nasopharynx 
to different parts of human body to cause serious 
infections like pneumoniae, meningitis, otitis 
media and sepsis [2,3]. Carbon metabolism and its 
regulation are key to prokaryotes as carbohydrates 
are the most unconstrained means of carbon and 
energy, that are required to reproduce essential 
nucleotide cofactors and other metabolites in the 
cell [4,5]. A β-linked disaccharide of β-D-galactose 

and α/β-D-glucose, lactose, is customarily 
found in dairy-rich diets. There are a number of 
pathways in bacteria that are determined to be 
involved in the utilization of lactose found in the 
environment [6]. Lactose gets internalized by the 
phosphoenolpyruvate (PEP) -dependent sugar-
phosphotransferase system (PTS) in almost all 
the Gram positive bacteria, producing lactose-
6-phosphate (Lac-6-P) [7]. LacG, a cytoplasmic 
phosphor-β-galactosidase, hydrolyzes Lac-6-P to 
glucose and galatose-6-phosphate (Gal-6-P) and 
the Gal-6-P then enters the tagatose pathway and 
is catabolized [8]. Some bacteria can even take 
on lactose through non-PTS transporters like 

P
G

E01 G
EN

E EXP
R

ESSIO
N

 A
N

D
 R

EG
U

LATIO
N

Escherichia coli, Lactococcus lactis strain 7962 and 
S. salivarius strain 57.I [8,9]. Galactose can also 
be catabolized by the Leloir pathway [9,10], which 
usually involves a multiple sugar metabolism 
(msm) system for galactose transport [11], the 
permease responsible for galactose transport is 
yet to be identified [12].

2. Results:

2.1. Organization of the lactose and galactose 
utilization gene clusters in S. pneumoniae D39

Lactose and galactose utilization genes are present 
in two operons. One gene cluster (lacA, lacB, lacC 
and lacD) is repressed by LacR, a DeoR family 
transcriptional regulator. The second one seems to 
be regulated by lacT, a Bgl family transcriptional 
antiterminator. These genes make up the tagatose 
pathway.

Figure 1: Structure of lactose and galactose utilization 
gene cluster

2.2. LacR is a repressor of lactose utilizing operon

To investigate whether LacR has an effect on 
the gene expression of  lactose specific genes, 
transcriptome of D39 wild type was compared 
with that of  its isogenic lacR deletion mutant 
grown in GM17 (0.5% Glucose + M17). 
Expression levels of lac operon were elevated in 
the absence of lacR. Confirmation of microarrays 
results is shown by the β-galactosidase assays of 
promoter lacZ fusions of lacA (figure 2).

 

Figure 2: β-galactosidase assays of PlacA-lacZ

2.3. Leloir pathway for galactose

Tagatose pathway is induced by lactose in 
Streptococcus pneumoniae whereas expression of 
Leloir pathway can be induced by either galactose 
in the medium or galactose moieties present 
intracellulary, such as melibiose. There are three 
genes in Leloir pathway namely GalK, GalT and 
GalE. GalK is the galactokinase and if we delete 
it, growth is hampered in the ΔgalK as compared 
to wild type when grown on galactose as the sole 
carbon source (figure 3) confirming the presence 
of Leloir pathway in S. pneumoniae.

Figure 3: Growth comparison of Wt vs ΔgalK in M17 + 
Galactose
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3. Conclusion

From the results shown here, we can conclude that 
lacR is a repressor for lactose specific genes and 
lactose is metabolized through Tagatose pathway 
in Streptococcus pneumoniae. Galactose is also 
metabolized through Tagatose pathway but Lelior 
pathway is also present.
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A non-linear deterministic model for regulation 
of diauxic lag on cellobiose by the pneumococcal 

multidomain transcriptional regulator CelR
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ABSTRACT: 

Streptococcus pneumoniae is an obligate fermentative aerotolerant anaerobe with the capacity 
to metabolise 30 carbohydrates. Growth on glucose and beta-glucoside shows sequential use of 
sugars resulting in diauxic growth with variable duration of the lag phase separating the biphasic 
curve. The pneumococcal beta-glucoside uptake locus containing the PTS transporter spr0276-
82, is regulated by the multi-domain transcriptional regulator CelR. The contribution of histidine 
phosphorylation in two PRD domains, and an EIIA domain has been characterised by others in 
the S. mutans orthologue. In this work, we address the contribution of phosphorylation of the 
phosphorylable cysteine in the EIIB domain of CelR to diauxic lag. We constructed mutants by 
site directed replacement of the active site cysteine of the EIIB domain and of the histidine of 
the EIIA domain with an alanine. A mathematical model of the process is devised together with 
a nonlinear identification procedure which provides model parameter estimates characterizing the 
single phases of bacterial growth. Metabolic assays and parameter identification addressed the 
EIIB domain activation to the duration of the lag phase which is also somehow influenced by a 
second beta-glucoside PTS (spr0505), not able to support growth on cellobiose. The experimental 
results and the related insights provided by the mathematical model provide evidence that the 
conflicting activation of the CelR regulator is at the origin of the lag phase during sequential 
growth on glucose and cellobiose.
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A new tool for cloning and gene expression in 
Streptococcus pneumoniae

Susana DOMINGUES (1), Andreia Cunha AIRES (1), Mari Luz MOHEDANO (2), Paloma LÓPEZ (2) 
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ABSTRACT: 

A new replicon suitable for cloning and gene expression was successfully introduced into 
Streptococcus pneumoniae. The non-integrative lactococcal vectors pIL253 (high-copy) and pIL252 
(low-copy), which are based on the promiscuous theta-replicating plasmid pAMβ1, were established 
in pneumococcus. The stability and the small size of these plasmids, together with the presence of 
a helpful multi-cloning site make them a useful genetic tool for gene expression in this bacterium. 
The functionality of the system was tested by cloning and expressing the pneumococcal RNase R 
in pIL253. Full constitutive expression of the cloned gene was observed, clearly demonstrating that 
this plasmid can be used as an expression vector in S. pneumoniae. Moreover, gene expression can 
be regulated by the use of the low- or high-copy vector versions. The existence of other replicative 
plasmids based on this family, which are also probably functional in pneumococcus, further broadens 
the cloning possibilities. We also show that S. pneumoniae cells can accommodate simultaneously 
pIL252 or pIL253 together with the pLS1 plasmid, a pMV158 derivative, which replicates via rolling 
circle mechanism. This fact greatly increases the ability to manipulate this bacterium.

The availability of a novel family of replicative vectors for genetic manipulation in S. pneumoniae 
is an important contribution to the study of this pathogenic microorganism.

Keywords: pneumococcal cloning, expression vector, replicating plasmid, non-integrative vector. 

P
G

E03 G
EN

E EXP
R

ESSIO
N

 A
N

D
 R

EG
U

LATIO
N

1. Introduction

Non-integrative plasmid vectors are very scarce in 
S. pneumoniae and most of the studies have been 
carried out on the broad host range, rolling circle 
replicating (RCR) plasmid pMV158 [1] and on its 
derivative, pLS1 [2]. However, most of the pLS1 
derivatives are large plasmids that are not easy to 
handle. Most of them lack a useful multi-cloning 
site and the respective sequence is often not available. 

These observations prompted us to search for 
cloning vectors based on another replicon that 
could be suitable for the expression of genes in S. 
pneumoniae. pIL253 is a pAMβ1-based plasmid, 

a well characterized theta-replicating promiscuous 
replicon isolated from Enterococcus faecalis [3]. 
Plasmids belonging to the pIL253 family have been 
extensively used for gene cloning and expression 
in Gram-positive bacteria. This is mainly due to 
their small size (< 5 kb) and stability, the presence 
of a useful multi-cloning site (MCS), sequence 
availability and their demonstrated ability to 
stably maintain large DNA inserts in L. lactis [4]. 
Furthermore they are available in low- (pIL252) 
or high- (pIL253) copy number versions [4], which 
allows a better control of gene expression.

We show that the pIL252/pIL253 vector family 
autonomously replicates and is stably maintained 

in S. pneumoniae, and demonstrate the utility of 
this plasmid family as pneumococcal expression 
vectors. Furthermore, these vectors are compatible 
with pLS1, which is undoubtedly one of the most 
useful properties of these plasmids.

2. Results

2.1. pIL253 autonomously replicates in S. 
pneumoniae

pIL253 was isolated from exponentially growing 
S. pneumoniae TIGR4 erythromycin resistant 
transformants (Fig. 1) indicating that this 
plasmid is able to autonomously replicate in 
pneumococcus. The same electrophoretic mobility 
forms as those of the original L. lactis preparation 
were observed. pIL253 therefore seems to be 
structurally stable in S. pneumoniae and it can be 
stably maintained under selective pressure.

Fig. 1: Structural stability of pIL253. 1 -Original pIL253 
preparation; 2- pIL253 extracted from S. pneumoniae; 
3- Original pIL253 prep digested with PstI; 4- S. 
pneumoniae pIL253 prep digested with Pst1.

An analogous result was observed for pIL252, a 
low copy version of pIL253 (data not shown). 

2.2. pIL252/pIL253 compatibility with p LS1

We tested if pIL252/pIL253 could be maintained 
in S. pneumoniae together with pLS1. Plasmids 
extracted from exponentially growing single 
transformants (S. pneumoniae TIGR4 cells carrying 
pLS1, pIL252 or pIL253) were compared with 
those extracted from double transformants (pLS1/
pIL252 or pLS1/pIL252) by restriction analysis. 
The result obtained with pIL252 shows that none of 
the plasmids underwent structural rearrangements 
(Fig. 2). An analogous result was obtained when 
pIL253 was used instead (data not shown). Thus, 
pneumococcal cells are able to stably maintain both 
pIL252/pIL253 vectors and pLS1.

Fig. 2: Compatibility of pIL252 with pLS1. Digestion of 
plasmid preparations with PstI 1- pIL252; 2- pLS1; 3- 
pIL252 + pLS1.

2.3. Gene cloning and expression from pIL253

RNase R expression from pIL253 was evaluated 
by RT-PCR and Western blotting. The results 
in Fig. 3 show that RNase R is highly expressed 
from pIL253. We also observe that expression 
from this plasmid seems to be constitutive and 
does not change with temperature. Full detection 
of RNase R in late exponential cultures indicates 
that the DNA insert remains stable after several 
generations. These results clearly demonstrate that 
the lactococcal vector pIL253 is suitable for gene 
cloning and expression in S. pneumoniae.

Fig. 3: Expression of pneumococcal RNase R from 
pIL253.
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3. Conclusion

The pIL253 vector, a pAMβ1 derivative, was 
successfully used for cloning and expression 
of a pneumococcal chromosomal gene in host 
cells of  this species. Moreover, this small sized 
vector contains a functional multi-cloning site 
with several unique restriction sites and it is 
able to stably maintain large DNA inserts. The 
possibility of using the low-copy number version 
(pIL252) offers another option for the genetic 
manipulation of  pneumococcus. Moreover, 
the availability of  other plasmid refined tools 
constructed on the basis of  this family with 
different cloning possibilities constitutes an extra 
advantage. Besides pIL253 and pIL252, pIL871, a 
chloramphenicol resistance derivative of pIL253 
was also constructed [5]. pIL253 and pIL871 share 
the same replication protein and can be stably 
maintained in a mixture by double selection with 
erythromycin and chloramphenicol in L. lactis [5]. 
We have also shown that pIL252/pIL253 can be 
maintained in S. pneumonia simultaneously with 
pLS1. This result indicates that these replicons 
are compatible, which significantly broadens their 
potential applications. 
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ABSTRACT: 

The introduction of engineering principles to molecular biology promises to represent a critical 
step both towards a deeper understanding of cellular mechanisms as well as to real applications 
by programming synthetic circuits with designed characteristics. With this study, we aim to create 
a genetic platform for synthetic biology in Streptococcus pneumoniae. The model organism is a very 
promising novel chassis for the field since it has a small genome, it becomes naturally competent 
for transformation, there are well established assays and it is an important human pathogen. An 
integration plasmid containing specific restriction sites for BioBrick cloning was created by the Golden 
Gate assembly method. We show that the designed plasmid offers robust and easy cloning and confers 
reliable expression within the pneumococcal genome. Synthetic promoter libraries were created and 
promoters of different strength were identified using bioluminescence assays. In addition, several new 
selection and counter-selection markers and inducible systems for S. pneumoniae were constructed and 
characterized. The methods developed here will help creating similar platforms of the next generation 
and might serve as an excellent starting point for synthetic biology research in bacterial pathogens.
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Ser/Thr phosphatase PhpP and cognate kinase 
StkP co-regulate cell division in 
Streptocococcus pneumoniae
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ABSTRACT: 

Each cell, whether prokaryotic or eukaryotic, have to cope with changes in the external environment, 
which is essential for their survival. For this reason, bacteria have evolved sophisticated mechanisms 
for signal transmission and communication. One of the key mechanisms of signal transduction 
in the cell is reversible protein phosphorylation. Recent studies have shown that a wide range of 
bacteria encode eukaryotic-type Ser/Thr protein kinases (STKs) and cognate protein phosphatases 
(STPs) which play significant role in prokaryotic cell signaling. Streptococcus pneumoniae is an 
important human pathogen and an excellent model organism to study prokaryotic STKs and 
STPs, because its genome encodes a single STK/STP signaling pair termed StkP and PhpP. Protein 
kinase StkP regulates many physiological processes such as pathogenesis, competence for genetic 
transformation, resistance to various stresses and resistance to antibiotics. It also affects the 
transcription of genes involved in cell wall biosynthesis, pyrimidine metabolism, DNA repair and 
iron uptake. The ΔstkP mutant strain displayed cell division defects suggesting that StkP is also 
involved in the regulation of cell division. Accordingly, StkP substrates include, among others, cell 
division protein DivIVA, FtsZ and FtsA. Recent study showed that StkP localizes to the division 
septa together with phosphatase PhpP and plays important role in regulating cell wall synthesis 
and correct septum progression and closure.

Unlike StkP, the role of phosphatase PhpP is not well defined. To investigate the function of PhpP 
we prepared both, nonpolar markerless ΔphpP mutant and strain overexpressing PhpP, in the 
unencapsulated S. pneumoniae Rx1 strain. Phenotypic analysis showed that the ΔphpP mutant strain 
formed significantly smaller and round cells than wild type. On the contrary, PhpP overexpression 
strain formed elongated cells with multiple FtsZ rings. Using anti-phospho-Thr antibody we detected 
hyperphosporylation of StkP substrates in the ΔphpP strain and significantly reduced protein 
dephosphorylation in the strain overexpressing PhpP. The morphological defects and phosphorylation 
patterns are exactly opposite to that observed in strains depleted in StkP or overexpressing StkP.

Physiological characterization of ΔphpP strain revealed that this strain is more sensitive to elevated 
temperature, oxidative stress and penicillin induced lysis and has reduced competence for genetic 
transformation.

In conclusion, our results suggest that PhpP and StkP coordinately regulate cell-wall synthesis 
and cell division to achieve the characteristic oval shape of S. pneumoniae through reversible 
phosphorylation of similar substrates. PhpP, as well as StkP, plays important role in the cell 
response to environmental stresses and competence signals. 

Keywords: cell division, phosphorylation, Ser/Thr protein kinases, Ser/Thr protein phosphatases, 
signaling, Streptococcus pneumoniae.
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1. Introduction 

Streptococcus pneumoniae is a commensal that 
asymptomatically lives in the human nasopharynx. 
This bacterium is strictly fermentative and relies 
on glycolytic metabolism to obtain energy, thus 
efficient acquisition and metabolism of sugars 
can be surmised as of chief importance for in vivo 
fitness. The ability of S. pneumoniae to grow on 
host glycoproteins (in particular on mucin) has 
been demonstrated [1]. Catabolic pathways for 
utilization of glycan-derived sugars can be deduced 
from genomes, but their functionality remains 
elusive. In this study, we aimed at identifying 
which sugar-specific catabolic pathways are used 
during growth on mucin.

2. Results

To disclose prevalent pathways during growth 
on mucin we resorted to a genome-wide 
transcriptome analysis comparing transcript 
levels during growth on mucin and glucose 
(Glc) of  D39. Up-regulation of genes possibly 
related to the deglycosylation, uptake and 
catabolism of galactose (Gal), mannose (Man) 
and N acetylglucosamine (GlcNAc) were found. 
Accordingly, D39 was able to grow on these 
substrates, but not on other host-derived glycan 
monosaccharides. Biochemical confirmation of 

the in silico predicted pathways was accomplished 
by determination of  metabolic intermediates 
enzyme activities. Furthermore, inactivation of 
genes in each sugar-dedicated pathway rendered 
strains that were unable to grow on the respective 
sugar. Growth characterization was done in 
chemically defined medium (CDM) using non-
limiting and limiting concentration of Gal, Man, 
or GlcNAc. All sugars yielded lower growth rates 
and biomass yields than Glc. The fermentation 
profile was homolactic, exception made for Gal, 
which retrieved a mixed acid fermentation. 

Sugar preferences were established in mixture of 
sugars of Gal, GlcNAc and Man. Gal is the less 
preferable carbon source opposite to GlcNAc 
which is the fast metabolizable glycan-derived 
sugar.

3. Conclusions

In this work the catabolic routes for dissimilation 
of  host glycan-derived metabolites (Gal, Man 
and GlcNAc) were biochemically and genetically 
confirmed and growth on these carbon sources 
was characterized in depth. Considering the 
strict dependency of the pneumococcus on sugar 
catabolism, this knowledge is expected to extend 
our understanding of in vivo fitness and ultimately 
pneumococcal pathogenesis.
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Construction of an Rx1 strain expressing PspA4 
for the development of a broad-coverage vaccine 

formulation based on choline-binding proteins
Eliane N MIYAJI, Cintia F. M. VADESILHO, Maria Leonor S. OLIVEIRA, Paulo L. HO

Centro de Biotecnologia - Instituto Butantan - São Paulo, Brazil.

Contact name: Eliane N Miyaji (enmiyaji@butantan.gov.br)

ABSTRACT: 

Currently licensed vaccines against infections caused by Streptococcus pneumoniae are based on 
the induction of antibodies against capsular polysaccharides. The conjugate vaccines are very 
efficient in the protection against invasive disease caused by vaccine serotypes, but the widespread 
use of the 7-valent conjugate vaccine has led to an increase in disease caused by non-vaccine 
serotypes. Alternative vaccines are thus still necessary. S. pneumoniae has proteins that are attached 
to the surface of the bacteria through affinity with the choline residues of teichoic and lipoteichoic 
acids of the cell wall and cell membrane, respectively. When grown in chemically defined medium 
without choline and with ethanolamine (CDM-ET), these choline-binding proteins (CBPs) are 
released to the culture supernatant. CBPs are an interesting alternative for the development of a 
cost-effective vaccine with broad coverage and, in fact, immunization with CBPs was previously 
shown to protect mice against different lethal challenges with pneumococci (Briles et al., Vaccine 9: 
858-867, 1996). Since PspA (Pneumococcal surface protein A) is an antigen that shows variability 
between strains and it is believed to be the most important protective component among the 
different CBPs, we aimed at constructing an Rx1 strain expressing PspA from clade 4 (PspA4). 
We have previously shown that PspA4 induces antibodies that recognize most PspA variants. 
We have first used the Janus Cassette to knockout pspA, generating Rx1-ΔpspA, and this isolate 
was then transformed with the pspA4 gene and flanking regions from strain St255/00, generating 
Rx1-pspA4. The supernatant from Rx1-pspA4 grown in CDM-ET contains several bands when 
analyzed in SDS-PAGE. Immunization with these proteins with or without alum did not protect 
BALB/c mice from an intranasal lethal challenge with ATCC6303. In fact, mass spectrometry 
analysis further showed that the most prominent bands were not CBPs. We will thus add an 
additional step to enrich CBPs through affinity chromatography in DEAE-Sepharose. We will 
perform mass spectrometry analysis to confirm the presence of CBPs before proceeding to new 
mouse immunization experiments.

Keywords: PspA, choline-binding proteins, vaccine.
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1. Background and aims

PspA (Pneumococcal surface protein A) is a 
promising candidate antigen for the development 
of  protein vaccines against pneumococcal 
disease. This work aims at identifying the linear 
epitopes recognized by polyclonal serum of mice 
immunized with PspA variants, notably PspA4 
and PspA5, which have higher cross-reactivity 
with pneumococci expressing different PspAs. 
Mature PspA is composed of  an N-terminal 
variable region, followed by a proline-rich region 
(PRR) and a repeat region for attachment to the 
bacterial surface. 

2. Methods

 Female BALB/c mice were subcutaneously 
immunized with the recombinant proteins (PspA 
clades 1 to 5, from the mature N-terminal region 
till the PRR) adjuvanted with alum and serum 
antibodies were used to incubate slides (Celluspots 
- Intavis) containing 15mer peptides covering the 
complete sequence of all PspA variants. 

3. Results

All sera recognized more peptides within their 
homologous sequence, having a large number 

of epitopes recognized at the final third part of 
the N-terminal region. All sera (except anti-
PspA2 serum) recognized similar epitopes at the 
beginning of the N-terminal portion of all PspAs. 
The anti-PspA3 serum had the greatest number 
of recognized peptides, while anti-PspA2 had the 
lowest number. The peptides recognized by the 
anti-PspA3 serum were mostly exclusive to PspA3. 
The anti-PspA1, anti-PspA4 and anti-PspA5 sera 
could recognize several epitopes in the sequences 
of the different variants. 

4. Conclusion

The initial portion of the N-terminal region has 
a large number of  peptides recognized by all 
sera on all PspAs, whereas the final third region 
displays more peptides that are exclusive to each 
PspA variant and are recognized only by the 
homologous serum. The sera that had previously 
been shown to have the lowest cross-reactivity 
with protein extracts of pneumococci show either 
a low number of recognized peptides (anti-PspA2) 
or recognize peptides present exclusively in the 
homologous sequence (anti-PspA3). Though 
anti-PspA4 and anti-PspA5 sera could recognize 
peptides in all PspA variants, the basis for their 
broad reactivity with different pneumococci has 
to be further evaluated.

Dynamics of non PCV13 serotypes causing invasive 
pneumococcal disease in Gipuzkoa, Spain 

(1981-2012)
M. ALONSO (1), M. ERCIBENGOA (1), J. M. MARIMÓN (1,2), E. TAMAYO (2), E. PÉREZ-TRALLERO (1,2,3)
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1. Objetive

The aim of  the study was to detect emerging 
serotypes not included in the PCV-13 that caused 
invasive pneumococcal disease (IPD) across a 32 
years study in a region of northern Spain.

2. Material and Methods

Serotyping was performed by Quellung or 
Pneumoarray and multiplex polymerase chain 
reaction (PCR). Genotyping was done by 
pulsed-field gel electrophoresis. Antimicrobial 
susceptibility testing was performed by the broth 
microdilution method using the Clinical and 
Laboratory Standards Institute guidelines and 
criteria. Increase in total IPD cases was due to 
increase number of population attended (150,000 
-600,000 inhabitants).

3. Results

From 1981 to 2012, 2088 IPD episodes were 
recorded knowing the serotype of 2063 episodes. 
The most prevalent non PCV13 serotypes were 8, 
22F, 12F, and 15B. Serotype 8 was a genuine IPD 

serotype in our region which was cause of equal or 
more than 10% of annual IPD cases in 6 different 
years, but its frequency in the post PCV7- 11-years 
period (2002-2012) was lower than the preceding 
11-years period (p <0.001). On the other hand, 
serotype 22F was the serotype that showed a 
higher incidence increase throughout the years 
of  the study, being this increase more striking 
in the post-PCV7 (11-years pre vs 11-years post, 
p=0.002). Serotype 12F as well as serotype 15B 
did not show a significant modification when the 
two 11-year periods were compared (p= 0.4 and p 
=0.1, respectively), although a significant increase 
of  serotype 15B was observed in other (non-
invasive) pneumococcal infections in our region. 
Numbers of  IPD episodes grouped in 8 years 
periods is referred in table 1.

4. Conclusions

None non-PCV13 serotype reached 10% of annual 
IPD cases in the post-PCV7 period. Serotype 22F 
seems to be an emerging serotype with clonal 
spreading. Antimicrobial resistance in non-PCV13 
isolates causing IPD was exceptional. Continuous 
monitoring of cases is still needed. 
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serotypes
Overall 
isolates 
serotyped 
No

8 22F 12F 15B

No No (%) No (%) No (%) No (%)
1981-1988 195 12 (6.2) 6 (3.1) 8 (4.1) 1 (0.5)
1989-1996 337 22 (6.5) 2 (0.6) 14 (4.2) 7 (2.1)
1997-2004 735 46* (6.3) 22 (3.0) 17 (2.3) 11 (1.5)
2005-2012 796 23 (2.9) 34 (4.3) 18 (2.3) 23 (2.9)

Total 2063 103 (5.0) 64 (3.1) 57 (2.8) 42 (2.0)

Table 1. Number of isolates serotyped and of serotypes 8, 12F, 15B and 22F causing IPD in 
Gipuzkoa, northern Spain (1981-2012).

* There were 12 IPD cases in 2000 and 7 in 2001 

A novel pneumococcal vaccine antigen 
preferentially expressed during meningitis in mice

Layla MAHDI (1), Hui WANG (1), Mark VAN DER HOEK (2), James PATON (1),  
Abiodun OGUNNIYI  (1)

1.  Research Centre for Infectious Diseases, School of Molecular and Biomedical Science, University of Adelaide, 
Adelaide, South Australia, Australia.

2. Adelaide Microarray Centre, University of Adelaide and SA Pathology, Adelaide, South Australia, Australia.

Contact name: Layla Mahdi (layla.mahdi@adelaide.edu.au)

ABSTRACT: 

Streptococcus pneumoniae is the most common cause of severe bacterial meningitis in children, the 
elderly, and immunocompromised individuals. To identify virulence factors preferentially expressed 
during meningitis, we conducted niche-specific genome-wide in vivo transcriptomic analysis after 
intranasal infection of mice with serotype 4 or 6A pneumococci. The expression of 34 bacterial 
genes was substantially altered in brain tissue of mice infected with either of the 2 strains. One 
previously uncharacterized protein, α-glycerophosphate oxidase (GlpO), was cytotoxic for human 
brain microvascular endothelial cells (HBMECs) via generation of H2O2. A glpO deletion mutant 
was defective in adherence to HBMECs in vitro as well as in progression from the blood to the 
brain in vivo. Mutant bacteria also induced markedly reduced meningeal inflammation and brain 
pathology compared with wild type, despite similar levels of bacteremia. Immunization of mice 
with GlpO protected against invasive pneumococcal disease and provided additive protection when 
formulated with pneumolysin toxoid. Our results provide the basis of a strategy that can be adapted 
to identify genes that contribute to the development of meningitis caused by other pathogens.

Keywords: Streptococcus pneumonia, α-glycerophosphate oxidase, H2O2, meningitis, in vivo 
transcriptomic.

1. Introduction

Streptococcus pneumoniae is the commonest cause 
of bacterial meningitis in the USA and many 
countries worldwide. Despite effective antimicrobial 
therapy, pneumococcal meningitis remains highly 
lethal and has substantial long-term sequelae [1]. 
To identify virulence factors expressed during 
meningitis. We performed in vivo transcriptomic 
analysis of bacteria harvested from the blood and 
brain of mice at various stages of the pathogenic 
process, examined the role of one of the upregulated 
genes (glpO) in pathogenesis and protection.

2. Methods

We carried out a microarray analysis of in vivo gene 
expression in clinical serotype 4 (WCH43) or 6A 

(WCH16) pneumococci to identify factors critical 
to the development of pneumococcal meningitis. 
Mutant of one gene (glpO) was constructed in 
WCH43 and assessed for its pathogenesis compared 
to the wild type (WT). Recombinant His6-tagged 
GlpO was expressed in E. coli and purified using 
Ni2+-NTA chromatography. The role of GlpO 
in meningitis was shown by carrying out active 
and passive immunization-challenge experiments. 
Furthermore, GlpO was tested for its cytotoxicity to 
HBMECs and H2O2 production [2]. Furthermore, 
we examined the pathological changes of brain 
samples of mice infected with WT and ΔglpO.

3. Results

Gene expression comparisons between blood and 
brain of mice infected with WCH16 and WCH43 
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yielded 34 significantly up or down-regulated 
genes in the brain of mice infected with either of 
the two strains. A mutant of one of these genes, 
ΔglpO, was significantly attenuated for progression 
to the brain compared to the wild type in a 
competition experiment (Fig.1). 

Fig. 1: Pathogenesis of WCH43 and its isogenic ΔglpO 
and complemented mutants at 24 h (A) and 48 h (B) (n 
= 16 per group per time-point). Horizontal line represents 
geometric mean. *,P < 0.05; **, P < 0.01; unpaired 
t-test, two-tailed. BT,back transformed derivative of 
ΔglpO mutant.

Mice immunised with recombinant GlpO were 
significantly protected against i.p. challenge 
with WCH43 compared to the placebo group, 
as judged by median survival time. At 30 h post-
infection, bacterial counts in the brain of mice 
passively immunised with anti-GlpO serum were 
significantly lower than counts in the blood of 
the sham-immunised mice (Fig.2). GlpO-induced 
HBMEC cytotoxicity, and significant inhibition of 
this property was shown by polyclonal anti-GlpO 
serum or catalase. This is largely mediated by GlpO 
generation of H2O2 using glycerol as substrate. 
Histopathological examination of the brains of 
mice at 48 h post infection with WT showed gross 
inflammation and extensive blood vessel dilation, 
in brain parenchyma, and meningeal inflammation. 
However, damage was much less marked in the 
brains of ΔglpO-challenged mice.

Fig. 2: (A) Active intraperitoneal immunisation/ 
intraperitoneal challenge with WCH43. Data are survival 
times. Horizontal lines indicate geometric mean. *, P < 
0.05; **, P < 0.01; (B) Passive immunisation with α-GlpO 
and intraperitoneal challenge with WCH43; control= 
alum-immunised serum. horizontal lines indicate geometric 
mean CFU. *, P<0.05; unpaired t-test (one-tailed).

4. Conclusion

Pneumococcal GlpO showed to be protective 
against sepsis, and important for the development 
of  meningitis. This strongly suggests that 
GlpO might be a suitable candidate for future 
neuro immuno-protective strategies against 
pneumococcal meningitis.
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ABSTRACT: 

The purpose of this study was to evaluate the early impact of the 13-valent pneumococcal 
conjugate vaccine (PCV13) on pneumococcal colonization among young children attending day-
care centers in two different regions of Portugal, one urban and other rural. We observed a lower 
proportion of the 13 vaccine types (VTs) in the rural area (p = 0.054), where PCV usage was higher 
(p < 0.001). Moreover, the six additional serotypes in PCV13 (1, 3, 5, 6A, 7F and 19A, absent in 
PCV7) were mainly found among children who had not received PCV13 (p = 0.027 (2011) and p 
< 0.001 (2012)).

Keywords: PCV13, colonization, children, day-care centers, urban, rural. 

1. Introduction

In Portugal, PCV13 became commercially 
available in 2010, nine years after PCV7 
introduction. However, none is part of  the 
National Immunization Plan. 

We describe a cross-sectional study in two regions 
of Portugal, one urban (Oeiras) and other rural 
(Montemor-o-Novo) in 2011 and 2012. We aimed 
to evaluate early PCV13 impact on pneumococcal 
colonization in young children attending day-care 
centers.

2. Methods

Nasopharyngeal swabs were obtained from 
children aged 0-6 years old. A questionnaire was 
filled in by the children´s parents or guardians, 

concerning clinical and socio demographic 
information, and PCV use was evaluated by 
reviewing children’s immunization bulletins. 
Pneumococci were isolated, serotyped and 
susceptibility to antibiotics was tested, as 
described before [1].

3. Results

The number of  participants in 2011 and 2012 
in the urban area was 448 and 288, respectively. 
Corresponding numbers in the rural area were 330 
and 294.

Table 1 summarizes some characteristics of the 
study. Overall, more than 70% of the children were 
age-appropriately vaccinated (any PCV). However, 
vaccination with at least one dose of any PCV 
was significantly higher in the rural area (Table 1, 
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p < 0.001). Among children under two years of 
age, PCV13 uptake increased from 2011 to 2012 
(Table 1). Antibiotic consumption in the month 
preceding sampling was higher in the urban area. 
Pneumococcal carriage ranged between 60% and 
65% in both regions and years. 

Table 1. Characteristics of the two regions in both years.

A lower percentage of VTs was observed in the 
rural area when compared to the urban area 
(18.1% vs. 23.7%, p = 0.054). 

Furthermore, the six PCV13 additional serotypes 
(1, 3, 5, 6A, 7F and 19A) were mainly found 
among children who had not received PCV13 
(24.4% vs. 12.8% in 2011, p = 0.027, and 27.6% vs. 
6.6% in 2012, p < 0.001). 

In the urban area serotypes 21, 19F, 10A, 6C and 
15B/C were the most prevalent in 2011, whereas 
serotypes 23B, NT, 6C, 3 and 35B were the most 
prevalent in 2012.

In the rural area serotypes 11A, 23A, 22F, 24F and 
6C were the most prevalent in 2011, and serotypes 
15B/C, 31, 23B, 15A and 3 were the most prevalent 
in 2012.

Around 80% of all isolates were susceptible to 
the antibiotics tested in both years. Regarding the 

resistant isolates, these were mostly non-vaccine 
types (58.1% in 2011 and 72.2% in 2012).

4. Conclusion

PCV13 is impacting on colonization and the six 
additional vaccine-types (1, 3, 5, 6A, 7F and 19A) 
were mostly detected in non-immunized children. 
Further studies are needed in the upcoming years 
to monitor and unequivocally establish the impact 
of PCV13 in colonization.
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ABSTRACT: 

The vast majority of  infections are caused by microorganisms grown as biofilms. Recent 
evidences from several laboratories have demonstrated that both in vivo and in vitro formation of 
pneumococcal biofilms are hindered by the presence of capsular polysaccharide. We have analyzed 
the biofilm-forming capacity of clinical pneumococcal isolates of various serotypes. Strains of 
serotypes 19A and 19F, but not 19B and 19C, formed ≥80% of the biofilm of the nonencapsulated 
control strain. Strains of serogroup 6 also showed a significant biofilm-forming capacity. Serotypes 
19A and 19F and serogroup 6 have in their structures the disaccharides α-D-Glcp-(1→2)-α-L-
Rhap-(1→ and α-D-Glcp-(1→3)-α-L-Rhap-(1→. Serotypes 18A and 18C have a very similar 
disaccharide: α-D-GlcpNAc-(1→3)-β-L-Rhap-(1→ and α-D-Glcp-(1→3)-β-L-Rhap-(1→, 
respectively; however, pneumococcal strains of these serotypes showed impaired biofilm formation. 
Our results indicate that the chemical composition/structure of the capsular polysaccharide is 
crucial to define the biofilm-forming capacity of a particular S. pneumoniae isolate.

Keywords: capsular polysaccharide, biofilm formation.

1. Introduction

The pneumococcal population has changed since 
the widespread introduction of PCV7, directed 
at 7 (4, 6B, 9V, 14, 18C, 19F, and 23F) of the 94 
pneumococcal capsular serotypes known to date. 
Non-PCV7 serotype isolates have increased among 
asymptomatic carriers and, to a lesser extent, 
non-PCV7 serotype pneumococci have increased 
as causes of invasive pneumococcal disease [1]. 
Hence, an increase in the incidence of infections 
caused by multiresistant 19A pneumococci has 
been observed [2].

It is now widely recognized that the vast majority 
of infections are caused by microorganism grown 
as biofilms. A biofilm is defined as a thin layer of 
microorganisms that adhere to the surface of an 
organic or inorganic structure embedded in an 
extracellular matrix [3]. Recent evidences from 
several laboratories have demonstrated that both 

in vivo and in vitro formation of pneumococcal 
biofilms is hindered by the presence of  cap-
sular polysaccharide (CPS) [4] and that exists 
an inverse relationship between the ability of the 
nonencapsulated variants to form biofilms and the 
amount of CPS produced [5].

To gain further information on the role of CPS 
in the initial steps of biofilm formation, we have 
analyzed the capacities of clinical pneumococcal 
isolates of various serotypes to develop biofilms. 
In contrast with the previous belief, some of 
the clinical serotypes analyzed are good biofilm 
formers, which may explain its prevalence in the 
human nasopharynx.

2. Results

The analysis of biofilm-forming capacity of various 
serogroup 19 pneumococcal isolates showed that 
most strains of serotypes 19A and 19F form ≥80% 
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of the biofilm of the control, nonencapsulated 
strain M11. In contrast, strains belonging 
to serotypes 19B and 19C showed a drastic 
reduction in the number of biofilm-associated 
sessile cells. Similar results were observed with the 
corresponding isogenic capsular transformants 
producing serogroup 19 capsules, generated to 
reduce the genetic variability among strains.

A close comparison of  the primary structures 
of  the repeating units of  the CPS of  types 
19F/A on one hand, and 19B/C on the other, 
suggested that the disaccharides α-D-Glcp-
(1→2)-α-L-Rhap-(1→ and α-D-Glcp-(1→3)-α-
L-Rhap-(1→ (present in serotypes 19F and 19A 
CPSs, respectively, but not in the 19B and 19C 
capsules) may be important for promoting biofilm 
formation in the pneumococcus.

The disaccharide α-D-Glcp-(1→3)-α-L-Rhap-(1→ 
is also present in the CPS of the four serotypes of 
the serogroup 6. Previous studies of the biofilm-
forming capacity showed that serotype 6B isolates 
formed 70% of the biofilm of strain M11 [6]. The 
analysis of others members of this group, namely 
serotypes 6A and 6C, showed that both, clinical and 
M11 transformants expressing these capsules, were 
able to form more than 50% of the biofilm of the 
nonen-capsulated control strain.

Biofilm-formation capacity was also studied 
in serotypes 18A and 18C. Serotype 18C has 
a glycerol-phosphate substituent that must be 
preserved for conserving the adequate anti-
genicity of the 18C capsular polysaccharide [7]. 
Serotypes 18A and 18C have in their structure 
the disaccharides α-D-GlcpNAc-(1→3)-β-L-
Rhap-(1→ and α-D-Glcp-(1→3)-β-L-Rhap-(1→, 
respectively, very similar to the ones mentioned 
above. However, a single isolate of either serotype 
able to form a significant biofilm was not found.

3. Conclusion

The results presented in this study indicate that, in 
addition to its genetic background, the chemical 
composition/structure of CPS is crucial to define 
the biofilm-forming capacity of a particular S. 
pneumoniae isolate.
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ABSTRACT: 

Biofilm matrices consist of a mixture of extracellular polymeric substances synthesized in large 
part by the biofilm-producing microorganisms themselves. These matrices are responsible for the 
cohesion and three-dimensional architecture of biofilms. The present study demonstrates the 
existence of a matrix composed of extracellular DNA, proteins and polysaccharides in the biofilm 
formed by Streptococcus pneumoniae. Extracellular DNA, visualized by fluorescent labeling, was 
an important component of the matrix. The existence of DNA–protein complexes associated 
with bacterial aggregates and other polymers was hypothesized based on the unexpected DNA 
binding activity of lysozyme LytC. The presence of intercellular DNA-LytC protein complexes 
in pneumococcal biofilms was demonstrated by confocal laser scanning microscopy. Evidence of 
extracel-lular polysaccharide different from the capsule was obtained by staining with Calcofluor 
dye and four types of lectin conjugated to Alexa fluorophores, and by incubation with glycoside 
hydrolases. The presence of residues of Glcp(1,4) and GlcNAc(1,4) in the pneumococcal biofilm 
was confirmed by GC-MS techniques.

Keywords: biofilm, matrix composition, eDNA, polysaccharide, EPS. 

1. Introduction

Recent reports have shown the in vivo for-mation 
of S. pneumoniae biofilms on adenoid and mucosal 
epithelial tissues in children with recurrent or 
chronic ear infections (for a recent review, see 
ref. 1). Using low-temperature scanning electron 
microscopy (LTSEM) techniques, we reported a 
biofilm matrix containing an intercellular, fiber-
like material that linked the pneumococcal cells to 
one another and to the glass substrate on which 
they were grown [2]. The presence of extracellular 
proteins in this matrix was inferred from the 
biofilm-disaggregating activity of  proteolytic 
enzymes [2]. 

Several authors have reported extracellular 
DNA (eDNA) to be an important extracellular 
polymeric substance (EPS) in pneumococcal 

biofilms, based on the dramatic disappearance 
and inhibited formation of  biofilms following 
treatment with DNase [2]. 

Controversy exists over whether extracellular 
polysaccharide is a component of  the S. 
pneumoniae biofilm matrix. Using encapsulated 
S. pneumoniae cells to demonstrate the existence 
of a polysaccharide among the EPS is, however, 
problematic since some lectins also bind the 
capsular polysaccharide, as demonstrated more 
than 30 years ago [3]. 

The present work provides evidence that the 
biofilm formed by S. pneumoniae R6 contains 
a matrix made up of  eDNA, protein and 
polysaccharide components. 
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2. Results

2.1. DNA as a component of EPS

Extracellular DNA, visualized by fluorescent 
labeling with DDAO [7-hydroxy-9H-(1,3-dichloro-
9,9-dimethylacridin-2-one)], was an important 
component of the matrix (Fig. 1). 

Fig. 1: CLSM evidence of eDNA in pneumococcal 
biofilms. A biofilm of the S. pneumoniae strain R6 was 
stained with a combination of SYTO 9 (A, green), 
propidium iodide (B, red) and DDAO (C, blue). Image 
(D) is a merger of the channels (A) and (B). Image (E) 
is a merger of the channels (B) and (C). Image (F) is a 
merger of the three fluorophores. Scale bars=25μm.

2.2. Evidence of protein-DNA interactions

The existence of  DNA-protein complexes 
associated with bacterial aggregates and other 
polymers was hypothesized based on the un-
expected DNA binding activity of lysozyme LytC, 
a novel moonlighting protein. Actually, a 25 amino 
acid-long peptide derived from LytC (positions 408 
to 432 of the ma-ture LytC) was also capable of 
efficiently binding to DNA. Moreover, the presence 
of intercellular DNA-LytC protein complexes 
in pneumococcal biofilms was demonstrated by 
confocal laser scanning microscopy (CLSM).

2.3. The polysaccharide component of  the 
pneumococcal biofilm matrix

Evidence of  an extracellular polysaccharide 

component different to the capsule was obtained 
by staining R6 biofilms with calcofluor dye 
and four types of  lectin conjugated to Alexa 
fluorophores, and by treatment with sodium 
metaperiodate and incubation with various 
glycoside hydrolases.

Biofilm (but no planktonic) growing non-
encapsulated pneumococcal cells, were able to bind 
calcofluor indicating that S. pneumoniae biofilms 
are composed of  aggregates of  microbial cells 
encased in an extracellular polysaccharide matrix 
that contains at least ß-linked D-glycopyranosyl 
units. Alexa-conjugated lectins, i.e., wheat germ 
aggluti-nin (specific for N-acetylglucosamine and 
N-acetylneuraminic acid) and soybean agglutinin 
(specific for galactose and N-acetylgalactosamine) 
clearly stained the pneumococcal biofilm. 
Moreover, the presence of residues of Glcp(1→4) 
and GlcNAc(1→4) (in its deacetylated form) in 
the pneumococcal biofilm was confirmed by GC-
MS techniques.

3. Conclusion

The present results provide compelling ultra-
structural evidence of a complex, web-like matrix 
linking biofilm growing pneumococcal cells to one 
another and to their underlying substrate.

The LytC protein does not recognize any specific 
DNA sequence or topology, something that may 
be important in the formation of nasopharyngeal 
pneumococcal biofilms.

Incubation with NaIO4 or glycoside hydrolases 
and staining with calcofluor and the lectins WGA 
and SBA showed that the biofilms formed by 
strain R6 contain one (or more) polysaccharides.

R6 pneumococcal cells growing as biofilms 
synthesize anexopolysaccharide containing 
residues of Glc β(1→4) and GlcNAc β(1→4) with 
possible Glc/Gal α(1→6) branches.
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1. Background

The capsule of S. pneumoniae is the most important 
virulence factor due to its antiphagocytic properties. 
Although the new 13-valent pneumococcal vaccine 
will cover some serotypes prevalent in many 
developing countries, global use of  conjugate 
vaccines is restricted based on serotype diversity, 
serotype replacement and high manufacturing 
costs. The most extensively studied protein 
vaccine candidate is the pneumococcal surface 
protein A (PspA). Several studies have shown 
PspA to be highly immunogenic and protective 
in animal infection models whereas data on 
the responses to this protein in invasive human 
infections are relatively scarce. Few studies have 
addressed the levels of  IgG antibodies to the 
PspA protein in relation to antibody responses to 
capsular polysaccharides and outcome of invasive 
pneumococcal disease in adults.

2. Methods and results

Strains from 10 adult patients with invasive 
pneumococcal disease were characterised by 
capsular serotyping, MLST and PspA gene 
sequencing. Seven of the S. pneumoniae strains 
belonged to PspA family 2, clade 3. One of the 
strains belonged to the same clone as TIGR4. The 
patient’s own infecting strain was used as whole cell 
antigen for immunoblot analyses of IgG antibodies 
against PspA in acute and convalescent phase 
sera. The problem of identifying the position, i.e. 
mobility in gel, of the size variable PspA protein 
was solved by use of PspA specific mAbs. Four 
of the patients revealed strong antibody responses 
to this protein. Two of these patients revealed 

cross reactivity of  PspA antibodies between 
PspA family1 and 2 by ELISA measurements 
with recombinant PspA proteins. Using the 
WHO recommended ELISA for capsular specific 
antibodies we found that some patients with high 
levels of capsular antibodies also responded to 
PspA whereas other patients responded only to the 
analysed polysaccharides. A prerequisite for the 
antibodies to exert their biological functions are 
binding to the live bacteria. This was examined by 
measured the binding of serum antibodies to the 
patient’s own pneumococcal isolates using flow 
cytometry. The antibody binding patterns were 
similar to that found for binding to serotype specific 
polysaccharides by ELISA. Nine individuals 
revealed from weak to strong antibody binding to 
the isolates during invasive disease, but low levels of 
binding in their acute phase sera, may explain why 
the patients were not protected.

3. Conclusions

Adults may develop pneumococcal bacteraemia 
despite having generally high levels of  IgG 
antibodies to both polysaccharides and the PspA 
protein in their early convalescent phase sera as 
measured by scanning of immunoblots and ELISA. 
Our functionality testing of the antibodies by flow 
cytometry analyses of their binding to live isolates 
revealed for nine out of ten individuals from weak 
to strong antibody binding during invasive disease, 
but low levels in their acute phase sera, which may 
explain why the patients were not protected.

Keywords: PspA types, MLST, capsular 
polysaccharides, human antibody responses, 
pneumococcal infections, TIGR4.
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1. Introduction

Polysaccharide conjugate vaccines (PCVs) that 
target the capsule of Streptococcus pneumoniae are 
effective against most currently circulating disease-
causing serotypes. However, the emergence of non-
vaccine serotypes due to serotype replacement and 
capsular switching has partially reduced the benefits 
of vaccination [1]. Serotype-independent vaccines 
composed of multiple protein antigens are under 
development and these vaccines may have several 
advantages, including wider effects on colonisation 
leading to more complete herd immunity and 
reduced manufacturing costs compared to PCVs.

In the approach to pneumococcal vaccine 
development described here, the aim is to mimic 
the normal immune response to S pneumoniae 
infection, so achieving the efficacy required for 
broad protection but avoiding the safety issue of 
using a live organism. PnuBioVax is designed to 
contain a mixture of protein antigens, including 
the highly immunogenic heat shock proteins 
(Hsps), derived from stressed bacteria. Hsps 
have been implicated in the induction of both the 
innate and adaptive arms of the immune response. 
This has been attributed to their ability to interact 
with and activate antigen presenting cells and also, 
as protein chaperones, to bind peptides promoting 
peptide uptake into the antigen processing / 
presentation pathways [2].

2. Results 

Several prototype vaccines have been produced from 
S pneumoniae strains (Rx1, D39 and TIGR4) that 
were grown under culture conditions that induce 

stress. These source strains have been genetically 
modified with the aim of improving growth yields (by 
deletion of lytA) and vaccine safety (by manipulation 
of ply). After harvesting and killing, the cells were 
lysed by homogenisation, clarified by centrifugation 
and the supernatant was applied to an ion exchange 
column. Fractions containing Hsps were collected 
and pooled to produce the bulk vaccine. The vaccines 
have been characterised by analytical techniques 
including SDS-PAGE, western blotting and capillary 
gel electrophoresis. The vaccines, without adjuvant, 
were tested for immunogenicity in mice and were 
shown to induce broad antibody responses against 
multiple S pneumoniae serotypes, including non-
vaccine serotypes.

3. Conclusion

PnuBioVax based on stress protein antigens 
has the potential to provide protection against 
multiple serotypes of pneumococci beyond that 
provided by current PCVs. In addition, as a single 
production process, this vaccine approach offers 
reduced manufacturing costs.

Keywords: Heat shock protein, vaccine, protein 
antigen.
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ABSTRACT: 

Streptococcus pneumoniae can invade the host immune system with the help of virulence factors 
that interact directly with host cellular receptors. One such virulence factor is Pneumococcal 
surface protein C (PspC). Whole genome sequence analyses of various clinical isolates revealed 
the presence of two different pspC genes in some strains, pspC1 encoding a choline binding version 
and pspC2 encoding a cell wall anchored LPXTG protein. Interestingly, PspC2 displayed an overall 
low sequence homology to various PspC proteins which are known to interact with human Factor 
H (FH). Further investigations showed that PspC2 binds human FH through its amino terminal 
domain, but unlike other members of the PspC protein family, PspC2 utilizes a novel sequence 
of amino acids for this interaction. Further structural and biochemical investigations will provide 
more insights into the molecular basis of PspC2-FH interaction and its role in pneumococcal 
disease. 

Keywords: Pneumococcal surface proteins, human Factor H, PspC.
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