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Abstract 

 

Chlamydophila pneumoniae (Cp. pneumoniae) is an obligate intracellular human 

pathogen, causing acute and chronic infections of the upper and lower respiratory 

tract. Furthermore, links between Cp. pneumoniae and a variety of human diseases, 

like atherosclerosis, stroke, multiple sclerosis, Alzheimer’s disease and reactive 

arthritis have been described. Also, some studies revealed a participation in the 

pathogenesis of giant cell arteritis (GCA). GCA is a granulomatous vasculitis that 

selectively targets medium-sized and large arteries. The inflammatory activity is 

driven by adaptive immune responses, characterised by CD4 T cells undergoing 

clonal expansion and releasing IFN-γ. In addition to activated CD4+ T cells and 

macrophages, a population of dendritic cells (DC) was detected in temporal artery 

specimens of GCA patients and the DC appear to play a role in the initiation of 

vasculitis. Therefore, an antigen as a trigger has been discussed but not yet 

identified. In this study, interactions of DC with activated CD4+ T cells were 

investigated in Cp. pneumoniae-positive temporal artery tissues of GCA patients. By 

applying immunohistochemistry (IHC), an accumulation of the cytoskeletal protein 

Talin was detected in CD4+ activated T cells, reflecting cytoskeletal reorganisation 

occurring after contact of antigen-presenting cells with T cells. Furthermore, the 

GTPases RhoA and Rac1 which are known to be mediators in cytoskeletal 

rearrangement were also detected in CD4+ T cells.  IHC further revealed that T cells 

were situated in immediate vicinity of a population of tissue-residing DC. Moreover, 

TNF-α secreting cells and Toll-like receptor 4 (TLR4) expression by DC in 

granulomatous infiltrates in Cp. pneumoniae-positive specimens were determined. 

During the course of this work, a sensitive PCR method was developed to be able to 

detect human and chlamydial DNA in small-sized human paraffin-embedded tissue 

samples.  

In the second part of this study, a cell culture model consisting of monocyte-derived 

DC was established and applied to investigate the fate of Cp. pneumoniae in vitro. 

This cell culture model was further used to study the possible transmission from Cp. 

pneumoniae-infected DC to macrophages without cell-to-cell contact by establishing 

a coculture model. 
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Human monocyte-derived DC were infected with Cp. pneumoniae, and observed at 

regular time intervals up to 25 days post infection. Chlamydiae were visualized inside 

DC by both confocal and electron microscopy. Statistical analysis demonstrated an 

increase in the number of chlamydial antigen during that period (p < 0.00005, CHI-

SQUARE test). Titration of DC lysates on HEp-2 cells showed that infectious progeny 

were recovered at various intervals but showed no exponential growth. Additionally, 

RT-PCR analyses of infected DC identified transcripts from dnaA, ftsK and tal 

throughout a period of 14 days, indicating viable Chlamydiae.   

In the coculture model, DC were infected with Cp. pneumoniae and cultivated with 

human monocyte-derived macrophages without cell-to-cell contact during chlamydial 

infection. For tracking, Cp. pneumoniae inside the living DC were labelled with a red 

fluorescent ceramide dye. Subsequently, red-coloured chlamydial inclusions were 

detected 3 and 5 days later in cocultured macrophages. Moreover, the infectivity 

assay revealed infectious elementary bodies in infected DC and cocultured 

macrophages. Chlamydial gene expression indicated vital and dividing chlamydiae in 

both cell types. 

In summary, the results suggest that Cp. pneumoniae-infected DC can play an 

important role in the transmission of these bacteria in GCA, both in regard to antigen 

presentation and initiation of inflammatory mechanisms.  Furthermore, infection of 

DC with Cp. pneumoniae and subsequent transmission of Cp. pneumoniae from DC 

to macrophages is possible and independent of cell-to-cell contact.  
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1 Introduction 
 

1.1 Chlamydophila pneumoniae 

 

1.1.1 History and taxonomy 

 

First reports about a disease caused by a member of the order Chlamydiales have 

been found in ancient Egypt and Chinese manuscripts. The first description of the 

morphology was provided by Halberstaedter and von Prowak in 1907, identifying 

elementary bodies (EB) and reticulate bodies (RB) inside inclusions in conjunctival 

epithelial cells. They named the newly discovered organism ‘Chlamydozoa’ from the 

Greek khlamus = a mantle/cloak. In 1929-1930, worldwide outbreaks of severe and 

atypical pneumonia occurred. Subsequent research of Bedson and co-workers 

identified “an obligate intracellular parasite with bacterial affinities”. Names for these 

bacteria included ‘Bedsonia’, ‘Miyagawanella’, 'Halprowia', ornithosis-, TRIC- and 

PLT-agents. The term ‘Chlamydia’ appeared first in the literature in 1945. The 

evidence that these organisms belong to the bacteria but not to the viruses was 

supplied in 1965 by applying electron microscopy and tissue culture. Rickettsia and 

Chlamydia were grouped together until Page validated the genus ‘Chlamydia’ in 

1966. Until the 1990s, the order Chlamydiales included only one family 

(Chlamydiaceae) and one genus (Chlamydia) (WARD and EVERETT, 2002). In 

1989, Grayston and co-workers defined Chlamydia pneumoniae, nowadays 

Chlamydophila pneumoniae (Cp. pneumoniae), as a new genus (GRAYSTON et al., 

1989). The first isolate of Cp. pneumoniae was obtained in 1965 from a child’s 

conjunctiva and was called TW-183. Between 1972 and 1986, IOL-207, AR-39 and 

several other isolates were obtained from patients mainly suffering from respiratory 

syndromes. These isolates were grouped as the TWAR isolates (DWYER et al., 

1972; KUO et al., 1986). Increased molecular knowledge led to a new taxonomy of 

the order Chlamydiales (Fig. 1) which split the former family Chlamydiaceae into two 

genera, Chlamydia and Chlamydophila. Members of the Chlamydiales share greater 

than 80 % identity for the genes coding for the 16S rRNA and the 23S rRNA 

(EVERETT et al., 1999; BUSH and EVERETT, 2001; WARD and EVERETT, 2002). 
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Fig. 1 Genetic structure of the order Chlamydiales. 

The tree on the left depicts the recent taxonomy, the tree on the right the old classification (adapted 
from Bush and Everett, 2001) 

 

1.1.2 Developmental cycle 

 
All members of the family Chlamydiaceae are Gram-negative obligate intracellular 

parasites. About 700 million years ago, the last common ancestor of pathogenic and 

symbiotic Chlamydiae was already adapted to intracellular survival in early 

eukaryotes (HORN et al., 2004). The life cycle of Chlamydiaceae consists of a 

unique biphasic developmental cycle with morphologically distinct infectious and 

reproductive forms, the EB and the RB. The infectious EB is electron dense and 

possess no metabolic activity. The size is approximately 0.3 µm in diameter (CHI et 

al., 1987; MIYASHITA et al., 1993). EB are osmotic stable and able to survive in 

extracellular environments (HATCH, 1996). After attaching to host cells, EB are taken 

up via endocytosis. The precise mechanism of uptake, as well as the molecules and 

receptors required for an effective attachment is still not fully understood 

(WUPPERMANN et al., 2001; BESWICK et al., 2003; STUART et al., 2003; 

PUOLAKKAINEN et al., 2005). Inside the host cells, EB remain in membrane-bound 

vacuoles termed inclusions, which are resistant to lysosomal fusion (AL-YOUNES et 

al., 1999). The osmotic fragile and metabolically active RB is up to 1.5 µm in 

diameter and less electron dense (CHI et al., 1987; MIYASHITA et al., 1993). 

Investigations of the chlamydial developmental cycle in permissive HEp-2 cells 

revealed that most of the EB were transformed to RB and started to divide by binary 
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fission after 12 h p. i.. Condensation of RB began 48 h p. i., indicating transformation 

of RB to EB. Lysis of inclusions and release of EB occurred after 72-96 h p. i. and 

characterised the completion of the developmental cycle (WOLF et al., 2000). 

Alternatively, the RB can differentiate into aberrant forms upon treatment with IFN-

and antibiotics, tryptophan depletion, iron depletion, heat shock and after infection 

of monocytes. Aberrant RB are characterised by a larger size, reduced metabolic 

activity and absence of replication. These aberrant forms are defined as the 

persistent form of the organism and are able to survive for a long time in the host 

(AIRENNE et al., 1999; AL-YOUNES et al., 2001; PANTOJA et al., 2001; HOGAN et 

al., 2004; MUKHOPADHYAY et al., 2006). Persistence for Cp. pneumoniae is also 

described in vivo, implicated in chronic inflammatory lung diseases, arthritis and 

cardiovascular disease (HAHN et al., 2002; HAMMERSCHLAG, 2003; SKOWASCH 

et al., 2003; HOGAN et al., 2004). 

 

1.1.3 Cp. pneumoniae and human diseases 

 
Cp. pneumoniae is known to be the most common nonviral intracellular human 

respiratory pathogen (THOM and GRAYSTON, 1991; MARRIE, 1993; BLASI et al., 

1998) and an important cause for acute and chronic infections of the upper and lower 

respiratory tract in both immunocompetent and immunocompromised hosts. The rate 

for community-acquired pneumonia caused by Cp. pneumoniae ranges from 3% to 

43 %, as mainly determined by the presence of specific serum IgG titers (FANG et 

al., 1990; GRAYSTON, 1992; GAYDOS et al., 1994; LIEBERMAN et al., 1996; 

BLASI et al., 1998). Cp. pneumoniae was found to be responsible for 1 - 12 % of 

community-acquired pneumonia in adults (FANG et al., 1990; MARRIE et al., 2005; 

WELLINGHAUSEN et al., 2006). Coinfection with Streptococcus pneumoniae was 

often present (KAUPPINEN et al., 1995). However, it has been assumed that more 

than 90 % of infections caused by Cp. pneumoniae are asymptomatic (KLEEMOLA 

et al., 1988). In other acute conditions like endocarditis, myocarditis and acute renal 

failure, Cp. pneumoniae was identified as the causative agent (MARCHANT et al., 

1995; NORTON et al., 1995; WESSLEN et al., 1996). 

In addition to acute infections, Cp. pneumoniae is supposed to contribute to the 

development of chronic inflammatory diseases like asthma (HAHN et al., 1991; 

GENCAY et al., 2001), neurologic disorders like multiple sclerosis, stroke and 
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Alzheimer’s disease (WIMMER et al., 1996; BALIN et al., 1998; SRIRAM et al., 1999; 

SWANBORG et al., 2003), atherosclerosis (SAIKKU et al., 1988; KUO and 

CAMPBELL, 2000; KALAYOGLU et al., 2002; BOBRYSHEV et al., 2004), reactive 

arthritis (BRAUN et al., 1994; HANNU et al., 1999; MELBY et al., 1999) and GCA 

(RIMENTI et al., 2000; WAGNER et al., 2000; HAUGEBERG et al., 2001).  

 

1.1.4 Cp. pneumoniae infection of human cells 

 
In vitro, Cp. pneumoniae is able to infect several cell types, including macrophages 

(GODZIK et al., 1995; AIRENNE et al., 2000; HARANAGA et al., 2003), endothelial 

cells (KAUKORANTA-TOLVANEN et al., 1994), smooth muscle cells (GODZIK et al., 

1995; GAYDOS et al., 1996; KNOEBEL et al., 1997), lymphocytes (HARANAGA et 

al., 2001), neutrophils and monocytes (AIRENNE et al., 1999; YAMAGUCHI et al., 

2002). Additionally, coculture studies showed that infected monocytes enhance the 

infection of endothelial cells, whereas infected smooth muscle cells enhance the 

infection of monocytes upon cell-to-cell contact (LIN et al., 2000; PUOLAKKAINEN et 

al., 2003). Classical detection methods of Cp. pneumoniae include immunological 

methods like immunohistochemistry and immunofluorescence in infected tissues and 

cells and EIA and MIF of serum samples as well as cultivation of Cp. pneumoniae-

infected samples in cultures of permissive cells. Furthermore, a variety of nucleic 

acid-based detection methods like PCR and NASBA can be applied (WARD, 2002). 

 

1.2 Dendritic cells 

 

1.2.1 The human DC system 

 

DC are not a single cell type, but a heterogeneous collection of cells derived from 

hemopoietic bone marrow stem cells and widely distributed as immature DC within all 

tissues, particularly those which interface with the environment and in lymphoid 

organs. DC can be divided in different subtypes on the basis of surface antigen 

differences (SHORTMAN and LIU, 2002; WU and DAKIC, 2004).  
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The exact precursors which can give rise to human DCs and pDCs remain elusive. 

The current hypothesis is that all hemopoietic bone marrow stem cell-derived cells 

develop either as a part of lymphoid or myeloid pathway (Fig. 2). 

 
Fig. 2 Pathways of human DC development.  

Some DC lineages progress to a mature but quiescent state under the influence of cytokines alone, 
requiring exogenous stimuli only for full activation. Other DC lineages, however, probably remain at a 
precursor state in an uninfected individual, because they require stimulation by microbial products to 
produce mature DCs. CLA, cutaneous lymphocyte-associated antigen; IPC, interferon-producing cell; 
pDC, precursor of DC (adapted from SHORTMAN and LIU, 2002). 

 

In the human system, analysis of DC directly isolated from different tissues has been 

limited. Therefore, most of the insights have come from studies investigating the 

development of DC directly isolated from blood. For example, after incubation of 

blood monocytes with M-CSF or GM-CSF, macrophages were generated 

(AKAGAWA et al., 2006) while cultivation with IL-4 and GM-CSF resulted in DC 

(ROMANI et al., 1996; THURNER et al., 1999). Also, CD34+ cells, a common bone 

marrow precursor isolated from bone marrow, cord blood or blood, differentiated into 

either DC or macrophages depending on cytokines used (SANTIAGO-SCHWARZ et 

al., 1992; BENDER et al., 1996). A different subtype of myeloid DC, also generated 

from CD34+ precursors, are epidermal Langerhans cells (LC) which are defined by 
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expressing langerin (CD207), E-cadherin and the presence of Birbeck granules 

(CAUX et al., 1996).  

 

1.2.2 Functional properties of DC 

 
DC have several functions in the innate and adaptive immune system and are 

specialised for the uptake, processing and presentation of antigens to T cells 

(STEINMAN, 1991). Immature DC act as sentinels in the peripheral tissues by 

sampling the antigenic environment. Uptake of different antigens is mediated by a 

variety of recognition receptors on the surface of DC, such as lectin-domain scavenger 

receptors and TLR (MEDZHITOV and JANEWAY, 2000; KADOWAKI et al., 2001). DC 

possess the biochemical machinery to process proteins and present peptide 

fragments on MHC molecules. Exogenous antigens usually are presented on MHC II 

molecules while endogenous antigens (viruses and self antigens) are presented on 

MHC I molecules. Antigen presentation to T cells often results in proliferation. 

However, DC are able to influence the subsequent development of the T cells. T cell 

activation and proliferation might lead to immunity or tolerance, to the generation or 

activation of regulatory T cells, and to the generation of T cells that secrete different 

patterns of cytokines, including the extreme cytokine-polarised T helper 1 (TH1) and T 

helper 2 (TH2) responses (SHORTMAN and LIU, 2002). The key cytokine for 

induction of the TH1 response is secretion of IL-12 by DC whereas secretion of IL-4 

polarises T cells towards a TH2 response (MOSER and MURPHY, 2000). To induce 

peripheral tolerance DC have the capacity to initiate tolerance or immunity, the 

distinction depending on the maturation or activation state of the DC. So called 

quiescent DC maintain self tolerance while DC fully activated by danger signals 

induce immunity (Fig. 3) (SHORTMAN and HEATH, 2001). 
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Fig. 3 DC and immunoregulation.  

In the absence of microbial infections and related ‘danger’ signals, there is a low-level, steady-state 
entry of DC into lymphoid tissues, in which quiescent DC help to maintain a state of peripheral T cell 
tolerance to self-antigens. Microbial infection, inflammation and tissue damage all activate the DC and 
increase their rate of migration into lymphoid tissue, where they signal to T cells that are specific for 
the foreign antigens that are presented by the DC to initiate immune responses. MHC, major 
histocompatibility complex;TH1, T helper 1 cell; TH2, T helper 2 cell (adapted from SHORTMAN and 
LIU, 2002). 

 

1.3 Giant cell arteritis  

 

1.3.1 Epidemiology  

 
GCA is a granulomatous vasculitis of medium and large sized arteries. The most 

commonly affected vessels are the cranial arteries, the aorta and the arteries of the 

upper extremity. The occurrence of GCA varies in different geographical regions and 

shows seasonal clustering (SALVARANI et al., 1995; PETURSDOTTIR et al., 1999). 

The highest incidence was found in northern Europe and Minnesota, a region with 

inhabitants of Northern European origin (MACHADO et al., 1988; NORDBORG et al., 

2000). Current epidemiological studies have shown that GCA occurs both in northern 
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and southern Germany, mainly in urban areas (REINHOLD-KELLER et al., 2000). 

GCA is the most frequent occurring systemic vasculitis. Every year, between 16.8 

and 25.4 new cases per million people older than 50 years are diagnosed 

(NORDBORG et al., 2000).  

 

1.3.2 Clinical features 

 
Onset of disease is often associated with influenza-like symptoms indicating an 

antigen-triggered disease (RIMENTI et al., 2000). Common features of GCA  related 

to vascular injury are headaches, jaw claudicatio, scalp tenderness and muscle pain. 

Less common are ocular syndromes including blindness and amaurosis fugax, 

respiratory symptoms, limb claudication, absent or asymmetrical pulses or blood 

pressure readings. Very infrequent symptoms are the ischemia of the central nervous 

system, peripheral neuropathy, deafness, myocardial infarction and tissue 

gangrenes. 

Common features including an intense acute phase response, anaemia, polymyalgia 

rheumatica and wasting syndrome occur due to the systemic inflammation. Less 

frequent, peripheral synovitis is observed . (WAGNER et al., 1996; NORDBORG et 

al., 2000; WEYAND and GORONZY, 2003). For purposes of classification, a patient 

suffers from GCA if at least 3 of the 5 criteria (Table 1) are present (HUNDER et al., 

1990).  

 

Criteria Definition 

Age at disease onset >=50 years 
Development of symptoms or findings 
beginning at age 50 or older 

New headache 
New onset of or new type of localized pain 
in the head 

Temporal artery abnormality 
Temporal artery tenderness to palpation or 
decreased pulsation, unrelated to 
arteriosclerosis of cervical arteries 

Elevated erythrocyte sedimentation rate 
Erythrocyte sedimentation rate >=50 
mm/hour by the Westergren method 

Abnormal artery biopsy 

Biopsy specimen with artery showing 
vasculitis characterized by a predominance 
of mononuclear cell infiltration or 
granulomatous inflammation, usually with 
multinucleated giant cells 

Table 1 Criteria for the Classification of GCA (adopted from HUNDER et al., 1990) 
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Polymyalgia rheumatica (PMR) is a closely related entity. In PMR, vessel wall 

inflammation is incomplete and the systemic inflammation is combined with myalgias 

of the neck, shoulder and pelvic girdle. GCA and PMA frequently occur in the same 

patient (WEYAND and GORONZY, 2003). 

 

1.3.3 Cellular pathogenesis  

 
Histomorphologically, GCA is a systemic vasculitis which affects all layers of the 

arterial walls and contains giant cells in 50% of all cases (LIE, 1990). Furthermore, 

there are granulomatous infiltrates with a patchy-type pattern. Typically, 

histomorphological cells are activated macrophages and T cells in a frequently seen 

clear intimal proliferation as well as a fragmentation of the lamina elastica interna and 

externa. The majority of T cells are CD4+ T cells and to a lesser extent CD8+ T cells. 

Sequence analyses of the T cell receptor revealed a clonal expansion, indicating an 

antigen in the wall of the artery (WEYAND et al., 1994; MARTINEZ-TABOADA et al., 

1996). More than 90 % of IFN-γ secreting T cells of the granulomatous infiltrate 

expressed the IL-2 receptor and possessed cytoskeletal Talin, indicative for a 

connection to an HLA complex. The majority of these CD4+CD45RO+ T cells were 

also positive for CD25. The distribution of inflammatory cells in the artery wall thus 

suggests a migration from the adventitia, through the media into the intima, where 

the accumulation of inflammatory cells and the immunopositivity for HLA-DR, ICAM-1 

and IL-2 are centered along the internal elastic membrane (WAGNER et al., 1996). 

Activated macrophages in the granulomatous infiltrates were shown to produce 

monokines and metalloproteinases and inducible nitric oxygenase (iNOS), TGF-β 

and IL-6. Furthermore, IL-6 concentrations in plasma of untreated GCA and 

polymyalgia rheumatica patients were increased, produced by circulating monocytes 

(ROCHE et al., 1993; WAGNER et al., 1994; WEYAND et al., 1996). More recent 

studies have identified DC in granulomatous infiltrates of GCA patients (WAGNER et 

al., 2000; KRUPA et al., 2002). DC were correlated with Cp. pneumoniae in 

granulomatous infiltrates (WAGNER et al., 2000). Furthermore, DC in granulomatous 

infiltrates were shown to express CCL18, CCL19, CCL21 together with CCR 7, 

suggesting trapping of mature DC in granulomatous infiltrates. Also, several TLR 
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were detected, supporting the thesis that TLR ligands function as initiators of GCA 

(KRUPA et al., 2002; MA-KRUPA et al., 2005) . 

 

1.3.4 Giant cell arteritis and Cp. pneumoniae 

 

The aetiology of GCA remains unknown, although the HLA-DR4 group and the pre-

existence of a degenerative vascular disease are confirmed risk factors. 

Immunological studies suggest the existence of a triggering antigen of unknown 

nature, which activates T cells in the artery wall. Therefore, efforts to identify possible 

infectious trigger factors were undertaken. Several viruses including different herpes 

simplex viruses, cytomegalovirus, Epstein-Barr virus, human herpes viruses, herpes 

zoster virus and parvovirus B19 have been suspected as triggers and temporal artery 

samples of GCA patients were tested for the presence of the viral antigen. Some 

investigators were able to detect one or more viruses (STAUD and CORMAN, 1996; 

NORDBORG et al., 1998; GABRIEL et al., 1999; MITCHELL and FONT, 2001; 

SALVARANI et al., 2002; AL-ABDULLA et al., 2003; ALVAREZ-LAFUENTE et al., 

2005; DE CASTRO et al., 2005; POWERS et al., 2005) while other investigators 

failed to detect any viruses (HELWEG-LARSEN et al., 2002; KENNEDY et al., 2003; 

RODRIGUEZ-PLA et al., 2004; CANKOVIC and ZARBO, 2006). Ljungstrom and 

coworkers initially reported the presence of Cp. pneumoniae in temporal artery 

samples of GCA patients with upper respiratory symptoms before onset of GCA and 

concluded that reinfection with Cp. pneumoniae may lead to the onset of vasculitis 

(LJUNGSTROM et al., 1997). However, other investigators failed to detect Cp. 

pneumoniae or other bacteria in GCA patients (HAUGEBERG et al., 2000; REGAN 

et al., 2002; RENKO et al., 2003) while Wagner and coworkers detected Cp. 

pneumoniae in GCA patients suffering from infections of the upper respiratory tract 

before onset of GCA (WAGNER et al., 2000). 
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1.4 Aims of this study 

 

As described earlier, GCA is suspected to be an antigen-driven disease. In addition 

the role of various viruses, the role of the obligate intracellular bacterium Cp. 

pneumoniae as the responsible pathogen was discussed. Since the previous 

investigations in which Cp. pneumoniae was detected in the temporal artery 

specimens of GCA patients were accomplished in low numbers of patients, the aims 

of this study were: 

 

• to investigate a large collective of GCA patients for the presence of Cp. 

pneumoniae  

• to determine the localisation of DC and their interactions with disease-

relevant activated CD4+ T cells  

• to elucidate the fate of Cp. pneumoniae in DC by applying a cell culture 

model 

• to investigate the possible transmission of the pathogen from directly 

infected DC to macrophages 
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2 Material and Methods 

2.1 Material 

2.1.1 Technical equipment 

 

Balance      Sartorius, Göttingen, Germany 
Camera “MP4+”      Polaroid, Cambridge, MA, USA 

for agarose gel Polaroid photos  
Centrifuge “Centrifuge 5415 R”   Eppendorf GmbH, Hamburg, Germany 

for 1.5 ml tubes 
Centrifuge “Rotanta 46 RSC“   Hettich, Lauenau, Germany 

for multiwell plates 
Centrifuge “Centrifuge 5804“   Eppendorf GmbH, Hamburg, Germany 

for 15 ml and 50 ml tubes 
Centrifuge “Cytospin 3” for cytospins  Shandon, Frankfurt, Germany 
Centrifuge “Suprafuge 22”     Heraeus, Hanau, Germany 

for high-speed centrifugation 
Cytoclips for cytospins    Shandon, Frankfurt, Germany 
Dounce homogenisator, 1ml   Alcan Wheaton, Millville, NJ, USA 
Flow cytometer “FACSCalibur”   BD Biosciences, Heidelberg, Germany 
Fluorescence microscope “BX60”   Olympus, Hamburg, Germany 

for slides 
Fluorescence microscope “IX70”   Olympus, Hamburg, Germany 

for cell culture multiwell plates 
Freezing container     Nalgene, Rochester, NY, USA 
Haemocytometer, Neubauer Improved  Karl Hecht KG, Sontheim, Germany 
Incubator “BB 5060“     Heraeus, Hanau, Germany 
Microwave      Bauknecht, Neunkirchen, Germany 
Midi MACS® magnet  Miltenyi Biotec GmbH, Bergisch 

Gladbach, Germany 
PCR thermocycler “Mastercycler”   Eppendorf GmbH, Hamburg, Germany 
pH-Meter “pH 525”     WTW, Weilheim, Germany 
Photometer “Ultraspec 2000”  Amersham Pharmacia Biotech, 

Freiburg, Germany 
Pipet 10 µl      Eppendorf GmbH, Hamburg, Germany 
Pipets “Pipetman®” 20 µl/100 µl/200 µl  Gilson S.A., Villiers-le-Bel, France 
Pipet aid “Pipettboy plus”    Integra Biosciences, Fernwald, 
       Germany 
Polycarbonate centrifuge tubes 50 ml  Nalgene, Rochester, NY, USA 
Power supply      BioRad, München, Germany 

for agarose gel electrophoresis 
Precision balance     Mettler, Giessen, Germany 
Shaker “Titramax 1000”  Heidolph Instruments, Schwalbach, 

Germany  
TaqMan® PCR cycler    Applied Biosystems, Weiterstadt,   “ABI 

Prism Sequence Detector 7700“  Germany 
Thermocyler “Mastercycler“    Eppendorf GmbH, Hamburg, Germany 
Thermomixer “5436”     Eppendorf GmbH, Hamburg, Germany 
Transmission electron microscope “EM 400” Philips, Eindhoven, The Netherlands 
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Ultrasonicator “Omnilab 080”   Jürgens, Hannover, Germany 
UV transilluminator     peqLab, Erlangen, Germany 
Vortex “Genie 2“     Bender und Hobein, Ismaning,  
       Germany 
Water bath  Gesellschaft für Labortechnik, 

Burgwedel, Germany 
 

2.1.2 Disposables  

 

24-well cell culture plates    Nunc GmbH, Wiesbaden, Germany 
“multidish 24 wells“ 

6-well cell culture plates    Nunc GmbH, Wiesbaden, Germany 
“multidish 6 wells“ 

96-well cell culture plates    Nunc GmbH, Wiesbaden, Germany 
“TC Microwell F“ 

Cell culture flasks “Cell Star”   Greiner GmbH, Frickenhausen,  
25 cm2, 75 cm2, 175 cm2   Germany 

Cover slips 18mm x 18mm  Omnilab GmbH, Braunschweig, 
Germany  

Cover slips 13mm Ø  Menzel-Gläser, Braunschweig, 
Germany 

Glass beads (Ø 2-3 mm)    Roth, Karlsruhe, Germany 
Eppendorf tubes RNase-free   peqLab Biotechnologie GmbH, 

“Multi SafeSeal“ 0,5ml/1,5ml  Erlangen, Germany 
FACS tubes 5 ml     BD Biosciences, Bedford, USA  

”polystyrene round bottom“ 
Filter cards for cytospins    Shandon, Frankfurt, Germany 
Filter tips      Eppendorf GmbH, Hamburg, Germany 

“ep TIPS” 10 µl 
Filter tips 20 µl/100 µl/200 µl  Greiner GmbH, Frickenhausen, 

Germany 
Instant film “667”     Polaroid, Cambridge, MA, USA 
Leukosep® tubes 30 ml  Greiner GmbH, Frickenhausen, 

Germany 
MACS®- columns “LS“  Miltenyi Biotec GmbH, Bergisch 

Gladbach, Germany 
PCR softstrips 0.2 ml    Biozym, Hess. Oldendorf, Germany 

for PCR 
PCR tubes 0.2 ml with flat caps   Seqlab, Göttingen, Germany 

for sequencing reactions 
Rubber scraper  Sarstedt AG & Co., Nümbrecht, 

Germany 
Safe-Lock Eppendorf tubes    Eppendorf GmbH, Hamburg, Germany 

“Safe-Lock Tubes 1,5 ml“ 
Sealing tape for TaqMan® reaction plates ABgene, Epson, UK 

“QPCR Seal“ 
Serological pipets     Sarstedt AG & Co., Nümbrecht,  

5 ml, 10 ml, 25 ml Germany 
Slides 76mm x 26mm  Menzel-Gläser, Braunschweig, 

Germany 
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Surgical blade No. 22  Becton Dickinson AcuteCare, New 
Jersey, USA 

TaqMan® reaction plates    ABgene, Epson, UK 
“Thermo-Fast® 96 Detection“ 

Transwell® tissue culture plates   Corning Incorporated, Corning, USA 
“Transwell® Clear“ Polyester, 0,4 µm pores     

  6,5 mm or 24mm inserts 
Tubes 15ml   Greiner GmbH, Frickenhausen, 

Germany 
Tubes 50 ml   Greiner GmbH, Frickenhausen, 

Germany 
 

2.1.3 Chemicals 

 
Boric acid      Sigma-Aldrich, Deisenhofen, Germany 
Calcium chloride (CaCl2)    Merck, Darmstadt, Germany 
Cacodylic acid  Serva Electrophoresis, Heidelberg, 

Germany 
Disodium hydrogen phosphate (Na2HPO4)  Merck, Darmstadt, Germany 
Dithiothreitol (DTT)     Merck, Darmstadt, Germany 
Ethanol 99% (EtOH)  J.T. Baker, Devender; The Netherlands 
Ethylene diamine tetraacetic acid (EDTA)  Merck, Darmstadt, Germany 
= Titriplex III  
Ethylene glycol-bis(2-aminoethylether)  Merck, Darmstadt, Germany 
-N,N,N’,N’-tetraacetic acid (EGTA) 
Glutaminic acid     Sigma-Aldrich, Deisenhofen, Germany 
Isopropanol  J.T. Baker, Devender; The Netherlands 
Methanol abs. (MetOH)  J.T. Baker, Devender; The Netherlands 
Magnesium chloride hexahydrate   Merck, Darmstadt, Germany 
(MgCl2 × 6 H2O) 
N-(2-hydroxyethyl)piperazine-N’-   Sigma-Aldrich, Deisenhofen, Germany 
(2-ethanesulfonic acid)(HEPES)  
Paraformaldehyde (PFA)  Serva Electrophoresis, Heidelberg, 

Germany 
Potassium chloride (KCl)    Merck, Darmstadt, Germany 
Potassium hydrogen phosphate (KH2PO4)  Merck, Darmstadt, Germany 
Sodium chloride (Na  monohydrate Merck, Darmstadt, Germany 
(NaH2PO4 × H2O) 
Tris(hydromethyl)-aminomethane (Tris)  Merck, Darmstadt, Germany 
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2.1.4 Antibodies 

2.1.4.1 Monoclonal antibodies 

antibody/epitope clone conjugation subclass final dilution reference  

anti-Chlamydia 
pneumoniae/MOMP 
(species-specific) 

RR 402 FITC IgG3 1:100 IF 
1:100 flow 
cytometry 

DakoCytomation, 
Cambridgeshire, 
UK 

anti-Chlamydia/LPS 
(genus-specific) 

CF 6J12 FITC IgG2a 1:100 IF DakoCytomation, 
Cambridgeshire, 
UK 

anti-human HLA-DR G46-6 PE IgG2a 1:20 flow 
cytometry 

BD Biosciences, 
San Diego, Ca, 
USA 

anti-human CD1a HI149 FITC IgG1 1:20 flow 
cytometry 

BD Biosciences, 
San Diego, Ca, 
USA 

anti-human CD14 M5E2 FITC IgG2a 1:20 flow 
cytometry 

BD Biosciences, 
San Diego, Ca, 
USA 

anti-human CD16 NKP15 FITC IgG1 1:20 flow 
cytometry 

BD Biosciences, 
San Diego, Ca, 
USA 

anti-human CD33 WM53 PE IgG1 1:20 flow 
cytometry 

BD Biosciences, 
San Diego, Ca, 
USA 

anti-human CD80 L307.4 PE IgG1 1:20 flow 
cytometry 

BD Biosciences, 
San Diego, Ca, 
USA 

anti-human CD83 HB15e PE IgG1 1:20 flow 
cytometry 

BD Biosciences, 
San Diego, Ca, 
USA 

anti-human CD86 
(B70/B7-2) 

2331 PE IgG1 1:20 flow 
cytometry 

BD Biosciences, 
San Diego, Ca, 
USA 

anti-human CD209 DCN46 PE IgG2b 1:20 flow 
cytometry 

BD Biosciences, 
San Diego, Ca, 
USA 

anti-human CD209 DCN46 FITC IgG2b 1:20 flow 
cytometry 

BD Biosciences, 
San Diego, Ca, 
USA 

IgG1 isotype control MOPC-
21 

FITC IgG1 1:20 flow 
cytometry 

BD Biosciences, 
San Diego, Ca, 
USA 

IgG1 isotype control MOPC-
21 

PE IgG1 1:20 flow 
cytometry 

BD Biosciences, 
San Diego, Ca, 
USA 

IgG2a isotype control G155-
178 

FITC IgG2a 1:20 flow 
cytometry 

BD Biosciences, 
San Diego, Ca, 
USA 

IgG2a isotype control DAK-
GO5 

PE IgG2a 1:40 flow 
cytometry 

DakoCytomation, 
Glostrup, 
Denmark 

IgG2b isotype  27-35 FITC IgG2b 1:20 flow 
cytometry 

BD Biosciences, 
San Diego, Ca, 
USA 

IgG2b isotype control 27-35 PE IgG2b 1:20 flow 
cytometry 

BD Biosciences, 
San Diego, Ca, 
USA 
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antibody/epitope clone conjugation subclass final dilution reference  

IgG3 isotype control J606 FITC IgG3 1:10 flow 
cytometry 

BD Biosciences, 
San Diego, Ca, 
USA 

anti-human Talin 8D4 unconjugated IgG1 1:40 IF Sigma, Saint 
Louis, Missouri, 
USA 

anti-human CD4 RPA-T4 unconjugated IgG1 1:50 IF 
 

BD Biosciences, 
San Diego, Ca, 
USA 

anti-human TNFα 4C6-H6  unconjugated IgM 1:5 IF DPC Biermann, 
Nauheim, 
Germany 

Table 2 Monoclonal antibodies 

 

2.1.4.2 Polyclonal antibodies 

Epitope species Conjugation final dilution reference  

anti-Texas Red rabbit Unconjugated 1:100 IF Molecular Probes, 
Eugene, Oregon, 
USA 

anti-rabbit goat Alexa 594 1:500 IF Molecular Probes, 
Eugene, Oregon, 
USA 

EnVision+ Dual Link 
System (anti-mouse) 

goat HRP ready-to-use DAKOCytomation, 
Carpinteria, USA 
 

anti-human S100 rabbit Unconjugated 1:1000 IF, 
IHC 

DAKOCytomation, 
Glostrup, Denmark 

anti-human Cdc42 rabbit Unconjugated 1:50 IHC Santa Cruz, Santa 
Cruz, Ca, USA 

anti-human Rac 1 rabbit Unconjugated 1:100 IHC Santa Cruz, Santa 
Cruz, Ca, USA 

anti-human Rho A rabbit Unconjugated 1:100 IHC Santa Cruz, Santa 
Cruz, Ca, USA 

anti-human TLR4 rabbit Unconjugated 1:200 IHC Torrey Pines, 
Houston, TX, USA 

anti-mouse goat FITC 1:50 IF Dianova, Hamburg, 
Germany 

anti-rabbit goat TRITC 1:50 IF Dianova, Hamburg, 
Germany 

anti-mouse goat TRITC 1:50 IF Dianova, Hamburg, 
Germany 

Table 3 Polyclonal antibodies 

 

2.1.5 Reagents for staining methods 

2.1.5.1 Reagents for immunohistochemistry 

3-amino-9-ethylcarbazole(AEC)   DAKOCytomation, Carpinteria, USA 
+High Sensitivity Substrate Chromogen 
Bovine serum albumin (BSA), fatty acid free Sigma-Aldrich, Deisenhofen, Germany 
Corbit Balsam  I. Hecht, Kiel-Hassee, Germany 
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Dulbecco’s Minimal Essential Medium  Gibco BRL, Eggestein, Germany 
(DMEM) 
Evans Blue 0.5% (w/v) = 5 mg/ml  Sigma-Aldrich Chemie, Steinheim, 

Germany 
Mayers Haematoxylin     Merck, Darmstadt, Germany 
Mounting medium     DAKOCytomation, Carpinteria, USA 
“Faramount Aqueous” 
Mounting medium      DAKOCytomation, Carpinteria, USA 
“Fluorescence Mounting Medium” 
Mounting medium     Molecular Probes, Eugene, OR, USA 
“ Prolong® Gold antifade reagent” 
Normal horse serum “S-2000“   Vector Laboratories, Burlingame, USA 
Normal goat serum     DAKOCytomation, Carpinteria, USA 
Normal mouse serum    DAKOCytomation, Carpinteria, USA 
Peroxidase Block     DAKOCytomation, Carpinteria, USA 
Streptolysin O (SLO) 0.1 mg   Prof Dr. med. Sucharit Bhakdi 

Gutenberg Universität Mainz, Germany 
Xylene  J.T. Baker, Devender; The Netherlands 

2.1.5.2 Buffers for immunohistochemistry/immunofluorescence 

Back-exchange medium 
• DMEM 
• 0.34% BSA, fatty acid free 
 

Evans Blue working solution 
• 40 µg/ml Evans Blue 
• PBS 

ICT buffer 
• 1 M HEPES 
• 780 mM KCl 
• 100 mM DTT 
• 400 mM MgCl2 × 6 H2O 
• 100 mM EGTA 
• 840 mM CaCl2 
• aqua dest ad 1000 ml 
 

PBS I 
• 137 mM NaCl 
• 27 mM KCl 
• 1.5 mM KH2PO4 
• 1.5 mM KH2PO4 
• aqua dest. ad 1000 ml 
• pH 7.4 

SLO working solution  
• 1 µg/ml SLO  
• ICT buffer 

PFA 4% 
• 4% PFA (w/w) 
• PBS I ad 10 ml 
• pH 7.4 
 

Xylene/EtOH 
• 50% xylene 
• 50% EtOH 99.9% 
 

EtOH 90% 
• 85.7 g EtOH 99.9% 
• 14.3 g aqua dest 

EtOH 70% 
• 62.5 g EtOH 99.9% 
• 37.5 g aqua dest 

Citrate buffer 
• 3.8 g citric acid 
• aqua dest ad 1800 ml 
• pH 6  

H2O2 3% 
• H2O2 30% 1:10 in PBS I 
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2.1.5.3 Reagents for Flow cytometry 

7-Amino-Actinomycin D (7-AAD)   BD Biosciences, Bedford, USA 
human IgG “Beriglobin” 160mg/ml (16%)  Aventis Behring, Marburg, Germany 
Prostaglandin E2 (PGE2) “Minprostin E2”  Pharmacia, Erlangen, Germany 
TNF-α, recombinant     Pan Biotech, Aidenbach, Germany 
 

2.1.5.4 Buffers for flow cytometry 

human IgG working solution  
• 1% human IgG  
• PBS II 

 
 

PFA 4% 
• 4% PFA (w/w) 
• PBS I 
• pH 7.4 

PBS II  
• 44 mM K2HPO4 
• 9.6 mM NaH2PO4 × H2O 
• 13 mM NaCl 
• aqua dest. ad 1000 ml 

  

 

 

2.1.5.5 Buffers for electron microscopy 

Cacodylic acid buffer 0.2 M 
• 0.2 M cacodylic acid 
• aqua dest ad 500 ml 
• pH 7.2 

 

Cacodylic acid buffer 0.13 M 
• 13 ml 0.2 M cacodylic acid 
• aqua dest ad 20 ml 
• pH 7.2 

 
PFA 1.5%/GA 1.5% 

• 5 g PFA powder 
• 50 ml 0.2 M cacodylic acid buffer 
• 6 ml GA solution 25% 
• aqua dest ad 100 ml 
• pH 7.2 

 

 

2.1.6 Kits 

 
Cytofix/Cytoperm Kit     BD Biosciences, Bedford, USA 
Monocyte Isolation Kit II  Miltenyi Biotec GmbH, Bergisch 

Gladbach, Germany 
Novostain Super ABC Kit Novo Castra, Newcastle, UK 
NucleoSpin® RNA II kit  Macherey-Nagel GmbH, Düren, 

Germany 
NucleoSpin® RNA/DNA buffer set  Macherey-Nagel GmbH, Düren, 

Germany  
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NucleoTrap® kit  Macherey-Nagel GmbH, Düren, 
Germany 

QiAmp DNA Micro Kit    Qiagen, Hilden, Germany 
QiAmp DNA Mini Kit     Qiagen, Hilden, Germany 
Quantikine human TNF-a ELISA   R&D Systems, Wiesbaden, Germany 
 

2.1.7 Molecular biology reagents 

2.1.7.1 Nucleases 

RQ1 RNase-Free DNase    Promega Corporation, Madison, USA 
 

2.1.7.2 Restriction enzymes 

HpaI  New England Biolabs, Ipswich, MA; 
USA 

 

2.1.7.3 Polymerases 

RedTaq polymerase     Sigma-Aldrich, Deisenhofen, Germany 
AmpliTaq, LD  Applied Biosystems, Weiterstadt, 

Germany 
AmpliTaq Gold, LD  Applied Biosystems, Weiterstadt, 

Germany 
 
 

2.1.7.4 DNA marker 

DNA molecular-weight marker VIII   Boehringer, Mannheim, Germany 
 
 

2.1.7.5 Oligonucleotides 

Oligonucleotide sequence(5’-3’) reference/source 

16S rRNA Cp 
forward 

GCACCTTACCTGGACTTGACATGT BioTez, Berlin, Germany 
BERGER et al 2000 

16S rRNA Cp 
reverse 

CCATGCAGCACCTGTGTATCTG BioTez, Berlin, Germany 
BERGER et al 2000 

16S rRNA Cp 
probe 

6-FAM 
TGACAACTGTAGAAATACAGCTTTCCGCAAGG
-TAMRA 

BioTez, Berlin, Germany 
BERGER et al 2000 

euo Cp forward CCTGTGCAGAAGGTCTACTATGC Applied Biosystems, 
Cheshire, UK (Assay-by-
Design) 

euo Cp reverse CCAAGCGGCTCCCTTACG Applied Biosystems, 
Cheshire, UK (Assay-by-
Design) 

euo Cp probe FAM-CTG GTA CGG GAA CCA T-MGB/NFQ Applied Biosystems, 
Cheshire, UK (Assay-by-
Design) 
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Oligonucleotide sequence(5’-3’) reference/source 

groEL1 Cp 
forward 

GCAAATTGCAAGTAACGCAGGTAAA Applied Biosystems, 
Cheshire, UK (Assay-by-
Design) 

groEL1 Cp 
reverse 

AGCCTTCATTTGCAGATCTTGCTA Applied Biosystems, 
Cheshire, UK (Assay-by-
Design) 

groEL1 Cp probe FAM-AAC TTG CTG ACA AAT GAT- MGB/NFQ Applied Biosystems, 
Cheshire, UK (Assay-by-
Design) 

ompA Cp forward CGCTGGCGTAGCAACAG Applied Biosystems, 
Cheshire, UK (Assay-by-
Design) 

ompA Cp reverse GGCTCCTACTTGCCATTCATGATAA Applied Biosystems, 
Cheshire, UK (Assay-by-
Design) 

ompA Cp probe FAM-ATG GTC GCA GAC TTT- MGB/NFQ Applied Biosystems, 
Cheshire, UK (Assay-by-
Design) 

Outer Primer Mix 
(forward) Myco 9: 
 

CGCCTGAGTAGTACGTTCGC 
CGCCTGAGTAGTACGTACGC 
TGCCTGAGTAGTACATTCGC 
CGCCTGGGTAGTACATTCGC 
CGCCTGAGTAGTATGCTCGC 
TGCCTGGGTAGTACATTCGC 
 

MWG, Ebersberg; Germany
WIRTH et al 1994 

Outer Primer Mix 
(reverse) Myco 3 
 

GCGGTGTGTACAAGACCCGA 
GCGGTGTGTACAAAACCCGA 
GCGGTGTGTACAAACCCCGA 

MWG, Ebersberg; Germany
WIRTH et al 1994 

Nested Primer 
Mix (forward) 
Myco 8 

TGGTGCATGGTTGTCGTCAG 
TGGTGCACGGTTGTCGTCAG 

MWG, Ebersberg; Germany
WIRTH et al 1994 

Nested Primer 
Mix (reverse) 
Myco 5 
 

GAACGTATTCACCGCAGCATA 
GAACGTATTCACCGCGACATA 
GAACGTATTCACCGTAGCGTA 
GAACGTATTCACCGCAGCGTA 
GAACGTATTCACCGCAGTATA 
GAACGTATTCACCGCAACATG 
GAACGTATTCACCGCGACATG 

MWG, Ebersberg; Germany
WIRTH et al 1994 

CpnA (forward) TGACAACTGTAGAAATACAGC BioTez, Berlin, Germany 
GAYDOS et al, 1992 

CpnB (reverse) CGCCTCTCTCCTATAAT BioTez, Berlin, Germany 
GAYDOS et al, 1992 

pTW50 (forward) GGGTTAAGTCCCGCAACGAGCGCA BioTez, Berlin, Germany 
GAYDOS et al, 1993 

pTW51 (reverse) GCTGACACGCCATTACTA BioTez, Berlin, Germany 
GAYDOS et al, 1993 

CPN-90 (forward) GGTCTCAACCCCATCCGTGTCGG BioTez, Berlin, Germany 
MADICO et al, 2000 

CPN-91 (reverse) TGCGGAAAGCTGTATTTCTACAGTT BioTez, Berlin, Germany 
MADICO et al, 2000 

p90n (forward) ACACTCGCAAGGGTGAAACT BioTez, Berlin, Germany 
Design with Primer3 
software  

p91n (reverse) AAGTCCAGGTAAGGTCCTTCG BioTez, Berlin, Germany 
Design with Primer3 
software  

GH20 GAAGAGCCAAGGACAGGTAC BioTez, Berlin, Germany 
SATO et al, 2001 
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Oligonucleotide sequence(5’-3’) reference/source 

PC04 CAACTTCATCCACGTTCACC BioTez, Berlin, Germany 
SATO et al, 2001 

dnaA forward GACCTCTGTTCTTTTGTCCCCTTAGATG (outer) 
GCCGCTCCTACAACCCTTTATTCATCC (nested)

BioTez, Berlin, Germany 
BYRNE et al, 2001 

ftsK forward TGGCTAGAGCTGTAGGGATTCATCTGA (outer) 
CTATACGAGCTCAGGGTGCCTACATTTG(neste
d) 

BioTez, Berlin, Germany 
BYRNE et al, 2001 

ftsK reverse TAAACTAGCTGCTGCGGCATAACCAA (outer) 
TAAACTAGCTGCTGCGGCATAACCAA (nested) 

BioTez, Berlin, Germany 
BYRNE et al, 2001 

tal forward GATAGCGGAGACCCAGAG (outer) 
AATCCGACAGAACGGTGAT (nested) 

BioTez, Berlin, Germany 
Design with Primer3 
software 

tal reverse TCCTCCCATAGCTTCGAAAA (outer) 
TACGGCACGCTGTACCATAG (nested) 

BioTez, Berlin, Germany 
Design with Primer3 
software 

Table 4 Oligonucleotides 

2.1.7.6 Additional reagents 

β-Mercaptoethanol  Sigma-Aldrich Chemie, Steinheim, 
Germany 

Agarose “peqGOLD Universal-Agarose”  peqLab Biotechnologie GmbH, 
       Erlangen, Germany 
Ammonium acetate 7.5M (CH3COONH4) Sigma-Aldrich Chemie, Steinheim, 

Germany 
Chloroform:Isoamyl alcohol 1:24 Sigma-Aldrich Chemie, Steinheim, 

Germany 
Phenol Sigma-Aldrich Chemie, Steinheim, 

Germany 
Proteinase K, recombinant (19.7 mg/ml) Roche Diagnostics, Mannheim, 

Germany 
RNase/DNAse free water “ultrapure”  Invitrogen Ltd., Paisley, UK 
Sodium dodecyl sulphate (SDS) 10%  Sigma-Aldrich Chemie, Steinheim, 

Germany 
SybrGreen I for nucleic acid gel stain  Molecular Probes, Eugene, OR, USA 
Tween 20  Sigma-Aldrich Chemie, Steinheim, 

Germany 
 

2.1.7.7 Buffers used for molecular biology methods 

Agarose gel 2% 
• 2% agarose 
• 0.01% SybrGreen I 
• TBE buffer 

Loading buffer 
• 25% saccharose 
• 0.1 % bromphenole blue 
• 0.1 M EDTA, pH 8.0 

TBE buffer  
• 178 mM Tris 
• 178 mM boric acid 
• 2 mM EDTA, pH 8.0 
• aqua dest ad 1000 ml 

Extraction buffer 
• 400 mM Tris-HCl 
• 150 mM EDTA 
• 1.5 M NaCl 
• 0.5% SDS 
• aqua dest ad 1000 ml 
• mix 1/3 of buffer with 2/3 phenol  
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Proteinase K buffer 
• 50 mM Tris-HCl 
• 1 mM EDTA 
• 5 µl Tween 0.5% 
• 0.4 ng/ml proteinase K 

 

 

2.1.8 Human Samples 

2.1.8.1 Buffy coats 

Buffy Coats  Blood bank Annastift Hannover, 
Germany and NSTOB Springe, 
Germany 

 

2.1.8.2 Paraffin-embedded temporal artery biopsies 

2.1.8.2.1 Specimens for immunohistochemistry and immunofluorescence 

Cross-sections were available in 4-5 µm in thickness and 1-3 mm in diameter; mounted 
on glass slides and provided by Prof. E. Gromnica-Ihle and Prof. W. Schmidt, Helios 
Klinikum Berlin, Klinikum Buch, Berlin, Germany: 
 

• 20 consecutive sections of 14 GCA patients.  
• 10 consecutive sections of 10 control patients   

 

2.1.9 Cell lines and bacteria 

 
HEp-2 cells  American Type Culture Collection 

(ATCC) Nr. CCL 23, Rockville (USA) 
 
Chlamydophila pneumoniae   Clinical isolate, isolated by Prof. Dr. M. 

Maass, Med. Universität Lübeck, 
Germany 

2.1.10 Cell culture media and additives 

2.1.10.1 Media, sera and additives 

Cycloheximide (CHX) (1µg/ml)   Sigma-Aldrich, Deisenhofen, Germany 
Dimethylsulfoxide (DMSO)    Sigma-Aldrich, Deisenhofen, Germany 
Fetal calf serum (FCS) SO125   Biochrom KG, Berlin, Germany 
L-Glutamine 200mM     Biochrom KG, Berlin, Germany 
Lymphocyte Separation Medium (LSM)  PAA Laboratories, Linz, Austria 
Recombinant human granulocyte-macrophage  
colony-stimulating factor (rhGM-CSF)  Novartis Pharma, Nürnberg, Germany 
Recombinant human interleukin 4 (rhIL-4)  R&D Systems, Wiesbaden, Germany 
Renografin 76%     Schering, Berlin, Germany 
RPMI 1640 medium without L-Glutamine Gibco BRL, Eggestein, Germany 
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Trypsin-EDTA 10x (0,5%/0,2%)   Biochrom KG, Berlin, Germany 
Trypan Blue 0.5%     Biochrom KG, Berlin, Germany 
Saccharose      Sigma-Aldrich, Deisenhofen, Germany 
 

2.1.10.2 Cell culture media and buffer 

CHX medium 
• RPMI 1640 without L-glutamine 
• 10% FCS 
• 2 mM L-glutamine 
• 0.1 ng/ml cycloheximide 

Culture medium I 
• RPMI 1640 without L-glutamine 
• 10% FCS 
• 2 mM L-glutamine 

Culture medium II  
• RPMI 1640 without L-glutamine 
• 10% autologous serum 
• 2 mM L-glutamine 

DMSO medium 
• 10% DMSO 
• 90% FCS 

HEPES/NaCl 
• 0.15 M NaCl 
• 0.01 M HEPES 
• aqua dest ad 500 ml,  
• pH 7.2 
• autoclaved 

HANKS solution 
(Zentralapotheke MHH, Hannover, 
Germany) 

• 139 mM NaCl 
• 5.4 mM KCl 
• 0.3 mM Na2HPO4 × 12 H2O 
• 0.4 mM KH2PO4 
• 0.4 mM MgSO4 × 7 H2O 
• 5 mM C6H12O6 × H2O 
• 0.5 mM MgCl2 × 6 H2O 
• 4.3 mM NaHCO3 
• Phenol red 
• aqua ad injectabilita ad1000 ml 
• pH 7.4 
• sterilised 
 

MACS® Buffer 
• PBS III 
• 2mM EDTA 
• 0.5% autologous serum 
 

PBS III 
(Zentralapotheke MHH, Hannover, 
Germany) 

• 58.8 mM Na2HPO4 × 12 H2O 
• 17.9 mM KH2PO4 
• 75 mM NaCl  
• aqua ad injectabilita ad 500 ml 
• sterile and endotoxine free 
 

Renografin 35% 
• 46 ml Renografin 76% 
• 54 ml HEPES/NaCl 
 

 
Saccharose-posphate-glutaminic acid 
(SPG) buffer 

• 0.01 M Na2HPO4 × H2O 
• 5 mM glutaminic acid 
• 0.25 M saccharose 
• aqua dest ad 500 ml 
• pH 7.4 
• sterile filtrated 

Trypsin/EDTA solution  
• 0.05%/0.02% Trypsin-EDTA  
• PBS III 
 

Trypan Blue working solution 
• 0.05% Trypan Blue  
• PBS 
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2.1.11 Software 

 
• Microsoft Office package 2000 (Word, Excel, Powerpoint) 

• Cell Quest/Cell Quest Pro (BD Biosciences) 

• GraphPad Prism Version 3 

• NCBI nucleotide-nucleotide BLAST (http://www.ncbi.nlm.nih.gov/BLAST/) 

• Primer3 software (http://frodo.wi.mit.edu/cgi-bin/primer3/primer3_www.cgi) 

• Soft Imaging Software (SIS) 

• Sequence Detection System (SDS) Version 1.2.3 (Applied Biosystems) 

 

2.2 Methods 

2.2.1 Cultivation of Cp. pneumoniae 

 

2.2.1.1 Propagation of Cp. pneumoniae in HEp-2 cells 

HEp-2 cells were seeded in a density of 1.4 × 107 in 175 cm2 cell culture flasks. The 

next day, monolayers were inspected under a light microscope for integrity, bacterial 

and fungal contamination. Only intact monolayers free of contaminations were used 

for propagation of Cp. pneumoniae. 450 µl Culture medium I was pipetted to a 50 µl 

stock aliquot. Chlamydial suspension was vortexed for 15 min at highest speed to 

achieve an optimal dispersion and activation of chlamydial particles in the 

suspension. Cell culture medium was removed from the culture flasks and 

substituted with 10 ml of CHX medium containing 500 µl chlamydial suspension. Cell 

culture flasks were placed on a shaker at 450 rpm and room temperature. After 30 

min, 20 ml of CHX medium was added. Cell cultures were incubated for 72 h at 35° C 

and 5% CO2 in a humid atmosphere. Monolayers were inspected daily. For further 

propagation of Cp. pneumoniae, infected cells were detached by using 2.5 ml of 

glass beads. Cell lysates were pooled in 50 ml tubes and cells were disrupted by 

vortexing with another 2.5 ml of glass beads at high speed for 10 min, ultrasonication 

for 2 min and again vortexing for 10 min. Disrupted cells were transferred in new 50 

ml tubes and centrifuged at 500 × g for 15 min to sediment cells debris. The 

supernatant was stocked up to 180 ml with CHX medium and dispersed on 6 175 

cm2 cell culture flasks containing confluent HEp-2 cell monolayers. Cell cultures were 
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incubated at 35° C and 5% CO2 in a humid atmosphere until every cell was infected 

after one or more developmental cycles of 72h. To harvest Cp. pneumoniae, infected 

cells were detached and centrifuged as described above. 30 ml of supernatant was 

layered over 6.5 ml Renografin 35% in polycarbonate centrifuge tubes and tubes 

were centrifuged at 43.000 × g for 75 min at 4° C without break. Supernatants were 

removed, pellets containing the chlamydiae were resuspended in 1 ml of SPG buffer 

and pooled in a polycarbonate centrifuge tube. Resuspended chlamydiae were 

centrifuged at 30.000 × g for 30 min at 4° C. Supernatant was removed and the pellet 

containing the chlamydiae was resuspended in 5 ml SPG buffer and 2.5 ml glass 

beads. Chlamydiae were vortexed for 15 min and aliquoted in 50 µl safe lock tubes. 

Tubes were incubated on ice for 30 min to cool down Clamydiae slowly and stored at 

-80° C. 

 

2.2.1.2 Determination of the infectivity of the chlamydial stock 

To determine the inclusion-forming units (IFU) in a single stock aliquot, 450 µl CHX 

medium I was pipetted to a 50 µl stock aliquot. Chlamydial suspension was vortexed 

for 15 min at highest speed to achieve an optimal dispersion and activation of 

chlamydial particles in the suspension. The chlamydial suspension was diluted the 

following dilution scheme:  

Dilution No. Dilution series Dilution factor 

1 50 µl stock aliquot + 450 µl CHX medium 10 
2 50 µl No.1 + 450 µl CHX medium 100 
3 50 µl No.2 + 450 µl CHX medium 1000 
4 50 µl No.3 + 450 µl CHX medium 10.000 

4A 100 µl No. 4 + 100 µl CHX medium 20.000 
4B 40 µl No. 4 + 160 µl CHX medium 50.000 
4C 30 µl No. 4 + 180 µl CHX medium 70.000 
5 50 µl No.4 + 450 µl CHX medium 100.000 

5A 100 µl No. 5 + 100 µl CHX medium 200.000 
5B 40 µl No. 5 + 160 µl CHX medium 500.000 
5C 30 µl No. 5 + 180 µl CHX medium 700.000 
6 50 µl No.5 + 450 µl CHX medium 1.000.000 

6A 100 µl No. 6 + 100 µl CHX medium 2.000.000 
6B 40 µl No. 6 + 160 µl CHX medium 5.000.000 
6C 30 µl No. 6 + 180 µl CHX medium 7.000.000 
7 50 µl No.6 + 450 µl CHX medium 10.000.000 

7A 100 µl No. 7 + 100 µl CHX medium 20.000.000 
7B 40 µl No. 7 + 160 µl CHX medium 50.000.000 
7C 30 µl No. 7 + 180 µl CHX medium 70.000.000 
8 50 µl No.7 + 450 µl CHX medium 100.000.000 

Table 5 Dilution scheme of a chlamdial stock aliquot to determine the IFU/ml in the infectivity 
assay 
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2.2.1.3 Infectivity assay  

HEp-2 cells were seeded at a density of 3 × 104 cells in a 96-well plate and incubated 

at 37° C and 5% CO2 for 24 h in a humid atmosphere. Supernatants were removed 

and replaced by 50 µl of either chlamydial dilutions or samples. Plates were 

centrifuged at 751 × g for 45 min at 35° C and were further incubated at 35° C and 

5% CO2 in a humid atmosphere for 75 min. 150 µl of CHX medium was pipetted into 

each well and cells were incubated for 72 h at 35° C and 5% CO2 in a humid 

atmosphere. Supernatants were removed and cells washed once with PBS I. To fix 

the cells, ice cold MetOH was pipetted in the wells and incubated for 10 min at -20° 

C. MetOH was removed and cells were washed with PBS I. To stain chlamydial 

inclusions, cells were incubated with anti-Chlamydia pneumoniae mAb and Evans 

blue at 37° C for 30 min. Evans blue serves as counterstain when FITC-labelled Ab 

were used. Cells were washed 3 times with PBS I and dried at 37° C for 5 h. One 

drop of Fluorescence Mounting Medium was added per well and green inclusions 

inside red stained cells were counted under the Olympus IX 70 inverse microscope. 

Numbers of inclusions obtained in each well were multiplied with the used dilution 

factor and expressed as IFU/ml. 

 

2.2.1.4 Preparation of chlamydial stocks for infection of cells 

To prepare a chlamydial stock for infection, 450 µl Culture medium II was pipetted to 

a 50 µl stock aliquot. Chlamydial suspension was vortexed for 15 min. Depending on 

the multiplicity of infection (MOI) planned for infection, chlamydial suspension was 

diluted in an appropriate volume of Culture medium I for HEp-2 cells or Culture 

medium II for DC and macrophages. 

 

2.2.1.5 Test for the ability of Cp. pneumoniae to pass the membranes of the transwell 

system  

To investigate if chlamydial particles are able to pass the pores of the transwell 

membrane, monocytes were seeded on cover slips in the lower compartment of the 

coculture system and cultured for 6 days to generate macrophages. The transwell 

coculture system also is available in the 6-well and 24-well format. The upper and 
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lower compartment are separated by a membrane containing pores with a diameter 

of 0.4 µm.  

 

Fig. 4 Transwell coculture system 

(adapted from Corning Costar product info) 

 
To prepare the chlamydial stock preparation for infection, 450 µl Culture medium II 

were added to 50 µl of a chlamydial stock preparation. Chlamydial suspension was 

vortexed for 15 min at highest speed. The chlamydial suspension was pipetted in 

sufficient Culture medium II to obtain a MOI of 10. A chlamydial stock preparation at 

a MOI of 10 (10 IFU per cell) was pipetted in the upper compartment. Cells were 

incubated at 37° C and 5% CO2 in humid atmosphere for 5 days. Each day, 2 cover 

slips were harvested and stained with an anti-Chlamdia pneumoniae mAb (2.2.1.9). 

 

2.2.1.6 Infection of immature dendritic cells with Cp. pneumoniae 

After generation of DC for 6 days in Culture medium II with rhIl-4 and rhGM-CSF, DC 

were infected with Cp. pneumoniae. To prepare the chlamydial stock preparation for 

infection, 450 µl Culture medium II was added to 50 µl of a chlamydial stock 

preparation. Chlamydial suspension was vortexed for 15 min. The chlamydial 

suspension was diluted in sufficient Culture medium II to obtain the desired MOI. 

Depending on the tissue culture dishes used for cultivation of DC, an appropriate 

infection volume was chosen as mentioned in Table 6 to cover sufficiently the 

monolayers during the centrifugation process.  

 

Type of tissue culture dish Infection volume (ml) 

96-well plate/upper compartment of the 
transwell system 

0.1 

24-well plate 0.5 
6-well plate 3.0 
25 cm2 cell culture flask 5.0 

Table 6 Volumes used for Cp. pneumoniae infection of DC grown in different types of tissue 
culture dishes 
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For infection with Cp. pneumoniae, plates or flasks were centrifuged at 751 × g for 45 

min at 35° C followed by incubation at 35° C and 5% CO2 in a humid atmosphere for 

75 min. Inoculum was removed and DC were washed 3 times with an appropriate 

volume of prewarmed HANKS solution to remove unbound chlamydiae. In the case 

of infected DC in the upper compartment of the transwell system, compartments 

were washed 3 times from the outside by using either 24-well plates or 6-well plates 

filled with HANKS solution. 

 

2.2.1.7 Coculture of Cp. pneumoniae-infected DC with macrophages 

After infection, upper compartments containing infected DC were placed above the 

macrophages grown on cover slips in 24-well plates or in 6-well plates. Culture 

medium II was used without cytokine substitution. Cells were incubated at 37° C and 

5% CO2 in humid atmosphere for 7 days. Every day, a partial medium change was 

done. In detail, a quarter of the medium was removed and replaced with fresh 

medium. Also supernatants and cells were harvested every day. DC localised in the 

upper compartments were removed from the membranes by careful scraping with a 

filter tip and pooled in 1.5 ml tubes. DC were centrifuged at 300 × g for 10 min. 

Supernatants were removed and pooled in 1.5 ml tubes. DC were resuspended in 

fresh medium and were further used for flow cytometry analysis. For 

immunohistochemistry, upper compartments with infected DC were removed from 

the coculture system and cells were fixed with ice cold MetOH at -20°C for 10 min. 

From lower compartments containing the macrophages culture, medium was 

removed and cells were washed once with PBS III and fixed with ice cold MetOH for 

10 min at -20°C.  

 

2.2.1.8 Detection of Cp. pneumoniae by immunohistochemistry in dendritic cells 

Infected DC on transwell membranes were investigated for the presence of 

chlamydial inclusions. Because of the autofluorescence of the transwell membranes 

immunohistochemistry using the HRP technique was applied. Membranes were 

washed with PBS I and endogenous peroxidase was blocked with DAKO Peroxidase 

Block followed by blocking the Fc receptors with 5% normal goat serum for 30 min at 

RT to prevent unspecific binding of mAb. Blocking buffer was removed and cells 
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were incubated with anti-Chlamydia pneumoniae mAb at 37°C for 30 min. Specimens 

were washed thrice with PBS I and incubated with DAKO EnVision+ Dual Link 

System Peroxidase at RT for 30 min. Cells were washed 3 times and incubated with 

DAKO AEC substrate for 30 min followed by 3 washing steps in tap water. To 

counterstain nuclei, specimens were incubated with haematoxylin for 30 sec followed 

by 3 washing steps. Finally, membranes were air-dried and removed from plastic 

components of the upper compartment. Membranes were mounted with a drop of 

DAKO Faramount medium on slides and covered with a cover slip. Evaluation of the 

stains were done under a Olympus IX 70 microscope.  

 

2.2.1.9 Detection of Cp. pneumoniae by immunofluorescence  

For detection of chlamydial inclusions in various cells types, a FITC-labelled mAb 

against Cp. pneumoniae was used. Cells on cover slips were washed with PBS I. To 

stain chlamydial inclusions, cells were incubated with anti-Chlamydia pneumoniae 

mAb and Evans blue at 37° C for 30 min. Cells were washed 3 times with PBS I and 

dried at 37° C for 5 h. Cover slips were mounted with Prolong® Gold antifade reagent 

on EtOH-wiped slides. Specimens were examined under a fluorescence microscope 

with appropriate filter blocks. 

 

2.2.1.10 Flow cytometry analysis of Cp. pneumoniae-infected DC 

To determine the percentage of intracellular chlamydiae and chlamydiae bound on 

the cell surface after infection, half of the cells grown in 25 cm2 cell culture flasks was 

permeabilised and fixed while the other half was fixed prior to staining with 

Chlamydia-specific antibody. Cells were harvested by careful scraping with a rubber 

scraper and cell number was determined. 2.5 × 105 cells were pipetted in each FACS 

tube and sedimented at 200 × g for 10 min. For intracellular staining of Cp. 

pneumoniae, cells were permeabilised and fixed with cold Cytofix/Cytoperm solution 

(Cytofix/Cytoperm kit) for 20 min on ice while the cells for the extracellular staining 

were fixed with 4% PFA for 20 min on ice. Permeabilised and fixed cells were 

washed 2 times with Perm/Wash solution (Cytofix/Cytoperm kit) at 300 × g for 5 min 

while the PFA-fixed cells were washed in PBS II. For FcR blocking, cells were 

incubated with 1% human IgG in 100 µl PBS II for 15 min on ice. After pelleting the 

cells at 200 × g for 10 min and resuspending in 100 µl PBS II, cell suspensions were 
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incubated with either the anti-Chlamydia pneumoniae mAb or isotype controls diluted 

1:20 for 30 min on ice in the dark. Cells were washed twice in 2 ml of PBS II at 250 × 

g for 10 min and resupended in 250 µl of 2% PFA solution to fix the cells. 

Subsequent analysis was done on a FACSCalibur. 

 

2.2.1.11 Electron microscopy of Cp. pneumoniae-infected dendritic cells 

DC grown in 6-well plates and infected with Cp. pneumoniae at a MOI of 2 were 

harvested by careful scraping with a rubber scraper. Cells were pooled in 1.5 ml 

tubes and centrifuged at 300 × g for 10 min. Cell pellets were overlaid with PFA 

1.5%/GA 1.5% and incubated for 15 min at RT. Tubes were transferred in the cold 

room and incubated for 1 h. Fixative was removed and replaced by 0.13 M cacodylic 

buffer. Further fixation and embedding of the samples was done by Dr. M. Elger, 

Department of Nephrology, MHH. Thin sections were cut and stained by Dr. G. 

Hollweg, RWTH Aachen. Specimens were examined under a transmission electron 

microscope and pictures were taken.  

 

2.2.1.12 Tracking of Cp. pneumoniae 

48 h after infection of DC with Cp. pneumoniae, cells in the upper compartment of  

the coculture system were incubated with BODIPY TR in DMEM at 35°C for 30 min. 

This technique has been used in studies of lipid trafficking (LIPSKY and PAGANO, 

1985a; ROSENWALD and PAGANO, 1993). The used fluorescent ceramide, like 

endogenous ceramide, is processed to sphingomyelin or glucosylceramide within the 

golgi apparatus prior to transport to the plasma membrane via a vesicle-mediated 

process (LIPSKY and PAGANO, 1985b). In the case of chlamydial infection the 

chlamydial inclusion membrane and subsequently the chlamydial particles inside the 

inclusion also acquire and incorporate a significant amount of sphingomyelin from the 

golgi apparatus (HACKSTADT et al., 1996; WOLF and HACKSTADT, 2001). After 

incubation with the BODIPY TR, DC undergoes a “back exchange” to extract 

fluorescent lipids from the plasma membrane but not from the inclusion membrane. 

In detail, after incubation with BODIPY TR, cells were washed 3 times with 

prewarmed HANK’s followed by incubation with Back-exchange medium for 2 h at 

35°C. DC were washed again with HANK’s and further incubated with macrophages 
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or HEp-2 cells grown on cover slips in the lower compartment for 5 days. Every day, 

cover slips were harvested and the BODIPY TR signal of the chlamydiae was 

visualised and enhanced using anti-TR mAb. Counterstain of chlamydial inclusions 

was performed with an anti-Chlamydia pneumoniae mAb. For this purpose, cells 

needed to be permeabilised. Due to the lipid nature of BODIPY TR it was not 

possible to use conventional fixatives and permeabilisation reagents like MetOH, 

saponin, Fix/Perm kit ect. Instead, cells were permeabilised with SLO. DC were 

washed once with PBS I and once with ICT buffer and incubated with SLO at 4°C for 

5 min followed by one wash with ICT buffer. A temperature shift to 37°C was 

performed and samples incubated for 2 min. Afterwards, cells were immediately fixed 

with 4% PFA for 15 min at RT. To enhance the BODIPY TR signal and counterstain 

chlamydial inclusions, DC were incubated with anti-Texas Red and anti-Chlamydia 

pneumoniae mAb for 1 h at RT after the blocking step with 5% normal goat serum for 

30 min at RT. Samples were washed 3 times with PBS I followed by incubation with a 

goat anti-rabbit Ab for 1 h at RT. Finally, samples were washed 3 times with PBS I, 

air-dried and mounted with Prolong® Gold antifade reagent. After 24 h of curing of 

the mounting medium, samples were investigated under fluorescence microscope 

fitted with appropriate filter blocks to distinguish between red and green fluorescence 

signals.  

 

2.2.2 Cultivation of cell lines and cells 

2.2.2.1 Thawing of HEp-2 cells 

HEp-2 cells were taken out of the liquid nitrogen, thawed with 1.5 ml prewarmed 

Culture medium I by pipetting medium up and down carefully. Cells were transferred 

to 50 ml tubes containing 43.5 ml Culture medium I and pelleted by centrifugation for 

10 min at 300 × g. Cell pellets were resuspended with 5 ml Culture medium I and 

cells were transferred to 175 cm2 cell culture flasks. Cell culture flasks were 

positioned in an incubator at 37°C and 5% CO2 until cells were grown to a confluent 

monolayer. 

  

2.2.2.2 Subpassage of HEp-2 cells 

Before subpassaging, monolayers of HEp-2 cells were checked for integrity and 

bacterial and fungal contamination by phase contrast microscopy. All media were 
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prewarmed at 37°C in a water bath. Monolayers were washed with 10 ml of PBS III. 

After washing, 3 ml of trypsin/EDTA solution was pipetted on the monolayers and 

cells were incubated for 3 min at 37°C. Cells were detached by rocking and 

trypsin/EDTA was neutralised with 10 ml of Culture medium I. Clumps of cells were 

dispersed by pipetting up and down and aliquots of 3 ml were transferred into new 

cell culture flasks followed by addition of 20 ml of culture medium I to each flask. 

HEp-2 cells were maintained not more than 4 weeks in culture and checked for 

mycoplasma contamination by PCR regularly.  

 

2.2.2.3 Freezing of HEp-2 cells 

Before freezing, monolayers of HEp-2 cells were checked for integrity and bacterial 

and fungal contamination by phase contrast microscopy. All media were prewarmed 

at 37°C in a water bath. Monolayers were washed with 10 ml of PBS III. After 

washing, 3 ml of trypsin/EDTA solution was pipetted on the monolayers and cells 

were incubated for 3 min at 37°C. Cells were detached by rocking and trypsin/EDTA 

was neutralised with 10 ml of Culture medium I. HEp-2 cells were counted (2.2.2.4) 

and pelleted by centrifugation for 10 min at 300 × g. Cell pellets were resuspended in 

cold DMSO medium at a cell density of 5 × 106 cells/ml and transferred to 1.8 ml cryo 

tubes. Cryo tubes were placed for 24 h in a freezing container containing 4°C cold 

isopropanol 100%. The freezing container allows a controlled freezing of samples for 

1°C per min when placed in a -80°C freezer. After 24 h, cryo tubes were transferred 

into liquid nitrogen at -196° C. 

 

2.2.2.4 Cell counting 

To determine the cell number, an aliquot of a cell suspension was diluted with trypan 

blue solution and 10 µl of the diluent transferred in a Neubauer haemocytometer by 

capillary action. Trypan blue will stain dead or dying cells. Viable cells are able to 

repel the dye and do not stain. Only living cells in the 4 large squares were counted 

and cell number calculated as follows: 

 

   Cell number of 4 large squares 
Cell number/ml = ___________________________________________ × dilution factor × 104 
   4 ( number of large squares) 
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2.2.2.5 Isolation of monocytes 

Buffy coats and cells were maintained at 4° C to prevent cell activation and death. 

The outer side of the buffy coat bags were disinfected with 70% EtOH, opened with a 

sterile scalpel and the buffy coats were transferred to 50 ml tubes. Tubes were 

centrifuged at 2500 × g for 15 min without break to separate the cells from the 

plasma. The plasma was removed and transferred to 50 ml tubes and incubated at 

56° C in a water bath for 45 min to inactivate complement factors. Plasma tubes were 

chilled on ice and centrifuged again at 2500 × g for 15 min without break. 

Supernatant was collected and stored at 4° C. Cells were resuspended in 200 ml 

PBS/EDTA and 35 ml aliquots transferred in Leukosep® tubes containing 15 ml 

lymphocyte separation medium. Cells were centrifuged at 800 × g for 15 min without 

break. The interphase above the separation membrane containing PBMC was 

collected with Pasteur pipets, pooled in 50 ml tubes and washed 3 times with 

PBS/EDTA at 300 × g for 10 min. PBMC were counted (2.2.2.4) and pelleted at 300 

× g for 10 min. Monocytes were isolated with the Monocyte Isolation Kit II. The 

Monocyte Isolation Kit II is an indirect magnetic labelling system for the isolation of 

untouched monocytes from human PBMCs. Non-monocytes, i.e. T cells, NK cells, B 

cells dendritic cells, and basophils, are indirectly magnetically labelled using a 

cocktail of biotin-conjugated antibodies against CD3, CD7, CD16, CD19, CD56, 

CD123 and CD 235a, and Anti-Biotin microbeads. Labelled and unlabeled cells are 

separated over a MACS ® column placed in the magnetic field of a MACS ® 

Separator. Untouched monocytes are collected in the column flow-through (Milteny 

Product information). Following sedimentation of PBMC, cells were resuspended in 

30 µl of MACS buffer per 107 total cells. 10 µl of FcR Blocking Reagent was added 

per 107 total cells followed by 10 µl of Biotin-Antibody cocktail per 107 total cells. The 

cell suspension was mixed well and incubated for 10 min at 4°C. 30 µl of MACS 

buffer was added per 107 total cells followed by 20 µl of Anti-Biotin MicroBeads per 

107 total cells. Cell suspension was mixed well and incubated for an additional 15 min 

at 4° C. Cells were washed with MACS buffer by adding 10x labelling volume and 

centrifuged at 300 × g for 10 min. Supernatant was removed completely and up to 

108 cells resuspended in 500 µl of MACS buffer. For higher cell numbers, buffer 

volume was scaled up accordingly. For magnetic separation, LS columns were 
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prepared by rinsing with 3 ml of MACS buffer. Each column is suited for 108 total 

cells. Cell suspension was applied on top of the column. Effluent was collected, 

representing the enriched monocyte fraction. Further, columns were washed 3 times 

with 3 ml of MACS buffer and the entire effluent was collected in the same tube 

containing the enriched monocyte fraction.  

 

2.2.2.6 Phenotyping of cells by flow cytometry 

Flow cytometry is a useful method to analyse single cells passing in a stream through 

a laser beam. For example, the application of specific antibodies against surface and 

intracellular antigens allows the characterisation of different cell types. Additionally, 

two other parameters can be determined without use of antibodies. The size of the 

individual cell is described by the forward scatter (FSC). The FSC is the scattered 

laser light on the opposite side of the excitation laser. Small cells have a low FSC 

while large cells have a high FSC. Another parameter is the side scatter (SSC) which 

is the scattered light collected at a 90° angle to the excitation laser. The SSC delivers 

information about the structure of the cells. For example, intracellular granules lead 

to an increased SSC. For phenotyping of different cell types, cells in a single cell 

suspension are incubated with specific antibodies either labelled with fluorescent 

dyes or unlabeled. In the second case, a further incubation step with a secondary 

labelled antibody is necessary. Depending on the type of cytometer and number of 

lasers, analysis of up to 19 parameters (PERFETTO et al., 2004) to discriminate 

between phenotypically distinct cell types e.g. in the peripheral blood of humans is 

possible requiring a careful combination of different fluorescent dyes. Usually the 

emitted light of a single fluorescent dye possesses a broad bandwidth and overlaps 

with the spectra of another dye excited with the same laser. This spectral overlap 

between different dyes excited by the same laser needs to be compensated by use 

of either hardware or software calculations. Cells were harvested by careful scraping 

with a rubber scraper and cell number was determined. For each dye, corresponding 

isotype controls, and multiparametric analysis, 2.5 × 105 cells were pipetted in each 

FACS tube and sedimented at 200 × g for 10 min. For FcR blocking, cells were 

incubated with 1% human IgG in 100 µl PBS II for 15 min on ice. Further, cell 

suspensions were incubated either with the antibodies or isotype controls diluted 

1:20 according to manufacturers instructions for 30 min on ice in the dark. Cells were 
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washed twice in 2 ml of PBS II at 200 × g for 10 min. To stain for dead cells, cell 

pellets were incubated with 7-AAD for 10 min on ice, washed twice with PBS II and 

resuspended in 2% PFA solution to fix the cells. Subsequent analysis was done on a 

FACSCalibur. 

 

2.2.2.7 Generation of monocyte-derived macrophages 

Cells were cultivated in 24-well plates on cover slips. After monocyte isolation, 3.5 × 

105 monocytes were seeded in a volume of 500 µl in Culture medium II. Cells were 

incubated at 37° C and 5% CO2 in humid atmosphere. Day 1 and day 4 after 

isolation, 50 µl of autologous serum was added to each well. At day 2 and day 6 after 

isolation, a partial medium change was done by removing 250 µl of medium. 

Removed supernatant was centrifuged at 250 × g for 10 min to retain non-adherent 

cells. Cell pellet was resuspended with 250 µl Culture medium II plus 25 µl 

autologous serum. 

 

2.2.2.8 Generation of monocyte-derived dendritic cells 

Dendritic cells were generated from monocytes either in 24-well, in 6-well plates or in 

25 cm2 culture flasks. For coculture experiments, monocytes were seeded in the 

upper compartments of the transwell membrane system. Before seeding the 

monocytes in the upper compartments of the transwell system, membranes were 

prepared for improved cell attachment by wetting the membrane from below with 600 

µl Culture medium II for 24 h at 37° C. After isolation of monocytes, cell density was 

adjusted to 6.1 × 105 cells per ml and seeded in the appropriate tissue culture dishes. 

To generate DC, 1000 U/ml rhIL-4 and 500 U/ml rhGM-CSF were added to the 

Culture medium II. Cells were incubated at 37° C and 5% CO2 in humid atmosphere. 

On day 1 and day 4 after isolation, 10% autologous serum, 1000 U rhIL-4 and 500 

U/ml rhGM-CSF were pipetted in all culture dishes. Day 2 and day 6 after isolation, a 

partial medium change was done. In detail, half of the supernatant was pooled and 

nonadherent cells were sedimented at 250 × g for 10 min. Cell pellets were 

resuspended in the same volume as removed before and autologous serum and 

cytokines were substituted. For maturation, DC were incubated with 20 ng/ml TNF-α 

and 1µg/ml PGE2 for further 48 h. Mature DC served as positive controls for 

phenotyping of Cp. pneumoniae-infected DC. 
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2.2.3 Investigations of temporal artery specimens of GCA patients  

2.2.3.1 Preparation of paraffin-embedded temporal artery specimens for staining 

Specimens of 4-5 µm in thickness and 1-3 mm in diameter mounted on glass slides 

were deparaffinised by incubating samples twice in xylene for 10 min and twice in 

xylene/EtOH 99.9% for 5 min. Hydration of samples was performed by incubating 

samples twice in EtOH 99.9% for 5 min followed by incubation  twice in EtOH 90% 

for 5 min and twice in EtOH 70% for another 5 min. Samples were stored in PBS I. 

 

2.2.3.2 Immunofluorescent staining of temporal artery specimens 

For antigen retrieval, deparaffinised samples (2.2.3.1) were transferred in citrate 

buffer and were boiled at 800 W in a microwave for 15 min. Specimens were 

incubated with horse normal serum for 30 min to block Fc receptors followed by 

incubation with the first diluted primary antibodies overnight at 4°C. After 3 washing 

steps in PBS I, specimens were incubated with the first secondary antibody for 30 

min followed by washing for 3 times in PBS I. Again, unspecific binding was blocked 

by incubation with horse normal serum for 30 min followed by incubation with the 

other primary Ab for 1 h. Samples were washed 3 times in PBS I and were incubated 

with the other secondary antibody for 30 min and again washed. Specimens were air-

dried and mounted with fluorescence mounting medium. 

 

2.2.3.3 Immunohistochemistry of temporal artery specimens 

For antigen retrieval, deparaffinised samples (2.2.3.1) were transferred in citrate 

buffer as described in 2.2.3.2. Endogenous peroxidase was blocked with H2O2 3% for 

5 min and samples were washed 3 times in PBS I. Further staining was performed 

with the Novostain Super ABC kit. Specimens were incubated with the diluted 

blocking normal serum for 30 min to block Fc receptors followed by incubation with 

diluted primary antibodies overnight at 4°C. After 3 washing steps in PBS I, samples 

were incubated with the diluted biotinylated secondary antibody solution for 30 min 

and washed 3 times in PBS I. Samples were incubated with Novostain Super ABC 

reagent and again washed 3 times followed by incubation with peroxidase substrate 
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solution (DAB or AEC) and washed once in tap water. For single stain, nuclei were 

counterstained with haematoxylin and sections were mounted with Faramount 

aqueous mounting medium. For double stain, specimens were again boiled at 800 W 

in a microwave for 15 min in citrate buffer. Endogenous peroxidase was blocked with 

H2O2 3% for 5 min and samples were washed 3 times in PBS I. Further staining was 

again performed with the Novostain Super ABC kit as mentioned above. 

 

2.2.3.4 In-situ hybridisation of temporal artery specimens 

To detect TNF-α in situ, an oligo probe specific for TNF-α and the appropriate kit 

were used. Samples were deparaffinised (2.2.3.1), hydrated and air dried at 37°C. 

For permeabilisation and antigen retrieval, samples were incubated with Proteinase 

K for 15 min at 37°C and washed in washing buffer. Specimens were dehydrated by 

incubation in EtOH 70% for 1 min, followed by incubation in 90% EtOH for 1 min and 

in EtOH 99% for 1 min. After dehydration, samples were dried at 37°C for 5 min and 

DNA of samples and oligo probe denaturated at 95°C for 10 min followed by chilling 

on ice. DNA probe was diluted with hybridisation buffer and pipetted onto the 

specimens. Samples were incubated overnight at 40°C  and washed in prewarmed 

post-hybridisation buffer at 37°C for 10 min. Samples were incubated with the mouse 

anti-biotin Ab at 37°C for 1 h followed by washing with enhancer wash buffer for 5 

min. Specimens were incubated with the biotinylated anti-mouse Ab at 37°C for 30 

min, washed again in enhancer wash buffer and incubated with the streptavidin-

alkaline phosphatase conjugate at 37°C for 20 min. Finally, samples were washed in 

enhancer wash buffer and were incubated with BCIP/NTB substrate for 15 min. 

Reaction was stopped by washing in tap water. Nuclei were counterstained with 

haematoxylin for 30 sec and specimens were mounted with Faramount aqueous 

mounting medium.  

 

2.2.4 Manipulation of nucleic acids 

2.2.4.1 Handling of nucleic acids 

Preparation of reaction buffer, nucleic acid isolation, PCR and electrophoresis was 

done in different rooms to prevent contamination of reaction buffer with nucleic acids 

and carry-over of PCR products. For all steps pipettes only used for the specific 
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purpose and filter tips were used. All disposables and buffers used in isolation and 

PCR setup and PCR were free of nucleic acids and nucleases. Gloves were changed 

frequently. In all PCR reactions, negative controls without template (NTC) and 

positive controls were included and only reactions with appropriate results of the 

controls were evaluated. 

 

2.2.4.2 Primer and probe design 

Primers and probes used in this study are summarised in Table 7. As indicated, 

primers and probes were synthesized by BioTez, Berlin, Germany, and MWG, 

Ebersberg, Germany. The Assays-by-Design were designed and synthesised by 

Applied Biosystems, Weiterstadt, Germany. The freeware Primer3 was used to 

design the primers p90n, p91n and the tal primers. Nucleotide-nucleotide BLAST 

revealed that primers p50n/p51n and tal amplify only Cp. pneumoniae DNA as shown 

in the appendix. 

 

2.2.4.3 PCR conditions 

primers/probes PCR thermocycler parameters  

Outer Primer Mix Myco 
9/Myco 3 

10’ 90°C, (30’’ 94 °C, 30’’ 67 °C, 30’’ 72 °C) × 30, 10’ 72°C 

Nested Primer Mix 
Myco 8/Myco 5 

10’ 90°C, (30’’ 94 °C, 30’’ 63 °C, 30’’ 72 °C) × 30, 10’ 72°C 

GH20, PC04 5’ 94°C, (30’’ 94 °C, 30’’ 55 °C, 30’’ 72 °C) × 40, 7’ 72°C 
CPN-90, CPN-91 1’15’’ 95°C, (45’’ 94°C, 45’’ 62°C – 52°C (reduction of 1°C every 4th 

cycle), 1’ 72°C) × 60 
p90n, p91n 5’ 94°C (15’’ 94°C, 15’’ 55°C, 15’’ 72°C) × 30, 5’ 72°C 
All primers/probes for 
real time PCR (16S 
rRNA, euo, ompA, 
groEL) 

2’ 50°C, 10’95°C, (15’’ 95°C, 1’ 60°C) × 40 

dnaA, ftsK, tal 4’ 95°C, (40’’ 95 °C, 40’’ 60 °C, 40’’ 72 °C) × 35, 10’ 72°C 

Table 7 PCR thermal cycler conditions 

 

2.2.4.4 Isolation of genomic DNA from cell cultures 

For isolation of genomic DNA from cell cultures, the QiAmp DNA Mini kit or the 

QiAmp DNA Micro kit was applied depending on the number of cells in the samples. 

According to the manufacturers instructions, cells were harvested and pelleted at 300 

× g for 10 min. Cells were lysed with buffer ATL, buffer AL and proteinase K at 56°C 

for 10 min and heated to 95°C to kill biohazardous substances. EtOH 99%. was 
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added to samples and samples were mixed thoroughly. Lysates were transferred to 

QiAmp columns and DNA was bound to columns by centrifugation at 6000 × g for 1 

min. Columns were washed twice with buffer AW1 and AW2 at 6000 × g for 1 min. 

DNA was eluted by incubation with buffer AE for 5 min and centrifugation at 20.000 × 

g for 1 min. 

 

2.2.4.5 Isolation of DNA and RNA from the same sample 

Cp. pneumoniae-infected cells were carefully scraped with a rubber scraper and 

transferred to 50 ml tubes. Cells were pelleted at 300 × g for 10 min. RNA and DNA 

were isolated from the same sample using the NucleoSpin® RNA II Kit and the 

NucleoSpin® RNA/DNA buffer set according to manufacturers instructions. Cells 

were lysed with buffer RA I including β-mercaptoethanol and vortexed thoroughly. By 

using a sterile 21-gauge needle lysates were homogenised and transferred to the 

filter unit. Samples were centrifuged at 11.000 × g for 1 min to allow the passage 

through the filter unit and were mixed with EtOH 70%. Nucleic acid-binding columns 

were loaded with the samples and centrifuged at 8000 × g for 30 sec. Columns were 

washed twice with DNA wash at 11.000 × g for 1 min and dried for 3 min at RT. DNA 

was eluted with DNA elute by incubating for 5 min followed by centrifugation at 

11.000 × g for 1 min. Residing DNA on the columns was digested with DNAse for 15 

min at RT. Columns were washed 3 times with different buffers and RNA was eluted 

with RNAse-free water. RNA and DNA were both stored at -80°C 

 

2.2.4.6 Isolation of chlamydial DNA from paraffin-embedded tissues 

2.2.4.6.1 Isolation with the QiAmp DNA Micro kit 

Before starting the isolation of the DNA, samples were deparaffinised (2.2.3.1) 

Samples were air-dried and resuspended in buffer ATL with proteinase K and mixed 

by pulse-vortexing. Protein digestion was done at 56°C for 6 h. Buffer AL, carrier 

RNA and EtOH 99% were added to each sample and samples were mixed 

thoroughly by vortexing. DNA was isolated as described in2.2.4.4. 
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2.2.4.6.2 Isolation with the hot phenol-chloroform method 

Samples were deparaffinised (2.2.3.1)  and proteins were digested with proteinase K 

buffer for 24 h at 37°C. 1 µl of proteinase K was added and samples were digested 

another 24 h. Samples were centrifuged at 14.000 × g for 3 min and chilled on dry 

ice. 600 µl of extraction buffer was heated at 65°C in a water bath and pipetted 

together with the sample in dounces. By moving up and down the pistil, samples 

were homogenised. Samples were transferred into Eppendorf tubes and centrifuged 

at 5000 × g for 3 min. The upper phase was transferred in a new Eppendorf tube with 

500 µl phenol. Samples were vortexed and centrifuged again. This step was 

repeated and the upper phase was mixed two times with 500 µl chloroform-isoamyl 

and the upper phase pipetted into new Eppendorf tubes. DNA was precipitated with 

isopropanol precipitation (2.2.4.10). 

 
2.2.4.7 Quantification of nucleic acids by spectral absorption 

Nucleic acids can be quantified using absorption of light at 260 nm (A260). Ideally, the 

value should be between 1 and 0.1 to obtain reliable results. For measurement of 

nucleic acid concentration, the dilution of nucleic acids in water is recommended 

because the relationship between absorbance and concentration (A260 reading of 1 = 

40 µg/ml RNA and 50 µg/ml for dsDNA) is based on an extinction coefficient 

calculated for RNA in water. Nucleic acid samples were diluted in water and 75 µl 

were pipetted into a cuvette specific for the spectrophotometer. Absorbance was 

measured at 260 nm and value was inserted in the following formula:  

 

Concentration c [µg/ml] = A260 * dilution factor * multiplication factor 

 

Nucleic acid Multiplication factor

dsDNA 50 
ssDNA 37 
RNA 40 

Table 8 Multiplication factors of different nucleic acids for the determination of concentration 
by measuring the OD at A260 

 

2.2.4.8 Agarose gel electrophoresis 

A 2% agarose gel was prepared by melting agarose in TBE buffer with the aid of a 

microwave. After cooling down the solution, 8 µl of SybrGreen I for nucleic acid gel 
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stain was added and the solution was poured into a gel casting chamber with combs. 

The gel was allowed to solidify for 1 h, transferred into the electrophoresis chamber 

and the combs were removed. 5 µl of PCR products were mixed with 2 µl of 1x 

loading buffer and loaded into the slots of the gel. DNA marker was placed in the 

outer slots. The gel was running at 120 V for 1 h, removed from the electrophoresis 

chamber and observed on an UV transilluminator for documentation. Pictures of gel 

were taken by a Polaroid camera.  

 

2.2.4.9 DNA extraction from agarose gels 

For purification of DNA from agarose gels, the NucleoTrap kit was used according to 

manufacturers instructions. After gel electrophoresis(2.2.4.8), DNA fragments were 

excised with a single-used sterile surgical blade and transferred to 1.5 ml Eppendorf 

tubes. The weight of the gel slices was determined and an appropriate volumes of 

buffer NT1 and NucleoTrap suspension were added. Gel slices were dissolved at 

50°C in a thermomixer. After dissolving, suspension was vortexed and centrifuged at 

10.000 × g for 30 sec to sediment the DNA bound to the silica suspension. DNA was 

washed once with buffer NT2 and twice with buffer NT3 at 10.000 × g for 30 sec. The 

pelleted silica matrix was dried at 37°C for 15 min and DNA was eluted with buffer 

NE.  

 

2.2.4.10 Concentration of nucleic acids by isopropanol precipitation 

To precipitate DNA, 1/2 volume of 7.5 M ammonium acetate and 2 volumes of 

isopropanol were added to the DNA solution. Solutions with low amount of DNA (<10 

ng/ml) were incubated overnight at 4°C and centrifuged at 16.000 × g at 4°C for 30 

min to pellet the DNA. Pellet was washed with 70% EtOH and dissolved in an 

appropriate amount of buffer NE. 

 

2.2.4.11 PCR targeting Mycoplasma ssp. (Mycoplasma PCR) 

2.2.4.11.1 Outer/nested PCR 

To exclude contaminations with Mycoplasma ssp., a PCR targeting a conserved 

region of the 16S rRNA gene of 25 Mycoplasma and Acholeplasma species including 
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important contaminants of cell cultures such as M. orale, M. arginini, M. hyorhinis, M. 

fermentans, A. laidlawii and additional human and animal mycoplasmas was applied 

using a set of primers (WIRTH et al., 1994). The length of the outer product was 504-

519 bp and of the nested product 318-333 bp reflecting the sequence variations of 

the different Mcoplasma species. The PCR consists of a outer and a nested PCR to 

increase the sensitivity.  

 

components stock solution final concentration volume:reaction (µl) 

AmpliTaq buffer 10X 1X 5 
Outer Primer Mix  
Myco 9/Myco 3 

100 µM 
(each primer 

11.1 µM) 

10 µM 
(each primer 1.1 µM) 

5 

dNTP solution 1.25 mM each 
dNTP 

200 µM 
each dNTP 

8 

AmpliTaq polymerase, LD 5 U/µl 1.25 U 0.25 
Template   5 

Water   26.75 
final volume   50  

Table 9 Reaction setup for Mycoplasma outer PCR 

 
components stock solution final concentration volume:reaction (µl) 

AmpliTaq buffer 10X 1X 5 
Nested Primer Mix  

Myco 8/Myco 5 
100 µM 

(each primer 
11.1 µM) 

10 µM 
(each primer 1.1 µM) 

5 

dNTP solution 1.25 mM each 
dNTP 

200 µM 
each dNTP 

8 

AmpliTaq polymerase, LD 5 U/µl 1.25 U 0.25 
template (outer product)   2 

Water   29.75 
final volume   50  

Table 10 Reaction setup for Mycoplasma nested PCR 

 
The reaction mixture served as negative control without template (NTC). The positive 

control consisted of Mycoplasma DNA. PCR products were analysed 

electrophoretically by separation on a 2% agarose gel (2.2.4.8). 

 

2.2.4.11.2 Restriction endonuclease digestion of Mycoplasma PCR products 

Analysis of cells infected with Cp. pneumoniae and chlamydial stocks resulted in 

positive results in the Mycoplasma PCR because co-amplification of chlamydial 

template occurs. To differentiate between chlamydial and mycoplasmal PCR 

products, a digestion with the restriction endonuclease HpaI was applied resulting in 

different sized fragments. In detail, the chlamydial PCR product divides in a 119 bp 
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and in a 214 bp fragment whereas it is not possible to digest the nested mycoplasmal 

PCR product (KRAUSSE-OPATZ et al., 2000). Components of the reaction were 

mixed thoroughly, spinned down and incubated at 37°C for 2 h. Digested PCR 

products were analysed by gel electrophoresis on a 2% agarose gel (2.2.4.8). 

 
components stock 

solution 
final 

concentration 
volume:reaction 

(µl)  

NEB buffer 4 10X 1X 2 
HpaI 5 U/µl 10 U 2 

nested PCR product   2 
water   14 

final volume   20  

Table 11 Reaction setup for restriction endonuclease digestion of Mycoplasma PCR products 
with HpaI 

 

2.2.4.12 Real time PCR and RT PCR for investigation of chlamydial gene expression 

2.2.4.12.1 Theory of the TaqMan chemistry 

The technique of the real time allows the online observation of the amplification and 

simultaneously the detection of the products. The TaqMan chemistry uses a primer 

pair and an additional probe. The probe contains a reporter dye at the 5’ end and a 

quencher dye at the 3’ end. During the annealing process, either primers and probe 

hybridise on the template followed by second strand synthesis by the Taq 

polymerase during the elongation process. The 5’-3’ exonuclease activity of the Taq 

polymerase starts when the second strand and the Taq polymerase reach the probe. 

The Taq polymerase cleaves the probe which results in separation of reporter dye 

and quencher dye and subsequently an increased fluorescence of the reporter. 

Accumulation of PCR products is detected directly by monitoring the increase in 

fluorescence of the reporter dye (ABI Prism 7000,Sequence Detection System User 

Guide). 

 

2.2.4.12.2 Digestion of residual genomic DNA in RNA samples 

Prokaryotic DNA differs from eukaryotic DNA by lacking exons and introns but is 

indistinguishable from cDNA synthesised from prokaryotic RNA. Therefore it is 

important that residual bacterial DNA is digested before starting cDNA synthesis of 

bacterial RNA. For that purpose, RNA samples were treated with DNAse.  
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components stock 
solution 

final 
concentration 

volume:reaction 
(µl)  

RQ1 RNAse-Free DNAse Reaction Buffer 10X 1X 1 
RQ1 RNAse-Free DNAse 1 U/µl 1 U 1 

template  1 µg total RNA 
RNAse free water   

 
8 

final volume   10  

Table 12 Reaction setup for DNAse digestion 

 
Samples were incubated at 37°C for 30 min followed by addition of  1 µl RQ1 DNAse 

Stop Solution and incubation at 65°C for 10 min to terminate the reaction. Outer and 

nested PCR with the primers CPN-90, CPN-91 and p90n and p91n (2.2.4.13.2) was 

applied to test for residual genomic DNA. PCR products were analysed on a 2% 

agarose gel (2.2.4.8) and documented on an UV transilluminator by taking pictures 

with a Polaroid camera. If traces of contaminating DNA were detected, the procedure 

was repeated until the samples were free of DNA. 

 

2.2.4.12.3 cDNA synthesis 

For analysis of chlamydial gene expression, total RNA was transcribed into 

complementary DNA (cDNA) because the primers recognise only DNA sequences 

but not RNA sequences. For this purpose, the Reverse Transcription Core Kit was 

used according to manufacturers instructions (Table 13). 

 
components stock 

solution 
final 

concentration 
volume:reaction 

(µl)  

Reaction Buffer 10X 1X 1 
25 mM MgCl2 solution 25 mM 5 mM 2 

dNTP  2.5 mM 500 µM each 
dNTP 

2 

Random Nonamer 50 µM 2.5 µM 0.5 
RNase Inhibitor 20 U/µl 4 U 0.2 

EuroScript Reverse Transcriptase 50 U/µl 12.5 U 0,25 
template  10 pg–200 ng 

total RNA 
RNAse free water   

 
3,75 

final volume   10  

Table 13 Reaction setup for cDNA synthesis 

 
All components were thawed and kept on ice until adding together in 1.5 µl 

Eppendorf tubes except for the template. They were mixed thoroughly by inversion 

and spun down. Reaction mix was pipetted into 0.5 ml Eppendorf tubes and 

templates were added individually. Again, the mixture was inverted and spinned 

down. Reverse transcription was performed using the following cycling conditions: 
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Step temperature (°C) duration (min) 

Initial step 25 10 
Reverse Transcriptase step 48 30 
Inactivation of the RT enzyme 95 5 

Table 14 Reaction conditions for cDNA synthesis 

 

2.2.4.12.4 Chlamydial gene expression analysis 

To examine the chlamydial gene expression, quantitative real time PCR was 

performed. In order to confirm that the number of 16S rRNA cDNA transcripts is a 

way to standardize the number of chlamydial particles within a sample, both the 16S 

rRNA genomic DNA and cDNA levels in directly infected DC and cocultivated 

macrophages according to Mathews et al. (MATHEWS et al., 1999) were 

determined. To characterise the developmental state of the intracellular chlamydiae, 

gene expression analysis of the euo, the groEL and the ompA gene was applied. All 

genes are known to be expressed during different chlamydial developmental stages 

and recently used as markers for temporal gene expression of chlamydiae 

(NICHOLSON et al., 2003; OUELLETTE et al., 2005; POLKINGHORNE et al., 2006). 

 
Gene function 

16S rRNA 
is coding for the chlamydial ribosomal 16S subunit and delivers information about 
the presence of metabolically active chlamydiae  

euo 
is coding for a DNA-binding protein; described as an early gene in Cp. psittaci 
developmental cycle  

groEL1 
is coding for the chlamydial heat-shock protein (HSP) 60; described as an early 
gene in Cp. pneumoniae developmental cycle  

ompA 
is coding for the major outer membrane protein (MOMP); known as a middle-
phase gene in Cp. pneumoniae developmental cycle  
 

Table 15 Function of chlamydial genes in the developmental cycle as investigated by real time 
PCR 

 
Real time PCR was performed by using the following setups for the different 

primer/probe pairs of which sequences are described in Table 3. 
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components stock solution final concentration volume:reaction (µl) 

Reaction buffer 10X 1X 2.5 
MgCl2 solution  500 mM 5 mM 2.5 
dNTP solution 5 mM each 

dNTP 
200 µM 

each dNTP 
1 

16S rRNA Cp forward 20 µM 600 nM 0.75 
16S rRNA Cp reverse 10 µM 300 nM 0.75 
16S rRNA Cp probe 5 µM 200 nM 1 

Hot GoldStar enzyme 5 U/µl 1.25 U 0.125 
Template   10 

Water   6.375 
final volume   25  

Table 16 Reaction setup for real time PCR of the 16S rRNA gene. 

 
components stock solution final concentration volume:reaction (µl) 

Reaction buffer 10X 1X 2.5 
MgCl2 solution  500 mM 5 mM 2.5 
dNTP solution 5 mM each 

dNTP 
200 µM 

each dNTP 
1 

primer forward 
primer reverse 

Probe 

 
20X 

 
1X 

 
1.25 

 
Hot GoldStar enzyme 5 U/µl 1.25 U 0.125 

Template   10 
Water   7.625 

final volume   25  

Table 17 Reaction setup for real time PCR of the euo gene, the ompA gene and the groEl1 
gene.  

 
15 µl of the reaction mix was pipetted in each well of a 96-well reaction plate and 10 

µl of diluted template (1:100 for DC and HEp-2 cells and 1:10 for macrophages) was 

added. Plates were sealed with an adhesive cover and centrifuged at 1500 × g for 1 

min to collect the reaction mix at the bottom of the wells and remove air bubbles. 

Reactions were carried out in triplicate. The reaction mix without template served as 

negative control. Standard curves to determine the efficiency of all primer/probe pairs 

and the amount of control (16S rRNA) and target cDNA (euo, groEL1, ompA) in each 

sample were generated by using serial dilutions of Cp. pneumoniae genomic DNA as 

template. Reaction was run on an Abi Prism 7000 under the conditions depicted in 

Table 7. Efficiencies of all primer/probe pairs were corrected to 2 with the following 

equation: 

 

Ctcorr = [Ctobserved × ln(10) / (|slope|) × ln(2)]. 

 

For normalisation of gene expression, levels of target cDNA were normalized 

internally to 16S cDNA levels and expressed as [ratio target mRNA/16S rRNA] for 
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each sample (TIMM et al., 2003).To obtain the copy numbers for the 16S rRNA gene 

both in the genomic DNA and RNA samples, a standard curve was generated using 

serial fold dilutions of a plasmid, containing a partial sequence of the 16S rRNA 

gene. The SDS software generated a standard curve which allowed the exact 

determination of the copy number of each unknown sample. 

Alternatively, RT PCR was used to show chlamydial gene expression in Cp. 

pneumoniae-infected DC. As control, cDNA of Cp. pneumoniae-infected HEp-2 cells 

was used. Expression of following genes was investigated in former studies to 

compare expression in active infection versus in persistent infection (BYRNE et al., 

2001; GERARD et al., 2001; GERARD et al., 2002): 

 

Gene Function 

dnaA Is a DNA replication gene 
ftsk Is coding for a protein involved in cell division 

tal 
is coding for the transaldolase protein. Transaldolase is involved in the pentose 
phosphate cycle (nonoxidative part). 

Table 18 Function of chlamydial genes in the chlamydial developmental cycle  

 
Following reaction mix was used for each primer pair. For the nested PCR, 10 µl of 

the outer PCR product was used. PCR products were analysed electrophoretically by 

separation on a 2% agarose gel. 

 
components stock solution final concentration volume:reaction (µl) 

AmpliTaq buffer 10X 1X 10 
MgCl2 25 mM 2 mM 8 

dNTP solution 1.25 mM each 
dNTP 

250 µM 
each dNTP 

20 

primer forward  10 µM 250 nM 2.5 
primer reverse 10 µM 250 nM 2.5 

AmpliTaq Gold polymerase, LD 5 U/µl 2 U 0.4 
template    10 

Water   46.6 
final volume   100  

Table 19 Reaction setup for RT PCR (outer and nested) 
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2.2.4.13 Investigations of human temporal artery samples for the presence of Cp. 

pneumoniae 

2.2.4.13.1 Detection of human DNA in temporal artery samples by PCR targeting the 

β-globin gene 

The temporal artery biopsies used in this study were formalin-fixed and paraffin-

embedded for further analysis by the pathologist. The disadvantage of fixing 

specimens with formalin is often DNA degradation and fragmentation. To check for 

DNA fragmentation and degradation, a PCR targeting a 268 bp fragment of the β-

globin gene was applied. PCR products were analysed electrophoretically by 

separation on a 2% agarose gel (2.2.4.8) . 

 
components stock solution final concentration volume:reaction (µl) 

RedTaq buffer 10X 1X 5 
dNTP solution 1.25 mM each 

dNTP 
200 µM 

each dNTP 
8 

GH20 10 µM 200 nM 1 
PC04 10 µM 200 nM 1 

RedTaq polymerase 1 U/µl 2.5 U 2.5 

template (outer product)   10 
Water   22.5 

final volume   50 

Table 20 Reaction setup for the β-globin PCR 

 

2.2.4.13.2 Detection of Cp. pneumoniae DNA by PCR targeting the 16S rRNA gene 

After successful detection of human β-globin DNA, samples were analysed with two 

different PCR both targeting the 16S rRNA gene to determine the most sensitive 

PCR. PCR products were analysed electrophoretically by separation on a 2% 

agarose gel (2.2.4.8). 

 
components stock solution final concentration volume:reaction (µl) 

RedTaq buffer 10X 1X 10 
dNTP solution 1.25 mM each 

dNTP 
200 µM 

each dNTP 
8 

CpnA 10 µM 500 nM 2.5 
CpnB 10 µM 500 nM 2.5 

RedTaq polymerase 1 U/µl 2 U 2.5 
template    10 

Water   19.5 
final volume   50  

Table 21 Reaction setup for the outer Cp. pneumoniae PCR (Standard PCR) 
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components stock solution final concentration volume:reaction (µl) 

AmpliTaq buffer 10X 1X 10 
MgCl2 25 mM 2 mM 8 

dNTP solution 1.25 mM each 
dNTP 

250 µM 
each dNTP 

20 

CPN-90 10 µM 250 nM 2.5 
CPN-91 10 µM 250 nM 2.5 

AmpliTaq Gold polymerase, LD 5 U/µl 2 U 0.4 
template    10 

Water   46.6 
final volume   100  

Table 22 Reaction setup for the outer Cp. pneumoniae PCR (Touchdown PCR) 

 
To further increase the sensitivity, nested PCR were applied for both PCR methods 
 

components stock solution final concentration volume:reaction (µl) 

RedTaq buffer 10X 1X 5 
dNTP solution 1.25 mM each 

dNTP 
200 µM 

each dNTP 
8 

pTW50 10 µM 500 nM 2.5 
pTW51 10 µM 500 nM 2.5 

RedTaq polymerase 1 U/µl 2.5 U 2.5 
template (outer product)   5 

Water   24.5 
final volume   50 

Table 23 Reaction setup for the nested Cp. pneumoniae PCR (Standard PCR) 

 
components stock solution final concentration volume:reaction (µl) 

RedTaq buffer 10X 1X 5 
dNTP solution 1.25 mM each 

dNTP 
200 µM 

each dNTP 
8 

p90n 10 µM 500 nM 2.5 
p91n 10 µM 500 nM 2.5 

RedTaq polymerase 1 U/µl 2.5 U 2.5 
template (outer product)   5 

Water   24.5 
final volume   50 

Table 24 Reaction setup for the nested Cp. pneumoniae PCR (Touchdown PCR) 

 

2.2.4.13.3 Sequencing of PCR products 

After clean-up of chlamydial PCR products with the gel extraction kit, DNA quantity 

was determined photometrically (2.2.4.7). If the concentration of DNA was below 10 

µg/ml, the DNA was concentrated by isopropanol precipitation (2.2.4.10) and eluted 

again in buffer NE. 
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components stock 
solution 

final 
concentration 

volume:reaction 
(µl)  

Primer 10 µM 2 µM 
(20 pmol) 

2 

PCR product  50 ng 
Buffer NE (5 mM Tris-Cl, pH 8.5)   

 
5 

final volume   7  

Table 25 Reaction setup for sequencing of PCR products of ~200 bp size 

 
Reaction setup was performed in 0.2 ml PCR tubes with flat cap. Sequencing was 

performed by SeqLab, Göttingen, Germany. Sequences were mailed in files and 

analysed with nucleotide-nucleotide BLAST. 

 

2.2.5 Other immunological methods 

 

2.2.5.1 Enzyme-linked immunosorbent assay (ELISA) 

To determine the amount of TNF−α in the supernatants of Cp. pneumoniae-infected 

DC and uninfected DC, the Quantikine human TNF-α ELISA was applied according 

to manufacturers instructions. The 96-well plates of the kit coated with a mAb against 

TNF-α by the manufacturer were prepared by pipetting Assay Diluent RD1F into the 

wells followed by pipetting the standards and samples. The plates were incubated at 

RT for 2 h and washed 3 times with the washing buffer of the kit. After removing the 

washing buffer, conjugate was pipetted into the wells and incubated at RT for 1 h. 

Again, plates were washed 3 times and substrate solution was added in the wells 

and incubated at RT for 20 min. Stop solution was added and plates were read at 

450 nm.  
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3 Results 

3.1 Dendritic cells and Cp. pneumoniae in temporal artery 
specimens from patients with GCA 

 

Former investigations detected Cp. pneumoniae DNA in temporal artery specimens 

from 8 out of 9 patients with GCA applying both IHC and PCR (WAGNER et al., 

2000). Results were verified by hybridisation of PCR products to a DNA probe. 

Additionally, samples from another 5 patients tested positive for the presence of Cp. 

pneumoniae as shown in Fig. 5.  

 

 

For 5 patients, samples from both the left and right arteries were available. Samples 

from 10 patients without GCA served as controls. This control group was composed 

of two subgroups, one of 3 patients with PMR and the second of 7 patients with other 

diseases. The diagnoses of these 7 were: anterior ischemic optic neuropathy and 

myocardial insufficiency in 2 patients respectively; and transitory ischemic attack, 

stroke, and systemic lupus erythematosus in one patient respectively. In 1/3 PMR 

patients and 4/7 controls, biopsy specimens were available from both the left and 

right temporal arteries. 9/14 patients with GCA were female, 5 were male. In 

comparison, 5/10 control patients were female, 5 were male. The mean age in the 

GCA group was 76 years, that for the control group 71 years. GCA was diagnosed 

according to the American College of Rheumatology (ACR) classification criteria, 

from temporal artery biopsies showing the typical relevant histopathology. The 10 

control patients fulfilled two of the ACR criteria for GCA and were biopsied because 

of persisting bilateral headaches. Inclusion was limited to patients 50 years and 

Fig. 5 A confocal micrograph of a 
temporal artery tissue specimen 
from a GCA patient. 

The bright green-yellow fluorescent 
particles represent chlamydial 
inclusions stained with a FITC-
conjugated anti-Chlamydia mAb. 
Red fluorescent DC are stained with 
a rabbit anti-S100 Ab combined with 
a TRITC-conjugated goat anti-rabbit 
Ab. Original magnification x100. 
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older. In 8/14 GCA patients, the onset of disease was preceded by upper respiratory 

tract symptoms. Patient I had had several bouts of pneumonia, and Patients II, IV, 

VIII, and X had had chronic bronchitis; Patients II and XII also had a documented 

cough. Patient V had been diagnosed with pleuritis sicca. Two other GCA patients (III 

and IX) had low grade fever prior to onset of the disease. Only one patient with PMR 

had upper respiratory tract symptoms prior to the onset of disease. 

Samples of all 14 GCA patients and 10 control patients were further investigated to 

elucidate the interactions of CD4+ T cells and tissue-residing DC with special regard 

to cytoskeletal reorganisation occurring in T cells after cell-to-cell contact with 

antigen-presenting cells (APC). Furthermore, TNF-α production was visualised in 

different cell types of granulomatous infiltrates. Presumably, DC in the 

granulomatous infiltrates take up, process and present antigens like Cp. pneumoniae 

to T cells and thereby initiate the inflammatory process. As recognition of Cp. 

pneumoniae by DC possibly depends on TLR4, DC were investigated for the 

presence of TLR4. Finally, a DNA extraction method combined with a sensitive PCR 

method was established to allow detection of minimal amounts of both human and 

chlamydial DNA in paraffin-embedded tissues. 

 

3.1.1 Colocalisation of DC and activated CD4+ cells in granulomatous 
infiltrates 

 

Immunofluorescence (IF) staining with an anti-CD4+ mAb showed that infiltrating T 

cells in temporal artery specimens were found in all three layers of the arterial wall. 

Approximately 35% of CD4+ T cells accumulated in the adventitia, 50% in the media 

and 15% in the intima of the arterial wall as determined by cell counting of whole 

cross-sections. The majority of DC stained with an anti-S100 mAb accumulated in 

the adventitial layer of the arterial wall. DC were localised to the inner adventitia and 

were arranged in a circular array along the external elastic lamina. In different 

temporal artery specimens, DC appeared in clusters. Between 5 and 70 S100+ DC 

were counted in each specimen from GCA patients. In contrast, 70-80% fewer S100 

positive DC were counted in temporal artery sections from control patients. By 

applying confocal microscopy, observation of double staining of these samples with 

the anti-CD4+ mAb and the anti-S100 mAb showed that DC localised in direct 

contact with CD4+ T cells. (Fig. 6).  
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.  

The interaction of S100 DC and CD4+ T cells was predominantly found in 

granulomatous infiltrates. As shown by confocal microscopy, the CD4+ T cells also 

express Talin (Fig. 7).  

 

 

 

The cytoskeletal protein Talin is known to be translocated to the contact area in T 

cells upon contact to APC and reflects the activation due to antigen presentation 

(KUPFER et al., 1987). Light microscopy again confirmed the immediate cell-to-cell 

contact of DC with the activated, Talin-expressing CD4+ T cells (Fig. 8). Control 

samples did not contain any Talin expressing CD4 + T cells. 

 

Fig. 7 Colocalisation of CD4+ T cells 
and Talin expression. 

Confocal microscopy using double IF 
staining in a temporal artery tissue
specimen from a patient with GCA. 
Positive staining with the CD4+ T cell 
mAb combined with a TRITC labeled 
(red fluorescence) secondary Ab 
identified CD4+ T cells (red stain). 
Using the human anti-Talin Ab in 
combination with FITC-conjugated 
(green fluorescence) secondary Ab 
identified Talin expression (green stain). 
Original magnification x100. 

Fig. 6 Co-localisation of DC and 
CD4+ T cells. 

Confocal microscopy using double IF 
staining in a temporal artery tissue 
specimen from a patient with GCA. 
Positive staining with the rabbit anti-
human S-100 Ab combined with a 
TRITC-labeled (red fluorescence) 
secondary mouse anti-rabbit Ab 
identified DC (red stain). Using the 
mouse human anti-CD4+ Ab in 
combination with FITC-conjugated 
(green fluorescence) secondary goat 
anti-mouse Ab identified CD4+ T cells 
(green stain). Original magnification 
x100. 
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3.1.2 RhoA and Rac1 in Cp. pneumoniae-positive temporal artery 
specimens from GCA patients 

 

The Rho family of G proteins, which consist of Cdc42, Rac1, and RhoA are known as 

molecular signaling switches, which regulate various cellular functions. Their activity 

is essential for the organization of the actin cytoskeleton (HALL, 1994; RIDLEY, 

1994). Specifically, Rac1 regulates the formation of lamellipodia and membrane 

ruffles (RIDLEY et al., 1992), RhoA is required for the formation of focal adhesions 

and actin stress fibers (RIDLEY and HALL, 1992), and Cdc42 induces the formation 

of filopodia (KOZMA et al., 1995; NOBES and HALL, 1995). A role of Cdc42 in the 

polarization of T cells against APC has been reported (STOWERS et al., 1995), 

although the functional role of these G proteins in lymphocytes remains largely 

elusive. 

To examine whether one or more members of the Rho family of GTPases are 

involved in the CD4+/CD45RO+ T cell interaction in granulomatous infiltrates in the 

arterial wall of GCA patients, double immunohistochemical staining was applied 

using the anti-Talin mAb with either anti-RhoA mAb, anti-Rac1 mAb or anti-Cdc42 

mAb. The results showed that RhoA and Rac1 primarily were found in temporal 

artery specimens from GCA patients. Cdc42 was not detected in 90% of GCA tissue 

specimens. The remaining 10% of tissue specimens showed only a few Cdc42-

positive cells in the whole cross-section. The two GTPases , RhoA and Rac1, were 

mainly present in the region of granulomatous infiltrates (Fig. 9) in the immediate 

vicinity of Talin expressing cells. The concentration of RhoA in temporal artery tissue 

specimens of GCA patients was much higher than that of Rac1. No presence of all 

GTPases were detected in control specimens. 

Fig. 8 Localisation of Talin-expressing 
T cells and DC in temporal arteries in 
patients with GCA. 

Talin expressing T cells (dark staining, 
black arrow) in the adventitial layer of the 
artery. Anti-Talin immunoperoxidase. 
Immediate vicinity of Talin-expressing T 
cells and DC (red staining, white arrow) 
at the adventitia-media junction. Anti-S-
100 immunoperoxidase; oil immersion 
magnification, x 63. 
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3.1.3 TNF-α production and expression in DC, macrophages and 
endothelial cells 

 

TNF-α is a pleiotropic cytokine produced by macrophages, activated T lymphocytes  

(TRINCHIERI, 1991) and smooth muscle cells (WARNER and LIBBY, 1989). 

Although associated with sepsis (BEUTLER et al., 1986), TNF-α has been implicated 

in inflammation and tissue destruction in chronic inflammatory conditions such as 

rheumatoid arthritis (CHU et al., 1991), where macrophages are regarded as its 

Fig. 9 Topography of RhoA, Rac1 
and Cdc42. 

Red staining shows RhoA (A), Rac1 
(B) and Cdc42 (C) in consecutive 
temporal artery paraffin sections 
from a patient with giant cell 
arteritis.(In) represents the intima, 
(Me) the media, and (Ad) the 
adventitia of the arterial wall; 
immunoperoxidase, magnification x 
20. 
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predominant source. As shown by Field and coworkers , TNF-α was detected in up to 

60% of the cells in all areas of inflamed arteries. The study further demonstrated 

localisation to giant cells, macrophages and endothelial cells in temporal arteries 

(FIELD et al., 1997). To determine whether tissue-residing DC recently detected in 

temporal artery specimens of GCA patients (WAGNER et al., 2000; KRUPA et al., 

2002) are involved in TNF-α expression and production, in situ hybridisation in 

combination with IHC was performed. 

The distribution pattern of TNF-α revealed two types of arrangements. In one pattern, 

TNF-α production was found in DC and macrophages predominantly in 

granulomatous infiltrates (Fig. 10A). TNF-α production was identified in the 

adventitia, along the external elastic lamina and in the medial layer of the artery. 

Generally, TNF-α producing cells appeared in clusters. The second pattern showed 

TNF-α synthesising endothelial cells of the vasa vasorum (Fig. 10B) dispersed in the 

temporal artery adventitial layer. TNF-α expression in DC, macrophages, and 

endothelial cells was confirmed by in situ hybridization (Fig. 10C). TNF-α production 

was not observed in T cells. No control specimens showed TNF-α production or 

expression. 
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3.1.4 Detection of TLR4 in Cp. pneumoniae-positive temporal artery 
biopsies from GCA patients 

 

Pathogen-associated molecular patterns (PAMP) are small molecular sequences 

consistently found on pathogens and recognised by pattern-recognition receptors 

(PRR) like the members of the TLR family. 13 members of the TLR family are known 

to be expressed on human cells. TLR play a key role in innate immunity 

(MEDZHITOV and JANEWAY, 2000). TLR4 is a transmembrane protein involved in 

transduction of signals through intracellular components, ultimately leading to 

activation of NF-κB (MEDZHITOV et al., 1997; MEDZHITOV et al., 1998; CHOW et 

Fig. 10 TNF-α production and 
expression in the vascular lesions of 
patients with GCA. 

Paraffin sections of temporal artery 
specimens were analysed by IHC (A, B) 
and in situ hybridization with an TNF-α-
specific DNA oligonucleotide probe (C). (A) 
and (B) show representative experiments 
using anti-TNF-α mAb for IHC studies. (A) 
TNF-α production (red stain) is shown in 
granulomatous infiltrates, (B) shows TNF-α
production (red stain) in endothelial cells of 
the vasa vasorum, predominantly in the 
adventitia of the temporal artery. In situ 
hybridisation with antisense DNA probe in 
(C) also confirms the expression of TNF-α
(dark blue stain, arrows). In (A-C)
magnification x 40. 
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al., 1999; TAPPING et al., 2000). Ligation with bacterial components to TLR4 

expressed on DC leads to maturation of DC (MICHELSEN et al., 2001). Double IHC 

staining was performed using an anti-TLR4 polyclonal Ab in combination with an anti-

S-100 mAb to determine the presence and the frequency of TLR 4 positive DC. More 

than 95% of DC were TLR4 positive (Fig. 11). TLR4 positive macrophages and 

endothelial cells localized almost exclusively to the adventitia of the temporal artery. 

Only about 25% of CD68+ cells were TLR4 positive. No control specimens showed 

TLR4 expression. 

 

 

 

3.1.5 Purification and amplification of human genomic DNA in temporal 
artery biopsy specimens suitable for PCR  

 

One of the aims of this study was to determine the most effective and feasible DNA 

extraction method which isolates minimal amounts of Cp. pneumoniae DNA from 

paraffin-embedded tissues like temporal artery specimens. As the commonly used 

hot phenol-chloroform extraction has several drawbacks, such as being time 

intensive and the toxicity of phenol, the phenol-chloroform DNA extraction method 

was compared with a commercial DNA extraction kit. 

In addition, DNA is often degraded in paraffin-embedded tissue samples due to 

formaldehyde fixation and therefore not suitable for subsequent PCR reactions 

(COOMBS et al., 1999). A PCR targeting a 268 bp-sized fragment of the human β-

globin gene was applied to exclude fragmented DNA samples.  

The QiAmp DNA Micro kit developed for purifying small amounts of DNA was 

compared with the formerly used hot phenol-chloroform extraction method by using 

Fig. 11 Localisation of TLR4 
and DC in temporal arteries 
in patients with GCA. 

A: TLR4 expression (dark 
staining, black arrows) in 
granulomatous infiltrates of the 
temporal artery. Anti-TLR4 
immunoperoxidase. B: 
Colocalisation of DC (red 
staining, white arrows) and 
TLR4 in the adventitia. Anti-S-
100 immunoperoxidase; oil 
immersion magnification, x 63. 
 



RESULTS 

 68

equal amounts of paraffin-embedded tonsils. Afterwards, a PCR targeting the β-

globin gene was applied to compare both extraction methods. By using primers 

amplifying a 268 bp-sized fragment of the β-globin gene, detection of human 

genomic DNA was possible in minimal amounts of paraffin-embedded tissue. To 

determine the sensitivity of the β-globin PCR, serial dilutions from 100 ng to 10 pg of 

human genomic DNA were tested. As shown in Fig. 12, amplification was still 

possible with 100 pg of DNA.  

 

 

Fig.13 shows that the 268 bp β−globin fragment was equally amplified from DNA 

obtained by both the commercial kit and the hot phenol-chloroform method.  

 

 

 

3.1.6 Detection of Cp. pneumoniae DNA in paraffin-embedded tissue 

 

Another goal was to compare the PCR (standard PCR) used by WAGNER et al., 

2000 and developed by GAYDOS et al. 1992 with a PCR (touchdown PCR) 

Fig. 12 Sensitivity of the β-globin gene PCR 

M = DNA molecular weight marker VIII (Roche); 
1 – 5 = 268 bp PCR product of human genomic 
DNA 100 ng to 10 pg. 

Fig. 13 Comparison of DNA 
extraction methods. 

M = DNA molecular weight 
marker VIII (Roche); 1, 2 = 268 
bp PCR product of human 
genomic DNA after hot phenol-
chloroform extraction; 3, 4 = 268 
bp PCR product of human 
genomic DNA after extraction 
with QiAmp DNA micro kit; 5 = 
positive control; 6 = negative 
control.  
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presented by MADICO et al., 2000 to figure out the most sensitive detection methods 

for minimal amounts of Cp. pneumoniae DNA in paraffin-embedded tissues. As 

tested with a serial dilution of DNA isolated from a Cp. pneumoniae stock, the 

detection limit of the standard PCR was 102 inclusion-forming units (IFU) (Fig. 14A, 

lane 3) whereas the touchdown PCR was able to detect 1 IFU (Fig. 14B, lane 5).  

 

 

 

To further increase the sensitivity, nested primers were used for both PCR methods. 

As shown in Fig. 15A, lane 4, the sensitivity of the standard PCR increased detection 

to a limit of 1 IFU whereas the touchdown PCR was able to detect 0.1 IFU (Fig. 15B, 

lane 5).  

 

 

 

 

 

 

 

 

Fig. 14 Detection of Cp. 
pneumoniae DNA
(outer PCR).  

Amplification of Cp. 
pneumoniae DNA (A) 
with the standard PCR 
(463 bp) (B) and the 
touchdown PCR (197 
bp). M = DNA molecular 
weight marker VIII 
(Roche); 1 – 9 = PCR 
product of Cp. 
pneumoniae DNA (104-
10-4 IFU), 10 = positive 
control, 11 = negative
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3.1.7 Validation of PCR results by sequencing 

 

All samples that tested positive for Cp. pneumoniae DNA were also positive in the 

sequencing reaction. Fig. 16 shows a nested PCR product sequenced with the 

forward primer (A) and with the reverse primer (B). Nucleotide-nucleotide BLAST 

was applied to align the sequence of the nested PCR product with sequences of 

chlamydial species in the data base. Data are shown in the appendix and revealed 

that all 13 data base sequences of Cp. pneumoniae except gi|298562|gb|S56213.1| 

and gi|5091492|gb|U68426.2| are identical to the PCR product (score value of 187). 

Both gi|298562|gb|S56213.1| and gi|5091492|gb|U68426.2| possess a base switch 

from G to A at position 86 and therefore have a score value of 182. Another data 

base sequence of the uncultured bacterium clone Souza16s8374 is also identical 

except a base switch at position 27 from A to G. The score of all other aligned data 

base sequences of the other chlamydial species is 180 and lower, depicting lesser 

similarity to the PCR product. 

 

 

 

Fig. 15 Detection of Cp. 
pneumoniae DNA (nested 
PCR). 

Amplification of Cp. pneumoniae
outer PCR products(A) with the 
Standard PCR (270 bp) (B) and 
the Touchdown PCR (107 bp). M
= DNA molecular weight marker 
VIII (Roche); 1 – 7 = PCR 
product of Cp. pneumoniae DNA 
outer products (103-10-3 IFU), 8 = 
negative control (without 
template). Results are 
representative of three 
experiments. 
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Forward primer ►    A 
ACA CTC GCA AGG GTG AAA CTC AAA AGA ATT GAC GGG GGC

Start sequencing reaction ► TAA CTG CCC CCG
 

CCG CAC AAG CAG TGG AGC ATG TGG TTT AAT TCG ATG CAA
GGC GTG TTC GTC ACC TCG TAC ACC AAA TTA AGC TAC GTT
 

CGC GAA GGA CCT TAC CTG GAC TT 
GCG CTT CCT GGA ATG GAC CTG AAEnd 
 

      B 
End ACA CTC GCA AGG GTG AAA CTC AAA AGA ATT GAC GGG
 TGT GAG CGT TCC CAC TTT GAG TTT TCT TAA CTG CCC 
 

GGC CCG CAC AAG CAG TGG AGC ATG TGG TTT AAT TCG ATG
CCG GGC GTG TTC GTC ACC TCG TAC ACC AAA TTA AGC TAC
 

CAA CG ◄ Start sequencing reaction 
GTT GCGC TTC CTG GAA TGG ACC TGA A  

   ◄ Reverse primer 

Fig. 16 Sequencing reaction.  

Sequencing of the 16S rRNA gene PCR product of Cp. pneumoniae with the forward (A) and the 
reverse nested primer (B).  

 

3.2 Dendritic cells and Cp. pneumoniae in cell culture models 

 

Different studies detected Cp. pneumoniae inside DC in temporal artery specimens 

of GCA patients and in atherosclerotic plaques respectively (WAGNER et al., 2000; 

BOBRYSHEV et al., 2004). Therefore one of the aims of the present study was to 

investigate the fate of Cp. pneumoniae in human DC in respect to intracellular 

localisation and development, infectivity as well as viability. To study this interaction, 

an in vitro cell culture system was employed to investigate whether Cp. pneumoniae 

is able to multiply in human DC and to produce new infectious EB. Furthermore, a 

coculture model was developed to study the transmission of Cp. pneumoniae from 

DC to macrophages without cell-to-cell contact. 
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3.2.1 Infection of DC with Cp. pneumoniae 

3.2.1.1 Detection of Cp. pneumoniae by immunofluorescence 

IF was used to detect Cp. pneumoniae antigen. Chlamydial particles stained with an 

anti-MOMP FITC-labelled Cp. pneumoniae-specific mAb were counted at different 

time points p. i.. About 85% of DC contained multiple chlamydiae. Beginning at 2 

hours p. i. and up to 25 days, multiple bright green fluorescently labelled chlamydiae 

were visible inside DC. The organisms in their inclusions were localised near the host 

cell nucleus. The Cp. pneumoniae-infected DC themselves looked more rounded 

compared to mock-infected cells. The organisms inside DC appeared to be generally 

smaller in diameter compared to inclusions in HEp-2 cells, but they enlarged over 

time. Confocal microscopy demonstrated the internalisation of chlamydial fluorescent 

particles in DC. As an example, Fig. 17A demonstrates DC 2 days p. i. and in Fig. 

17B 19 days p. i. For comparison, Fig. 17C shows inclusions in the permissive HEp-

2 cells. The chlamydial particles in DC appeared to be generally smaller in diameter 

but they enlarged over time. 
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The number of fluorescent chlamydial particles per DC increased between 2 hours 

and 25 days p. i. (p < 0.00005, CHI-SQUARE test). In particular, the increase per cell 

between day 2 and 7 p. i. was the largest (Fig. 18).  

Fig. 17 Confocal microscopy.  

A confocal micrograph of human 
monocyte-derived DC after 2 days (A) 
and 19 days (B) of infection with Cp. 
pneumoniae by using 
immunofluorescence staining. The 
bright green-yellow fluorescent 
particles represent chlamydial 
particles. (C) shows Cp. pneumoniae-
infected HEp-2 cells 2 days after 
infection with typical inclusions (green 
fluorescence). Cells are 
counterstained with Evans Blue (scale 
bar = 20 µm) 
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Fig. 18 Quantification of chlamydial particles in monocyte-derived DC. 

Using immunofluorescence staining, the total number of particles per cell and the number of DC from 
10 microscopic fields ×100 magnification were counted at each time point. Statistical analysis showed 
highly significant differences in number of chlamydial particles between the 2 - hour and 25 day-value 
(p < 0.00005, CHI-SQUARE test).  

 

3.2.1.2 Staining of intracellular and extracellular Cp. pneumoniae and analysis by 

flow cytometry 

One approach to distinguish between chlamydiae localised inside cells and 

chlamydiae remaining outside the host cells after infection is to use flow cytometry 

(MATYSZAK et al., 2002). By using PFA as a fixative, which form covalent bonds 

between adjacent amine-containing groups through a Schiff acid-base reaction, 

permeabilisation of cell walls is prevented and has to be performed by an additional 

step with detergents. Fig. 19 shows that 80% of fixed and permeabilised Cp. 

pneumoniae-infected DC were positive after staining with an anti-Cp. pneumoniae 

mAB compared to 16% of Cp. pneumoniae-infected DC fixed with PFA. Staining with 

the isotype control revealed non-specific binding of mAB to less than 0.5 % of the 

DC. Results are representative for three experiments. 
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3.2.1.3 Determination of relevant chlamydial transcripts  

Accumulation of transcripts from genes involved in chlamydial energy production and 

cell division was shown during normal active Cp. pneumoniae infection, whereas 

highly attenuated transcript levels from several genes encoding products required for 

each of these systems were observed to be a characteristic of persistently infected 

culture (BYRNE et al., 2001).Therefore the presence mRNA from the dnaA, ftsK and 

tal genes in Cp. pneumoniae-infected DC and HEp-2 cells at 14 days p. i. was 

investigated. As shown in Fig. 20, transcripts from dnaA, which is expressed during 

both active and persistent infection, and from ftsK and tal, which are not, were 

detected at all time points in both infected cell types. 

Fig. 19 Analysis of Cp. pneumoniae-
infected DC by flow cytometry.  

DC were either fixed and permeabilised 
or only fixed and subsequently stained 
with a FITC-labelled anti-Cp. 
pneumoniae mAB or respective isotype 
control. Analysis was performed on a 
FACSCalibur and DC were gated on 
FSC and SSC characteristics. The SSC 
was plotted against FL1 fluorescence 
intensity. This flow cytometry analysis 
shows one out of three experiments 
carried out. 
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Fig. 20 RT PCR targeting chlamydial gene expression. 

Representative RT PCR analysis over time post infection targeting chlamydial transcripts in Cp. 
pneumoniae infected HEp-2 cells (upper row in panel A, B, C) and  DC(lower row in panel A, B, C). 
Panel A, mRNA/cDNA from dnaA, which is expressed during both active and persistent infection; 
Panel B, mRNA/cDNA from ftsk, and Panel C, mRNA/cDNA from tal, both of which are highly 
attenuated during persistent infection. Lane C+ in each panel is a positive cycling control (Cp. 
pneumoniae DNA as a template). Lane C- in each panel is a negative RT control (pure RNA without 
reverse transcription as template). Amplification product sizes are: dnaA 501 bp, ftsK 351 bp and tal 
166 bp. 

 

3.2.1.4 Visualisation of Cp. pneumoniae with electron microscopy 

Electron microscopy revealed a successful Cp. pneumoniae infection of DC by the 

detection of widely distributed endosomal vacuoles containing one or more 

chlamydiae 2 hours p. i. (Fig. 21A). On day 7 p. i. inclusions containing EB and RB 

were easily identifiable (Fig. 21B). The EB have a dense core at an eccentric region 

and dense cytoplasm, while the cytoplasmic membrane is not easily identified. An 

uneven distribution of the marginal condensation of the internal material was 

demonstrated in RB. DC lysates from day 7 p. i. contained infectious EB as 

determined in infectivity assays. On day 12 p. i. where no infectivity was detected, 

only non infectious RB were identified (Fig. 21C).  
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3.2.1.5 Determination of chlamydial DNA and progeny 

 

DNA samples were quantified by real time PCR (n = 3). By amplifying a sequence of 

the Cp. pneumoniae 16S rRNA gene, we defined the number of Cp. pneumoniae at 

different culture points. To determine the infectivity of intracellular Cp. pneumoniae, 

lysates of DC, originally infected with a MOI of 2, were added to a HEp-2 monolayer. 

Fig. 21 Electron microscopy 
revealed a successful Cp. 
pneumoniae infection of DC. 
 (A) shows one endosomal vacuole, 
containing one EB 2 hours after 
infection. On the right side a section 
of a second vacuole containing 
another EB is depicted. (B) On day 7 
the inclusion contains three types of 
chlamydial bodies: EB (black arrow), 
RB (hollow arrow) and an 
intermediate body (white arrow). (C) 
In contrast on day 12 after infection 
only reticulate bodies were detected. 
The determination of the size 
revealed 0.2 - 0.5 µm for EB, 1 µm for 
intermediate forms and about 1.2 µm 
for RB (scale bars = 0.5 µm). 
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Infectious organisms were recoverable at different culture time points (Table 26). 

After several days of low or negative infectivity, increasing numbers of inclusions 

compared to day 2 were detected on day 6 and 14 (1st experiment) and on day 7 and 

19 (2nd experiment).  

 

Table 26 Quantification of Cp. pneumoniae DNA genome equivalents/ml and IFU/ml over time 
post infection in Cp. pneumoniae-infected DC of two independent experiments. 

Real-time PCR was applied targeting the 16S rRNA gene of Cp. pneumoniae by using plasmid 
standards for absolute quantification. IFU were determined by inoculation of DC lysates onto HEp-2 
monolayer and subsequent determination of inclusions after 72h. 

 

3.2.1.6 Maturation analysis of Cp. pneumoniae-infected DC by flow cytometry 

To analyse phenotypic changes upon infection with Cp. pneumoniae, DC were 

infected with a MOI of 2 and a MOI of 10 respectively and cultivated for further 48 h. 

Mock-infected DC served as controls for immature DC. DC treated for 48 h with TNF-

α and PGE2 were used as controls for maturation (RIESER et al., 1997; 

SCANDELLA et al., 2002). Cells were stained with anti-CD209 mAb, a surface 

molecule expressed by the majority of immature and mature DC (GEIJTENBEEK et 

al., 2000) and anti-CD80 mAb, anti-CD83 mAb and anti-CCR7 Ab. CD80 is a 

receptor for CD28 and CTLA-4 and is expressed on activated B cells, macrophages 

and DC. The binding of CD28 results in T cell activation and is a signal for IL-2 

production (SCHWARTZ, 1992). CD83 is essential in CD4 T cell activation as 

discovered in studies with the soluble extracellular domain CD83 and CD83-deficient 

mice (LECHMANN et al., 2001; FUJIMOTO et al., 2002). This molecule is 

predominantly expressed on follicular DC, circulating DC, interdigitating DC in 

lymphoid tissues, thymic DC and in vitro-generated DC and serves as a marker for 

matured DC (ZHOU and TEDDER, 1995). CCR7 is mainly expressed by migrating 
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DC after antigen capture and serves as a receptor for CCL19 and CCL21 (FORSTER 

et al., 1999; KELLERMANN et al., 1999). As shown in Table 27, the DC marker 

CD209 is expressed on the majority of cells, indicating a highly pure DC population. 

The expression of CD80 and CD83 increased after infection with Cp. pneumoniae 

and is higher in DC infected with an MOI of 10 compared to DC infected with an MOI 

of 2. However, the expression intensity is lower compared to DC stimulated with 

TNF-α/PGE2. The expression intensity of CCR7 is also dependent on the MOI used 

for infection. DC infected with a MOI of 10 show a higher intensity compared to DC 

infected with a MOI of 2 but the same intensity compared to the DC stimulated with 

TNF-α/PGE2. Results are representative for three experiments. 

 

 Mock-infected MOI 2 MOI 10 TNF-α/PGE2 

CD209 90 ( ± 4) 97 ( ± 7) 87 ( ± 1) 89 ( ± 5) 
CD80 44 ( ± 8) 56 ( ± 10) 69 ( ± 9) 66 ( ± 16) 
CD83 9 ( ± 7) 25 ( ± 5) 45 ( ± 4) 64 ( ± 12 
CCR7 11 ( ± 1) 17 ( ± 6) 35 ( ± 8) 35 ( ± 8) 

Table 27 Phenotyping of DC after infection with Cp. pneumoniae.  

DC were infected either with Cp. pneumoniae with a MOI of 2 or with a MOI of 10. As controls mock-
infected DC (negative control) or DC stimulated with TNF-α/PGE2 were used (positive control).Double 
staining was performed by using a FITC-labelled anti-CD209 mAb combined with PE-labelled anti-
CD80 and anti-CD83 mAb or anti-CCR7rat Ab in combination with an anti-rat Cy5 mAb. Analyses 
were performed on a FACSCalibur. 7-AAD was used to stain dead cells. Dead cells were excluded 
and DC were gated on FSC and SSC characteristics. Data are percentage of cells expressing the 
respective surface marker ± standard deviation 

 

3.2.1.7 TNF-α secretion of Cp. pneumoniae-infected and mock-infected DC 

TNF-α production in Cp. pneumoniae-infected DC was determined by IHC. TNF-α  

was detected easily in the cytoplasm of infected but not mock-infected DC beginning 

two days after infection and up to 25 days p. i.. Fig. 22A (black arrows) demonstrates 

TNF-α in DC two days after infection with Cp. pneumoniae. Mock-infected DC did not 

show any TNF-α production (Fig. 22B).  
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A quantitative ELISA was used as a second independent method to determine TNF-α 

production in cell culture supernatants. Cp. pneumoniae-infected DC released TNF-α 

from two to 25 days p. i. with a maximum amount on day two. TNF-α production 

decreased continuously over the culture time. Again, mock-infected monocyte-

derived DC released no TNF-α (Fig. 23). 

 

 

Fig. 23 TNF-α concentration in cell culture supernatants of DC.  

TNF-α concentration (pg/ml) in cell culture supernatants of human monocyte-derived DC were 
analysed by ELISA. The TNF-α production was over the maximum detection limit (  > 1.000 pg/ml) 
two days after infection and decreased continuously over the time. In most of the supernatants of 
mock-infected DC TNF-α production was under the detection limit ( 0). The experiment was 
performed twice with equal results. TNF-α production of DC infected with Cp. pneumoniae ( ) and 
mock-infected DC ( ), (means ± standard deviation). 
 

Fig. 22 TNF-α production in DC. 

Positive staining for TNF-α,  shown 
by immunohistochemistry (red stain, 
black arrows) in DC 2 days after 
infection with Cp. pneumoniae. 
Scale bars = 20 µm. 
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3.2.2 Coculture model of Cp. pneumoniae-infected DC and macrophages 

 

In the arterial wall of GCA patients, T cells, macrophages and DC orchestrate the 

inflammatory process in granulomatous lesions (WEYAND et al., 2005). As 

suggested by different authors, GCA could be an antigen-driven disease (WEYAND 

and GORONZY, 1995; NORDBORG et al., 2000; LEVINE and HELLMANN, 2002). In 

addition to various other pathogens, Cp. pneumoniae is discussed as the possible 

causative antigen. Since macrophages and DC are involved in the pathogenesis of 

GCA, Cp. pneumoniae-infected DC were cocultivated with macrophages.  

 

3.2.2.1 Detection of Cp. pneumoniae inside infected DC and cocultivated 

macrophages 

DC in the upper compartment of the transwell system were infected with Cp. 

pneumoniae (Fig. 24) and cultivated with macrophages located in the lower 

compartment.  

 

 

 

The cocultured macrophages were harvested daily for a one week period, fixed and 

stained. Fig. 25 shows stained macrophages with a chlamydial inclusion, depicted as 

a green round shaped body near the cell nucleus and increasing in diameter from 

day 5 (Fig. 25A) to day 6 (Fig. 25B) and to day 7 (Fig. 25C). These images 

Fig. 24 Immunocytochemistry of Cp. 
pneumoniae-infected DC. 

DC on the membrane in the upper 
compartment of the transwell system were 
infected by Cp. pneumoniae. After 72 h p. i., 
Cp. pneumoniae inclusions were stained 
with an anti-MOMP species-specific mAb 
and subsequently stained red with AEC 
substrate. Nuclei were counterstained blue 
with haematoxylin, (scale bars = 50 µM).
Results shown represent three independent 
experiments. 
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demonstrated the passage of the bacterium from DC in the upper compartment to the 

macrophages in the lower compartment. 

 

 

 

 

Fig. 25 Immunofluorescence of 
cocultivated macrophages in the 
lower compartment of the transwell 
system.  

Macrophages grown on cover slips in 
the lower compartment of the 
transwell coculture system were 
stained 5 days (A), 6 days (B) and 7 
days (C) after starting the 
cocultivation with Cp. pneumoniae-
infected DC with a FITC-conjugated 
anti-MOMP species-specific mAb. 
Chlamydial inclusion bodies appear 
as bright green structures in red 
macrophages, counterstained with 
Evans Blue, (scale bars = 20 µm).
Results shown represent three 
independent experiments. 
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3.2.2.2 Tracking of Cp. pneumoniae 

To clarify the origin of Cp. pneumoniae developing inside macrophages in the lower 

compartment, chlamydial organisms were labelled with a fluorescent ceramide upon 

infection of DC in the upper compartment. For this purpose, Cp. pneumoniae 

inclusions inside DC were labelled 48 h after infection and subsequently cocultivated 

with macrophages for an additional 120 h. By applying this technique, the fluorescent 

dye is incorporated in the host cell golgi apparatus and acquired by the inclusion 

membrane and the chlamydiae itself in an active manner. Such labelled chlamydiae 

developed new inclusions in cocultivated cells in the lower compartment of the 

transwell culture system. Chlamydial inclusions appear in red, indicating migration of 

ceramide-labelled chlamydiae from DC to macrophages and development of 

inclusions inside macrophages (Fig. 26A). Fig. 26B shows the same cells with green 

fluorescent inclusions upon staining with anti-MOMP mAb. Merging the two figures 

resulted in a yellow colour of the inclusion (Fig. 26C). Apparently, not all green 

fluorescent inclusions also emit red fluorescence, indicating that not all chlamydiae 

coming from the upper compartment passed through the developmental cycle inside 

the DC. No chlamydial inclusions were detectable inside macrophages on day 1 after 

starting the cocultivation. Two days later, 24% of the chlamydial inclusions inside 

macrophages emitted red and green fluorescence. The rate of double fluorescent 

inclusions increased to 33% on day 5 after starting the cocultivation.  
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Fig. 26 Tracking of Cp. pneumoniae
from infected DC to cocultivated 
macrophages. 

DC were labelled with a fluorescent 
ceramide 48 h after infection and 
subsequently cocultivated with 
macrophages for an additional 72h. 
Macrophages on coverslips were
permeabilised with streptolysin-O and 
stained with anti Texas Red mAb. As 
secondary Ab, an Alexa 568-labelled 
goat-anti-rat Ab was used. Counterstain 
of samples was performed with FITC-
conjugated anti-MOMP species-specific 
mAb. Chlamydial inclusions appear in 
red, indicating migration of ceramide-
labelled chlamydiae from DC to 
macrophages and development of 
inclusions inside macrophages (A). Fig. 
26B shows the same cells with green 
fluorescent inclusions after staining with 
anti-MOMP mAb. Merging the two 
figures resulted in yellow colour of the 
inclusion (C), (scale bar = 20 µm).  
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3.2.2.3 Development of chlamydial progeny from lysates of dendritic cells and 

macrophages determined by HEp-2 infectivity assay 

Infectivity of Cp. pneumoniae in DC and macrophages was determined by inoculation 

of lysates of both cell types on HEp-2 cells. Table 28 shows the development of 

chlamydial progeny. In lysates of infected DC, chlamydial progeny were detected at 

all investigated time points during the culture period of 7 days. Higher numbers were 

first detected on day 3 up to day 5 after infection. In macrophage lysates, numerous 

chlamydial progeny developed first on day 3 after infection and increased 

continuously in number until the end of the experiment. 

 

Time 
post infection 

DC lysates 
IFU/ml 

macrophage lysates 
IFU/ml 

0h ++++ + 
1d +++ - 
2d +++ - 
3d ++++ ++ 
4d ++++ +++ 
5d ++++ +++ 
6d +++ ++++ 
7d +++ ++++ 

- = 0, + = 1 - 10, ++ = 11 - 100, +++ = 101 - 1000, ++++ = > 1000 

Table 28 Quantification of Inclusion-forming units (IFU)/ml. 

IFU were determined by inoculation of lysates of Cp. pneumoniae-infected DC and cocultivated 
macrophages of three independent experiments onto HEp-2 monolayers and subsequent 
determination of inclusions after 72 h. 

 

3.2.2.4 Chlamydial gene expression after infection of DC and cocultivated 

macrophages 

To examine the chlamydial gene expression, quantitative real time PCR was 

performed. In order to confirm that the number of 16S rRNA cDNA transcripts is a 

suitable way to standardise the number of chlamydial particles within a sample, both 

the 16S rRNA genomic DNA and cDNA levels were determined in directly infected 

DC and cocultivated macrophages according to Mathews et al. (MATHEWS et al., 

1999). The permissive HEp-2 cells was infected with the same MOI as the DC and 

used as a control. DNA and RNA were prepared from the same samples at day 1, 

day 3 and day 5 after infection and cDNA was generated from the RNA as described. 

Similar curves were obtained for the 16S rRNA copy numbers both in the DNA and 

cDNA samples for each cell type (Fig. 27A-C). Throughout the experiment, the 
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number of rRNA, represented as cDNA gene transcripts, was more than ten times 

higher than the DNA copy number. In conclusion, the 16S rRNA cDNA transcripts 

reflect the number of chlamydial particles and can be used to standardise gene 

expression. 

 

 

Fig. 27 Comparison of 
the 16S rRNA transcript 
number from DNA and 
cDNA isolated from Cp. 
pneumoniae after 
infection in DC and 
cocultivated 
macrophages. 

Total DNA and RNA were 
isolated from infections in 
DC (A) and macrophages
(B). As an example for a 
permissive cell line, HEp-2 
cells were infected with the 
MOI of 10, similar to DC 
(C). Cell samples were 
harvested at indicated time 
points, DNA and RNA 
isolated and RNA random-
primed. 16S rRNA 
transcript numbers were 
determined by using serial 
dilutions of a plasmid 
encoding a partial 
sequence of the 16S rRNA 
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To characterise the developmental state of the intracellular chlamydiae, gene 

expression of the euo, the groEL and the ompA genes were applied. All genes are 

known to be expressed during different chlamydial developmental stages and 

recently used as markers for temporal gene expression of chlamydiae (NICHOLSON 

et al., 2003; OUELLETTE et al., 2005; POLKINGHORNE et al., 2006). Expression 

levels were normalized to the 16S rRNA levels and described as [Target mRNA]/ 

[16S rRNA]. Fig. 28A demonstrates the ratios of the three gene transcripts in 

infected DC. The ompA/16S rRNA ratio as well as the groEL1/16S rRNA ratio 

increased significantly compared to day 1, whereas the euo/16S rRNA ratio 

decreased significantly (p < 0.001) from day 1 to day 3 and day 5. In contrast, no 

expression of ompA and groEL1 in the cocultured macrophages was detected on day 

1 after infection although viable chlamydiae were present, as indicated by expression 

of 16S rRNA and euo. On day 3, gene expression for all genes was detected and 

remained constant up to day 5 (Fig. 28B). The chlamydial gene expression pattern in 

the permissive HEp-2 cells is depicted in Fig. 28C. Only the groEL1/16S rRNA ratio 

decreased significantly (p < 0.001) from day 1 to day 3 and to day 5, whereas the 

euo/16S rRNA ratio and the ompA/16S rRNA ratio remained stable from day 1 to day 

3 and decreased at day 5. In general, mRNA/16S rRNA ratios at all analysed time 

points were much higher in HEp-2 cells as compared to DC and macrophages. 
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Fig. 28 Quantification of ompA, 
euo and groEL1 gene 
expression in DC (A), 
cocultivated macrophages (B) 
and directly infected HEp-2 
cells (C).  

Total Cp. pneumoniae RNA 
isolated at indicated time points 
was random-primed and assayed 
using specific primers for the 16S 
rRNA gene, ompA, euo and 
groEL1 genes. Gene expression 
was determined by using serial 
dilutions of Cp. pneumoniae DNA 
to generate standard curves. 
Normalisation of gene expression 
was performed by dividing the 
amount of each gene transcript 
by the amount of the 16S rRNA 
gene transcripts. Assays were 
repeated three times. To compare 
the first with the subsequent time 
points for the different genes in 
both cell types, a general linear 
model for repeated measures 
was applied followed by pairwise 
comparisons taking Bonferroni 
adjustment into account. 
Statistically significant changes of 
the ratio mRNA/16S rRNA 
compared to the corresponding 
control values at day 1 are 
represented by * p < 0.05.  
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4 Discussion  

 

4.1 Role of Cp. pneumoniae in the pathogenesis of GCA 

 

4.1.1 Colocalisation of DC with activated CD4+ T cells and cytoskeletal 
reorganisation in T cells 

 

The pathogenesis of GCA, a vasculitis predominantly affecting middle and large 

sized arteries, remains unclear. Epidemiological observations, as well as the 

symptomatology, may indicate an infectious origin, but so far GCA has not been 

definitely proven to be an infectious form of vasculitis. The presence of activated 

CD4+ T cells in the adventitia of the temporal artery in Cp. pneumoniae-positive GCA 

patient samples studied here is compatible with the model of GCA as an antigen-

driven disease as suggested in other studies (SCHAUFELBERGER et al., 1993; 

GRUNEWALD et al., 1994; WEYAND et al., 1994; MARTINEZ-TABOADA et al., 

1996). Moreover, the presence of DC and activated T cells demonstrated in this 

study and others (MA-KRUPA et al., 2004; WEYAND et al., 2004; MA-KRUPA et al., 

2005; WEYAND et al., 2005) indicate a high probability that DC represent the antigen 

presenting cells in these specimens. Furthermore, the results suggest that DC have a 

central role in the induction of adaptive antigen specific immune responses towards 

Cp. pneumoniae in GCA. Possibly, DC play a critical sentinel function for incoming 

Cp. pneumoniae in the temporal arteries of GCA patients. 

By applying IHC, Talin accumulation was shown within activated CD4+ T cells in 

temporal artery specimens. This indicates specific DC-T cell interactions 

characterised by organisation of supramolecular activation clusters (SMAC) or 

"organized contacts" at the interfaces of physical contact between T cells and APC 

(ACUTO and CANTRELL, 2000; FREIBERG et al., 2002). Furthermore, major 

rearrangements of the actin cytoskeleton upon receptor stimulation or other 

stimulation lead to membrane ruffling, filopodia formation, or actin stress fiber 

formation in mammalian cells. These rearrangements are controlled by specific 

GTPases belonging to the Rho superfamily, namely, Rac1, RhoA, and Cdc42 (HALL, 

1998). Salmonella is known to activate Cdc42 but not Rac1 or RhoA for invasion, 
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whereas Shigella activates RhoA but neither Rac1 nor Cdc42 and Helicobacter pylori 

activates Rac1 and Cdc42 (FINLAY and COSSART, 1997; CHURIN et al., 2001). 

These results lead to the hypothesis that invading Cp. pneumoniae would require 

these molecules to mediate their uptake. In the analyses presented here, RhoA and 

Rac1 were primarily present in granulomatous regions of the Cp. pneumoniae 

positive temporal artery tissue specimens. The presence of these two Rho GTPases 

in such infiltrates strongly suggests that they provide the correct environment for cell-

cell-contact and adhesion, and that they thereby promote the internalisation of Cp. 

pneumoniae. GCA is not the only primary systemic vasculitis where formation of 

granulomatous lesions is seen in the presence of TNF-α, suggestive of an antigen-

driven process (KOMOCSI et al., 2002; LAMPRECHT et al., 2002). Since only a few 

Cdc42-positive cells were detected in 10% of all specimens from GCA patients, 

Cdc42 appears not to play a role in GCA.  

 

4.1.2 Toll-like receptor 4 is present in granulomatous infiltrates of Cp. 
pneumoniae-positive GCA patients 

 

Because the Toll-signaling pathways are key mediators of response to bacteria, it 

was of major interest in this study to examine the presence of TLR4 on DC in Cp. 

pneumoniae-positive temporal artery specimens from GCA patients. TLR4 is known 

to be the receptor for bacterial LPS (MEDZHITOV and JANEWAY, 2000). 

The data presented demonstrate that TLR4 is highly expressed on DC, macrophages 

and endothelial cells in the Cp. pneumoniae-positive temporal artery specimens 

examined. Thus, this may represent the transducing receptor for specific constituents 

of the bacterial cell wall of Cp. pneumoniae. TLR4 also may induce cytokines and 

costimulatory molecules on APC in GCA. Another study tested the maturation of DC 

by application of  TLR2 and TLR4 ligands in a GCA mouse model. Ligands of TLR4 

are able to start maturation of adventitial DC which fail to leave the tissue infiltrate 

(MA-KRUPA et al., 2005). However, in vitro studies indicate that TLR2, rather than 

TLR4, seems to be more important in chlamydial infection of DC (PREBECK et al., 

2001; DA COSTA et al., 2004; ROTHFUCHS et al., 2004; RODRIGUEZ et al., 2006).  
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Future genetic and biochemical studies will reveal which Toll-like receptor specifically 

provides the most potent immune system response to microbe-specific determinants 

in GCA. 

 

4.1.3 DC in Cp. pneumoniae-positive temporal artery specimens produce 

TNF-α 

 

A few hours after bacterial infection, DC synthesize a number of important cytokines 

and chemokines. Production of TNF-α has been detected readily in DC infected with 

Chlamydia trachomatis, Escherichia coli, Lactobacillus plantarum, Veillonella parvula, 

Bifidobacterium adolescentis, Listeria monocytogenes and Salmonella typhimurum 

(BRZOZA et al., 2004; GERVASSI et al., 2004; KARLSSON et al., 2004; URONEN-

HANSSON et al., 2004; ZHAO et al., 2006). Moreover, the process of leukocyte 

migration to sites of infection is stimulated by TNF-α, which is produced in response 

to a pathogen. 

In this context, an investigation of expression and production of TNF-α in Cp. 

pneumoniae-positive temporal artery biopsies from GCA patients was of interest. The 

results presented show that TNF-α is expressed in granulomatous infiltrates of Cp. 

pneumoniae-positive temporal artery specimens from patients with GCA and coincide 

with former studies detecting TNF-α secretion in temporal artery biopsies of GCA 

patients (FIELD et al., 1997; HERNANDEZ-RODRIGUEZ et al., 2004). In the 

specimens examined in this study, TNF-α was expressed by DC, macrophages and 

endothelial cells suggesting that TNF-α promotes DC survival, phenotypic and 

functional maturation, and that it enhances the stimulatory capacity of DC in temporal 

artery tissue from GCA patients. In addition, TNF-α possibly modulates DC migration 

to T cell areas in inflammatory infiltrates. The general capacity of DC to present 

bacterial antigens with high efficiency on both MHCI and II molecules can be 

exploited to induce strong, long-lasting immunity towards bacteria (DATTA et al., 

2006). Examples of protective immune response achieved by in vivo injection of DC 

loaded with Chlamydia trachomatis or the recombinant MOMP of Chlamydia 

trachomatis have been described (SU et al., 1998; SHAW et al., 2002; HICKEY et al., 

2005). 
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Thus, the results presented here regarding high production level of TNF-α in Cp. 

pneumoniae-positive temporal artery specimens is consistent with this organism 

playing a primary role in onset of the disease. Because a large amount of TNF-α is 

expressed in GCA, anti-TNF-α therapy may be successful in treating GCA. Indeed, 

recently published data reveal a potential positive response to infliximab, etanercept 

and adalimumab (CANTINI et al., 2001; TAN et al., 2003; DOCKEN, 2004; AHMED 

et al., 2006). In spite of these encouraging preliminary results, controlled studies with 

a greater number of patients are needed.  

 

4.1.4 Identification of Cp. pneumoniae in temporal artery specimens  

 

Wagner and coworkers detected in 8 out of 9 temporal artery specimens of GCA 

patients and in one PMA control patient both Cp. pneumoniae DNA and antigen 

(WAGNER et al., 2000). Also other groups detected Cp. pneumoniae DNA in 

temporal artery biopsies of GCA patients (RIMENTI et al., 2000; HAUGEBERG et al., 

2001). However, another study failed to detect Cp. pneumoniae DNA in 90 paraffin-

embedded temporal artery tissue of GCA patients and 90 controls (REGAN et al., 

2002). The discrepancy between the results may have several reasons. The DNA 

purification method may have been not effective enough and/or the DNA was 

degraded because of the age of some of the samples. Secondly, it  could be that the 

PCR method used was not suitable to detect such fragmented DNA and/or low 

amounts of DNA. To overcome these potential impediments, both the DNA 

purification method and the used PCR were assayed and optimised for investigation 

of a large study collective of paraffin-embedded temporal artery biopsies. To achieve 

a high yield of DNA, a commercial DNA purification kit (QiAmp DNA Micro kit) 

especially developed for small amounts of cells and tissue was used. Comparisons of 

this kit with the formerly used hot phenol-chloroform extraction method revealed that 

similar yields were obtained with both methods. The DNA Micro kit was less toxic and 

easier to apply as compared to the hot phenol-chloroform extraction method. 

Furthermore, a PCR targeting human β-globin was used to estimate DNA quality and 

quantity in each sample. After successful detection of human 268 bp sized DNA 

fragments, the optimised PCR was applied (MADICO et al., 2000). This method 

allowed amplification of smaller Cp. pneumoniae fragments as compared to the 
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published PCR method (GAYDOS et al., 1992). Sequencing of nested PCR 

fragments was done to verify PCR results and identify the obtained fragments as Cp. 

pneumoniae-specific.  

In conclusion, optimal DNA purification and amplification methods are key factors for 

successful detection of rare targets in small paraffin-embedded tissue samples.  

The failure to detect Cp. pneumoniae DNA in temporal artery tissues of 90 GCA 

patients (REGAN et al., 2002) could be also explained by another antigen which was 

responsible for the onset of disease in this study group. Nucleic acids of other 

infectious agents, like herpes simplex virus, parvovirus B13, human herpes virus 6 

were identified in a number of temporal artery specimens of GCA patient and 

possibly play a role as a trigger (GABRIEL et al., 1999; MITCHELL and FONT, 2001; 

SALVARANI et al., 2002; ALVAREZ-LAFUENTE et al., 2005; POWERS et al., 2005). 

A universal PCR targeting a broad spectrum of organisms beside the optimised Cp. 

pneumoniae PCR is planned to identify additional possible antigens.  

 

4.2 Cp. pneumoniae and DC in vitro  

 

4.2.1 Establishing an in vitro system to investigate the fate of Cp. 
pneumoniae in DC 

 

Since Cp. pneumoniae-infected DC were detected in vivo in atherosclerosis 

(BOBRYSHEV et al., 2004) and GCA (WAGNER et al., 2000), a cell culture model 

was developed to investigate the fate of the pathogen in the most potent antigen 

presenting cell of the immune system. IF microscopy clearly revealed that the 

infection is not a classical infection as seen in HEp-2 cells. Chlamydiae as detected 

in DC after infection obviously differed morphologically from that observed in infected 

HEp-2 or HeLa cells (WOLF et al., 2000; KUTLIN et al., 2001). Flow cytometry was 

applied to show the intracellular localisation of Cp. pneumoniae. These results are 

concordant with a former study done with Chlamydia trachomatis (MATYSZAK et al., 

2002). An earlier study by Airenne and coworkers reported detection of similar 

chlamydial inclusions and organisms after infection of monocytes with Cp. 

pneumoniae (AIRENNE et al., 1999). In their experimental setting, Cp. pneumoniae 

remained culture-negative and expressed a transcript profile indicative of persistent 
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infection. In contrast, in this study infected DC harvested at several time points p. i. 

produced infectious progeny, indicating that at least a few Cp. pneumoniae 

completed the entire developmental cycle. 

The detection of transcripts for ftsK and tal suggests the presence of active infection. 

As shown by several research groups, both genes are severely transcriptionally 

repressed during persistent infection (BYRNE et al., 2001; GERARD et al., 2002). 

Since no quantification was applied, the data do not provide sufficient information 

about bacterial growth. Therefore a clear statement about the biologic state of Cp. 

pneumoniae in DC is not possible. At least, detection of highly labile mRNAs 

indicates viable Chlamydiae. 

However, although the majority of DC were clearly invaded by Cp. pneumoniae as 

detected by immunofluorescence, the low amount of chlamydial progeny indicated 

only a low-grade infection. Possibly, Chlamydiae used initially for infection in part are 

ingested and degraded by DC as recently observed in monotypic cells (WOLF et al., 

2005). In summary, these results suggest that host-pathogen interactions in Cp. 

pneumoniae-infected DC may be more similar to those in monocytic cells than those 

obtained in HEp-2 cells. 

The reasons for the considerable variation of infectious progeny between the 

different experiments are still unknown. Since a clinical isolate of Cp. pneumoniae 

was used, the variation in production of new EB could be due to the selection of 

different subpopulations of Cp. pneumoniae within the original isolate. Also, recent 

experiments with T lymphocytes have shown similar results which were suggested to 

be donor-specific and dependent on the genetic background of the host 

(HARANAGA et al., 2001). In addition, the method used here to generate DC may 

lead to a few more permissive cells in the DC population, as shown by differential 

expression of surface markers. 

The implication of Cp. pneumoniae infection on DC was investigated by flow 

cytometric analysis of surface molecules, which are known to be up-regulated during 

the maturation of DC. Maturation of DC occurs after uptake and processing of foreign 

antigen and migration to lymphoid organs. As DC mature, they acquire the properties 

necessary to form and transport peptide-loaded MHC class II complexes to the cell 

surface. Antigen transport to the cell surface coincides with increased expression of 

costimulatory molecules, such as B7-1/CD80 and B7-2/CD86 and the maturation 

marker CD83 (CELLA et al., 1997). Following antigen exposure and activation, DC 
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migrate into T cell areas of lymphoid organs, indicated by up-regulation of CCR7 

(YANAGIHARA et al., 1998; FUJIMOTO and TEDDER, 2006). After infection of DC 

with Cp. pneumoniae, an increased expression of CD80, CD83 and CCR7 compared 

to mock-infected DC was detected. The increase of expression on DC infected with a 

MOI of 10 was higher than on DC infected with an MOI of 2 but lower compared to 

DC matured with TNF-α and PGE2. These results indicate, that Cp. pneumoniae 

prevent full maturation of DC. As a consequence, activation of effector T cells could 

be inhibited. This mechanism to escape the immune system is known for some 

viruses, like human cytomegalovirus and herpes simplex virus 1 as well as for the 

protozoa Trypanosoma cruzi (SALIO et al., 1999; VAN OVERTVELT et al., 1999; 

MOUTAFTSI et al., 2002). 

To further address the question of whether Cp. pneumoniae inside DC possessed 

the morphologic characteristics of persistent infection (RADECKE et al., 1998; 

HOGAN et al., 2004), electron microscopy was applied. Two hours after infection, 

multiple small endosomal vesicles containing one or more EB were seen. However, 

inclusions, containing only Chlamydiae resembling small RB were detected at time 

points at which infectivity was negative. The Chlamydiae are small, suggesting that 

these structures are more likely aberrant forms and support the possibility of primarily 

persistent infection combined with a few actively infected DC. However, atypical RB 

in IFN-γ− and Penicillin-G-induced persistence, or from amino acid deprivation are 

much larger than EB (HOGAN et al., 2004). The small-sized Chlamydiae observed in 

the experiments described here may be characteristic for persistence of Cp. 

pneumoniae in DC. These observations suggest that the fate of Cp. pneumoniae 

depends in part on the host cell type and in part on Cp. pneumoniae. 

Cp. pneumoniae-infected DC induced production of TNF-α from 2 h to 25 days p.i. 

with a maximum on day 2. TNF-α production decreased continuously over time. In 

contrast, mock-infected monocyte-derived DC released no TNF-α. TNF-α has long 

been known to be chlamydiastatic (SHEMER-AVNI et al., 1988). In a mouse model it 

was shown that TNF-α is beneficial to the host in the course of C. trachomatis 

infection, eradicating the pathogen earlier and thus lessening the chance of tubal 

pathology (DARVILLE et al., 1997). Other studies showed that human respiratory 

epithelial cells release TNF-α following Cp. pneumoniae infection as an important 

first line of defence (YANG et al., 2003). The data are supported by the fact that 
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patients treated with antibodies to TNF-α have an increased susceptibility to different 

intracellular infections (NETEA et al., 2003). Therefore, there is controversy 

concerning the use of anti-TNF-α therapy in reactive arthritis. Nevertheless, in four 

patients with longstanding active GCA the application of TNF-α blocking agents led 

to an improvement (CANTINI et al., 2001). Even though patients with reactive 

arthritides and GCA experience relief of symptoms, we do not know whether or not 

persistent infection may be perpetuated by anti-TNF-α treatment. 

The understanding of interactions between Cp. pneumoniae with host DC, and the 

molecular events resulting from such interactions, may shed light on the mechanisms 

of initiation of the immune response to this infectious agent, as well as on aspects of 

invasiveness, pathogenicity and persistence of these bacteria in acute and chronic 

chlamydial diseases. Studies are ongoing to clarify which factors influence the 

infectivity of Cp. pneumoniae in human monocyte-derived DC. 

 

 

4.2.2 Transmission of Cp. pneumoniae from DC to macrophages is 
possible  

 

One of the aims of this study was to analyse the possible transmission of Cp. 

pneumoniae from DC to macrophages. To avoid phagocytosis of infected DC by 

macrophages, the two cell types were cultivated together, but separated by a porous 

membrane. By cultivating the cells in two separate compartments, it was possible to 

individually investigate the characteristics of Cp. pneumoniae infection in each cell 

type. Immunocytochemistry clearly revealed the susceptibility of human DC to Cp. 

pneumoniae in the coculture model. DC cultivated on the transwell membrane 

allowed the development of chlamydial inclusions. This result is supported by 

previous findings according to which human monocyte-derived DC are susceptible to 

Cp. pneumoniae infection (BOBRYSHEV et al., 2004). However, in the present 

study, numerous large inclusions developed inside DC compared to the development 

of small inclusions when the DC were cultivated alone. It is probable that currently 

unknown soluble factors secreted by cocultivated macrophages may be responsible 

for the development of larger inclusions inside DC.  

Also the number of chlamydial organisms initially used for infection could influence 

the size of the inclusions. For example, in the present study an MOI of 10 was used 
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instead of an MOI of 2 as was used to infect DC alone. In cocultivated macrophages, 

IF also revealed large chlamydial inclusions increasing in size, comparable to 

inclusions in permissive HEp-2 cells. In contrast, another study observed only small 

inclusion-like structures and few large inclusions after infection of monocyte-derived 

macrophages with an MOI of 1 and identified the small inclusions as LAMP-2-positive 

phagosomes containing chlamydial antigen, suggesting degradation of Cp. 

pneumoniae (WOLF et al., 2005). Further investigations are ongoing to clarify which 

factors in the coculture of DC and macrophages are responsible for the development 

of large chlamydial inclusions and if degradation of the Chlamydiae inside DC and 

macrophages occurs or is prevented. 

The major part of Cp. pneumoniae detected in macrophages originated directly from 

the chlamydial stock as shown by the absence of the BODIPY TR labelling of the 

chlamydial inclusions in the cocultivated macrophages. The second fraction finished 

the developmental cycle in DC before transmission to macrophages as shown by the 

presence of the BODIPY TR labelling and the simultaneous staining of chlamydial 

antigen. The finding that Chlamydiae directly infect macrophages suggests that 

Chlamydiae adhered to DC and/or plastic ware and resist the stringent washing 

steps. However, flow cytometry experiments have shown that the majority of C. 

trachomatis  inoculated by centrifugation are obviously intracellular (MATYSZAK et 

al., 2002).  

The detection of increasing 16S rRNA transcript levels in DC, macrophages and the 

permissive HEp-2 cells from day 1 to day 3 indicates that the Chlamydiae are 

metabolically active and dividing as shown by Mathews and coworkers for Chlamydia 

trachomatis (MATHEWS et al., 1999). The unaltered level of 16S rRNA on day 5 

compared to day 3 can be explained by the fact that chlamydial EB were released 

after 84 h and subsequently began a new round of infection (WOLF et al., 2000) but 

did not yet multiply at this time point. Furthermore, the expression pattern of the 16S 

rRNA gene in DC and macrophages is similar compared to the expression pattern in 

HEp-2 cells, suggesting active rather than persistent infection in DC and cocultivated 

macrophages. However, the number of 16S rRNA transcripts is much higher in the 

permissive HEp-2 cells compared to DC and cocultivated macrophages. Possibly, 

fewer DC and cocultivated macrophages as compared to HEp-2 cells are susceptible 

for Cp. pneumoniae and allow the developmental cycle whereas other DC and 

macrophages inhibit or degrade the pathogen as shown recently for other monocytic 
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cells (WOLF et al., 2005). The presence of 16S rRNA transcripts inside macrophages 

on day 1 after starting the cocultivation with infected DC indicates direct infection of 

macrophages by Cp. pneumoniae originated from the inoculum initially used to infect 

DC. However, the increase of 16S rRNA transcripts on day 3 and later inside 

macrophages strongly suggests that the Chlamydia responsible for this delayed 

infection had to first pass through their developmental cycle in the DC. 

To investigate the chlamydial gene expression profiles in infected DC and 

cocultivated macrophages, genes were selected which are known to be expressed at 

different stages of the chlamydial developmental cycle. Peak expression of the euo 

gene is in the early (ABDELRAHMAN and BELLAND, 2005), of the groE1L gene in 

the early to middle and of the ompA gene in the middle phase of the developmental 

cycle (NICHOLSON et al., 2003; SLEPENKIN et al., 2003; OUELLETTE et al., 2005). 

As control cells of a permissive infection, HEp-2 cells were infected with the same 

MOI of 10 and analysed at the same culture time points day 1, day 3 and day 5 after 

infection. The mRNA/16s rRNA ratios of all investigated genes were higher in HEp-2 

cells as compared to DC and macrophages, suggesting that similar numbers of 

chlamydiae synthesise more RNA inside HEp-2 cells than inside DC and 

macrophages. Furthermore, expression of the ompA gene and groEL1 gene were not 

detectable inside macrophages on day 1 after starting the cocultivation with infected 

DC although expression of the 16S rRNA gene and euo could be quantified. This 

delay in expression can be explained by infection of macrophages at later time 

points. Comparing the expression pattern of all investigated genes in DC, 

cocultivated macrophages and in permissive HEp-2 cells, the differences suggest 

that the type of host cell directly influences chlamydial gene expression. 

Summarising all data of this and other in vitro and in vivo studies (GAYDOS et al., 

1996; MOAZED et al., 1998; GIEFFERS et al., 2004), macrophages may serve as an 

acceptor cell in the yet unknown process of pathogen dissemination. 

 

4.3 Outlook 

 

This study delivered new information regarding pathogenic mechanisms in the 

arterial wall of GCA patients. The presence of tissue-residing DC in close contact to 

activated CD4+ cells in temporal artery specimens of GCA patients and the 
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cytoskeletal reorganisation in the activated CD4+ T cells support again the 

hypothesis of an antigen-triggered mechanism. Furthermore, the detection of Cp. 

pneumoniae DNA and antigen in temporal artery specimens of GCA patients in the 

study group strongly suggest that Cp. pneumoniae served as an initiator of the 

disease process in these patients. To clarify if Cp. pneumoniae is present in all cases 

of GCA needs to be tested in large collectives of GCA patients and appropriate 

controls. For this purpose, both the DNA extraction method and the Cp. pneumoniae 

PCR were optimised in this study and are now ready to use. 

Cell culture experiments with human monocyte-derived DC revealed that DC are 

indeed infectible with Cp. pneumoniae. Moreover, macrophages could be infected 

when cocultivated without direct cell-to-cell contact. 

However, the evidence that DC are infected by Cp. pneumoniae in vivo, still remains 

elusive. To shed some light in this situation, the establishment of a mouse model is 

currently under progress.  
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BLAST results for Cp. pneumoniae 16S rRNA gene fragment 
 
BLASTN 2.2.15 [Oct-15-2006] 
RID: 1163788451-26545-6604739746.BLASTQ2 
 
 
Database: All GenBank+EMBL+DDBJ+PDB sequences (but no EST, STS, 
GSS,environmental samples or phase 0, 1 or 2 HTGS sequences) 
           4,564,698 sequences; 18,422,510,013 total letters 
Query=   
Length=101 
 
 
Distance tree of results   
 
                                                                   Score     E 
Sequences producing significant alignments:                        (Bits)  Value 
 
gi|90762300|gb|DQ444323.1|  Chlamydophila pneumoniae strain WB...   187    4e-45 
gi|49659763|gb|AY555075.1|  Chlamydophila pneumoniae LKK-1 16S...   187    4e-45 
gi|33236669|gb|AE017160.1|  Chlamydophila pneumoniae TW-183, s...   187    4e-45 
gi|12057210|gb|AE002161.1|  Chlamydophila pneumoniae AR39, comple   187    4e-45 
gi|6626250|gb|AE001363.1|  Chlamydophila pneumoniae CWL029, compl   187    4e-45 
gi|47118320|dbj|BA000008.3|  Chlamydophila pneumoniae J138 genomi   187    4e-45 
gi|4680377|gb|AF139200.1|  Chlamydia cf. pneumoniae CPXT1 16S ...   187    4e-45 
gi|870990|emb|Z49874.1|CPIOL16SR  C.pneumoniae IOL207 gene for 16   187    4e-45 
gi|870992|emb|Z49873.1|CPTW183RR  C.pneumoniae TW183 gene for 16S   187    4e-45 
gi|1658056|gb|U73783.1|CPU73783  Chlamydia pneumoniae 16S ribosom   187    4e-45 
gi|174111|gb|L06108.1|CHT16SR  Chlamydia pneumoniae 16S ribosomal   187    4e-45 
gi|88697811|gb|DQ374237.1|  Uncultured bacterium clone Souza16...   182    2e-43 
gi|298562|gb|S56213.1|  16S rRNA [Chlamydia pneumoniae, isolat...   182    2e-43 
gi|5091492|gb|U68426.2|CPU68426  Chlamydophila pneumoniae N16 ...   182    2e-43 
gi|76167241|gb|CP000051.1|  Chlamydia trachomatis A/HAR-13, compl   180    7e-43 
gi|29251571|gb|AE002160.2|  Chlamydia muridarum Nigg, complete ge   180    7e-43 
gi|50363253|gb|AY661797.1|  Chlamydia suis strain 32XII 16S ri...   180    7e-43 
gi|50363252|gb|AY661796.1|  Chlamydia suis strain 14VII 16S ri...   180    7e-43 
gi|50363251|gb|AY661795.1|  Chlamydia suis strain 14V 16S ribo...   180    7e-43 
gi|50363250|gb|AY661794.1|  Chlamydia suis strain 13VII 16S ri...   180    7e-43 
gi|63355065|gb|DQ019310.1|  Chlamydia trachomatis strain L4/40...   180    7e-43 
gi|63355046|gb|DQ019309.1|  Chlamydia trachomatis strain L2/43...   180    7e-43 
gi|63355028|gb|DQ019308.1|  Chlamydia trachomatis strain L1/44...   180    7e-43 
gi|63355015|gb|DQ019307.1|  Chlamydia trachomatis strain K/UW-...   180    7e-43 
gi|63355001|gb|DQ019306.1|  Chlamydia trachomatis strain J/UW-...   180    7e-43 
gi|63354980|gb|DQ019305.1|  Chlamydia trachomatis strain Ia/87...   180    7e-43 
gi|63354962|gb|DQ019304.1|  Chlamydia trachomatis strain I/UW-...   180    7e-43 
gi|63354948|gb|DQ019303.1|  Chlamydia trachomatis strain H/UW-...   180    7e-43 
gi|63354929|gb|DQ019302.1|  Chlamydia trachomatis strain G/UW-...   180    7e-43 
gi|63354912|gb|DQ019301.1|  Chlamydia trachomatis strain F/IC-...   180    7e-43 
gi|63354889|gb|DQ019300.1|  Chlamydia trachomatis strain E/Bou...   180    7e-43 
gi|63354867|gb|DQ019299.1|  Chlamydia trachomatis strain D/IC-...   180    7e-43 
gi|63354848|gb|DQ019298.1|  Chlamydia trachomatis strain D/UW-...   180    7e-43 
gi|63354832|gb|DQ019297.1|  Chlamydia trachomatis strain C/TW-...   180    7e-43 
gi|63354815|gb|DQ019296.1|  Chlamydia trachomatis strain C/TW-...   180    7e-43 
gi|63354795|gb|DQ019295.1|  Chlamydia trachomatis strain Ba/Ap...   180    7e-43 
gi|63354771|gb|DQ019294.1|  Chlamydia trachomatis strain B/TW-...   180    7e-43 
gi|63354741|gb|DQ019293.1|  Chlamydia trachomatis strain B/Tun...   180    7e-43 
gi|63354727|gb|DQ019292.1|  Chlamydia trachomatis strain A/Har...   180    7e-43 
gi|63354709|gb|DQ019291.1|  Chlamydia trachomatis strain A/Har...   180    7e-43 
gi|12057206|gb|AE001273.1|  Chlamydia trachomatis D/UW-3/CX, comp   180    7e-43 
gi|5123455|gb|U73110.2|CTU73110  Chlamydia suis strain S45 16S...   180    7e-43 
gi|5042378|gb|U68437.2|CTU68437  Chlamydia muridarum strain SF...   180    7e-43 
gi|5042363|gb|U68443.2|CTU68443  Chlamydia trachomatis strain ...   180    7e-43 
gi|2576242|dbj|D89067.1|  Chlamydia trachomatis gene for 16S rRNA   180    7e-43 
gi|2576240|dbj|D88316.1|  Chlamydia trachomatis gene for 16S rRNA   180    7e-43 
gi|2114174|dbj|D85722.1|  Chlamydia trachomatis DNA for 16S ribos   180    7e-43 
gi|2114173|dbj|D85721.1|  Chlamydia trachomatis DNA for 16S ribos   180    7e-43 
gi|2114172|dbj|D85720.1|  Chlamydia trachomatis DNA for 16S ribos   180    7e-43 
gi|2114171|dbj|D85719.1|  Chlamydia trachomatis DNA for 16S ribos   180    7e-43 
gi|2114170|dbj|D85718.1|  Chlamydia muridarum DNA for 16S ribosom   180    7e-43 
gi|89331179|dbj|AP006861.1|  Chlamydophila felis Fe/C-56 DNA, com   176    9e-42 
gi|33114020|gb|AY334534.1|  Chlamydophila felis clone cvCfe3 1...   176    9e-42 
gi|33114019|gb|AY334533.1|  Chlamydophila felis clone cvCfe2 1...   176    9e-42 
gi|33114018|gb|AY334532.1|  Chlamydophila felis clone cvCfe1 1...   176    9e-42 
gi|33114017|gb|AY334531.1|  Chlamydophila psittaci clone cvCps...   176    9e-42 
gi|33114016|gb|AY334530.1|  Chlamydophila psittaci clone cvCps...   176    9e-42 
gi|33114015|gb|AY334529.1|  Chlamydophila psittaci clone cvCps...   176    9e-42 
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gi|33114014|gb|AY334528.1|  Chlamydophila psittaci clone cvCps...   176    9e-42 
gi|62147714|emb|CR848038.1|  Chlamydophila abortus strain S26/3,    176    9e-42 
gi|1902866|dbj|AB001803.1|  Chlamydophila psittaci gene for 16S r   176    9e-42 
gi|1902879|dbj|AB001816.1|  Chlamydophila abortus gene for 16S rR   176    9e-42 
gi|1902878|dbj|AB001815.1|  Chlamydophila psittaci gene for 16S r   176    9e-42 
gi|1902877|dbj|AB001814.1|  Chlamydophila psittaci gene for 16S r   176    9e-42 
gi|1902876|dbj|AB001813.1|  Chlamydophila psittaci gene for 16S r   176    9e-42 
gi|1902875|dbj|AB001812.1|  Chlamydophila psittaci gene for 16S r   176    9e-42 
gi|1902874|dbj|AB001811.1|  Chlamydophila psittaci gene for 16S r   176    9e-42 
gi|1902873|dbj|AB001810.1|  Chlamydophila psittaci gene for 16S r   176    9e-42 
gi|1902872|dbj|AB001809.1|  Chlamydophila psittaci gene for 16S r   176    9e-42 
gi|1902871|dbj|AB001808.1|  Chlamydophila psittaci gene for 16S r   176    9e-42 
gi|1902870|dbj|AB001807.1|  Chlamydophila psittaci gene for 16S r   176    9e-42 
gi|1902869|dbj|AB001806.1|  Chlamydophila psittaci gene for 16S r   176    9e-42 
gi|1902868|dbj|AB001805.1|  Chlamydophila psittaci gene for 16S r   176    9e-42 
gi|1902867|dbj|AB001804.1|  Chlamydophila psittaci gene for 16S r   176    9e-42 
gi|1902865|dbj|AB001802.1|  Chlamydophila psittaci gene for 16S r   176    9e-42 
gi|1902864|dbj|AB001801.1|  Chlamydophila psittaci gene for 16S r   176    9e-42 
gi|1902863|dbj|AB001800.1|  Chlamydophila psittaci gene for 16S r   176    9e-42 
gi|1902862|dbj|AB001799.1|  Chlamydophila psittaci gene for 16S r   176    9e-42 
gi|1902861|dbj|AB001798.1|  Chlamydophila psittaci gene for 16S r   176    9e-42 
gi|1902860|dbj|AB001797.1|  Chlamydophila psittaci gene for 16S r   176    9e-42 
gi|1902859|dbj|AB001796.1|  Chlamydophila psittaci gene for 16S r   176    9e-42 
gi|1902858|dbj|AB001795.1|  Chlamydophila psittaci gene for 16S r   176    9e-42 
gi|1902857|dbj|AB001794.1|  Chlamydophila psittaci gene for 16S r   176    9e-42 
gi|1902856|dbj|AB001793.1|  Chlamydophila psittaci gene for 16S r   176    9e-42 
gi|1902855|dbj|AB001792.1|  Chlamydophila psittaci gene for 16S r   176    9e-42 
gi|1902854|dbj|AB001791.1|  Chlamydophila psittaci gene for 16S r   176    9e-42 
gi|1902853|dbj|AB001790.1|  Chlamydophila psittaci gene for 16S r   176    9e-42 
gi|1902852|dbj|AB001789.1|  Chlamydophila psittaci gene for 16S r   176    9e-42 
gi|1902851|dbj|AB001788.1|  Chlamydophila psittaci gene for 16S r   176    9e-42 
gi|1902850|dbj|AB001787.1|  Chlamydophila psittaci gene for 16S r   176    9e-42 
gi|1902849|dbj|AB001786.1|  Chlamydophila psittaci gene for 16S r   176    9e-42 
gi|1902847|dbj|AB001784.1|  Chlamydophila psittaci gene for 16S r   176    9e-42 
gi|1902845|dbj|AB001782.1|  Chlamydophila psittaci gene for 16S r   176    9e-42 
gi|1902844|dbj|AB001781.1|  Chlamydophila psittaci gene for 16S r   176    9e-42 
gi|1902843|dbj|AB001780.1|  Chlamydophila psittaci gene for 16S r   176    9e-42 
gi|1902842|dbj|AB001779.1|  Chlamydophila psittaci gene for 16S r   176    9e-42 
gi|1902841|dbj|AB001778.1|  Chlamydophila psittaci gene for 16S r   176    9e-42 
gi|2114165|dbj|D85713.1|  Chlamydophila psittaci gene for 16S ...   176    9e-42 
gi|2114164|dbj|D85712.1|  Chlamydophila psittaci gene for 16S ...   176    9e-42 
gi|2114163|dbj|D85711.1|  Chlamydophila psittaci gene for 16S ...   176    9e-42 
gi|2114162|dbj|D85710.1|  Chlamydophila psittaci gene for 16S ...   176    9e-42 
gi|5148936|gb|U68419.2|CPU68419  Chlamydophila psittaci NJ1, 1...   176    9e-42 
gi|4803853|gb|U76710.2|CPU76710  Chlamydophila abortus strain ...   176    9e-42 
gi|5042362|gb|U68447.2|CPU68447  Chlamydophila psittaci strain...   176    9e-42 
gi|29835126|gb|AE015925.1|  Chlamydophila caviae GPIC, complete g   176    9e-42 
gi|1658058|gb|U73785.1|CPU73785  Chlamydia pecorum 16S ribosomal    176    9e-42 
gi|1658055|gb|U73782.1|CPU73782  Chlamydia pecorum 16S ribosomal    176    9e-42 
gi|870991|emb|Z49872.1|CPOAE16SR  Chlamydophila abortus 16S rRNA    176    9e-42 
gi|870989|emb|Z49871.1|CPEAE16SR  Chlamydophila abortus 16S rRNA    176    9e-42 
gi|2576241|dbj|D88317.1|  Chlamydophila pecorum gene for 16S rRNA   176    9e-42 
gi|2114169|dbj|D85717.1|  Chlamydia pecorum DNA for 16S ribosomal   176    9e-42 
gi|2114168|dbj|D85716.1|  Chlamydia pecorum DNA for 16S ribosomal   176    9e-42 
gi|2114167|dbj|D85715.1|  Chlamydia pecorum DNA for 16S ribosomal   176    9e-42 
gi|2114166|dbj|D85714.1|  Chlamydia pecorum DNA for 16S ribosomal   176    9e-42 
gi|2114161|dbj|D85709.1|  Chlamydophila abortus DNA for 16S ribos   176    9e-42 
gi|2114160|dbj|D85708.1|  Chlamydophila caviae DNA for 16S riboso   176    9e-42 
gi|2114159|dbj|D85707.1|  Chlamydophila felis DNA for 16S ribosom   176    9e-42 
gi|2114158|dbj|D85706.1|  Chlamydophila felis DNA for 16S ribosom   176    9e-42 
gi|2114157|dbj|D85705.1|  Chlamydophila felis DNA for 16S ribosom   176    9e-42 
gi|2114156|dbj|D85704.1|  Chlamydophila felis DNA for 16S ribosom   176    9e-42 
gi|2114155|dbj|D85703.1|  Chlamydophila felis DNA for 16S ribosom   176    9e-42 
gi|2114154|dbj|D85702.1|  Chlamydophila felis DNA for 16S ribosom   176    9e-42 
gi|2114153|dbj|D85701.1|  Chlamydophila felis DNA for 16S ribosom   176    9e-42 
gi|1902848|dbj|AB001785.1|  Chlamydophila felis gene for 16S rRNA   176    9e-42 
gi|1902846|dbj|AB001783.1|  Chlamydophila abortus gene for 16S rR   176    9e-42 
gi|1902840|dbj|AB001777.1|  Chlamydia pecorum gene for 16S rRNA,    176    9e-42 
gi|1902839|dbj|AB001776.1|  Chlamydia pecorum gene for 16S rRNA,    176    9e-42 
gi|1902838|dbj|AB001775.1|  Chlamydia pecorum gene for 16S rRNA,    176    9e-42 
gi|1902837|dbj|AB001774.1|  Chlamydia pecorum gene for 16S rRNA,    176    9e-42 
gi|4809291|gb|U68420.2|CTU68420  Chlamydia suis strain R22 16S...   174    3e-41 
gi|68271026|gb|DQ011662.1|  Chlamydia sp. CH301104 16S ribosomal    169    2e-39 
gi|18029197|gb|AF364568.1|  Uncultured Chlamydiales bacterium ...   165    2e-38 
gi|41529438|dbj|AB116409.1|  Uncultured Chlamydia sp. gene for...   165    2e-38 
gi|116292836|gb|DQ996923.1|  Uncultured Chlamydiae bacterium c...   163    7e-38 
gi|18029206|gb|AF364577.1|  Uncultured Chlamydiales bacterium ...   163    7e-38 
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gi|18029205|gb|AF364576.1|  Uncultured Chlamydiales bacterium ...   163    7e-38 
gi|18029203|gb|AF364574.1|  Uncultured Chlamydiales bacterium ...   163    7e-38 
gi|18029202|gb|AF364573.1|  Uncultured Chlamydiales bacterium ...   163    7e-38 
gi|18029201|gb|AF364572.1|  Uncultured Chlamydiales bacterium ...   163    7e-38 
gi|18029200|gb|AF364571.1|  Uncultured Chlamydiales bacterium ...   163    7e-38 
gi|18029199|gb|AF364570.1|  Uncultured Chlamydiales bacterium ...   163    7e-38 
gi|18029196|gb|AF364567.1|  Uncultured Chlamydiales bacterium ...   163    7e-38 
gi|18029191|gb|AF364562.1|  Uncultured Chlamydiales bacterium ...   163    7e-38 
gi|18029190|gb|AF364561.1|  Uncultured Chlamydiales bacterium ...   163    7e-38 
gi|18029189|gb|AF364560.1|  Uncultured Chlamydiales bacterium ...   163    7e-38 
gi|18029188|gb|AF364559.1|  Uncultured Chlamydiales bacterium ...   163    7e-38 
gi|20043261|gb|AF448723.2|  Uncultured Chlamydiales bacterium ...   163    7e-38 
gi|29293172|gb|AY223862.1|  Candidatus Rhabdochlamydia porcell...   163    7e-38 
gi|28435964|gb|AY193206.1|  Uncultured Chlamydiales bacterium ...   163    7e-38 
gi|62798889|gb|AY928092.1|  Rhabdochlamydia crassificans strai...   163    7e-38 
gi|41529530|dbj|AB116501.1|  Uncultured Chlamydia sp. gene for...   163    7e-38 
gi|58200071|gb|AY690109.1|  Uncultured Chlamydiae bacterium cl...   163    7e-38 
gi|99092490|gb|DQ444442.1|  Uncultured bacterium clone LT110Pl...   159    9e-37 
gi|83835045|gb|DQ330728.1|  Uncultured candidate division OP9 ...   159    9e-37 
gi|83834946|gb|DQ330629.1|  Uncultured candidate division GN03...   159    9e-37 
gi|83834944|gb|DQ330627.1|  Uncultured candidate division GN03...   159    9e-37 
gi|83834942|gb|DQ330625.1|  Uncultured candidate division GN03...   159    9e-37 
gi|83834941|gb|DQ330624.1|  Uncultured candidate division GN03...   159    9e-37 
gi|83834939|gb|DQ330622.1|  Uncultured candidate division GN03...   159    9e-37 
gi|83834938|gb|DQ330621.1|  Uncultured candidate division GN03...   159    9e-37 
gi|83834937|gb|DQ330620.1|  Uncultured candidate division GN03...   159    9e-37 
gi|83834936|gb|DQ330619.1|  Uncultured candidate division GN03...   159    9e-37 
gi|83834935|gb|DQ330618.1|  Uncultured candidate division GN03...   159    9e-37 
gi|83834934|gb|DQ330617.1|  Uncultured candidate division GN03...   159    9e-37 
gi|83834933|gb|DQ330616.1|  Uncultured candidate division GN03...   159    9e-37 
gi|83834932|gb|DQ330615.1|  Uncultured candidate division GN03...   159    9e-37 
gi|83834931|gb|DQ330614.1|  Uncultured candidate division GN03...   159    9e-37 
gi|83834930|gb|DQ330613.1|  Uncultured candidate division GN03...   159    9e-37 
gi|83834929|gb|DQ330612.1|  Uncultured candidate division GN03...   159    9e-37 
gi|83834928|gb|DQ330611.1|  Uncultured candidate division GN03...   159    9e-37 
gi|83834926|gb|DQ330609.1|  Uncultured candidate division GN03...   159    9e-37 
gi|83834925|gb|DQ330608.1|  Uncultured candidate division GN03...   159    9e-37 
gi|83834924|gb|DQ330607.1|  Uncultured candidate division GN03...   159    9e-37 
gi|83834921|gb|DQ330604.1|  Uncultured candidate division GN03...   159    9e-37 
gi|83834920|gb|DQ330603.1|  Uncultured candidate division GN03...   159    9e-37 
gi|94962677|gb|DQ499975.1|  Uncultured bacterium clone B13 16S...   159    9e-37 
gi|67106769|gb|DQ013162.1|  Uncultured phototrophic eukaryote ...   159    9e-37 
gi|90653368|gb|DQ395642.1|  Uncultured organism clone ctg_CGOF...   159    9e-37 
gi|90653337|gb|DQ395611.1|  Uncultured organism clone ctg_CGOF...   159    9e-37 
gi|83616480|gb|DQ309029.1|  Parachlamydia acanthamoebae strain...   159    9e-37 
gi|75993409|gb|DQ187918.1|  Uncultured eukaryote clone 49 16S ...   159    9e-37 
gi|5359846|gb|AF142864.1|  Uncultured bacterium BURTON-46 16S ...   159    9e-37 
gi|11120572|gb|AF308693.1|  Uncultured bacterium corvenA4 16S ...   159    9e-37 
gi|20043260|gb|AF448722.2|  Uncultured Chlamydiales bacterium ...   159    9e-37 
gi|20502878|gb|AF478463.1|  Uncultured Parachlamydiaceae bacte...   159    9e-37 
gi|54125649|gb|AY702195.1|  Uncultured phototrophic eukaryote ...   159    9e-37 
gi|54125638|gb|AY702176.1|  Uncultured phototrophic eukaryote ...   159    9e-37 
gi|54125636|gb|AY702174.1|  Uncultured phototrophic eukaryote ...   159    9e-37 
gi|31747860|gb|AY140911.1|  Candidatus Fritschea eriococci str...   159    9e-37 
gi|31747861|gb|AY140910.1|  Candidatus Fritschea bemisiae stra...   159    9e-37 
gi|14030551|gb|AF366365.1|  Parachlamydia sp. Hall's coccus 16...   159    9e-37 
gi|20978245|gb|AF507790.1|  Uncultured soil bacterium clone S1...   159    9e-37 
gi|55783708|emb|AJ715410.1|  Parachlamydia sp. UV-7 16S rRNA gene   159    9e-37 
gi|12056321|emb|AJ295649.1|UBA295649  Uncultured bacterium KF-JG3   159    9e-37 
gi|27652405|gb|AY171379.1|  Uncultured bacterium clone s56 16S...   159    9e-37 
gi|18029924|gb|AF400484.1|  Endosymbiont of Bemisia tabaci bio...   159    9e-37 
gi|27817756|emb|AJ536877.1|UBA536877  Uncultured bacterium partia   159    9e-37 
gi|58199861|gb|AY689899.1|  Uncultured Chlamydiae bacterium cl...   159    9e-37 
gi|58199497|gb|AY689535.1|  Uncultured Chlamydiae bacterium cl...   159    9e-37 
gi|1491675|emb|Y07556.1|CSPSSURR  Parachlamydia acanthamoebae gen   159    9e-37 
gi|60266386|gb|AY921840.1|  Uncultured Chlorobi bacterium clon...   159    9e-37 
gi|116292835|gb|DQ996922.1|  Uncultured Chlamydiae bacterium c...   158    3e-36 
gi|74422938|gb|DQ140041.1|  Uncultured bacterium clone DCC42-8...   158    3e-36 
gi|110796788|dbj|AB266953.1|  Uncultured bacterium gene for 16...   158    3e-36 
gi|54398317|gb|AY453258.2|  Uncultured bacterium clone Dpcom24...   158    3e-36 
gi|6707545|gb|AF211307.1|  Uncultured bacterium CE50 16S ribos...   158    3e-36 
gi|18029204|gb|AF364575.1|  Uncultured Chlamydiales bacterium ...   158    3e-36 
gi|18029195|gb|AF364566.1|  Uncultured Chlamydiales bacterium ...   158    3e-36 
gi|18029193|gb|AF364564.1|  Uncultured Chlamydiales bacterium ...   158    3e-36 
gi|2967730|gb|AF050554.1|  Uncultured eubacterium WFeA1-35 16S...   158    3e-36 
gi|15912156|gb|AY050577.1|  Uncultured bacterium clone GOUTA4 ...   158    3e-36 
gi|29165305|gb|AY220545.1|  Uncultured Parachlamydiaceae bacte...   158    3e-36 
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gi|16518359|gb|AF424515.1|  Uncultured Chlamydiales bacterium ...   158    3e-36 
gi|37787041|gb|AY212642.1|  Uncultured bacterium clone 18up 16...   158    3e-36 
gi|34555766|gb|AY373420.1|  Uncultured bacterium clone A8 16S ...   158    3e-36 
gi|34304442|gb|AY329143.1|  Uncultured Chlorobi bacterium clon...   158    3e-36 
gi|34304440|gb|AY329141.1|  Uncultured Chlorobi bacterium clon...   158    3e-36 
gi|34304434|gb|AY329135.1|  Uncultured Chlorobi bacterium clon...   158    3e-36 
gi|81230224|dbj|AB240362.1|  Uncultured bacterium gene for 16S...   158    3e-36 
gi|68163330|dbj|AB197195.1|  Uncultured bacterium gene for 16S...   158    3e-36 
gi|61699604|gb|AY852140.1|  Uncultured Chlamydiae bacterium cl...   158    3e-36 
gi|61699254|gb|AY851790.1|  Uncultured Chlamydiae bacterium cl...   158    3e-36 
gi|29372962|gb|AY226292.1|  Uncultured delta proteobacterium c...   158    3e-36 
gi|73476068|emb|AJ966600.1|  Uncultured bacterium partial 16S rRN   158    3e-36 
gi|51100859|dbj|AB186806.1|  Uncultured bacterium gene for 16S...   158    3e-36 
gi|28208231|dbj|AB099985.1|  Uncultured bacterium gene for 16S...   158    3e-36 
gi|62959455|gb|AY945866.1|  Uncultured bacterium clone SS-36 1...   158    3e-36 
gi|56550279|emb|AJ617904.1|  Uncultured bacterium 16S rRNA gene,    158    3e-36 
gi|12056366|emb|AJ296575.1|UBA296575  Uncultured bacterium GR-...   158    3e-36 
gi|41080476|gb|AY500021.1|  Uncultured Chlorobi bacterium clon...   158    3e-36 
gi|28803946|gb|AY211076.1|  Uncultured bacterium clone VC38 16...   158    3e-36 
gi|6165636|gb|AF098330.1|AF098330  Endosymbiont of Acanthamoeb...   158    3e-36 
gi|5813834|gb|AF083616.1|AF083616  Endosymbiont of Acanthamoeb...   158    3e-36 
gi|6708113|gb|AF177275.1|AF177275  Neochlamydia hartmannellae ...   158    3e-36 
gi|18077346|emb|AJ347766.1|USB347766  Uncultured SB1 group bacter   158    3e-36 
gi|18077344|emb|AJ347764.1|USB347764  Uncultured SB1 group bacter   158    3e-36 
gi|71148543|gb|DQ070818.1|  Uncultured delta proteobacterium c...   158    3e-36 
gi|61657801|emb|AJ633960.1|  Uncultured bacterium partial 16S rRN   158    3e-36 
gi|58200179|gb|AY690217.1|  Uncultured Chlamydiae bacterium cl...   158    3e-36 
gi|58199661|gb|AY689699.1|  Uncultured candidate division OP8 ...   158    3e-36 
gi|86989055|emb|CR933021.2|  Uncultured bacterium partial 16S ...   158    3e-36 
gi|110430520|gb|DQ675026.1|  Uncultured bacterium clone QHO-B4...   156    1e-35 
gi|108946358|gb|DQ642389.1|  Uncultured bacterium clone Pav-08...   156    1e-35 
gi|98971399|gb|DQ513022.1|  Uncultured bacterium clone FS142-1...   156    1e-35 
gi|54072652|gb|AY741701.1|  Uncultured bacterium clone TTMF57 ...   156    1e-35 
gi|68685353|gb|DQ088767.1|  Uncultured bacterium clone BE325FW...   156    1e-35 
gi|13517931|gb|AF346001.1|  Waddlia chondrophila 16S ribosomal...   156    1e-35 
gi|40556740|gb|AY394769.1|  Chlorobaculum sp. BS3.1-00-36.5-6 ...   156    1e-35 
gi|40556723|gb|AY394752.1|  uncultured Chlorobaculum sp. clone...   156    1e-35 
gi|44888728|gb|AY555793.1|  Uncultured bacterium clone PK74 16...   156    1e-35 
 
ALIGNMENTS 
 
Query      1        ACACTCGCAAGGGTGAAACTCAAAAGAATTGACGGGGGCCCGCACAAGCAGTGGAGCATG  60 
90762300   897      ............................................................  956 
49659763   842      ............................................................  901 
33236669   97594    ............................................................  97653 
12057210   1069982  ............................................................  1069923 
6626250    1001460  ............................................................  1001519 
47118320   1000781  ............................................................  1000840 
4680377    878      ............................................................  937 
870990     809      ............................................................  868 
870992     834      ............................................................  893 
1658056    811      ............................................................  870 
174111     901      ............................................................  960 
88697811   151      ............................................................  210 
298562     725      ..........................G.................................  784 
5091492    860      ............................................................  919 
76167241   857772   ............................................................  857831 
76167241   879818   ............................................................  879877 
29251571   134737   ............................................................  134796 
29251571   156695   ............................................................  156754 
50363253   799      ............................................................  858 
50363252   717      ............................................................  776 
50363251   722      ............................................................  781 
50363250   829      ............................................................  888 
63355065   898      ............................................................  957 
63355046   898      ............................................................  957 
63355028   898      ............................................................  957 
63355015   898      ............................................................  957 
63355001   898      ............................................................  957 
63354980   898      ............................................................  957 
63354962   898      ............................................................  957 
63354948   898      ............................................................  957 
63354929   898      ............................................................  957 
63354912   898      ............................................................  957 
63354889   898      ............................................................  957 
63354867   898      ............................................................  957 
63354848   898      ............................................................  957 
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63354832   898      ............................................................  957 
63354815   898      ............................................................  957 
63354795   898      ............................................................  957 
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12057206   877071   ............................................................  877130 
5123455    893      ............................................................  952 
5042378    900      ............................................................  959 
5042363    904      ............................................................  963 
2576242    898      ............................................................  957 
2576240    898      ............................................................  957 
2114174    898      ............................................................  957 
2114173    898      ............................................................  957 
2114172    898      ............................................................  957 
2114171    898      ............................................................  957 
2114170    898      ............................................................  957 
89331179   148600   ............................................................  148659 
33114020   857      ............................................................  916 
33114019   857      ............................................................  916 
33114018   857      ............................................................  916 
33114017   857      ............................................................  916 
33114016   857      ............................................................  916 
33114015   857      ............................................................  916 
33114014   857      ............................................................  916 
62147714   995893   ............................................................  995834 
1902866    894      ............................................................  953 
1902879    894      ............................................................  953 
1902878    894      ............................................................  953 
1902877    894      ............................................................  953 
1902876    894      ............................................................  953 
1902875    894      ............................................................  953 
1902874    894      ............................................................  953 
1902873    894      ............................................................  953 
1902872    894      ............................................................  953 
1902871    894      ............................................................  953 
1902870    894      ............................................................  953 
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1902867    894      ............................................................  953 
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1902861    894      ............................................................  953 
1902860    894      ............................................................  953 
1902859    894      ............................................................  953 
1902858    894      ............................................................  953 
1902857    894      ............................................................  953 
1902856    894      ............................................................  953 
1902855    894      ............................................................  953 
1902854    894      ............................................................  953 
1902853    894      ............................................................  953 
1902852    894      ............................................................  953 
1902851    894      ............................................................  953 
1902850    894      ............................................................  953 
1902849    894      ............................................................  953 
1902847    894      ............................................................  953 
1902845    894      ............................................................  953 
1902844    894      ............................................................  953 
1902843    894      ............................................................  953 
1902842    894      ............................................................  953 
1902841    894      ............................................................  953 
2114165    897      ............................................................  956 
2114164    897      ............................................................  956 
2114163    897      ............................................................  956 
2114162    897      ............................................................  956 
5148936    894      ............................................................  953 
4803853    896      ............................................................  955 
5042362    901      ............................................................  960 
29835126   1024629  ............................................................  1024570 
1658058    810      ............................................................  869 
1658055    810      ............................................................  869 
870991     872      ............................................................  931 
870989     872      ............................................................  931 
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2576241    895      ............................................................  954 
2114169    895      ............................................................  954 
2114168    895      ............................................................  954 
2114167    895      ............................................................  954 
2114166    895      ............................................................  954 
2114161    897      ............................................................  956 
2114160    897      ............................................................  956 
2114159    897      ............................................................  956 
2114158    897      ............................................................  956 
2114157    897      ............................................................  956 
2114156    897      ............................................................  956 
2114155    897      ............................................................  956 
2114154    897      ............................................................  956 
2114153    897      ............................................................  956 
1902848    894      ............................................................  953 
1902846    894      ............................................................  953 
1902840    893      ............................................................  952 
1902839    893      ............................................................  952 
1902838    893      ............................................................  952 
1902837    893      ............................................................  952 
4809291    892      ............................................................  951 
68271026   850      ............................................................  909 
18029197   881         .........................................................  937 
41529438   382         ...........A......................A......................  438 
116292836  822         .........................................................  878 
18029206   886         .........................................................  942 
18029205   885         .........................................................  941 
18029203   883         .........................................................  939 
18029202   884         .........................................................  940 
18029201   886         .........................................................  942 
18029200   888         .........................................................  944 
18029199   886         .........................................................  942 
18029196   885         .........................................................  941 
18029191   886         .........................................................  942 
18029190   885         .........................................................  941 
18029189   885         .........................................................  941 
18029188   426         .........................................................  482 
20043261   818         .........................................................  874 
29293172   865         .........................................................  921 
28435964   376         .........................................................  432 
62798889   879         .........................................................  935 
41529530   382         .........................................................  438 
58200071   359         .........................................................  415 
99092490   852         .........................................................  910 
                                 \                                        \      
                                 |                                        |      
                                 G                                        G 
83835045   501         .....................G........................G..........  557 
83834946   417         .....................G........................G..........  473 
83834944   408         .....................G........................G..........  464 
83834942   460         .....................G........................G..........  516 
83834941   475         .....................G........................G..........  531 
83834939   372         .....................G........................G..........  428 
83834938   423         .....................G........................G..........  479 
83834937   440         .....................G........................G..........  496 
83834936   437         .....................G........................G..........  493 
83834935   448         .....................G........................G..........  504 
83834934   430         .....................G........................G..........  486 
83834933   405         .....................G........................G..........  461 
83834932   426         .....................G........................G..........  482 
83834931   432         .....................G........................G..........  488 
83834930   422         .....................G........................G..........  478 
83834929   405         .....................G........................G..........  461 
83834928   424         .....................G........................G..........  480 
83834926   427         .....................G........................G..........  483 
83834925   426         .....................G........................G..........  482 
83834924   412         .....................G........................G..........  468 
83834921   422         .....................G........................G..........  478 
83834920   418         .....................G........................G..........  474 
94962677   381         .....................G........................G..........  437 
67106769   369         .....................G........................G..........  425 
90653368   829         .....................G........................G..........  885 
90653337   829         .....................G........................G..........  885 
83616480   855         ..................................A......................  911 
75993409   619         .....................G...................................  675 
5359846    378         ..................................A......................  434 
11120572   813         ..................................A......................  869 
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20043260   817           .......................................................  871 
20502878   661         ..................................A......................  717 
54125649   381         .....................G........................G..........  437 
54125638   823         .....................G........................G..........  879 
54125636   808         .....................G........................G..........  864 
31747860   869           .......................................................  923 
31747861   5227          .......................................................  5281 
14030551   881         ..................................A......................  937 
20978245   91          ..................................A......................  147 
55783708   894         ..................................A......................  950 
12056321   809         .....................G...................................  865 
27652405   555         .....................G........................G..........  611 
18029924   894           .......................................................  948 
27817756   810         .....................G...................................  866 
58199861   340         ..................................A......................  396 
58199497   328         ..................................A......................  384 
1491675    890         ..................................A......................  946 
60266386   857         .....................G...................................  913 
116292835  814         ..................................A......................  870 
74422938   527          ........T...........G...................................  582 
110796788  539          ........T...........G...................................  594 
54398317   377          ........C...........G...................................  432 
6707545    350          ........T...........G........................G..........  405 
18029204   876         ..................................A......................  932 
18029195   885         .....................G...................................  941 
18029193   876         ..................................A......................  932 
2967730    358          ........C...........G...................................  413 
15912156   862         .....................G........................G..........  918 
29165305   661          .................................A......................  716 
16518359   378         ..................................A......................  434 
37787041   858         .....................G........................G..........  914 
34555766   876          ........C...........G........................G..........  931 
34304442   77           ........T...........G...................................  132 
34304440   76           ........T...........G...................................  131 
34304434   92           ........T...........G...................................  147 
81230224   881         .....................G........................G..........  937 
68163330   857          ........T...........G...................................  912 
61699604   257         ..................................A......................  313 
61699254   300         ..................................A......................  356 
29372962   361          ........T...........G........................G..........  416 
73476068   903          ........C...........G........................G..........  958 
51100859   884          ........T...........G...................................  939 
28208231   884          ........T...........G...................................  939 
62959455   894          ........T...........G...................................  949 
56550279   864         .....................G........................G..........  920 
12056366   815          ........T...........G...................................  870 
41080476   375          ....................G...................................  430 
28803946   875          ........T...........G...................................  930 
6165636    880         ..................................A......................  936 
5813834    869         ..................................A......................  925 
6708113    884         ..................................A......................  940 
18077346   892          ........T...........G...................................  947 
18077344   892          ........T...........G...................................  947 
71148543   870          ........C...........G........................G..........  925 
61657801   865          ........T...........G...................................  920 
58200179   119         ......G..................................................  175 
58199661   333          ........C...........G...................................  388 
86989055   810          ........T...........G........................G..........  865 
110430520  886           ...................G........................G..........  940 
108946358  817          ........T...........G...................................  872 
98971399   905           .......C...........G........................G..........  959 
54072652   884          ........T...........G...................................  939 
68685353   885          ........T...........G...................................  940 
13517931   869           .........A......................A......................  923 
40556740   267           ...................G........................G.....T....  321 
40556723   267           ...................G........................G.....T....  321 
44888728   866          ........T...........G...................................  921 
 
Query      61       TGGTTTAATTCGATGCAACGCGAAGGACCTTACCTGGACTT  101 
90762300   957      .........................................  997 
49659763   902      .........................................  942 
33236669   97654    .........................................  97694 
12057210   1069922  .........................................  1069882 
6626250    1001520  .........................................  1001560 
47118320   1000841  .........................................  1000881 
4680377    938      .........................................  978 
870990     869      .........................................  909 
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870992     894      .........................................  934 
1658056    871      .........................................  911 
174111     961      .........................................  1001 
88697811   211      .........................A...............  251 
298562     785      .........................................  825 
5091492    920      .........................A...............  960 
76167241   857832   .....................................      857868 
76167241   879878   .....................................      879914 
29251571   134797   .....................................      134833 
29251571   156755   .....................................      156791 
50363253   859      .....................................      895 
50363252   777      .....................................      813 
50363251   782      .....................................      818 
50363250   889      .....................................      925 
63355065   958      .....................................      994 
63355046   958      .....................................      994 
63355028   958      .....................................      994 
63355015   958      .....................................      994 
63355001   958      .....................................      994 
63354980   958      .....................................      994 
63354962   958      .....................................      994 
63354948   958      .....................................      994 
63354929   958      .....................................      994 
63354912   958      .....................................      994 
63354889   958      .....................................      994 
63354867   958      .....................................      994 
63354848   958      .....................................      994 
63354832   958      .....................................      994 
63354815   958      .....................................      994 
63354795   958      .....................................      994 
63354771   958      .....................................      994 
63354741   958      .....................................      994 
63354727   958      .....................................      994 
63354709   958      .....................................      994 
12057206   855085   .....................................      855121 
12057206   877131   .....................................      877167 
5123455    953      .....................................      989 
5042378    960      .....................................      996 
5042363    964      .....................................      1000 
2576242    958      .....................................      994 
2576240    958      .....................................      994 
2114174    958      .....................................      994 
2114173    958      .....................................      994 
2114172    958      .....................................      994 
2114171    958      .....................................      994 
2114170    958      .....................................      994 
89331179   148660   .........................A...........G...  148700 
33114020   917      .........................A...........G...  957 
33114019   917      .........................A...........G...  957 
33114018   917      .........................A...........G...  957 
33114017   917      .........................A...........G...  957 
33114016   917      .........................A...........G...  957 
33114015   917      .........................A...........G...  957 
33114014   917      .........................A...........G...  957 
62147714   995833   .........................A...........G...  995793 
1902866    954      .........................A...........G...  994 
1902879    954      .........................A...........G...  994 
1902878    954      .........................A...........G...  994 
1902877    954      .........................A...........G...  994 
1902876    954      .........................A...........G...  994 
1902875    954      .........................A...........G...  994 
1902874    954      .........................A...........G...  994 
1902873    954      .........................A...........G...  994 
1902872    954      .........................A...........G...  994 
1902871    954      .........................A...........G...  994 
1902870    954      .........................A...........G...  994 
1902869    954      .........................A...........G...  994 
1902868    954      .........................A...........G...  994 
1902867    954      .........................A...........G...  994 
1902865    954      .........................A...........G...  994 
1902864    954      .........................A...........G...  994 
1902863    954      .........................A...........G...  994 
1902862    954      .........................A...........G...  994 
1902861    954      .........................A...........G...  994 
1902860    954      .........................A...........G...  994 
1902859    954      .........................A...........G...  994 
1902858    954      .........................A...........G...  994 
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1902857    954      .........................A...........G...  994 
1902856    954      .........................A...........G...  994 
1902855    954      .........................A...........G...  994 
1902854    954      .........................A...........G...  994 
1902853    954      .........................A...........G...  994 
1902852    954      .........................A...........G...  994 
1902851    954      .........................A...........G...  994 
1902850    954      .........................A...........G...  994 
1902849    954      .........................A...........G...  994 
1902847    954      .........................A...........G...  994 
1902845    954      .........................A...........G...  994 
1902844    954      .........................A...........G...  994 
1902843    954      .........................A...........G...  994 
1902842    954      .........................A...........G...  994 
1902841    954      .........................A...........G...  994 
2114165    957      .........................A...........G...  997 
2114164    957      .........................A...........G...  997 
2114163    957      .........................A...........G...  997 
2114162    957      .........................A...........G...  997 
5148936    954      .........................A...........G...  994 
4803853    956      .........................A...........G...  996 
5042362    961      .........................A...........G...  1001 
29835126   1024569  .........................A...........G...  1024529 
1658058    870      .........................A...........G...  910 
1658055    870      .........................A...........G...  910 
870991     932      .........................A...........G...  972 
870989     932      .........................A...........G...  972 
2576241    955      .........................A...........G...  995 
2114169    955      .........................A...........G...  995 
2114168    955      .........................A...........G...  995 
2114167    955      .........................A...........G...  995 
2114166    955      .........................A...........G...  995 
2114161    957      .........................A...........G...  997 
2114160    957      .........................A...........G...  997 
2114159    957      .........................A...........G...  997 
2114158    957      .........................A...........G...  997 
2114157    957      .........................A...........G...  997 
2114156    957      .........................A...........G...  997 
2114155    957      .........................A...........G...  997 
2114154    957      .........................A...........G...  997 
2114153    957      .........................A...........G...  997 
1902848    954      .........................A...........G...  994 
1902846    954      .........................A...........G...  994 
1902840    953      .........................A...........G...  993 
1902839    953      .........................A...........G...  993 
1902838    953      .........................A...........G...  993 
1902837    953      .........................A...........G...  993 
4809291    952      ................G....................      988 
68271026   910      .........................A........         943 
18029197   938      .........................A........CA.....  978 
41529438   439      .........................A...............  479 
116292836  879      .........................A........         912 
18029206   943      .........................A........         976 
18029205   942      .........................A........         975 
18029203   940      .........................A........         973 
18029202   941      .........................A........         974 
18029201   943      .........................A........         976 
18029200   945      .........................A........         978 
18029199   943      .........................A........         976 
18029196   942      .........................A........         975 
18029191   943      .........................A........         976 
18029190   942      .........................A........         975 
18029189   942      .........................A........         975 
18029188   483      .........................A........         516 
20043261   875      .........................A........         908 
29293172   922      .........................A........         955 
28435964   433      .........................A........         466 
62798889   936      .........................A........         969 
41529530   439      .........................A........         472 
58200071   416      .........................A........         449 
99092490   911      .........................A...........      947 
83835045   558      .........................A...........G...  598 
83834946   474      .........................A...........G...  514 
83834944   465      .........................A...........G...  505 
83834942   517      .........................A...........G...  557 
83834941   532      .........................A...........G...  572 
83834939   429      .........................A...........G...  469 
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83834938   480      .........................A...........G...  520 
83834937   497      .........................A...........G...  537 
83834936   494      .........................A...........G...  534 
83834935   505      .........................A...........G...  545 
83834934   487      .........................A...........G...  527 
83834933   462      .........................A...........G...  502 
83834932   483      .........................A...........G...  523 
83834931   489      .........................A...........G...  529 
83834930   479      .........................A...........G...  519 
83834929   462      .........................A...........G...  502 
83834928   481      .........................A...........G...  521 
83834926   484      .........................A...........G...  524 
83834925   483      .........................A...........G...  523 
83834924   469      .........................A...........G...  509 
83834921   479      .........................A...........G...  519 
83834920   475      .........................A...........G...  515 
94962677   438      .........................A...........G...  478 
67106769   426      .........................A........A......  466 
90653368   886      .........................A........A......  926 
90653337   886      .........................A........A......  926 
83616480   912      .........................A........CA.....  952 
75993409   676      .........................A........A..G...  716 
5359846    435      .........................A........CA.....  475 
11120572   870      .........................A........CA.....  910 
20043260   872      .........................A........         905 
20502878   718      .........................A........CA.....  758 
54125649   438      .........................A........A......  478 
54125638   880      .........................A........A......  920 
54125636   865      .........................A........A......  905 
31747860   924      .........................A........         957 
31747861   5282     .........................A........         5315 
14030551   938      .........................A........CA.....  978 
20978245   148      .........................A.........        182 
55783708   951      .........................A........CA.....  991 
12056321   866      .....C...................A...........G...  906 
27652405   612      .........................A...........G...  652 
18029924   949      .........................A........         982 
27817756   867      .....C...................A...........G...  907 
58199861   397      .........................A........CA.....  437 
58199497   385      .........................A........CA.....  425 
1491675    947      .........................A........CA.....  987 
60266386   914      .........................A.........        948 
116292835  871      .........................A........         904 
74422938   583      .........................A...........G...  623 
110796788  595      .........................A...........G...  635 
54398317   433      .........................A...........G...  473 
6707545    406      .........................A...............  446 
18029204   933      .........................A........         966 
18029195   942      .........................A........         975 
18029193   933      .........................A........         966 
2967730    414      .........................A...........G...  454 
15912156   919      .........................A...........      955 
29165305   717      .........................A........CA.....  757 
16518359   435      .........................A........         468 
37787041   915      .........................A...........      951 
34555766   932      .........................A...............  972 
34304442   133      .........................A...........G...  173 
34304440   132      .........................A...........G...  172 
34304434   148      .........................A...........G...  188 
81230224   938      .........................A...........      974 
68163330   913      .........................A...........G...  953 
61699604   314      .........................A........         347 
61699254   357      .........................A........         390 
29372962   417      .........................A...............  457 
73476068   959      .........................A...............  999 
51100859   940      .........................A...........G...  980 
28208231   940      .........................A...........G...  980 
62959455   950      .........................A...........G...  990 
56550279   921      .........................A...........      957 
12056366   871      .........................A...........G...  911 
41080476   431      .........................A.........        465 
28803946   931      .........................A...........G...  971 
6165636    937      .........................A........         970 
5813834    926      .........................A........         959 
6708113    941      .........................A........         974 
18077346   948      .........................A...........G...  988 
18077344   948      .........................A...........G...  988 
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71148543   926      .........................A...............  966 
61657801   921      .........................A...........G...  961 
58200179   176      .........................A........         209 
58199661   389      .........................A...........G...  429 
86989055   866      .........................A...............  906 
110430520  941      .........................A...........T...  981 
108946358  873      .........................A...........      909 
98971399   960      .........................A...............  1000 
54072652   940      .........................A...........      976 
68685353   941      .........................A...........      977 
13517931   924      .........................A...........G...  964 
40556740   322      .....................................G...  362 
40556723   322      .....................................G...  362 
44888728   922      .........................A...........      958 
 
 
  Database: All GenBank+EMBL+DDBJ+PDB sequences (but no EST, STS, GSS,environmental  
samples or phase 0, 1 or 2 HTGS sequences) 
    Posted date:  Nov 16, 2006  4:45 AM 
  Number of letters in database: 1,242,640,829 
  Number of sequences in database:  4,564,698 
Lambda     K      H 
    1.33    0.621     1.12  
Gapped 
Lambda     K      H 
    1.33    0.621     1.12  
Matrix: blastn matrix:1 -2 
Gap Penalties: Existence: 0, Extension: 0 
Number of Sequences: 4564698 
Number of Hits to DB: 300685 
Number of extensions: 2836 
Number of successful extensions: 2836 
Number of sequences better than 10: 2802 
Number of HSP's better than 10 without gapping: 0 
Number of HSP's gapped: 2835 
Number of HSP's successfully gapped: 2835 
Length of query: 101 
Length of database: 18422510013 
Length adjustment: 29 
Effective length of query: 72 
Effective length of database: 18290133771 
Effective search space: 1316889631512 
Effective search space used: 1316889631512 
A: 0 
X1: 13 (25.0 bits) 
X2: 32 (59.1 bits) 
X3: 54 (99.7 bits) 
S1: 13 (25.1 bits) 
S2: 20 (38.1 bits) 
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BLAST results for Cp. pneumoniae tal gene fragment  
(outer product)  
 
 
BLASTN 2.2.15 [Oct-15-2006] 
RID: 1163897139-23561-161042619640.BLASTQ4 
 
 
Database: All GenBank+EMBL+DDBJ+PDB sequences (but no EST, STS, 
GSS,environmental samples or phase 0, 1 or 2 HTGS sequences) 
           4,573,418 sequences; 18,443,833,478 total letters 
Query=   
Length=324 
 
 
Distance tree of results   
 
                                                                   Score     E 
Sequences producing significant alignments:                        (Bits)  Value 
 
gi|33235843|gb|AE017157.1|  Chlamydophila pneumoniae TW-183, s...   599    2e-168 
gi|12057210|gb|AE002161.1|  Chlamydophila pneumoniae AR39, comple   599    2e-168 
gi|6626250|gb|AE001363.1|  Chlamydophila pneumoniae CWL029, compl   599    2e-168 
gi|47118320|dbj|BA000008.3|  Chlamydophila pneumoniae J138 genomi   599    2e-168 
 
ALIGNMENTS 
 
Query     1       GATAGCGGAGACCCAGAGCTAGTTAAAGCCTCGGGATCTCAAGACGCTACAACAAACCCT  60 
33235843  99875   ............................................................  99934 
12057210  738821  ............................................................  738762 
6626250   102380  ............................................................  102439 
47118320  102051  ............................................................  102110 
 
Query     61      TCTTTGATCTTAAAAGTGGCCCAAGAACCCAAATTTCAAGAGCTATTAAACGAAGCTGTA  120 
33235843  99935   ............................................................  99994 
12057210  738761  ............................................................  738702 
6626250   102440  ............................................................  102499 
47118320  102111  ............................................................  102170 
 
Query     121     GTTTGGGGAATCCGACAGAACGGTGATGATCTTCAGACTCTTTCTTTTATTTTAGACAAA  180 
33235843  99995   ............................................................  100054 
12057210  738701  ............................................................  738642 
6626250   102500  ............................................................  102559 
47118320  102171  ............................................................  102230 
 
Query     181     ATTCAGGTTAACTTTGCTCTAGAAATTATCAAAAATATCCCTGGTAGAATTTCTCTTGAA  240 
33235843  100055  ............................................................  100114 
12057210  738641  ............................................................  738582 
6626250   102560  ............................................................  102619 
47118320  102231  ............................................................  102290 
 
Query     241     ATTGACGCTAGGCTTTCTTTCAACGTTGAAGCTATGGTACAGCGTGCCGTATTCCTTTCG  300 
33235843  100115  ............................................................  100174 
12057210  738581  ............................................................  738522 
6626250   102620  ............................................................  102679 
47118320  102291  ............................................................  102350 
 
Query     301     CAGCTTTTCGAAGCTATGGGAGGA  324 
33235843  100175  ........................  100198 
12057210  738521  ........................  738498 
6626250   102680  ........................  102703 
47118320  102351  ........................  102374 
 
 
  Database: All GenBank+EMBL+DDBJ+PDB sequences (but no EST, STS, GSS,environmental  
samples or phase 0, 1 or 2 HTGS sequences) 
    Posted date:  Nov 17, 2006  5:46 PM 
  Number of letters in database: 1,263,964,294 
  Number of sequences in database:  4,573,418 
Lambda     K      H 
    1.33    0.621     1.12  
Gapped 
Lambda     K      H 
    1.33    0.621     1.12  
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Matrix: blastn matrix:1 -2 
Gap Penalties: Existence: 0, Extension: 0 
Number of Sequences: 4573418 
Number of Hits to DB: 649468 
Number of extensions: 0 
Number of successful extensions: 0 
Number of sequences better than 10: 0 
Number of HSP's better than 10 without gapping: 0 
Number of HSP's gapped: 0 
Number of HSP's successfully gapped: 0 
Length of query: 324 
Length of database: 18443833478 
Length adjustment: 31 
Effective length of query: 293 
Effective length of database: 18302057520 
Effective search space: 5362502853360 
Effective search space used: 5362502853360 
A: 0 
X1: 14 (26.9 bits) 
X2: 32 (59.1 bits) 
X3: 54 (99.7 bits) 
S1: 14 (27.0 bits) 
S2: 21 (39.9 bits) 
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BLAST results for Cp. pneumoniae tal gene fragment  
(nested product)  
 
 
BLASTN 2.2.15 [Oct-15-2006] 
RID: 1163897403-16201-70337551614.BLASTQ4 
 
 
Database: All GenBank+EMBL+DDBJ+PDB sequences (but no EST, STS, 
GSS,environmental samples or phase 0, 1 or 2 HTGS sequences) 
           4,573,418 sequences; 18,443,833,478 total letters 
Query=   
Length=163 
 
 
Distance tree of results   
 
                                                                   Score     E 
Sequences producing significant alignments:                        (Bits)  Value 
 
gi|33235843|gb|AE017157.1|  Chlamydophila pneumoniae TW-183, s...   302    3e-79 
gi|12057210|gb|AE002161.1|  Chlamydophila pneumoniae AR39, comple   302    3e-79 
gi|6626250|gb|AE001363.1|  Chlamydophila pneumoniae CWL029, compl   302    3e-79 
gi|47118320|dbj|BA000008.3|  Chlamydophila pneumoniae J138 genomi   302    3e-79 
 
ALIGNMENTS 
 
Query     1       AATCCGACAGAACGGTGATGATCTTCAGACTCTTTCTTTTATTTTAGACAAAATTCAGGT  60 
33235843  100003  ............................................................  100062 
12057210  738693  ............................................................  738634 
6626250   102508  ............................................................  102567 
47118320  102179  ............................................................  102238 
 
Query     61      TAACTTTGCTCTAGAAATTATCAAAAATATCCCTGGTAGAATTTCTCTTGAAATTGACGC  120 
33235843  100063  ............................................................  100122 
12057210  738633  ............................................................  738574 
6626250   102568  ............................................................  102627 
47118320  102239  ............................................................  102298 
 
Query     121     TAGGCTTTCTTTCAACGTTGAAGCTATGGTACAGCGTGCCGTA  163 
33235843  100123  ...........................................  100165 
12057210  738573  ...........................................  738531 
6626250   102628  ...........................................  102670 
47118320  102299  ...........................................  102341 
 
 
  Database: All GenBank+EMBL+DDBJ+PDB sequences (but no EST, STS, GSS,environmental  
samples or phase 0, 1 or 2 HTGS sequences) 
    Posted date:  Nov 17, 2006  5:46 PM 
  Number of letters in database: 1,263,964,294 
  Number of sequences in database:  4,573,418 
Lambda     K      H 
    1.33    0.621     1.12  
Gapped 
Lambda     K      H 
    1.33    0.621     1.12  
Matrix: blastn matrix:1 -2 
Gap Penalties: Existence: 0, Extension: 0 
Number of Sequences: 4573418 
Number of Hits to DB: 816542 
Number of extensions: 0 
Number of successful extensions: 0 
Number of sequences better than 10: 0 
Number of HSP's better than 10 without gapping: 0 
Number of HSP's gapped: 0 
Number of HSP's successfully gapped: 0 
Length of query: 163 
Length of database: 18443833478 
Length adjustment: 30 
Effective length of query: 133 
Effective length of database: 18306630938 
Effective search space: 2434781914754 
Effective search space used: 2434781914754 
A: 0 
X1: 13 (25.0 bits) 
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X2: 32 (59.1 bits) 
X3: 54 (99.7 bits) 
S1: 13 (25.1 bits) 
S2: 20 (38.1 bits) 
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