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ABSTRACT 

The Gram-negative bacterium Aggregatibacter actinomycetemcomitans is primarily associated 

with aggressive forms of periodontal disease. Additionally, it has occasionally been found to cause 

metastatic infections in non-oral sites. This requires the ability to evade the bactericidal activity of 

the complement system of the humoral immune system. Outer membrane proteins, namely, 

Omp100 and OmpA have been connected to normal human serum resistance for several bacteria 

species. The objective of this study was to investigate if serum-resistant ompA mutants can be 

obtained, and to detect changes in OMP expression. We used A. actinomycetemcomitans 

serotype a strain D7SS and D7SS ompA knockouts. The strains were incubated in 50 % NHS. 

This resulted in a substantial decrease of survival among D7SS ompA knockouts. D7SS ompA 

knockouts were exposed to 50 % NHS once more to confirm stable serum resistance. 13 out of 

14 tested clones showed growth, indicating that serum resistant ompA mutants could be 

generated. SDS-PAGE gel of extracted outer membrane vesicles revealed an additional protein 

band of approximately 34 kDa in at least 4 of 5 tested serum resistant ompA mutants. This protein 

band has been analyzed in the laboratory, and according to LC-MS/MS it contains an OmpA 

homologue, which has been named OmpA2. We conclude that OmpA2 expression might be a 

major mechanism for serum survival in A. actinomycetemcomitans serotype a strain D7SS ompA 

knockouts.  
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INTRODUCTION 

Periodontitis is one of the most common chronic inflammatory diseases. It is described as a 

polymicrobial infection, which induces an inflammatory response in the host’s periodontal tissues. 

Causing disruption of periodontal tissue homeostasis and normal bone remodelling.  

Subsequently it results in connective tissue destruction and alveolar bone loss (Darveau, 2010).  

 

Periodontitis is classified as chronic or aggressive based on clinical, radiographic, historical 

records and microbiological criteria defined at an international workshop where a new 

classification system for periodontal disease was proposed (Armitage, 1999). 

 

The link between Gram-negative pathogens in the subgingival dental plaque and periodontal 

disease is well established. Among bacteria linked to periodontitis, the Gram-negative non-motile 

coccobacillus (rod shaped) Aggregatibacter actinomycetemcomitans is highly associated with 

aggressive forms of the disease. An occurrence of 75-100 % in affected sites in patients with 

aggressive periodontitis has been demonstrated (Slots and Ting, 1999) and 30-50 % in patients 

with severe periodontitis among adults (Asikainen and Alaluusua, 1993).  

 

Microbial data also connect A. actinomycetemcomitans to the initiation, development and 

recurrence of local aggressive periodontitis (Zambon, 1985). Furthermore, in patients with local 

aggressive periodontitis, progression of disease was correlated when treatment failed to reduce 

levels of A. actinomycetemcomitans. Whereas success in elimination of the bacteria gave clinical 

improvements (Christersson et al., 1985).  

 

Seven serotypes (a-g) of A. actinomycetemcomitans have to this date been discovered and show 

an uneven distribution over the world. Studies indicate that serotype a, b and c are most common 

in Europe (Saarela et al.,1992). In Asia and America serotype c shows a greater prevalence (Kim 

et al., 2009). Comparing the genome of 14 strains (serotypes a-f) showed a genetic difference of 

0,4-19,5 % between any of these strains. The genetic difference was occasionally greater when 

comparing two strains of the same serotype than between serotypes (Kittichotirat et al., 2015). 

The ability to produce virulence factors differ between serotypes due to the large genetic 

variability. Hence, different serotypes are associated with periodontal health, and periodontal 

disease. Whereof the highly leukotoxic JP2 clone of serotype b has shown to be one of the most 

pathogenic (Haubek and Johansson, 2014). Numerous produced virulence factors of A. 

actinomycetemcomitans have been identified. These can be classified into four groups: 

● Factors that enables colonization and persistence in the oral cavity 

● Factors for evasion and modulation of host defence.  

● Factors destroying host tissues. 

● Factors preventing host tissue repair.  
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Examples of produced virulence by A. actinomycetemcomitans are adhesins, invasins, 

leukotoxin, cytotoxin, and stimulators of inflammatory mediators (Fives-Taylor et al., 2000).  

 

Most virulence factors of Gram-negative bacteria are secreted via different types of secretion 

systems (I-IX) and/or are located in the bacterial membrane (Abby et al., 2016). Secretion is an 

important function of Gram-negative bacteria, enabling them to transport DNA and proteins to the 

extracellular milieu or into cells. One major path of secretion of Gram-negative bacteria is 

secretion through membrane vesicles. In this study, they will be referred to as outer membrane 

vesicles (OMVs). OMVs budding off from Gram-negative bacteria may entrap periplasmic 

proteins, outer membrane phospholipids, LPS and outer membrane proteins (OMPs) and deliver 

them to the extracellular environment (Kuehn and Kesty, 2005). This has been named “Type zero 

secretion” by some authors and (Uhlin et al., 2014) can be a source of inflammatory stimulators 

both locally and systemically, and may contribute to the periodontal inflammation (Asikainen, 

2009).  OMVs from A. actinomycetemcomitans deliver virulence factors into both human gingival 

fibroblasts (HGF) and HeLa cells via OMV fusion into the plasma membrane (Rompikuntal et al., 

2012). 

 

Due to A. actinomycetemcomitans ability to invade human epithelial cells and endothelial cell 

walls, it can possibly disseminate from the infected periodontium and enter the bloodstream 

(Schenkein et al., 2000). Although rarely, it has been reported to be the causative agent of 

metastatic infections such as endocarditis, brain abscesses, endophthalmitis (Van Winkelhoff and 

Slots, 1999). Recently, A. actinomycetemcomitans has been proposed to cause 

hypercitrullination in neutrophils, which potentially could trigger autoimmunity in rheumatoid 

arthritis (Konig et al., 2016). A. actinomycetemcomitans have also been found in atherosclerotic 

plaques, and may contribute to the pathogenesis of atherosclerotic vascular disease (Bale et al., 

2016). To survive in blood, the bacteria must be able to evade the bactericidal activity of normal 

human serum (NHS). The complement system is the main effector system of the humoral immune 

defence. It consists of >30 serum and membrane proteins. These can be triggered by bacteria 

and bacterial components. They interact through enzymatic cascade reactions via three different 

pathways. The classical, lectin and alternative pathway. Activation of the complement system can 

lead to opsonization, initiation of inflammatory response, immune complex clearance and lysis of 

bacteria or virus (Sarma and Ward, 2011).  

 

 

Pathogens have developed several mechanisms for complement system evasion. Outer 

membrane proteins (OMPs) seem to be one important factor and has been investigated by 

several researchers for different bacteria species (Miajlovic and Smith, 2014).  Six major outer 

membrane proteins have been identified in A. actinomycetemcomitans. The names of these 
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proteins were chosen according to the calculated molecular weight in a 12 % SDS-PAGE gel; 

Omp16, Omp18, Omp29, Omp39, Omp64 and Omp100 (Komatsuzawa et al., 2002). The same 

set of outer membrane proteins were found in the proteome of OMVs of A. 

actinomycetemcomitans serotype a strain D7SS (Kieselbach et al., 2015).  Among these, roles of 

Omp100 and OmpA role in serum resistance have been studied.  

 

An A. actinomycetemcomitans serotype d strain IDH781 omp100 knockout showed decreased 

human serum resistance compared to the wild type. Omp100 was shown to mediate binding to 

regulatory complement protein Factor H, which caused inactivation of C3b of the complement 

cascade (Asakawa et al., 2003). Ramsey and Whiteley (2008) studied A. actinomycetemcomitans 

serotype b strains VT1169 and Y4 and their response to hydrogen peroxide by co-culturing the 

bacteria with H2O2-producing Streptococcus gordonii. This led to an upregulation of expression 

of Omp100 (here referred to as ApiA) in A. actinomycetemcomitans and consequently greater 

binding to Factor H and increased serum survival (Ramsey and Whiteley, 2008). These findings 

indicate a potential role for Omp100 in serum evasion for A. actinomycetemcomitans serotype b 

and d. However, A. actinomycetemcomitans serotype a strain D7S and D7SS omp100 knockouts 

did not show decreased serum resistance in a recent study conducted at this laboratory (Mark 

Lindholm, Jan Oscarsson et al., manuscript). This might be due to different strategies for 

complement evasion between strains, perhaps due to differences in levels of expressed OMPs. 

 

Outer membrane protein A is well conserved among Gram-negative bacteria (Beher et al., 1980). 

It is a multifunctional protein and has been linked to complement system evasion. For example, 

OmpA contributed to Escherichia coli K1 serum survival in vitro and in vivo (Weiser and 

Gotschlich, 1991). The N-terminus of OmpA was subsequently shown to interact with the 

regulatory complement protein C4bp. C4bp bound to the surface of E. coli exerts cofactor I 

activity, thus possibly manipulating the activation of the classical pathway (Wooster et al., 2006). 

Moreover, ompA mutants of Acinetobacter baumannii showed no survival in ≥ 5 % normal human 

serum (Kim et al., 2009). 

 

According to an ongoing study in this laboratory, ompA mutants of A. actinomycetemcomitans 

serotype a strain D7SS have much reduced serum resistance (Oscarsson et al., manuscript). The 

aim of this study was to investigate if serum-resistant ompA mutants can be obtained, and to 

characterize OMP expression compared to the wild type. We assessed D7SS (serotype a) and 

two D7SS (serotype a) ompA knockout derivatives in this study.  

 

 



6 
 

MATERIALS & METHODS 

Literature 

The PubMed Database was used to find articles referred to in this study. The following MeSH 

terms were used in different combinations. Periodontal disease, Periodontitis, Aggressive 

periodontitis, Aggregatibacter actinomycetemcomitans, Actinobacillus actinomycetemcomitans, 

Escherichia coli, Virulence factors, Complement system, Outer membrane vesicles, Membrane 

vesicles, Outer membrane proteins, OmpA, Omp100, Omp34, Omp29. In addition to database 

search, our tutor provided us with relevant literature. 

 

Ethical considerations 

Approval for using the bacterial strain in research has been obtained both from the Ethics Forum 

at the Department of Odontology at Umeå University and the patient whom it was isolated from. 

Normal human serum was collected from volunteers with their consent. Bacteria which genomes 

have been modified in vitro are being used in this study in purpose of gaining knowledge and 

better understanding how the bacteria functions. Due to lack of function(s) in the mutants they 

are likely to be made less virulent by the alterations in their genome as compared to their parent 

strain.  

 

Bacterial strains 

A. actinomycetemcomitans strain D7SS serotype a (smooth-colony type) was originally sampled 

from a patient diagnosed with aggressive periodontitis. This strain is referred to as D7SS wild 

type (D7SS wt). The D7SS ompA knockout mutant was constructed, earlier in the laboratory, by 

replacing the target gene with a spectinomycin resistant gene. Two ompA knockouts were used 

in this study, referred to as D7SS ompA clone 7 and D7SS ompA clone 16. Bacteria were 

cultivated on blood agar plates (5 % defibrinated horse blood, 5 mg hemin/l, 10 mg Vitamin K/l, 

Columbia agar base) in a 5 % CO2 air supplemented atmosphere at 37 °C for 3 days. 

 

Serum sensitivity assay 

D7SS wild type and ompA knockouts (Clone 7 and 16) were cultured on BGA plates for three 

days 5 % CO2 at 37°C incubator. Colonies were harvested and put into Eppendorf tubes with 1 

mL phosphate buffered saline (PBS). Samples were centrifuged 10 000 x g for 5 min and 

resuspended in 300-500 μL PBS. Resuspension volume was depending on size of bacterial 

pellet. Measuring of optical density at a wavelength of 600 nm (OD 600) were performed in a 1:10 

dilution. Adjustment to OD 600 = 1 for each sample was made by PBS dilution. 105 μL normal 

human serum (NHS), 95 μL PBS and 10 μL bacteria were incubated for 2 hours in 5 % CO2 at 37 

°C. Serial dilutions up to 1:10 000 were made with each of the incubated samples. 1:100 and 1:10 

000 or 1:1000 dilutions were spread (100 µL) on prewarmed BGA plates and incubated in the 

above-mentioned conditions for 3 days. Colonies were counted manually. 
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Isolation of serum resistant D7SS ompA mutants 

Surviving colonies of the two D7SS ompA knockout mutants were isolated after serum resistance 

assays. Their serum resistance was confirmed using the above described sensitivity assay, and 

the bacterial cells were then suspended in 20 % sterile bovine milk and stored at -80 °C. 

 

Extraction and purification of outer membrane vesicles 

Serum resistant D7SS ompA mutants isolated as described above were harvested from BGA 

plates after 3 days incubation and put into 25 mL PBS in centrifuge tubes. 30 min 12096 x g (10 

000 rpm) centrifugation at 4 °C using Beckman Coulter Avanti J-XP with JA:25:50 rotor. Removal 

of bacteria and bacterial residues through filtration of the supernatant using 0.22 μM filter. Filtered 

supernatants were transferred to Beckman’s OptiSeal centrifuge tube and centrifuged for 2 hours 

at 4 °C 85 000 x g (34 000 rpm) using Beckman LE-70 Ultracentrifuge with 70Ti rotor. Pellets 

were washed twice and then resuspended in PBS and put into ultracentrifuge tubes. 2 hours 4 °C 

85 000 x g (34 000 rpm) centrifugation using Beckman LE-70 Ultracentrifuge with SW60Ti rotor. 

Outer membrane vesicle pellets were resuspended with 100 μL PBS and stored at -80 °C. 

 

SDS-Page and silver staining 

Extracted OMV’s were measured using NanoDrop (Thermo Scientific) to quantify protein amount. 

OD 280 nm was measured. OMV samples were adjusted to OD 280 = 1 mg/mL using PBS and 

Laemmli Buffer 2x concentrate and thereafter heat treated at 100 °C for 5 min. Gel (BioRad) was 

prepared and the inner and outer cell were filled with running buffer (25 mM Tris, 192 mM glycine, 

0.1 % SDS). OMV samples were loaded onto the gel. A pre-stained molecular weight ladder was 

used as reference for protein weight. Electrophoresis was run at 150 V for 90 min. The gel was 

removed from the cassette and transferred to a plastic tray. The following steps were performed 

under gentle shaking of the tray. Gel was washed 10 min with ultrapure water (UPW). UPW 

replaced after 5 min. Gel was fixed using 30 % ethanol, 10 % acetic acid solution for 15 min. The 

solution was thereafter replaced and the gel was fixed for another 15 min. Gel was washed with 

ethanol for 5 min, replaced and washed for another 5 min. Gel was washed with UPW for 5 min, 

replaced and washed for another 5 min. Gel was incubated 1 min with Sensitizer Working Solution 

(1:500 Silver Stain Sensitizer:UPW). Then washed twice with UPW for 1 min. Gel was incubated 

30 min with Stain Working Solution (1:50 Silver Stain Enhancer:Silver Stain). Developer Working 

Solution (1:50 Silver Stain Enhancer:Silver Stain Developer) was prepared. Gel washed with 

UPW twice, 20 sec each. Gel was incubated with Developer Working Solution until bands 

appeared. Replaced with UPW and washed briefly. Replaced with Stop Solution (5 % acetic acid). 

Stained gel was documented photographically 
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RESULTS 

Isolation of serum resistant D7SS ompA mutant clones 

A flowchart presenting the outline of this study is shown in figure 1a. Serum survival for D7SS wt 

and D7SS ompA mutants was tested to determine if OmpA is an absolute requirement for serum 

resistance. D7SS ompA (Clone 7 or 16) and reference wild type strain D7SS were simultaneously 

tested in three separate serum sensitivity assays using 50 % NHS (assay 1-3; figure 1a). After 3 

days cultivation on BGA plates colony forming unit ml-1 (cfu ml-1) was calculated and is 

represented in figure 1b and table 1a. We concluded that D7SS wt had considerably higher cfu 

ml-1 compared to ompA mutants in all three experiments. In addition to colony count, potentially 

serum resistant ompA mutant colonies (n=55) were isolated from these three experiments. 

Isolated survivors from the first assay are referred to as D7SS ompA clone 7 R1 to R30, 

respectively. Isolated survivors from the second and third assay are referred to as D7SS ompA 

clone 16 R1 to R25. 

 

Exposing D7SS ompA mutants for NHS lead to stable serum resistance in some cases. 

To confirm serum resistance of isolated ompA mutant colonies, 14 out of the in total 55 isolated 

ompA mutant clones from the previous experiments were tested in serum sensitivity assays. This 

time D7SS ompA clone 7 or D7SS ompA clone 16 and D7SS wt were used as references. A 

flowchart of these experiments is presented in figure 1a (assay 4-6). Relative survival compared 

to D7SS wt (set to 100 % in each experiment) was between 48 % - 88 % in eight cases, and 

between 0,2 % - 22 % in five of them. One isolate out of the 14 tested did not show growth. (figure 

1c and table 1b). D7SS ompA clone 7 when used as reference in assay 4 and 5 did not show any 

growth at all which confirm OmpA as an important component in serum survival. From these 

experiments, we concluded that it was possible to induce stable serum resistance in D7SS ompA 

mutants.   

 

Size of colonies relative to cfu-1 

After 3 days incubation on BGA plates some NHS surviving colonies in assay 1 formed larger 

colonies (black arrowhead figure 2). Out of 30 isolated colonies from assay 1, three were taken 

from these larger colonies, and named D7SS ompA clone 7 R22-R24. Remarkably, when testing 

stable serum resistance in assay 4-5 these clones showed higher cfu ml-1 compared to any of the 

six tested smaller colony isolates, R11-R16 (figure 1c).  

 

Changes of patterns in outer membrane protein expression in serum resistant ompA 

mutants 

OMVs were purified from selected strains to obtain bacterial fractions enriched in their outer 

membrane proteins. SDS-Page and silver staining were performed on extracted and purified 

OMVs from D7SS wild type, D7SS ompA clone 7, D7SS ompA clone 16 and five stable serum 
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resistant ompA mutants (figure 3). The following observations were made: In D7SS wt OMVs a 

protein band with the apparent molecular mass of 34 kDa was clearly visible (black arrowhead 

figure 3). The 34 kDa band was not visible in OMVs from D7SS ompA clone 7 or D7SS ompA 

clone 16. We therefore concluded that this band represents OmpA. Interestingly, a 34 kDa protein 

band was also clearly visible in at least four out of five stable serum resistant ompA mutants but 

with various intensity (white arrowhead figure 3). We concluded that this band likely represents 

an OmpA-homologue, denoted OmpA2, which was earlier identified by LC-MS/MS in studies 

conducted in this laboratory. We also observed that in OMVs from all five stable serum resistant 

ompA mutants and from D7SS ompA clone 16 an approximately 64 kDa protein band was visible 

(grey arrowhead figure 3). This 64 kDa band was not visible in OMVs from the D7SS wild type 

and D7SS ompA clone 7. The identity of this protein band was not analyzed as it was also 

identified the serum sensitive D7SS ompA mutant, clone 16. Hence unlikely to be of importance 

for serum survival. 

 

DISCUSSION 

The aim of this study was to investigate if serum-resistant ompA mutants could be obtained, and 

to characterize their pattern of OMP expression. Our results from this study confirmed that ompA 

mutants of the A. actinomycetemcomitans serotype a strain D7SS had much reduced serum 

resistance compared to D7SS wt. However, a fraction of ompA mutants managed to survive in 

50 % NHS. To confirm their serum resistance, serum survivors were once more exposed to NHS. 

As 13 out of 14 showed growth, we concluded that it was possible to generate stable serum 

resistant D7SS ompA mutants.  

 

Upregulating the production of OmpA2 may contribute to stable serum resistance in ompA 

mutants  

Our findings suggest that the inability to produce OmpA results in increased production of the 

homologue, OmpA2. Thus, OmpA2 production might be a major mechanism for serum survival 

in the A. actinomycetemcomitans serotype a strain D7SS ompA knockouts. OmpA2 could not be 

observed in serum sensitive D7SS ompA mutants, but it might be expressed in levels not 

detectable with SDS-PAGE. OmpA and OmpA2 are closely related (approximately 76 % amino 

acid identity), implying similar functions. OmpA2 is therefore likely to contribute to serum 

resistance in a similar way as OmpA. This might be via inhibiting the classical pathway of the 

complement system cascade, as demonstrated for OmpA in E. coli. In E. coli, OmpA bound to 

the regulatory complement protein C4bp resulting in decreased formation of the membrane attack 

complex, and thus serum resistance (Wooster et al., 2006). Future studies can be designed to 

confirm these assumptions in A. actinomycetemcomitans since neither OmpA or OmpA2 

interaction with C4bp has been demonstrated for this organism. Furthermore, ompA2 should be 

knocked out in serum resistant ompA mutants to confirm OmpA2 expression being a main 
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mechanism for serum survival among these strains.  

 

Protein profiles in outer membrane vesicles and outer membrane 

We extracted and purified proteins found in the bacteria’s outer membrane vesicles. In a study 

conducted by Kato et al., (2002) they analyzed OMV content relative to the composition of the 

outer membrane in A. actinomycetemcomitans. They found additional proteins in the outer 

membrane not present in OMVs. Their data also suggest constituents of the outer membrane can 

either be enriched or underrepresented in the OMVs. This might have implications for the 

understanding of roles of OMPs in serum resistance. Therefore, we propose further investigations 

by purification, extraction and characterization of outer membrane protein fractions of D7SS 

ompA knockout serum survivors to disclose their complete outer membrane protein profiles.  

   

OmpA role in membrane stability  

OmpA is a major constituent in the bacteria’s outer membrane and has a structural role in Gram-

negative bacteria’s cell envelope (Silhavy., et al 2010). Iwami., et al (2007) investigated Pgm6 

and Pgm7 (also referred to as OmpA1 and OmpA2), two highly structurally homologous proteins 

to the OmpA found in E. coli, and the two OmpA in A. actinomycetemcomitans. Pgm6 and Pgm7 

are produced by Porphyromonas gingivalis, a Gram-negative bacterium associated with chronic 

periodontitis. The authors found that double knockout mutants of pgm6/7 had an irregular and 

wavy outer cell envelope relative to the parental strain. This indicates that Pgm6 and Pgm7 might 

be of importance for the stability of the outer membrane. Additionally, it has been suggested that 

outer membrane integrity is important for serum survival in E. coli (Miajlovic and Smith, 2014). To 

further understand the role of the A. actinomycetemcomitans OmpA proteins in serum resistance, 

electron microscopy might be of interest investigating the outer membrane structure of ompA, as 

well as ompA2 knockouts. 

 

To summarize, our results emphasize that stable serum resistant ompA mutants can be obtained, 

and that high level OmpA2 expression might be a major mechanism for serum survival in A. 

actinomycetemcomitans serotype a strain D7SS ompA knockouts. Advances in genomics, 

proteomics and further knowledge on mechanisms for serum resistance in A. 

actinomycetemcomitans may in the future provide targets for vaccines and therapeutic strategies 

and thus provide control of this bacterium’s role in systemic disease.  
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FIGURES 

 
 

Figure 1a. Flowchart of the serum sensitivity assays performed in the present study. 55 D7SS 
ompA mutant isolates were taken from surviving colonies from assay 1-3. Out of these 55 isolates, 
14 were tested for stable serum resistance (i.e. if their serum resistance remained) in assay 4-6. 
D7SS ompA clone 7R22 was tested twice. 
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Figure 1b. D7SS ompA mutant clones have severely reduced serum resistance. The figure 

indicates relative survival in 50 % NHS expressed as % Cfu ml-1 in three serum sensitivity assays. 

Cfu data of the serum resistant wild type D7SS was arbitrarily set to 100 % in each experiment, 

respectively. Cfu ml-1 depicted in table 1a. 
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Figure 1c. Serum resistant D7SS ompA mutant clones could be obtained. % Cfu ml-1 after serum 

sensitivity assay using serum survivors and reference samples. The figure indicates relative 

survival in 50 % NHS expressed as % Cfu ml-1 in three serum sensitivity assays. CFU data of 

D7SS was arbitrarily set to 100 % in each experiment, respectively. The Cfu ml-1 data are listed 

in table 1b. 
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Figure 2. A cropped image depicting colonies of D7SS ompA clone 7 NHS survivors after 3 days 

incubation on BGA plates from assay 1. Black arrowheads indicate examples of larger colonies, 

and white arrowheads smaller. When isolating colonies from assay 1, three colonies out of in total 

30 isolated were of the larger type, and named D7SS ompA clone 7R22-R24. Remarkably, these 

colonies showed higher cfu ml-1, when testing stable serum resistance in assay 4 and 5, compared 

to isolates of the smaller colony type. 
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Figure 3. Serum-resistant D7SS ompA mutants produce a 34-kDa OmpA homologue. SDS-

PAGE analysis of A. actinomycetemcomitans extracted and purified OMVs. Protein standard 

molecular weights were obtained using Precision Plus Protein Standards, shown on right side 

(unit is kDa), loaded in the lane labeled “M”. The gel was Silver-stained. The OMV samples were 

loaded on the gel as follows: 1) D7SS wt, 2) D7SS ompA clone 7, 3) D7SS ompA clone 16, 4) 

D7SS ompA clone 16R11, 5) D7SS ompA clone 16R12, 6) D7SS ompA clone 16R13, 7) D7SS 

ompA clone 7R22, 8) D7SS ompA clone 7R23. The approximately 34 kDa band in sample 1 

corresponds to OmpA and is indicated by a black arrowhead. The white arrowhead indicates 

another 34 kDa band detected in sample 4-7. This band contains an OmpA homologue, namely 

OmpA2, according to previous LC-MS/MS analysis. The grey arrowhead indicates the 

approximately 64 kDa band, possibly Omp64, identified in sample 3-8.  
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TABLES 
 
Table 1a.  Cfu ml-1 after serum sensitivity assay 1, 2, 3 using ompA knockouts and reference 

samples. Assay numbers are according to figure 1. 

 

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Assay: Strain and clone Cfu ml-1 

1 D7SS wt 14 100 000 

 D7SS ompA knock clone 7 323 000 

2 D7SS wt 47 900 000 

 D7SS ompA knock clone 16 4 300 000 

3 D7SS wt 14 500 000 

 D7SS ompA knock clone 16 22 000 
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Table 1b.  Cfu ml-1 after serum sensitivity assay 5, 6, 7 using serum survivors and reference 

samples. 

 
 

Assay: Strain and clone: Cfu ml-1 

4 D7SS wt 45 920 000 

 D7SS ompA clone 7 0 

 D7SS ompA clone 7 R11 3 740 000 

 D7SS ompA clone 7 R12 0 

 D7SS ompA clone 7 R13 70 000 

 D7SS ompA clone 7 R14 130 000 

 D7SS ompA clone 7 R22 37 520 000 

5 D7SS wt 9 520 000 

 D7SS ompA clone 7 0 

 D7SS ompA clone 7 R15 120 000 

 D7SS ompA clone 7 R16 2 110 000 

 D7SS ompA clone 7 R22 6 160 000 

 D7SS ompA clone 7 R23 5 670 000 

 D7SS ompA clone 7 R24 4 550 000 

6 D7SS wt 40 080 000 

 D7SS ompA clone 16 680 000 

 D7SS ompA clone 16 R11 33 680 000 

 D7SS ompA clone 16 R12 29 360 000 

 D7SS ompA clone 16 R13 31 280 000 

 D7SS ompA clone 16 R14 35 280 000 

 D7SS ompA clone 16 R15 35 440 000 

 

 

 
  


