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ABSTRACT 

The disease periodontitis is an inflammatory response to the oral bacterial microflora. 

The Gram-negative bacterium Aggregatibacter actinomycetemcomitans has been specif-

ically associated with the aggressive type of periodontitis. This species has a number of 

virulence factors that can contribute to host cell death, tissue inflammation, bone resorp-

tion, and colonization advantage relative to other microbes. A. actinomycetemcomitans 

has defense mechanisms against killing by the complement system (a part of our im-

mune system). In the alternative pathway of complement activation, a protein called 

Factor H is the main regulator by having the ability to inhibit the complement reactions 

in three separate ways. Binding of Factor H to the bacterial surface was earlier shown to 

promote survival in human serum of an A. actinomycetemcomitans serotype d strain. 

This binding was caused by the outer membrane protein Omp100. The aim of this study 

was to establish whether Omp100 has a similar role in other serotypes of A. actinomy-

cetemcomitans. For this we examined the serotype a strains D7S and D7SS, and their 

omp100 knockout mutants, which were generated in this laboratory. Western immunob-

lotting was used to compare a possible amount difference of the protein in each sero-

type. By incubating the bacterial strains in human serum, our results showed that lack of 

Omp100 did not have an obvious negative effect on the serum survival rate in strain 

D7S nor D7SS. We therefore concluded that omp100 was not required for serum re-

sistance in these serotype a strains, and suggest that there might be another protein or 

factor in this serotype that is more important for serum resistance.  
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INTRODUCTION 

Different types of diseases can be associated with the periodontium. If an inflammatory 

process takes place in the gingival tissue, without any sign of progressive attachment 

loss, it is known as gingivitis. However, if a progressive attachment loss is seen com-

bined with a gingival inflammation the disease is known as periodontitis (Armitage, 

1999). Periodontitis can be divided into different forms, such as the chronic type, ag-

gressive type, periodontitis as a manifestation of systemic disease, necrotizing ulcera-

tive periodontitis and periodontitis associated with endodontic lesions. The disease can 

also be categorized as slight, moderate or severe, depending on the degree of attachment 

loss. The extent determines whether it is a localized or generalized form of periodontitis 

(Greenwell, 2001). The bacterial microflora has an unquestionable role in the disease, 

but not all the microorganisms present in the periodontal pockets are etiologic agents 

(Moore et al., 1994).  

Aggregatibacter actinomycetemcomitans, previously called Actinobacillus actinomy-

cetemcomitans (Nørskov-Lauritsen et al., 2006), is a Gram-negative, non-motile, non-

spore-forming, facultative anaerobic coccobacillus that lives in the oral cavity (Hender-

son et al., 2006). The bacterium was first isolated and described by Klinger 1912 

(Klinger, 1912), and were further presented as a possible periodontal pathogen with 

associations with a condition called Local Aggressive Periodontits (LAP) in the 1970s 

(Newman et al., 1976; Slots, 1976). Since then, it has also been demonstrated that the 

species can disseminate from the oral cavity and contribute to endocarditis (Paturel et 

al., 2004).  

 

There are seven known serotypes of A. actinomycetemcomitans (a-g). Of these sero-

types a, b and c are the most dominant, while serotypes d and e are rare. The prevalence 

of serotypes f and g, which are the most recent discovered, are still largely unknown 

(Brígido et al., 2014; Tsuzukibashi et al., 2014). The different serotypes have a variety 

in pathogenicity with one example being the JP2 clone of the serotype b (Haubek, 

2010). 

 

Genetic diversity among strains, and their ability to produce virulence factors is large.  

A. actinomycetemcomitans has a number of virulence factors, which makes it possible 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Tsuzukibashi%20O%5BAuthor%5D&cauthor=true&cauthor_uid=24562973
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for the bacteria to colonize and persist in the oral cavity, destroy host tissues and pre-

vent repairing of these, and also interfere with the host’s immune system. A few exam-

ples of these virulence factors are leukotoxin, lipopolysaccharide (LPS) and bacteriocins 

(Henderson et al., 2010; Fives-Taylor et al., 1999).  A. actinomycetemcomitans can also 

release outer membrane vesicles (OMVs) from the membrane surface, which contain 

virulence factors. For example, OMVs have the ability to trigger the human innate im-

mune system by delivering virulence factors into human cells including gingival fibro-

blasts. However, these OMVs might also function as a defense mechanism for the bac-

teria (Kieselbach et al., 2015; Rompikuntal et al., 2015). Along with these abilities, A. 

actinomycetemcomitans has been shown in in vitro tests to be able to invade human 

vascular endothelial cells as well as cultured human gingival epithelium cells (Sreeniva-

san et al., 1993; Schenkein et al., 2000). This mechanism permits the bacteria to either 

cross the epithelial cell barrier or persist and develop in a protected cellular environment 

(Fives-Taylor et al., 1999). 

 

Because of the virulence property of invading human vascular endothelial cells, A. acti-

nomycetemcomitans among other bacterial species may have access to the otherwise 

secluded bloodstream. The bloodstream contains however a number of defense mecha-

nisms to effectively kill intruding pathogens. In serum, more than thirty proteins of the 

complement system exist and make up for a vital component in the host innate immune 

response and also contributes to activate the adaptive immune response. The comple-

ments system can be activated by three different pathways; the classical pathway, the 

lectin pathway and the alternative pathway. The deposition of complement factors on 

the bacterial surface starts a cascade reaction in one of the pathways stated above, which 

results in the formation of C3 convertase and further creation of the membrane attack 

complex (MAC). Due to the formation of this complex, trans-membrane pores develop 

in the membrane of susceptible bacteria, causing death (Miajlovic et al., 2014). 

 

Though, the cascade reaction in the different pathways can be inhibited. Factor H is a 

protein that is the main regulator of the alternative pathway of the complement system. 

The alternative pathway both intensifies complement activation initiated by the classical 

and/or lectin pathway, and is continually activated by the conversion of C3 to C3b. C3b 

connects with Factor B and further reactions results in C3b connected to Bb to generate 
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the complex C3bBb, which is the C3 convertase of the alternative pathway. Factor H 

can inhibit the alternative pathway in three ways; 

1. Hastening the separation of C3bBb 

2. Acting as a cofactor for Factor I-mediated inactivation of C3b 

3. Competing with Factor B  

Either one of these ways terminates the cascade reaction, stops the MAC-complex from 

forming and thereby allowing the bacteria to live on. The ability to bind Factor H can 

therefore be seen as a great advantage for any intruding bacteria, among them A. acti-

nomycetemcomitans (Schneider et al., 2006). 

In an earlier study by R. Asakawa et al (2003), it was showed that reactions in the com-

plement system mentioned above could be inhibited by an outer membrane protein 

(Omp100) of A. actinomycetemcomitans serotype d (strain IDH781). This omp bound to 

Factor H and thereby inhibited the bactericidal consequences of C3 convertase. The 

ability for A. actinomycetemcomitans to bind Factor H as a defense mechanism has also 

been studied by Ramsey and Whiteley (2008). Their study showed that when exposing 

A. actinomycetemcomitans to H2O2, the bacterial production of Omp100 was induced 

and thereby a greater binding to Factor H was provided. 

A total of six Omps have been identified in A. actinomycetemcomitans and they have 

been named after their respective molecule weight: Omp100, Omp64, Omp39, Omp29, 

Omp18 and Omp16 (Asakawa et al., 2003). The protein sequence of omp100 has been 

demonstrated to be homologous to a protein family associated with a few Gram-

negative bacteria with abilities such as adhesion, invasion and serum resistance. There-

fore, Asakawa et al (2003) found it interesting to further analyze the roll of omp100 in 

A. actinomycetemcomitans as it may contribute to the onset of periodontitis. They found 

that the wild type of A. actinomycetemcomitans, serotype d (IDH781) had an almost 

complete resistance to 30 %- and 50 % normal human serum (NHS), while the omp100 

knock-out mutant (RA135) had a 90 % killing under the same conditions. In the study 

they also used Escherichia coli as a control and the results showed that while the wild 

type (RA31) had a 100 % sensitivity to 10 % NHS, the mutant expressing Omp100 

(RA11) could display a resistance with only 0.01 % death rate in > 20 % NHS. The 

study further displayed that by using an anti-Omp100 antibody, the wild type (wt) A. 

actinomycetemcomitans Y4 (serotype b) got a reduced adhesion by 50 % and reduced 
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invasion by at least 70 % to human carcinoma KB cells and similar results were ob-

served for human gingival keratinocytes, while the antibody did not have any effect on 

the adhesion and invasion of the omp100 knock-out mutant RA135. The study also 

demonstrated that the omp100 knock-out mutant RA135 had a natural decreased adhe-

sion and invasion efficiency by 60 %, compared to the wild type RA31. RA11 showed a 

three times higher adhesion capability to KB cells and about 15-fold higher invasion 

ability compared to the wt control strain RA31. After addition of anti- omp100 antibody 

the adhesion and invasion of RA11 was reduced to the levels of RA31. 

The aim of this work is to investigate if Omp100 may have a role in serum resistance in 

additional A. actinomycetemcomitans serotypes. For this, we have assessed the serotype 

a strain D7S and D7SS, together with an omp100 knockout derivative of those two 

strains. 

MATERIALS AND METHODS 

 

Literature 

Relevant literature was found by searching articles on the PubMed Database. The fol-

lowing mesh-terms were used and filtered in different combinations: Periodontitis, Peri-

odontal Diseases, Virulence, Actinobacillus, Actinobacillus Infections, Aggregatibacter 

actinomycetemcomitans, Bacterial Outer Membrane Proteins, Outer Membrane Pro-

teins, Complement Factor H, Serum, Complement System Proteins, Periodontium. To 

narrow down the amount of articles of relevance, the filter “humans” was used subse-

quently, as well as different subheadings to the terms stated above. To complement the 

studies found in the literature search, additional relevant articles were supplied to us by 

our tutor at Oral Microbiology. 

 

Ethical considerations 

The bacterial strain used in this study was collected several years ago under the permis-

sion from the ethical board and the patients’ approval. Serum used came from voluntary 

personnel at the laboratory of Oral Microbiology at Umeå University, as well as antisera 

from periodontitis patients, which was earlier sampled under ethical approval. No iden-

tity information from the patients involved can be evinced when reading this paper.  

 

http://www.ncbi.nlm.nih.gov/pubmed/10863370
http://www.ncbi.nlm.nih.gov/pubmed/10863370
http://www.ncbi.nlm.nih.gov/pubmed/?term=Reclassification+of+Actinobacillus+actinomycetemcomitans%2C+Haemophilus+aphrophilus%2C+Haemophilus+paraphrophilus+and+Haemophilus+segnis+as+Aggregatibacter+actinomycetemcomitans+gen.+nov.%2C+comb.+nov.%2C+Aggregatibacter+aphrophilus+comb.+nov.+and+Aggregatibacter+segnis+comb.+nov.%2C+and+emended+description+of+Aggregatibacter+aphrophilus+to+include+V+factor-dependent+and+V+factor-independent+isolates
http://www.ncbi.nlm.nih.gov/pubmed/?term=Actinobacillus+actinomycetemcomitans+endocarditis+paturel
http://www.ncbi.nlm.nih.gov/pubmed/1765939
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Bacterial growth conditions 

The bacteria cultured in this study were the A. actinomycetemcomitans serotype a 

strains D7S wild type (wt) (rough type of colony), and its derivative D7SS (smooth type 

of colony). Strain D7S was initially isolated from a patient with aggressive periodontitis 

(Wang et al., 2002). Knockout mutants of D7S and D7SS with the omp100 gene re-

placed by a kanamycin cassette were generated in the laboratory of Oral Microbiology. 

The bacteria were cultured on blood agar plates (5 % defibrinated horse blood, 10 mg 

Vitamin K/L, 5 mg hemin/L and Columbia agar base) for 3 days in 5 % CO2, in a 37 
o
C 

incubator.  

 

Serum survival assays 

Colonies from D7S wt, D7SS wt and the respective mutants were harvested from blood 

agar plates grown for 3 days. The bacteria were added into Eppendorf tubes and mixed 

with 1 mL phosphate-buffered saline (PBS). To collect the bacterial cells, the bacteria 

were centrifuged 10,000 x g for five min. The bacterial pellets were mixed in 400 µL 

PBS and for each strain the optical density with a wavelength of 600 nm (OD 600) was 

measured, using PBS as a blank. By adjusting the concentrations of bacteria using PBS, 

all bacterial samples were normalized to OD 600 = 1.  

The normal human serum (NHS) used in these experiments was obtained from two dif-

ferent donors (volunteers in the research laboratory). The final concentration of NHS 

used during the incubations was 50 % NHS. As controls, heat inactivated serum (56 
o
C, 

30 min) (HI-NHS) was used instead.   

In each experiment, two samples in Eppendorf tubes per strain were prepared, contain-

ing 105µL serum, 95 µL PBS and 10 µL bacteria (OD 600 = 1). One of the tubes con-

tained NHS and the other containing the HI-NHS. The samples were then incubated for 

2 hr in 37 
o
C, 5 % CO2. After the incubation time, the solution was serially diluted up to 

1:10,000 using PBS. 100 µL of the 1:10,000 dilution and 1:100 dilution, respectively 

were spread on prewarmed blood agar plates, using a loop. The plates were then incu-

bated in 37 
o
C, 5 % CO2. After 3 days the data was recorded by counting the number of 

colonies on each plate followed by dividing surviving colonies in NHS/HI-NHS, which 

represented the surviving quota.  

 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20Y%5Bauth%5D
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Extraction of outer membrane vesicles 

The A. actinomycetemcomitans cells were harvested after growing on blood agar plates 

incubated for three days in 37 °C and 5 % CO2. By using cotton swabs, the cells were 

harvested into 25 mL PBS in a 50 mL centrifuge tube. The bacterial suspention was 

centrifuged at 10,000 rpm for 30 min at 4 °C in Beckman Coulter Avanti J-20 XP with 

JA25:50 rotor. To ensure removal of intact and disrupted bacterial cells the supernatant 

was first filtrated with 0.45 µm filter and then again with 0.22 µm filter. Beckman LE-

70 Ultracentrifuge with 70 Ti rotor was used for the centrifugation of the filtrated su-

pernatant at 34,000 rpm for 2 hr, in 4 °C. After this procedure the pellet, containing 

OMV was washed twice and resuspended with PBS and thereafter transferred into a 4 

mL Ultracentrifuge tube. In the last centrifugation, a Beckman LE-70 Ultracentrifuge 

with SW60Ti rotor was used at 34,000 rpm in 4 °C for 2 hr. As a final step the OMV 

pellet was resuspended into 100 µL PBS and stored at – 80 °C until use.  

 

Western immunoblotting 

To measure the amount of proteins in the OMV samples, isolated as described above, a 

Picodrop Spectrophotometer was used with PBS solution as a reference. The OMV 

samples were diluted to a concentration of 1 mg/mL using PBS and Laemmli Buffer 

(LB) was added (Laemmli, 1970). While preparing the different samples of OMV, each 

tube was stored on ice. After adding LB, the tubes were all heated for five min at 100 
o
C 

and thereafter put in room temperature (RT). Molecular weight marker (M) was used as 

a reference in the gel. The samples were loaded into an 8 – 16 % linear gradient SDS-

PAGE gel (Criterion, Bio-Rad) and were run at 150 V for 90 min. Running buffer was 

25 mM Tris, 192 mM glycine, and 0.1 % SDS. The gel was removed from the cassette 

and saturated in transfer buffer (60 mM Tris, and 40 mM CAPS buffer) supplemented 

with 15 % methanol (anode) and 0.1 % SDS (cathode) and thereafter placed on top of 

the anode membrane, eliminating interfering air bubbles, with the cathode membrane 

placed on top. Electrodes were positioned and the proteins were transferred to a PVDF 

membrane at 140 mA for 60 min. A plastic pocket, containing a 15 mL solution of 5 % 

powdered milk and Tris-buffered salt with tween (TTBS) was used for incubation of the 

membrane overnight. The milk solution was removed and primary antibody was then 

added to the pocket with the membrane and incubated for 60 min at RT. As the primary 

antibody, serum collected from patients with periodontitis, and carrying A. actinomy-

cetemcomitans were used (Brage et al., 2011). The membrane was washed 4 x 5 min in 
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TTBS before secondary antibody, donkey-anti-human 1:10 000; 15 mL, was added for 

1 hr at RT. After this, washing was performed as previously mentioned, with an extra 

30 min the final time. Just before detection in dark room, peroxidase solution with 2 mL 

substrate solution (Clarity™ Western ECL Substrate (Bio-Rad)) was mixed and poured 

over and spread evenly over the membrane. The membrane was removed from the plas-

tic pocket and a film was placed on top of it. Appropriate time intervals were used while 

exposing the film until immunoreactive bands were seen, using the ChemiDoc™ XRS+ 

System (Bio-Rad).  

 

Statistical analysis and image processing 

For calculating the p-value, an unpaired t-test was used in Excel 2013 with a signifi-

cance level of 0.05 or less. The data is based on up to five separate experiments for each 

strain, which is why the unpaired t-test was used as a method for statistical analysis. The 

results presented in scatter-plots, and Table 1, was also constructed in Excel 2013. Scat-

ter-plots were used to present the variation in data between the separate experiments. 

Images from Western immunoblottning were adjusted and assembled using Adobe Pho-

toshop 2008. 

RESULTS 

Omp100 was not required for serum resistance in strain D7S  

To study if Omp100 was needed for serum resistance in serotype a strain D7S, we com-

pared D7S and its omp100 mutant in assays using 50 % NHS (see materials and meth-

ods). According to our results, based on a total of five experiments with D7S, and four 

with D7S omp100, respectively (Fig. 1a and Table 1) both strains survived well in se-

rum. Moreover, the D7S omp100 knockout mutant showed more than twice as high 

mean survival in NHS with the mean quota for D7S wt calculated to 0.84, and for D7S 

omp100 to 2.14. We therefore concluded that Omp100 was not required for survival of 

this strain in serum, and that a difference regarding the survival ability in NHS appeared 

to exist between the wt and the mutant, in favor of D7S omp100.  

 

To determine if this difference was statistically significant, all measurements of the sur-

vival quota (NHS/HI-NHS) for D7S wt were compared with those of the D7S omp100 

mutant to calculate the p-value. The survival quota for each laboratory experiment is 
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displayed in table 1. An unpaired t-test was used to calculate the p-value.  A null hy-

pothesis (H0) was stated that there was no difference between the survival rate in the 

wild type of D7S and D7S omp100. According to our data, the two-tailed p-value 

equaled to 0.038. Thus, by conventional criteria, this difference was considered to be 

statistically significant. Since the p-value was < 0.05, we rejected the null hypothesis.  

 

Omp100 was not required for serum resistance in strain D7SS  

To study if Omp100 was needed for serum resistance in the smooth colony strain D7SS, 

derived from D7S, we compared D7SS with two clones of its omp100 mutant in assays 

using 50 % NHS (see materials and methods). Our results are based on 3 experiments 

with D7SS wt and one experiment with D7SS omp100 clone 2, and one for D7SS 

omp100 clone 4 (Fig. 1b). The results displayed a mean survival rate that was higher for 

D7SS omp100, both clone 2 and 4, compared to D7SS wt. The mean quota for D7SS wt 

was calculated to 2.10, and the total result for D7SS omp100 clone 2 and clone 4 was 

3.08, and 5.54, respectively. We therefore concluded that Omp100 was not required for 

serum resistance in strain D7SS. On the other hand, mainly on basis of few experiments 

with the mutants, the results did not clearly indicate higher serum survival of the 

omp100 mutant clones as in the D7S experiments stated above. Thus, as the two D7SS 

omp100 mutant clones were only tested in one experiment each, those results were not 

included in the calculation of a p-value to determine statistical significance. 

 

Western Immunoblotting do not show a notable difference in amount of omp100 

As Omp100 was not required for serum resistance in the serotype a strains D7S and 

D7SS, which was in contrast to earlier findings with the serotype d strain IDH781, we 

tested if Omp100 levels might be different in the strains. For this, we analyzed outer 

membrane vesicle preparations from D7SS, D7SS omp100, and IDH781 using Western 

immunoblotting. To detect outer membrane proteins, we used sera from patients infect-

ed with A. actinomycetemcomitans.  

 

The result from the Western Immunoblotting is presented below (Fig. 2a and Fig. 2b). 

Panel (a) indicates a reference experiment, which was performed earlier in the laborato-

ry (Kieselbach et al, 2015). This panel was included as a reference figure for each ex-

periment to enhance identification of the protein band corresponding to Omp100. In the 

experiment presented in Fig. 2a (b), we used serum from the same A. actinomycetem-
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comitans-positive individual diagnosed with periodontitis as was used in Fig. 2a (a). 

Unfortunately, this patient serum showed strong seroreactivity to the IDH781 OMV 

(lane 7), suggesting that this patient was infected by a serotype d strain. Thus, using this 

patient serum we could not clearly evaluate if IDH781 produced more Omp100 than 

D7SS. To try to come around this problem, we therefore next used serum from three 

different A. actinomycetemcomitans-positive patients diagnosed with periodontitis. As 

judged by the results (Fig. 2b (b)), no clear difference could be detected between the 

reactive bands at the size of around 100 kDa between the different OMV samples (lanes 

2, 5, 7).  Thus, from the Western immunoblot results it could not be drawn a conclusion 

whether Omp100 levels would be different between the serotype a, and d strains tested. 

However, based on the differences at the 100 kDa mark between serotype a and a sero-

type e OMV sample, loaded in Fig. 2a (lane 2 respectively lane 1), it is possible that 

some strains might have enhanced levels of Omp100. 

DISCUSSION 

The aim for this study to be executed was to test if Omp100 has as an important role for 

serum survival in A. actinomycetemcomitans serotype a strains, as in serotype d, which 

was shown in an earlier study by Asakawa et al., 2003, using strain IDH781. Our results 

from this study showed that omp100 mutants of the A. actinomycetemcomitans serotype 

a strains D7S and D7SS did not have reduced survival in NHS, indicating that Omp100 

was not required for serum resistance. In fact, the D7S omp100 mutant even had a 

somewhat higher survival rate in NHS than the parental strain.  

 

The reason why the importance of Omp100 in serum resistance differed between our 

work and the previous study on the serotype d strain is not known. A few possible ex-

planations are discussed below.  

 

Why is Omp100 important for serum survival in the serotype d but not in the sero-

type a strains? 

 

A possible explanation for the different findings in the two studies could be the fact that 

Asakawa et al., 2003 examined a serotype d strain, while this study focused on serotype 

a strains of A. actinomycetemcomitans. The explanation could be as simple as a variance 

in the amount of Omp100 present on the membrane surface of the two strains. The sero-

type a strains used here could have less Omp100 than IDH781, and therefore loss of 
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Omp100 might not have as much impact on the bacterial serum resistance. If the sero-

type d strain on the other hand have a greater amount Omp100 on the surface, their abil-

ity to bind Factor H would be expected to be superior. In Western immunoblots we ana-

lyzed OMVs from the different strains rather than whole cell preparations as OMVs are 

enriched in outer membrane proteins, which would allow easier detection of such pro-

teins. However, the results from our Western Immunoblots could not support a theory of 

different quantities of Omp100 since the amount in the two serotypes, a and d, could not 

be clearly compared. One reason was that one patient serum that was found earlier in 

the laboratory to detect Omp100 in D7SS showed apparent seroreactivity to IDH781 

OMVs, which resulted in such a strong reaction to LPS that the protein band corre-

sponding to Omp100 was not clearly detected. This might be explained by the particular 

patient being infected with a serotype d strain. Although this appeared not to be the case 

with our second patient serum tested, it was obvious that it did not give a clear response 

to proteins at around 100 kDa where Omp100 would be detected. We did, however, not 

exclude the possibility of different levels of Omp100 between strains/serotypes, as 

OMVs from a serotype e strain appeared to have more Omp100 than the serotype a 

strains. Therefore, to clarify this in future studies it could be of value to use an antise-

rum specific for Omp100 instead of patient sera, to avoid the risk using a serum with a 

too low or too high bacterial sensitivity.  

 

Another possible explanation is that the functional role of Omp100 in serum resistance 

is minor in the serotype a as proposed to the serotype d strain. Instead there might be 

another protein or factor in D7S/D7SS which would explain the serum resistant pheno-

type of the omp100 knock-out mutant observed in this work. It cannot be excluded that 

in the omp100 mutant other Omps are expressed in a higher quantity, to compensate for 

the loss of Omp100. A total of six omp-genes have been shown to exist in A. actinomy-

cetemcomitans (Asakawa et al., 2003) and it cannot be excluded that individual Omps 

may have different roles in serum resistance depending on the serotype. With this in 

mind, there would be of great interest to further test the roles these Omp proteins may 

have in serum resistance in different serotypes and strains. A logical next step would be 

to make new knockout mutations, in each of these omp-encoding genes. 
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How can the increased serum-resistance in the mutant D7S omp100 be explained? 

One theoretical mechanism explaining this observed result that can be discussed is the 

possible role of OMVs. It has been recently demonstrated, using Vibrio cholerae that 

OMVs from that bacterium can contribute to serum resistance (Aung et al., 2016). Alt-

hough it is unknown how much vesicles the serotype d strain IDH781 produces, previ-

ous studies have shown that D7S and D7SS shed a large number of OMVs during 

growth in the laboratory (Karched et al., 2008). From this exam work, and from the 

study, which was earlier reported from this laboratory (Kieselbach et al, 2015), Omp100 

is present in the OMVs.  Thus, in theory, the vesicles from D7S could thereby have a 

significant ability to bind Factor H, which might leave the bacterium exposed to the 

complement system to a higher extent, compared to the scenario in the omp100 mutant. 

To investigate this further, it would be needed to study if the OMVs can indeed bind to 

Factor H.   

 

To summarize, we have concluded from this work that Omp100 has no major role in the 

survival for the examined A. actinomycetemcomitans, serotype a strains in human se-

rum. Thus, the mechanism for the serum resistance in these strains is still unknown. 

Further studies on the role of different Omps in serum resistance might explain how this 

is achieved and thereby possibly promote greater knowledge in how to reduce virulence 

in periodontopathogenic species and in additional bacteria.  
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Tables 

Table 1. 

Survival rate in human serum for D7S and D7S omp100, respectively. The column on 

the left presents the quota of the survival rate for D7S wt in five separate experiments. 

The column on the right presents the same calculations for D7S omp100 in a total of 

four experiments. These results were used when calculating the p-value presented in 

results.  

D7S wt D7S omp100 

0.31 2.54 

0.36 3.19 

1.60 0.84 

0.93 2.00 

0.97  
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Figures 

 

Fig. 1a. Survival of D7S (wt) and D7S omp100 in human serum. Ratios indicate surviv-

al in NHS relative to HI-NHS. Each dot represents the result from one laboratory exper-

iment. Five experiments were performed on D7S wt and four were performed on D7S 

omp100. The mean survival rate of D7S wt was calculated to 0.84 with a standard error 

of + 0.77 and - 0.52. The mean value for D7S omp100 was calculated to 2.14 with a 

standard error of + 1.04 and - 1.30. The results were found to be statistically significant 

(p = 0.038), indicating a higher survival rate for D7S omp100 in NHS compared to the 

D7S wt. 
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Fig. 1b. Survival of D7SS (wt) and D7SS omp100 clones 2 and 4 in human serum. Ra-

tios indicate survival in NHS relative to HI-NHS. The dots above, which represent indi-

vidual experiments, show the relationship between the quota of serum survival for 

D7SS wt compared to D7SS omp100 clone 2 and 4. Three experiments were performed 

on D7SS wt and one experiment each for D7SS omp100 clone 2 and clone 4. The re-

sults comparing the mean quota show that lack of Omp100 in the omp100 mutant did 

not abolish serum survival. The mean value of D7SS wt was calculated to 2.10 with a 

standard error of + 2.06 and - 1.14. 
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Fig. 2a. Western immunoblotting of OMVs from A. actinomycetemcomitans using an 

antiserum from a periodontitis patient. The molecular weight marker (M) on the left 

hand side indicates the protein sizes in kDa. The lanes 1-6 on the left side, panel (a), 

performed by Kieselbach et al., 2015 are used as a control to the present experiment 

shown in panel (b). Panel (a) also includes OMVs from some A. actinomycetemcomi-

tans strains that were not used in this study (lane 3, 4, 6). The knock-out of omp100 in 

the mutants is supported by absence of the 100 kDa band in lane 5 in both panels. The 

location of this band in the immunoblot is indicated by an arrow. 
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Fig. 2b. Western immunoblotting of OMVs from A. actinomycetemcomitans using anti-

sera from three additional patients with periodontitis. The molecular weight marker (M) 

on the left hand side indicates the protein size in kDa. The lanes 1-6 on the left side, 

panel (a) (Kieselbach et al., 2015) are used as a reference, see Fig. 2a, to evaluate the 

immunoblot shown in panel b. No apparent difference could be detected between the 

reactive bands at 100 kDa (indicated by arrows in the last panel) in the samples loaded 

in lanes 2, 5, and 7.  


