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Abstract 
Propionibacterium acnes (P. acnes) is a gram-positive bacteria residing on humans in the sebaceous follicles 

on the skin mainly found on the upper body. These have been associated with the common skin disorder 

acne vulgaris. Recently a study showed a connection between acne and certain P. acnes strains, the A1 

cluster, whereas other strains were only found when no acne inflammation was present. These health-

associated P. acnes strains belong to the D1 cluster. To gain further knowledge about differences between 

the D1 and A1 clusters these were characterized through metabolic tests and genomic comparison. It was 

found that D1 and F1, a cluster found health-associated as well, were able to hydrolyze gelatin, whereas A1 

was not able to do this. This means favoring of the health-associated strains could be possible by using 

gelatin as a protein source. A secretome analysis was made and differences in the secreted proteins were 

found. some of the secreted proteins was CAMP factors, which are known virulence factors found in P. 

acnes. A CAMP test was made and showed all tested strains could co-hemolyse sheep blood and cattle 

blood together with Group B Streptococcus, but not horse blood as expected. Interestingly enough the 

tested F1 strain, was not able to β-hemolyse any blood types, where the others could β-hemolyse all tested 

types. A genome comparison was made and two islands were found in the D1 genome which was not 

present in the A1 genome; the cryptic prophage region and a tyrosine decarboxylase island. The 

decarboxylase island is believed to help increase the intracellular pH under acidic stress. A pH test was 

made with tyrosine addition to the growth medium and a slightly higher growth rate was observed for D1. 

Furthermore the pH of the medium were higher afterwards in the D1 medium than in the A1 medium 

though a lot lower than the starting pH. In the end it was tried to apply P. acnes D1 to the skin and observe 

if this could outcompete the present P. acnes strains. This is the first time this have been tried in vivo but 

unfortunately there were no DNA present in the swap samples when analyzed. 
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Introduction 

Acne vulgaris 

 

Acne vulgaris is an inflammatory disorder of the pilosebaceous follicles which affects nearly everyone at 

some point in their life, starting from the teenage age1,2. Up to 85% among teenagers gets acne, while with 

increasing age, the abundance decreases to 64% in the 20s and 43% in the 30s3. Some will get more severe 

acne than others which in some cases can leave visible scars. Acne vulgaris is affecting teenagers in a very 

crucial stage of their life; this can have mental effects besides the physical ones. The pathogenesis of acne 

vulgaris is not clearly understood, but it is known that it is an inflammatory skin disease that manifests as 

comedones and inflammatory papules4.  

The healthy pilosebaceous unit is made of a hair follicle, sebaceous gland, and a hair. The follicles can be 

found everywhere on the body except on the palms, soles, top of the feet and the lower lip. There are 

areas with a much higher prevalence of the follicles and these are located on the head, neck, upper arms, 

chest and back. In the sebaceous glands sebum is produced and this sebum is moistening the hair and skin 

around the follicle. During the adolescence androgens hormones are influencing the sebaceous glands so 

these enlarge and produce more sebum until the individual is in the twentieths. The sebum in the follicle is 

combined with cells being sloughed off within and this fills the follicle to an amount where the sebum starts 

spreading over the surface and keeps the skin moisturized.  

For an acne lesion to start several factors are implicated like corneocytes, which becomes sticky as they are 

shed. There can also be an imbalance in where these are shed, so more corneocytes are shed in the top of 

the follicle instead of in the bottom. This can result in an accumulation of the dead skin cells (ascorneocyte) 

in the follicles. Besides this the increased sebum production in the adolescence can block the follicle as 

well. As these factors accumulate in the follicle a bottleneck condition can be created which prevents 

sloughing and a microcomedone is created. In the follicle the bacterium Propionibacterium acnes (P. acnes) 

can reside and it is often the only bacterium found5,6. P. acnes use the sebum for growth and as the sebum 

production increases more nutrients are available and the amount of P. acnes bacteria can increase. This is 

the pre-stage to acne. 

As the sebum and the ascorneocytes are accumulated they become compacted and thick. Then, depending 

on whether the pore to the follicle is open or closed, it is called an open comedone, or blackhead, or closed 

comedone, or whitehead, respectively. As sebaceous material builds up in the follicle inflammation can 

develop in the cells neighboring the follicle depending on the presence of P. acnes.  

As the sebaceous material builds up it puts pressure on the neighboring cells, and this pressure might reach 

a threshold where the sides of the follicle rupture and the material leaks into the surrounding skin tissue. If 

P. acnes is present, the skin tissue is exposed to the organism that can result in the formation of 

inflammatory papules. These are visible as a red bumps on the skin. P. acnes has multiple properties that 

may contribute to the inflammatory response. These include enzymes like, triacylglycerol lipase, 

hyaluronate lyase, endoglycoceramidases and 5 CAMP factors that can promote the degradation of the 

follicle wall and cause rupture. Besides these, P. acnes also has some surface proteins that may play a role 

in immunoreactivity, including proteins like antigen84 and antigen18, adhesions, and heat shock proteins. 

These can trigger humoral and cell-mediated responses. Furthermore P. acnes produce porphyrins which 

may contribute further to tissue damage and inflammation7,8.  

As the immune system starts to fight off the bacterial P. acnes colonization, white blood cells accumulate in 
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the follicle, visible as pus. Such a state is a pustule. It is unclear why some lesions build up pus while others 

do not.  

Acne can also develop into cysts. This happens when the inflammation keeps spreading further and deeper 

into the surrounding skin. This causes scarring and formations of nodules and these are very painful and 

demands further treatment than over-the-counter medication can handle9,10. 

The fact that P. acnes is often the only bacterium found in the follicles, and the fact that long-term 

antibiotic treatment with tetracyclines or macrolides have a good effect, indicates that P. acnes has a major 

role in the formation of acne8,11–13. 

 

Propionibacterium acnes 

P. acnes is a commensal on the human skin found on almost every human being14–16. P. acnes got its name 

from the secreted carboxylic acid, propionic acid. The bacterium is a slow growing, rod shaped, aero 

tolerant, anaerobic, gram-positive bacterium. The optimal temperature for growth of P. acnes is body 

temperature, 37°C. Besides in the pilosebaceous follicles of the skin, P. acnes is also found in the 

conjunctiva17, oral cavity17 and intestinal tract18. The P. acnes genome encodes all the main components of 

oxidative phosphorylation. This includes NADH dehydrogenase, cytochrome c reductase, cytochrome c 

oxidase and FOF1-type ATP synthase. Besides these, it also has the genes for cytochrome d oxidase, which 

ensures the capabilities to grow under different oxygen conditions8,19. Thus, P. acnes can tolerate exposure 

to oxygen for several hours and can survive for 8 months under anaerobic conditions in vitro20. This taken 

into account suggests that P. acnes can survive for a prolonged period of time within human tissues with 

low oxygen concentrations21. P. acnes belongs to the phylum actinobacteria and can be divided into 

different phylogroups or clusters based on its 2.5 Mbp genome. There are 3 major clade divisions I, II and 

III, where type I can be further divided into subtypes IA1, IA2, IB and IC. These, again can be further divided 

into clusters designated A to H based on Single Locus Sequence Typing (SLST)22. This SLST typing is based on 

a 612 bp region of the P. acnes genome. This region is found immediately upstream the gene encoding 

CAMP factor 122. This region is suitable to divide the different P. acnes strains because it can divide into the 

former major clades, the subtypes of Type I strains and the 6 clusters within type IA. These clusters can be 

seen on figure 1. Genome-wide variation among individual types seems low, but some key differences are 

found in genomic island-like regions which encode a range of virulence-associated traits23.  

 

Analyzing acne-affected and healthy skin has revealed some differences in the prevalence of P. acnes 

subtypes24–31. Acne-affected skin is preferentially colonized with strains belonging to SLST types A, B and C. 

On healthy skin strains of SLST type D and F are more frequently found31–33. SLST typing is the only method 

possible for detecting D1 strains, as these are clustered with the CC28 strains in the former Multi Locus 

Sequence Typing and it is evident on figure 1, that these form a distinct cluster.  

Which P. acnes strains a person is colonized with is specific for the individual person. It is usually the same 

pattern of P. acnes strain composition found around the upper body whether taking a swap from the back, 

chest, nose, ear or somewhere else14. 

Besides acne vulgaris P. acnes is also believed to be involved in the development of joint infections34, 

prostate cancer35, sarcoidosis36 and other postsurgical infections after implantation37,38. Specific SLST types 

are often overrepresented in isolates from these infections, for example prostate cancer isolates often 

belong to SLST types H and K39. 
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Figure 1: Minimum Evolution phylogenetic tree of 86 P. acnes genome from Scholz et al

22
. The figure has been modified from the 

original one. It shows the traditional typing based on the recA and tly genes to the right and to the left the SLST typing. 
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Secretion of P. acnes 

P. acnes, like other bacteria, secretes different proteins during growth. These proteins are used to degrade 

for example complex structures e.g. human-derived components to obtain nutrition. Some secreted factors 

might be used to inhibit or kill competing bacteria for the microhabitat. Some secreted proteins are 

surface-bound and are used for host cell/tissue attachment. The secreted proteins with degradative 

capability includes glycoside hydrolases, esterases and proteases and it is known from previous tests that 

different P. acnes strains secretes different proteins and in different amounts40. 

CAMP factors 

CAMP factors are believed to be involved in P. acnes´ virulence are, which were first described by Christie, 

Atkins, Munch-Petersen41. These CAMP factors interact with the plasma membrane of erythrocytes and 

other cells. There is a CAMP reaction test which determines co-hemolytic properties of CAMP factors. This 

only occurs if the erythrocytes have been pretreated with the β-toxin (sphingomyelinase) of Staphylococcus 

aureus (S. aureus)42. Thus, co-hemolysis means that two factors are needed for the hemolysis to take place. 

This differs from β-hemolysis, or complete hemolysis, where a single factor (e. g. streptolysin O of Group A 

streptococci) can hemolyse erythrocytes alone. The mechanism behind the CAMP reaction involves 

spingomyelinase cleavage of the erythrocyte membrane to form ceramide which the CAMP factors target 

and disorganize the lipid bilayer, resulting in cell lysis43. The CAMP test has been used in vitro to detect 

Streptococcus agalactiae (group B streptococcus (GBS)), one of the few other bacteria that produce CAMP 

factors. For the reaction to happen the erythrocytes must have a sphingomyelin concentration above 45 

mol%44. The sphingomyelin is a sphingolipid consistent of phosphocholine and ceramide which is natural 

occuring in the cell membranes. This means that sheep and bovine blood can be used for co-

hemolysisnwhile there will not be co-hemolysis on human, rabbit and horse blood41,44. For P. acnes there 

are 5 known CAMP factors (CAMP 1-5), which are expressed in different amounts depending on the strain. 

CAMP factor 2 shows the highest homology with the CAMP factor found in GBS with an identity of 33% in 

amino acid sequence42. This was tested to see if there were any difference in the co-hemolytic pattern, 

which could be an explanation for why some P. acnes strains are acne-associated, while others are health-

asspciated. 

 

Aims of the project 

In this project it was studied if there were any differences between health-associated strains of P. acnes 

(the D1 cluster) and the other P. acnes clusters, which could explain why D1 strains are absent from acne-

affected, but present on healthy skin. The hypothesis is that D1 strains might have protective, host 

beneficial effects. Several methods were applied, including genotypical and phenotypical assays, such as 

genome comparison, secretome analysis, CAMP reaction and other biochemical tests to look for differences 

between the tested strains. Finally it was tested if the D1 strains had an advantage in intraspecies 

competition. In the end it was planned to apply D1 strains to the skin, to see if this could colonize the skin 

and potentially become a biological, probiotic treatment that does not harm the microbiota of the skin like 

current antibiotic treatments. It should be emphasized that this project is a pilot study on the possibility to 

apply the health-associated P. acnes strains in vivo and this is the first time this have been tested. 
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Materials and methods 

Stock solution  

0.5 ml 87% glycerol, finale concentration 29%, added to 1ml RCM with a high concentration of the P. acnes 

strain to be on stock. The stock was stored at -80°C45.  

General growth conditions  

All growth were done anaerobically and the strains were grown from the stock solution on agar plates for 

2-3 days at 37°C before they were used in tests. 

Strains of interest  

Throughout this project 6 P. acnes strains have been used, 2 A1 strains, A1a (12.1.L1) and A1b (37.1.L1); 2 

D1 strains, D1a (30.2.L1) and D1b (3.2.L1); and 2 F1 strains, F1a (25.1.L1) and F1b (R33.3). For the 

secretome, 2 type L strains were added, L1a (PMH7.2) and L1b (CCVG36986). 

Cell count  

OD600 was measured to 0.5 and a serial dilution was made in RCM to 10-5. 10µl was pipetted to RCM agar 

plates and spread with an inoculation spreader and inoculated for 3 days where after the visible cells were 

counted. The colony forming unit (CFU) count revealed that in 1 ml RCM growth medium with D1a at an 

OD600 = 0.5 contains approximately 1.4x108 CFUs. 

Growth curves:  

All 6 P. acnes strains were inoculated in 25ml RCM and BHI and grown for 40 h at 37°C on shaker in an 

anaerobic jar. The OD600 were measured over time with a starting OD600 of 0.06.  

Sanger sequencing:  

More samples in this project was sequenced by Sanger sequencing. This was done with pure cultures grown 

on RCM agar plates. For the PCR reaction 12µl of PCR-water was used, 1µl SLST forward primer, 1µl SLST 

reverse primer, 1µl UF-DNA and 10µl 5 Prime HotmasterMix. The amount of UF-DNA varied depending on 

the concentration in the sample, if more were used equally less PCR-water was added, always adding up to 

25µl in total. After this they were shortly mixed and spun down before being put into the PCR machine with 

the temperature profile with initial denaturation at 96°C for 40s, followed by 35 cycles at 94°C for 35s, 55°C 

for 40s, and 72°C for 40s, followed by a final extension at 72°C for 7min and rests at 4°C till the samples 

were taken out of the machine31. 

Afterwards the samples were added on a PCR gel to see if there was product to be further analyzed. 

Some samples was purified using the Nucleospin Gel and PCR clean-up kit from Macherey-Nagel, where the 

manual for PCR clean up was used46 and others was purified by GATC-biotech, who also sequenced the 

samples.  

Metabolic characteristics  

- api Coryne kit 

The api® Coryne kit from Biomerieux was used and the instructions in this kit was followed. In short the 

strains were grown on RCM plates and transferred to the API Suspension Medium with a McFarland above 
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6 and this suspension was added to the first 11 wells. The leftover Suspension Medium was transferred to 

API GP Medium, mixed and put into the last wells. All wells with a line beneath had a cap of oil added. The 

strip was incubated for 22 hours in 37°C aerobically. The following day the tests were read and noted down 

and the catalase test was done with a drop of hydrogen peroxide in ESC and GEL. The reagents for the first 

11 tests were not available. 

- Gelatin assay 

 

A gelatin hydrolysis test47 were used and modified for this test. The gelatin assay test was made in RCM 

with 9%, 12% and 15% gelatin added respectively. While still warm after autoclaving the gelatin was poured 

into 7 centrifuge tubes of each gelatin concentration (1 control and 6 tests). Hereafter the tubes were 

stored at 37°C to avoid solidification of the medium. After 2 hours the 6 P. acnes strains were applied to the 

test tubes in same quantity and inoculated in anaerobic jars, on shaker at 37°C. After 24 h the test tubes 

were moved to the fridge for 5 minutes to solidify the none-degraded gelatin. It was then inoculated over 

the weekend and tested again after more growth. 

Analyses of secreted proteins of P. acnes strains 

The protocol for precipitation of extracellular proteins was based on the protocol used in Holland et. al40. 

The first time was with A1b (A1) and D1a (D1) grown on RCM agar plates and the second time was with 

CCVG36986 (type III), PMH7.2 (type III), F1a (F1), F1b (F1), D1a (D1), A1b (A1) and A1a (A1) which were 

grown on BHI and RCM agar plates. The third time was only with L1A.2 (type III) and D1a (D1). Colonies 

were washed in 5ml RCM and BHI, centrifuged at 3000g for 5 min at 4°C. Pellet was then transferred to 

25ml RCM/BHI in 50ml centrifuge tubes and 2 controls were made with RCM/BHI alone. OD600 was 

measured on an Ultrospec 10 Cell density meter from Amersham Biosciences. Starting OD600 was 0.05. They 

were incubated overnight on shaker at 37°C under anaerobic conditions (AnaeroGenTM2.5L, Thermo 

Scientific). On the following day the samples were centrifuged for 15 min at 3000g at 4°C and the 

supernatant was used for secretome and the pellet was stored in the freezer. 

The supernatant of the solutions was filtered (0.20 µm) and 100% TCA was added to a finale concentration 

of 10% and stored at 4°C over night. 

The following day the supernatant was centrifuged for 30 min at 3000g and at 4°C, then 1ml of cold 

acetone (4°C) was added and resuspended. The pellet got dissolved in ultrasonic bath for 10 min and was 

again centrifuged 30 min at 3000g at 4°C and stored on ice until the supernatant was removed. 100 µl 

Laemmli-buffer was added to the pellet to prepare it for SDS-gel electrophoreses and it was resuspended 

and transferred to a 1.5 ml Eppendorf tube. This was boiled for 3 min and put in -25 freezer over night.  

Trizma-base was added to raise the pH to neutral in the samples. They were run on a BIO-RAD mini-

Protean® TGXTM gels in a BIO-RAD mini-protean® Tetra system with Precision Plus ProteinTM Dual Color 

Standards as marker. 10 µl of marker and 30 µl of samples were added to the wells. The gels were stained 

with corrosive-blue over night on shaker and distained the next day on shaker for an hour. Afterwards it 

was washed in UF-water and examined. Interesting bands were cut out and run through mass spectrometry 

to identify the secreted proteins by Steen Vang Petersen.  
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CAMP factors test 

Washing of blood cells 

The blood cells for the plates were prepared in 50 ml centrifuge tubes containing 25 ml blood (horse, cattle 

or sheep) from Statens Serums Institute, where 25 ml autoclaved PBS, pH 7.4, was added and gently mixed 

before it was centrifuged at 750g for 10 minutes at room temperature. The supernatant was removed and 

this step was repeated 3 times till the supernatant was clear and free from hemolysed blood cells. For the 

CAMP activity test a smaller amount of blood were used, but with the same procedure. After attaining the 

100% blood cells concentration some of these were transferred to another 50 ml centrifuge tube and PBS 

was added to a finale concentration of 4% or 8% blood cells. 

Hemolysis and CAMP reactions on plate 

Some different blood agar plates were prepared with sheep-blood, horse-blood and cattle-blood. These 

agar plates had a bottom layer consisting of 20 ml of the following mix, 40 g Blut-agar, 2 g Pyruvic acid 

sodium salt (C3H3NaO3), 0.247 g Magnesiumsulphate heptahydrate (MgSO4-7H2O) and 0.05 g L-

cysteinimchloride monohydrate (C3H8CINO2S-H2O) in 1 L milliQ-water which was autoclaved, poured out 

and allowed to dry. Besides the bottom layer there was a top layer containing the blood cells. This layer 

contained 7.5 g BactoTM Agar in 500 ml 0.9% NaCl, which was autoclaved, and 7.5 ml of the different blood 

types. 10 ml of this solution was added to the top of the bottom layer and allowed to dry for 30 min and 

stored in 4°C. 

On the different blood-agar plates a straight line were made from top to bottom with Staphylococcus 

aureus (S. aureus) colonies. From this line there were 4 strains, 2 test and 2 control, streaked out in a 

straight line without touching the S. aureus line (See figure 2). The strains were either applied directly as 

colonies from RCM plates or a droplet was added from a mixture of the specific strain in 1 ml 9% NaCl 

(same amount on the inoculation tip in the NaCl as were added to the plates as colonies). This was to see if 

there was any differences between the way they were grown. The strains used was A1a, A1b, D1a and F1a 

+ 4 control strains CAMP2, KPA, P6 and 266, where CAMP2 had one of the CAMP genes knocked out. The 

plates were incubated in jars containing an anaerobic bag (AnaeroGenTM2.5L, Thermo Scientific). The 

following week the plates were taken out daily and pictures were taken to follow the development of the 

CAMP activity and the complete haemolysis. 

 

Figure 2: CAMP activity test. A is the positive CAMP co-hemolysis zone, B is a negative test strain and C Staphylococcus aureus. 
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It was furthermore tested on plates if these reactions really were CAMP activity or just hemolysis. This was 

done on blood agar plates, where only the supernatant from the tested P. acnes strains were used. These 

were put on agar plates with and without S. aureus toxin. Strep. B was used as control. 

Genome comparison of P. acnes strains 

To compare the P. acnes genomes two circular genome comparisons were made. One had an A1 type as 

reference, while the other had D1a as reference strain. The genomes were searched for differences 

between the D1 strains compared to the other P. acnes types. After this was done a sybil database was 

made at {HYPERLINK "http://diagcomputing.org/"}. First a virtual machine was made and 12 P. acnes 

genomes were uploaded to this new sybil database. The 12 genomes was the 4 D1 strains with completed 

genomes (D1a, HL025PA1, sp. 409_HC1 and sp. CC003_HC2) and 8 other strains from different clusters 

including; A1, C1, F1 and F4. K9 and L1 were also added and these are a type II and a type III strain, 

respectively.  

pH dependent growth 

D1a and A1b were grown over the weekend on RCM agar plates and transferred to liquid medium at 

neutral pH overnight. The medium were used at 3 different pH values (neutral for that medium, 6 and 5) 

using Tris-HCl 1N as buffer to lower the pH and then autoclaved. Afterwards the pH was measured again by 

carefully pouring a few ml into a small cup under sterile conditions. The values can be found in table 1. The 

mediums were gently spun and 20 ml RCM was transferred to 50 ml centrifuge tubes. To these centrifuge 

tubes the strains were added and the OD600 were measured aiming for the same start value and these can 

be seen in table 1 as well.  

Table 1: pH measurements before and after the medium being autoclaved and the starting OD600 before inoculation. 

Autocalve OD600 

pH before pH after D1a A1b 

6.92 6.65 0.95 0.1 

6.01 5.92 0.105 0.95 

5.02 5.14 0.115 0.12 

 

The OD600 were measured 4 hours later and the following day to follow the growth over time with lowered 

pH.  

This experiment was repeated with the D1 strain, D1a, and another A1 strain, the A1a, in RCM medium 

with pH 4 added as well and starting OD600 can be seen on table 2.  

Table 2: pH measurements before and after the medium was autoclaved in the second test and the starting OD600 before 
inoculation. 3 replicates of each. 

Autoclave OD600 

pH before pH after D1a A1a 

6.88 6.77 0.06 0.06 

5.99 6.04 0.06 0.07 

5 5.07 0.07 0.06 

4 4.03 0.06 0.06 

http://diagcomputing.org/
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Application of health-associated P. acnes to the skin 

Intraspecies competition 

The inhibition test were done on RCM plates only and F1b was not available at this point. To make a 

bacterial lawn 2.5 ml 0,9% NaCl had a culture of the different strains transferred at different OD600 (OD600= 

~0.1,  0.36, ~0.54, ~0.95 and ~1.2). The plates were washed and air dried for a few hours with the bacterial 

solution and the left over liquid was removed. Colonies of the 4 other strains were placed on the lawn with 

the tip of an inoculation stick. They were incubated anaerobically and pictures were taken after 1, 2, 3, 4 

and 7 days to follow the progress. One of the plates can be seen on figure 3. 

 

Figure 3: 4 colonies placed on top of a A1b lawn of OD600= 0,94. Top left: A1a, Top right: D1b, Bottom left: D1a, Bottom right: 
F1a. 

Preparations 

Permission and consent 

Permission for the application of the health-associated P. acnes strain (D1a) to the skin were given by Den 

Videnskabsetiske Komite from Region Midt.  

All 12 participants in the project were given a written consent minimum 24 hours before first application of 

the P. acnes strain D1a and before the first application an oral description of the project and the strain was 

given.  

D1 specifik primer 

To only up regulate the D1 specific strains of P. acnes a primer was made from the specific insertion region, 

which is only found in D1 strains, with tyrosine decarboxylase located at 548500bp in KPA171202. The 

primers are as follows:  

Forward: 5´-TACAGTCCGTTCCCTTTGGC-3´ 

Reverse: 5´-CCGGATAACATTACGGGCGA-3´ 
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It was tested against the 6 P. acnes strains used in the study and was grown as described under the sanger 

sequencing. Both SLST primers and the D1 specific primers were used in separate samples. 

Preparation of samples to apply to the skin 

D1a were grown over the weekend on BHI agar plates and checked in microscope Monday to make sure it 

was a pure culture. After this was confirmed, D1a were transferred to 30 ml BHI growth medium and 

starting OD600 was measured. On the day for application to the skin, OD600 was measured in the inoculated 

medium and diluted with BHI medium to OD600 = 0.5 , 1.0 or 1.99 (maximum OD600 of the machine was 2.00) 

depending on the concentration the test person should have applied. This was done 30 minutes before 

application and the sample was stored in the fridge. 1.5 ml of BHI medium with colonies of the respective 

OD600 was centrifuged down and the supernatant was removed and 75 µl PBS was added and the pellet 

were mixed into it with a 1 µm inoculation loop. For control 1.5 ml liquid BHI medium was centrifuged 

down, supernatant removed, 75 µl PBS added and spun.  

Schedule for application 

The first swaps and applications of D1a on the skin was 2 days in row, where the participants first were 

swapped to check their starting microbiota of P. acnes and afterwards D1a and the control were applied. 

The second day was 1-2 days later, depending on which day the test person starter, where the participants 

were first swapped and D1a applied again. The third and fourth swaps were after 7 days and after 3 weeks 

of the first application. An overview can be seen in table 3. 

 

Table 3: Work schedule where the participants were swapped and D1a was applied. 

Day Days from first application Test 

1 0 Swap and application 

2 2 Swap and application 

3 7 Swap 

4 19-23 Swap 

 

Sample gathering and application of D1a to the skin 

Swaps were taken on the middle of the scapulars on a 3x3 cm area with wash buffer on the cotton tip. 

Birthmarks were noted down and used as guideline to make sure swaps and application was from the same 

areas each time.  

50 µl PBS ± D1a (test/control) were applied to the middle of the scapulars with a pipette and a plastic 

inoculations needle was used to spread the sample on the 3x3 cm area. While the samples were applied 

the test person was sitting for 2 minutes after application for the sample to dry into the skin. On figure 4 

the workflow can be seen for preparing and applying the strain. 
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Figure 4: Workflow of the application to the skin experiment. 

 

Sample treatment 

Sample purification 

For purification of the swap samples the protocol from Powerlyzer® PowerSoil® DNA Isolation Kit (MO BIO 

laboratories, Inc.) was used. Instead of soil samples, 200 µl of the swap sample and 550 µl Bead Solution 

were used. The PowerLyzer® 24 homogenzier was used at 6 m/s for 2x40 seconds with a break between the 

two rounds for 5 minutes. Afterwards the samples were centrifuged till the foam was gone and the 

protocol was followed48.  

Boiling method 
Besides the PowerSoil DNA isolation kit, a boiling method was also used to extracting DNA from the cells. 

This was done by taking 20µl sample and boil it at 99°C for 10 min in 0.5ml PCR tubes, and afterwards 

measure the DNA concentration in the sample. 

DNA concentration of samples 

Random purified samples were measured on nanodrop for their DNA concentration with the powersoil kit 

buffer as blank. This was done by transferring 2 µl sample into the nanodrop with pipette and measure the 

concentration (µg/ml) and the 260/280nm and 260/230nm ratios. 

  

Day 1: 30.1.L1 on BHI 
plate 

Day 3: Coloni 
transferred to BHI 

midium 

Day 4: 0,5ml PBS in 
eppendorf for swaps 

Swaps taken from both 
scapulas and put in PBS 

Swaps mixed and spun 
in the lab in PBS and 

stored on ice 

Day 4: Test and control 
samples prepared just 
before application to 

the skin 

Test and control 
samples added to 
shoulder blades 
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Results 
 

Strain selection and workflow 

6 P. acnes strains were analyzed, 2 from the 3 different clusters A1, D1 and F1. All strains were collected by 

Hans Lomholt, dr. med. special doctor in dermatology, from human skin. All strains were confirmed by 

Sanger sequencing to belong to their respective SLST clusters. 

Growth characteristics  

Growth curves were made for all 6 P. acnes strains and it was seen that within 20 h they would be in the 

exponential growth phase when transferred from plates to liquid medium. This was also shown by Holland 

et al40. In RCM growth medium they grew to approximately twice the OD600 than in BHI growth medium. 

Strain A1a was an exception; as it grew twice as fast as the other strains (data not shown). 

Metabolic characteristics   

With the API-Coryne kit it was observed that there were differences between the P. acnes strains ability to 

hydrolyze gelatin and this was furthermore confirmed with a gelatin assay. The strain differences to 

hydrolyze gelatin can be seen in figure 5. In table 4 it is summarized which strains can hydrolyze which 

concentrations of gelatin and in what time. In summary, the D1 and F1 strains can hydrolyze gelatin, while 

the A1 strains partly hydrolyze gelatin.  

The gelatin assay showed that F1b was the best strain at hydrolyzing gelatin at any concentration in the 

growth medium.  

 

Figure 5: Gelatin assay with 9% gelatin in RCM growth medium after 4 days inoculation with P. acnes. The gelatin keeps the solid 
structure of the medium (as seen in the control), but after incubation with the F1 and D1 strains this structure is broken down. 
The A1 strains partly degraded gelatin, A1b the most, but with residues of solidified gelatin on the sides of the tube. 
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Table 4: Gelatin hydrolyzation of 3 different concentrations by P. acnes strains after 1 and 4 days inoculation. 

Time (days) 1 day 4 days 

Gelatin conc. 9% 12% 15% 9% 12% 15% 

Control - - - - - - 

F1a - - - + - - 

F1b + - - + + + 

A1b - - - (+) - - 

A1a - - - - - - 

D1a - - - + - - 

D1b - - - + - - 

 

Analyses of secreted proteins of P. acnes strains 

P. acnes, like other bacteria, secretes different proteins during growth and it is known from previous tests 

that different P. acnes strains secretes different proteins and in different amounts40. Therefore, the six P. 

acnes strains (+ two type III strains) were tested for differences in secreted proteins. TCA precipitation of 

the supernatant of mid-exponential phase grown P. acnes strains was done and samples were analyzed 

with mass spectrometry. Unfortunately D1b did not grow and therefore could not be included. 

In table 5 some differences in the excreted proteins can be seen between the P. acnes strains. Only CAMP 

factor 2 was found to be secreted by all strains, while RoxP was secreted by all except one type III strain. 

Most strains secreted CAMP factor 1, Elongation factor Tu and Trypsin-like serine protease. CAMP factors 3 

was only found in two type I strains; CAMP factor 4 found in the two type III strains, while CAMP factor 5 

was not found to be secreted by any strains. Hyaluronate lyase and adhesins were seen secreted by the 

type I strains, while Triglycerol lipase (GehA) was detected in the secretome of strains L1a and A1a. This 

method has several limitations, such as a detection limit. It cannot be excluded that secreted proteins at 

low quantities have been missed. A full list of proteins secreted can be found at {HYPERLINK " 

https://www.dropbox.com/s/ah089y6vo83an3i/Secrete.xlsx?dl=0"} (open with Microsoft excel online or 

download for best view). 
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Table 5: 20 proteins secreted by P. acnes. 

Accession no. 
(KPA171202) 

Produkt Strains secreting this protein 

PPA1340 CAMP factor 1 L1a, L1b, F1a, D1a, A1a 

PPA0687 CAMP factor 2 L1a, L1b, F1a, F1b, D1a, A1b, A1a 

PPA2108 CAMP factor 3 A1a, D1a* 

PPA1231 CAMP factor 4 L1a, L1b 

PPA1939 RoxP L1a, F1a, F1b, D1a, A1b, A1a 

PPA0380 Hyaluronate lyase A1b, A1a 

PPA1498 Metallosphoesterase A1b* 

PPA2127 Adhesin /DsA1 F1a, D1a, A1b, A1a 

PPA2210 Adhesin /DsA2 F1a, A1b* 

PPA2271 Rare lipoprotein A L1a, L1b , A1a, A1b 

PPA2175 Rare lipoprotein A F1a, F1b, A1b, A1a 

PPA1873 Elongation factor Tu L1a, F1a, F1b, D1a, A1a, A1b* 

PPA1520 Elongation factor Ts A1a 

PPA2105 Triacylglycerol lipase (GehA) L1a, A1a 

PPA0816 glyceraldehyde 3-phosphate 
dehydrogenase 

L1a, F1a, F1b, A1a 

PPA2307 Trypsin-like serine protease L1a, F1a, F1b, D1a, A1a 

PPA2106 Endoglycoceramidase L1a, A1b, A1a 

PPA1754 succinyl-CoA synthetase alpha unit L1a, A1a 

PPA2239 G5 dimsin protein F1a, F1b, A1b, A1a 

PPA2040 chaperone protein DnaK F1a, A1b 
The listed proteins were detected with a Mascott score of 200 or higher; see text for a complete list of identified proteins. Re-

annotation was performed for each protein. * Were only identified on a SDS-page gel, not found in the universal samples with a 

Mascott score above 200. 

 

CAMP factor tests 

Based on the secretome results it was observed that CAMP factor 2 was secreted by all the tested P. acnes 

strains. This protein has been found to be the most active co-hemolytic factor49 and is the CAMP factor 

closest related to the CAMP factor of group B streptococci, (GBS)42. CAMP factor 1 was also found in all the 

tested type I strains while CAMP factor 3 was only found in one D1 strain and one A1 strain. Because of 

these findings, it was decided to test the CAMP activity in order to see if there is any difference in the co-

hemolytic activity of the tested P. acnes strains. 

Eight P. acnes strains were chosen, two A1, one D1 and one F1, and four controls, comprising KPA171202 

(H2), P6 (H2), 266 (A1) and CAMP2-knockout mutant strain. Data is not shown for P6 and 266, but can be 

found in the appendix, table 10 and table 11, together with the full table of hemolysis over time.  

Looking at hemolytic activities i.e. β-hemolysis and CAMP factor reactions, it was observed that no CAMP 

factor reaction took place on the horse blood agar. Furthermore the test showed that strain F1a could not 

hemolyse any blood type (table 6). There is a development from shadowy markings (see figure 6a), on the 

line of the different strains, to complete hemolysis after 4 days (see figure 6b). Figure 6 shows the 

interaction on agar plate. 
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Figure 6: CAMP factors reaction and β-hemolysis on sheep blood agar (a) after 1 day of incubation. (b) after 4 days of incubation. 
Near the S. aureus center inoculation line, co-hemolytic activity is observed where the P. acnes strains almost touch S. β-
hemolytic activity can be observed on b. 

 

Table 6: CAMP factors reaction and β-hemolysis after 1 and 3 days of incubation on different blood agars. 

1. day β-hemolysis  CAMP 

Strain horse sheep cattle horse sheep cattle 

A1a - - - - + weak 

A1b - - - - + weak 

D1a - - - - + weak 

F1a - - - - + weak 

CAMP2 - - - - + - 

KPA - - - - + weak 

 

3. day β-hemolysis CAMP 

Strain horse sheep cattle horse sheep cattle 

A1a + + + - + + 

A1b + + + - + + 

D1a + + + - + + 

F1a - - - - + + 

CAMP2 + + + - + + 

KPA + + + - + - 

S. aureus - + + 
    

It was further tested if a true CAMP reaction was observed, and not some other type of hemolysis. This was 

done by adding P. acnes supernatant to sheep blood agar plates, with and without S. aureus toxin. GBS 
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supernatant was applied as control. Hemolysis zones were seen around the supernatant droplets on the 

sheep blood agar plate with S. aureus toxin added, while no hemolysis were observed on the plate without 

S. aureus toxin (figure 7). 

 

  

Figure 7: Confirmation of CAMP factor reaction test. (a) Sheep blood agar plate without S. aureus toxin. No kinds of hemolysis 
are spotted. (b) Sheep Blood agar plate with S. aureus toxin. Co-hemolytic activity is observed with the controls KPA; H2, P6; H2 
and 266; A1 and with 25; F1a. 37; A1b and 30; D1a had weak co-hemolysis as well, whereas 12; A1a, did only show co-hemolysis 
after 3 more days had passed. 
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Genome comparison of P. acnes strains 

The genomes of strains belonging to the clusters A1, D1, C1, IB, F1, II and III were compared in two circular 

genome maps. On figure 8 it was examined whether the A1 genome had any islands that were not 

observed in the D1 genomes. Only some minor differences were observed: no large genomic region was 

A1-specific. 

 

 
Figure 8: Genome comparison of P. acnes strains with an A1 strain (266) as reference. The two inner genomes are D1 strains (in 
blue). Only small differences are seen from the A1 reference strain, indicating that D1 does not lack large genomic clusters 
compared to A1. 
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Next the D1 genome was set as reference and compared to the other P. acnes genomes (figure 9). In the D1 

genome three interesting islands were spotted that were absent from A1 genomes. Around 345 kb an 

island is present in D1, which is not found in A1, C1 and F1, but is present in type H2, K and L1. The genes of 

this island encode for nitrate/nitrite transporter, 4-hydroxythreonine-4-phosphate dehydrogenase (part of 

the vitamin B6 synthesis), transcriptional repressor and a hypothetical protein. There is an island at around 

540 kb which contains among others a gene encoding tyrosine decarboxylase, which is not found in any 

other genomes of P. acnes. At 1700 kb a big island is present in the D1 and H2 genomes and not found in 

any of the other genomes, except a fragment in type III. This is a cryptic prophage region described by 

Brüggemann and Lood50. On {HYPERLINK " 

https://www.dropbox.com/s/ah089y6vo83an3i/Secrete.xlsx?dl=0"} a full list can be seen of the D1 specific 

genes in these islands.  

 
Figure 9: Genome comparison of P. acnes genomes, with D1a as reference genome. Three larger islands are observed that are 
not found within the A1 genomes: At 345 kb (a nitrate/nitrite transporter, 4-hydroxythreonine-4-phosphate dehydrogenase, 
transcriptional repressor and a hypothetical protein), at 540 kb (tyrosine decarboxylase island) and at 1700 kb (cryptic prophage 
region). Only the tyrosine decarboxylase island is specific for the D1 genomes, where as the vitamin B synthesis is observed in 
the IB, II and III genomes as well. The cryptic prophage region is only found in D1 and IB. a fragment is found in type III. 
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The tyrosine decarboxylase island was studied further and a sybil database was created with different P. 
acnes strains and the D1 cluster was compared to the other types. This allowed a visualization of the genes 
in the Tyrosine Decarboxylase island. These consists of an amino acid permease, tyrosine--tRNA ligase, 
tyrosine decarboxylase, amino acid permease family protein and some hypothetical proteins (see figure 
10). A similar island was found in Enterococcus faecalis, where it was shown that the wild-type had a higher 
survival rate under acidic conditions compared to a mutant lacking the decarboxylase island51,52.  
 

   

     
Figure 10: Tyrosine decarboxylase island in the D1 cluster. Genome comparison of 4 D1 P. acnes strains compared to 8 other P. 
acnes strains. On top of the figure 4 D1 strains of P. acnes can be seen with the inserted tyrosine decarboxylase island. Below are 
8 other P. acnes strains from other clusters and this island is missing and cannot be found anywhere else in the genome either. 
From left to right the island is containing: amino acid permease, tyrosine--tRNA ligase, tyrosine decarboxylase, amino acid 
permease family protein and some hypothetical proteins. 
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pH dependent growth 

As the tyrosine decarboxylase island was found and compared to the island in E. faecalis, it was tested in 

the laboratory if the D1 strains of P. acnes had an advantage under acidic conditions compared to the P. 

acnes strains lacking this island. This was done by lowering the pH in the medium with HCl, 1N, to a pH of 4, 

5, 6 and neutral for the specific medium (pH of 6.8 for RCM growth medium and pH of 7.3 for BHI growth 

medium).  

Besides the OD600, the pH was also measured before and after the inoculation to see what effect the strains 

had on the medium pH. It can be seen in figure 11 that the control pH did not change from start to end at 

any pH concentrations, while P. acnes strains lowered the pH from 5.07 to 4.35-4.75, pH 6.04 to 4.62-4.97 

and pH 6.69 to 4.74 and 5.09 for A1a, A1b and D1a. pH 4.03 were only lowered to pH 4.1 for both strains 

and no growth was observed. D1a never lowered the medium pH below the pH of the A1 strains medium. 

 

Figure 11: pH development at start and end in the RCM growth medium with and without P. acnes. Green: the control medium 
without bacterial cells. Red: medium with the D1a strain added. Blue: medium with the A1 strains added, triangle: A1b, square: 

A1a. It is observed that the control pH does not change over time while the pH is lowered for the D1 and the A1 strain. n=3. 

Two P. acnes strains, D1a and A1b, were tested in liquid RCM with 15 mM tyrosine added, at different pH 

levels to see if the D1 cluster had an advantage in acidic environments compared to the other clusters 

(figure 12). On the growth curves D1a and A1b had similar growth, but with the addition of 15 mM tyrosine 

the D1a grew faster and reached a higher end concentration than A1b at all starting pH levels. Furthermore 

the difference in the end OD600 was larger between the strains at lower pH. The differences in end OD600 

was at pH 6.65; 0.28, at pH 5.92; 0.45 and at pH 5.14; 0.58. 
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Figure 12: Medium pH affects growth behavior of P. acnes. Pilot test in RCM growth medium to compare a D1 strain with an A1 
strain under acidic conditions. red: D1a. blue: A1b. It is observed that the D1 strain reaches a higher OD600 faster than the A1 

strain. Further the differences between the end growths between the strains become a little larger; pH6.65: 2 and 1.72. pH5.92: 
2 and 1.55. pH5.14: 1.32 and 0.74, respectively for D1a and A1b. n=2. 

 

When the experiment was repeated A1b was switched with A1a to test whether D1a had an advantage 

over both the tested A1 strains at a lowered pH. Furthermore the start concentration was halved and the 

experiment time prolonged, figure 13. At neutral pH (pH 6.74 and pH 6.03) D1a and A1a had similar growth, 

with D1a reaching a little higher end OD600. End OD600 at 6.74 was 1.97 and 1.87 respectively and at 6.03 

end OD600 was 2 and 1.94 respectively. At pH 5.03 the end OD600 was significantly higher (2 and 1.67 

respectively). At pH 4.07 no growth was observed. 
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Figure 13: Medium (+ 15 mM tyrosine) pH affects growth behavior of P. acnes.  Red: D1a. Blue: A1a. 4 different pH levels of the 
growth medium with 15 mM tyrosine added. Similar growth curves are observed at pH 6.74 and 6.03. At pH 5.03 a higher end 
OD600 is observed for the D1 strain. At pH 4.07 no growth is observed in any of the samples. n=3. 

The data shows that the D1a strain does not lower the medium pH as much as the two A1 strain does. In 

addition the data also shows, when the pH concentration in the medium is lowered D1a gets a lesser 

decrease in OD600 compared to the two A1 strains tested. This is limited though to somewhere between pH 

4 and pH 5, where after no growth was observed. 

 

Application to the skin 

The aim of the project was to apply the health-associated P. acnes D1 strain to the skin and test if it could 

outcompete the existing P. acnes flora on that specific person´s skin. First this was tested on agar plates 

and afterwards in vivo on the scapulars of 12 test persons. BHI growth medium was used, since only in this 

medium bacteria were able to produce adhesion proteins. The skins low pH, around pH 553, should also be 

an advantage favoring the D1 strain (see the pH dependent growth). 

Preexperiment - Intraspecies competition 

Intraspecies competition assays were done to test if any of the P. acnes were capable of inhibiting the other 

strains and to see if this was a cluster specific trait. It is known that some bacteria exhibits antibacterial 

effects, which favors themselves for the microhabitat. This is for example seen in Staphylococcus 

epidermidis which ferment glycerol in the skin to succinic acid and by doing so inhibits P. acnes from 

growing54. 
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The experiment was done by washing agar plates with bacterial suspensions with different concentrations 

based on OD600 and colonies of the other strains were added on top and followed over time.  

In the intraspecies competition a small inhibition zone was observed around some colonies on some of the 

lawns. On figure 14 is an overview of how the different inhibition zones look like.  

 

 

Figure 14: Types of marking and how they look like. - is no inhibition, + is small inhibition, ++ is a larger inhibition, +halo is a very 
clear halo around the colony, halo is a slightly less visible halo. 

Tables 12-16 in the appendix list the zones on the different lawn concentrations from 1 to 7 days of 

inoculation. On table 7 the number of inhibitions by the different strains can be seen for on each lawn 

concentration for all 7 days and the total amount of inhibitions by the specific strain. The D1b strain seems 

to be the best inhibitor with a total of 41 inhibitions and most inhibitions on the low lawn concentrations. 

The next best inhibitor is A1a with a total of 28 inhibitions, again with most on the low lawn concentrations. 

Interestingly the similar strains A1b and D1a has the lowest inhibitions, 2 and 3 respectively. F1a has a low 

number of inhibitions as well, but most of these occur on the OD600 0.52-0.55 lawn concentration, 5 out of 

8.  

Table 7: Number of inhibitions by the different strains for each lawn concentration for all 7 days and the total amount of 
inhibitions by the specific strain. 

 Spot\Lawn concentration 
(OD600) 0.1-0.12 0.36 0.52-0.55 0.92-1 1.15-1.27 Total 

A1a 8 6 6 4 4 28 

A1b 2 0 0 0 0 2 

D1b 12 10 8 4 7 41 

D1a 0 3 0 0 0 3 

F1a 2 1 5 0 0 8 

 

Table 8 shows how many inhibitions there were on the strains lawns through the different lawn 

concentrations for all 7 days and the total amount of inhibitions on the specific strain lawn. Interestingly it 
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is observed that A1b and D1a, that had the lowest number of inhibitions, also were the most resistant 

strains to inhibitions with only 10 inhibitions each of their respective lawns in total. Next is D1b with 15 

inhibitions and A1a and F1a with 23 and 24, respectively. 

Table 8: Number of inhibitions on the different lawns for each lawn concentration for all 7 days and the total amount of 
inhibitions on the specific strain lawn. 

 Lawn\Lawn concentration 
(OD600) 0.1-0.12 0.36 0.52-0.55 0.92-1 1.15-1.27 Total 

A1a 5 6 8 1 3 23 

A1b 5 3 1 1 0 10 

D1b 4 4 3 0 4 15 

D1a 6 3 0 0 1 10 

F1a 4 4 7 6 3 24 

 

Furthermore an interesting observation was all the inhibition zones that appeared on the lawns of the D1a, 

was in form of a halo zone. This means there were D1a growing closely around the transferred colony, then 

a weak halo formed inhibition zone before the D1a again grew outside of this. This was observed after 4 

days, and after 7 days they seemed to have started fainting away again. This fainting of the inhibition zone 

was only observed on the halos.  
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 Preparations 

D1 specific primer 

First the newly made D1 primer from the D1 specific tyrosine decarboxylase island was tested. This was 

done to detect if the D1 strains were present in the samples from the skin. Furthermore it was to have an 

easy quantifiable method of the amount of D1 strains on the skin and see if these colonized and had 

increasing growth over time. The primer was tested on the 6 examined P. acnes strains. The strains were 

grown as described under the Sanger sequencing, using the SLST primer for the top samples and the D1 

primer for the bottom samples. A clear band was observed on the PCR gel for both D1 strains and 

interestingly one of the F1 strains (F1a) as well. No bands were detected on the PCR gel for the A1a strain 

and the F1b strain. A very weak band was present in A1b (figure 15). All 6 strains were positive with the 

SLST primer.  

    

 

Figure 15: D1 primer targeting. PCR gel with the normal SLST primer on the top gel and the D1 primer in the bottom. It can be 
seen that normal SLST primer targets all P. acnes strains and not the control, while the D1 primer only targets the D1 strains and 
the F1a strain which is closely related to the D1 cluster. A weak band is also observed in A1b. 

DNA concentrations of samples 

After the samples were purified with either the PowerSoil kit or by the boiling method the samples were 

tested on the nanodrop machine to test the DNA concentration. The readings on the nanodrop shows there 

is no DNA in the samples (table 9). This was also supported by doing PCR with the normal SLST primers on 
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14 random samples and running the samples through a PCR gel, which only gave bands on the positive 

controls. The positive controls (D1a and A1a) were positive in both cases, while the negative controls (PBS 

and the kit) were negative. 

Table 9: DNA concentrations of 3 samples from the scapulars, 2 positive pure P. acnes controls and 2 negative controls after the 
use of the Power Soil Kit. 

Sample Conc µg/ml 260/280nm 260/230nm 

1V -0.4 0.33 0.17 

1H -0.8 0.21 0.49 

2V -1.3 0.52 0.34 

D1a 82.6 2.98 2.4 

A1a 46.5 1.94 1.9 

PBS 1.3 -1.5 0.12 

kit 2.3 6.74 0.53 

 

The in vitro part showed D1a was not good at inhibiting other P. acnes strains, as opposed to D1b. However 

it was also observed that when a colonization with D1a was present, it was hard for other P. acnes strains 

to inhibit D1a and thereby it would be hard to outcompete it. Furthermore the inhibition of D1a always 

occurred as halos around the transferred colony which slowly faded away again. 

The D1 primer was found to be effective at targeting the D1 strains, but F1a also turned out to be positive. 

This is even though F1a was determined by SLST typing to be a F1 strain, which should be lacking the 

tyrosine decarboxylase island.  

There were no DNA found in the samples taken with swaps from the skin of the test persons after 

extraction of the DNA, and purification when the PowerSoil kit. 
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Discussion 
In this thesis, health-associated strains of P. acnes belonging to a phylogenetically distinct cluster (D1 

cluster) were characterized using a set of different methods and tools. It was aiming towards applying live 

bacteria to the skin in vivo and this is the first time this have been tried. This is a pilot study of the 

possibility of applying health-associated strains to the skin.  

Gelatin  

Gelatin is a source of animal protein which is contained in all animal fats, skin, bones, teeth, and feet. 

Gelatin is a mixture of peptides and proteins produced by partial hydrolysis of collagen. Collagen is an 

essential component of the connective tissue. Gelatin contains a high concentration of glycine (21%), 

proline (12%) and lysine (6%), but other amino acids are present as well55. These amino acids work with 

collagen to improve the health of connective tissues and regulate cell functions throughout the body.  

The gelatin assay revealed that strains of the cluster D1 and F1 were able to hydrolyze low concentrations 

of gelatin in contrast to A1 strains. Thus, gelatin hydrolyzation is apparently an ability restricted to health-

associated strains and therefore a source of amino acids, that is only accessible to the health-associated 

strains. 

This could lead to follow up tests on application of gelatin to the skin or ingestion of gelatin. There is no 

scientific research of gelatin as a treatment for acne, but a few personal experiences claims that gelatin 

treats or limits the acne56–59. This is not an one sided story though and no effect is experienced by some 

individuals as well56,60. This would have to be studied scientifically before a connection between gelatin 

intake and limiting or removing acne could be proven. A theory is the high percentage of glycine in gelatin, 

ability to balance the hormones in the body. A study used glycine and observed women with higher 

concentrations of glycine in the body were better at eliminating excess estrogen from the body61 and the 

elevated hormone level is a factor increasing the risk of acne. Another theory is the ability of gelatin to 

restore the intestinal balance. This might also affect the skin homeostasis and if some gelatin components 

gets deposited in the skin, it could favor the health associated P. acnes strains living on the skin. However In 

the future this has to be clarified in vivo, if gelatin intake or topical application are favoring the colonization 

of P. acnes strains of the D1 cluster on the skin and if this could be an approach to treat or ameliorate acne.  

Secretome 

P. acnes secretes many different proteins with different capabilities that are involved in bacteria growth 

and survival. A protein only P. acnes secretes is termed "Radical oxygenase (RoxP)" and this was shown 

here to be secreted by all the tested strains. Some data on the role of RoxP exists62. The previous work 

suggests a beneficial role of RoxP on the skin. It has both heme binding and heme degrading properties and 

could protect the skin cells against reactive oxygen species generated by the impact of UV light. This 

suggests that P. acnes on the skin can be beneficial and protect the viability of skin cells. 

Another secreted protein was Elongation factor Tu (thermo unstable) and this protein is a part of the 

mechanism used to synthesize new proteins. This is done at the ribosomes in the bacterial cells where the 

new proteins are synthesized and elongation factor Tu helps the aminoacryl-tRNA in place on the free site 

on the ribosome. This was secreted by all strains as well except one type III and the D1b strain. 

A protein annotated as Hyaluronate lyase was only found to be secreted by the A1 strains. Hyaluronate 

lyase cleaves hyaluronic acid which is the main polysaccharide of the connective tissue. This is cleaved into 

oligo- and disaccharide units and thereby weakening the extracellular matrix; possibly exposing the tissue 
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cells to the bacteria. It is striking that only the acne-associated A1 strains secrete this protein. This result 

needs to be confirmed with additional strains; it might explain partially why A1 strains could be more 

tissue-damaging than D1 and F1 strains.  

There were two adhesion proteins found in the secretome, designated Dermatan-sulphate adhesins (DsA1 

and DsA2). These are host cell-surface attachment proteins that facilitate adhesion63. In addition they have 

immunoreactive properties64. Adhesion proteins are essential in the bacterial pathogenesis to colonize the 

host. DsA1 was found to be secreted by the A1 strains and by one D1 and F1 strain. DsA2 was found to be 

secreted by one type III strain and one A1 strain. Interestingly DsA1 and DsA2 were also detected in vivo63.  

Triacylglycerol lipase (GehA: glycerol-ester hydrolase A) was detected in the secretome samples of the type 

III strain L1a and the type I strain A1a. GehA is a chemotactic factor65 and is one of the virulence factors 

involved in the pathogenesis of acne. Furthermore this is believed to be one of the main enzymes 

responsible for hydrolysis of sebum to form glycerol and free fatty acids. This results in increased risk of 

ductal hyperconification and an increased adhesion of P. acnes to the cells of the hair follicle, promoting 

colonization and biofilm formation of P. acnes. 

 

CAMP factors 

As it was previously observed, CAMP factor 2 was secreted by all tested P. acnes strains. CAMP factor 2 is, 

among the most similar CAMP factors in P. acnes, the most similar to the CAMP factor found in GBS42 and is 

thought to be the most active one66. It have also previously been hypothesized that CAMP factor 2 should 

be the most co-hemolytic of the 5 CAMP factors within P. acnes49. In this study it was also observed that all 

tested P. acnes strains were CAMP positive except on horse blood, which is because of its low 

sphingomyelin concentration44. Besides CAMP factor 2, CAMP factor 1 was also excreted by most of the P. 

acnes strains except F1b and A1b. CAMP factor 3 and 4 was exclusive for either type I or type III strains 

respectively. CAMP factor 5 was not found to be secreted by any of the tested strains. With more CAMP 

factors present in A1a and D1a then it would be natural to believe these strains were more co-hemolytic 

active, but there is no indication of this. The opposite seems to be the case though, as it looks like, from the 

test if it was true co-hemolysis (figure 6), that F1a is the most active. 

The β-hemolysis in the CAMP tests were positive in all strains, except the tested F1 type. Not even after a 

week was any β-hemolysis observed here. A study found that only 40% of type I strains could  β-hemolysis 

blood67, so a reason for this could be the genes or part of them missing in the F1 strains, that makes the β-

hemolysis possible. In the genome comparison a rather large fraction is missing only in the F1 genome 

(figure 8 and 9, yellow circle), which is not observed in any of the other genomes. A study found that only 

40% of type I strains could  β-hemolysis blood67 

When looking at if the strains were CAMP positive or not the same pattern was observed for all tested 

strains, that they were positive of co-hemolysis. It was tried to make an activity assay to compare how 

active the strains were compared to GHB, but a clear pattern was not observed when trying to repeat this 

assay. 
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Genome comparison 

When comparing the A1 genome to the D1 genome no major islands were present in the A1 genome that 

was not present in the D1 genome as well. On the other hand when looking at the D1 genome compared to 

the A1 3 islands were found that was not present in A1. In the circular genome comparison the cryptic 

prophage region was found and this was exclusive to strains within D1 and H2. This region have been found 

and described by Brüggemenn and Lood8,50 and this is believed to come from ancient bacteriophages, 

which have been able to integrate this 32 kb region into the D1 and H2 genome. The cryptic prophage 

region is believed to just be remnants of the ancient phages that is no longer functional in the P. acnes 

genome. The P. acnes genome is a compact genome and there is no current evidence for modern 

bacteriophages being able to integrate their DNA into the P. acnes genome. Beside this P. acnes is also 

protected against phage attacks from their clustered regularly interspaced short palindromic repeats 

(CRISPRs). CRISPRs are a form of immune system that bacteria and archaea got, which protects against 

attacks from foreign DNA, like phages and plasmids62.  

In the genome comparison the biggest difference from D1 and the rest of the P. acnes strains was the 

Tyrosine decarboxylase island (figure 9 and 10), which is specific for the D1 strains. After this island was 

found the D1 strains were tested under acidic environment compared to the A1 and a tendency for D1a to 

have an advantage was observed. This was the case against both A1 types. An explanation for this could be 

because of the tyrosine decarboxylase island and its ability to decarboxylate tyrosine. This has been found 

in Enterococcus faecalis (E. faecalis), where a wild type showed improved fitness in acidic environments 

compared to a mutant without the tyrosine decarboxylase island51. Here it was observed that the 

intracellular pH of the wild type E. faecalis were higher compared to the mutant under the same acidic 

conditions. Tyramine is formed from tyrosine and secreted from the cell in exchange for more tyrosine, 

making it possible to keep a neutral pH intracellular. It cannot be said with certainty that this is the reason 

though and further studies would be needed to confirm or exclude this.  

 

Application to the skin 

 

Intraspecies competition 

 

All P. acnes clusters are closely related and it would not be expected that they could inhibit each other, as 

they would most likely end up inhibiting themselves. There were also only weak inhibitions observed on the 

inhibition plates. Taking into account that it is weak inhibition observed compared to for example certain 

types of Staphylococcus epidermidis on P. acnes plates, then a tendency is observed that D1b is the best 

one at inhibiting the other strains, even the D1a. This could be because they are so closely related 

throughout the whole species, that it even weakly inhibits other strains from the same cluster. It might also 

be possible that D1b would inhibit itself if a spot colony was placed on top of an agar plate washed with a 

D1b lawn. This was not tested though.  

The A1b and D1a strains seemed to be the most resistant strains with only 10 inhibitions in total over all 

lawn concentrations and all 7 days. This is interesting as it could mean that if first a D1a flora got 

established on the skin, this could be a lasting one, with only low risk of other P. acnes strains 
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outcompeting it. Furthermore on the D1a lawns the halos was observed and these started had started to 

fade away again after 7 days, again favorising a lasting microflora of the D1a strain.  

The reason for the halo inhibition is unclear and it was not been possible to find anything like this anywhere 

else.  

There was not found any specific proteins in the secretome, that only D1b secreted, which could have been 

a possible explanation for the enhanced activity compared to the other strains. 

In vivo trials 

As observed on figure 15 the D1 primer targeted the D1 strains and gave a clear positive band on these. 

Furthermore a clear positive band was observed for F1b, another health-associated strain. F1a is not fully 

genome sequenced, but by SLST typing it is annotated as a F1 strain which is not so closely related to D1. 

However by the MLST typing scheme F1 and D1 were closely related and clustered together, so some traits 

might have been repeated through the 2 clusters. This was not repeated so it cannot be said with certainty 

whether the tyrosine decarboxylase island really exists in the F1a strain or if this is a contamination of the 

sample by a D1 strain, so this would have to be further investigated. A1b showed a weak band as well 

which may likely be due to a minor D1 contamination. 

If it is possible to add a D1 strain to the skin and have it outcompete the acne-associated strains there, this 

could be a major advance in developing a, not only very promising way of getting rid of or limiting acne, but 

also a treatment that kept the skin microbiota intact, without killing all bacteria on the skin like antibiotics 

do. This would mean P. acnes stayed on the skin and kept protecting against other invasive bacterial 

species. It have recently been discovered that human sebaceous glands contribute to the skin immune 

defense by releasing antimicrobial peptides and these are up regulated by Gram-positive bacteria, like P. 

acnes are. The free fatty acids are ubiquitously found on the surface of the human skin and are 

predominant in the sebum. These are produced from lipases, which are secreted by P. acnes from 

hydrolyzation of triacylglycerides from the sebaceous glands. Free fatty acids of a carbon length from 8-18 

C molecules have shown antibacterial activity against gram-positive bacteria on the skin and is thought to 

be responsible for at least a part of the activity against pathogen colonization and infection68. 

What went wrong in the swaps 

 

Application to the skin with a D1 strain was attempted, but something went wrong so there was no DNA in 

the swap samples. A reason could be if too little bacterial cells were transferred on the cotton tip to the 

PBS where it was stored, together with too long handling time of the sample before it was stored at -80°C. 

Another possibility is if something was present in the PBS that were able to dissolve the DNA into single 

nucleotides, but this is unlikely as the positive controls were treated the same way. It should be close to 

impossible to not get any DNA of any kind from a swap from the human skin, even if it had just been with a 

cotton tip without the wash buffer on. The procedure was observed by a dermatologist and approved as 

the same method he used to take swamp samples from patients in the clinic. The in vivo experiment should 

be repeated again on a smaller scale to see if it was possible to get samples with DNA in and see if there 

was a tendency for health-associated P. acnes strains to outcompete the P. acnes flora on the skin, whether 

it was acne-associated or not. 
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Conclusion 
This project was a pilot study on the possibility of adding a health-associated strain of P. acnes, belonging to 

the D1 cluster, to the skin and thereby outcompete the existing skinflora. To do this different tests were 

done including a secretome analysis of the different secreted proteins by the different P. acnes strains. A 

test of CAMP toxin found in P. acnes also showed that all the tested strains were capable of co-hemolysis, 

but the F1 strain was not able to β-hemolyse blood, like the other strains were. In a genome comparison 

there were no islands found in the A1 genome that could explain why these are acne-associated, but in the 

D1 genome 3 islands were found that was not present in the A1 genome. The tyrosine decarboxylase island 

was examined further and it was tested if it could have the same role as in Enterococcus, where its function 

is to hydrolyze tyrosine to tyramine and thereby give an advantage under acidic environments. It was found 

that D1 had increased survival under acidic stress to a certain limit between pH 4 and 5. It was not proven 

that the decarboxylase island were the reason for this ability. The different strains were tested against each 

other on agar plates, where a lawn with each strain were soaked with different concentrations. Colonies 

were transferred here to see if they could inhibit the other strains. It was found that D1b was the best 

inhibitor of the other P. acnes strains, while D1a and A1b was the most resistant to inhibition by other P. 

acnes strains. It was tried to apply D1a to the scapulars to see if these could colonize the skin, but there 

were no DNA at all detected in the samples. However this does not reject the theory that health-associated 

P. acnes strains can be applied to the skin to outcompete the existing microflora.  

It would be interesting to do some closely monitored tests with intake of gelatin over a longer period of 

time to see if this would have any effect on the microflora of the skin, and see if this was because of 

favoring the health-associated strains. It should further be observed whether this had any effect on acne as 

well, so test persons should be grouped into persons with and without acne. 

It could be interesting to have further studies of the CAMP factors and find differences between the strains´ 

co-hemolytic ability. Furthermore the pH dependent growth should also be studied to find out if the reason 

for the advantage for D1 is due to the tyrosine decarboxylase island or some other factors. When it comes 

to the inhibition tests it would also be interesting to find the reason for D1bs ability to inhibit so many 

strains, while the closely related D1a is the worst at inhibiting. But at the same D1a, together with A1a, are 

the strains best capable of resisting inhibition from other P. acnes colonies.  
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Appendix 

CAMP activity assay 

A CAMP activity assay was tried to determine any difference in the CAMP activity between the strains and 

to see if the acne-associated A1 strains maybe had a higher activity than the health-associated D1 strains. 

The CAMP activity tests were only carried out on cattle-blood. 

S. aureus and Group B Streptococcus were grown overnight in liquid LB medium at 37°C and the 6 P. acnes 

strains were grown in RCM medium to a finale concentration of OD600 = 1 ± 0.1. All the liquid growths were 

centrifuged at 3000g, 4°C for 20 min and the supernatant filtered through a 0.45µm filter and then stored 

at 4°C overnight. Before the tests they were put at room temperature. First the optimal S. aureus toxin 

(Spingomyelinase) concentration were found making a dilution series in PBS of the S. aureus supernatant 

down to 1:32 and adding GBS toxin and washed blood in the relation 1:2:1 (to a finale concentration of 

blood cells of 1%). This concentration of S. aureus was then used on the tests with P. acnes CAMP factors. A 

standard curve first was made using H2O. Different concentrations of the P. acnes strains CAMP factors 

were then used to co-hemolyze the cattle-blood together with controls and compared to the relative 

activity of GBS. Unfortunately no linear connection was found in the P. acnes co-hemolysis with S. aureus, 

but all tested strains were found to co-hemolyse the cattle-blood, confirming the CAMP plate tests. 

 

 

 

 

 

CAMP factor data 

Table 10 shows the full list of β-hemolysis and co-hemolysis after 1, 2, 3, 4 and 7 days of inoculation, where 

it was colonies directly transferred to the blood plate. 

 

Table 10: P. acnes colonies transferred directly blood plates. 

1. day β-hemolysis CAMP 

Strain horse sheep cattle horse sheep cattle 

A1a - - - - + weak 

A1b - - - - + weak 

D1a - - - - + weak 

F1a - - - - + weak 

CAMP2 - - - - + - 

KPA - - - - + weak 

P6 - - - - + weak 

266 - - - - + weak 

S. aureus - + + 
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 2. days β-hemolysis CAMP 

Strain\blood type horse sheep cattle horse sheep cattle 

A1a + - - - + + 

A1b + + - - + + 

D1a + - - - + + 

F1a - - - - + + 

CAMP2 + + - - + + 

KPA - + - - + + 

P6 - - - - + + 

266 + - - - + + 

S. aureus - + + 
   

 3. days β-hemolysis CAMP 

Strain\blood type horse sheep cattle horse sheep cattle 

A1a + + + - + + 

A1b + + + - + + 

D1a + + + - + + 

F1a - - - - + + 

CAMP2 + + + - + ND 

KPA + + + - + - 

P6 + + - - + + 

266 + + + - + + 

S. aureus - + + 
   

 4. days β-hemolysis CAMP 

Strain\blood type horse sheep cattle horse sheep cattle 

A1a + + + - + + 

A1b + + + - + + 

D1a + + + - + + 

F1a - - - - + + 

CAMP2 + + + - + + 

KPA + + + - + + 

P6 + + + - + + 

266 + + + - + + 

S. aureus - + + 
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Table 11 shows the full list of β-hemolysis and co-hemolysis after 1, 2, 3, 4 and 7 days of inoculation, where 

it was a bacterial suspension there were transferred to the blood plate. 

Table 11: P. acnes suspensions transferred to blood plates. 

1. day β-hemolysis CAMP 

Strain\blood type horse sheep cattle horse sheep cattle 

A1a - - - weak + weak 

A1b - - - - + weak 

D1a - - - - + + 

F1a - - - - + + 

CAMP2 - - - - + weak 

KPA - - - - + weak 

P6 - - - - + weak 

266 - - - - + + 

S. aureus - + + 
   

 2. days β-hemolysis CAMP 

Strain\blood type horse sheep cattle horse sheep cattle 

A1a + - - - + + 

A1b + - - - + + 

D1a + - - - + + 

F1a - - - - + + 

CAMP2 + + - - ND + 

KPA + - - - + + 

P6 ND - - - + + 

266 + + - - + + 

S. aureus - + + 
    

 
 
 
 

7. days β-hemolysis CAMP 

Strain\blood type horse sheep cattle horse sheep cattle 

A1a + + + ND + ND 

A1b + + + ND + ND 

D1a + + + - + + 

F1a - ND - - ND + 

CAMP2 + ND ND - ND ND 

KPA + + + ND ND ND 

P6 + + + ND + ND 

266 + + + - + + 

S. aureus - + + 
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3. days β-hemolysis CAMP 

Strain\blood type horse sheep cattle horse sheep cattle 

A1a + + + - + + 

A1b + + + - + + 

D1a + + + - ND + 

F1a - - - - + + 

CAMP2 + + + - ND + 

KPA + + + - + + 

P6 + + - - + + 

266 + + + + + + 

S. aureus - + + 
   

 4. days β-hemolysis CAMP 

Strain\blood type horse sheep cattle horse sheep cattle 

A1a + + + - + + 

A1b + + + - + + 

D1a + + + - + + 

F1a - - - - + + 

CAMP2 + + + - ND + 

KPA + + + - + + 

P6 + + + - + + 

266 + + + - + + 

S. aureus - + + 
   

 6. days β-hemolysis CAMP 

Strain\blood type horse sheep cattle horse sheep cattle 

A1a + + + - + + 

A1b + + + - + + 

D1a + + + - ND + 

F1a - + - - ND + 

CAMP2 + + + - ND ND 

KPA + + + ND ND ND 

P6 + + + - + + 

266 + + + - ND + 

S. aureus - + + 
    

Genome comparison 

Furthermore an artemis comparison was made with D1a as reference genome and compared to A1a and 

KPA (H2). In the link the comparison can be seen: {HYPERLINK " 

https://www.dropbox.com/s/ah089y6vo83an3i/Secrete.xlsx?dl=0"}. 

The same islands was found as shown in the circular genome comparison. 
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Intraspecies competition 

Table 12-16 shows the inhibitions of tested P. acnes strains on different concentrations of bacterial lawns 

after 1, 2, 3, 4 and 7 days respectively. 

Table 12: Inhibitions after 1 day. 

OD: 0,1-0,12 
 

 

Spot\lawn A1a A1b D1b D1a F1a 

A1a X - - - - 

A1b - X - - - 

D1b - - X - - 

D1a - - - X - 

F1a - - - - X 

OD: 0.36 
 

 

Spot\lawn A1a A1b D1b D1a F1a 

A1a X - - - - 

A1b - X - - - 

D1b - - X - - 

D1a - - - X - 

F1a - - - - X 

OD: 0.52-0.55 
 

 

Spot\lawn A1a A1b D1b D1a F1a 

A1a X - - - - 

A1b - X - - - 

D1b - - X - - 

D1a - - - X - 

F1a - - - - X 

OD: 0.92-1.00 
 

 

Spot\lawn A1a A1b D1b D1a F1a 

A1a X - - - - 

A1b - X - - - 

D1b - - X - - 

D1a - - - X - 

F1a - - - - X 

OD: 1.15-1.27 
 

 

Spot\lawn A1a A1b D1b D1a F1a 

A1a X - - - - 

A1b - X - - - 

D1b - - X - - 

D1a - - - X - 

F1a - - - - X 
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Table 13: Inhibitions after 2 days. 

OD: 0,1-0,12 
 

 

Spot\lawn A1a A1b D1b D1a F1a 

A1a X (+) (+) - - 

A1b (+) X - - - 

D1b - (+) X - + 

D1a - - - X - 

F1a - (+) - - X 

OD: 0.36 
 

 

Spot\lawn A1a A1b D1b D1a F1a 

A1a X - (+) - - 

A1b - X - - - 

D1b (+) - X - + 

D1a (+) - - X - 

F1a - - - - X 

OD: 0.52-0.55 
 

 

Spot\lawn A1a A1b D1b D1a F1a 

A1a X - (+) - (+) 

A1b - X - - - 

D1b (+) - X - (+) 

D1a - - - X - 

F1a (+) - - - X 

OD: 0.92-1.00 
 

 
A1a A1b D1b D1a F1a 

A1a X (+) - - (+) 

A1b - X - - - 

D1b (+) - X - (+) 

D1a - - - X - 

F1a - - - - X 

OD: 1.15-1.27 
 

 

Spot\lawn A1a A1b D1b D1a F1a 

A1a X - (+) - - 

A1b - X - - - 

D1b (+) - X - (+) 

D1a - - - X - 

F1a - - - - X 
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Table 14: Inhibitions after 3 days. 

OD: 0,1-0,12 
 

 

Spot\lawn A1a A1b D1b D1a F1a 

A1a X (+) + - - 

A1b (+) X - - - 

D1b (+) - X (+) + 

D1a - - - X - 

F1a - - - - X 

OD: 0.36 
 

 

Spot\lawn A1a A1b D1b D1a F1a 

A1a X - (+) - - 

A1b - X - - - 

D1b (+) - X - + 

D1a (+) - - X - 

F1a - (+) - - X 

OD: 0.52-0.55 
 

 

Spot\lawn A1a A1b D1b D1a F1a 

A1a X - - - (+) 

A1b - X - - - 

D1b (+) - X - (+) 

D1a - - - X - 

F1a (+) - - - X 

OD: 0.92-1.00 
 

 

Spot\lawn A1a A1b D1b D1a F1a 

A1a X - - - (+) 

A1b - X - - - 

D1b - - X - (+) 

D1a - - - X - 

F1a - - - - X 

OD: 1.15-1.27 
 

 

Spot\lawn A1a A1b D1b D1a F1a 

A1a X - (+) - - 

A1b - X - - - 

D1b - - X - (+) 

D1a - - - X - 

F1a - - - - X 
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Table 15: Inhibitions after 4 days. 

OD: 0,1-0,12 

 

Spot\lawn A1a A1b D1b D1a F1a 

A1a X - + halo - 

A1b - X - - - 

D1b ++ - X + halo + 

D1a - - - X - 

F1a - - - (halo) X 

OD: 0.36 
 

 

Spot\lawn A1a A1b D1b D1a F1a 

A1a X - + (halo) - 

A1b - X - - - 

D1b (+) - X (halo) (+) 

D1a - - - X - 

F1a - - - - X 

OD: 0.52-0.55 
 

 

Spot\lawn A1a A1b D1b D1a F1a 

A1a X - (+) - - 

A1b - X - - - 

D1b (+) - X - (+) 

D1a - - - X - 

F1a (+) - - - X 

OD: 0.92-1.00 
 

 

Spot\lawn A1a A1b D1b D1a F1a 

A1a X - - - - 

A1b - X - - - 

D1b - - X - - 

D1a - - - X - 

F1a - - - - X 

OD: 1.15-1.27 
 

 

Spot\lawn A1a A1b D1b D1a F1a 

A1a X - (+) - - 

A1b - X - - - 

D1b (+) - X (+) - 

D1a - - - X - 

F1a - - - - X 
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Table 16: Inhibitions after 7 days. 

OD: 0,1-0,12 

 

Spot\lawn A1a A1b D1b D1a F1a 

A1a X - (+) (halo) - 

A1b - X - - - 

D1b ++ (+) X halo (+) 

D1a - - - X - 

F1a - - - - X 

OD: 0.36 
 

 

Spot\lawn A1a A1b D1b D1a F1a 

A1a X - (+) (halo) - 

A1b - X - - - 

D1b (+) (+) X - (+) 

D1a - (+) - X - 

F1a - - - - X 

OD: 0.52-0.55 
 

 

Spot\lawn A1a A1b D1b D1a F1a 

A1a X - (+) - (+) 

A1b - X - - - 

D1b (+) - X - (+) 

D1a - - - X - 

F1a (+) (+) - - X 

OD: 0.92-1.00 
 

 

Spot\lawn A1a A1b D1b D1a F1a 

A1a X - - - (+) 

A1b - X - - - 

D1b - - X - (+) 

D1a - - - X - 

F1a - - - - X 

OD: 1.15-1.27 
 

 

Spot\lawn A1a A1b D1b D1a F1a 

A1a X - (+) - - 

A1b - X - - - 

D1b (+) - X - (+) 

D1a - - - X - 

F1a - - - - X 
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Table 17 shows the number of lawns each strains inhibits for each lawn concentration and after 1, 2, 3, 4 

and 7 days. Furthermore the total number of inhibitions is counted through all lawn concentrations for 

each day.  

Table 17: Number of inhibitions day by day on by each strain and the total number of inhibitions. 

1 day 
      Strain\lawn concentration 

(OD600) 0.1-0.12 0.36 0.52-0.55 0.92-1 1.15-1.27 Total 

A1a 0 0 0 0 0 0 

A1b 0 0 0 0 0 0 

D1b 0 0 0 0 0 0 

D1a 0 0 0 0 0 0 

F1a 0 0 0 0 0 0 

 2 days 
 Strain\lawn concentration 

(OD600) 0.1-0.12 0.36 0.52-0.55 0.92-1 1.15-1.27 Total 

A1a 2 1 2 2 1 8 

A1b 1 0 0 0 0 1 

D1b 2 2 2 2 2 10 

D1a 0 1 0 0 0 1 

F1a 1 0 1 0 0 2 

 3 days 
 Strain\lawn concentration 

(OD600) 0.1-0.12 0.36 0.52-0.55 0.92-1 1.15-1.27 Total 

A1a 2 1 1 1 1 6 

A1b 1 0 0 0 0 1 

D1b 3 2 2 1 1 9 

D1a 0 1 0 0 0 1 

F1a 0 1 1 0 0 2 

 4 days 
 Strain\lawn concentration 

(OD600) 0.1-0.12 0.36 0.52-0.55 0.92-1 1.15-1.27 Total 

A1a 2 2 1 0 1 6 

A1b 0 0 0 0 0 0 

D1b 3 3 2 0 2 10 

D1a 0 0 0 0 0 0 

F1a 0 0 1 0 0 1 
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7 days 
 Strain\lawn concentration 

(OD600) 0.1-0.12 0.36 0.52-0.55 0.92-1 1.15-1.27 Total 

A1a 2 2 2 1 1 8 

A1b 0 0 0 0 0 0 

D1b 4 3 2 1 2 12 

D1a 0 1 0 0 0 1 

F1a 0 0 2 0 0 2 

 

Table 18 shows the number of inhibitions on each strains lawn every lawn concentration and after 1, 2, 3, 4 

and 7 days. Furthermore the total number of inhibitions on is counted through all lawn concentrations for 

each day.  

Table 18: Number of inhibitions of each lawn concentration day by day and the total number of inhibitions on the specific lawn. 

1 day 
      Strain\lawn concentration 

(OD600) 0.1-0.12 0.36 0.52-0.55 0.92-1 1.15-1.27 Total 

A1a 0 0 0 0 0 0 

A1b 0 0 0 0 0 0 

D1b 0 0 0 0 0 0 

D1a 0 0 0 0 0 0 

F1a 0 0 0 0 0 0 

 2 days 
  Strain\lawn concentration 

(OD600) 0.1-0.12 0.36 0.52-0.55 0.92-1 1.15-1.27 Total 

A1a 1 2 2 1 1 7 

A1b 3 0 0 1 0 4 

D1b 1 1 1 0 1 4 

D1a 0 0 0 0 0 0 

F1a 1 1 2 2 1 7 

 3 days 
 Strain\lawn concentration 

(OD600)  0.1-0.12 0.36 0.52-0.55 0.92-1 1.15-1.27 Total 

A1a 2 2 2 0 0 6 

A1b 1 1 0 0 0 2 

D1b 1 1 0 0 1 3 

D1a 1 0 0 0 0 1 

F1a 1 1 2 2 1 7 

 
 
 
 



 

47 

 

4 days 
  Strain\lawn concentration 

(OD600) 0.1-0.12 0.36 0.52-0.55 0.92-1 1.15-1.27 Total 

A1a 1 1 2 0 1 5 

A1b 0 0 0 0 0 0 

D1b 1 1 1 0 1 4 

D1a 3 2 0 0 1 6 

F1a 1 1 1 0 0 3 

 7 days 
  Strain\lawn concentration 

(OD600) 0.1-0.12 0.36 0.52-0.55 0.92-1 1.15-1.27 Total 

A1a 1 1 2 0 1 5 

A1b 1 2 1 0 0 4 

D1b 1 1 1 0 1 4 

D1a 2 1 0 0 0 3 

F1a 1 1 2 2 1 7 

 

  



 

48 

 

References 
1. Gollnick, H. et al. Management of acne: a report from a Global Alliance to Improve Outcomes in Acne. J. Am. Acad. Dermatol. 

49, S1–37 (2003). 

2. Johnson, M. L., Johnson, K. G. & Engel, A. Prevalence, morbidity, and cost of dermatologic diseases. J. Am. Acad. Dermatol. 11, 

930–936 (1984). 

3. Bhate, K. & Williams, H. C. Epidemiology of acne vulgaris. Br. J. Dermatol. 168, 474–485 (2013). 

4. Das, S. & Reynolds, R. V. Recent advances in acne pathogenesis: implications for therapy. Am. J. Clin. Dermatol. 15, 479–488 

(2014). 

5. Bek-Thomsen, M., Lomholt, H. B. & Kilian, M. Acne is not associated with yet-uncultured bacteria. J. Clin. Microbiol. 46, 3355–

3360 (2008). 

6. Tanghetti, E. A. The role of inflammation in the pathology of acne. J. Clin. Aesthetic Dermatol. 6, 27–35 (2013). 

7. Brüggemann, H. et al. The complete genome sequence of Propionibacterium acnes, a commensal of human skin. Science 305, 

671–673 (2004). 

8. Brüggemann, H. Insights in the pathogenic potential of Propionibacterium acnes from its complete genome. Semin. Cutan. Med. 

Surg. 24, 67–72 (2005). 

9. Habif, T. P. ‘Acne, Rosacea, and Related Disorders.’ Clinical Dermatology, 6th Edition. Ed. Thomas Habif, MD. New York: Mosby, 

2016. 218-262. 

10. Pathogenesis, clinical manifestations, and diagnosis of acne vulgaris. at <http://www.uptodate.com/contents/pathogenesis-

clinical-manifestations-and-diagnosis-of-acne-vulgaris> 

11. Lomholt, H. B. & Kilian, M. Population Genetic Analysis of Propionibacterium acnes Identifies a Subpopulation and Epidemic 

Clones Associated with Acne. PLoS ONE 5, (2010). 

12. Dessinioti, C. & Katsambas, A. D. The role of Propionibacterium acnes in acne pathogenesis: facts and controversies. Clin. 

Dermatol. 28, 2–7 (2010). 

13. Szabó, K. & Kemény, L. Studying the genetic predisposing factors in the pathogenesis of acne vulgaris. Hum. Immunol. 72, 766–

773 (2011). 

14. Oh, J. et al. Biogeography and individuality shape function in the human skin metagenome. Nature 514, 59–64 (2014). 

15. Grice, E. A. et al. Topographical and temporal diversity of the human skin microbiome. Science 324, 1190–1192 (2009). 

16. Grice, E. A. & Segre, J. A. The skin microbiome. Nat. Rev. Microbiol. 9, 244–253 (2011). 

17. Funke, G., Von, G., Clarridge, I. & Bernard, K. A. Clinical microbiology of Coryneform bacteria. Clin. Microbiol. Rev. 10, 125–159 

(1997). 



 

49 

 

18. Delgado, S., Suárez, A. & Mayo, B. Identification, typing and characterisation of Propionibacterium strains from healthy mucosa 

of the human stomach. Int. J. Food Microbiol. 149, 65–72 (2011). 

19. Gribbon, E. M., Shoesmith, J. G., Cunliffe, W. J. & Holland, K. T. The microaerophily and photosensitivity of Propionibacterium 

acnes. J. Appl. Bacteriol. 77, 583–590 (1994). 

20. Csukás, Z., Banizs, B. & Rozgonyi, F. Studies on the cytotoxic effects of Propionibacterium acnes strains isolated from cornea. 

Microb. Pathog. 36, 171–174 (2004). 

21. Cove, J. H., Holland, K. T. & Cunliffe, W. J. Effects of oxygen concentration on biomass production, maximum specific growth 

rate and extracellular enzyme production by three species of cutaneous propionibacteria grown in continuous culture. J. Gen. 

Microbiol. 129, 3327–3334 (1983). 

22. Scholz, C. F. P., Jensen, A., Lomholt, H. B., Brüggemann, H. & Kilian, M. A novel high-resolution single locus sequence typing 

scheme for mixed populations of Propionibacterium acnes in vivo. PloS One 9, e104199 (2014). 

23. Brzuszkiewicz, E. et al. Comparative genomics and transcriptomics of Propionibacterium acnes. PloS One 6, e21581 (2011). 

24. McDowell, A., Perry, A. L., Lambert, P. A. & Patrick, S. A new phylogenetic group of Propionibacterium acnes. J. Med. Microbiol. 

57, 218–224 (2008). 

25. Valanne, S. et al. CAMP factor homologues in Propionibacterium acnes: a new protein family differentially expressed by types I 

and II. Microbiol. Read. Engl. 151, 1369–1379 (2005). 

26. Nagy, I. et al. Distinct strains of Propionibacterium acnes induce selective human beta-defensin-2 and interleukin-8 expression 

in human keratinocytes through toll-like receptors. J. Invest. Dermatol. 124, 931–938 (2005). 

27. Jappe, U. et al. Evidence for diversity within Propionibacterium acnes: a comparison of the T-cell stimulatory activity of isolates 

from inflammatory acne, endocarditis and the laboratory. J. Eur. Acad. Dermatol. Venereol. JEADV 18, 450–454 (2004). 

28. Grange, P. A. et al. Production of superoxide anions by keratinocytes initiates P. acnes-induced inflammation of the skin. PLoS 

Pathog. 5, e1000527 (2009). 

29. Nagy, I. et al. Propionibacterium acnes and lipopolysaccharide induce the expression of antimicrobial peptides and 

proinflammatory cytokines/chemokines in human sebocytes. Microbes Infect. Inst. Pasteur 8, 2195–2205 (2006). 

30. McDowell, A. et al. Propionibacterium acnes types I and II represent phylogenetically distinct groups. J. Clin. Microbiol. 43, 326–

334 (2005). 

31. Lomholt, H. B. & Kilian, M. Population genetic analysis of Propionibacterium acnes identifies a subpopulation and epidemic 

clones associated with acne. PloS One 5, e12277 (2010). 

32. Kilian, M., Scholz, C. F. P. & Lomholt, H. B. Multilocus Sequence Typing and Phylogenetic Analysis of Propionibacterium acnes. J. 

Clin. Microbiol. 50, 1158–1165 (2012). 



 

50 

 

33. Fitz-Gibbon, S. et al. Propionibacterium acnes strain populations in the human skin microbiome associated with acne. J. Invest. 

Dermatol. 133, 2152–2160 (2013). 

34. Cohen, R. J., Shannon, B. A., McNeal, J. E., Shannon, T. & Garrett, K. L. Propionibacterium acnes associated with inflammation in 

radical prostatectomy specimens: a possible link to cancer evolution? J. Urol. 173, 1969–1974 (2005). 

35. Tunney, M. M. et al. Detection of prosthetic hip infection at revision arthroplasty by immunofluorescence microscopy and PCR 

amplification of the bacterial 16S rRNA gene. J. Clin. Microbiol. 37, 3281–3290 (1999). 

36. Negi, M. et al. Localization of propionibacterium acnes in granulomas supports a possible etiologic link between sarcoidosis and 

the bacterium. Mod. Pathol. Off. J. U. S. Can. Acad. Pathol. Inc 25, 1284–1297 (2012). 

37. Brook, I. & Frazier, E. H. Infections caused by Propionibacterium species. Rev. Infect. Dis. 13, 819–822 (1991). 

38. Jakab, E. et al. Severe infections caused by Propionibacterium acnes: an underestimated pathogen in late postoperative 

infections. Yale J. Biol. Med. 69, 477–482 (1996). 

39. Mak, T. N., Yu, S.-H., De Marzo, A. M., Brüggemann, H. & Sfanos, K. S. Multilocus sequence typing (MLST) analysis of 

Propionibacterium acnes isolates from radical prostatectomy specimens. The Prostate 73, 770–777 (2013). 

40. Holland, C. et al. Proteomic identification of secreted proteins of Propionibacterium acnes. BMC Microbiol. 10, 230 (2010). 

41. Christie, K., Atkins, N. & Munch-Petersen, E. Immunology and Cell Biology - Abstract of article: A NOTE ON A LYTIC 

PHENOMENON SHOWN BY GROUP B STREPTOCOCCI. Aust J Exp Biol Med 22, 197–200 (1944). 

42. Nakatsuji, T., Tang, D. C., Zhang, L., Gallo, R. L. & Huang, C.-M. Propionibacterium acnes CAMP factor and host acid 

sphingomyelinase contribute to bacterial virulence: potential targets for inflammatory acne treatment. PloS One 6, e14797 

(2011). 

43. Hansen, S. M. & Sørensen, U. B. S. Method for quantitative detection and presumptive identification of group B streptococci on 

primary plating. J. Clin. Microbiol. 41, 1399–1403 (2003). 

44. Sterzik, B. & Fehrenbach, F. J. Reaction components influencing CAMP factor induced lysis. J. Gen. Microbiol. 131, 817–820 

(1985). 

45. Addgene: Protocol - How to Create a Bacterial Glycerol Stock. at <https://www.addgene.org/plasmid-protocols/create-glycerol-

stock/> 

46. UM_PCRcleanup_Gelex_NSGelPCR.pdf. at <http://www.mn-

net.com/Portals/8/attachments/Redakteure_Bio/Protocols/DNA%20clean-up/UM_PCRcleanup_Gelex_NSGelPCR.pdf> 

47. VirtualUnknown(tm) Microbiology Internet Edition 2012. at 

<http://www.vumicro.com/vumie/help/index.htm#VUMICRO/Gelatin_Hydrolysis_Test.htm> 

48. 12888_232066a.pdf. at <http://www.biotechniques.com/multimedia/archive/00232/12888_232066a.pdf> 



 

51 

 

49. Corvec, S., Luchetta, J. & Aubin, G. G. Is hemolysis a clinical marker of Propionibacterium acnes orthopedic infection or a 

phylogenetic marker? Am. J. Orthop. Belle Mead NJ 44, E61–62 (2015). 

50. Brüggemann, H. & Lood, R. Bacteriophages Infecting Propionibacterium acnes. BioMed Res. Int. 2013, (2013). 

51. Perez, M. et al. Tyramine biosynthesis is transcriptionally induced at low pH and improves the fitness of Enterococcus faecalis in 

acidic environments. Appl. Microbiol. Biotechnol. 99, 3547–3558 (2015). 

52. Bargossi, E. et al. Tyrosine decarboxylase activity of enterococci grown in media with different nutritional potential: tyramine 

and 2-phenylethylamine accumulation and tyrDC gene expression. Front. Microbiol. 6, 259 (2015). 

53. Lambers, H., Piessens, S., Bloem, A., Pronk, H. & Finkel, P. Natural skin surface pH is on average below 5, which is beneficial for 

its resident flora. Int. J. Cosmet. Sci. 28, 359–370 (2006). 

54. Wang, Y. et al. Staphylococcus epidermidis in the human skin microbiome mediates fermentation to inhibit the growth of 

Propionibacterium acnes: implications of probiotics in acne vulgaris. Appl. Microbiol. Biotechnol. 98, 411–424 (2014). 

55. Gelatin Food Science. at <http://www.gelatin.co.za/gltn1.html> 

56. Acne Disappeared With Use Of Gelatin Supplement. Acne.org Community at 

<http://www.acne.org/messageboard/topic/339665-acne-disappeared-with-use-of-gelatin-supplement/> 

57. Gelatin: The Greatest Secret Weapon For Acne Ever. Supernatural Acne Treatment (2015). at 

<http://supernaturalacnetreatment.com/gelatin-the-greatest-supplement-for-acne-and-clear-skin/> 

58. Gelatin Makes Your Skin Glow - ProgressiveHealth.com. at <http://www.progressivehealth.com/gelatin-and-acne.htm> 

59. Still having acne after 3 years of ‘Paleo’ dieting. Advices please... at <https://www.paleohacks.com/acne/still-having-acne-after-

3-years-of-paleo-dieting-advices-please-15060> 

60. Balance Hormones with Collagen Hydrolysate and Gelatin. at <http://empoweredsustenance.com/collagen-hydrolysate-gelatin-

hormones/> 

61. El Meskini, R., Boudouresque, F. & Ouafik, L. Estrogen regulation of peptidylglycine alpha-amidating monooxygenase messenger 

ribonucleic acid levels by a nuclear posttranscriptional event. Endocrinology 138, 5256–5265 (1997). 

62. Lood, R., Olin, A. I., Collin, M. & Allhorn, M. Commensal skin bacteria increase the viability of human cells by protecting them 

from harmful reactive oxygen species. Fac. Med. Dr. Diss. 2011, 

63. Bek-Thomsen, M., Lomholt, H. B., Scavenius, C., Enghild, J. J. & Brüggemann, H. Proteome Analysis of Human Sebaceous Follicle 

Infundibula Extracted from Healthy and Acne-Affected Skin. PLoS ONE 9, e107908 (2014). 

64. Lodes, M. J. et al. Variable expression of immunoreactive surface proteins of Propionibacterium acnes. Microbiology 152, 3667–

3681 (2006). 



 

52 

 

65. Lee, W. L., Shalita, A. R., Suntharalingam, K. & Fikrig, S. M. Neutrophil chemotaxis by Propionibacterium acnes lipase and its 

inhibition. Infect. Immun. 35, 71–78 (1982). 

66. Sörensen, M. et al. Mutagenesis of Propionibacterium acnes and analysis of two CAMP factor knock-out mutants. J. Microbiol. 

Methods 83, 211–216 (2010). 

67. Kasprowicz, A., Owczarek, M. M., Miedzobrodzki, J. & Białecka, A. [A comparison of biochemical and genetic classification of 

propionibacterium acnes strains isolated from skin lesions of patients with acne]. Med. Dośw. Mikrobiol. 64, 203–210 (2012). 

68. Gallo, R. L. & Nakatsuji, T. Microbial Symbiosis with the Innate Immune Defense System of the Skin. J. Invest. Dermatol. 131, 

1974–1980 (2011). 

 


