
May 2013� 833Biol. Pharm. Bull. 36(5) 833–837 (2013)

� © 2013 The Pharmaceutical Society of Japan

Regular Article

Effects of Oakmoss and Its Components on Biofilm Formation of 
Legionella pneumophila
Harue Nomura,*,a Yasunori Isshiki,a Keisuke Sakuda,b Katsuya Sakuma,b and Seiichi Kondoa

a Department of Microbiology, School of Pharmaceutical Sciences, Josai University; Sakado, Saitama 350–0295, 
Japan: and b Fragrance R&D Department, Ogawa & Co., Ltd.; 15–7 Chidori, Urayasu, Chiba 279–0032, Japan.
Received December 6, 2012; accepted February 14, 2013

Oakmoss and its components are known as antibacterial agents, specifically against Legionella pneu-
mophila. In the present study, we investigated the effects of oakmoss and its components (phenol, didepside 
and isochromen derivatives) on L. pneumophila biofilm formation, with particular reference to the bacteri-
cidal activity (minimum bactericidal concentration; MBC) of these components against the bacterial cells 
in the biofilm. Of the 20 compounds tested, two didepside derivatives and four phenol derivatives reduced 
biofilm formation by more than 50% of that observed for the control at their respective minimum inhibitory 
concentrations (1/2×MIC). The inhibitory activities of these compounds were either equivalent to or greater 
than that of the clarithromycin reference. Isochromen derivatives had no effect on biofilm formation. Analy-
sis of bactericidal activity of didepside and isochromen derivatives revealed that three of four didepside de-
rivatives and one of four isochromen derivatives exhibited high bactericidal activity (MBC: 32.0–74.7 µg/mL) 
against the L. pneumophila in the biofilm after 24 h or 48 h of co-incubation; the antibacterial activities of 
these compounds were almost equivalent to clarithromycin and chlorhexidine gluconate (MBC: 42.7–64.0 µg/
mL) that were used as references. Thus, based on their anti-biofilm forming and bactericidal activities, 
didepside derivatives are considered to be good candidates for disinfectants against L. pneumophila.
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Legionellosis is a severe form of pneumonia or non-pneu-
monic Pontiac fever caused by Gram-negative bacteria belong-
ing to the genus Legionella, which are widely distributed in 
natural water environments and artificial water supply sys-
tems. In addition to being the type species of this genus, Legi­
onella pneumophila is the main causative agent of legionello-
sis. Inhalation of L. pneumophila-contaminated water can lead 
to an outbreak of legionellosis. In the natural environment, L. 
pneumophila exists as free-living plankton, as intracellular 
parasites of protozoans such as Acanthamoeba spp.,1) and in 
mixed-community biofilms.2–5) Biofilms are assemblages of 
bacteria that occur in extracellular polymeric matrices on biot-
ic or abiotic surfaces. Biofilms confer numerous advantages to 
bacteria, particularly for resistance to antibacterial agents.6,7) 
In the case of L. pneumophila, biofilms confer resistance to 
stressful environmental conditions and to the actions of bio-
cides, such as antibiotics and disinfectants.8–10)

Biofilms can form in artificial water supply systems, such 
as air conditioning systems, fountains, public baths and spas. 
It is therefore extremely important to keep the water that is 
supplied through such artificial water systems free from this 
bacterial species to avoid outbreaks of legionellosis. Conse-
quently, developing new antibacterial agents and disinfectants 
that are effective against, not only L. pneumophila, but also 
biofilms containing this bacterium is considered very impor-
tant.

Oakmoss is a natural fragrance ingredient derived from the 
lichen, Evernia prunastri (L.) Arch., which grows throughout 
central and southern Europe. The antibacterial characteristics 
of oakmoss and its components have been reported by us 
previously.11,12) Specifically, we demonstrated that oakmoss 
and its components exhibited antibacterial activities against 
members of the genus Legionella, including clinical and en-

vironmental isolates of L. pneumophila and other Legionella 
spp.12) In the present study, we investigated the effect of oak-
moss and its components on L. pneumophila biofilm formation 
and the bactericidal activity of oakmoss against the bacterium 
in biofilms. One of the aims of the study was to develop a 
novel disinfectant preventing L. pneumophila infection. Since 
clarithromycin, chlorhexidine gluconate and cinnamic alde-
hyde are all known to inhibit biofilm formation by a variety 
of bacterial species, we used these compounds as references.

Materials and Methods

Bacterial Strain, Fragrance Ingredients and Antibiot-
ics ​ Legionella pneumophila Philadelphia 1 strain JCM7571 
was used to examine anti-biofilm formation and bactericidal 
activities.

Absolute Mousse De Chene Selecta (OM, Charabot, 
Grasse, France), Oakmoss Absolute AT 086 (OMAT, H. 
Reynaud & Fils, Monterun Les Bains, France) and cinnamic 
aldehyde (CA) were provided by Ogawa & Co., Ltd. (Chiba, 
Japan) and stored at 4°C until use. Clarithromycin (CAM) 
and chlorhexidine gluconate (CHG) (Wako Pure Chemi-
cal Ind., Ltd., Osaka, Japan) were used as reference com-
pounds. The following compounds which have been isolated 
from OM and OMAT as previously reported12) were used; 
5-methylbenzene-1,3-diol (1), 3-methoxy-5-methylphenol (2), 
2,6-dihydroxy-4-methylbenzaldehyde (3), methyl 2,4-di-
hydroxy-6-methylbenzoate (4), 3-hydroxy-5-methylphenyl 
2,4-dihydroxy-6-methylbenzoate (5), ethyl 2,4-dihydroxy-
6-methylbenzoate (6), methyl 2,4-dihydroxy-3,6-dimeth-
ylbenzoate (7), isopropyl 2,4-dihydroxy-6-methylbenzoate 
(8), 3-methoxy-5-methylphenyl 2,4-dihydroxy-6-methylben-
zoate (9), 3-hydroxy-5-methylphenyl 2-hydroxy-4-methoxy-
6-methylbenzoate (10), ethyl 2-hydroxy-4-methoxy-6-methyl-
benzoate (11), 6,8-dihydroxy-3-pentyl-1H-isochromen-1-one 
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(12), ethyl 3-formyl-2,4-dihydroxy-6-methylbenzoate (13), 
8-(2,4-dihydroxy-6-pentylphenoxy)-6-hydroxy-3-pentyl-1H-
isochromen-1-one (14), isopropyl 3-formyl-2,4-dihydroxy-
6-methylbenzoate (15), 3-methoxy-5-methylphenyl 2-hydroxy-
4-methoxy-6-methylbenzoate (16), 8-(2-hydroxy-4-methoxy-6-
pentylphenoxy)-6-hydroxy-3-pentyl-1H-isochromen-1-one (17), 
2,5-dimethylbenzene-1,3-diol (18), 3-chloro-2,6-dihydroxy-
4-methylbenzaldehyde (19), 8-(2,4-dihydroxy-6-(2-oxoheptyl)
phenoxy)-6-hydroxy-3-pentyl-1H-isochromen-1-one (20).

Biofilm Formation Assay ​ A 72 h culture of L. pneu­
mophila JCM7571 containing approximately 109 colony 
forming units (CFU)/mL was diluted to 2.0×103 CFU/mL 
with a buffered yeast extract broth supplemented with 0.1% 
α-ketoglutarate (BYE-α; Becton Dickinson, Sparks, MD, 
U.S.A.) containing 1% yeast extract, 1% N-(2-acetamide)-
2-aminoethanesulfonic acid, 0.025% iron(II) diphosphate, 
0.1% potassium α-ketoglutarate and 1% l-cysteine. The diluted 
culture (50 µL) was mixed with 50 µL of sample solutions in a 
flat-bottomed, 96-well polystyrene tissue-culture plate (Sumi-
tomo Bakelite Co., Ltd., Tokyo, Japan). The final concentra-
tions of the samples were 1/2, 1/4, 1/8 and 1/16×minimum 
inhibitory concentration (MIC) and the test medium contained 
0.5% dimethyl sulfoxide (DMSO). After incubation at 37°C 
for 96 h in a wet-box, the medium solution was removed and 
the plates were washed with BYE-α. The remaining biofilm, 
which was formed during incubation, was stained with 100 µL 
of 0.1% crystal violet solution at room temperature for 15 min. 
After removal of the crystal violet solution and washing the 
biofilm three times with distilled water, the stained biofilm 
was dissolved in 200 µL of 33% acetic acid. Then, 125 µL 
of the solution was transferred into another flat-bottomed, 
96-well polystyrene tissue-culture plate and the absorbancy 
at 570 nm (A570 nm) was measured using a microplate reader 
(Model 550; Bio-Rad Laboratories, CA, U.S.A.). The biofilm-
forming positive and negative controls (blank) did not contain 
samples and bacteria, respectively. The percentage biofilm for-
mation was calculated using the following equation:
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For each assay, biofilm formation was estimated using 6 rep-
licate samples containing samples at the same concentrations. 
Biofilm formation was analyzed using Student’s t-test and data 
were presented as the mean±standard deviation of three sepa-
rate observations.

Determination of Minimum Bactericidal Concentra-
tions (MBCs) ​ The 72 h bacterial culture was diluted to 
1.0×103 CFU/mL with BYE-α. One hundred microliters of 
the bacterial suspension was dispensed into a flat-bottomed, 
96-well polystyrene tissue-culture plate and incubated at 37°C 
for 96 h in a wet-box. Wells containing biofilm were gently 
washed with 200 µL of BYE-α solution to remove the plank-
tonic bacterial cells. Serially diluted solutions (100 µL) of anti-
bacterial agents ranging from 256.0 µg/mL to their respective 
MICs were added to each well and the plate was incubated 
at 37°C for 1 h, 24 h and 48 h. After removing the solutions 
of antibacterial agents, the wells were washed with BYE-α 
and the bacterial cells in the biofilm were washed form the 
wells by vigorous shaking with 100 µL of phosphate buffered 
saline (PBS). MBCs were taken as the lowest concentration at 
which the samples showed no visible colony formation on a 
buffered charcoal yeast extract agar supplemented with 0.1% 
α-ketoglutarate (BCYE-α, Becton Dickinson) subculture.

Results

L. pneumophila Biofilm Formation ​ We previously re-
ported the antibacterial activities of oakmoss and its compo-
nents against L. pneumophila JCM7571.12) The oakmoss and 
its components all exhibited antibacterial activity, with MICs 
ranging 0.8–213.3 µg/mL. In the present study, the effects of 
these compounds on L. pneumophila JCM7571 biofilm forma-
tion were examined at concentrations of 1/2–1/16×MIC. The 
effects of CAM, CHG, CA, OM and OMAT on biofilm for-
mation are shown in Fig. 1. At a concentration of 1/2×MIC, 
CAM reduced the biofilm formation by 47.0±​8.5% compared 
with positive control. CHG and CA did not affect biofilm 
formation at the concentration tested. At a concentration of 
1/2×MIC, OM and OMAT enhanced biofilm formation by 
136.8±​18.9% and 132.9±​15.9%, respectively, compared to a 
positive control.

Didepside derivatives (compounds 9, 10, 16) inhibited 
biofilm formation in a dose-dependent manner (Fig. 2). In 
particular, at a concentration of 1/2×MIC, compounds 9 and 
16 reduced biofilm formation by 23.6±​8.7% and 17.8±​2.1%, 
respectively, compared to a positive control; the magnitude 
of this reduction was higher than that observed using CAM 
at the same concentration. However, compound 5, which is 
structurally closely related to compounds 9 and 16, did not 
show any effect on the biofilm formation. Similarly, as shown 
in Fig. 3, all isochromen derivatives were inactive against the 
biofilm formation.

Fig.  1.  Effects of CAM, CHG, CA, OM and OMAT on L. pneumophila Biofilm Formation (** p<0.01, * p<0.05)
The MIC values were CAM; 0.042 µg/mL, CHG; 0.8 µg/mL, CA; 48.0 µg/mL, OM; 10.7 µg/mL, OMAT; 10.7 µg/mL.
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Several phenol derivatives decreased biofilm formation. 
Compounds 2, 4, 6, 7, 8 and 11 reduced the biofilm formation 
in a dose-dependent manner (Fig. 4). Of these, compounds 
2, 4, 8 and 11 markedly decreased biofilm formation (27.2±​
16.3%, 34.9±​11.1%, 45.9±​5.4% and 31.3±​18.6% compared 
to the positive control, respectively) at a concentration of 
1/2×MIC. Conversely, at a concentration of 1/2×MIC, com-
pounds 3, 13, 15 and 19 enhanced biofilm formation by 
167.4±​34.0%−144.3±​6.6% compared to a positive control.

Bactericidal Activity against L. pneumophila in Biofilms ​
The bactericidal activity of oakmoss and its components was 
examined by estimating the MBCs against L. pneumophila 
JCM7571 cells in the biofilm. In this experiment, oakmoss 
and eight of its components were selected, i.e., four didepside 
derivatives (compounds 5, 9, 10, 16) and four isochromen de-
rivatives (compounds 12, 14, 17, 20). All of these compounds 

were previously reported to exhibit highly antibacterial activ-
ity against L. pneumophila JCM7571, with MICs and MBCs 
ranging from 1.7 to 8.0 µg/mL and 3.0 to 32.0 µg/mL, respec-
tively.12) After 1 h of co-incubation with the biofilm, all of the 
compounds tested showed no or very little bactericidal activ-
ity (Table 1). However, when the co-incubation times were ex-
tended to 24 and 48 h, three of the didepside derivatives (com-
pounds 5, 9, 10) and one of the isochromen derivatives (com-
pound 12) showed bactericidal activities with MBCs ranging 
from 32.0 to 74.7 µg/mL, which were equivalent to those of 
CHG and CAM. The MBC values of these compounds at 24 h 
and 48 h did not change markedly. Although CA is known 
to exhibit antibacterial activity toward planktonic cells of 
L. pneumophila,12) it did not show any bactericidal activity 
against the bacterial cells in the biofilm.

Fig.  2.  Effects of Didepside Derivatives on L. pneumophila Biofilm Formation (** p<0.01)
The MIC values were compound 5; 8.0 µg/mL, compound 9; 8.0 µg/mL, compound 10; 4.0 µg/mL and compound 16; 8.0 µg/mL.

Fig.  3.  Effects of Isochromen Derivatives on L. pneumophila Biofilm Formation
The MIC values were compound 12; 1.7 µg/mL, compound 14; 2.0 µg/mL, compound 17; 6.7 µg/mL and compound 20; 8.0 µg/mL.

Fig.  4.  Effects of Phenol Derivatives on L. pneumophila Biofilm Formation (** p<0.01, * p<0.05)
The MIC values were compound 1; 213.3 µg/mL, compound 2; 213.3 µg/mL, compound 3; 128.0 µg/mL, compound 4; 106.7 µg/mL, compound 6; 32.0 µg/mL, compound 

7; 21.3 µg/mL, compound 8; 26.7 µg/mL, compound 11; 106.7 µg/mL, compound 13; 16.0 µg/mL, compound 15; 8.0 µg/mL, compound 18; 74.4 µg/mL and compound 19; 
32.0 µg/mL.
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Discussion

The inhibitory effects of CAM, CHG and CA on biofilm 
formation and against several bacterial species have been 
reported previously; CAM: Mycobacterium avium13) and 
Pseudomonas aeruginosa,14) CHG: Escherichia coli, Kleb­
siella pneumonia and P. aeruginosa,15) CA: Staphylococcus 
epidermidis and Cronobacter sakazakii.16–18) In the present 
study, CAM inhibited L. pneumophila biofilm formation at a 
concentration of 1/2×MIC, but CHG and CA did not inhibit 
biofilm formation by this bacterium at subMIC concentrations. 
It has been proposed that CAM degrades the membranous 
structure of biofilm or suppresses the production of biofilm 
matrices,19,20) and it is suggested here that CAM affects the 
formation of L. pneumophila biofilm in the same manner. The 
oakmoss (OM or OMAT) itself enhanced the biofilm forma-
tion of L. pneumophila. Although the oakmoss contain several 
compounds which enhance the biofilm formation (Fig. 4), their 
contents in the oakmoss are very low.12) It is therefore incon-
ceivable that these compounds contribute to the enhancement 
of the biofilm formation. On the other hand, the oakmoss con-
tains large amount of high-molecular weight unknown materi-
als.12) These unknown material(s) might promote the cell adhe-
sion, that is the initial stage of biofilm formation, to surfaces 
as reported by Ofek et al.21) and Sandasi et al.22)

Several mechanisms of anti-biofilm forming activity of 
essential oils have been described, e.g., damaging of the mi-
crobial membrane,18,23) inhibition of swimming motility18) and 
cell adhesion,21) and binding to LasR causing inhibition of 
LasR dependent biofilm formation, swimming and motility of 
P. aeruginosa.24) In the present study, we demonstrated that 
two of the four didepside derivatives reduced biofilm forma-
tion by more than 50% compared with the control. These 
four didepside derivatives are structurally closely related; 
they carry hydroxy or methoxy groups as substituent groups 
on their common structure. The differences in the effects of 
these compounds on biofilm formation or on the biofilm itself 
could be due to their physicochemical properties, however the 

mechanism of anti-biofilm forming activity of these compo-
nents against L. pneumophila is currently unclear.

In the analysis examining the effect of selected oakmoss 
components against L. pneumophila cells in the biofilms 
themselves, three of four didepside derivatives and one of 
four isochromen derivatives exhibited bactericidal activity 
comparable to that of CAM and CHG. However, the MBCs of 
compounds 5, 9 and 10 were 4–7 fold higher than the MBCs 
against planktonic cells of L. pneumophila. The didepside 
derivative compound 16 was markedly more hydrophobic than 
the other didepside derivatives and may explain why com-
pound 16 did not show bactericidal activity against bacterial 
cells in hydrophilic biofilm matrices. Indeed, the same may 
be true for those isochromen derivatives that did not exhibit 
any bactericidal activity. Compounds 14, 17 and 20 have a 
6-pentylphenoxy group at the C-8 position of 6-hydroxy-
3-pentyl-1H-isochromen-1-one, which is the basic structure of 
isochromen. Compared with compound 12, these compounds 
are much more hydrophobic and did not show any bacteri-
cidal activity against bacterial cells in the biofilm. The MBC 
value for CHG, a widely used disinfectant, was approximately 
70-fold higher than that observed against planktonic cells. It 
is possible that the hydrophilic biofilm matrices of L. pneu­
mophila act as a protective barrier and that biofilm formation 
in L. pneumophila may increase the resistance of bacteria to 
antibacterial agents.

The oakmoss itself exhibits high antibacterial activity 
against planktonic cells of L. pneumophila but it does not 
show any antibacterial activity against L. pneumophila cells 
in the biofilm. In addition, the oakmoss enhances the biofilm 
formation. Isochromen derivatives also show markedly high  
antibacterial activity against planktonic cells of L. pneumo­
phila but not (except for 12) against L. pneumophila cells in 
the biofilm and they do not effect on the biofilm formation. 
Thus, didepside derivatives, in particular compounds 9 and 
16, are considered to be good candidates for disinfectants 
against L. pneumophila based on their anti-biofilm forming 
activity and bactericidal activity against both planktonic cells 
and cells in the biofilm.
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