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Abstract

Legionella spp. has been isolated at first time as causative agents of the outbreak of pneumonia so called
Legionnairs’ disease in U.S.A., 1976. Legionella spp. are gram-negative bacteria that are widely distributed in
natural and artificial water environments", and inhalation of aerosol contaminated by these bacteria may lead to
outbreaks of lesionellosis, a severe form of pneumonia or non-pneumonic Pontiac fever. For the purpose of
prevention of legionellosis outbreak, chlorination of water supplied through artificial water systems is commonly
introduced as a standard disinfection method, however, chlorination has a number of significant drawbacks
associated with the presence of chlorine gas for example water discoloration, pH-induced damage to circulation
facilities or alteration of aqueous metal ion level, etc. About 20 species of Legionella are pathogenic to human??
and in environment water, they multiply not only as planktonic free cells but also in biofilm or in their host
amoeba*>. The bacterial cells living in biofilm or in host amoeba cells are highly resistant to the disinfectants
commonly applied, therefore it is desired to develop a new type of disinfectant effective on multiple stage of life
cycle of Legionella spp. In this study, oakmoss, a natural fragrance ingredient, and its components were
investigated for their effects against Legionella spp. and host amoeba Acanthamoeba castellanii.

Using two types of oakmoss, 20 compounds were isolated and their chemical structures were defined. The
chemical structures of oakmoss components were classified into three chemical groups, phenol derivatives (12
compounds), didepside derivatives (four compounds) and isochromen derivatives (four compounds). Among them,
one didepsied derivative (3-methoxy-5-methylphenyl 2.4-dihydroxy-6-methylbenzoate) and one isochromen
derivative (8-(2.,4-dihydroxy-6-(2-oxoheptyl)phenoxy)-6-hydroxy-3-pentyl-1H-isochromen-1-one) were found to
be novel compounds which have not been reported.

Analyses of antibacterial activity of oakmoss and its components against pathogenic five species of genus
Legionella revealed that all of didepside and isochromen derivatives exhibited high antibacterial activity and, in
particular, the antibacterial activities of two isochromen derivatives were almost equivalent to that of the common
disinfectant chlorhexidine gluconate. Time-kill assay showed the antibacterial effects of these compounds were
bactericidal while that of oakmoss itself was bacteriostatic. On the other hand, none of oakmoss and its
components exhibited antibacterial activity against other gram-negative and gram-positive bacterial strains tested
indicating that their antibacterial activity is Legionella spp. specific. In general, the outer membrane surface of
gram-negative bacteria is hydrophilic b, but the outer membrane surface of Legionella spp. is known to be highly
hydrophobic® because of the presence of O-polysaccharide portion of LPS. This physicochemical property might
be responsible for high susceptibility of Legionella spp. to hydrophobic oakmoss and its components.

The effects of oakmoss and its components on biofilm formation of L. pneumophila were examined. Three
didepside derivatives and six phenol derivatives inhibited the biofilm formation of L. pneumophila. It was
suggested that the presence of the ester group of phenol derivatives, and the number and/or position of hydroxyl
groups of didepside derivatives might play an important role in the inhibitory effects on the biofilm formation.

Three didepside derivatives and one isochromen derivative exhibited bactericidal activity against L. pneumophila



in the biofilm. These compounds are rather hydrophilic compared with other didepside and isochromem
derivatives so that they might be able to permeate into the hydrophilic biofilm.

Since A. castellanii is a host for L. pneumophila in nature, amoebicidal activity and inhibitory effect on
uptake of L. pneumophia into A. castellanii were examined. Six phenol derivatives, one didepside derivative and
two isochromen derivatives exhibited amoebicidal activity against A. castellanii. The differences in the effects of
phenol derivatives on A. castellanii might be attributed to the type of the ester group and the presence of methoxyl
group(s). The chemical structures of four didepside derivatives and four isochromen derivatives are respectively
closely related. The differences in the observed effects of these compounds on A. castellanii might have arisen
from the number and/or position of the substitution of the hydroxyl group with methoxyl group, resulting in
different physicochemical characteristics and hence, resulting in different interaction with the A. castellanii cell
membrane. The inhibitory effect of oakmoss and its components on the uptake of L. pneumophila into A.
castellanii was examined at a concentration of 0.25 x MIC. After pre-treatment of L. pneumophila cells with
sub-MIC concentrations of oakmoss and one didepside derivative, which exhibited high antibacterial and
amoebicidal activity, significantly inhibited the uptake of L. pneumophila into A. castellanii (p < 0.05). Another
didepside derivative and one isochromem derivative also exhibited the inhibitory effect though their activities
were lower than those of above mentioned oakmoss and the active didepside derivative. Although the exact
inhibitory mechanism is not known at present, the active didepside derivative may interact with the outer
membrane of L. pneumohila because of its amphiphilic characteristic. Since the O-specific polysaccharide portion
of L. pneumophila lipopolysaccharide (LPS) is highly hydrophobic, the active didepside derivative may interact
with this hydrophobic part of the LPS resulting in alteration of the cell surface or outer membrane structures and
physicochemical properties that may play a role in the adhesion and/or uptake of L. pneumophila.

In the present study, 20 components isolated from oakmoss were identified and two of them were found to be
novel compounds which have not hitherto been reported. Oakmoss and its components exhibited bacteriostatic and
bactericidal activity specifically against the planktonic cells of Legionella spp. Among these compounds, several
compounds were found to exhibit potent inhibitory activities against biofilm formation of L. pneumophila,
bactericidal activity against L. pneumophila in the biofilm, amoebicidal activity against the host amoebae A.
castellanii and inhibitory effect on the uptake of L. pneumophila into A. castellanii. As described above, oakmoss
and its components inhibited each stage of the L. pneumophila life cycle including the growth and colonization in
natural environments. It was therefore strongly suggested that the usage of these compounds in combination might
lead to development of a new type of disinfectant for better prevention of legionellosis outbreak.
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Legionella JEAIEIX, 1976 FZT AV A THAELTEMAMROREKE & L TREAI I, EO%IERL
EH O HRCBERE AN TEREAKTICASERL TN ZEBRH LN o7 Y, Legionella JEATEIZHE K3
DUV ARTIENX., Legionella JBAEICIHFGENT-=7 0 Y VERATHZ LKV RIEL, HER L
VAR TR ERMIRIEM RO R T 4 Ty T ED 2 OORRER AN — v T, AARENTIE, RR
BEHE i 5% (2 35 U 2 e 5] 23 2 < | IR R BAEEERE D Legionella JEANFETG Y %9 DY) 2 AR & BLO &
BN R D, ZOREE L TEFZBRHEFAIDMEH SN T D2, Hx RfEZZ THY | HilliEE
FIOBHFE B ME L 70> TN D, Legionella JEMME IIRIELFXMED 7T MEMERETH O . £ 20 A E
MZxt U TREME 2R T, BREEKFIZISUVN T Legionella JEMEE X,  biofilm XM 7 A — /NN CTHEGH
T L2 — AR R R EANL biofilm IEET A *—/\Ij\? ZAERT DERICKT D I E DRI
WA DFE D IR AN EE I T S PUETEYED 272 53 biofilm JERLDOBAEFETEME, biofilm
ET A= SNICAERT 2EEICHT D @mWIIETENE, S OICHEET A= NSHT 58T A — \EEZ R
TZENEEND,

AIFZETIL, FEOFT HAEEMEICEH L, KIREEL oakmoss 7 A Fsy O Hifif & 2 OREIEMAT
HEE L 72 & W O FilE Legionella J& M & biofilm W L. pneumophila 2 %3 % FLE &M, L.
pneumophila @ biofilm JERIZXI T D2, HET A — X T 28T A — NG LN L. pneumophila
DT A—=/SNSOEOATRT KT 2 BT OV TRE L 72,

2 FREHD oakmoss (OM & OMAT) % MW\ THIERT 21T - 7o GFF 20 OLEW & HEEL 7=,
Z OH T, didepside FHE(RD 3-methoxy-5-methylphenyl 2,4-dihydroxy-6-methylbenzoate & isochromen #%
EIKD 8-(2,4-dihydroxy-6-(2-oxoheptyl)phenoxy)-6-hydroxy-3-pentyl-1H-isochromen-1-one [ #iH{LE %) T
HbHZ EERALMNT LT, HEEL /LAY, phenol FFE(R 12 T, didepside 7&K 4 Ffi & Y
isochromen #%E{K 4 I3 I NI,

Mt Ut~ T 5 TR Legionella &M X9 5 HUEETE M 2 37HAM L 725 K. didepside 7%
MR L isochromen #FEAKIXT X TD Legionella BMEIZxH L TR WHETIEEZ R LTz, FFIC,
isochromen FHERD 2 FEOLEWIIBEAFDIEFEHL TH S chlrohexidine gluconate & [FIFEE D & W HLE
EEE R LT, £o, 20D DEEWITNT b Mo 7T ARV & 7 T LGP 2R L CIIHiE
IEMEZ R S 9 Legionella JEHIEIZxE LT OARFRIICEOVHIBETEEZ R Lz, — R, 77 Kk
B XM 2N BLKE T % 23 Legionella J&ME O SMBER I ITBHOKIEICE T Z L5 TEY ©,
ZDZ &N oakmoss BAHMTICK L TEWEZMEEZ R T Z IR T L2 ENBELOLND, EHIT
time-kill assay (2 & 0 #REFOBIEER 2 fT U 7=k 8. L. pneumophila 2% L C oakmoss B RIZHE MY
ER 2RI, B 2 MOBFHILEMIIREIEN 2RI ZEBH LN ol

RIZ. L. pneumophila @ biofilm TR XI5 828 2 5EAlh L 725 2R, 3 FHD didepside &AL 6 Fi
@ phenol FHEIRDS L. pneumophila @ biofilm L Z Ml L 7=, Phenol #FEMITT AT /LILDLFEIEN,
didepside #EARITAKERIEDH L ALEDS biofilm JEAINHIEMICHE ST L Z LR SNz, S 61T
didepside #%E (A & isochromen #5EKRIZ-DUVNT, biofilm W L. pneumophila (254 5 HUE &M % 514 L
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oo ZOREHR. 3 D didepside #FEA L 1 FED isochromen FHEKRAY biofilm W L. pneumophila \Z%f
L CERHEIIER Z2R Lz, LU, V7iE Legionella JEBMEIZX L TRWIIETEMZ 7R L72 oakmoss & 1
FED isochromen &KX, biofilm W L.pneumophila \Zxt L CI3Fh ERZREMIER Z RS 2hote, 2D
ZEDD BUKMEDOEWMEAEM DI biofilm 1ZX3 2 FMMEN & < HLEIEEEZ R LI LB HILD,

S BT, Legionella BHE DfEFE7 A —/3To 2D Acanthamoeba castellanii \ZxT 557 A — /NG %
Pl L7z, 6 fE phenol FHER, 1 FED didepside FHEARN TN 2 FiED isochromen #5ERNFET A —
ANEWEZ R Uz, HERNENS, 2o DEMDORET A —/\EROFHITIL, = 2T VEOMED
£ & (phenol FHE(R) NII/KEEH DKL (didepside F5EMR) MREGT 2 2 & ARE ST, Oakmoss F A&
b A. castellanii \ZxF L TEWET A — NIEWZR LTS, 7 A — NIEMEEZ R LTALEWOEH 213
DVETHDZ LD, HEELALEMOMERINR IR OM D DIFEC LD bDEEZ LN, &
%12, A.castellanii W~ L. pneumophila D HUATIx$T 25 508 2 7 L7z, ARBRIZIL, @m0 T A
—\EMEZ R L2 OMAT, 1 fE3°-50 didepside %5 K L isochromen #%EAK, E7-i%ilF Legionella J&
A2k L CRWPLEIE P 2 7~ L7 didepside #%3E{K & isochromen #FHEARD 1 T D% M-,
Oakmoss & 25 DLEWZ T8 025 x MIC DIEE T L. pneumophila \ZAEH S 7212 A. castellanii
R S E AR, OMAT &7 A — \iEMEAZ R L7 didepside #5EKI% A. castellanii NW~® L.
pneumophila O BUAZZ il L7z (p < 0.05), ¥#ilF L. pneumophila \Z%f L CmWHIETIEMEZ R L7
didepside 7&K & isochromen FHEMRIL, T\ 72N B b A, castellanii W~D L. pneumopihla D EGA
AN Lz, @ OBGABNEI SR A R LTz didepside BRI, & DAL MG b MBBEEZ AT 5 &
EBZ O, AERERSS Th D LPS OBUKMERR /I B UL EI/EM T 5 Z & T, L. pneumophila
DIEET A —"~OHE TR B3 2 ERR IS 2 2 S5 2 LRI,

AWFFETIZ, RIREEE oakmoss DE AL 2 HBEHER L, 2 FOFEILEMOFEEZH O NITT D
L 32, oakmoss FAH KIS L. pneumophila % X U & U7z Legionella J&MIE I3t L CHREEMICHLIE
EEERTZEEALNE Lz, 2O DEEWOFIZIX, L. pneumophila DIHFEANZ®T 5 BhfEIFEAE
D—-2T& % biofilm DOIEHUZKE L TIHIZNRZ R L, £/ biofilm N L. pneumophila \Zxt L CHUETE
PERTHO, I BT Legionella JEBME D HRRE L TH D A. castellanii Tk D5 T A —/\EHE &
A. catellanii W-~® L. pneumophila ODEGAHZZMHITHLOLEENDL T L& AT LT,

PLE, RBFSEIZ L D oakmoss & oakmoss 7> 5 HfE L 7-{LA WL BRI T D Legionella JE&FHE D
WL EE DD AEEROERD AT v T HFEARFICHET 2 Z BN ERYD . Zh b6 DEMIT
VO RTIENIE D T2 DA 7R HRSE & 72 0 15 % ATREMED R < TR ST,
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Legionella JBMFEIZ, NTIREKFIIAKALLTEY, DBRETIX, VIARTIER
AEDOBGIEICIZIRIR B R D Legionella JRAME TG Y% 3 2 U 72 BN E B R D &
o, HFRHEBEAOFEANHER STV DN, B ROBAESEE O EZLEDOEIEZ 2
ThY., FHHFEAOBRBERMLEL /> TWN5, £7-. Legionella BHIEIL., HRKRA
TEREKFICBWTWEREIZAMAET D L FVIROEERN~ N v 7 2% 5T 52 & T
biofilm ZEm L, HET A —N"FEIERINDLHE, 77TV —LNTHIA L, KA LLEHE
RS~ 3 5, 3R R FANT biofilm NI KON A — SO EIRIZ T 5 HFS
EPMEL | biofilm DAL, biofilm W Xi3fEE7 A —SHNOBEMRITKT L TEWPLETE
Mz f L, 7»> Legionella JRAME DOHEIH & T DG TH D16 ET A — N2k 587
A= NIEME A R RH B O BRI R R lo i 5,

AL TIE, FEOATHEMENEICER L, #IK¥E Evernia prunastiri (L.) Arch. X
D155 KREE oakmoss (OM) 7 L. pneumophila (55 U CHEAIC B WHUETEME
ot Zenb, OM AT O HEE L ZOBEFIT., OM 25 HEE L 72{ba ¥ 0l
Legionella J&MIE & biofilm W L. pneumophila (x5 2 HiE G, L. pneumophila @
biofilm JERIZXI T HFE 1EET A — KT 5% T A — NiEHE LY L. pneumophila ©
T A= NNSDOBGAIZKT DB OWTEME L. FrlNEA OB Z B E L,

F1ETIE OM ICEHEENDRTDOTNAmH T LT a~< N7 T 7 ¢ — B KOG
A Z L&MW HPLC (2 X 2 HBEET & 2 6 ORGEMRNT 217 5 & iz, BEEL 7215
M® Legionella JE&MIEIZxET 2 HUETEMEZFHE L7z, 2 O OM LY 20 #OLEW4E
HEEL ., LAY 3-methoxy-5-methylphenyl 2,4-dihydroxy-6-methylbenzoate (9) &
8-(2,4-dihydroxy-6-(2-oxoheptyl)phenoxy)-6-hydroxy-3-pentyl-1 H-isochromen-1-one (20)
15T, F12. TNEFENEALAAEE DS phenol #FiEA, didepside #E (A, isochromen 7
EARIZ¥E L. L. pneumophila 3 X OY L. bozemani, L. dumoftii, L. longbeachae N L.
micdadei (2T A HUIETEMEZ 314 L. didepside #%E{A. isochromen #EARICE W HIE
EEERBOT, S HIZHH didepside #FHEMA (9) LT isochromen FHER (20) DOFRFRFHY
7ePtEVER 2 AT U, L. pneumophila \Zxf U CRFEBBERZ R4 Z L2 60T LT,

H2FETIH, OMBLTOM 76 HfE L 72/bA¥ @ biofilm FEAICKT T 552 L biofilm
W L. pneumophila \Zxf3 2 PLHETEME 2780 L7, OM IR EKIFIIC L. pneumophila
® biofilm AR A BN X723, didepside #HE(R, phenol FHEIR TIZEERIFAIIC
biofilm JERkZ #iil L. didepside #HE(RTIX, & OKEEIEOE D INH D FAZFHEE L |
phenol FHERTIIZ AT NVEDFENEEGT LI LE2RRLE, ZLHLDO/MEND
didepside #%E KX L. pneumophila @ biofilm JERK % #ifl L. 72> biofilm N L.
pneumophila \Zxf L CEWHLEIEM %2~ U, L. pneumophila \Zxt¥ 2 HEAI~DIHHIZ
RbFEHTHL Z LampRme LT,

HIETIE, OM EHBEELTALEMDIEET A — NI T 8T A— \EELE T A —



W~® L. pneumophila DECGAIZKT 55BN LTz, EET A—E LT
Acanthamoeba castellanii ATCC30234 % i\, alamarBlue 512 X 0 &7 A — \{EME &5
fli L7=%5 8. OM, didepside #%&{A® 3-hydroxy-5-methylphenyl 2,4-dihydroxy-6-
methylbenzoate (5) & isochromen #%E{A 6,8-dihydroxy-3-pentyl-1H-isochromen-1-one
[ZHREEZ RO T2, RO EEN D, OM 23R L7cfk T A — NIEHEIX 2D ORIy OFH R
HIN R SUIRIN D T A — NIEPEZ R TR DAFEIZ L D L BE LT, A. castellanii
WN~® L. pneumophila JCM7571 OEGAZIZxT 2 EEOFHETIX, L& () I A
castellanii W~® L. pneumophila OEGAZINE 258D, {LEW (B) XM BEMEOMEEIZ
X v lipopolysaccharides o Bfi/K ME¥ES /3 (C E 8 IXMBEMICIERT 2 2 & T, L
pneumophila DT ET A — /" ~OE XTI PNR A B 5-7° 2 ER SR oo e iE 2 42
fbEsgsZ ExREBLE,

AFmSLTlE, REFE OM OF T 2HHIGEIEIZEBH L, OM b EDE AR % Bl L
T 2 BEOFHALEMOEFEMAZHLNCIT S L2, OM & HEE L 7-{b&%» L.
pneumophila %X U & LTz Legionella JBAIE IR L CREREPICHIETEEZ2 T2 8 %
HHrE Uiz, ThHDLEHDTITIX, Legionella JEANE OIHFAN X9 2 PiEEAE O
— D Td % biofilm DIEAMIZK L THHIZIRZ R L, £72 biofilm W Legionella J&HE
IZX L CHEEEZ R T ONEENL 22 /R LT, 612, OM & HEEL 72/b5W
HZiX. Legionella J&ME O HARFIZBIT DB ETHD A castellanii \Zxt$ 58T A —
INIEM & A catellanii W~ L. pneumophila DEGAHZMHITHHOLEEND Z &
R L7,

Plb, KO3 BENEICE W THEML TWD LU A R ZIEDJRIK Toh 5 Legionella JEH
HOHRRIZCBIT A28 & EE b AL OAEERZ OM & OM 76 B L 72L& »
FHE L., BIE OO OFHREEER L 20 55 2 RET 55D ThH D, i
MERUCRIEIZ 72 <. ERAELBEUITH Y | MHERNROFHME, FHMEICELHOTHD Z
EMD ., AR RIC X B RV CERYY) O ET 5 b o Ll LT,



